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consent of the Editor.
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first page number:
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University of Minnesota Press, Minneapolis.
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e.g. (McLaughlin, Bidstrup & Konstam, 1963); (McLaughlin et al. 1963).
Where more than one paper by the same author(s) has appeared in any one year, the references should be 
distinguished in the text and the bibliography by the letters, a, b, etc. following the citation of the year: 

e.g. 1943a, 1943b or (1943a,b).

Footnotes. These as distinct from literature references should be avoided as far as possible. Where they are 
essential, reference is made by the symbols * t  t  § II II in that order.

Illustrations and Diagrams. These should be kept to a minimum and they should be numbered and marked 
on the back with the author’s name. Legends accompanying illustrations should be typewritten on a separate 
sheet. Diagrams and graphs must be drawn in Indian ink on good quality paper or tracing linen. The follow
ing standard symbols should be used on line drawings since they are easily available to the printer:

A A B D * O O x O

Photographs and photomicrographs should be submitted unmounted and on glossy paper. When colour 
plates are to be printed, payment for blockmaking is the responsibility of the author.

Tables and Figures. These should be constructed so as to be intelligible without reference to the text, each 
table and column being provided with a heading. The same information should not be reproduced in both 
tables and figures.

Chemical Nomenclature. The fundamental principles of organic and inorganic chemical nomenclature are 
laid down in the I.U.P.A.C. 1957 Rules (Butterworths Scientific Publications, London, 1958, 1959). These 
are given in Handbook for Chemical Society Authors (1961), pp. 16-163.

Other Nomenclature, Symbols and Abbreviations. In general, authors should follow the recommendations 
published in the Handbook for Chemical Society Authors (1961), p. 164 and in the I.U.P.A.C. Information 
Bulletin, No. 13, p. 64, Appendix B (1961). In the title and summary, abbreviations should be avoided; in 
the Introduction, Results and Discussion they should be used sparingly.

Page Proofs. These will be sent to the first-named author for correction.

Reprints. Reprints can be ordered on the form accompanying proofs.

Frequency. The Journal will be published bi-monthly.
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*The significance of the superscripts P, M, R and L is 
given in paragraph 2 of the Index of Authors (p. 3).

is
txn  ci«ii isti

2 -A m in o b e n zo ic  a c id , amyl cinnamylidene methyl ester, 
properties, use as fragrance raw material, status and tox
icity of 645”

A m in o p y re n e , studies on possible nitrosation in human 
and rat gut 69

n -A m y l a lco h o l, short-term oral toxicity study in rats 
203p

A m y l c in n am y lid e n e  m eth y l a n th ra n ila te  (see under
2-Aminobenzoic acid)

A n th ra ce n e , mixed with other polycyclic hydrocarbons, 
skin tests for carcinogenicity in mice 8 8  

A n tib la z e , (19 and 78) phosphonate flame-retardants, tox
icity tests in goldfish 504

A n tio x id a n ts  (see also specific compounds), polymeric: in
teraction with gut microflora in rats 307p, intestinal 
absorption, distribution and excretion of divinylben- 
zene-hydroquinone-phenols condensation polymer 321p 

A rs e n ic , trioxide, effect on liver detoxication enzymes 
423p

A sb e sto s , book review on environmental hazards associ
ated with 379

A s c o rb ic  a c id , as nitrite trap in nitrosamine denitrosation 
365p; no oxalate-crystal deposition in soft tissues of 
baboons fed high dietary levels of 505; suppression of 
mutagenic activity of nitrosated raw fish by 394 

A s p a rta m e , comparative metabolism in five species and 
man 293; well tolerated by phenylketonuric adolescents 
77

B a c te r ia l  e n zy m e s  (see also specific materials)
B a rn o n  (see Flamprop-isopropyl)
B e e r , adverse reactions to, following dimethylformamide 

exposure 629; study on possible link with colorectal 
cancer 193

B e n z [a ]a n th ra ce n e , mixed with other polycyclic hydro
carbons, skin tests for carcinogenicity in mice 8 8  

B en zen e , effects of toluene on metabolism and tissue 
levels and on excretion and bone-marrow retention of 
metabolites of 398; incidence of leukaemia in workers 
exposed to 299

B e n z o [6 ]f lu o ra n th e n e , mixed with other polycyclic hydro
carbons, skin tests for carcinogenicity in mice 8 8  

B e n z o ic  a c id , cis-3-hexenyl ester, properties, use as fra
grance raw material, status and toxicity of 773” 

B en zo Q /,ft ,i]p e ry le n e , mixed with other polycyclic hydro
carbons, skin tests for carcinogenicity in mice 8 8  

Benzop heno ne, no phototoxic reactions to, in workers 
reacting to UV inks containing 297 

B e n z o [a ]p y re n e , and acrolein vapour, combined exposure 
of hamsters to 500; effect of BHA on metabolism to 
epoxide or diol derivatives 394; mixed with other poly
cyclic hydrocarbons, skin tests for carcinogenicity in 
m ic e  8 8 ; mutagenicity findings on smoked foods related 
to content of 497

B e n z o [e ]p y re n e , mixed with other polycyclic hydro
carbons, skin tests for carcinogenicity in mice 8 8  

B e n z y l do decan oate  (see under Laurie acid)
B e n z y l c a rb in y l c in n a m a te  (see under Cinnamic acid) 
B e n z y l iso a m y l eth er, properties, use as fragrance raw 

material, status and toxicity of 647”
B e n z y l o x id e  (see Dibenzyl ether)
B e rg a m o t, oil of, 5-methoxypsoralen as phototoxic agent 

in 507
B e ry ll iu m , in vitro and in vivo tests for hypersensitivity 

in workers exposed to 80 
B H A  (see Butylated hydroxyanisole)
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BHC, y-: brain levels in guinea-pigs after skin absorption 
of 498, effects of low-calcium diet on induction of rat- 
liver microsomal monooxygenases by 27p, enhancement 
of metabolism by dietary fibre 217n >

BHT (see Butylated hydroxytoluene)
Biology, book review on life sciences dictionary 488 
Biphenyl, metabolism in guinea-pigs, rats, rabbits and 

marine organisms 390
Black pepper oil, properties, use as fragrance raw mater

ial, status and toxicity of 651M 
Bladder, apparently minor role of mucosa in (V-hydroxy- 

lation of arylamines in dogs 508 
Bois de rose oil Brazilian, properties, use as fragrance raw 

material, status and toxicity of 653M 
if-2-Bornanonc (see Camphor USP)
/-Bortieol, properties, use as fragrance raw material.

status, toxicity, metabolism and pharmacology of 655M 
Boron trifluoride, catalysts, as possible source of toxic 

fluorinated contaminants found in compounds prepared 
with 298

Bracken, doubts on role of shikimic acid as major car
cinogen in 630; identification of chemicals suppressing 
bladder- or intestinal-tumour induction by 506 

Butanol, n - ,  as whisky congener, effect on elimination of 
ethanol by moderate drinkers 505; l e r t - , withdrawal syn
drome in rats very similar to that seen with ethanol 
193

Buturon, chlorohydroxyphenylureas as major metabolites 
in rat 349p

Butylated hydroxyanisole, reduction of benzo[a]pyrene 
metabolism to carcinogenic metabolites by high dietary 
levels of 394; suppression of bracken tumorigenicity in 
rat intestine by 506

Butyiated hydroxytoluene, effects of low-level ingestion on 
prothrombin index of male rats 475p 

4-terf-Butylcyclohexyl acetate (see under Acetic acid) 
4-fer*-Butylhexahydrophenyl acetate (see Acetic acid, 4 - t e r t -  

butylcyclohexyl ester)
n-Butyl o-hydroxybenzoate (see under Salicylic acid) 
p-rei-r-Butyl-a-methylhydrocinnamic aldehyde, properties, 

use as fragrance raw material, status, and toxicity of 
65 9M

p-ferf-Butylphenol, occupational vitiligo probably due to 
systemic absorption not skin contact 396 

.vec-Butylquinoline, properties, use as fragrance raw 
material, status and toxicity of 661M 

Butyric acid, cinnamyl ester, properties, use as fragrance 
raw material, status and toxicity of 691M

Cadaverine, potentiation of histamine toxicity in guinea- 
pig by, of possible relevance to aetiology of scombroid 
poisoning 157p

C a d m iu m , accumulation in smokers with lung disease 
289; mechanisms of lung injury in rats and mice follow
ing inhalation of 288; potential exposure of patients to, 
following leaching from plastics medical devices contain
ing 296; renal-tissue concentrations in smokers and non- 
smokers 499

C a lc iu m , effects of phosphate food additives on excretion 
and retention of, in human adults 296 

/-2 -C a m p h a n o l (see /-Borneol)
C a m p h o r  U S P ,  properties, use as fragrance raw material, 

status, toxicity, metabolism and pharmacology of 665M 
C a p r ic  a c id , ethyl ester, properties, use as fragrance raw 

material, status, toxicity and pharmacology of 733M 
C a p ro ic  a c id , allyl ester, short-term oral toxicity study 

in rats 197p; hexyl ester, properties, use as fragrance raw 
material, status and toxicity of 775M; isobutyl ester, 
properties, use as fragrance raw material, status, toxicity 
and metabolism of 797M

C a p r y l ic  a c id , properties, use as fragrance raw material, 
status and toxicity of: ally ester 643M, p-cresyl ester 697M 

C a p s a ic in , and crude capsicum extract, inhibition of in  
v i t r o  intestinal absorption of glucose by 469p

C a rb a m a te s , book review on guide to F A O / W H O  data 
surveys 485

C a rb o n  d isu lph ide , epidemiological studies demonstrating 
effects in viscose rayon workers 494 

C a rb o n  te tra ch lo rid e , liver damage as first stage in pro
duction of hepatic nodules and tumours by 388: poten
tiation of toxicity by isopropanol in industrial plant 82 

/V '-2 -(C a rb o x y e th y l-L -ly s in e ) (see Lysinoalanine) 
C a rc in o g e n e sis , alternative procedures for estimating 

magnitude of risk, as applied to chloroform studies 5111 ; 
apparently minor role of dog-bladder mucosa in N-hyd- 
roxylation of carcinogenic arylamines 508; book review 
on: air pollution as cause of cancer 381, cancer epide
miology research directory 487, enzyme patterns in neo
plastic tissues 284. occurrence and pathology of liver 
tumours in man 67; detection of tumours in bottom
feeding fish as poss ble index for monitoring carcinogens 
in the marine environment 86; postulated role of chemi
cal agents in aetiology of choroidal melanoma 302; re
sistance to cytotoxicity of carcinogen as factor in cellular 
proliferation 403: study of cancer incidence among beau
ticians 631

C a rra g e e n a n , responses of guinea-pig caecum to different 
molecular weights and types of 294 

d -C a rv o n e , properties, use as fragrance raw material,
status, toxicity and metabolism of 673M 

/-C a rv y l este rs  (see under Acetic acid. Propionic acid) 
x -C e d re n e , properties, use as fragrance raw material,

status, toxicity and pharmacology of 679M 
C e d re n o n e , properties, use as fragrance raw material,

status and toxicity of 681M
C e re a ls , toxicity tests in rats and ducklings on fungi-con- 

taminated Zambian maize samples 39p 
C e ty l a lco h o l (see Hexadecan-l-ol)
C h a lo n e s, book review on theories, progress and future 

prospects and requirements of research in 184 
C h e e se , manufactured with Penicillium spp., negative

results of carcinogenicity studies in rats 194 
C h lo ro fo rm , alternative procedures for estimating car

cinogenic risks of 511‘
C h o co la te , case reports suggesting allergic reactions to 

506
C h ry se n e , mixed with other polycyclic hydrocarbons, 

skin tests for carcinogenicity in mice 88 
C in n a m ic  a c id , properties, use as fragrance raw material, 

status, toxicity, metabolism and pharmacology of free 
acid 687M; properties, use as fragrance raw material, 
status and toxicity of phenylethyl ester S45M 

C in n a m y l b u tyra te  (see under Butyric acid)
C it r in in ,  ip single and multiple-dose toxicity studies in 

rat 431p, 441p ; morphological changes induced by, in 
chicken mid-gut 431 ; oral and ip single and multiple- 
dose toxicity studies in hamsters 355p 

C it ro n e lly l iso b u ty ra te  (see under Isobutyric acid)
C lo v e  le a f  o il M a d a g a s c a r , properties, use as fragrance 

raw material, status and toxicity of 695M 
C o b a lt ,  oxide, effects in hamsters of long-term inhalation 

with/without cigarette smoke 499 
C o ffee , case reports suggesting allergic reactions to 506: 

suggested antithiamine effect of o-diphenyls present in 
84; thiamine excretion in volunteer drinkers of 84 

C o lo n , and rectum, study on possible link between beer
drinking and cancer of 193

C o lo u rin g s  (see also specific compounds), polymeric, in
teraction with gut microflora in rats 307p 

C o s m e t ic s , possible evidence for increased cancer risk in 
beauticians 631

p-Cresyl octanoate (see under Caprylic acid)
C y c la m a te ,  no effect on perinatal eye development fol

lowing feeding to pregnant rats 7P 
a -C y c lo c itry lid e n c-4 -m e th y lb u ta n -3 -o n e  (see Dimethy- 

lionone)
C y c lo h e x y la m in e , negative results in mutagenicity study 

in hamster spermatogonia 78 
C y p re s s  o il, properties, use as fragrance raw material, 

status and toxicity of 699M
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DBCP (see l,2-Dibromo-3-chloropropane)
DDT, effects of pre-exposure to, on biliary excretion in 

rats 19p; types of lesions induced in rat liver by 387 
Dehydroabietic acid, as paper-waste contaminant, oral 

toxicity study in rats 630
D e x tra n , no lymphocyte-mobilizing activity demon

strated by iv injections of 399 
D e x tra n  su lp h ate , induction of transient lymphocytosis 

by iv injection of 399
2 .4 -  and  2 ,5 -D ia m in o a n iso Ie  (see Phenytenediamine.

4-methoxy-m- and 3-methoxy-p-)
4 .4 -  D ia m in o d ip h e n y l e th e r, hepatotoxicity and induction 

of rat-liver tumours by 502
D ib e n z [a ,A ]a n th ra c e n e , mixed with other polycyclic hy

drocarbons, skin tests for carcinogenicity in mice 88 
3 -D ib e n z o fu ra n y la m in e , minor role of dog-bladder 

mucosa in N-hydroxylation of 508 
D ib e n z y l,  properties, use as fragrance raw material, 

status, toxicity and pharmacology of 701M 
D ib e n z y l e th e r, properties, use as fragrance raw material, 

status and toxicity of 703M
1 .2 -  D ib ro m o -3 -ch lo ro p ro p an e , male infertility ascribed to 

occupational exposure to 498
D ich lo ro a ce ty le n e , nephrotoxic and hepatotoxic effects of 

inhalation by rabbits 227p; neurotoxic effects in rabbits 
300

D ich lo rv o s , no evidence for in  v iv o  alkylating activity in 
rats inhaling atmospheric concentrations relevant to 
practical use 628

D ie ld r in , impairment of reproduction in mice following 
ingestion of 395

D ieth o x y ace to p h e n o n e , no phototoxic reactions to, in 
workers reacting to UV inks containing 297 

D ie th y le n e tr ia m in e p e n ta a ce tic  a c id , calcium trisodium 
salt, induction of foetal death and malformation in mice 
82; zinc depletion as factor in foetal malformation and 
death induced by some salts of 82 

D ie th y l butan ed io ate  (see under Succinic acid)
D ih e x y l  fran s-b utened ioate  (see under Fumaric acid) 
D ih y d ro -z -io n o n e , properties, use as fragrance raw mater

ial, status and toxicity of 711M 
D ih y d ro -iso ja sm o n e , properties, use as fragrance raw 

material, status and toxicity of 713M 
p -D im e th o x yb e n ze n e  (see Dimethylhydroquinone) 
D im e th y la m in o b e n zo ic  a c id , amyl ester, phototoxic effects 

in workers exposed to UV inks containing 297 
D im eth y lh y d ro q u in o n e , properties, use as fragrance raw 

material, status, toxicity, metabolism and pharmacology 
of 715M

D im e th y lio n o n e , properties, use as fragrance raw mater
ial, status and toxicity of 717M

3 .7 -  D im e th y l-2 ,6 -n o n a d ie n - l-a l (see Ethyl citral) 
D im e th y lo c ta tr ie n e  (see Ocimene)
D im e th y lo c te n y l a ce ta te  (see under Acetic acid)
3 .7 -  D im e th y l-6 -o cte n -l -y l iso b u ty ra te  (see Butyric acid, 

citronellyl ester)
D im e th y lp h e n y le th y lca rb in y l a ce ta te  (see under Acetic acid) 
D io c ty l so d iu m  su cc in a te  (see under Succinic acid) 
D ip h e n y la m in e , 4-, minor role of dog-bladder mucosa in 

N-hydroxylation to presumed proximate carcinogen 
508; properties, use as fragrance raw material, status, 
toxicity and pharmacology of 723M

1 .2 -  D ip h e n y le th a n e  (see Dibenzyl)
D ip ro p y le n e  g ly co l, properties, use as fragrance raw 

material, status, toxicity, metabolism and pharmacology 
of 729m

D iq u a t , effects on rat gut 628
D is u lf ir a m , suppression of bracken tumorigenicity in rat 

intestine by 506
2 ,2 '-D ith io b is (p y r id in e - l-o x id e ) (see under Pyrithione) 
D ith io c a rb a m a te , zinc-chelating potency as possible fac

tor in varying degrees of teratogenicity 78; zinc dibutyl-, 
short-term feeding study in rats 237p 

D ru g s , book review on; effects and interactions of, in 
foetus and neonate 66, 1ARC monographs on carcino
genicity data on 487, side effects of 488

E n v iro n m e n t, book review on: biochemical mechanisms 
underlying toxic effects of chemicals in 67, research plan
ning regarding health aspects of 277 

E n z y m e s  (see also specific enzymes), book review on 
enzymic patterns in foetal, adult and neoplastic tissues 
284; hepatic: effects of allobarbitone, allylisopropylace- 
tamide and 4-allyloxy-3-chlorophenylacetic acid on in
duction of 86, effects of dietary amino acids on nitrosodi- 
methylamine-demethylase activity 585p, effects of in
gested arsenic trioxide on detoxication systems 423p 

E p ic h lo ro h y d r in , mutagenicity tests on human lympho
cytes, Salmonella and bone-marrow cells, dominant 
lethal study and lymphocyte aberrations in workers 
exposed to 503

E p o x y  a c ry la te s , sensitization reactions in workers 
exposed to UV inks containing 297 

E p o x y  re s in s , sensitization capacity in relation to molecu
lar weight 503

E r u c ic  a c id , in rapeseed oil: as only one of several poss
ible toxic factors 619, biochemical mechanisms of toxic 
effects of 620

E th a n o l, dimethylformamide sensitization to, resembling 
disulfiram effect 629; effect of congeners on elimination 
of moderate intakes of 505 ; effects of high alcohol con
sumption on foetal development: epidemiological studies 
291, experimental studies 290; withdrawal syndrome in 
rats very similar to that seen with feri-butanol 193; with 
simultaneous sugar consumption, delayed depression of 
blood-sugar levels by 303

E th io n in e , intra-ocular tumours in rats given oral doses 
of 302: liver damage as first stage in production of hepa
tic nodules and tumours by 388 

E th o x y su lp h a te s , alkyl, role of sultone contaminant in 
dermatitis due to dish-washing product containing 59R 

E t h y l  bu ty l keto n e , properties, use as fragrance raw 
material, status, toxicity, metabolism, and pharmacology 
of 731M

E t h y l  c it ra l ,  properties, use as fragrance raw material, 
status and toxicity of 735M 

E t h y l  d ecan oate  (see under Capric acid)
E t h y l  o -h yd ro x yb en zo ate  (see under Salicylic acid)
E t h y l  isob utanoate  (see under Isobutyric acid)
E t h y l  m e th y lp h e n y lg lyc id a te , purity and short-term toxi

city study in rats 33lp 
E t h y l  non an oate  (see under Pelargonic acid)
E t h y l  seb acate  (see under Sebacic acid)
E t h y l  su cc in a te  (see under Succinic acid)
E t h y l  te trad ecan o ate  (see under Myristic acid) 
E th y le n e d ia m in e te tra a ce t ic  a c id , calcium salt, ultrastruc

tural renal changes in rats given iv infusion of 81 
E th y lè n e  d ich lo rid e  ta r , as by-product of vinyl chloride 

synthesis, positive results in Ames tests due to unidenti
fied components 192

E th y le n e  g ly co l, glycollic acid identified as metabolite in 
monkeys 399

E th y le n e  o x id e , toxic fluorinated compounds as possible 
contaminants of compounds prepared from, by boron- 
trifluoride catalysis 298

E th y le n e  th io u re a , metabolism in pregnant rats 79 
E u g e n o l, in  v i t r o  metabolic studies on 294 
E u g e n o l p b e n y la ce tate  (see under Phenylacetic acid) 
E u ro p e a n  E c o n o m ic  C o m m u n ity , evaluation of toxicologi

cal hazard of pesticide residues in tobacco 279 
E y e ,  choroidal melanoma as possible effect of industrial 

exposure to chemicals 302; maximum delay time for 
remedial irrigation in irritation tests in rabbits 85

FAO/WHO, book review on: summary of compilations 
of carbamate and organophosphorus pesticide data 485, 
summary of recommendations on pesticides 486; com
ments on exposure of infants to food contaminants (21st 
report) 615; report on: pesticide residues in food, recom
mendations of 1975 meeting and relevant monographs 
277, sweeteners, colourings, antioxidants and other addi
tives (21st report) 615; with IAEA, report on safety 
evaluation of irradiated foods 63
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F a t ,  dietary, changes in cardiac function in rats on high 
intake of 123p

Fe n u g ree k  ab so lu te , properties, use as fragrance raw 
material, status, toxicity and pharmacology of 755M 

F e rro -a llo y s , neurotoxic effects of manganese in workers 
producing 396

F ib re , dietary, enhancement of lindane metabolism by 
2P p

F is h ,  raw, salted, positive mutagenic response after incu
bation with nitrite 394

F la m e -re ta rd a n t  c h e m ica ls  (see also specific compounds), 
toxicity testing of organophosphorus compounds in 
goidfish 504

F la m p ro p -iso p ro p y l, metabolic fate in rats and dogs 
395

F lo u r ,  chlorinated, study of toxic effects in rats following 
2-wk ingestion of 191

F lo u v e  o il, properties, use as fragrance raw material, 
status and toxicity of 757M

F lu o ra n th e n e , mixed with other polycyclic hydrocarbons.
skin tests for carcinogenicity in mice 88 

,\ -2 -F lu o re n y la ce ta m id e , intra-ocular tumours in rats 
given oral doses of 302

2 -F lu o re n v la m in e , minor role of dog-bladder mucosa in 
/V-hydroxylation of 508

F lu o r in e , toxic by-products containing, as possible con
taminants of compounds prepared with boron trifluoride 
catalysts 298

2 -F lu o ro e th a n o l, and 2-(2-fluoroethoxy)ethanol. toxicity 
and possible production in ethylene oxide reactions cata
lysed by boron trifluoride 298 

Fo o d  (see also Food packaging. Irradiated food and 
Smoked food), book review on: dictionary of science 
and technology of 488. pollution by EEC food-process
ing industries 616: case reports of allergic reactions to 
specific food items 506: system for safety assessment of. 
Food Safety Council proposals Suppl. 2: technique for 
pretreating processed foods to facilitate in  v i t r o  testing 
for mutagenicity 509' ; total diet studies for monitoring 
minor constituents revised in UK 597p 

Fo o d  p ack ag in g , comparative migration studies on 
various plastics using foods and food simulants 135p: 
review of principles and methods for determining total 
migration into fatty foods from 165R 

Fo rm a ld e h y d e , vapour, asthma-type responses following 
heavy exposure to 301

Formamide, dimethyl-, adverse reaction to beer following 
exposure to 629

F o rm ic  a c id , ethyl ester, properties, use as fragrance raw 
material, status, toxicity, metabolism and pharmacology 
of737M; properties, use as fragrance raw material, status 
and toxicity of: heptyl ester 771M, isobornyl ester 793M 

F ra n k in c e n se  (see Olibanum gum)
F u m a r ic  a c id , dihexyl ester, properties, use as fragrance 

raw material, status and toxicity of 709M 
F u n g i, hepatic tumours in rats fed mouldy rice contami

nated with A s p e r g i l l u s  v e r s ic o lo r  I43p; isolated from 
Zambian maize, toxicity studies in rats and ducklings 
39p; toxicity of products of cultures of A . o c h r a c e u s  fed 
to rats 449p; used in cheese manufacture, negative results 
of carcinogenicity studies in rats 194 

2 -F u ra ld e h y d e  (see Furfural)
F u r fu ra l,  properties, use. as fragrance raw material, status.

toxicity and metabolism of 759M 
F y r o l ,  series of organophosphorus flame-retardants, toxi- 

'ci:y tests in goldfish 504

G a lb a n u m  o il, properties, use as fragrance raw material, 
status and toxicity of 765'1

( .a s tro - in te s t in a l tra c t, book review on diseases of im
munological aetiology in 183

G e n e tic s , book review on Drosophila as research tool in 
183

G e r a n v l ace to a ce ta te  (see under Acetoacetic acid)
Glucose, tolerance-test patterns characteristic of hyper

kinetic children 129p

G lu ta m ic  a c id , monosodium salt, reproductive effects of 
neonatal administration to mice 393 

G lu ta th io n e , book review on metabolism and function in 
transport mechanisms and in disposition and detoxica
tion of foreign compounds 67 

G ly c e ry l  tr iace ta te  (see Triacetin)
G ly c o l l ic  a c id , as metabolite of ethylene glycol in mon

keys 399

H a ir  d yes (see also specific constituents), no connection 
detected between mammary cancer incidence and use 
of 194

H e lic h ry s u m  o il, properties, use as fragrance raw mater
ial, status, toxicity and pharmacology of 769M 

H e p a rin o id s , and other polyanions, induction of transient 
lymphocytosis by iv injection of saline solutions of 399 

H e p ta m e th y le n e im in e , ingested with nitrite by rats, 
tumorigenic levels of nitrosamine not readily formed 71 

H e p ta n o ic  a c id , isobutyl ester, properties, use as fragrance 
raw material, status and toxicity of 799M

3- H e p ta n o n e  (see Ethyl butyl ketone)
H e p ty l fo rm a te  (see under Formic acid) 
n -H e p ty l m ethan oate  (see under Formic acid) 
H e x a b ro m o b ip h e n y l see under Polybrominated biphenyls) 
H e x a ch lo ro b en zen e , effects of pre-exposure to. on biliary

excretion in rats 19p: metabolism in rat and guinea-pig 
287; tissue residues in children 288 

H e x a d e c a n - l- o l,  properties, use as fragrance raw mater
ial. status, toxicity and metabolism of 683"

H e x a n e , neurotoxicity probably potentiated by methyl 
ethyl ketone 397 

H e x a n o ic  a c id  (see Caproic acid) 
c/s-3 -H e x e n y l benzoate (see under Benzoic acid)
H e x y le n e  g ly co l, properties, use as fragrance raw 

material, status, toxicity, metabolism and pharmacology 
of 777M

H e x y l  este rs  (see under Fumaric acid. Caproic acid. Tiglic 
acid)

n -H e x y l rran .v-2-m ethyl-2-butenoate (see under Tiglic 
acid)

H is ta m in e , peroral toxicity in guinea-pig potentiated by 
cadaverine 157p

H y d ra z in e , 1,2-dimethyl-, inhibitory effect of selenium on 
colon-tumour induction by 297 

H y d ro c in n a m y l iso b u tyra te  (see Isobutyric acid. 3-phenyl- 
propyl ester)

H yd ro q u in o n e  d im eth y l ether (see Dimelhylhydroquinone) 
p -H y d ro x y b e n zy l ace ta te  (see 4-(p-Hydroxyphenyl)-2- 

butanone)
4 - (p -H y d ro x y p h e n y l;-2 -b u ta n o n e , properties, use as fra

grance raw material, status, toxicity and metabolism of 
781M

H y p e rk in e s is , abnormal glucose metabolism as possible 
factor in aetiology of 129p

H y sso p  o il, properties, use as fragrance raw material, 
status, toxicity and parmacology of 783M

I A R C ,  book review on: directory of cancer epidemiology 
research 487. monographs on carcinogenicity data on 
drugs (vol. 13) 487

Im m u n o lo g y , book review on the gut-associated immune 
system and on gastro-intestinal diseases of immunologi
cal aetiology 183

ln d o le -3 -ca rb in o l, induction of mixed-function oxidases in 
rats fed diet containing high levels of 151p 

In d u str ia l h a za rd s , book review on epidemiological 
studies of, biological reactions to and physical aspects 
of particle inhalation 382; report on methods of estab
lishing permissible levels of exposure to chemicals 279 

In k s , ultraviolet-curable, sensitization and phototoxicity 
in workers exposed to 297

Ir ra d ia te d  food, book review on: relevance of radiation 
chemistry of food components to wholesomeness assess
ments of 65, safety evaluation of irradiated foods 65; 
negative dominant lethal, reproduction and chromosome
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studies in mice fed irradiated wheat 628; review of feed
ing and/or mutagenicity studies on animal feedstuffs, 
milk powder, potatoes and wheat 71; technique for pre
treatment of, to facilitate mutagenicity testing in  v i t r o  
509'

Iso a m y l a lco h o l, as the whisky congener, effect on elimin
ation of ethanol by moderate drinkers 505; properties, 
use as fragrance raw material, status, toxicity, metabo
lism and pharmacology of 785M 

Is o a m y l ben zy l ether (see Benzyl isoamyl ether)
Is o a m y l este rs  (see under Isovaleric acid, Phenylacetic acid) 
Iso b o rn y l fo rm a te  (see under Formic acid)
Iso b u ty l e ste rs  (see under Acetic acid, Heptanoic acid, 

Caproic acid)
Iso b u ty r ic  a c id , isobutyl ester, short-term oral toxicity 

study in rats 337p; properties, use as fragrance raw 
material, status and toxicity of: citronellyl ester 693M, 
ethyl ester 741M, phenylethyl ester 847M, 3-phenylpropyl 
ester 851M

Iso ja sm o n e , properties, use as fragrance raw material, 
status and toxicity of 801M

Iso p ro p an o l, as potentiator of carbon tetrachloride toxi
city under industrial conditions 82 

p -Iso p ro p y lcy c lo h e x a n o l, properties, use as fragrance raw 
material, status and toxicity of 803M

4 - Iso p ro p y l- l-m e th y l- l ,5 -cy c lo h c x a d ie n e  (see a-Phellan- 
drene)

Iso sa fro le , effects on liver-enzyme induction and por
phyrin synthesis 86; in  v i t r o  metabolic studies on 294 

Iso v a le r ic  a c id , properties, use as fragrance raw material, 
status and toxicity of: ethyl ester 743M, isoamyl ester 
789M; properties, use of fragrance raw material, status, 
toxicity and pharmacology of linalyl ester 811M

K e le v a n , book review on uses, toxicity, environmental 
effects and residues 485

K e ro se n e , studies of CNS effects and pneumonitis in pri
mates 299

L a b o ra to ry  a n im a ls , book review on genetics and biology 
of Drosophila 183; cedar shavings used as mouse bed
ding studied for possible carcinogenicity 508; technical 
staff requirements for, in toxicological programmes 479R 

L a u r ie  a c id , benzyl ester, properties, use as fragrance raw 
material, status and toxicity of 649M; single-dose short
term feeding study in rats 519P 

L a v a n d u lv l a ce ta te  (see under Acetic acid)
L e a d , acetate: correlative study of myocardial ultra

structure and blood levels in mice dosed orally with 80, 
effect on globin synthesis in reticulocyte-rich blood 
samples incubated with 81; as possible complicating fac
tor in some US studies of foetal alcohol syndrome 292: 
in drinking-water, UK survey of 278; pathology of 
chronic lesions in human kidney due to 500 

L e m o n  p etitg ra in  o il, properties, use as fragrance raw 
material, status and toxicity of 807M 

L i l ia l  (see p-rm-Butyl-a-methylhydrocinnamic aldehyde) 
/-L im o n e n e , properties, use as fragrance raw material, 

status and toxicity of 809M 
L in a ly l  iso v a le ra te  (see under Isovaleric acid)
L in d a n e  (see y-BHC)
L in o le n ic  a c id , possible role in cardiotoxicity of rapeseed 

oil 619
L iq u o r ic e , toxic effects of excessive consumption on 

sodium/potassium balance 400 
L iv e r ,  book review on: clinical aspects, pathology and 

mechanisms of hepatocellular cancer 284, pathological 
conditions, other than tumours, occurring in 383, 
tumours of, in man 67

Lo v ag e  o il, properties, use as fragrance raw material, 
status and toxicity of 813M

L y s in o a la n in e , nephrotoxicity in rat possibly due to spe
cies-specific metabolic route 405' ; species and strain dis
tribution and dose-response studies and localization in 
renal cortex 499

M a lo n a ld e h y d e , as decomposition product of peroxidized 
polyunsaturated fats, frameshift mutagenicity demon
strated in Ames test 88

M a n c o ze b , teratogenic effects in rats and mice 78 
M a n e b , teratogenic effects apparently associated with 

zinc depletion 78
M a n g a n e se , neurotoxic effects of occupational exposure 

to 396
M e d ic a l p la s t ic s  (see specific polymers)
M e m b ra n e s , book review on effects of toxic compounds 

on structure and function of 487 
p -M e n th a -1 ,5 -d ie n e  (see a-Phellandrene) 
d-p -M en th a-6 ,8 (9 )-d ien -2 -o n e  (see d-Carvone) 
p -M e n th -l-e n -3 -o n e  (see Piperitone) 
d -p -M enth-4(8 )-en-3-o ne  (see d-Pulegone)
M e r c u ry ,  mammary transfer in rats 624; transplacental 

transfer and foetal distribution in man and experimental 
animals 622

M e ta b o lis m , of foreign compounds in mammals, book 
review on 283, 383

M e th a c ry la te , methyl, pulmonary excretion by dogs fol
lowing iv infusion of 81; mutual cross-sensitivity of 
methyl, ethyl and n-butyl esters in guinea-pigs 399 

M e th o x y p h en y le n e d iam in e s (see under Phenylenediamine) 
M e th o x y p so ra le n , 5-, as phototoxic agent in oil of berga

mot 507; 8-, slightly more phototoxic than 5- isomer 
to human skin 507

M e th y l a ce ty l ace ta te  (see under Acetoacetic acid) 
M e th y la zo x y m e th a n o l, acetate, inhibitory effect of 

selenium on colon-tumour induction by 297 
3 -M e th y lb u ta n o l- l (see Isoamyl alcohol) 
2 -M eth y l-3 -b u tan o n e  (see Methyl isopropyl ketone) 
a-M ethyl-/i(p -f£Tf-b uty lp hen yl)p rop ion ald ehyd e (see p - t e r t -  

Butyl-a-methylhydrocinnamic aldehyde) 
M e th y lch o lan th ren e , choroidal fibrosarcoma in rat given 

intra-ocular injection of 302
M e th y l e th y l ketone, as probable promoter of hexane 1 

neurotoxicity 397
M e th y lg u a n id in e , and nitrite, conversion to methylnitro- 

socyanamide in acid solution 13p 
M e th y lh e p te n o l, properties, use as fragrance raw material, 

status and toxicity of 817M 
M e th y l o -h yd ro xyb en zo ate  (see under Salicylic acid) 
2 -M e th y l-5 - iso p ro p y l- l,3 -cy c lo h e x a d ie n e  (see a-Phe)lan- 

drene)
1- M e th y l-4 -iso p ro p y l- l-cy c lo h e x e n -3 -o n e  (see Piperitone) 
M e th y l isop ro pyl ketone, properties, use as fragrance raw

material, status, toxicity and metabolism of 819M 
i/ - I-M cth y l-4 -iso p ro p e n y l-6 -cyc lo h e x e n -2 -o n e  (see d-Car- 

vone)
M e th y l-3 -o x o b u ta n o ate  (see Acetoacetic acid, methyl ester)
2 - M e th y l-2 ,4 -p e n tan e d io l (see Hexylene glycol) 
p -M e th y lp h e n y l a ce ta ld e h yd e  (see p-Tolyl acetaldehyde) 
2-M e th y I-4 -p h en v l-2 -b u ty l a ce ta te  (see Acetic acid, di-

methylphenylethylcarbinyl ester)
M ic h le r ’s  keton e, no phototoxic reactions to, in workers 

reacting to UV inks containing 297 
M in e ra l h y d ro carb o n s, delayed effects of crude oil inges

tion on osmoregulation in sea birds 501 
M o n o so d iu m  g lu tam a te  (see Glutamic acid, monosodium 

salt)
M o rp h o lin e , ingested with nitrite by rats, tumorigenic 

levels of nitrosamine not readily formed 71 
M u ta g e n e s is , book review on screening procedures for 

382; comments by FAO/WHO on methods of testing 
pesticides for 277: treatment of processed (especially 
irradiated) foods prior to in  v i t r o  testing for 509'

M y r is t ic  a c id , ethyl ester, properties, use as fragrance raw 
material, status, toxicity, metabolism and pharmacology 
of 745M

N a b a m , experimental inflammatory response to 575’’ 
N a p h th y la m in e , 1-, minor role of dog-bladder mucosa in 

iV-hydroxylation of 508; 2-, from metabolic dephenyla- 
tion of iV-phenyl-2-naphthylamine in dogs and man 301;
2-, minor role of dog-bladder mucosa in N-hydroxyla- 
tion to presumed proximate carcinogen 508
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N a rc is su s  abso lu te, properties, use as fragrance raw 
material, status and toxicity of 827M 

N itra te , effect of dietary content on salivary and gastric 
nitrite levels 11 lp

N itr ilo t r ia c e t ic  a c id , and trisodium salt, hypercalcinuria 
and crystalluria following ingestion of 569p; trisodium 
and other salts, effect on cation balance in rat 563p 

N it r it e ,  book review on role in meat curing and relation 
to nitrosamine formation 485; comparison of ascorbic 
and sulphamic acids as traps for, in nitrosamine denitro- 
sation 365p; in meat products, review of symposium pro
ceedings 381; levels in salivary and gastric fluids in
fluenced by dietary nitrate levels 11 lp; mutagenic re
sponse of raw salted fish after incubation with 394 

N itro g e n  d io x id e , inhaled: lung retention and extrapul- 
monary distribution in monkeys 397, no effects on 
chromosomes of mouse leucocytes or spermatocytes 397 

N itro p h e n o l, 2-amino-4-, 4-amino-2- and 2-amino-5-, 
negative results in dominant lethal mutagenicity test 401 

N itro sa m in e , Ames tests on mutagenicity of nitrosopiper- 
idine, nitrosopyrrolidine, nitrosoproline, nitrosohydroxy- 
proline and nitroso-3-pyrrolidinol with and without 
metabolic activation 191; book review on: analysis and 
formation in environment 65, properties, occurrence in 
foods, precursors in environment and in  v iv o  formation 
485; conditions favouring or depressing formation in 
human gut 69; denitrosation of. comparative efficiencies 
of ascorbic and sulphamic acids as nitrite traps in 365p; 
dimethyl-: absorption and metabolism of small oral 
doses in rats 295, influence on sterigmatocystin carcino
genesis in rats 591p. and nitrosomorpholine, liver 
damage and nodular hyperplasia not essential precursors 
of tumour induction by 388; formation in: achlorhydric 
stomach as possible mechanisms for observed associ
ation between gastric cancer and pernicious anaemia 
627, cured meats on heating, presence of Af-nitrosamino 
acids not essential factor 343p; formation of nitrososar- 
cosine from sodium N-lauroyl sarcosinate used in denti
frices 84; inhibition of in  v i t r o  formation from amine 
and nitrite by sorbic acid 209p: mutagenicity of raw 
salted fish incubated with nitrite 394; jV-nitrosodiethyla- 
mine and acrolein vapour, combined exposure of ham
sters to 500; nitrosoproline as possible minor precursor 
of nitrosopyrrolidine found in fried bacon 389; possibili
ties for nitrosation of drugs in gut 69; studies on possible 
precursors of nitrosopyrrolidine found in fried bacon 
389: volatile: levels in UK food samples 627, determined 
in foods and air by colorimetric method 117P 

N itro so cy a n a m id e , methyl-, formation from methylguani- 
dine and nitrite in acid solution 13p 

N o n ab ro m o b ip h en yl (see under Polybrominated biphenyls) 
N o n an o ic  a c id  (see Pelargonic acid)
N o p inen e (see /j-Pinene)

O c im e n e , properties, use as fragrance raw material, status 
and toxicity of 829M

O co te a  c y m b a ru m  o il, properties, use as fragrance raw 
material, status and toxicity of 831M 

O cta b ro m o b ip h e n y l (see under Polybrominated biphenyls) 
O c ta n o ic  a c id  (see Caprylic acid) 
n -O c ty l o -h yd ro xyb en zo ate  (see under Salicylic acid)
O il  o f  sa s s a fra s  B ra z il ia n  (see Ocotea cymbarum oil)
O le ic  a c id , single-dose short-term feeding study in rats 

535p
O lib a n u m  ab so lu te , properties, use as fragrance raw 

material, status and toxicity of 835M 
O lib a n u m  g u m , properties, use as fragrance raw material, 

status, toxicity and pharmacology of 837M 
O n io n s, small-scale human study on possible effects on 

atherosclerosis 193 
O ra n g e  R N ,  metabolism in pigs 77 
O rg a n o ch lo rin e  p estic id es (see also specific compounds), - 

fluorescence quenching for measuring membrane-uptake 
of 395

O rg an o p h o sp h o ru s p estic id es (see also specific compounds), 
and derivatives, book review on mass-spectral data on

485; book review on guide to FAO/WHO data surveys 
485

O rg a n o tin  com po un ds (see under Tin)
O x a la te ,  r a t e  o f  in te s t in a l  a b s o r p t i o n  in  r a t s  a n d  e ffec ts  

o f  c a lc iu m , s o d iu m  a n d  m a g n e s iu m  io n s  505 
O x y p h e n a lo n  (see  4 - ( p - H y d ro x y p h e n y l) -2 -b u ta n o n e )

P ath o lo g y , book review on: changes in human nerve tis
sue 618, introductory textbook on 183 

P a tu lin , no evidence of carcinogencity in long-term tests 
in rats and mice 243p

P e c t in , hypocholesterolaemic effect after oral administra
tion to man 83

P e la rg o n ic  a c id , properties, use as fragrance raw material, 
status, toxicity and metabolism of ethyl ester 747M; 
properties, use as fragrance raw material, status, toxicity, 
metabolism and pharmacology of free acid 839M 

P e rso rp tio n , of macromolecules by piglet ileum, as func
tion of age and intestinal ‘closure’ 87 

P e rsu lp h a te , ammonium, in peroxide hair bleaches, res
piratory and skin effects in women 84 

P e st ic id e s  (see also specific compounds and groups), book 
review on: analytical methodology for residues 485, eco
logical effects of 486, 617, evaluation of residues in 
tobacco and their risks 279, manual of basic data on 
active chemicals in formulations of 66, summary of 
FAO/WHO recommendations on 486; reports by FAO/ 
WHO for 1975 on residues in foods 277 

a -P h e lla n d re n e , properties, use as fragrance raw material, 
status, toxicity and metabolism of 843M 

P h en an th ren e , mixed with other polycyclic hydrocarbons, 
skin tests for carcinogenicity in mice 88 

P h e n m e traz in e , with nitrite in foods, study of conditions 
favouring nitrosation reactions 70 

P h e n y la ce t ic  a c id , eugenyl ester, properties, use as fra
grance raw material, status and toxicity of 753M; isoamyl 
ester, properties, use as fragrance raw material, status, 
toxicity, metabolism and pharmacology of 791M 

fe rf-/ !-P h e n y la cry lic  a c id  (see Cinnamic acid) 
P h e n y le n e d ia m in e , o - .  m -  and p -  and 4-methoxy-m-,

4-nitro-o- and 2-nitro-p- derivatives, negative results in 
dominant lethal mutagenicity tests 401; 3-methoxy-p-, 
effect on fertility in dominant lethal study apparently 
due to systemic toxicity 401; 4-methoxy-m-, conversion 
to mutagenically active metabolite 304 

P h e n y le th y l e ste rs  (see under Cinnamic acid, Isobutyric 
acid. Salicylic acid)

A -P h e n y l-2 -n a p h th y la m in e , as rubber antioxidant, poss
ible health implications of metabolic conversion to 
2-naphthylamine 301

3 -P h e n y lp ro p y l iso b u tyra te  (see under Isobutyric acid) 
3-P h en y l-2 -p ro p en o ic  a c id  (see Cinnamic acid) 
P h e n y lp ro p e n y l n -b utyra te  (see Butyric acid, cinnamyl ester) 
P h o sfle x , triaryl phosphate ester flame-retardant, toxicity 

tests in goldfish 504
P h o sp h ate , in food additives, physiological responses of 

human adults to 296
P h th a lic  a c id , diethyl ester, short-term oral toxicity study 

in rats 415p; diisooctyl and butylglycolylbutyl esters, dis
tribution and excretion following ingestion by rats, dogs 
and pigs 409p

P in e n e , properties, use as fragrance raw material, status, 
toxicity, metabolism and pharmacology of: a- 853M, /¡- 
859M

P ip e ra z in e , ingested with nitrite by rats, tumorigenic 
levels of nitrosamine not readily formed 71 

P ip e rid in e , ingested with nitrite by rats, tumorigenic 
levels of nitrosamine not readily formed 71 

P ip e rito n e , properties, use as fragrance raw material, 
■ status, toxicity, metabolism and pharmacology of 863M 

P la s t ic s , for packaging, comparative migration studies 
using food simulants, foods, pharmaceuticals, hair-care 
products and cosmetics 135p

P o ly  A O - 7 9 , as polymeric food antioxidant, interactions 
with gut microflora of rats 307p; developed as D00079 
polymeric food antioxidant, intestinal absorption, distri
bution and excretion in rats and mice 321p
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P o ly b ro m in ate d  b ip h en yls, principally octa-, nona- and 
hexabrominated, feeding, skin, inhalation and enzyme 
studies 492; studies on effects on rat liver 74; toxicity 
studies in chickens and quail 195 

P o ly ch lo r in a te d  b ip hen yls, book review on: analytical 
methods for 486, data evaluation and establishment of 
environmental health standards for 279, ‘Yusho’ incident 
and subsequent epidemiological, toxicity and metabolic 
studies 381; effects on reproduction in mice, rats and 
pigs 289; induction of hepatic porphyria in rats by 47p; 
transplacental and transmammary transfer: in mice 33p, 
to human foetuses and infants 543p 

P o ly ch lo r in a te d  d ib en zo fu ran , little capacity for inducing 
hepatic porphyria in rats 47p 

P o ly ch lo r in a te d  te rp h en yls, book review on data evalu
ation and establishment of environmental health stan
dards for 279; effects of gastric dose on gut morphology 
and absorptive capacity in mice 302 

P o ly c y c lic  h y d ro carb o n s (see also specific compounds), 
fluorescence quenching as possible means of measuring 
membrane-uptake of 395; mouse-skin carcinogenicity 
study on mixtures of 88

P o ly  R -4 7 8 , as polymeric food colouring, interaction with 
gut microflora of rats 307p

P o ly u re th a n e , as cover for silicone prostheses, severe 
foreign-body reaction to 402

P o ly v in y l a lco h o l, no lymphocyte-mobilizing activity 
demonstrated by iv injections of 399 

P o ly v in y l ch lo r id e , migration of vinyl chloride monomer 
into foods, drinks and cosmetics packed in 79 

P o ly v in y lp y rro lid o n e , suppression of bracken tumorigeni- 
city in rat bladder by 506

P o ly v in y l su lp h u ric  a c id , induction of transient lymphocy
tosis by iv injection of saline solutions of 399 

P o n ceau  MX, review of BIBRA studies on nature of liver 
nodules produced by, and their relation to toxic damage 
and tumour production 387

P o n ceau  4 R ,  alone or with vitamin A, effect on rat-liver 
enzymes lp

P o ta to , case reports suggesting allergic reaction to 506 
P ro lin e , as precursor of nitrosopyrrolidine formed during 

bacon frying 389
n -P ro p a n o l, as whisky congener, effect of elimination of 

ethanol by moderate drinkers 505 
P ro p in eb , teratogenic effects in rats and mice 78 
P ro p io n ic  a c id , /-carvyl ester, properties, use as fragrance 

raw material, status and toxicity of 677M; ethyl ester, 
properties, use as fragrance raw material, status, toxicity, 
metabolism and pharmacology of 749M 

P ro p y lid e n e  ph th a lid e , properties, use as fragrance raw 
material, status and toxicity of 865M 

P ro te in , bacterial single-cell, changes in chick livers due 
to feeding of 633' ; cross-linked, book review on bio
chemistry and nutritional and medical aspects 486; soya, 
demonstrations of hypocholesteraemic effect of 73 

P R  to x in , metabolite of Penicillium roqueforti, acute ip 
toxicity in mouse 369p

d-P u leg o n e , properties, use as fragrance raw material, 
status, toxicity, metabolism and pharmacology of 867M 

P u tre sc in e , possible involvement in production of nitro
sopyrrolidine found in fried bacon 389; probably less 
important than cadaverine-histamine combination in 
aetiology of scombroid poisoning 157p 

P y re n e , mixed with other polycyclic hydrocarbons, skin 
tests for carcinogenicity in mice 88 

P y rith io n e , derivative l2,2'-dithiobis (pyridine-1-oxide) 
magnesium sulphate adduct), skin absorption and urin
ary excretion studies 507; zinc, tissue and fluids distribu
tion in rats 553p

P y ro v a te x  C P ,  organophosphorus flame-retardants, toxi
city tests in goldfish 504

P y rro lid in e , ingested with nitrite by rats, tumorigenic 
levels of nitrosamine not readily formed 71

R ap eseed  o il, erucic acid content and other possible fac
tors in toxic effects of 61$; review of mechanisms and 
pathology of toxic effects 619

R e ctu m , and colon, study on possible link between beer
drinking and cancer of 193 

R e tin o ic  a c id , teratogenic effects in monkeys 403 
R o n id a z o le , no chromosomal damage in Chinese-hamster 

lymphocytes treated with 4061 
R o q u efo rtin e , metabolite of Pénicillium roqueforti, acute 

ip toxicity in mouse 369p
R u b ra to x in , B, conversion rates and effect on ATPase in 

vitro and acute toxicity in mice 463p

S a c c h a r in , and impurities, evaluation as possible epigene
tic carcinogen/mutagen 95p; metabolism in man, rat and 
rabbit, and of sulphamoylbenzoic acid impurity in rat 
293; no effect on perinatal eye development following 
feeding to pregnant rats 7P; sodium, thermal energy 
analysis of 105p

S a fro le , effects on liver-enzyme induction and porphyrin 
synthesis 86; in vitro metabolic studies on 294 

S a lic y lic  a c id , properties, use as fragrance raw material, 
status and toxicity of: n-butyl ester 663M, phenylether 
ester 849M; properties, use as fragrance raw material, 
status, toxicity, metabolism and pharmacology of: ethyl 
ester 751M, methyl ester 821M, octyl ester 833M 

S a rco sin a te , sodium /V-lauroyl. as dentifrice component.
formation of nitrososarcosine from 84 

S e b a c ic  a c id , diethyl ester: in haloprogin cream, case of 
allergic contact dermatitis due to 77, properties, use as 
fragrance raw material, status and toxicity of 705M 

S eco b arb ito n e , effects on liver-enzyme induction and por
phyrin synthesis 86

S e le n iu m , as antagonist of colon-tumour induction by 
dimethylhydrazine or methylazoxymethanol in rats 297; 
sodium selenite and/or aflatoxin B,, induction of duo
denal serotonin production by 611p 

S h ik im ic  a c id , no evidence of intestinal or bladder 
tumours in rat study 630

S ilico n e , factors affecting capsule formation around surgi
cal implants of 402

S k in , book review on irritants, sensitizers and percu
taneous absorption 617; human, reactions to prolonged 
exposure to water 402; review of test methods for percu
taneous toxicity and irritation 177R ; vascular permeabi
lity, erythema and tissue water content as measures of 
irritancy of organotins to 502 

S m o k e d  food, and smoke condensates, mutagenicity 
studies on 497

S m o k in g  (see under Tobacco)
S n a k e ro o t o il C a n a d ia n , properties, use as fragrance raw 

material, status and toxicity of 869M 
S o rb ic  a c id , as inhibitor of nitrosamine formation from 

amine and nitrite in vitro 209p 
S o rb i tan e ste rs , monolaurate (Span 20). short-term feed

ing study in rats 519P ; mono-oleate (Span 80), short-term 
feeding study in rats 535p; monostearate (Span 60), long
term feeding study in mice 527p 

S p a n s  (see Sorbitan esters)
S p e a rm in t o il, properties, use as fragrance raw material, 

status and toxicity of 871M
S p e rm id in e , lack of evidence for involvement in nitroso

pyrrolidine production during bacon frying 389 
S ta t is t ic s , book review on methods for analysing survival 

data from clinical and laboratory studies 384 
S te r ig m a to cy s tin , effect of nitrosodimethylamine on 

tumour induction by 591p, hepatic tumours in rats fed 
mouldy rice containing 143p 

S tra w b e rry  a ld ehyd e (see ethyl methylphenylglycidate) 
S ty re n e , effects on liver microsomal-enzyme activities in 

rats in comparison with those of styrene glycol 300: in 
vitro and host-mediated mutagenicity studies on 300. no 
mutagenicity demonstrated in Ames tests 397 

S ty re n e  o x id e , base-substitution mutagenicity demon
strated in Ames tests 397; effects on liver microsomal- 
enzymes activities in rats in comparison with those of 
styrene glycol 300; in vitro and host-mediated mutageni
city studies on 300
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S u cc in ic  a c id , diethyl ester, properties, use as fragrance 
raw material, status and toxicity of 707M; opposing 
effects of dioctyl sodium succinate on capacities of rat 
faeces and of P r o te u s  v u lg a r i s  to degrade tartrazine 393 

S u lp h a m ic  a c id , as nitrite trap in nitrosamine denitrosa- 
tion 365p

2-S u lp h a m o y lb e n zo ic  a c id , as saccharin impurity, metabo
lism in rat 293

S u lto n es, as sensitizing contaminants in alkyl ethoxysul- 
phate dish-washing formulation 59R 

S u rfa ce -a ct iv e  agents (see also specific compounds), pul
monary-function impairment following exposure to alca- 
lase in enzyme-detergent manufacture 84

T a lc ,  absorption and disposition studies in rat, mouse, 
gu.nea-pig and rabbit 161p; review of biological effects 
following adminstration by various routes to experimen
tal animals 51R

T a n g e rin e  o il, properties, use as fragrance raw material, 
status and toxicity of 873M

T a r t a r ic  a c id , l ( + ) and d l , comparison of distribution in 
rats following 7-day ingestion 498 

T a r t ra z in e ,  effect of dioctyl sodium succinate on gut-bac
terial degradation of 393; effects of foetal and young 
rats following ingestion by dams and weanlings 497 

T e a ,  case reports suggesting allergic reactions to 506;
mouse-skin co-carcinogenicity study of infusions of 630 

T e ra to g e n e s is , depletion of body zinc as factor in malfor
mations caused by dithiocarbamates and CaDTPA 78, 
82

T e tra k is fh y d ro x y m e th y l)  phosphonium  h y d ro x id e , as flame- 
retardant, toxicity tests in goldfish 504 

T h ia m in e , antagonism of coffee components to activity 
of 84

T h io x a n th o n e , no phototoxic reactions to, in workers 
reacting to UV inks containing 297 

T ig l ic  a c id , hexyl ester, properties, use as fragrance raw 
material, status and toxicity of 779M 
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( R e c e i v e d  6  M a r c h  1 9 7 9 )

Abstract—Four female rats were dosed by gavage with [ l4C]amaranth (20mg/kg). Total radioactivity 
was measured in blood samples taken at specific times over a 24-hr period. The change in blood 
radioactivity with time after dosing was fitted to a one-compartment mathematical model. The mean 
times taken to reach maximum concentration of radioactivity and for the decline to 50% of the maxi
mum concentration were 4-2 and 12-5 hr, respectively. Subsequently, two groups of four female rats 
were dosed with [ 14C]amaranth (as above) and killed 4 and 12 hr after dosing. The distribution of 
14C-activity in various tissues was measured. Calculations of the mean 14C-activity indicated that
14-2% of the administered dose was retained by the rats in the 24-hr period. No radioactivity was 
detected in respiratory gases. Radioactivity was detected in stomach, large and small intestine, blood, 
bile, heart, kidney, liver and lung 4 and 12-hr after treatment, but after 24 hr I4C-activity was no 
longer detectable in the blood, bile or heart. Over the 24 hr following dosing, 65-86% of the given 
14C-activity was recovered in the faeces. Total recoveries of 14C-activity ranged from 80-94% of the 
dose. Radioactive amaranth, naphthionic acid and as many as five unidentified products were detected 
in the gastro-intestinal tract contents, urine and faeces by thin-layer chromatography.

INTRODUCTION

D u r in g  th e  p a s t  d ecad e , c o n s id e ra b le  c o n tro v e rsy  
a n d  c o n c e rn  h a s  a r is e n  re g a rd in g  th e  p o te n tia l  to x i
c ity  o f  a m a ra n th  (F D  &  C  R e d  N o . 2). G o n a d o to x ic  
a n d  e m b ry o to x ic  effects (S h te n b e rg  &  G a v rile n k o ,
1970) a n d  th e  r e p o r te d  c a rc in o g e n ic ity  o f  a m a ra n th  
(A n d ria n o v a , 1970; B a ig u sh ev a , 1968) p ro v id e d  the  
im p e tu s  fo r m u c h  o f  th is  c o n ce rn .

S u b se q u e n t r e p ro d u c t io n  s tu d ie s  w ith  a m a ra n th  in 
th e  r a t  (C o llin s , K eele r, B lack  &  R uggles, 1975; 
C o llin s  &  M c L a u g h lin , 1972, 1973; C o llin s , R uggles, 
H o lso n , S c h u m a c h e r . G a y lo r  &  K e n n e d y , 1976; 
K h e ra , P rz y b y lsk i &  M c K in ley , 1974), m o u se  (L a rs-  
so n , 1975), ra b b it  (K e p lin g e r, W rig h t, P la n k  &  C a la n -  
d ra , 1974) a n d  ca t (K h e ra , R o b e r ts ,  T r iv e tt, T e r ry  &  
W h a le n , 1976) d id  n o t  d e m o n s tra te  a n y  u n to w a rd  
effects o n  r e p ro d u c t io n  o r  o n  th e  d e v e lo p m e n t o f  the  
y o u n g . A m a ra n th  g ave  a  n e g a tiv e  re su lt  in th e  B. suh- 
tilis r e c o m b in a tio n -a s s a y  (K a d a , T u tik a w a  &  S adaie ,
1972) a n d  in th e  A m es te s t (S to ltz , B en d all, S ta v ric  &  
M u n ro , 1978). A d o m in a n t  le th a l s tu d y  u s in g  m ice  
w as n e g a tiv e  (A rn o ld , K e n n ed y , K e p lin g e r  &  C a la n -  
d ra , 1976). M a n n e ll, G ric e , L u  &  A llm a rk  (1958) a n d  
R u b e n c h ik  &  B y k o re z  (1963) d id  n o t  a t t r ib u te  an y  
tu m o r ig e n ic  p ro p e r t ie s  to  a m a ra n th  b u t  a  c o n tro v e r 
sial c a n c e r  s tu d y  (Boffey, 1976) led  to  th e  w ith d ra w a l 
o f  its  p ro v is io n a l  l is tin g  in  th e  U S A  (Federal Register, 
1976, 41 , 5823).

♦Present address: Environmental Health Center, Environ
mental Contaminants, Tunney’s Pasture, Ottawa, 
Ontario KIA 0L2.

tPresent address: University of Ottawa, Department of 
Biology, Ottawa, Ontario KIN GN5.

T h e  re a so n s  fo r th e  c o n tro v e rs ia l re su lts  a r is in g  
fro m  th e  v a r io u s  a m a ra n th  s tu d ie s  a re  im p o r ta n t  b o th  
fro m  th e  sc ien tific  a n d  fro m  th e  re g u la to ry  v iew p o in t. 
It h a s  b e en  su g g ested  th a t  th e  s tu d ie s , w h e re  u n 
to w a rd  to x ic o lo g ic a l effects w ere  o b se rv e d  (A n d r ia 
n o v a , 1970; B a ig u sh ev a , 1968), m a y  h a v e  re su lte d  
fro m  u sin g  a m a ra n th  o f  u n k n o w n  p u r i ty  (S tavric , 
S to ltz  &  K la sse n , 1978). D ifferen ces in  d ie t (E rsh o ff  
&  T h u rs to n ,  1974) a n d  in th e  s tra in  a n d  species o f  
th e  tes t a n im a l h a v e  a lso  b e en  su g g ested . A c o n s id e r 
a tio n  o f  th ese  fa c to rs  p ro m p te d  th e  p re se n t  s tu d y  o n  
th e  u p ta k e , d is tr ib u tio n , e lim in a tio n  a n d  m e ta b o lism  
u sin g  [ 14C ]a m a ra n th .

EXPERIMENTAL
Animals, treatment and tissue sampling. F o u r  fem ale  

W is ta r  r a ts  (200 g, W o o d ly n  F a rm s , G u e lp h , O n ta r io )  
w ere  su rg ic a lly  p re p a re d  w ith  in d w e llin g  ju g u la r  vein  
c a n n u la e  (V an  P e tte n , E v a n s  &  S a lem , 1970). A fter 
12 h r  w i th o u t fo od , e ac h  r a t  w as o ra lly  d o se d  w ith  
[ l ,4 ,5 ,8 , r ,4 ',5 ',8 '-14C ]a m a ra n th  [ F D  &  C  R e d  N o . 2'
C .I. 16185; C .I. A c id  R e d  2 7 ; 2 ,7 -n a p h th a le n e d isu l-  
p h o n ic  ac id  3 -h y d ro x y -4 - [4 -su lp h o - l-n a p h th a le n y l) -  
a z o tr is o d iu m  s a lt]  (20 m g /k g  b o d y  w e ig h t) in  d is tilled  
w a te r . T h e  c ry s ta llin e  a m a ra n th  (A m e rsh am /S e a rle , 
C h ica g o , IL , U S A ) w as fo u n d  to  b e  99%  p u re  b y  th in -  
lay e r  c h ro m a to g ra p h y  a n d  h a d  a  specific  a c tiv ity  o f  
26-7 p C i/m g .

C o p ro p h a g e a l  c u p s  w ere  f itte d  o n  th e  r a ts  im m e d i
a te ly  a fte r d o s in g  a n d  th e  a n im a ls  w ere  h o u se d  in d iv i
d u a lly  in  g lass  m e ta b o lism  cag es e q u ip p e d  w ith  a  C 0 2 
t r a p p in g  a p p a ra tu s  fo r th e  e x h a u s t  a ir . T h e  tra p p in g  
so lv e n t w as e th a n o la m in e -c e llo s o lv e  (1 :1 , v/v). R a ts  
h a d  free access to  fo o d  a n d  w a te r  a fte r do sin g . T r ip l i 
c a te  25-^1 b lo o d  sa m p le s  w ere  ta k e n  fro m  th e  ju g u la r  
v e in  c a n n u la  ev ery  h o u r  fo r th e  firs t 12 h r  a n d  a t  16
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a n d  24 h r  a f te r  d o sin g . F a eces  a n d  u rin e s  w ere  c o l
lec ted  a t  in te rv a ls  o f  0 -6 , 6 -1 2  a n d  1 2 -24  h r, a n d  
k e p t frozen  ( —4 'C )  u n til  th ey  w ere  a n a ly se d  for 
ra d io a c tiv ity .

F ifteen  m in u te s  b e fo re  th e  2 4 -h r b lo o d  sam p le , th e  
r a ts  w ere  a n a e s th e tiz e d  a n d  a  c a n n u la  w as in se rte d  
in to  th e  b ile -d u c t in o rd e r  to  o b ta in  th re e  25-;d  b ile  
sa m p le s  fro m  e ach  ra t.  T h e  a n im a ls  w ere  th e n  e x sa n 
g u in a te d  v ia  th e  a b d o m in a l  a o r ta  a n d  a u to p s ie d . 
K id n ey s, liver, b ra in , h e a rt, lu n g  a n d  th e  c o m p le te  
g a s tro - in te s t in a l  (G I)  t r a c t  w ere  re m o v e d . T h e  G I  tra c t  
w as d iv id e d  in to  th e  o e so p h a g u s , s to m a c h , sm all 
in te s tin e  (p y lo ric  sp h in c te r  to  c ae cu m ) a n d  la rg e  in te s 
tin e  (caecu m  to  anus). B efo re  re m o v in g  th e  u r in a ry  
b la d d e r ,  th e  u re te r  w as tie d  a n d  th e  b la d d e r  r in se d  
w ith  1 m l o f  w a te r . C o n te n ts  in  th e  g u t w ere  re m o v e d  
a n d  fro zen  a n d  g u t tissues, w h ic h  h a d  b e e n  th o r 
o u g h ly  r in se d  in  10 m l o f  d is til le d  w a te r , w ere  b lo tte d  
d ry  a n d  w eighed . T h e  r in se s  fro m  th e  b la d d e r  a n d  G I 
t ra c t  w ere  sa v e d  fo r a n a ly s is  o f  ra d io a c tiv ity . All the  
tis su e s  w ere  w eig h ed  a fte r th e  a u to p sy .

T w o  fu r th e r  g ro u p s  o f  fo u r r a ts  w ere  su b se q u e n tly  
d o se d  w ith  [ 14C ]a m a ra n th  a n d  a u to p s ie d  a t  4 a n d  
12 h r  a fte r tre a tm e n t,  resp ec tiv e ly , fo llo w in g  th e  p r o 
c e d u re s  d e sc rib e d  above.

D e t e r m i n a t i o n  o f  r a d i o a c t i v i t y .  T rip lic a te  sa m p le s  o f 
a p p ro x im a te ly  100 m g  o f  a ll tissues, e x ce p t k id n ey s , 
w ere so lu b iliz ed  in g lass  sc in ti l la t io n  v ials w ith  TO m l 
o f  S o lu e n e  (N ew  E n g la n d  N u c le a r , B o sto n , M A , 
U SA ). T w en ty -fiv e  /¡I o f  u rin e , b lo o d  a n d  th e  w a sh 
ings o f  th e  g u t a n d  u r in a ry  b la d d e r  w ere  s im ila rly  
so lu b ilized . B o th  k id n ey s  f ro m  e a c h  r a t  w ere  c o m 
p le te ly  d ig es te d  w ith  S o lu e n e  (1 m l /100 m g) a n d  th e n  
th re e  10-m l sa m p le s  w ere  tra n s fe rre d  to  sc in tilla tio n  
vials. S p e c tro flu o r (15 m l; A m e rsh a m /S e a r le )  w as 
a d d e d  to  a ll vials.

F a e c e s  a n d  G I  c o n te n ts  w h ic h  h a d  b e e n  s to re d  in 
g lass  b e a k e rs  w ere  re m o v e d  f ro m  th e  freezer a n d  
e n o u g h  e th a n o l -w a te r  (4 :1 , v /v) w a s  a d d e d  to  co v er 
th e  sam p le . T h ese  sa m p le s  w ere  a llo w e d  to  sw ell o v e r 
th e  n e x t 3 d ay s  a n d  w ere  p e r io d ic a lly  m a c e ra te d  a t 
r o o m  te m p e ra tu re  w ith  a  g lass  ro d . I t  w a s  e n su re d  
th a t ,  a t  a ll tim es, th e  sa m p le s  w ere  c o v e re d  w ith  th e  
e th a n o l -w a te r  m ix tu re . S ince  a  s e p a ra t io n  o f  th e  o r i 
g in a l m e ta b o lic  p ro d u c ts  b y  th in - la y e r  c h ro m a 
to g ra p h y  w as p la n n e d , e th a n o l w a s  a d d e d  to  a r re s t  
g u t flo ra  m e ta b o lism . A b o u t 15-m g tr ip l ic a te  sam p les  
o f  th e  s lu rry  o f  faecal o r  G I  c o n te n ts  w ere  w e ig h ed  
a c c u ra te ly  in p la s tic  sc in ti l la t io n  vials. T o  e ac h  vial 
w ere  a d d e d  0-4 m l 30%  h y d ro g e n  p e ro x id e  a n d  0-2 m l 
70%  p e rc h lo r ic  a c id  a n d  th e  sa m p le s  w ere  d ig es te d  
o v e rn ig h t a t  ro o m  te m p e ra tu re  w ith  sh a k in g  (M a h in  
&  L o fb erg . 1970). 2 .5 ,-D ip h e n y lo x a zo le  (8 m l) in 
to lu e n e  (6 g /litre )  a n d  7 m l c e llo so lv e  w ere  th e n  a d d e d  
p r io r  to  th e  d e te rm in a tio n  o f  ra d io a c tiv ity .

L evels o f  14C -a c tiv ity  in th e  sa m p le s  w ere  d e te r 
m in e d  w ith  a  B e ck m an  L S  230 sc in tilla tio n  c o u n te r . 
S a m p le s  w ere  c o u n te d  fo r 20 m in  e ac h  a n d  th e  d a ta  
w ere  re c o rd e d  o n  p a p e r  p u n c h - ta p e  w h ich  w as p ro 
cessed  in a  N o v a  840 m in i-c o m p u te r  u s in g  a  p ro g ra m  
d e sig n ed  to  e x p ress  sc in tilla tio n  d a ta  as d p m /g  w et 
tissue . C o u n ts  fo r a  sa m p le  w ere  c o n s id e re d  sign ifi
c a n t  if th ey  w ere  m o re  th a n  tw o  a n d  a  h a lf  tim es  th e  
b a c k g ro u n d  c o u n t. A n  e x te rn a l s ta n d a rd  w as u se d  to  
c o r re c t  fo r q u e n ch in g .

K i n e t i c s .  A fter p lo tt in g  th e  b lo o d  c o n c e n tra t io n  
d a ta  o n  se m ilo g a r ith m ic  p a p e r , as d p m /m l a g a in s t

tim e , it a p p e a re d  th a t  th e  u p ta k e  a n d  e lim in a tio n  
k in e tic s  fo r th e  [ 14C ~ a m a ra n th  in  th e  b lo o d  4 h r  a f te r  
d o s in g  c o u ld  b e  d e sc rib e d  in te rm s  o f  tw o  f ir s t-o rd e r  
p ro c esses  a n d  a  o n e  c o m p a r tm e n t o p e n -e n d e d  m o d el. 
T h e  ra d io a c tiv e  c o n c e n tra t io n  in th e  b lo o d  a t  an y  
tim e  (t) w o u ld  th e n  b e  g iven  b y :

y(t) =  A (e ~ m — e ~ Cl) . . . ( 1 )

w h e re  A is th e  c o m m o n  p re -e x p o n e n tia l  p a ra m e te r ,  
a n d  B a n d  C  a re  th e  ra te  coeffic ien ts fo r u p ta k e  a n d  
e lim in a tio n , resp ec tiv e ly . E s tim a te s  o f  th e  r a te  coeffi
c ie n ts  w ere  o b ta in e d  fro m  th e  se m ilo g a r ith m ic  p lo t  
b y  th e  m e th o d  o f  cu rv e  s tr ip p in g  (M a y e rs o h n  &  
G ib a ld i ,  1971). T h e se  e s tim a te s  a n d  th e  o r ig in a l d a ta  
w ere  u sed  to g e th e r  w ith  a  c o m p u te r  p ro g ra m  (B M D P  
n o n - lin e a r  re g re ss io n ; D ix o n , 1975) to  o b ta in  m o re  
p rec ise  e s tim a te s  o f  th e  p a ra m e te rs .

T h e  tim e  a t  w h ic h  b lo o d  c o n c e n tra t io n  re a c h e d  a  
m a x im u m  a n d  th e  tim e  a t  w h ich  th e  c o n c e n tra t io n  
h a d  d e c lin e d  to  50%  o f th e  m a x im u m  14C -a c tiv ity  
w a s  e s t im a te d  fo r e ach  a n im a l u s in g  e q u a t io n  1. 
A n a ly s is  o f  v a r ia n c e  w as p e rfo rm e d  o n  th e  m a x im u m  
14C -a c tiv ity  a tta in e d , o n  th e  tim e  ta k e n  to  re a c h  
m a x im u m  14C -a c tiv ity  a n d  th e  tim e  ta k e n  fo r a c tiv ity  
to  d ec lin e  to  50%  o f  th e  m a x im u m  14C -a c tiv ity . O n  
th is  b a s is  th e  tw o  a d d it io n a l  g ro u p s  o f  r a ts  w ere  
a u to p s ie d  a t  4  a n d  12 h r  a f te r  t r e a tm e n t  a n d  th ese  
g ro u p s  w ere  u se d  to  e x a m in e  fu r th e r  th e  d is t r ib u t io n  
o f  r a d io a c t iv ity  a t  th e se  tim es.

D e t e r m i n a t i o n  o f  m e t a b o l i t e s  a n d  b i n d i n g .  A q u a l i t a t 
ive a n a ly s is  o f  m e ta b o li te s  u s in g  T L C  w as c a r r ie d  o u t  
o n  th e  sa m p le s  th a t  w ere  ta k e n  a t  4  h r  fro m  th e  G I  
t r a c t  c o n te n ts  a n d  2 4 -h r faeces a n d  u r in e  sam p les. 
S a m p le s  o f  G I  t r a c t  c o n te n ts  a n d  faeces w ere  r e p e a t 
ed ly  w a sh e d  w ith  d is til led  w a te r , cen tr ifu g e d  
( 10,000 g) a n d  th e  ra d io a c tiv ity  m e a su re d  in  th e  
su p e rn a ta n ts  u n til  n o  ra d io a c tiv ity  c o u ld  b e  d e te c te d . 
A c o m p a r is o n  o f  th e  to ta l  r a d io a c tiv ity  in  su p e rn a 
ta n ts  w ith  th a t  in th e  to ta l sa m p le  p ro v id e d  a n  e s ti
m a te  o f  th e  u n b o u n d  ra d io a c tiv ity .

U r in e  sa m p le s  w ere  m ix e d  w ith  tw ice th e ir  v o lu m e  
o f  a b so lu te  e th a n o l. T h e  p re c ip ita te d  so lid s  w ere  
re m o v e d  b y  c en tr ifu g in g  a n d  a n a ly se d  fo r 1 ̂ - a c t i 
v ity . In  a ll cases th is  re s id u e  w a s  fo u n d  to  h a v e  a  
n e g lig ib le  14C -a c tiv ity . T h e  s u p e rn a ta n t  w a s  ly o p h i-  
lized , 0-5 m l o f  w a te r  w as a d d e d  to  th e  ly o p h ilize d  
sa m p le  a n d  th e  l4C -a c tiv ity  in  a  50-/d  sa m p le  w as 
d e te rm in e d .

T L C  p la te s  (L Q D , K o n te s /Q u a n tu m  T L C  S ystem s, 
F a irf ie ld , N J , U S A ) w ere  sp o t te d  w ith  th e  sa m p le s  
fro m  th e  g u t  c o n te n ts , faeces o r  u rin e . A [ l 4C ]a m a r -  
a n th  s ta n d a rd  th a t  c o n ta in e d  a p p ro x im a te ly  th e  sa m e  
a m o u n t  o f  14C -a c tiv ity  a n d  a  n o n -ra d io a c tiv e  sa m p le  
o f  n a p h th io n ic  a c id  (N A ) w ere  s im ila rly  sp o t te d  o n to  
th e  sa m e  p la te . T h e  T L C  p la te s  w ere  d e v e lo p e d  in 
n -p ro p a n o l :e th y l  a c e ta te ;w a te r  (6 :1 :3  by  vol.) a n d  
su b se q u e n tly  e x a m in e d  u n d e r  U V  lig h t to  d e te rm in e  
th e  lo c a tio n  o f  N A  b y  its  b lu e  flu o rescen ce . T h e  
p la te s  w ere  th e n  e x p o se d  to  X -ra y  film  (K o d a k  X R -1 , 
T o ro n to ,  O n ta r io )  fo r 1 -2  w k a n d  th e  film  w a s th e n  
d e v e lo p ed  to  d e te c t th e  lo c a tio n  o f  14C -a c tiv ity .

RESU LTS

A ll fo u r  r a ts  sh o w e d  a  r a p id  u p ta k e  o f  14C -ra d io -  
a c tiv ity  w ith in  th e  firs t h o u r  a f te r  d o s in g  (F ig . 1). 
R a t  1 sh o w e d  a  d eclin e  in  14C -a c tiv ity  in  th e  b lo o d
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fo r 3 h r  a f te r  d o s in g  fo llo w ed  b y  a n  in c re a se  u n til  6 h r  
a fte r d o s in g  b e fo re  a  p ro g re ss iv e  d e c lin e  to  16 h r  a fte r 
d o s in g  (F ig . la ) . R a ts  2 a n d  4  sh o w e d  a  p la te a u  in 
b lo o d  14C -a c tiv ity  u n til  5 to  6 h r  a f te r  d o s in g  w h ich  
w as fo llo w ed  b y  a  d e c lin e  to  n e a r  u n d e te c ta b le  levels 
b y  16 h r  a f te r  d o s in g  (F ig . lb ,  d). R a t  3 sh o w ed  som e 
o sc illa tio n s  in  th e  levels o f  b lo o d  14C -a c tiv ity  fo r th e  
firs t 2 to  3 h r  a fte r d o sin g , th e n  a  s lo w  d ec lin e  u n til  
9 h r  fo llo w ed  b y  a  m o re  r a p id  d ec lin e  u n til  16 h r  a fte r 
d o s in g  (F ig . lc). By 24  h r  a fte r d o sin g , b lo o d  14C -ac ti-  
v ity  w as b e lo w  d e te c tio n  in  a ll fo u r ra ts . T h e  av erag e  
level o f  to ta l  14C -a c tiv ity  in  th e  b lo o d  a t  all s a m p lin g  
tim e s  fo r th e  fo u r r a ts  re m a in e d  re la tiv e ly  c o n s ta n t  
fro m  1 to  6 h r  a fte r d o sin g , th e n  d e c lin ed  e x p o n e n 
tia lly  u n til  16 h r  a f te r  d o s in g  (F ig . le).

I t  w as a p p a re n t  th a t  th e  u p ta k e  o f  ra d io a c tiv e  c o m 
p o n e n ts  fro m  th e  g u t v a rie d  su b s ta n tia l ly  (F ig . 1), 
p ro b a b ly  a s  a  c o n se q u e n c e  o f  success ive  u p ta k e  a s  th e  
d o se  p ro g re s se d  d o w n  th e  G I  tra c t.  H o w ev e r, if th e  
firs t 2 h r  o f  d a ta  w ere  d is re g a rd e d , th e  re m a in in g  d a ta  
(i.e. 3 to  16 h r  fo r all ra ts )  fo llo w ed  a  f ir s t-o rd e r  e x p o 
n e n tia l e lim in a tio n  w h ich  w as p re d ic te d  by  th e  o n e  
c o m p a r tm e n t  m o d el. T h e  e s t im a te d  coeffic ien ts for 
th e  m o d e l (e q u a tio n  1) d e riv e d  fro m  th e  d a ta  c o lle c ted  
fro m  3 to  16 h r  to g e th e r  w ith  th e  tim e  to  m a x im u m  
a n d  tim e  to  50%  o f  m a x im u m  ra d io a c tiv ity  in  th e  
b lo o d  a re  sh o w n  in  T a b le  1. T h e  m e a n  ra te  coeffi
c ie n t fo r th e  e lim in a tio n  p h a se  w as 0 4 3 7 /h r  ( t 1/2 =
5-05 hr). E x tra p o la t io n  o f  th e  te rm in a l  p h a se  o f  e lim 
in a tio n  o f  ra d io a c tiv ity  fro m  th e  b lo o d  to  th e  lo w er 
d e te c tio n  lim it fo r th e  ra d io a c tiv ity  (2 8 0 0 d p m /m l 
o f  b lo o d  o r  80 d p m /0 -0 2 5  m l o f  b lo o d ), in d ic a te d

E\
fOO
x
E

\
v A

a) b)

Time after dosing,hr

Fig. 1. Radioactivity (dpm/ml) in blood for each female 
rat (a) no. 1, (b) no. 2, (c) no. 3, (d) no. 4 and (e) combined 
data for the four rats at specified times after a single oral 
dose of 20 mg/kg [ 14C]amaranth.

u n d e te c ta b le  levels o f  ra d io a c tiv ity  in  b lo o d  by 
17-5 ± 0 - 6  hr.

N o  ra d io a c tiv ity  w as d e te c te d  in th e  b ra in  a t  "4, 12 
o r  24 h r  a f te r  d o s in g  w ith  [ 14C ]a m a ra n th .  N e ith e r  
w as a n y  a c tiv ity  fo u n d  in  th e  r e s p ir a to ry  gases. T h e  
s to m a c h  a n d  th e  la rg e  a n d  sm a ll in te s tin e  c o n ta in e d  
th e  h ig h es t a m o u n t  o f  r a d io a c tiv ity  a t  4  a n d  12 hr 
a f te r  d o s in g  fo llo w ed  by  th e  k id n ey , lung , h e a r t  a n d  
liver, b ile , se ru m  a n d  b lo o d  (T ab le  2). N o  ra d io 
a c tiv ity  w a s  d e te c te d  in b lo o d , se ru m , b ile  o r  h e a r t 
24 h r  a f te r  d o s in g  a n d , a t  th is  sa m p lin g  tim e, th e  la rg e  
in te s tin e  w as fo u n d  to  h a v e  th e  h ig h e s t level o f  r a d io 
a c tiv ity  fo llo w ed  b y  th e  k id n ey , sm a ll in te s tin e , 
s to m a c h , lu n g  a n d  liver.

T h e  p e rc e n ta g e s  o f  th e  d o se  in  v a r io u s  sa m p le s  c o l
lec ted  a t  4, 12 a n d  24 h r  a f te r  d o s in g  a re  sh o w n  in 
T a b le  3. T h e  p e rc e n ta g e  o f  14C -a c tiv ity  fro m  th e  ra ts  
ra n g e d  fro m  80 to  92% , 84 to  89%  a n d  80 to  94%  o f 
th e  d o se  in  a n im a ls  k ille d  a t  4, 12 a n d  24 h r  a fte r 
d o sin g , re sp ec tiv e ly  (T ab le  3). O v e r  a  2 4 -h r  p e r io d  
71-9 to  92-0%  o f  th e  14C -a c tiv e  d o se  w as e lim in a te d  in 
th e  faeces a n d  u r in e  (T ab le  3). T h e  p e rc e n ta g e s  o f  th e  
d o se  re ta in e d  b y  th e  r a ts  ( to ta l d o se  m in u s  faeces, 
u rin e , G I  t r a c t  c o n te n ts  a n d  G I  t r a c t  rin ses) a f te r  12 
o r  24 h r  ra n g e d  fro m  6-1 to  19-7% (m ea n  ±  S E M  =
14-2 ±  3-3%).

R a d io c h ro m a to g ra m s  o f  th e  T L C  p la te s  o f  u r in e  
a n d  w a sh in g s  o f  th e  G I  t r a c t  c o n te n ts  a n d  faeces a re  
sh o w n  in  F ig . 2. T h e  RF v a lu e s  fo r a m a ra n th  a n d  
n a p h th io n ic  a c id  (N A ) w ere  0-75 a n d  0-86, r e sp e c t
ively. N o  ra d io a c tiv e  N A  w a s d e te c te d  in  th e  s to m a c h  
c o n te n ts  4  h r  a f te r  d o s in g  (F ig . 2a , S) a n d  a  d o u b le  
b a n d  w as o b se rv ed , w ith  a n  RF (0-74) t h a t  w a s  s im ila r  
to  th a t  o f  a m a ra n th .  R a d io c h ro m a to g ra m s  o f  T L C  
p la te s  o f  w a sh in g s  o f  th e  sm a ll a n d  la rg e  in te s tin a l 

i c o n te n ts  re v e a le d  b a n d s  w ith  RFs c o rre sp o n d in g  to  
a m a r a n th  a n d  N A , a n d  sev e ra l a d d it io n a l  u n id e n tif ie d  
b a n d s  (F ig . 2a, SI a n d  L I). R a d io c h ro m a to g ra m s  o f 
T L C  p la te s  o f  faecal w a sh in g s  in d ic a te d  th e  p re sen c e  
o f  N A  a n d  a m a ra n th  p lu s  five u n id e n tif ie d  b a n d s  
(F ig . 2b , F). N A  w as id en tif ie d  in  all u r in e  sa m p le s  
(F ig . 2c) w h ile  tra c e s  o f  a m a ra n th ,  id en tif ie d  o n ly  b y  
its  Rf , w ere  fo u n d  in  u r in e  sa m p le s  u p  to  12 h r  a fte r 
d o sin g .

A n a ly s is  o f  th e  w a sh in g s  fro m  th e  4 -h r  sa m p le s  o f  
th e  sm a ll in te s tin e , la rg e  in te s tin e  a n d  s to m a c h  
sh o w e d  th a t  a n  a v e ra g e  o f  61-4, 65-1 a n d  90-7%  .re 
sp ec tiv e ly  o f  th e  k n o w n  to ta l  c o n te n t  w a s  re ta in e d  in 
th e  b o u n d  s ta te . S to m a c h  c o n te n ts  w ere  v isib ly  p in k  
in  c o lo u r  e v en  a fte r  re p e a te d  w a sh in g s . A tte m p ts  to  
e x tra c t  th e  re s id u a l c o lo u r  w ith  1 n -H C I  o r  1 n - 
N a O H  so lu tio n s  w ere  u n su ccessfu l. W a s h in g  o f  th e  
0 -6 , 6 -1 2  a n d  1 2 -2 4  h r  faeces sa m p le s  sh o w e d  th a t  
a n  a v e ra g e  o f  65-3, 69-7 a n d  67-7%  re sp e c tiv e ly  o f  th e  
r a d io a c t iv ity  w a s  a lso  in  th e  b o u n d  sta te .

D IS C U S S IO N

T h e  in itia l p h a se  (u p  to  2 h r) o f  u p ta k e  o f  r a d io a c 
tiv ity  f ro m  th e  G I  t r a c t  fo llo w in g  o ra l  d o s in g  w ith  
[ 14C ] a m a r a n th  w a s  q u ite  v a r ia b le  b e tw e e n  ra ts  
(F ig . la - d ) .  N e v e r th e le ss , th e  levels o f  14C -a c tiv ity  
w ere  a lm o s t  a t  a  m a x im u m  1 h r  a f te r  d o s in g  (a t th e  
firs t b lo o d  sa m p le )  in d ic a tin g  th a t  th e  u p ta k e  o f  
ra d io a c tiv ity  o c c u r re d  ra p id ly . A t 2 h r  a f te r  d o s in g  th e  
p ro file  o f  14C -a c tiv ity  in  b lo o d  w as s im ila r  to  th a t

v i m m ®  f i T U ' i Y i s i f n s r * UTFr
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Fig. 2. Radiochromatographs of TLC plates of radioactive products in urine, faeces and different tissues 
of rats orally dosed with [ 14C]amaranth: (a) Water-soluble products from GI tract contents of rats 
killed 4 hr after dosing: A-amaranth (standard); I-unidentified impurity in amaranth standard; 
S-stomach; Si-small intestine; Ll-large intestine; NA-naphthionic acid, (b) Water-soluble products from 
faeces: A-amaranth (standard), and F-faecal extract. The numbers (1)—(7) are: (1) NA, (2) amaranth and 
(3)—(7) unknowns, (c) Urine collected for the first 24-hr period after dosing: 6, 12 and 24 represent 
collection periods 0-6, 6-12, and 12-24 hr, respectively.
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Table 3. P e r c e n ta g e  o f  t h e  r a d io a c t i v e  d o s e  in  u r in e ,  f a e c e s ,  in g e s t a  a n d  t i s s u e s  o f  f e m a l e  r a t s  a f t e r  d o s in g  w i th  [ ' 4 C ~ \a m a r -
a n th  ( 2 0  m g / k g  b o d y  w e ig h t )

Percentage of radioactivity dose

Time after dosing (hr)__  4 12 24

Rat no__
Source Dose (dpm x 10s) ...

5
2-8

6
3-1

7
2-6

8
2-4

9
2-7

10
2-4

11
3-4

12
2-5

1
2-6

2
2-1

3
2-2

4
2-6

Urine 0-5 1-0 1-7 0-8 4-2 5-4 5-0 10-7 10-3 7-2 6-6 5-6
Faeces NS 0-01 NS 0-01 50-1 33-9 45-2 12-4 68-7 75-4 65-3 86-4
Stomach contents 27-8 17-9 0-32 4-9 0-1 5-9 0-01 0-01 0-01 NS NS NS
Small-intestinal contents 17-3 12-3 9-4 20-8 0-2 9-2 0-04 0-1 0-02 0-01 0-02 NS
Large-intestinal contents 39-6 44-3 660 45-6 27-7 30-8 34-6 52-6 1-2 5-9 8-1 1-9
GI tract rinses 2-5 2-7 4-2 5-9 1-2 1-8 1-0 4-9 0-06 0-03 0-2 0-03
All tissues 4-1 1-5 2-9 5-3 0-8 2-5 2-0 4-1 0-1 003 01 0-1
Percentage recovery 91-8 79-7 84-5 83-3 84-3 89-5 87-8 84-8 80-4 88-6 80-3 94-0

NS = No radioactivity detected

re p o r te d  fo r N A  (P r i tc h a rd ,  H o lm e s  &  K irsc h m a n ,
1976). T h ese  a u th o r s  in d ic a te d  th a t  se ru m  N A  c o n 
c e n tra t io n s  p la te a u e d  f ro m  2 to  8 h r  a f te r  d o s in g  th e n  
fo llo w ed  a  f ir s t-o rd e r  e l im in a tio n  p h a se . In  th e  
p re se n t  s tu d ie s , th e  tim e s  to  p e a k  a n d  to  d ec lin e  to  
50%  o f  th e  p e a k  c o n c e n tra t io n  o f  14C -a c tiv ity  in  
p la sm a  w ere  4-2 ±  0-4 a n d  12-5 +  0-7 h r  re sp e r'»;vely.

T h e re  a re  tw o  im p o r ta n t  p o in ts  r e g a rd in g  th e  
p la s m a  ra d io a c tiv ity  u p ta k e /e l im in a t io n  p ro file s  fo l
lo w in g  o ra l  a d m in is t r a t io n  o f  [ 14C ]a m a ra n th .  F irs t, 
th e  14C -a c tiv ity  in  p la s m a  c o u ld  b e  d e r iv e d  fro m  
[ 14C ] a m a r a n th  per se a n d /o r  f ro m  v a r io u s  m e ta b o lic  
b re a k d o w n  p r o d u c ts  o f  a m a ra n th .  T h e  u p ta k e  o f  
a m a ra n th  per se f ro m  th e  G I  t r a c t  h a s  b e e n  r e p o r te d  
(R a d o m s k i &  M e llin g e r, 1962). T h is  is fu r th e r  su p 
p o r te d  b y  o u r  d a ta  w h ic h  in d ic a te d  th e  p re se n c e  o f  
tra c e s  o f  [ 14C ] a m a r a n th  in  u r in e , a lth o u g h  th is  a m a r 
a n th  w a s  id en tif ie d  b y  i ts  Rr v a lu e  o n  ra d io c h ro m a to 
g ra m s  o n ly  (F ig . 2c). T h e  fa c t t h a t  m e ta b o lic  b r e a k 
d o w n  p ro d u c ts  o f  a m a r a n th  c o u ld  c o n tr ib u te  to  th e  
ra d io a c tiv ity  in  p la s m a  w a s su g g e s te d  b y  th e  id en tif i
c a t io n  (by  Rr v a lu e s  a n d  f lu o resce n ce ) o f  N A  a n d  
sev e ra l o th e r  m e ta b o li te s  in  r a d io c h ro m a to g ra m s  o f  
ly o p h iliz e d  w a sh in g s  o f  in g e s ta  f ro m  th e  la rg e  a n d  
sm a ll in te s tin e s  (F ig . 2a) a n d  u r in e  (F ig . 2c). In  a d d i
t io n  to  N A , S in g h  (1970) h a s  id en tif ie d  l -a m in o -2 -  
n a p h th o l-3 ,6 -d isu lp h o n ic  a c id  (a m in o -R -a c id )  a n d
l,2 -n a p h th o q u in o n e -3 ,6 -d isu lp h o n ic  a c id  a s  m e ta b o 
lite s  o f  a m a ra n th  in  u rin e . C o n se q u e n tly , it  is r e a s o n 
a b ly  c e r ta in  th a t  th e  I4C -a c tiv ity  in  r a t  p la s m a  re p re 
se n te d  a  m ix tu re  o f  a m a r a n th  a n d  a m a r a n th  m e ta b o 
lites.

T h e  se c o n d  p o in t  r e la te d  to  th e  p la s m a  14C -a c tiv ity  
p ro file s  (F ig . l a - c )  is  t h a t  th e  o b se rv e d  e lim in a tio n  
p h a se  o f  th e  ra d io a c t iv ity  f ro m  p la s m a  w as u n 
d o u b te d ly  m u c h  lo n g e r  th a n  th e  s im p le  e l im in a tio n  o f  
N A  o r  o th e r  m e ta b o li te s  f ro m  p la s m a  a s  w o u ld  b e  
o b se rv e d , fo r  e x a m p le , fo llo w in g  iv  d o s in g . T h e  a z o 
re d u c t io n  o f  a m a r a n th  b y  th e  g u t  m ic ro f lo ra  o c c u rs  
w ith in  th e  sm a ll a n d  la rg e  in te s t in e s  (R o x o n , R y a n  
&  W rig h t,  1967; W a lk e r ,  1970) a s  th e  d ig e s ta  p asses 
th ro u g h  th e  G I  t ra c t.  C o n se q u e n tly , th e  u p ta k e  o f  
14C -a c tiv ity  f ro m  th e  G I  t r a c t  w o u ld  h a v e  o c c u rre d  
d u r in g  th e  t im e  p e r io d  r e q u ire d  fo r  G I  t r a c t  t r a n s it  
o f  d ig es ta . A s a  re su lt, th e  a p p a re n t  e lim in a t io n  p h a se  
o f  th e  14C -a c tiv ity  f ro m  p la s m a  w o u ld  b e  e x te n d e d  
d u e  to  th e  c o n tin u e d  u p ta k e  o f  ra d io a c tiv ity  f ro m  th e  
G I  t r a c t  a s  a m a ra n th  w a s  re d u c e d .

R e g a rd le s s  o f  th ese  tw o  c o n fo u n d in g  fa c to rs  c o n 
c e rn in g  th e  p la s m a  14C -a c tiv ity  p ro files , th e  p ro file s  
d o  d e m o n s tra te  th e  le n g th  o f  tim e  th a t  a m a r a n th  o r  
its  v a r io u s  b re a k d o w n  p ro d u c ts  a re  p re se n t  in  b lo o d . 
T h e  d a ta  in d ic a te  t h a t  th e  m a jo r i ty  o f  14C -a c tiv ity  
w a s  c le a re d  f ro m  th e  b o d y  w ith in  24  h r  a n d  th a t  a n y  
a c c u m u la tio n  o f  a m a ra n th  in  th e  b o d y  w h ic h  m ay  
o c c u r  d u r in g  lo n g - te rm  e x p o su re  c o u ld  o n ly  re su lt  
fro m  a  m in o r  p ro p o r t io n  o f  th e  14C -a c tiv ity . T h is  is 
fu r th e r  s u p p o r te d  oy th e  fac t th a t  th e  level o f  
14C -a c tiv ity  d e c re a se d  in  a ll tis su e s  b e tw e e n  4  a n d  
12 h r  a f te r  d o sin g , e x ce p t fo r  th e  k id n e y  a n d  G I  t r a c t  
w h ic h  a re  m a jo r  p a th w a y s  o f  e x c re tio n . H o w ev e r, a  
c o m p le te  a s se ssm e n t o f  th e  p o ss ib le  a c c u m u la tio n  o f  
a m a r a n th  o r  its  m e ta b o li te s  re q u ire s  d a ta  f ro m  m u lti
d o se  p h a rm a c o k in e tic  stu d ies .

R a d o m s k i &  M e llin g e r (1962) r e p o r te d  th a t  r a ts  
a b s o rb e d  18%  o f  a n  o ra l  d o se  o f  N A  w h ile  P r i tc h a rd  
et al. (1976) c a lc u la te d  17-2% o f  a b s o rp t io n  o f  N A  
fro m  fa s te d  ra ts  a n d  102%  fro m  n o n -fa s te d  ra ts . 
T h e se  d a ta  w ere  s im ila r  to  th e  m e a n  re te n tio n  (14-2%) 
o f  14C -a c tiv ity  o b se rv e d  in  th e  p re se n t  s tu d ie s  fo llo w 
in g  o ra l  a d m in is t r a t io n  o f  [ 14C ] a m a r a n th  to  ra ts . 
T h e se  d a ta  in d ic a te  th a t  a  m a jo r  p r o p o r t io n  o f  th e  
14C -a c tiv ity  ta k e n  u p  w a s  p ro b a b ly  N A  a n d  o th e r  
a m a r a n th  m e ta b o lite s .

P r i tc h a rd  et al. (1976) d e m o n s tra te d  effects o f  feed 
in g  o n  s e ru m  levels o f  N A  in  r a ts  a n d  E rshoff- &  
T h u r s to n  (1974) d e m o n s tra te d  a  r e la tio n s h ip  b e tw e e n  
ty p e  o f  d ie t a n d  a m a r a n th  to x ic ity . In  th e  p re se n t  
s tu d ie s , r e p e a te d  w a sh in g  o f  s to m a c h  c o n te n ts  w ith  
w a te r  u n t i l  n o  14C -a c tiv ity  c o u ld  b e  d e te c te d  in  th e  
s u p e rn a ta n t ,  re v e a le d  th a t  90-7%  o f  th e  14C -a c tiv ity  
p re s e n t  in  th e  s to m a c h  c o n te n ts  w a s  n o t  w a te r  so l
u b le . F u r th e r  t r e a tm e n t  o f  th e  s to m a c h  c o n te n ts  w ith  
1 n HC1 o r  N a O H  d id  n o t  re m o v e  th e  l 4C -a c tiv ity  
in d ic a tin g  th a t  th e  14C -a c tiv ity  w as q u i te  firm ly  
b o u n d  to  th e  fo o d  c o m p o n e n ts .  S im ila r  t r e a tm e n t  o f  
th e  sm a ll a n d  la rg e  in te s t in a l  c o n te n ts  d e m o n s tra te d  
th a t  61-4 a n d  65-1% , re sp ec tiv e ly , o f  th e  14C -a c tiv ity  
p re s e n t  w a s  n o t  w a te r  so lu b le . S im ila rly , th e  p e rc e n t
ag e  o f  w a te r  in so lu b le  14C -a c tiv ity  in  faeces c o lle c te d  
f ro m  0  to  6, 6 to  12 a n d  12 to  24  h r  a f te r  d o s in g  w ere  
65-3, 69-7 a n d  67-7% , re sp ec tiv e ly . D ig e s tiv e  p ro c esses  
a c tin g  o n  th e  G I  t r a c t  c o n te n ts  w ere  p ro b a b ly  re s p o n 
sib le  fo r  th e  in c re a se  in  w a te r  so lu b le  14C -a c tiv ity  in  
in te s t in a l  c o n te n ts  a n d  faeces re la tiv e  to  th e  s to m a c h  
c o n te n ts .  T h e s e  d a ta  s u p p o r t  th e  h y p o th e s is , p r o 
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p o se d  by  E rshofT  &  T h u rs to n  (1974), th a t  b in d in g  to  
v a rio u s  m a te ria ls  in th e  d ig es ta  a c c o u n ts  fo r th e  v a r i
a tio n  in th e  to x ic ity  o f  a m a ra n th  to  a n im a ls  o n  d iffer
e n t d iets.

T h is  in te ra c t io n  o f  a m a ra n th  w ith  v a r io u s  d ie ta ry  
c o m p o n e n ts  m a y  h a v e  b e en  re sp o n s ib le  fo r th e  v a r i
a tio n  in u p ta k e /e l im in a tio n  p ro file s  o f  14C -a c tiv ity  
o b se rv e d  b e tw ee n  ra ts  in  th e  first few h o u rs  a f te r  d o s 
ing  w ith  [ 14C ] a m a ra n th  (F ig . l a - d ) .  D iffe ren ces in 
fo o d  c o n su m p tio n  w ere  a s so c ia te d  w ith  v a r ia tio n s  in 
th e  u p ta k e  a n d  tis su e  d is t r ib u t io n  o f  14C -a c tiv ity  in 
r a ts  a u to p s ie d  4  h r  a fte r d o sin g . I t w as o b se rv e d  th a t  
r a t  7 (T ab le  2) c o n su m e d  fo o d  im m e d ia te ly  a fte r d o s 
ing  w h ile  r a t  8 d id  n o t. T is s u e -b lo o d  c o n c e n tra t io n  
ra tio s  for th e  s to m a c h , sm a ll in te s tin e  a n d  la rg e  in te s 
tin e  fo r r a t  7 w ere  656. 972 a n d  6035. resp ec tiv e ly , 
w h e rea s  r a t  8 h a d  ra tio s  o f  2620, 1832 a n d  2241, 
re sp ec tiv e ly  (T ab le  2). R a d io a c tiv ity  in th e  b lo o d  of 
ra t  7 w as 278-7 d p m /m l w hile  th a t  fo r r a t  8 w as 
673-8 d p m /m l. T h e  to ta l  14C -a c tiv ity  r e ta in e d  in  th e  
tissu es w as 2-9 a n d  5-3% o f  th e  to ta l  d o se  fo r r a ts  7 
a n d  8, resp ec tiv e ly . T h ese  d a ta  in d ic a te  th a t  th e  c o n 
su m p tio n  o f  fo o d  im m e d ia te ly  a f te r  d o s in g  re su lte d  in 
g e n e ra lly  lo w e r t is s u e :b lo o d  c o n c e n tra t io n  ra tio s , 
lo w e r b lo o d  14C -a c tiv ity  levels a n d  a  c o n c o m ita n t  
lo w e r p e rc e n ta g e  re te n tio n  o f  14C -a c tiv ity . F ro m  
th ese  s tu d ies , it is e v id e n t th a t  th e  p re sen c e  o f  fo o d  in 
th e  G I  t r a c t  a lte rs  th e  u p ta k e  a n d /o r  e lim in a tio n  o f  
a m a ra n th .  F u r th e r  s tu d ie s  a re  n e ce ssa ry  to  e lu c id a te  
th e  in te ra c t io n s  b e tw ee n  d ie t a n d  th e  p h a rm a c o k in 
e tics  o f  a m a ra n th  a n d  to  d e te rm in e  th e  im p o r ta n c e  o f  
th ese  fa c to rs  in  th e  to x ic o lo g ic a l a sse ssm e n t o f  a m a r 
a n th .
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EFFECTS OF CALCIUM AND SODIUM CARRAGEENANS 
AND ¡-CARRAGEENAN ON HAMSTER 

FOETAL DEVELOPMENT

T. F. X. Collins, T. N. Black and J. H. Prew 
D iv i s io n  o f  T o x i c o l o g y ,  F o o d  a n d  D r u g  A d m in i s t r a t io n ,

D e p a r t m e n t  o f  H e a l t h ,  E d u c a t io n ,  a n d  W e l fa r e ,  W a s h in g to n ,  D C  2 0 2 0 4 ,  U S A

( R e c e i v e d  I I  J a n u a r y  1 9 7 9 )

Abstract- The foetal effects of calcium x.A-carrageenan. sodium KV.-carrageenan and i-carrageenan 
(C-16) were studied in Syrian hamsters. Dose levels of 10. 40. 100 or 200mg/kg were given by oral 
intubation on days 6-10 of gestation. No dose-related teratogenic or foetotoxic effects occurred with any 
of the three compounds tested.

IN T R O D U C T IO N

C a r ra g e e n a n  is th e  g e n e ric  n a m e  fo r  th e  ca lc iu m , 
so d iu m , p o ta s s iu m  a n d  o th e r  sa lts  o f  s u lp h a te d  p o ly 
s a c c h a r id e s  e x tra c te d  f ro m  re d  a lg a e  a n d  u se d  e x te n 
sively  a s  ge lling , th ic k e n in g  a n d  e m u lsify in g  a g en ts  
in  fo o d , p h a rm a c e u t ic a ls  a n d  co sm etics . T h re e  m a in  
types, k a p p a  (k), la m b d a  (A) a n d  io ta  (/), c a n  b e  d iffer
e n tia te d  o n  th e  b a s is  o f  type , lo c a tio n  a n d  n u m b e r  o f  
su lp h a te  g ro u p s . C a r ra g e e n a n s  u se d  in fo o d  a re  o f  
h ig h  m o le c u la r  w e ig h t (o v e r 100,000) a n d  u su a lly  a re  
m ix tu re s  o f  k- a n d  /.-c a rra g e e n a n . D e g ra d e d  c a r ra g e e 
n a n . u su a lly  i-c a rra g e e n a n , is o f  low  m o le c u la r  w e ig h t 
a n d  is n o t  p e rm itte d  in  fo o d  in  th e  U n ite d  S ta te s , b u t  
it is u sed  a s  ar. a n tip e p tic  a g e n t in  so m e  E u ro p e a n  
c o u n tr ie s .

D e sp ite  th e  e v e r- in c re a s in g  u se  o f  th e  h ig h -m o le c u 
la r-w e ig h t c o m p o u n d , re la tiv e ly  few  s tu d ie s  h a v e  b e e n  
p e rfo rm e d  to  te s t its  effects o n  fo e tu ses . F ro h b e rg , 
O e tte l  &  Z e lle r  (1969) r e p o r te d  a  s lig h t d e c re ase  in  
th e  p e rc e n ta g e  o f  live  fo e tu ses  a n d  th e  o c c u rre n c e  o f  
o n e  c le ft p a la te  in  82 live  o ffsp rin g  a fte r  ip  in je c tio n  o f  
1%  a q u e o u s  c a r ra g e e n a n  m u c ila g e  (ty p e  un sp ec ified ) 
in to  p re g n a n t  m ice  o n  d a y s  11—15 o f  g e s ta tio n . W h e n  
h ig h -m o le c u la r-w e ig h t c a lc iu m  k ,/,-c a r ra g e e n a n  in 
c o rn  o il su sp e n s io n  w as a d m in is te re d  to. p re g n a n t 
m ice, ra ts , r a b b its  a n d  h a m s te rs  b y  in tu b a t io n ,  th e  
a v e ra g e  n u m b e r  o f  re s o rp t io n s  in c re a se d  a n d  foe ta l 
w e ig h t d e c re a se d  in m ice  a n d  ra ts , b u t  n o  d ifferences 
a p p e a re d  in  r a b b its  a n d  h a m s te r s  (F o o d  a n d  D ru g  
R e se a rc h  L a b o ra to r ie s ,  Inc ., 1973a). In  a  s im ila r  s tu d y  
o f  th e  sa m e  sp ec ie s  in tu b a te d  w ith  h ig h -m o le c u la r-  
w e ig h t so d iu m  ic ./.-ca rrag een an  in  c o rn  o il su sp en s io n , 
fo e ta l w e ig h t d e c re a se d  in m ice  a n d  ra ts  a n d  th e  
n u m b e r  o f  re s o rp t io n s  in c re a se d  in  m ice, b u t  h a m s te rs  
a n d  r a b b its  sh o w e d  n o  c o m p o u n d - re la te d  fo e ta l 
effects (F o o d  a n d  D ru g  R e se a rc h  L a b o ra to r ie s ,  Inc., 
1973b). B ecau se  o f  th e  a p p a re n t  v a r ia tio n s  b e tw e e n  
species, th e  tw o  c o m p o u n d s  w ere  re te s te d  in  th e  sam e  
s t r a in s  o f  r a ts  a n d  h a m s te rs .  T h e  c o m p o u n d s  w ere  fed 
in  th e  d ie t a t  levels o f  1 0  o r  5 0%  to  p re g n a n t  ra ts  
d u r in g  d a y s  6 -1 5  o f  g e s ta t io n  a n d  to  p re g n a n t  h a m 
s te rs  d u r in g  d a y s  6 -1 0  (F o o d  a n d  D ru g  R e se a rc h

L a b o ra to r ie s ,  Inc ., u n p u b lis h e d  d a ta  1973, in  F D A  
files). F o e ta l  b o d y  w e ig h ts  a n d  th e  n u m b e rs  o f  im 
p la n ta t io n  sites , live a n d  d e a d  fo e tu ses , r e s o rp t io n  
s ites  a n d  a b n o rm a li t ie s  sh o w e d  n o  d o se - re la te d  
effects.

M o re  re ce n tly , th e  effects o f  th e  d ie ta ry  in ta k e  o f  
c a lc iu m  k, A -c arrag een an  w ere  in v e s tig a te d  in  a  th ree -  
g e n e ra tio n  r e p ro d u c t io n  a n d  te ra to lo g y  s tu d y  in  r a ts  
(C o llin s , B lac k  &  P re w , 1977a,b). N o  d o se  re la te d  
effec ts w ere  o b se rv e d  in  e ith e r  m o th e r s  o r  o ffsp rin g  
e x cep t fo r s ig n if ic a n t d e c re ases  in  th e  w e ig h ts  o f  off
sp r in g  a t  w e an in g . N o  s tu d ie s  o n  th e  p o ss ib le  foe ta l 
effec ts o f  i-c a r ra g e e n a n  h a v e  b e e n  fo u n d  in  th e  l i te ra 
tu re .

In  a ll e x c e p t o n e  o f  th e  s tu d ie s  r e p o r te d  a b o v e , th e  
c a r ra g e e n a n  c o m p o u n d  w a s  a d m in is te re d  in  c o rn  o il 
o r  in th e  d ie t ;  th e  e x c e p tio n  w a s  th e  a d m in is t r a t io n  
o f  u n sp e c if ied  a q u e o u s  c a r ra g e e n a n  m u c ilag e  ( F ro h 
b e rg  et al. 1969). In  th e  s tu d y  r e p o r te d  h e re  c a r r a 
g e e n a n  w a s  a d m in is te re d  in  w a te r . T h is  w o rk  is p a r t  
o f  a  se ries  o f  F o o d  a n d  D ru g  A d m in is tra t io n  s tu d ie s  
o f  th e  fo e ta l effects o f  c a r ra g e e n a n  c o m p o u n d s  a n d  
o th e r  fo o d  a d d itiv es .

E X P E R IM E N T A L

Materials and animals. C a lc iu m  ic,A -carrageenan  
(G e lc a r in -H M R ; L o t no . 282400) a n d  so d iu m  k,X- 
c a r ra g e e n a n  (V isc a rin ; L o t  n o . 421602) w ere  o b ta in e d  
fro m  M a r in e  C o llo id s , Inc ., R o c k la n d . M E . Io ta -  
c a rra g e e n a n , C -1 6  (P o lig e e n a n ; B a tc h  L -4006) w as 
o b ta in e d  fro m  L a b o ra to ire s  G la x o , P a ris , F ra n c e . T h e  
m a jo r  c o m p o n e n ts  o f  th e  c o m p o u n d s  w e re : c a lc iu m  
k ,A-c a r ra g e e n a n — su lp h a te  e s te r  24-4%, 3 ,6 -a n h y d ro - 
g a la c to se  22-2% , w a te r  9 0 % ; so d iu m  K .A -carragee- 
n a n — su lp h a te  e s te r  28-6% , w a te r  8-4% ; C -16— su l
p h a te  e s te r  33 05% , w a te r  5% . P re g n a n t  S y ria n  h a m 
ste rs  (Mesocricetus auratus) w ere  o b ta in e d  fro m  L a k e - 
v iew  H a m ste ry , N ew fie ld , N J . T h e  a n im a ls  w eighed  
114-9 ±  10-2 g  (m ea n  ±  S D ) o n  d a y  2 a fte r  m a tin g . 
P u r in a  L a b  C h o w  (R a ls to n -P u r in a  C o ., Inc., St. 
L o u is . M O ) a n d  w a te r  w ere  a v a ila b le  ad lib.
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Experimental procedure. R a n d o m ly  se lec ted  a n im a ls  
w ere  in tu b a te d  w ith  so d iu m  o r  c a lc iu m  c a r ra g e e n a n  
o r  C -1 6  in  d is tilled  w a te r  a t  d o se  levels o f  10, 40, 100 
o r  200 m g /k g , o n  d a y s  6 -1 0  o f  g e s ta tio n . A n im a ls  o f  
th e  c o n tro l  g ro u p s  w ere  in tu b a te d  w ith  d is til led  w a te r  
o n  th e  sa m e  d ays. D a y  0  w a s  c o n s id e re d  th e  d a y  o n  
w h ich  sp e rm  w ere  fo u n d  in  th e  v ag in a . A t lea s t 21 
p re g n a n t fem a les w ere  e x a m in e d  a t  e ac h  d o se  level o f  
c a lc iu m  a n d  so d iu m  c a rra g e e n a n . O n ly  e ig h t p re g 
n a n t  fem ales w ere  te s te d  a t  e ac h  d o se  level o f  C -1 6  as 
o n ly  a  lim ite d  su p p ly  o f  th is  c o m p o u n d  w as av a ilab le . 
T h e  h ig h es t level o f  200 m g /k g  w a s  c h o se n  b e ca u se  
th e  g e llin g  c a p a c ity  o f  th e  c o m p o u n d s  p re c lu d e d  
h ig h e r  c o n c e n tra tio n s .

O n  d a y  14, o n e  d a y  b e fo re  e x p ec te d  p a r tu r i t io n ,  th e  
a n im a ls  w ere  k illed  b y  c h lo ro fo rm  a n d  th e  u te r i  w ere 
e x a m in e d  in situ fo r live a n d  d e a d  a n d /o r  re so rb e d  
foetuses. D e c id u o m a s , b ro w n ish  im p la n ta t io n  sites 
w ith o u t p la c e n ta s , w ere  c a lled  e a r ly  d e a th s . Im p la n t
a tio n  s ites  w ith  p la c e n ta s , a n d  w ith  c o m p le te  b u t  
n o n -v ia b le  fo e tu ses  th a t  w ere  o f  su b n o rm a l size, 
sh o w ed  re ta rd e d  d e v e lo p m e n t o r  w ere  in  a  m a c e ra te d  
c o n d it io n  w ere  c la ssed  as la te  d e a th s  a c c o rd in g  to  th e  
te rm in o lo g y  o f  B a te m a n  &  E p s te in  (1971) a n d  th e  
M A R T A  C o m m itte e  o n  T e rm in o lo g y  (1969). E ac h  
live fo e tu s  w as w eighed , sexed  a n d  e x a m in e d  fo r g ro ss  
e x te rn a l m a lfo rm a tio n s  u n d e r  a  d isse c tin g  m ic ro 
scope . C o rp o ra  lú te a  w ere  c o u n te d  u n d e r  m ag n if ic a 
tio n . A p p ro x im a te ly  h a lf  o f  th e  fo e tu ses  fro m  e ac h  
lit te r  w ere  fixed  in a lc o h o l, s ta in e d  w ith  A liza rin  
R ed  S (D a w so n , 1926) a n d  e x a m in e d  fo r sk e le ta l 
a n o m a lie s . T h e  re m a in in g  fo e tu ses  w ere  fixed  in  
B o u in ’s so lu tio n , ra z o r -b la d e  se c tio n e d  (W ilso n , 1965) 
a n d  e x a m in e d  fo r in te rn a l  m a lfo rm a tio n s  o f  th e  soft 
tissues.

Statistical analysis. D a ta  o n  th e  n u m b e rs  o f  c o rp o ra  
lú te a  p e r  d a m  a n d  im p la n ta t io n s  p e r  d a m  w ere  a n a 
lysed  b y  a  tw o -ta ile d  f tes t. T h e  n u m b e r  o f  r e s o rp tio n s  
p e r  l it te r  w ere  tra n s fo rm e d  b y  u se  o f  th e  F re e m a n -  
T u k e y  a rc -s in e  tra n s fo rm a tio n  fo r b in o m ia l  p r o p o r 

tio n s  (M o s te lle r  &  Y o u tz . 1961) fo llo w ed  b y  a  tw o - 
ta ile d  f test. P re im p la n ta tio n  lo ss  d a ta  w ere  t r a n s 
fo rm ed  u s in g  th e  F re e m a n -T u k e y  a rc -s in e  t r a n s fo r 
m a tio n  fo llo w ed  by  an  a n a ly s is  o f  v a ria n ce . T h e  
n u m b e r  o f  v iab le  im p la n ts  a n d  fo e ta l b o d y  w e ig h ts  
w ere  s u b m itte d  to  an  a n a ly s is  o f  v a r ia n c e  fo llo w ed  by  
a  least s ig n ifican t d ifference  (L S D ) tes t. T h e  n u m b e rs  
o f  l it te rs  w ith  o n e  c r  m o re  re so rp tio n s , o n e  o r  m o re  
a b n o rm a li t ie s  a n d  specific e x te rn a l, so ft t is su e  a n d  
sk e le ta l v a r ia tio n s  w ere  a n a ly se d  b y  th e  F isc h e r  ex ac t 
te s t (Siegel, 1956). A n a ly sis  o f  v a ria n c e  w as u se d  to  
te s t m a te rn a l  w e ig h t g a in . T h e  d a ta  o n  fo e tu ses  w ith  
o n e  o r  m o re  a b n o rm a li t ie s  p e r  l i t te r  w ere  tra n s fo rm e d  
by  u se  o f  th e  F re e m a n -T u k e y  sq u a re  ro o t  t r a n s fo r 
m a tio n  fo r P o isso n  d is tr ib u tio n  (M o s te lle r  &  Y o u tz . 
1961) fo llo w ed  b y  a  t test.

R E S U L T S

N o  a d v e rse  e x te rn a l effects o f  th e  te s t c o m p o u n d s  
w ere  o b se rv e d  in  th e  p re g n a n t  h a m s te rs .  M a te rn a l  
r e p ro d u c tiv e  d a ta  a n d  fo e ta l w e ig h ts  (T a b le  1) sh o w e d  
n o  d o se - re la te d  effects o n  m a te rn a l  b o d y -w e ig h t g a in  
b e tw e e n  d a y s  2 a n d  14 o r  o n  th e  n u m b e rs  o f  c o rp o ra  
lu te a , im p la n ta tio n s , e a r ly  a n d  la te  r e s o rp t io n s  a n d  
v iab le  fo e tu ses  p e r  l i t te r  fo r an y  o f  th e  c o m p o u n d s  
tes ted . S p o ra d ic  in c re ases  w ere  seen  in th e  p e rc e n t
ag es o f  re s o rp t io n s  p e r  li t te r  in g ro u p s  g iv en  c a lc iu m  
a n d  so d iu m  c a r ra g e e n a n  b u t th ese  in c re ases  w ere  n o t  
d o se -re la te d . T h e  p e rc e n ta g e s  o f  p re im p la n ta t io n  lo ss 
in th e  c o n tro l  g ro u p s  v a rie d  (2-9, 8 0  a n d  3-0%). T h e  
in c re a se s  in  p r e im p la n ta t io n  lo ss  th a t  o c c u r re d  a t  th e  
in te rm e d ia te  d o se  levels o f  c a lc iu m  c a r ra g e e n a n  a n d  
C -1 6  d id  n o t  a p p e a r  to  b e  sig n ifican t. T h e  n u m b e rs  o f  
fem a les w ith  o n e  o r  m o re  a n d  tw o  o r  m o re  r e s o rp 
tio n s  sh o w e d  n o  d o se - re la te d  effect o f  a n y  c o m p o u n d . 
N e ith e r  m a le  n o r  fem a le  fo e ta l w e ig h ts  w ere  a ffec ted  
b y  th e  c o m p o u n d s .

N o n e  o f  th e  c a r ra g e e n a n s  te s te d  p ro d u c e d  an y  
c o m p o u n d - re la te d  e x te rn a l a b n o rm a li t ie s  (T a b le  2).

Table 3. I n c i d e n c e  o f  s o f t - t i s s u e  v a r ia t io n s  in  f o e t u s e s  o f  h a m s t e r s  in t u b a te d  w i th  c a r r a g e e n a n s

Compound

Soft-tissue
variations

Foetuses with one or more 
soft-tissue variations

Litters with 
one or more 

abnormal foetuses

No.
Mean/
litter

of
total

foetuses
level

(mg/kg) Total
Mean/
litter No. O/

Calcium 0 10 0-4 10 0-4 5-6 8 30-8
carrageenan 10 6 0-2 6 0-2 4-2 5 20-0

40 3 01 3 0-1 2-4 2 9-5
100 7 0-3 7 0-3 5-2 5 22-7
200 21 0-8 20 0-8 10-9 14 56-0

Sodium 0 3 0-2 3 0-2 2-2 2 10-0
carrageenan 10 11 0-5 7 0-3 4-3 6 27-3

40 5 0-2 5 0-2 3-3 4 19-0
100 2 01 2 0-1 1-3 2 8-7
200 3 01 3 0 1 2-0 3 12-5

C-16 0 2 0-2 2 0-2 4-1 1 12-5
10 0 0 0 0 0 0 0
40 1 01 1 0-1 1-8 1 14-3
100 0 0 0 0 ' 0 0 0
200 0 0 0 0 0 0 0
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Table 5. I n c i d e n c e  o f  s t e r n e h r a l  v a r ia t io n s  in  f o e t u s e s  o f  h a m s t e r s  in t u b a te d  w i th  c a r r a g e e n a n s

Compound

Dose - 
level 

(mg/kg)

Sternebral
variations

Foetuses with one or more 
sternebral variations

Litters with 
one or more 

abnormal foetuses

No.
Mean/
litter

%  of

Total
Mean/
litter foetuses No. °

Calcium 0 216 8-3 144 5-5 100 26 100
carrageenan 10 208 8-3 129 5-2 97-7 25 100

40 137 6-5 112 5-3 99-1 21 100
100 131 7-3 95 5-3 96-9 18 100
200 189 7-6 126 50 98-4 25 100

Sodium 0 188 90 116 5-5 99-1 21 100
carrageenan 10 162 7-4 111 50 100 22 100

40 153 7-3 101 4-8 97-1 21 100
100 168 7-3 119 5-2 98-3 23 100
200 208 8-7 128 5-3 99-2 24 100

C-16 0 70 8-8 39 4-9 92-9 8 100
10 57 71 38 4-8 92-7 8 100
40 72 90 42 5-2 95-5 8 100
100 66 8-2 45 5-6 95-7 8 100
200 49 61 38 4-8 90-5 8 100

T h e  n u m b e rs  o f  in te rn a l  h a e m o rrh a g e s  a n d  e n la rg e d  
re n a l  p e lv ise s w ere  in c re a se d  a t  th e  h ig h e s t d o se  level 
o f  c a lc iu m  c a r ra g e e n a n  b u t  th e  in c re a se s  w ere  n o t  
s ta tis tic a lly  s ig n if ic a n t o n  a  l i t te r  b a s is  a n d  th e  h a e m 
o rrh a g e s  w ere  n o t  c o n c e n tra te d  in  a n y  s in g le  a re a  o f 
th e  b o d y . N e i th e r  so d iu m  c a r ra g e e n a n  n o r  C -1 6  p r o 
d u c e d  a n y  d o se -re la te d  so ft- tis su e  a b n o rm a litie s .  
T h e re  w as n o  sig n ifican t, d o se - re la te d  effect o n  to ta l  
so ft-tis su e  a b n o rm a li t ie s  (T ab le  3).

N o  c o m p o u n d -re la te d  effect o n  specific  sk e le ta l 
v a r ia tio n s  o c c u rre d  (T ab le  4), n o r  w as th e re  a n y  d o se - 
re la te d  effect w h en  d a ta  o n  th e  s te rn e b ra l  v a r ia tio n s  
(exclusive  o f  th e  o th e r  sk e le ta l v a r ia tio n s )  w ere  a n a 
ly sed  p e r  l i t te r  a n d  p e r  to ta l  n u m b e r  o f  fo e tu ses 
(T ab le  5). N e a r ly  a ll o f  th e  lit te rs  c o n ta in e d  o n e  o r

m o re  fo e tu ses  w ith  s te rn e b ra l  v a r ia tio n s ;  th e  m o s t  fre
q u e n t  s te rn e b ra l  defec t w as a  m iss in g  fifth  s te rn e b ra . 
N o  d ifferen ces b e tw e e n  c o n tro l  a n d  e x p e r im e n ta l  
g ro u p s  w ere  fo u n d  w h e n  th e  d a ta  w ere  a n a ly se d  w ith  
a n d  w ith o u t  in c lu s io n  o f  th e  d a ta  o n  th e  m iss in g  fifth  
s te rn e b ra e . T h e  m e a n  sk e le ta l v a r ia tio n s  (o th e r  th a n  
th e  s te rn e b ra l  defects) sh o w e d  n o  effect o f  a n y  c o m 
p o u n d  (T ab le  6).

D IS C U S S IO N

T h e  la c k  o f  ev id e n ce  o f  a n y  effects o f  c a lc iu m  c a r r a 
g e e n a n  in tu b a t io n  in h a m s te rs  in  th is  s tu d y  c o r re la te d  
w ith  th e  re su lts  o f  a m u ltig e n e ra tio n  s tu d y  in  w h ich  
ra ts  w ere  g iven  th e  c o m p o u n d  in th e  d ie t (C o llin s  et

Table 6. I n c i d e n c e  o f  s k e l e t a l  v a r ia t io n s ,  o t h e r  t h a n  s te r n e b r a l  v a r ia t io n s ,  in  f o e t u s e s  o f  h a m s t e r s  in t u b a te d

w i th  c a r r a g e e n a n s

Foetuses with one or more 
skeletal variations

Skeletal -------------------------------------- Litters with
variations one or more

Compound

Dose - 
level 

(mg/kg) Total
Mean/
litter No.

Mean/
litter

% of 
total 

foetuses

abnormal foetuses

No. o

Calcium 0 88 3-4 62 2-4 43-1 23 88-5
carrageenan 10 68 2-7 59 2-4 44-7 23 92-0

40 49 2-3 47 2-2 41-6 20 95.2
100 33 1-8 30 1-7 30-6 13 72-2
200 36 1-4 35 1-4 27-3 19 76-0

Sodium 0 39 1-9 39 1-9 33-3 18 85-7
carrageenan 10 41 1-9 38 1-7 34-2 15 68-2

40 25 1-2 25 1-2 24-0 14 66-7
100 41 1-8 41 1-8 33-9 19 82-6
200 45 1-9 45 1-9 34-9 16 66-7

C-16 0 12 1-5 •11 1-4 26-2 5 62-5
10 20 2-5 19 2-4 46-3 7 87-5
40 12 1-5 9 1-1 20-5 6 75-0
100 20 2-5 20 2-5 42-6 7 87-5
200 15 1-9 14 1-8 33-3 5 62-5
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al. 1977a,b) a n d  w ith  re su lts  o b ta in e d  b y  th e  F o o d  
a n d  D ru g  R e se a rc h  L a b o ra to r ie s ,  Inc . (1973a) a fte r 
a n im a ls  w ere  t r e a te d  b y  in tu b a t io n .  In  a  d ie ta ry  s tu d y  
w ith  h a m s te rs  fed d ie ts  c o n ta in in g  c a lc iu m  c a r r a 
g e en a n  a t  1 a n d  5%  levels, th e  n u m b e r  o f  a n im a ls  
w ith  ev id e n ce  o f  im p la n ta t io n s  w a s  d e c re a se d  in  a n i
m a ls  g iv en  th e  h ig h e r  level (68%  v. 82%  in  th e  c o n 
tro ls )  (F o o d  a n d  D ru g  R e se a rc h  L a b o ra to r ie s ,  Inc., 
u n p u b lis h e d  d a ta  1973, in  F D A  files). A lth o u g h  th e  
d e c re a se  w as n o t  s ta tis t ic a lly  s ig n ific a n t, it  w a s  sp e c u 
la te d  th a t  c a rra g e e n a n , a d m in is te re d  a t  a b o u t  th e  
tim e  o f  im p la n ta t io n  in  th e  h a m s te r ,  m ig h t affect th is  
p ro c ess . H o w e v e r  n o  su c h  effect w a s  e v id e n t in  th is  
p re se n t  s tu d y  a f te r  h a m s te r s  w ere  in tu b a te d  o n  d ay s
6-10 o f  g e s ta t io n  w ith  c a lc iu m  c a r ra g e e n a n  a t  d o se  
levels o f  u p  to  200 m g /k g . T h e  o n ly  in c re ases  in  a b 
n o rm a li tie s  th a t  o c c u r re d  w ere  in  th e  in c id en ce  o f  in 
te rn a l h a e m o rrh a g e s  a n d  o f  re n a l  p e lv is  e n la rg e m e n t 
in  fo e tu ses  o f  h a m s te rs  g iv en  th e  h ig h  level o f  c a lc iu m  
c a rra g e e n a n . H o w ev e r, th ese  in c re a se s  w ere  n o t  s ta tis 
tica lly  sig n ifican t.

N o  c o m p o u n d - re la te d  fo e ta l effec ts a p p e a re d  a fte r 
so d iu m  c a r ra g e e n a n  in tu b a t io n .  T h e se  re su lts  a re  
s im ila r to  th o se  o f  th e  in tu b a t io n  s tu d y  in  h a m s te rs  
(F o o d  a n d  D ru g  R e se a rc h  L a b o ra to r ie s ,  Inc ., 1973b) 
a n d  o f  th e  d ie ta ry  s tu d y  in  h a m s te r s  a n d  ra ts  (F o o d  
a n d  D ru g  R e se a rc h  L a b o ra to r ie s ,  Inc ., u n p u b lis h e d  
d a ta  1973, in  F D A  files).

C -16  se e m e d  to  h a v e  n o  effects o n  fo e tu ses  in  th e  
e ig h t l i t te rs  s tu d ie d . H o w ev e r, a d d it io n a l  te s tin g  is 
n e ce ssa ry  to  c o n f irm  th ese  re su lts .

In  c o n c lu s io n , c a lc iu m  c a rra g e e n a n , so d iu m  c a r r a 
g e en a n  a n d  C -16 , a t  a n y  o f  th e  levels tes te d , d o  n o t 
a p p e a r  to  c a u se  te ra to g e n ic  o r  fo e to to x ic  effects in 
h a m ste rs .
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2,6-DI-T£RT-BUTYL-4-METHYLENE-2,5-CYCLOHEXADIENONE: 
A HEPATIC METABOLITE OF BUTYLATED 

HYDROXYTOLUENE IN RATS
O . Takahashi a n d  K . H iraga

D e p a r tm e n t  o f  T o x i c o l o g y ,  T o k y o  M e t r o p o l i t a n  R e s e a r c h  L a b o r a t o r y  o f  P u b l i c  H e a l t h ,
2 4 - 1 ,  H y a k u n i n c h o  3 c h o m e ,  S h in j u k u - k u ,  T o k y o  16 0 , J a p a n

(R e c e i v e d  1 6  M a r c h  1 9 7 9 )

A bstract— Tw o m etabolites o f buty lated  hydroxytoluene were isolated from  the livers o f orally  trea ted  
male rats. The m ajor m etabolite  was identified as 2,6-di-tm -butyl-4-m ethylene-2.5-cyclohexadienone, by 
gas ch rom atography  and m ass spectroscopy and by reduction  w ith lithium  alum inium  hydride. O nly 
non-conjugated  unchanged B H T was identified in sam ples o f lung, kidney, pancreas, b ra in  and  adipose 
tissue from  these rats.

IN T R O D U C T IO N

B u ty la te d  h y d ro x y to lu e n e  (B H T ), a  h in d e re d  
p h e n o lic  a n tio x id a n t ,  c a n  c a u se  h a e m o rrh a g ic  d e a th  
a n d  a  d o se -d e p e n d e n t d e c re ase  in  th e  p ro th ro m b in  
in d ex  in m a le  r a ts  w h en  a d m in is te re d  in  th e  d ie t (T a k 
a h a sh i &  H ira g a , 1978a,b). V ita m in  K  defic iency  p r o 
d u c e d  b y  a  d ire c t effect o f  B H T  a n d /o r  its  m e ta b o lite s  
in th e  liver m ay  b e  a  c e n tra l  fa c to r  in  th is  b lee d in g  
(T a k a h a s h i &  H ira g a , 1979). T h e  n a tu re  o f  th is  effect, 
w h ich  d iffers fro m  th a t  o f  w a rfa rin , h a s  n o t  ye t b een  
d e te rm in e d , b u t  m a y  b e  a t t r ib u ta b le  to  th e  s tru c tu ra l  
c h a ra c te ris tic s  o f  B H T  r a th e r  th a n  to  its  a n tio x id a n t 
p ro p e rt ie s  (T a k a h a s h i &  H ira g a , 1978c). B ecau se  o f  
th e  species, s t r a in  a n d  sex d ifferen ces in  th e  effects o f 
B H T , it seem s p o ss ib le  th a t  th e  h a e m o rrh a g ic  effect is 
re la te d  to  B H T  m e ta b o lism  (T a k a h a s h i &  H ira g a , 
1978d).

T h e  m a jo r  m e ta b o lic  p a th w a y  o f  B H T  in vivo 
in v o lv es th e  o x id a tio n  o f  th e  4 -m e th y l g ro u p  (H a th -  
w ay, 1966) to  y ie ld  2,6 -d i-fe rf-b u ty l-4 -h y d ro x y m e th y l-  
p h e n o l (B H T  a lc o h o l), 3 ,5 -d i-fe rf-b u ty l-4 -h y d ro x y - 
b e n z a ld e h y d e  (B H T  a ld e h y d e ) a n d  3 ,5 -d i- rm -b u ty l-4 -  
h y d ro x y b e n z o ic  a c id  (B H T  acid). T h ese  m e ta b o lite s , 
h o w ev er, d o  n o t  c au se  h a e m o rrh a g ic  d e a th  w h en  a d 
m in is te re d  in th e  d ie t (T a k a h a s h i &  H ira g a , 1978c) 
a n d  th e re fo re  th e  c o m p o u n d (s )  affec ting  v ita m in  K 
m e ta b o lism  m u s t b e  e ith e r  B H T  itse lf  o r  m e ta b o lite s  
p re c e d in g  B H T  a lc o h o l. W e  h av e  n o w  a tte m p te d  to  
iso la te  a n d  id en tify  B H T  m e ta b o li te s  in  th e  liver, th e  
site  o f  sy n th e s is  o f  th e  v ita m in  K -d e p e n d e n t c o a g u 
la tio n  fac to r.

E X P E R IM E N T A L

Materials. B H T  w a s p u rc h a se d  fro m  T o k y o  K ase i 
K o g y o  C o. 2 .6 -D i-fm -b u ty l-4 -m c th y le n e -2 ,5 -c y c lo -  
h e x a d ie n o n e  w a s  sy n th e s iz e d  b y  o x id a tio n  o f  B H T  
w ith  lea d  d io x id e  (F ila r  &  W in s te in , 1960); th e  o x i
d a tio n  p ro d u c ts  in c lu d e d  a n  im p u r ity  w ith  th e  sam e  
re te n tio n  tim e  o n  S ilico n e  D C -2 0 0  a s  th e  m a in  
q u in o n e  m e th id e  p ro d u c t  a n d  a  m o le c u la r  io n  o f  m/e 
220. T h is  c o m p o u n d  w as a p p a re n tly  2 ,6 -d i-fe rf- 
b u ty l- l ,4 -b e n z o q u in o n e  (H eiss, Z e lle r  &  R iek e r, 1969). 
T h e  u ltra v io le t  sp e c tru m  (2mll* 284 a n d  lo g  e 4-56

in h ex an e ) o f  2 ,6 -d i-fe rf-b u ty l-4 -m e th y le n e-2 .5 -cy c lo - 
h e x a d ie n o n e , e lu te d  w ith  h e x an e  fro m  th e  silica-gel 
c o lu m n , c o n firm e d  th e  q u in o n e  m e th id e  s tru c tu re  
(F ila r  &  W in s te in , 1960).

Animals and treatment. M a le  S p ra g u e -D a w le y  ra ts  
(b o d y  w e ig h t c. 300 g) w ere  fed a  d ie t c o n ta in in g  1-2% 
B H T  fo r 2 w k  as p re v io u s ly  d e sc rib e d  (T a k a h a s h i &  
H ira g a , 1978a). S o m e  ra ts  d ied  fro m  h a e m o rrh a g e  
d u r in g  th e  e x p e r im e n ta l feed ing  p e r io d . A t th e  e n d  o f  
w k  2, th e  su rv iv o rs  w ere  k illed  by  a  b lo w  o n  th e  h ead , 
a n d  th e  lungs, k id n ey s , liver, p a n c re a s  a n d  b ra in  a n d  
sa m p le s  o f  e p id id y m a l a d ip o se  tis su e  w ere  d issec ted  
o u t  fo r  an aly sis .

Tissue analyses. E a c h  tis su e  w as m ix ed  w ith  a n h y 
d ro u s  so d iu m  su lp h a te  a n d  h o m o g e n iz e d  w ith  a ce 
to n e  ( l g  tis su e  in  10 m l a c e to n e )  u s in g  a  P o ly tro n  
h o m o g e n iz e r  (K in e m a tic a  G m b H , L u ce rn e , S w itz e r
lan d ). T h e  a c e to n e  so lu tio n  w as e v a p o ra te d  u n d e r  
n itro g e n , th e  re s id u e  w as d isso lv e d  in  h e x a n e  a n d  the  
so lv e n t w a s  a g a in  e v a p o ra te d  u n d e r  n itro g e n . T h is  
re s id u e  w as d isso lv e d  in  c a rb o n  d isu lp h id e  fo r a n a ly 
sis b y  g as c h ro m a to g ra p h y . A c e to n e  w as u sed  fo r the  
in itia l e x tra c tio n  o f  th e  tis su e s  b e ca u se  K ita m u ra . 
S u m in o , H a y a k a w a  &  Y a n o  (1977) r e p o r te d  th a t  b o th  
B H T  a n d  B H T  a c id  c o u ld  b e  e x tra c te d  fro m  acid ified  
u r in e  w ith  a c e to n e  b u t  th a t ,  w ith  liver tissue , no  
se c o n d  p e a k  a n d  n o  c h a n g e  in th e  h e ig h t o f  th e  m ain  
p e a k  re su lte d  fro m  e ith e r  a c id ific a tio n  o r  e x tra c tio n  
w ith  c h lo ro fo rm -m e th a n o l  (2 : 1, v/v).

G a s  c h ro m a to g ra p h y  w as p e rfo rm e d  o n  a  Shi- 
m a d z u  G C -4 B M  g as c h ro m a to g ra p h  e q u ip p e d  w ith  a 
f la m e -io n iz a tio n  d e te c to r  (su p p lied  by  S h im a d z u  Inc.. 
T o k y o ). A g lass  c o lu m n  (3 m  x  3 m m  id) w as p a ck e d  
w ith  G a s  C h ro m  Q  c o n ta in in g  10%  S ilico n e  D C -200 , 
w h ile  a  g lass  c a r tr id g e  p a c k e d  w ith  3-5 cm  silan ized  
g lass  w o o l a n d  in se r te d  in to  th e  p o r t  c h a m b e r  se rved  
as a  p re c o lu m n  (H a r tm a n  &  R ose , 1970). T h e  o p e r a t 
ing  te m p e ra tu re s  w ere  180°C  (co lu m n ), 250°C  (d e te c 
to r)  a n d  250°C  ( in je c tio n  p o r t )  a n d  th e  c a rr ie r-g a s  
(n itro g e n )  flow  ra te  w as 50 m l/m in .

M a ss  sp e c tra  w ere  re c o rd e d , in  so m e  cases after 
re d u c tio n  o f  th e  c o m p o u n d  w ith  lith iu m  a lu m in iu m  
h y d rid e , o n  a  S h im a d z u  L K B  9000  o r  J E O L  JM S  
D -3 0 0  g as c h ro m a to g ra p h -m a s s  sp e c tro m e te r  at 
70 eV.
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Retention time, min

Fig. 1. G as chrom atogram s of extracts of (a) adipose tis
sue, (b l lung, (c) kidney, (d) pancreas, (e) brain  and  (f) liver 
from  male ra ts given BH T in the diet. The reten tion  tim e of 
BH T was 13 min under the conditions used for each analy
sis.

R E S U L T S  A N D  D IS C U S S IO N

N o n -c o n ju g a te d  B H T  w as fo u n d  in  th e  e p id id y m a l 
a d ip o se  tissue , lungs, k id n ey , p a n c re a s  a n d  b ra in ,  b u t  
n o t  in  th e  live r, in  w h ich  th e  p re se n c e  o f  a  B H T  
m e ta b o li te  w as d e m o n s tra te d  b y  g a s  c h ro m a to g ra p h y  
(F ig . 1). T h e  m ass  sp e c tru m  o f  th is  h e p a tic  m e ta b o li te  
(F ig . 2) sh o w e d  a  m o le c u la r  io n  a t  m/e 218 a n d  th e  
m a in  fra g m e n ts  a t  m/e 203 ( M + — C H 3), m/e 175 
( M + -  C H 3 -  C 2H 4) a n d  m/e 161 ( M + -  C 4H 9). 
T h e  sam e  m a jo r  fra g m e n ts  ( a p a r t  fro m  th e  m o le c u la r  
io n ) h a d  b e e n  sh o w n  by  K ro k h in , C h izh o v , E rsh o v  
&  V o lo d ’k in  (1977) to  b e  c h a ra c te r is tic  o f  th e  sp ec 
t r a  o f  sev e ra l q u in o n e  m e th id es , n a m e ly  a -m e th y l- , 
a -d e u te ro m e th y l- ,  a ,a -d im e th y l- , a -p h e n y l-  a n d  a ,a -  
d ip h e n y l-2 ,6 -d i- rm -b u ty i-1,4 -m e th y le n e q u in o n e . T h e  
m ass  sp e c tru m  o f th e  h e p a tic  m e ta b o li te  c o r re 
sp o n d e d  to  th a t  o f  th e  a u th e n tic  sa m p le  o f  2,6-d i- ie r i-  
b u ty l-4 -m e th y le n e -2 ,5 -c y c lo h e x a d ie n o n e  (F ig . 3) a n d  
th e  g a s -c h ro m a to g ra p h ic  re te n tio n  tim e s  o f  th e  tw o  
c o m p o u n d s  w ere  th e  sam e.

Q u in o n e  m e th id e s  a re  re d u c e d  to  th e  p a r e n t  
p h e n o ls  b y  lith iu m  a lu m in iu m  h y d rid e  (F ila r  &  W in - 
s te in , 1960), a n d  b o th  th e  h e p a tic  m e ta b o li te  a n d  th e  
a u th e n tic  2 ,6 -d i-fe rt-b u ty l-4 -m e th y le n e -2 ,5 -cy c lo h e x a - 
d ie n o n e  w ere  c o n v e r te d  b y  th is  re d u c in g  a g e n t a t  
ro o m  te m p e ra tu re  to  B H T , w h ic h  w as id e n tif ie d  by  
g as c h ro m a to g ra p h y -m a s s  sp e c tro m e try .

T h ese  re su lts  id en tified  th e  m a in  n o n -c o n ju g a te d  
m e ta b o li te  in th e  liver a s  2 ,6 -d i-fe ri-b u ty l-4 -m e th y l-  
e n e -2 ,5 -cy c lo h e x a d ie n o n e  (F ig . 4). T h e  n o n -c o n ju 
g a te d  p h e n o ls . B H T , B H T  a lc o h o l, B H T  a ld e h y d e  
a n d  B H T  a c id  w ere  n o t  c le a rly  d e m o n s tra te d  in  th e  
liv e r a lth o u g h  r a ts  g iv en  B H T  e x c re te d  th e  h ig h - 
m o le c u la r-w e ig h t n o n -c o n ju g a te d  p h e n o ls , e sp ec ia lly  
B H T  acid , in  th e  u r in e  (D a n ie l, G a g e  &  Jo n e s , 1968; 
T a k a h a s h i  &  H ira g a , 1977). W iebe, M e rc e r  &  R y a n  
(1978) r e p o r te d  fin d in g  tra c e  a m o u n ts  o f  u n c h a n g e d  
B H T  b u t  n o t  m e ta b o li te s  in th e  se ru m  o f  a  m a n  g iv en  
B H T . I t h a s  b e en  re p o r te d  th a t  4 -h y d ro x y -4 -m e th y l-

Fig. 2. M ass spectrum  of the m ajor hepatic m etabolite  o f B H T (peak I in Fig. 1) in male rats.



100-1
A hepatic metabolite of BHT 453

5?

in

50 100 150 200 250
m/e

Fig. 3. M ass spectrum  of authen tic  2,6-di-rerf-butyl-4-m ethylene-2,5-cyclohexadienone. The gas-chrom a
tographic re ten tion  time of this com pound  was the sam e as th a t of the m ajor hepatic m etabolite  of BH T 
under the sam e conditions.

(CH3)3C

Fig. 4. Chem ical struc tu re  of 2,6-di-fert-butyl-4-m ethyl- 
ene-2.5-cyclohexadienone.

2 ,6 -d i-fe ri-b u ty lcy c lo h e x a -2 ,5 -d ien o n e  a n d  4 -h y d ro -  
p e r o x y - 4 - m e th y l - 2 ,6 - d i - i e r r - b u t y l c y c lo h e x a - 2 ,5 -  
d ie n o n e  a re  p ro d u c e d  by  liver m ic ro so m e s  in vitro 
(C h en  &  S haw , 1974; S h a w  &  C h e n , 1972), b u t  these

m e ta b o li te s  w ere  n o t  d e te c te d  a s  th e  c o r re sp o n d in g  
q u in o n e  m e th id es . T h e  m ass  sp e c tru m  o f  an  u n id e n ti
fied  m in o r  h e p a tic  m e ta b o li te  o f  m ol w t 206 is r e p ro 
d u c e d  in F ig. 5.

T h is  w o rk  d e m o n s tra te s  th a t  w h ile  B H T  w as d e 
p o s ite d  u n c h a n g e d  in severa l o rg a n s  fo llo w in g  its 
in g e s tio n  b y  ra ts , th e  c o r re sp o n d in g  q u in o n e  m e th id e  
w as p re se n t  in th e  liver. L o w e n th a l &  M a c F a rla n e  
(1965) r e p o r te d  th e  a n tic o a g u la n t  a c tiv ity  o f  som e 
s u b s ti tu te d  b e n z o q u in o n e s , th e  = 0  o f  w h ich  p ro v id e s  
a n  e le c tro n  p a tte rn  lik e  th e  = C H 2 o f  th e  q u in o n e  
m e th id e . W e sh o u ld  like  to  e s tab lish , th e re fo re , 
w h e th e r  r a ts  a re  re n d e re d  h a e m o rrh a g ic  by  th is  
q u in o n e  m eth id e .

Fig. 5. M ass spectrum  of the m inor hepatic m etabolite of BH T in male ra ts (peak II in Fig. 1).
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CONSUM PTIO N OF TOXIC RICE OIL BY ‘YUSHO’ PATIENTS 
AND ITS RELATION TO THE CLINICAL RESPONSE  

AND LATENT PERIOD

H. H ayabuchi, T. Yoshimura and M. Kuratsune 
D e p a r t m e n t  o f  P u b l i c  H e a l t h , F a c u l t y  o f  M e d i c i n e , K y u s h u  U n i v e r s i t y ,

3 - 1 - 1 ,  M a i d a s h i ,  H i g a s h i - k u ,  F u k u o k a ,  J a p a n  8 1 2

{ R e c e i v e d  1 2  M a r c h  1 9 7 9 )

A bstract— The am oun ts o f toxic rice oil consum ed individually by 141 patients with Yusho were esti
m ated. taking in to  consideration  their age and sex and the frequency of m eals eaten at hom e. Since the 
to tal am oun t of oil consum ed, the am ount o f oil consum ed per kg per day, the am ount o f oil consum ed 
during  the latent period  and  the length of the latent period  each show ed a positively skew distribution , 
geom etric m eans were calculated  for all o f them . The am oun ts o f polychlorinated  biphenyls (PCBs), 
po lychlorinated  dibenzofurans (PC D Fs) and polychlorinated  quaterphenyls (PC Q s) taken by the 
patien ts were, on average, 633, 3-4 and 596 mg. respectively, in to tal o r 157, 0-9 and  148 pg/kg/day. The 
m ean latent period  was estim ated  to be 71 days, and  the am oun ts o f PCBs, PC D Fs, and PC Q s taken 
during  the latent period  were calculated to be, on average, 466, 2-5 and 439 mg, respectively, the smallest 
am oun ts taken  by a patient during  the latent period  being estim ated  to be 111, 0-6 and  105 mg, and the 
smallest doses 29. 0 1 6  and  27 qg/kg/day, respectively. The clinical severity o f the response show ed a 
close positive corre lation  w ith the to tal am oun t o f oil consum ed but no t with the am oun t o f oil 
consum ed per kg per day. T he la ten t period  and  the am oun t o f oil consum ed per kg per day show ed a 
highly significant negative correlation .

IN T R O D U C T IO N

A mass outbreak of food poisoning occurred in 
western Japan in 1968 following ingestion of a com
mercial brand of rice oil contaminated with poly
chlorinated biphenyls (PCBs) and related hydro
carbons (Kuratsune, Yoshimura, Matsuzaka & 
Yamaguchi, 1972). The poisoning was named ‘Yusho’ 
(oil disease). Epidemiological proof of the cause of the 
epidemic depended on the demonstration of a dose- 
response relationship between the consumption of the 
toxic rice oil and the incidence of the poisoning or 
between the oil consumption and the clinical severity 
of the reaction. Therefore, a rough estimate of the 
quantity of the rice oil consumed by each patient and 
members of his or her family was made without 
regard to their age or sex, the overall food intake and 
the possible loss of the oil during and after cooking.

This demonstrated that both the incidence and the 
clinical severity of the poisoning correlated positively 
with the consumption of the rice oil (Kuratsune e t  
a l. 1972; Yoshimura, 1971). This survey of consump
tion also indicated that the average ingestion of 
PCBs, calculated as Kanechlor 400, was about 2g 
per patient and the minimum was about 0-5 g or 
about 70 ¿¡g/kg/day, assuming that the rice oil con
tained on average 2500 ppm PCBs (Kuratsune, 1972; 
Kuratsune e t  a l. 1972; Yoshimura, 1971).

Subsequently, several requests have been made to 
us, mainly from abroad, for more detailed data con
cerning the amount of the toxic rice oil ingested by 
the patients and their families. Moreover, recent in
vestigations have revealed the important fact that the 
toxic rice oil contained considerably less PCB than 
was previously reported but relatively large amounts 
of other chlorinated hydrocarbons, such as polychlori

nated dibenzofurans (PCDFs) (Nagayama, Masuda & 
Kuratsune, 1975) and polychlorinated quaterphenyls 
(PCQs) (Kamps, Trotter, Young, Carson, Roach, 
Sphon, Tanner & McMahon, 1978; Miyata, Mura
kami & Kashimoto, 1978). Consequently our original 
data were re-analysed, using somewhat different 
assumptions from those used in the former analysis, 
and taking the age, sex and food intake of the patients 
into consideration. The possibility of correlation 
between the individual oil intakes thus estimated and 
the clinical severity of the disease or its latent period 
was then investigated.

E X P E R IM E N T A L

In d iv id u a l  o il  c o n s u m p tio n . As already reported, 
patients developing Yusho had previously used either 
a canned rice oil or a bottled rice oil produced by one 
company (Kuratsune e t  a l. 1972). In this study, only 
patients who were known to have used the canned 
rice oil, produced or shipped on 5/6 February 1968 
were investigated, because the PCB content could be 
determined for this specific oil but not for the bottled 
ones because of a lack of samples. By interviewing the 
patients at home, the amount of the rice oil pur
chased, the amount of the oil remaining at home at 
the time of interview, the total time during which the 
oil was used, the time that elapsed before the con
sumers began to feel sick (the latent period) and the 
frequency with which they ate meals at home were 
determined.

From the total amount of the oil actually used by 
each household (T), the amount consumed by each 
member of the household was estimated, taking into 
account the person’s sex and age and the frequency 
with which he or she ate meals at home and assuming
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Table 1. D a i l y  c o n s u m p t io n  o f  f a t s  a n d  o i l s  b y  m a le s  a n d  
f e m a l e s  in  J a p a n *

Fats/oils intake (g/day)
Age
(yr) M F

0-5-1 3 3
1-11 10 10
12-14 15 20
15-19 25 20
20-39 20 20
40-69 15 15
70 + 15 10

*National Food Constitution Table (Tezuka e t  a l . 1970).

th a t  in  e a c h  case  th e  c o n s u m p tio n  o f  th is  p a r tic u la r  
rice  o il c o m p lie d  w ith  th e  age- a n d  sex-specific  c o n 
su m p tio n  o f  fa ts  a n d  o ils  (F n ) c a lc u la te d  fo r a v e ra g e  
Ja p a n e se  in  th e  N a t io n a l  F o o d  C o n s t i tu t io n  T a b le  
(T ez u k a , T a k a i,  Ik e g am i, O ta n i,  M iy a za k i, T su tsu m i, 
M a tsu m i &  N ish im u ra , 1970), as sh o w n  in  T a b le  1.

T h e  freq u e n c y  w ith  w h ic h  e ac h  p e r s o n  a te  a t  h o m e  
h a d  to  b e  q u a n tif ie d  fo r  u se  in  th e  e s t im a tio n . T h e re 
fo re, w h en  b re a k fa s t, lu n c h  o r  d in n e r  h a d  b e e n  e a te n  
a t  h o m e  a lm o s t  ev ery  d a y  ev ery  w eek , tw o  p o in ts  
w ere  g iv en  fo r e a c h  ty p e  o f  m ea l, w h ile  o n e  p o in t  
w as g iv en  w h e n  th e  m ea l w as e a te n  a t  h o m e  th re e  
o r  fo u r tim e s  p e r  w eek  a n d  n o  p o in t  w a s  g iv en  for 
a  m ea l e a te n  o u t  n e a rly  ev ery  d ay . T h u s , w h e n  a  p e r 
so n  h a d  e a te n  b re a k fa s t  a t  h o m e  a lm o s t  ev ery  d ay  
ev ery  w eek, e a te n  lu n c h  o u t  n e a r ly  ev ery  d a y  a n d  
e a te n  d in n e r  a t  h o m e  a lm o s t ev ery  d ay , h e  w a s  g iv en  
fo u r  p o in ts . U s in g  th ese  m ea l f req u e n c y  p o in ts  (M n), 
th e  a m o u n t  o f  th e  r ice  o il (R n ) c o n su m e d  b y  a n y  in d i
v id u a l (n) in  a  h o u se h o ld  w as e s t im a te d  a s  fo llo w s:

R n
M n  F n  

I ( M n  F n )

T h e  a m o u n t  o f  th e  o il c o n su m e d  d u r in g  th e  la te n t  
p e r io d  w a s  d e te rm in e d  b y  d iv id in g  R n  b y  th e  to ta l 
n u m b e r  o f  d a y s  th e  o il w a s  u se d  a n d  m u ltip ly in g  by  
th e  la te n t  p e rio d .

Body weight. T h e  b o d y  w e ig h t o f  th e  p a tie n ts  w as 
n o t  m e a su re d  b u t  w as a s su m e d  to  b e  e q u a l to  th e  
n a tio n a l  a g e - a n d  sex-specific  a v e ra g e s  d e riv e d  fro m  
th e  N a t io n a l  N u tr i t io n  S urvey , 1969 m a d e  b y  th e  
M in is try  o f  H e a l th  a n d  W elfare .

Clinical severity. T h e  c lin ica l se v e rity  o f  th e  re 
sp o n se  o f  th e  p a tie n ts  e x a m in e d  in  th is  s tu d y  w as 
th a t  d e te rm in e d  b y  d e rm a to lo g is ts  in  th e  su m m e r o f  
1969 (T o sh ita n i &  K ita m u ra ,  1971). G ra d e  0  w a s  u sed  
to  d e s ig n a te  a  c o n d it io n  w ith  p h y sic a l c o m p la in ts  b u t  
w ith o u t sk in  lesions, g ra d e  1 a  c o n d it io n  w ith  p ig 
m e n ta tio n  o f  th e  sk in  a n d  th e  m u c o u s  m e m b ra n e , 
g ra d e  2 a  c o n d it io n  w ith  c o m e d o n e  fo rm a tio n , g ra d e  
3 a  c o n d it io n  w ith  so m e  acn e , a n d  g ra d e  4  a  c o n d it io n  
w ith  ex ten siv e  d is t r ib u t io n  o f  a c n e fo rm  e ru p tio n s .

Concentration of PCBs, PCDFs and other com
pounds in the rice oil. T h e  P C B  c o n c e n tra t io n  o f  th e  
c a n n e d  r ice  oil in v o lv e d  w a s  o r ig in a lly  e s t im a te d  fro m  
its  o rg a n ic  c h lo r in e  c o n te n t  to  b e  2 0 0 0 -3 0 0 0  p p m , as 
K a n e c h lo r  4 0 0  (T su k a m o to , 1969). M o re  re ce n tly , 
th re e  sa m p le s  o f  th e  o il a n a ly se d  b y  T s u k a m o to  
(1969) w ere  re a n a ly se d  fo r P C B  b y  th e  o fficial s ta n 

d a rd  a n a ly tic a l m e th o d  new ly  e s ta b lish e d  b y  th e  
M in is try  o f  H e a lth  a n d  W elfa re , J a p a n ,  a n d  levels o f  
830, 900  a n d  1030 p p m  P C B s, as K a n e c h lo r  400, w ere  
d e m o n s tra te d  (N a g a y a m a  et al. 1975). T h ese  fig u res 
a re  m u c h  sm a lle r  th a n  th e  e a r lie r  e s t im a te s  b u t  a re  
c o n s id e re d  to  b e  m o re  specific  fo r P C B s. T h e re fo re , 
in  th is  s tu d y , th e  a v e ra g e  o f  th ese  fig u res (920 p p m ) 
w a s  ta k e n  to  re p re se n t  th e  P C B  c o n c e n tra t io n  o f  th e  
o il. F o r  P C D F s  a n d  P C Q s  f ig u res o f  5 p p m  
(N a g a y a m a  et al. 1975) a n d  866 p p m  (M iy a ta  et al.
1978), re sp ec tiv e ly , w ere  used .

Statistical analysis. N o rm a li ty  o f  se ts o f  d a ta  w as 
e x a m in e d  by  th e  y 2 g o o d n e ss  o f  fit te s t a n d  th e  te s t 
o f  sk e w n e ss  a n d  k u r tc s is  (S n e d e co r &  C o c h ra n , 1974). 
S ig n ific a n t d ifferen ce  a m o n g  m e a n s  w as d e te rm in e d  
b y  a  t tes t. T h e  S p e a rm a n  coefficien t o f  r a n k  c o r re la 
t io n  (C o n o v e r, 1971) w a s  c a lc u la te d  to  e x a m in e  th e  
r e la tio n s h ip  b e tw ee n  th e  c lin ica l sev e rity  e x p re sse d  b y  
th e  g ra d in g  a n d  e ac h  o f  th e  v a ria b le s , su c h  as th e  
to ta l  a m o u n t  o f  o il c o n su m ed , th e  a m o u n t  o f  o il c o n 
su m e d  p e r  k g  p e r  d ay , th e  a m o u n t  o f  o il c o n su m e d  
d u r in g  th e  la te n t  p e r io d , a n d  th e  le n g th  o f  th e  la te n t  
p e r io d . T h e  re la tio n s h ip  b e tw ee n  th e  la te n t  p e r io d  
a n d  th e  a m o u n t  o f  o il c o n su m e d  p e r  kg  p e r  d a y  w as 
e x a m in e d  b y  c a lc u la tin g  th e  o rd in a ry  c o r re la t io n  
coeffic ien t a n d  re g re ss io n  e q u a tio n .

R E S U L T S

F o r  141 p a tie n ts  (72 m ales a n d  69 fem ales) fro m  
35 h o u se h o ld s  in  w h ich  th e  c a n n e d  rice  o il h a d  b e e n  
u sed , it w as p o ss ib le  to  d e te rm in e  a d e q u a te ly  th e  to ta l  
a m o u n t  o f  o il c o n su m e d  a n d  th e  a m o u n t  o f  o il c o n 
su m e d  p e r  k g  p e r  d ay , b u t  fo r sev en  o f  th e m  th e  la te n t  
p e r io d  c o u ld  n o t  b e  e s tab lish e d . T h e  sex  a n d  ag e  d is 
tr ib u t io n s  o f  th ese  p a tie n ts  a re  sh o w n  in  T a b le  2.

N o  s ig n if ic a n t d ifference  b e tw e e n  sexes w a s  seen  in 
th e  d is t r ib u t io n s  o f  th e  to ta l  a m o u n t  o f  o il c o n su m e d , 
th e  a m o u n t  o f  o il c o n su m e d  p e r  kg  p e r  d ay , th e  
a m o u n t  o f  o il c o n su m e d  d u r in g  th e  la te n t  p e r io d , a n d  
th e  la te n t  p e r io d . T h e re fo re , m a le s  a n d  fem ales w ere  
c o m b in e d  w h e n  th e  d is t r ib u t io n s  o f  th ese  v a ria b le s  
w ere  to  b e  e x am in ed . E a c h  o f  th ese  v a r ia b le s  sh o w ed  
a  sk ew  d is tr ib u tio n . T h e  te s ts  o f  sk ew n ess a n d  k u r-  
to s is  in d ic a te d  th a t  a ll th ese  d is tr ib u tio n s  w ere  p o s i
tive ly  sk ew  w ith  h ig h ly  s ig n ific a n t v a lu e s  o f  gx (coeffi
c ie n t o f  sk ew n ess) a n d  g2 (coeffic ien t o f  k u rto s is ) , b u t  
a f te r  lo g a r i th m ic  t r a n s fo rm a tio n  th e y  w ere  p ra c tic a lly  
n o rm a l e x ce p t fo r th e  la te n t  p e r io d , a s  c o n f irm e d  by  
th e  te s t o f  fit (T ab le  3). T h e re fo re , g e o m e tric  m e a n s  
w ere  c a lc u la te d  fo r th ese  th re e  item s (T a b le  4). F o r  
th e  la te n t  p e rio d , n e ith e r  a c tu a l  v a lu es n o r  lo g  v a lu es

Table 2. A g e  d i s t r ib u t io n  o f  Y u s h o  p a t i e n t s

Age-group
(yr)

No. of patients

M F M + F

0-9 14 10 24
10-19 17 12 29
20-29 9 14 23
30-39 16 13 29
40-49 5 10 15
50-59 6 6 12
60 + 5 4 9
All ages 72 69 141
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Table 3. T e s t  o f  n o r m a l i t y  o f  d i s t r i b u t i o n s  o f  th e  a m o u n t  o f  o i l  c o n s u m e d  a n d  th e  l a t e n t  p e r io d

Parameter

Goodness of fit Test of

Value d.f. X2
Skewness

(Si)
Kurtosis

(3 2 )

Total amount of oil Actual 4 17-21*** 1-715** 3-063**
consumed Log 4 3-28 0-257 -0-409

Amount of oil consumed Actual 5 30-92*** 1-686** 3-645**
per kg per day Log 4 6-07 0-001 -0-351

Amount of oil consumed Actual 5 25-48*** 1-566** 2-960**
during latent period Log 4 2-03 0-031 — 0-188

Latent period Actual 6 29-36*** 0-446* -0-948**
Log 4 23-69*** -0-242 -1-036**

The hypothesis of normality is rejected at the 5°, (*). r„ (**) and 0-5% level (***).

a p p ro x im a te d  to  n o rm a l  b u t  th e  la t te r  v a lu e s  to o k  a  
c o n s id e ra b ly  sm a lle r  g¡ th a n  d id  th e  a c tu a l  values. 
T h e re fo re , g e o m e tric  m e a n s  w ere  a lso  c a lc u la te d  for 
th e  la te n t  p e r io d  (T a b le  4).

T h e  to ta l  a m o u n ts  o f  o il c o n su m e d  b y  e ac h  o f  th e  
141 p a tie n ts  ra n g e d  w idely , f ro m  195 to  3375 m l, w ith  
a  m e a n  o f  688 m l. T h e  a m o u n ts  w ere  sm a lle r  fo r th e  
a g e -g ro u p  0-11 y r th a n  fo r a n y  o f  th e  o ld e r  g ro u p s , 
b o th  in  m a le s  a n d  fem ales. T h e  sm a lle s t figure, 
195 m l, w as fo r a  g irl a g e d  8, w ith  c lin ica l sev e rity  
g ra d e  1, w h ile  in  a d u lts  th e  sm a lle s t w a s  220 m l fo r a  
m a n  a g e d  44  w ith  c lin ica l se v e rity  g ra d e  3. T h e  
a m o u n ts  o f  o il c o n su m e d  p e r  k g  p e r  d a y  a lso  ra n g e d  
q u ite  w idely , fro m  31 to  923 /x l/kg /day , w ith  a  m e a n  o f  
1711  /d /k g /d a y , b u t  th e y  w ere  la rg e s t fo r th e  age- 
g ro u p  0-11 y r, in  c o n tr a s t  to  th e  to ta l  a m o u n ts  o f  oil 
c o n su m e d . T h e  a m o u n ts  o f  o il c o n su m e d  d u r in g  th e  
la te n t  p e r io d  ra n g e d  fro m  121 to  1934 m l w ith  a  m ea n  
o f  506-4 m l, th u s  sh o w in g  c o n s id e ra b ly  less v a r ia tio n  
th a n  e ith e r  th e  to ta l  a m o u n t  o f  o il c o n su m e d  o r  th e  
a m o u n t  c o n su m e d  p e r  k g  p e r  day .

T h e  to ta l  a m o u n ts  o f  P C B s, P C D F s  a n d  P C Q s  
ta k e n  b y  p a tie n ts  w ere, o n  a v e ra g e , 633, 3-4 a n d  
596 m g, re sp ec tiv e ly , w h ile  th e  a m o u n ts  ta k e n  p e r  k g  
p e r  d a y  w ere, o n  av e ra g e , 157, 0-9 a n d  148 /rg /k g /d a y , 
re sp ec tiv e ly . T h e  a m o u n ts  o f  P C B s, P C D F s  a n d  
P C Q s  ta k e n  d u r in g  th e  la te n t  p e r io d  w ere  c a lc u la te d  
to  be , o n  av e ra g e , 466, 2-5 a n d  439  m g, re sp ec tiv e ly .

T h e  sm a lle s t a m o u n ts  o f  o il c o n su m e d  b y  p a tie n ts  
b e fo re  th e  o n se t  o f  su b je c tiv e  sy m p to m s  w ere  a lso  
in v e s tig a te d . T a b le  5 sh o w s six  cases, th re e  o f  e ac h  
sex, in  w h ic h  sy m p to m s  w ere  a p p a re n t  b e fo re  th e  
to ta l  in ta k e  e x ceed ed  200 m l. I t  is n o ta b le  th a t  o n e  
o f  th e se  m a le s  a n d  a ll  o f  th e  fem ales w ere  c h ild ren . 
T h e  sm a lle s t in ta k e , 121 m l o f  o il, sh o u ld  h a v e  c o n 
ta in e d  111 m g  P C B s, 0-6 m g  P C D F s  a n d  105 m g 
P C Q s . I t  sh o u ld  a ls o  b e  n o te d  th a t  th o se  w h o  h a d  
c o n su m e d  th e  lea s t a m o u n ts  o f  o il b e fo re  th e  o n se t 
o f  sy m p to m s  w ere  n o t  n e ce ssa rily  th o se  sh o w in g  a  
lo w  d e g ree  o f  c lin ica l severity .

T h e  sm a lle s t a m o u n ts  o f  o il c o n su m e d  p e r  k g  p e r  
d a y  d u r in g  th e  la te n t  p e r io d  (50  ¿ d /k g /d a y  o r  less) a re  
sh o w n  in  T a b le  6 fo r th re e  m a le s  a n d  th re e  fem ales. 
T h e  e s t im a te d  d a ily  in ta k e s  o f  P C B s, P C D F s  a n d  
P C Q s  in  th e  sm a lle s t q u a n ti ty  o f  o il (31 /tl /k g /d a y )  
w ere  29, 0 T 6  a n d  27 /tg /k g , re sp ec tiv e ly , p ro v id in g  
a b o u t  56 o rg a n ic  c h lo r in e  c o m p o u n d s /k g  in  to ta l .

T h e  f req u e n c y  d is t r ib u t io n  o f  th e  p a tie n ts  b y  age, 
sex a n d  sev e rity  o f  sy m p to m s  is sh o w n  in  T a b le  7.

S ince  n o  sig n ifican t d ifference  in  th e  la t te r  p a ra m e te r  
w a s  seen  b e tw e e n  sexes, b o th  sexes w ere  c o m b in e d  
fo r e x a m in a tio n  o f  a  p o ss ib le  d ifferen ce  b e tw e e n  age 
g ro u p s . A fa irly  m a rk e d  d iffe ren ce  w a s  seen  b e tw ee n  
th e  0- 11-y r  a g e -g ro u p  a n d  a  c o m b in a tio n  o f  a ll th e  
re m a in in g  g ro u p s , th e  p ro p o r t io n  o f  th e  p a tie n ts  w ith  
g ra d e  0  o r  1 (ligh t cases) b e in g  38-5%  in  th e  0 -1 1 -y r  
g ro u p  a n d  18-3% in  th e  g ro u p  a g ed  12 y r  a n d  o v e r 
(c o rre c te d  y 2 =  3-94). T h e  c o rre sp o n d in g  p ro p o r t io n  
fo r th e  1 2 -1 9  a g e -g ro u p  w a s  7-4%, a g a in  s ig n ifican tly  
sm a lle r  th a n  th a t  o f  th e  0- 11-y r-o ld s  (c o rre c te d  
/ 2 =  5-63), b u t  th e  p ro p o r t io n s  o f  th e  o ld e r  age- 
g ro u p s , 2 0 -4 4  a n d  45 a n d  o v e r  w ere  18-3 a n d  28-6°;', 
b o th  b e in g  c o n s id e ra b ly  sm a lle r  th a n  th a t  o f  th e
0 -1 1 -y r  a g e -g ro u p  b u t  n o t  s ig n ific a n tly  so . A ll th ese  
fin d in g s  su g g e st th a t  th e re  w ere  m o re  m ild  cases 
a m o n g  th e  c h ild  p a tie n ts  th a n  a m o n g  th e  o ld e r  o nes.

S ig n if ic a n t p o s itiv e  c o r re la t io n s  w ere  o b se rv e d  
b e tw e e n  th e  c lin ica l se v e rity  o f  th e  re sp o n se  a n d  th e  
to ta l  a m o u n t  o f  o il c o n su m e d  fo r  m ales, fem ales, a n d  
m ales a n d  fem ales c o m b in e d , as sh o w n  in  T a b le  8. 
S lig h tly  sm a lle r  b u t  s ig n ific a n t p o s itiv e  c o r re la t io n s  
w ere  a lso  o b se rv e d  b e tw e e n  th e  c lin ica l sev e rity  a n d  
th e  a m o u n t  o f  o il c o n su m e d  d u r in g  th e  la te n t  p e rio d . 
T h e  c o r re la t io n s  w ere  la rg e r  fo r  fem a les th a n  fo r 
m ales. C o n tr a ry  to  th ese  f in d in g s , n o  s ig n if ic a n t c o r re 
la t io n  w a s  seen  e ith e r  b e tw e e n  th e  c lin ica l sev e rity  
a n d  th e  a m o u n t  o f  o il c o n su m e d  p e r  k g  p e r  d a y  o r  
b e tw e e n  th e  c lin ica l sev e rity  a n d  th e  la te n t  p e rio d . 
S im ila r  re su lts  w ere  o b ta in e d  w h e n  a n a ly s is  w as 
lim ite d  to  th e  a d u lts  a g e d  f ro m  2 0 -4 4 , e x c lu d in g  th e  
y o u n g e r  a n d  th e  o ld e r  o nes.

S ig n if ic a n t n e g a tiv e  c o r re la t io n s  w ere  seen  b e tw ee n  
th e  la te n t  p e r io d  a n d  th e  a m o u n t  o f  o il c o n su m e d  
p e r  k g  p e r  d a y  fo r m ales, fem ales, o r  m a le s  a n d  
fem a les c o m b in e d , a s  sh o w n  in  T a b le  9. W h e n  m ales 
a n d  fem a les w ere  c o m b in e d  a n d  d iv id e d  a c c o rd in g  
to  age, s im ila r  b u t  s lig h tly  la rg e r  s ig n if ic a n tly  n e g a tiv e  
c o r re la t io n s  w ere  seen  fo r  a ll th e  a g e -g ro u p s .

D IS C U S S IO N

A  v ery  a c c u ra te  q u a n ti ta t iv e  d e te rm in a tio n  o f  th e  
to x ic  r ice  o il c o n su m e d  b y  e a c h  p a tie n t  w a s  n o t  feas
ib le , b u t  fo r tu n a te ly  w e c o u ld  m a k e  a  fa irly  a c c u ra te  
e s t im a te  o f  th e  a m o u n t  o f  o il c o n su m e d  b y  h is  o r  
h e r  h o u se h o ld . F ro m  th is  h o u se h o ld  c o n s u m p tio n  o f  
th e  o il, w e tr ie d  a t  firs t to  e s t im a te  th e  o il c o n su m e d  
b y  e a c h  m e m b e r  o f  th e  h o u se h o ld  b y  a ssu m in g  th a t
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T able 6. D a ta  f o r  t h e  s i x  Y u s h o  p a t i e n t s  c o n s u m in g  th e  s m a l l e s t  d a i l y  d o s e s  o f  o i l  d u r in g  th e  l a t e n t  p e r io d

Oil consumption by Yusho patients 459

A m ount of oil consum ed

Patient Sex
Age
(yr)

L atent
period
(days)

D uring  latent period

O verall 
to tal (ml)

Severity 
o f clinical 
response 
(grade)T ota l (ml)

Daily
(gl/kg/day)

H O . M 56 135 235 31 348 3
M.S. M 44 120 220 32 220 3
S.S. M 30 120 309 44 309 2
K.O. F 19 135 314 46 465 0
S.O. F 23 135 314 47 465 1
F.O. F 46 135 353 50 523 0

T able 7. N u m b e r s  o f  p a t i e n t s  o f  e a c h  a g e - g r o u p  a n d  

c l in i c a l  r e s p o n s e
s e x  s h o w in g  d i f f e r e n t  g r a d e s  o f

A ge-group
(yr) Sex G ra d e ..

Severity o f clinical response

0 1 2 3 4

0-11 M 1 4 9 1 0
F 1 4 1 2 3
M  +  F 2 8 10 3 3

12-19 M 0 0 2 8 6
F 1 1 0 6 3
M +  F 1 1 2 14 9

20-44 M 0 4 4 10 10
F 2 5 5 9 11
M + F 2 9 9 19 21

45 + M 3 1 4 3 2
F 2 2 5 3 3
M +  F 5 3 9 6 5

All ages M 4 9 19 22 18
F 6 12 11 20 20
M +  F 10 21 30 42 38

T able 8. C o r r e la t i o n  b e t w e e n  th e  s e v e r i t y  o f  th e  c l i n i c a l  r e s p o n s e  a n d  th e  t o t a l  a n d  d a i l y  
a m o u n t s  o f  o i l  c o n s u m e d  a n d  th e  l a t e n t  p e r io d

Independent variables
tested Sex r* No. P

Clinical severity and M 0-435 72 0-000
to tal am oun t of oil F 0-544 69 0-000
consum ed M + F 0-500 141 0000

Clinical severity and M - 0 T 9 4 72 0-12
am oun t o f oil consum ed F 0176 69 0 15
per kg per day M + F -0 -0 0 4 141 1 00

Clinical severity and M 0-256 70 0-04
am oun t o f oil consum ed F 0-395 64 0-002
during  latent period M + F 0-337 134 0-000

Clinical severity and M 0-109 70 0-37
latent period F 0-021 64 0-88

M + F 0-070 134 0-42

‘ Spearm an coefficient o f rank  correlation.

th e  c o n s u m p tio n  w as p ro p o r t io n a l  to  th e  n a tio n a l  
a v e ra g e  o il c o n s u m p tio n  m a tc h e d  to  h is o r  h e r  age. 
H o w ev e r, th is  e s t im a tio n  w as n o t  p o ss ib le  b e ca u se  
su c h  ag e- a n d  sex-specific  n a tio n a l  d a ta  o n  a v e ra g e  oil 
c o n su m p tio n  w ere  n o t  a v a ilab le . T h e re fo re , a n  e s ti
m a te  w as b a se d  o n  th e  a s s u m p tio n  th a t  th e  p e rso n a l

o il c o n s u m p tio n  by  e a c h  m e m b e r  o f  a  h o u se h o ld  w as 
in  p ro p o r t io n  to  th e  age- a n d  sex -specific  in ta k e  o f  
fa ts  a n d  o ils  d e te rm in e d  in  th e  N a t io n a l  F o o d  C o n s t i 
tu t io n  T a b le  (T e z u k a  et al. 1970).

T h is  T a b le  w a s  b a se d  o n  a  c o n s id e ra tio n  o f  th e  
N a t io n a l  D ie ta ry  A llo w a n ce  a s  w ell as o f  v a r io u s  d a ta



460 H. Hayabuchi, T. Yoshimura and M. Kuratsune

T able 9. L i n e a r  r e g r e s s io n  a n a ly s i s :  l a t e n t  p e r io d  a g a in s t  th e  a m o u n t  o f  o i l  c o n s u m e d  p e r
k g  p e r  d a y

Sex
Age
(yr)

Regression equation  
(v = )

C orrelation
coefficient P

M 1-85 2-538-0-309X -0 -3 9 9 < 0-001
F 1-75 3-141-0-579X -0 -6 8 0 < 0-001
M +  F 1-85 2-815-0-434X -0 -5 3 6 < 0-001

1-11 3-394-0-624X -0 -6 0 2 <0-005
12-19 2-867-0-453X -0 -6 5 0 < 0-001
20-44 2-931-0-492X -0 -588 < 0-001
45-85 3-064-0-595X -0-621 < 0-001

Log-transformed values of the independent variables were used for the test.

o n  fo o d  c o n s u m p tio n  o b ta in e d  by  th e  N a t io n a l  
N u tr i t io n  S urvey , th e  F o o d  B a la n ce  S hee t, a n d  o th e r  
re la te d  surveys. T h e  T a b le  is w id e ly  u sed  by  d ie tic ia n s  
fo r c o m p ilin g  m e n u s  fo r m ass  feed ing . T h e  figu res 
lis te d  in  th e  T a b le  m ay  n o t  r e p re se n t  th e  p rec ise  
a m o u n ts  o f  o ils  c o n su m e d  by  a v e ra g e  Ja p a n e se  by  
age  a n d  sex  b u t  m ay  reflect fa irly  well th e ir  re la tiv e  
q u a n ti ta t iv e  re la tio n sh ip , p e rm it tin g  u s  to  u se  th em  
for a llo t tin g  th e  h o u se h o ld  o il c o n s u m p tio n  p r o p o r 
tio n a lly  to  th e  o il c o n s u m p tio n  o f  in d iv id u a ls . S ince 
th e  o il c o n s u m p tio n  v a rie s  g re a tly  a c c o rd in g  to  age, 
th e  p re se n t e s tim a te  o f  p e rso n a l  o il c o n s u m p tio n  m u s t 
b e  c o n s id e ra b ly  m o re  a c c u ra te  th a n  th a t  in  th e  p re 
v io u s  s tu d y , in  w h ic h  age  a n d  sex d ifferen ces w ere  
e n tire ly  n e g le c te d  fo r th e  e s t im a tio n . I t sh o u ld  be  
a d m itte d , h o w ev er, th a t  th e  p re se n t  e s t im a te  is still, 
to  so m e  e x te n t, l im ite d  in  a ccu racy .

O n e  o f  th e  m o s t  in te re s tin g  fin d in g s  o f  th is  s tu d y  
seem s to  b e  th e  fact th a t  th e  c lin ica l se v e rity  o f  th e  
re sp o n se  c o r re la te d  c lo se ly  w ith  th e  to ta l  a m o u n t  o f 
o il c o n su m e d  b u t  n o t  a t  a ll w ith  th e  a m o u n t  o f  oil 
c o n su m e d  p e r  kg  p e r day . T h is  w as a n  u n e x p e c te d  
fin d in g  b e ca u se  w e h a d  th o u g h t  th a t  a  b e tte r  c o r re la 
tio n  w o u ld  b e  g iv en  w h en  th e  d o se  o f  th e  to x ic  rice  oil 
w as e x p re sse d  p e r  k g  p e r  d a y  in s te a d  o f  as th e  to ta l 
a m o u n t,  a n  e x p e c ta t io n  s tre n g th e n e d  b y  th e  fac t th a t  
in d u c tio n  o f  d ru g -m e ta b o liz in g  e n zy m es w ith  P C B s in 
ra ts  la rg e ly  d e p e n d e d  u p o n  th e  d o se  g iv en  p e r  k g  p e r  
d a y  r a th e r  th a n  u p o n  th e  to ta l  d o se  (T a n a k a  &  
K o m a ts u , 1972).

N e v erth e le ss , th e  c u r re n t  fin d in g , w h ile  u n ex p ec ted , 
w as in  line  w ith  so m e  o th e r  c o r re la t io n s  te s te d ;  b o th  
th e  su b je c tiv e  sy m p to m s  re p o r te d  by  th e  p a tie n ts  a n d  
th e ir  b lo o d  P C B  levels c o r re la te d  c lo se ly  w ith  th e  
to ta l  a m o u n t  o f  o il c o n su m e d  b u t  n o t  w ith  th e  in ta k e  
o f  o il p e r  kg  p e r  d a y  (H . H a y a b u c h i,  u n p u b lis h e d  
d a ta  1979; T . Y o sh im u ra , H . H a y a b u c h i &  M . K u r a t 
sune , u n p u b lis h e d  d a ta  1979). T h is  fin d in g  c a n n o t  be  
e x p la in e d  w ith  a n y  co n fid e n ce  a t  p re sen t. I t  m a y  be  
a s so c ia te d  w ith  th e  c a p a c ity  o f  P C B s a n d  re la te d  
c o m p o u n d s , p a r tic u la r ly  th o se  th a t  a re  re la tiv e ly  
h ig h ly  c h lo r in a te d , to  a c c u m u la te  in  th e  b o d y  m o re  
re a d ily  th a n  m o s t o th e r  to x ic  su b s ta n c es .

In  th is  c o n n e c tio n , it  is n o ta b le  th a t  th e  to x ic  rice  
o il c o n su m e d  b y  th e  p a tie n ts  c o n ta in e d  lit t le  o f  th e  
le s s -c h lo r in a te d  b ip h e n y ls  b u t  a  re la tiv e ly  la rg e  p r o 
p o r t io n  o f  th e  h ig h ly  c h lo r in a te d  b ip h e n y ls  a n d  
d ib e n z o fu ra n s  w h ic h  te n d  to  a c c u m u la te  in  th e  b o d y , 
b e ca u se  th e  oil h a d  b e en  c o n ta m in a te d  w ith  K a n e - 
c h lo r  400  p re v io u s ly  u sed  as a  h e a t- tra n s fe r  a g en t 
(K u ro k i &  M a su d a , 1977; M a su d a , K a g a w a  &  K u r 

a tsu n e . 1974: N a g a y a m a , K u ra ts u n e  &  M a su d a , 
1976; T s u k a m o to ,  1969). In c o n tr a s t  to  th e  c lin ica l 
sev e rity  o f  th e  re sp o n se , th e  la te n t  p e r io d  sh o w e d  a 
n e g a tiv e  c o r re la t io n  w ith  th e  a m o u n t  o f  o il c o n su m e d  
p e r  k g  p e r  day , a  f in d in g  in a c c o rd  w ith  th e  p rin c ip le s  
o f  to x ico lo g y .

T h e  1232 m g c o n s titu t in g  th e  p a tie n t’s a v e ra g e  to ta l 
in ta k e  o f  PC B s, P C D F s  a n d  P C Q s  (633, 3-4 p lu s  
596 m g) is c o n s id e ra b ly  sm a lle r  th a n  th e  figure  o f  2 g 
p re v io u s ly  r e p o r te d  .K u ra tsu n e , 1972; K u ra ts u n e  et 
al. 1972; Y o sh im u ra , 1971), b e c a u se  th e  p re v io u s ly  
a s su m e d  c o n c e n tra t io n  o f  P C B s w as h ig h e r th a n  th a t  
u se d  in th e  p re se n t  c a lc u la tio n  a n d  g e o m e tric  m e a n s  
w ere  c a lc u la te d  fo r th e  p re se n t s tu d y  w h ile  a r ith m e tic  
m ea n s  w ere  u se d  in  th e  p re v io u s  s tu d y .

I t  w a s  a lso  re p o r te d  in o n e  o f  th e  p re v io u s  p a p e rs  
(K u ra ts u n e , 1972) th a t  th e  sm a lle s t a m o u n t  o f  P C B s 
ta k e n  b y  a  p a tie n t  b e fo re  th e  o n se t  o f  sy m p to m s  w as 
e s t im a te d  to  be  7 0 /rg /k g /d a y . T h is  figu re  w a s  fo r a 
3 0 -y r-o ld  m an , p a tie n t  S.S. in  T a b le  6, w h o  h a d  c o n 
su m e d  th e  to x ic  rice  o il fo r 120 d a y s  b e fo re  th e  o n se t 
o f  sy m p to m s . In  th e  p re se n t  s tu d y , he  w as e s t im a te d  
to  h a v e  c o n su m e d  a  to ta l  o f  79 pg P C B s, P C D F s  a n d  
P C Q s /k g /d a y . T h is  fig u re  is fa irly  c lo se  to  th e  p r e 
v io u s  o ne , b u t  is n o t th e  sm a lle s t o f  th e  figu res 
o b ta in e d  in  th e  p re se n t s tu d y , th e  sm a lle s t b e in g  
56 /rg /k g /d a y  a s  m en tio n e d .

D e rm a to lo g is ts  r e p o r te d  th a t  th e  d e rm a l le s io n s  o f  
th e  c h ild re n  w ere  g e n e ra lly  m ild e r  th a n  th o se  o f  th e  
a d u lts  (G o to  &  H ig u c h i, 1969; T o s h i ta n i  &  K ita -  
m u ra , 1971) a n d  o u r  s tu d y  a lso  s u p p o r te d  th is . It is 
in te re s t in g  th a t  th ese  c h ild re n  h a d  a c tu a lly  c o n su m e d  
la rg e r  a m o u n ts  o f  th e  o il p e r  kg  p e r  d a y  th a n  h a d  
th e  a d u lts . T w o  fa c ts  p o ss ib ly  re le v a n t to  th is  f in d in g  
a re  th a t  c h ild re n , in g en era l, a re  less su sc e p tib le  th a n  
a d u lts  to  a c n e  a n d  th e  to ta l  a m o u n ts  o f  th e  o il c o n 
su m e d  b y  th e  c h ild re n  w ere  less th a n  th o se  c o n su m e d  
b y  th e  a d u lts ,  a s  a lre a d y  m e n tio n e d .

T h e  p r im a ry  p u rp o s e  o f  th is  p a p e r  is to  p ro v id e  
d a ta  o n  th e  o il c o n s u m p tio n  o f  Y u sh o  p a tie n ts .  
A lth o u g h  th ese  d a ta  m a y  sh o w  so m e  la c k  o f  sc ien tific  
p re c is io n  b e c a u se  o f  th e  in ev ita b le  d ifficu lties  p r e 
se n te d  b y  th e  s tu d y , th ey  a re  w o r th  r e p o r t in g , s in ce  
th e  Y u sh o  e p iso d e  is u n iq u e  a m o n g  th e  o u tb re a k s  o f  
fo o d  p o iso n in g  e x p e rien c e d  b y  m a n . I t  is d e s ira b le  
th a t  th is  in fo rm a tio n  b e  u tilized , w ith  a p p ro p r ia te  
c a u tio n , fo r a  v a rie ty  o f  p u rp o se s  b y  th o se  s tu d y in g  
th e  w id e r im p lic a tio n s  o f  th is  ep iso d e .
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INDUCTION PAR LE LINDANE DES MONOXYGENASES 
MICROSOMALES DU FOIE CHEZ LE RAT:
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( R e ç u  le  2 3  j a n v i e r  1979)

R ésu m é--De jeunes rats mâles Wistar reçoivent soit une alimentation normolipidique. soit un régime 
hyperlipidique (39%, essentiellement sous forme de saindoux). Après 2 semaines, chaque groupe est 
divisé en deux lots: témoin et traité au lindane. Le traitement par le pesticide consiste en l'addition de 
60ppm dans l'alimentation équilibrée et 93ppm dans le régime gras; dans les deux cas. l'apport de 
lindane est 18 pg/Kcal. Le traitement dure 4 semaines. Le régime gras augmente dans les microsomes 
hépatiques les activités potentielles de l’hydroxylation de l’aniline, de la NADPH-cytochrome c  réduc- 
tase et la concentration du cytochrome P-450. exprimées par foie entier. Il abaisse la durée de sommeil 
provoquée par l'hexobarbital. Il modifie la composition en acides gras de la phosphatidylcholine micro- 
somale; il diminue la proportion de l'acide palmitique et élève la teneur en acide stéarique. Le traitement 
au lindane accélère la fV-déméthylation de l'aminopyrine mesurée in  v i t r o  et il élève la teneur en P-450. Il 
augmente de 32% la proportion de l'acide linoléique dans la phosphatidylcholine microsomale. Ce 
dernier effet du pesticide, déjà constaté par d'autres auteurs avec le phénobarbital et l'éthanol, est 
discuté.

L'ingestion de lindane supprime l'excès des poids du corps et du tissu adipeux dû au régime gras. Cet 
antagonisme résulterait peut-être d'une interaction entre les deux facteurs sur la sécrétion des caté- 
cholamines surrénaliennes. Le lindane diminue moins le temps de sommeil provoqué par l'hexobarbital 
quand le régime est riche en lipides. Ce résultat est contradictoire avec les effets de l'ingestion du 
pesticide et du régime sur les activités potentielles des monoxygénases microsomales. On discute de 
l’éventualité d'un manque d’apport de NADPH pour le métabolisme hépatique de l'hexobarbital chez le 
rat à la fois traité par le pesticide et soumis au régime gras.

Abstract—Two groups of young male Wistar rats were fed either with a normal or with a high-fat 
(essentially lard) diet (3-5 and 39%, w/w. respectively). After the first 2wk, each group was equally 
subdivided into a control group and a group treated for the remaining 4 wk with lindane, 60 ppm 
(mg/kg diet) for the normal-fat group and 93 ppm for the high-fat group, providing 18 pg lindane/Kcal 
in each case. The high-fat diet increased the potential activities of aniline hydroxylase and NADPH- 
cytochrome c reductase and the cytochrome P-450 concentration of the whole liver, and decreased 
the hexobarbital sleeping-time. The fatty acid composition of microsomal phosphatidylcholine reflected 
a decrease in palmitic acid and an increase in stearic acid with the high-fat diet. Lindane treatment 
accelerated aminopyrine-Ar-demethylation, measured in  v i t r o , and increased the P-450 content. The 
content of linoleic acid in microsomal phosphatidylcholine was increased by 32%, a finding already 
demonstrated by other authors using phénobarbital and ethanol as inducers. The increase in body 
weight and in adipose tissue due to the high-fat diet was suppressed by lindane intake. An interaction 
of these two factors on adrenal catecholamine secretion could explain this antagonism. The hexobarbital 
sleeping-time was lowered less by lindane in animals receiving the high-fat diet, a finding in opposition 
to both lindane and diet effects upon the potential activities of microsomal monooxygenases. It seems 
possible that in the rat fed both lindane and a high-fat diet, there may be a deficiency of NADPH 
for hepatic metabolism of hexobarbital.

INTRODUCTION

L'induction des monoxygénases microsomales du 
foie est l'un des effets biologiques les plus sensibles, 
sinon le plus sensible, à la contamination par les in
secticides organochlorés (Fouts, 1970). Effet qui se 
manifeste, chez l’animal de laboratoire, pour des 
quantités de pesticide parfois proches de celles de l’en
vironnement. Nous avons montré que l'addition de

2 0  ppm de lindane à la nourriture du rat accélère, à 
moyen terme, la A-déméthylation de l'aminopyrine et 
l'hydroxylation de l'aniline (Pélissier et Albrecht.
1976). La dose probablement efficace serait même 
inférieure à 5 ppm (Lowy. Albrecht. Pélissier et Man
chon, 1977).

En accord avec Suschetet et Causeret (1974). nous 
pensons qu'il est intéressant en recherche toxicologi
que d’introduire une “dimension nutritionnelle". L'ac
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tivité des monoxygénases microsomales, et donc le 
métabolisme des substances xénobiotiques, dépend 
d’ailleurs des conditions de nutrition des animaux 
(Campbell et Hayes, 1974).

Le rôle des lipides dans le métabolisme des com
posés xénobiotiques a fait l’objet de nombreuses 
études puisque les monoxygénases sont, dans l’hépa- 
tocyte. liées à une structure membranaire, le réticulum 
endoplasmique (Wade et Norred, 1976). Cependant à 
notre connaissance, hormis le travail de Béraud. Gail
lard et Derache (1975), la littérature ne signale pas de 
recherches en ce domaine portant sur l'influence de 
régimes fortement hyperlipidiques. Or. un apport ali
mentaire excessif en lipides est fréquent dans les pays 
occidentaux et pose des problèmes de santé publique: 
obésité, maladies cardiovasculaires .. .  (Dupin. 1978).

D’autre part, le lindane, molécule liposoluble, est 
réparti et mis en réserve dans le tissu adipeux (Hayes. 
Dale et Lebreton, 1963). On peut alors concevoir que 
les effets biologiques de ce pesticide diffèrent selon la 
quantité de graisses corporelles. C'est pourquoi, dans 
la présente expérience, nous ajoutons le lindane non 
seulement à un régime équilibré mais aussi à un 
régime hyperlipidique.

Nous étudions, chez le jeune rat mâle, l’éventuelle 
interaction des effets du lindane et de la quantité de 
lipides alimentaires sur les microsomes hépatiques: 
activité potentielle des monoxygénases, durée du som
meil provoqué par l’administration d’hexobarbital 
(épreuve in vivo) et composition en acides gras de la 
phosphatidylcholine.

METHODES EXPERIMENTALES

Animaux et traitement. Nous recevons au sevrage à
18-20jours des rats mâles Wistar U exempts d’orga
nismes pathogènes spécifiques. Nous les acclimatons à 
notre animalerie pendant 1 semaine; ils reçoivent ad 
lih. une provende commerciale qui titre 2 0 % de pro
téines et 4% de lipides. Le poids moyen des animaux 
après cette semaine est 74,5 + 1,58 (32).

Nous répartissons ensuite les rats en deux groupes. 
Le premier reçoit une alimentation équilibrée, le 
second un régime hyperlipidique (Tableau 1). Nous 
préparons ces régimes au laboratoire. Pour les deux 
régimes, l’essentiel de l’apport lipidique est fourni par 
du saindoux et dans une moindre mesure par de 
l’huile de mais (0,7% pour le régime équilibré; 1,1% 
pour le régime gras). La teneur en acides gras des 
régimes est indiquée aussi sur le Tableau 1. L’acide 
linoléique représente 3,3% des calories totales pour 
l'alimentation équilibrée et 4,9% pour le régime 
hyperlipidique.

Après 2 semaines (poids des 16 rats sur régime 
équilibré 139.5 + 4.72 g et sur régime gras 151,8 ± 
4.50 g), chaque groupe est divisé en deux lots témoins 
et traités au lindane. Le traitement par le pesticide, 
qui consiste en l’addition de 60 ppm dans l’alimenta
tion équilibrée et 93 ppm dans le régime gras, dure 4 
semaines. Dans les deux cas. l’apport de lindane est
0.018 mg/Kcal.

Après un jeûne d’une nuit, nous pesons puis tuons 
les rats par décapitation. Le foie, les reins et les 
graisses périgénitales sont prélevés, lavés et pesés. La

quantité de lindane du foie est déterminée par chro
matographie en phase gazeuse avec un détecteur à 
capture d’électrons (Lovelock et Lipsky, 1960).

Nous mesurons la teneur en lipides totaux du foie 
selon la méthode que décrivent Rose, Vaughan et 
Steinberg (1964). Nous préparons les microsomes 
hépatiques suivant le procédé que nous avons signalé 
(Albrecht, Pélissier, Manchon et Rospars, 1973) et 
nous en déterminons la teneur en protéines (Lowry, 
Rosebrough, Farr et Randall, 1951).

Acides gras des régimes et de la phosphatidylcholine 
microsomale. La composition en acides gras des 
régimes équilibré et hyperlipidique ainsi que de la 
phosphatidylcholine des microsomes est évaluée par 
la méthode de chromatographie en phase gazeuse que 
rapportent Metcalfe, Schmitz et Pelka (1966).

Activités enzymatiques des microsomes. Nous 
mesurons la N-déméthylation de l’aminopyrine. l’hy- 
droxylation de l’aniline, la teneur en cytochrome 
P-450 et l'activité de la NADPH-cytochrome c réduc- 
tase. Nous indiquons dans un article antérieur les 
références des méthodes dont nous nous sommes in
spirés ainsi que les modifications que nous y avons 
apportées (Pélissier, Faudemay, Manchon et Albrecht.
1978).

Epreuve in vivo: Sur un autre lot de 32 rats (huit 
par groupe), nous déterminons le temps de sommeil 
provoqué par l’administration d’hexobarbital. Le bar
biturique sodé, en solution à 2.5%. est injecté par voie 
intrapéritonéale, à la dose de 100 mg/kg rat. La durée 
du sommeil correspond à la période s'étendant entre 
la disparition du réflexe de posture et le redressement 
du rat placé en decuhitus latéral; la température 
ambiante est 22 ± 1CC.

Analyse statistique. L’expérience est bifactorielle 
2 x 2 ; elle permet l’étude des deux facteurs (lindane, 
régime), chacun étant à deux niveaux. Nous effectuons 
une analyse de variance (Schwartz, 1966) après avoir 
vérifié sa légitimité par le test de Bartlett (Snedecor et 
Cochran. 1967). L’organisation de l’expérience permet

Tableau 1. C o m p o s i t i o n  p o n d é r a le  c e n t é s im a le , t e n e u r  e n  
a c i d e s  g r a s  e t  c o m p o s i t i o n  é n e r g é t iq u e  d e s  r é g im e s

Composants Régime équilibré Régime gras

Composition (%)
Protéines (caséine) 18,2 27.1
Lipides 3,5 39,3
Glucides assimilables 56,4 13,3
Eau 10,8 5,7
Ballast 5,7 6,3
Sels minéraux 4,9 7,6
Vitamines 0,46 0,74

Acides gras (% acides gras totaux)
0 4 :0 1.7 1,6
0 6 :0 24.0 30.4
0 8 :0 9.1 17.7
08:1 29,7 42.2
0 8 :2 35.9 7.2
0 8 :3 0,8 ____

C20:4 — ___

Composition énergétique
Kcal/100 g 330 515
% Kcal protidiques 22.0 21.1

Kcal lipidiques 9.6 68,6
% Kcal glucidiques 68,6 10,4
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d’appliquer la méthode des blocs complets et de dimi
nuer ainsi au mieux la variance résiduelle (Lellouch et 
Lazar, 1974). Nous testons (i) l’absence d’interaction 
entre les deux facteurs, (ii) l’effet du lindane, et (iii) 
l’effet du régime.

Nous indiquons sur les tableaux la moyenne et l’es
timation de son écart-type pour chaque groupe 
expérimental ainsi que la valeur de la variance rési
duelle s2 commune aux quatres groupes. Nous signa
lons la signification statistique des comparaisons 
après l’analyse de variance. Nous considérons qu’une 
différence est significative lorsque la probabilité (P) 
quelle soit nulle est <0,05 et très significative lorsque 
P < 0.01. Notre expérience étant plurifactorielle , s’il 
n'y a pas d'interaction significative entre les deux fac
teurs, pour tester l'effet de l’un, nous comparons la 
moyenne de deux groupes à la moyenne de deux 
autres groupes: par exemple, pour apprécier l’effet du 
lindane: (témoins, régime équilibré) et (témoins, 
régime hyperlipidique) contre (lindane, régime équi
libré) et (lindane, régime hyperlipidique).

Pour le poids relatif du foie ou des reins, nous effec
tuons une analyse de covariance (Lellouch et Lazar. 
1974). Toutes ces statistiques sont faites sur une calcu
latrice électronique (Programma 602) grâce à des pro
grammes mis au point au laboratoire par R. Lowy 
(non publiés).

RESULTATS

Caractéristiques des animaux
Pour chaque groupe expérimental nous indiquons 

sur le Tableau 2 la quantité de lindane ingéré ainsi 
que la teneur en pesticide du foie. Les rats traités 
ingèrent en moyenne environ 1300 fois plus de lin
dane que les témoins. La concentration du pesticide 
dans leur tissu hépatique y est 50 fois plus forte. Nous 
remarquons que la quantité totale de lindane par foie 
correspond à peu près au millième de la quantité 
ingérée pendant toute la durée de l'expérience (4 
semaines).

La prise de nourriture des rats au régime gras est 
moindre que celle des animaux au régime normolipi- 
dique mais leurs ingesta caloriques sont plus élevés 
(résultats non présentés). De sorte que. l’addition de 
lindane étant dans tous les cas de 0,018 mg/Kcal. les 
rats au régime gras ont davantage (+20°,,; P < 0,01) 
ingéré de pesticide. Cependant, la teneur en lindane 
de leur foie n’cst pas sensiblement différente de celle 
des animaux au régime équilibré.

Nous observons une interaction antagonique 
(P < 0.01 ) entre les effets du lindane et du régime gras

sur le poids des rats au sacrifice (Tableau 3). Le lin
dane abaisse de 21% (P < 0,01) le poids des animaux 
au régime gras alors qu’il ne modifie pas significative
ment le poids des rats au régime normolipidique. Le 
régime gras élève de 18% (P < 0.01) le poids corporel 
des rats témoins mais il est sans effet apparent sur le 
poids des traités. Le lindane supprime donc l’excès de 
poids dû au régime hyperlipidique.

Le lindane et le régime gras augmentent (P < 0,01) 
le poids relatif du foie, respectivement de 23 et 25%; 
les effets des deux facteurs sont additifs. Le poids rela
tif des reins est accru de 24% (P < 0,01) par le traite
ment au pesticide; il n’est pas significativement 
modifié par le régime gras.

Ni le pesticide ni la quantité de lipides alimentaires 
n’influencent sensiblement la concentration des pro
téines totales hépatiques (Tableau 4). Le régime gras 
élève de 20% (P < 0,01) la teneur en lipides totaux du 
foie; le lindane est sans effet apparent.

Activité des microsomes hépatiques
Effets du lindane. L’ingestion de lindane produit une 

augmentation (P < 0,01) de la concentration et de la 
quantité totale par foie des protéines microsomales, 
respectivement de 10 et 16% (Tableau 4).

Les résultats du Tableau 5 montrent que la 
iV-déméthylation de l’aminopyrine est accélérée 
(P <0,01) par le traitement au pesticide; l’activité 
enzymatique est accrue de 73% par rapport aux pro
téines et de 92% par foie. L’hydroxylation de l’aniline 
est aussi augmentée; cependant, seule l’activité totale 
par foie est très significativement modifiée de + 35%.

Le lindane élève (P < 0,01) la biosynthèse nette du 
P-450 respectivement de 31 et 53% par rapport aux 
protéines et au foie (Tableau 5). Dans cette 
expérience, la NADPH-cytochrome c réductase n’est 
pas sensiblement induite par le pesticide; l’activité 
totale par foie tend seulement à l'augmentation 
(P > 0,05).

Les résultats du Tableau 6  montrent que l’ingestion 
de lindane modifie la composition en acides gras de la 
phosphatidylcholine des microsomes. Elle abaisse de 
9% (P < 0,05) la proportion de l’acide stéarique et 
augmente de 32% (P < 0,01) celle de l’acide linolé- 
ique.

Effets du régime hyperlipidique. Le régime gras ne 
modifie pas significativement la concentration des 
protéines microsomales mais il augmente de 29% 
P < 0,01) leur quantité totale par foie (Tableau 4).

Les résultats du Tableau 5 indiquent que l’activité 
spécifique, rapportée aux protéines, de la N-déméthy-

Tableau 2. ingestion de lindane et teneur du foie en lindane

Lindane

Ingestion* Teneur foie*

Régime /ig/jour/rat /tg/4 semaines/rat /ig,'g Die /tg/Toie

Equilibré
Témoin
Lindane

0.826 ± 0.0205 
1137 + 26.0

23,13 + 0.574 
31 836 ± 728

0.069 + 0.0138 
3.70 ± 0.331

0.59 + 0.121 
36.0 ± 3,62

Hyperlipidique
Témoin
Lindane

1.073 + 0.0262 
1363 ± 45.8

30.04 + 0.734 
38164 ± 1282

0.057 + 0,0147 
2.98 ± 0.404

0.66 + 0,184 
35.9 ± 5.53

‘ Moyenne, écart-type sur la moyenne (huit animaux/groupe).
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Tableau 4. Protéines et lipitles du foie des rats nourris arec des régimes contenant
lindane

Protéinest

Microsomales

Régime
Totales

(mg/100 mg foie)
mg/100 mg 

foie g/foie
Lipides totauxt 

(mg/100 mg foie)

Equilibré
Témoin 19.5 + 1.02 3,53 + 0,156 0.308 + 0.0172 4.69 + 0.227
Lindane 21.2 ± 1.13 3.89 + 0.236 0.376 + 0.0225 4.90 + 0.201

Hyperlipidique
Témoin 20,53 + 0,960 3,49 + 0,196 0,417 + 0,0440 5,80 + 0,244
Lindane 19,2 + 1,28 3,87 + 0,191 0,463 + 0,0409 5,72 + 0,265

s2.... 6,997 0,1429 0,003195 0,2858

Effet lindane NS
C om paraisons!

** ** NS
Effet régime NS NS ** **
Interaction NS NS NS NS

tMoyenne. écart-type sur la moyenne (huit animaux/group), et valeur de la variance 
résiduelle (s2),

^Comparaisons: ** = P $ 0,01 : NS = P > 0,05.

lation de l’aminopyrine ou de l’hydroxylation de l'ani
line ne paraît pas dépendre significativement de la 
teneur en lipides du régime. Cependant, les activités 
totales par foie sont accrues (P <  0,01), respective
ment de 31 et 42% par le régime gras.

De même, la teneur en P-450/100 mg de protéines 
n’est pas sensiblement modifiée mais la quantité totale 
de ce cytochrome par foie est augmentée de 36% 
(P < 0,01 ; Tableau 5).

L’activité spécifique de la NADPH-cytochrome c 
réductase n’est pas non plus significativement dépen
dante de la quantité de lipides alimentaires alors que 
l’activité totale par foie est élevée de 42% (P < 0,01).

Nous remarquons sur le Tableau 6  que le régime 
gras abaisse de 20% (P < 0,01) la teneur en acide pal
mitique de la phosphatidylcholine et qu’il augmente 
de 20% (P < 0,01) la proportion de l’acide stéarique.

Interaction des effets lindane x régime gras
Dans cette expérience, il n’y a pas d’interaction sig

nificative entre les effets des deux facteurs sur l’activité 
potentielle des monoxygénases et sur la composition 
en acides gras de la phosphatidylcholine microsomale. 
En revanche, nous observons une interaction anta
gonique (P < 0.01) pour l’épreuve in vivo (Tableau 5). 
Le régime gras diminue de 12% (P < 0,05) la durée du 
sommeil provoqué du rat témoin alors qu’il la pro
longe de 13% (P < 0,05) chez l’animal traité au pesti
cide. Le lindane abaisse de 41% (P < 0,01) le temps de 
sommeil provoqué du rat au régime normolipidique 
mais la diminution n’est que de 24% (P < 0,01) chez 
l’animal au régime gras. En conclusion, le lindane 
diminue moins le temps de sommeil provoqué par 
l’hexobarbital lorsque le régime est hyperlipidique.

DISCUSSION

Dans une récente revue générale Wade et Norred 
(1976), rappellent les principaux faits expérimentaux 
établissant la nécéssité des lipides membranaires pour 
le métabolisme des composés xénobiotiques. Du point

de vue nutritionnel, outre l'apport énergétique, les 
lipides apparemment nécessaires sont seulement les 
acides linoléique (C18:2) et linolénique (0 8 :3 ) que 
l’on qualifie d’ailleurs d'acides gras indispensables. 
Selon Norred et Wade (1972), l’addition de 3% d’huile 
de mais, riche en linoléate. à un régime sans graisse, 
augmente la biosynthèse nette du P-450 et accélère les 
métabolismes de l'éthylmorphine, de l’hexobarbital et 
de l’aniline. Caster, Wade. Greene et Meadows (1970) 
considèrent que 3% des calories sous forme de lino
léate dans un régime équilibré constituent un apport 
alimentaire optimal pour le métabolisme des sub
stances xénobiotiques.

Béraud et al. (1975) constatent qu'un régime à 30°,, 
de lipides (huile d'arachide) augmente spécifiquement, 
après 2 1  jours, les métabolismes de l'aminopyrine et 
de l’aniline chez la ratte Sprague-Dawley. Dans notre 
travail, le régime gras n’a pas, chez le rat mâle Wistar, 
d’effet significatif sur les activités enzymatiques et sur 
la concentration du P-450, rapportées aux protéines. 
Cependant, il faut noter que les pourcentages d’aug
mentation de ces paramètres par foie entier, sous l’in
fluence du régime gras (P-450 +36%; NADPH- 
cytochrome c réductase +42%; hydroxylation de 
l’aniline +42%) sont supérieurs à ceux du poids du 
foie ( + 29%) et de la quantité totale de protéines mic
rosomales ( + 29%). Le régime gras réduit d’ailleurs de 
1 2 % le temps de sommeil provoqué par l'hexobarbi- 
tal. Nos résultats ne sont donc pas en contradiction 
avec ceux de Béraud et al. (1975) mais ils sont moins 
nets. Outre les différences de race et de sexe des ani
maux, nous pensons que le moindre effet de notre 
régime gras sur les enzymes microsomales pourrait 
s’expliquer si l'on compare les compositions en lipides 
des deux régimes, particulièrement la teneur en acide 
linoléique. Le régime utilisé par Béraud et al. (1975) 
titre 30% de lipides sous forme d’huile d’arachide. 
Notre régime comporte 39% de lipides provenant 
essentiellement de saindoux. Nous avons calculé que 
le régime de Béraud et al. (1975) apporte environ deux 
fois plus d’acide linoléique que le nôtre: 5,5% (w/w) 
au lieu de 2,8%. Si notre hypothèse est exacte, elle

h.< .T. 17 5- i
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signifie que les régimes hyperlipidiques augmentent 
l’activité des monoxygénases microsomales dans la 
mesure où ils élèvent l'apport en acide linoléique.

Le régime hyperlipidique augmente le poids cor
porel ainsi que celui du tissu adipeux. L’ingestion de 
lindane supprime ces excès de poids dûs au régime 
gras. Nous pensons qu’il pourrait s’agir là d’un effet 
consécutif à l'action neurotrope du pesticide. La 
stimulation de l’hypothalamus augmente la sécrétion 
de l'adrénocorticotrophine (ACTH) hypophysaire. On 
sait que l'ACTH. en activant la triglycéride-lipase 
(“lipase hormonosensible") accroît la lipolyse dans le 
tissu adipeux (Vaughan, 1964). L’ACTH agit aussi sur 
les surrénales. Les catécholamines de la médullosurré- 
nale (Vaughan, 1964) et les glucocorticoïdes du cortex 
(Fain. Scow et Chernick. 1963) sont eux-mêmes des 
activateurs de la triglycéride-lipase. Or. dans un tra
vail en cours. J. Roffi (communication personnelle,
1978) mesure les teneurs en catécholamines des surré
nales chez des rattes Sherman traitées pendant 5 mois 
par des régimes comportant 60 ppm de lindane. L’ali
mentation est soit équilibrée, soit hyperlipidique (45° 0 

de saindoux plus 1°„ d’huile de noix). 11 constate une 
interaction antagonique entre les effets du pesticide et 
du régime sur l'adrénaline surrénalienne: l’insecticide 
n’a pas d’effet significatif sur la quantité d'adrénaline 
lorsque le régime est équilibré alors qu’il la diminue 
avec le régime gras. Une moindre teneur en adréna
line surrénalienne résulte soit d’un accroissement de 
la sécrétion de l’hormone à partir de la médullosurré- 
nale soit d'une diminution de sa synthèse. Dans le 
premier cas. l'adrénaline libérée agit sur la trigly
céride-lipase de l’adipocyte et ainsi augmente la lipo
lyse. Si nous rapprochons nos résultats de ceux de J. 
Roffi. nous comprenons alors pourquoi le poids cor
porel et le poids du tissu adipeux sont très sensible
ment diminués chez les rats traités et nourris avec le 
régime hyperlipidique. D’autre part nous comprenons 
aussi pourquoi il n’y a pas d’effet du lindane lorsque 
le régime est équilibré puisque nous venons de voir 
que la teneur en adrénaline de la surrénale des rats 
traités n'est pas différente de celle des témoins. Il re
sterait toutefois à prouver l’augmentation des caté
cholamines circulantes chez les animaux à la fois 
traités par le lindane et nourris au régime gras.

Par cette expérience, nous confirmons que l’inges
tion de 18 fie lindane/Kcal de nourriture pendant 4 
semaines, induit les monoxygénases du foie chez le 
jeune rat mâle. Nous avons déjà signalé que l’induc
tion enzymatique par le pesticide s'accompagne d’une 
augmentation de la teneur en phosphatidylcholine 
(Pélissier et al. 1978). Nous constatons que. non seule
ment. la phosphatidylcholine est en plus grande quan
tité dans les microsomes du foie des rats traités, mais 
que le lindane modifie sa composition chimique: la 
proportion de l’acide linoléique est fortement aug
mentée. A notre connaissance, la littérature ne signale 
pas de travaux en ce domaine portant sur les insecti
cides organochlorés. Mais Davison et Wills (1974a) 
rapportent que le phénobarbital élève la proportion 
de cet acide, et Joly. Hetu. Mavier et Villeneuve (1976) 
remarquent un même effet dû à l'ingestion d’éthanol. 
Ainsi, trois inducteurs des enzymes microsomales (lin
dane, phénobarbital et éthanol) ont la même propriété 
d’augmenter la proportion de l’acide linoléique de la 
phosphatidylcholine microsomale. D’autre part

Grinna (1977) montre que cette proportion diminue 
avec l’âge des rats. Or on sait que généralement la 
capacité de métaboliser les composés xénobiotiques, 
et encore plus de “répondre” à l’induction, diminue 
quand les animaux vieillissent. Cet ensemble de faits 
expérimentaux nous amène à partager l’opinion de 
Davison et Wills (1974a) lorsqu’ils écrivent: “des 
espèces spécifiques de phosphatidylcholine (ou de 
phosphatidyléthanolamine) contenant de l'acide lino
léique en position fl seraient nécessaires pour la for
mation de la membrane microsomale et seraient asso
ciées aux protéines pendant le processus d’induction". 
L'acide linoléique. ou peut-être tout autre acide de sa 
famille ène to-6. jouerait alors un rôle primordial dans 
l’induction des monoxygénases. Rôle que l’on peut 
rapprocher de l’effet “permissif des acides gras de 
l’huile de hareng et du sitostérol oxydé que propo
saient Marshall et McLean (1971). L'augmentation de 
la proportion de l’acide linoléique dans les micro
somes hépatiques est-il un phénomène général lors de 
l’induction des enzymes liées au cytochrome P -450? A 
l'exclusion peut être de l'induction par les hydrocar
bures polycycliques (Davison et Wills 1974a.b).

Dans ce travail, nous constatons une interaction 
entre les effets du régime gras et du lindane sur le 
temps de sommeil provoqué par l'administration 
d’hexobarbital. D’après nos résultats concernant les 
activités potentielles des monoxygénases microso
males, nous pouvions nous attendre à ce que le temps 
de sommeil provoqué par l'hexobarbital soit particu
lièrement diminué chez le rat traité nourri au régime 
gras. En effet, in vitro, les activités par foie entier sont 
accrues et par l'insecticide et par le régime. Or le 
régime hyperlipidique atténue l’effet du lindane sur la 
durée de sommeil provoqué. Il y a donc discordance 
des résultats in vivo et in vitro. Nous pensons qu’in 
vivo l’apport de NADPH pourrait être en quantité 
limitante lors de la biotransformation de l’hexobarbi- 
tal chez le rat à la fois traité au lindane et nourri au 
régime gras. En effet, il est connu que les régimes 
hyperlipidiques abaissent le rapport NADPH/NADP 
cytoplasmique (Griglio, Goranov. Lavau et Lowy,
1969). De plus, on sait depuis peu que le métabolisme 
du lindane nécessite une forte demande en NADPH: 
son oxydation en hexachlorocyclohexanol (Stein. Por- 
tig et Koransky. 1977) et sa déshydrogénation en 
hexachlorocyclohexène (Chadwick. Chuang et Wil
liams. 1975) sont des réactions microsomales dépen
dantes du NADPH et du P-450. C'est ainsi que les 
effets des substances xénobiotiques sur la cellules 
intacte pourraient différer de ceux que l’on observe in 
vitro. Il faut tenir compte in vivo de la relation réci
proque des métabolismes intermédiaire et microsom- 
al. Il s’agit là d'un point qui. semble-t-il, n’a retenu 
l’attention que de quelques groupes de chercheurs 
(Lowy et Derache, 1974; Pélissier. Manchon, Collomb 
et Albrecht, 1973; Schenkman, Cinti et Moldeus. 
1973; Thurman, Marazzo et Scholz. 1974; Weiel et 
Sies, 1977).
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Abstract—The ingestion by normal adults of a meal including vegetables rich in nitrate led to a rapid 
increase in the salivary nitrite concentration. This was followed by a fall towards the fasting nitrite levels, 
although the concentration in the saliva remained elevated for as long as 21 hr. Using foods as sources of 
nitrosatable amines, studies have been made both in vitro and in vivo on the formation of N-nitroso 
compounds under the conditions encountered in the human stomach, with special reference to the 
different thiocyanate concentrations in smokers and non-smokers. The nitrite level and pH of gastric 
contents increased markedly following the consumption of a meal containing nitrite, reaching maxima 
within about 45 min and then returning towards fasting levels. /V-Nitrosopiperidine (NPIP) and N-nitroso- 
pyrrolidine were the major volatile nitrosamines produced when foods were incubated with nitrite 
under acid conditions in vitro. At the nitrite concentrations likely to occur in the stomach, nitrosamine 
formation was reduced and was significantly lower in the absence of thiocyanate than in its presence at 
levels of 02- 3 mM. Trace amounts of NPIP were detected occasionally in the gastric contents of volun
teers after ingestion of homogenized foods containing nitrite. Both volatile and non-volatile jV-nitroso 
compounds were obtained from a tobacco-smoke condensate following incubations in vitro simulating 
those likely to occur within the human stomach. Under the same conditions, N-nitrosation occurred in 
incubations containing the antidepressant nortriptyline, but this was greatly reduced in the presence of 
ascorbic acid.

INTRODUCTION

The nitrite concentrations in the saliva of a group 
of randomly selected individuals were found by Spie- 
gelhalder, Eisenbrand & Preussmann (1976) to range 
from 014 (i m  to 0-43 mM, with an average value of 
0-097 mM. Okabe (1973) reported even wider vari
ations in a group of 200 Japanese subjects. Neverthe
less, salivary nitrite levels have been found to increase 
significantly following the ingestion of nitrate-rich 
vegetables or their juices (Harada, Ishiwata, Naka
mura, Tanimura & Ishidate, 1975; Ishiwata, Bori- 
boon, JSlakamura, Harada, Tanimura & Ishidate, 
1975; Okabe, 1973; Spiegelhalder et al. 19?6; Ste- 
phany & Schuller, 1975; Tannenbaum, Weisman & 
Fett, 1976). In general, the increase in nitrite concen
tration in the saliva correlated directly with the sali
vary nitrate content, although Spiegelhalder et al. 
(1976) observed a threshold intake of nitrate of about 
54 mg, below which the salivary concentrations of 
nitrate and nitrite remained unchanged.

In the long-term feeding of nitrite and morpholine 
to rats, Shank & Newberne (1976) found that the 
nitrite concentration in the diet had a greater effect 
than the amine level on the formation of N-nitroso- 
morpholine and thereby on tumour induction, but

’Presented in part at the Fourth IARC Working Confer
ence on Environmental N-Nitroso Compounds—Ana
lysis and Formation, held in Tallinn, Estonian SSR, in 
October 1975.

Telling, Hoar, Caswell & Collings (1976) concluded 
that the concentration of dimethylamine or pyrroli
dine in the diet had a greater influence on the forma
tion of the corresponding nitrosamines in the rat 
stomach than did the level of nitrite in the drinking- 
water. The latter authors found no nitrosamine for
mation with amine levels of 100 ppm, although Shank 
& Newberne (1976) reported that levels of nitrite and 
the amine as low as 5 ppm were carcinogenic in a 
small proportion of treated rats.

In studies on the availability in foods of precursors 
of N-nitroso compounds, Walters, Newton, Parke & 
Walker (1974) detected four volatile nitrosamines, 
N-nitrosodimethylamine (NDMA), -diethylamine 
(NDEA), -pyrrolidine (NPYR) and -piperidine 
(NPIP), arising from the nitrosation of milk products. 
The nitrosatability of a secondary amine depends 
markedly on its basicity. The rate of nitrosation of 
piperazine (pKa 5-57) is, for instance, no less than
185,000 times faster than that of piperidine (pKa 1T2) 
under comparable conditions and at the optimum pH 
(Mirvish, 1975).

The series of in vivo and in vitro studies reported 
here were designed to relate these earlier findings to 
the normal patterns of food consumption by man and 
to assess, under conditions reflecting as closely as 
possible the actual situation in the consumer, the 
probable exposure to N-nitroso compounds resulting 
in vivo from dietary nitrite or nitrate. Changes in the 
nitrite concentration of human saliva as a result of 
ingestion of a meal consisting principally of salad veg
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etables were determined, therefore. A further study 
examined the interactions of normal foodstuffs (as dis
tinct from individual amines of unknown significance 
to the diet) during their retention in the human 
stomach. The possible influence of smoking and drugs 
on the in vivo formation of nitrosamines was also 
examined, in relation both to the provision of nitros- 
atable precursors and, in the former case, to the effect 
on levels of thiocyanate, a potent catalyst of second
ary amine nitrosation (Boyland & Walker, 1974). 
Since tests involving tobacco-smoke condensates and 
drugs were not possible in man, in v itro  conditions 
simulating those within the human stomach were 
used for this work. The nitrite level adopted was ap
proximately the maximum detected in the stomach 
following ingestion of a meal containing nitrite, whilst 
the concentration of thiocyanate corresponded to the 
mean gastric level found in smokers.

EXPERIMENTAL

E ffe c t o f  d ie ta ry  n itra te  on sa liva ry  n itr ite  levels. 
Each of a group of nine volunteers consumed nitrate- 
rich meals consisting of lettuce, beetroot, carrot, 
celery and radish to a total K N 0 3 content of 
90-115 mg (0-90-1T5 mmol), supplemented by cheese, 
bread and butter and an apple; water was provided 
ad  lib. The test meals were taken on 3 days alternating 
with control days when no dietary regime was imple
mented, but the other foods and liquids taken were 
standardized as far as possible to avoid nitrate-rich 
components. Throughout the 5 days, samples of saliva 
of at least 3 ml were collected in beakers at regular 
intervals from the volunteers, following self-stimu
lated salivation, and were processed shortly after
wards.

E ffe c t  o f  d ie ta ry  n itr ite  and  g a stric  n itr ite  levels. 
Using Ryle’s nasal tubes, samples of gastric juice were 
recovered from six student volunteers before and after 
consumption of a meal consisting of a fried egg (40 g), 
bread (32 g), butter (16 g), cheese (22 g), biscuits (17 g), 
milk ( 2 0 0  ml) and luncheon meat (80 g), the latter hav
ing been produced at BFMIRA without added 
nitrate. The calculated overall concentration of nitrite 
in the whole meal, excluding milk, was 083 mM.

D eterm in a tio n  o f  th io cya n a te  levels. Samples of 
saliva were taken at intervals from 30 volunteers (15 
smokers and 15 non-smokers) and samples of fasting 
gastric juice from 26 volunteers (six smokers and 2 0  

non-smokers) for the determination of thiocyanate 
levels, by the method of Johnson (1916).

D eterm in a tio n  o f  phenols. The level of total phenols 
were determined in gastric-juice samples taken at 
various intervals from one smoker and four non- 
smokers, using the Folin & Ciocalteu (1927) reagent.

N itro sa tio n  o f  fo o d  am ines in vitro. Using an MSE 
Atomix, meals similar to that used in the preceding 
experiment (including fried egg, bread, butter, cheese, 
biscuits, milk and luncheon meat) were homogenized 
in human gastric juice, the overall nitrite concen
trations of the homogenates being adjusted to 
0-46 mM (32 ppm as N aN 02). After adjustment of the 
pH to 2 0 the homogenates were incubated for 3 hr at 
37°C. In addition, various individual foods were hom
ogenized separately and incubated with a 0-15-m con
centration of nitrous acid. The whole-meal homo

genate was also used to determine the effect of 
thiocyanate on nitrosamine formation. Any volatile 
nitrosamines formed were separated by distillation 
under reduced pressure by a method based on that of 
Telling, Bryce, Hoar, Osborne & Welti (1974).

N itro sa tio n  o f  sm oke co ndensa te  a n d  n o rtr ip ty lin e  
h ydroch lor ide  in vitro. A tobacco smoke condensate 
was added to an HC1-KC1 buffer of pH 2-0 to give 
a concentration of l-0g/100ml. This was nitrosated 
under exhaustive and simulated gastric conditions, 
the nitrite concentrations being adjusted to either 
0T4m or 0-3 mM. Subsequently, incubations at 37 C 
were continued for 3 hr with agitation. Similarly, the 
antidepressant nortriptyline hydrochloride (3-(3- 
methylaminopropylidene)-l,2,4.5-dibenzocyclohepta-
1,4-diene hydrochloride) at a concentration of 45-5 mg/ 
1 0 0  ml was nitrosated under simulated gastric condi
tions in human gastric juice previously cleared by 
centrifugation and adjusted to pH 2-0, using an initial 
nitrite concentration of 0-3 mM. Any extractable N -  
nitroso compounds formed during the incubations 
were separated by repeated extraction into 1 ,2 -di- 
chloroethane.

In c u b a tio n  o f  fo o d s  in vivo. Oral tubes of approxi
mately 5-mm bore permitted both the entry and sub
sequent recovery of slurries of meals into and from 
the stomachs of volunteers after requisite time inter
vals. Experiments made with food slurries prepared 
with the addition of phenol red, a dye that is not 
absorbed from the stomach, indicated high recoveries 
(80-90%) of the food slurries by this method. The 
homogenates of meals consisting of egg, milk and lun
cheon meat with nitrite contents ranging from 0-46 to 
0-77 mM (32-53 ppm) were of a consistency to permit 
passage along the oral tubes. After recovery of the 
slurries following residence within the human 
stomach, any volatile nitrosamines formed were 
separated by the technique used for the products of in 
vitro  nitrosation.

A n a ly tic a l m e th o d s

D e term in a tio n  o f  n itr ite . After deproteinization with 
Carrez reagents (Adriaanse & Robbers, 1969) pre
pared free of nitrite, determinations were made by a 
method based on that of Shinn (1941).

C o n cen tra tio n  and  estim a tio n  o f  vo la tile  n itro s
am ines. Volatile nitrosamines contained in distillates 
of in vivo or in v itro  incubations were extracted into 
dichloromethane after addition of sodium chloride to 
the aqueous phase to give a concentration of 1 0 % 
w/v. After careful concentration of the extracts in a 
Kudema Danish evaporator placed in a water-bath 
thermostatically controlled at 55°C and subsequent 
transfer into hexane, individual volatile nitrosamines 
were detected and determined by gas chromatography 
using as a detector a high resolution Hitachi RMU7L 
mass spectrometer in the manner of Crathorne. 
Edwards, Jones, Walters & Woolford (1975). Volatile 
nitrosamines formed in incubations with smoke con
densates were concentrated similarly and determined 
by a combined gas chromatograph-thermal energy 
analyser (Thermo Electron Corporation, Waltham, 
MA, USA).

D eterm in a tio n  o f  e x tra c ta b le  N -n itro so  com pounds. 
These compounds as a group were determined by the 
method of Downes, Edwards, Elsey & Walters (1976)
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Fig. 1. Mean salivary nitrite levels before and after consumption (over the period B) of a salad-type
meal containing 115 mg nitrate as KN03 (▲-----▲) and on days when nitrate consumption was low
(A-----A).

using a chemiluminescence analyser. Differentiation 
from any inorganic or alkyl nitrites and S-nitroso- 
thiols was accomplished through the use of acetic acid 
alone prior to the denitrosation of any N-nitroso 
compounds present, using hydrogen bromide in acetic 
acid.

RESULTS

E ffe c t o f  d ie ta ry  n itra te  on  sa liva ry  n itr ite  levels

In a group of normal volunteers, who showed a 
wide variation in initial salivary nitrite levels 
(mean + SEM of 0-13 + 0-0457 him), consumption of 
salad-type meals rich in nitrate (90-115 mg or
0-90-1-15 mmol as K N 0 3) was followed by a rapid 
rise in salivary nitrite levels (Fig. 1). Peak nitrite con
centrations (1-77 + 0-283 mM) were reached about 
2  hr after completion of the meal, the differences 
between the peak and the basal values being highly 
significant. Approximately 21 hr after the test meal, 
on the intervening control days, the nitrite levels still 
showed a slight increase, although this decreased 
further during the following 2-5 hr. Individual vari
ation in the salivary nitrite levels was generally small 
on the control days, when nitrate-rich dietary com
ponents were avoided as far as possible.

E ffe c t o f  d ie ta ry  n itr ite  on g a stric  n itr ite  levels

Following ingestion of a meal containing nitrite at 
an overall level of 0-83 mM, a rapid rise in mean pH 
and in gastric levels of nitrite took place, with maxi
mum values for both occurring approximately 40 min 
after commencement of the meal (Fig. 2). Thereafter, 
the pH started to fall towards the average fasting 
value and there was a sharp decrease in the mean 
gastric nitrite level from about 60 min. The nitrite 
concentration in the fasting gastric juice of the sub
jects was 14 ±  8-17 gM (mean + SEM).

F a stin g  levels o f  th io cya n a te  a n d  phenols

The concentrations of thiocyanate in both the 
saliva and gastric juice of smokers were on average 
three or four times higher than those of non-smokers.

In both groups, levels were lower in the gastric con
tents (0-48 ±  0-076 (n = 20) and 1-49 + 0-094 m M  (n —
6 ), respectively, for non-smokers and smokers) than in 
the saliva (1-82 ±  0183 (n = 15) and 5-45 ±  0-190 
(n = 15) respectively) presumably due to dilution by 
gastric juice. The difference between the thiocyanate 
levels in the saliva of smokers and non-smokers was 
maintained in repeated determinations throughout a 
day (Fig. 3).

In a limited study of the concentration of total 
phenols in gastric juice, analysis of 19 samples from 
four non-smokers gave values in the fasting gastric 
juice ranging from 1-2 to 4-3 mM, as phenol, with an 
average value of 2-06 mM. The corresponding range 
for five determinations on samples from a smoker was 
1-5—3-5 mM, with an average of 2-64 mM. Thus on the 
basis of the small number of observations made, no 
significant difference was apparent between the two 
groups.

pH values (A---- A) following consumption (over the
period ffl) of a meal containing 0-83 m M  nitrite (58 ppm as 
NaNQ2).
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Fig. 3. Variation of salivary thiocyanate concentrations
with time, over a working day, in three smokers (•----- •)
and three non-smokers (O---- O).

Nitrosation of amines in vitro
Nitrosation of food amines. The predominant vola

tile nitrosamines arising from the deliberate nitros
ation of foods, particularly those of dairy origin, by 
means of a high concentration of nitrous acid (0T5 m ) 
were NPIP and NPYR. The maximum levels of each 
detected by gas chromatography coupled with high- 
resolution mass spectrometry were 83 and 42 mg/kg, 
respectively.

Table 1 illustrates the extent to which increasing 
the concentration of thiocyanate above that found in 
the fasting gastric juice of a smoker affects the average 
formation of NPIP and NPYR by a whole-meal 
slurry containing an overall nitrite concentration of 
046 m M  and incubated for 3 hr at pH 2 0 and 37°C. A 
significant difference (P < 0 05 by Student’s f test) was 
noted between the formation of NPIP in the absence 
of thiocyanate and that in its presence at any level, 
but no significant variation was apparent within the 
range of thiocyanate concentrations tested (0 -2 — 
3 0 mM). NPYR production was very small through
out and no significant variations were noted.

The formation of NPIP and NPYR was determined 
also in slurries of meals consisting of luncheon meat, 
egg and milk (as used in in vivo studies) incubated for 
up to 3 hr at 37°C and pH 2 0. Nitrite was present to 
an overall concentration of 0-43 m M  and thiocyanate 
was added to 1-2 m M . The formation of NPIP to a 
mean value of 6-7 mg/kg was apparent after incuba
tion for 15 min and did not increase further when 
incubation was prolonged for up to 3 hr. NPYR forma
tion was extremely small, ranging between 0 - 2  and
0-3 mg/kg.

Nitrosation of nortriptyline. The initial realistic 
nitrite concentration adopted (0-3 m M )  fell rapidly 
within the first 30 min at 37°C and pH 2 0 to approxi
mately 0T 2nm  Continued incubation resulted in 
concentrations of 0 07, 0 04, 0 03 and 0-02 m M  after 60, 
90. 120 and 180 min respectively. The residual nitrite

Table 1. Effect of thiocyanate concentration on mean forma- 
lion of volatile nitrosamines from food amines following incu

bation with 0-46 mM nitrite at pH 2-0 and 37 C

Thiocyanate
Formation of volatile nitrosamines 

(fig/kg food)

(mM) NPYR NPIP

0 0 0 8 - 0

0 - 2 2 0 36
0 - 6 1 0 30
1-2 1 0 34
30 1 0 51

NPYR = N-Nitrosopyrrolidine 
NPIP = N-Nitrosopiperidine

was removed with 45 mM-sulphamic acid before 
extraction of any N-nitroso compounds.

N-Nitroso compounds were formed in the presence 
and absence of nortriptyline hydrochloride, the ad
ditional extractable N-nitroso compounds attribu
table to the drug amounting to 31 ^g as N-nitroso- 
nortriptyline, only a small proportion of the total 
dose. The inclusion of ascorbic acid at a concen
tration of 5 0 m M  in the incubations reduced the ad
ditional nitrosation by 75°/0.

Nitrosation of amines in a tobacco-smoke conden
sate. Exhaustive nitrosation of the condensate yielded 
880pg extractable N-nitroso compounds (as NPYR)/g 
condensate. This compared with an initial content of
1-2/ig (as NPYR)/g in the untreated smoke conden
sate. Of the N-nitroso compounds formed, 17% could 
be separated by distillation under reduced pressure 
from a solution of 1 0 % w/v sodium chloride in the 
manner of Telling et al. (1974), the remaining 83% 
being non-volatile. The volatile nitrosamines, equival
ent to 150/rg (as NPYR)/g smoke condensate were 
characterized, by gas chromatography coupled with 
the thermal energy analyser, as NDMA (35%) and 
NPYR (53%), with 12% being either lost or unac
counted for as a simple volatile compound.

The reduced nitrite concentration in the simulated 
gastric nitrosations led to only small recoveries of N- 
nitroso compounds extractable into dichloromethane. 
Of the total production of N-nitroso compounds 
(1 2 /rg/g tobacco-smoke condensate expressed as 
NPYR), only about 10% was found in the fraction 
that distilled in steam under reduced pressure, with 
approximately 70% remaining non-volatile. Thus, 
20% of the N-nitroso compounds produced at the 
lower nitrite concentration were either not recovered 
from the distillation process or were lost, presumably 
as a result of their lability.

Nitrosation offood amines in vivo
No NPIP was detected in slurries recovered on 

three separate occasions from the stomach of a 
smoker and a non-smoker 15 min after introduction 
of a homogenate of luncheon meat, egg and milk with 
an overall nitrite concentration of 0-46 m M . However, 
when similar homogenates with a mean nitrite con
centration of 0-51 m M  were retained in the human 
stomach for 30 min, NPIP was detected three times in 
the stomach contents from the smoker (at concen
trations of 0-52, 0-27 and 0-54 pg/kg) and once in that
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from the non-smoker ( 0  36 gg/kg) in seven tests on 
each subject. No NPIP was detected in the samples 
from either the smoker or non-smoker on the one 
occasion when it was possible to extend the time of 
incubation in the stomach to 60 min. No other vola
tile nitrosamines of the simple dialkyl type were iden
tified in any of the samples.

Since the use of an oral tube for the introduction of 
the samples into the stomach and their removal from 
it might have reduced the availability of thiocyanate 
from the saliva, meals containing 0-49-0-64 mM 
(34-44 ppm) nitrite were eaten whole and as much as 
possible was recovered via the oral tube. Only 
40-50% of the intake was recovered in this manner, 
compared with a mean recovery of 85% of the com
minuted form, and neither NPIP nor NPYR was 
detected in any of the six samples analysed following 
recovery after both 30 and 60 min in the stomach.

DISCUSSION

The great individual variation in salivary nitrite 
concentrations reported by several workers was borne 
out by these studies. Okabe (1973) found nitrite levels 
ranging from 00014 to 2-9 mM in the saliva of 200 
Japanese subjects, while values in the range 
0 00014-0-43 mM, with an average of 0 097 mM, were 
obtained by Spiegelhaider et al. (1976), who con
cluded that differences in dental hygiene could not be 
the only cause for the large variations observed. The 
studies reported here provide a measure of the extent 
and duration of the rise in salivary nitrite concen
tration resulting from the consumption of a salad- 
type meal that could well be chosen by members of 
the general public.

In comparison with the levels observed on control 
days when the volunteers consumed other meals 
generally low in nitrate, the increases in salivary 
nitrite shortly after the ingestion of salads were highly 
significant. At the peak salivary nitrite concentration, 
the conversion factor obtained, namely an average in
crease of 98 ppm sodium nitrite in the saliva for each 
1 0 0  mg potassium nitrate ingested was in reasonable 
agreement with the mean value of approximately 
140 ppm N aN 02/100 mg K N 0 3 calculated from the 
data of Tannenbaum et al. (1976), whilst the conver
sion found by Spiegelhaider et al. (1977) was 20 ppm 
N aN 0 2 /100mg K N 0 3. Assuming a flow of saliva of 
50ml/hr, it is estimated that about 20 mg sodium 
nitrite would enter the stomach within 4-5 hr, after 
the ingestion of a nitrate-rich salad meal of the type 
described here. This compares with a value of ap
proximately 40 mg nitrite resulting within the same 
period from the drinking of red-beet juice containing 
four times as much nitrate (Spiegelhaider et al. 1976), 
which suggests that nitrate contained in lettuce, beets 
etc. is extracted and utilized at least as readily as that 
swallowed in solution in an extract. The peak salivary 
concentration of nitrite occurred between 50 and 
250 min after the commencement of the salad-type 
meals. Over a period of 30 min around the time of the 
observed peak nitrite concentration, a saliva flow of 
50 ml/hr would introduce into the stomach approxi
mately 3 mg sodium nitrite. Judging by the further in 
vivo studies conducted, the pH by that time could 
have already decreased towards the low fasting value

of the stomach as a result of hydrochloric acid se
cretion to overcome the buffering action of the meal. 
This situation differs from that of the consumption of 
a meal containing nitrite itself, in which case the gas
tric nitrite concentration increases gradually, presum
ably as a result of its distribution amongst the 
stomach contents, and then reacts with phenolic, 
amino, sulphydryl and other groups over a short 
period as the pH falls as a result of hydrochloric acid 
secretion. The maximum level of nitrite observed in 
the stomach following its ingestion in a meal was in 
keeping with its distribution from the food through
out the stomach contents (about 1 litre in volume), 
suggesting that losses by absorption or by passage 
into the duodenum were small. In keeping with these 
results, positive indications of the formation of NPIP 
in vivo were not obtained with residence times of less 
than 30 min, by which time gastric pH values would 
presumably have been lowered by the renewed se
cretion of hydrochloric acid into the stomach.

The difference between the thiocyanate levels in the 
saliva of smokers and non-smokers observed by 
Densen, Davidow, Bass & Jones (1967) was confirmed 
and was also found in the gastric juice obtained from 
such groups, although the actual concentrations were 
lower in the gastric juice than in the saliva. Neverthe
less, thiocyanate levels in the gastric juice of both 
smokers and non-smokers fell within the range con
sidered by Boyland & Walker (1974) to be significant 
as a factor in the stimulation of the nitrosation of 
secondary amines at pH 3-0 and below. Phenols of 
various types have been considered either to inhibit 
(Challis, 1973) or to stimulate (Challis & Bartlett, 
1975; Davis & McWeeny, 1977; Walker, Pignatelli & 
Castegnaro, 1975) the formation of nitrosamines from 
a secondary amine. Since, however, their levels in fast
ing gastric juice showed no difference between 
smokers and non-smokers, neither effect on nitros
ation is more likely to occur in one group than in the 
other.

The NPIP and NPYR formed in foods in contact 
with nitrite may well not be the bases themselves but 
derivatives such as piperine, which can occur in pep
pers. Certainly the formation of these volatile nitros
amines from spices treated with nitrite is well authen
ticated (Gough & Goodhead, 1975; Sen, Miles. 
Donaldson, Panalaks & Iyengar, 1973) and the con
version of piperine to NPIP has been demonstrated 
by Lijinsky, Conrad & Van de Bogart (1972). At a 
nitrite concentration likely to be close to the maxi
mum that could be produced in the stomach by diet
ary means, the formation of NPIP within a realistic 
residence time in that organ was approximately 1 0 % 
of that produced during drastic nitrosation and was 
stimulated considerably in the presence of thio
cyanate. Formation of NPYR, on the other hand, 
represented only a small proportion of the total pro
duced under drastic nitrosation conditions, even when 
stimulated by thiocyanate, and this suggests that dif
ferent pathways are operative in the production of 
these two volatile nitrosamines. At low pH values and 
nitrite concentrations, for instance, the nitrous acid 
route of nitrosation, in which the reaction rate is pro
portional directly to both the nitrite and hydrogen 
ion concentrations, is favoured (Mirvish, Sams & 
Hecht, 1977).
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The reaction of the analgesics propoxyphene and 
norpropoxyphene with nitrous acid has been used for 
their simultaneous determination (Serfontein & de 
Villiers, 1976). At a nitrite concentration that could be 
achieved within the human stomach, nitrosation of 
the drug nortriptyline was apparent, although it in
volved only a small percentage of the total dose. To 
date, the possible carcinogenicity of N-nitrosonor- 
tryptyline has not been investigated. Nevertheless, its 
potential yield arising from in vivo nitrosation of the 
maximum recommended dose of nortriptyline is likely 
to be far greater than the amount of volatile nitros- 
amines ingested in the average British diet. The pro
nounced inhibitory action of ascorbic acid on the 
nitrosation of nortriptyline under conditions simulat
ing those within the human stomach is encouraging in 
relation to the use of combined formulations designed 
to reduce or prevent nitrosamine formation in vivo.

The most likely major component of the non-vola
tile fraction of N-nitroso compounds produced by 
nitrosation of a tobacco-smoke condensate is N-nitro- 
sonornicotine, arising from the nicotine present (Hoff
mann, Hecht, Ornaf, Wynder & Tso, 1976). Currently, 
little if any information is available on the amount of 
nicotine entering the stomach of a smoker, although a 
quantity will be contained in swallowed saliva. Prob
ably, therefore, the most important point brought out 
by this part of these studies is the much smaller 
amount of ¡V-nitroso compound found in the un
treated condensate itself compared with that pro
duced in the presence of nitrite under simulated in 
vivo conditions.
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Abstract—The hepato-metabolic conversion of aflatoxicol to aflatoxin B, was studied by administering 
[ l4C]aflatoxicol to the rat iv and to rat primary hepatocyte culture. Aflatoxicol was found to be rapidly 
metabolized to the parent toxin, aflatoxin B,, both in the rat in vivo and in primary hepatocyte culture. 
The aflatoxin B, so-formed was confirmed by thin-layer chromatography, autoradiography and 
high-pressure liquid chromatography, and that formed in vitro was also confirmed by ultraviolet 
absorption spectroscopy, and by its mutagenic potency. In comparison to aflatoxin B,, aflatoxicol 
showed a higher level of distribution to the tissues and a shorter plasma biological half-life. The 
biological potency of aflatoxicol and the correlation of its formation with species sensitivity to the 
carcinogenic effect of aflatoxin B, may be due to its ability to undergo oxidation to the parent toxin, 
aflatoxin B,, allowing further bioactivation.

INTRODUCTION

Aflatoxin Bt (AFB,), a potent foodborne 
carcinogenic mycotoxin, is known to be
biotransformed by various animal species into several 
metabolites with different toxicological characteristics 
(Campbell & Hayes, 1976). One of these metabolites 
is aflatoxicol (AFL), a reduced cyclopentenol product 
of AFB, whose formation is catalyzed by cytoplasmic 
reductase(s). AFL has been produced in vitro 
(Patterson & Roberts, 1971; Salhab & Edwards, 
1977a; Schoenhard, Lee, Howell. Pawlowski, Libbey 
& Sinnhuber, 1976) and recently identified as an in 
vivo metabolite in rat plasma (Wong & Hsieh, 1978). 
Previous in vitro studies using liver homogenates have 
shown that AFL can be oxidized back to AFB, 
(Patterson & Roberts, 1972; Salhab & Edwards, 
1977a) (Fig. 1). It has been suggested that the 
reversibility of conversion of AFL to AFB, may 
prolong cellular exposure to the toxic effects of AFB, 
(Loveland, Sinnhuber, Berggren, Libbey, Nixon & 
Pawlowski, 1977; Patterson & Roberts, 1972). Recent 
studies using liver homogenates have also suggested 
that the sensitivity of an animal species to the 
carcinogenic effect of AFB, can be directly correlated 
with hepatic activity for transforming AFB, to AFL 
(Hsieh, Wong, Wong, Michas & Ruebner, 1977). AFL 
is indeed the most carcinogenic (Schoenhard, 1974) 
and mutagenic (Wong & Hsieh, 1976) metabolite of 
AFB, so far isolated and identified. In the present 
study, the conversion of AFL to AFB, was studied 
under in vivo conditions and also in the primary 
hepatocyte cultures of the rat, a species highly sensi
tive to the carcinogenic effect of AFB,.

•Present address: Standard Oil of California, Chevron En
vironmental Health Center, P.O. Box 1272. Richmond, 
CA. 94802.

IPresent address: Chemical Industry Institute of Toxi
cology. P.O. Box 12137. Research Triangle Park, N.C. 
27709.

|To whom requests for reprints should be addressed.

EXPERIMENTAL

Animals. Male Sprague-Dawley rats (Simonson 
Labs, Gilroy, CA) weighing 240-260 g and male New 
Zealand rabbits (4-5 months) were purchased from 
Animal Resource Services, University of California, 
Davis. The animals were fed Purina Laboratory 
Chow (Ralston Purina, St. Louis, MO) and tap water 
ad lib.

Chemicals. Non-radioactive AFB, was purchased 
from Calbiochem, La Jolla, CA. Ring-labelled [ 1 4 C]- 
AFB, was prepared from cultures of Aspergillus para
siticus ATCC 15517 supplemented with [1-I4 C] 
acetate according to a previous procedure (Hsieh & 
Mateles, 1971). Purification of AFB, consisted of 
repeated thin-layer chromatography (TLC) on silica 
gel (Brinkman Instruments, Inc., Westbury. NY) 
developed with chloroform-acetone (9:1), followed by 
high-pressure liquid chromatography as described 
previously (Hsieh, Fitzell, Miller & Seiber, 1976). 
[ 1 4 C]AFL was produced by enzymatic conversion of 
[ 1 4 C]AFB, (Salhab & Edwards, 1977b) as summar
ized below. Four rabbits were killed, and their livers 
were excised and pooled for homogenization by Poly- 
tron® (Brinkman Instruments, Westbury, NY) in 2-5 
volumes of ice-cold 0-25 M-sucrose solution containing 
3 mM-MgCl2 and 50 mM-HEPES buffer, pH 6  0. The 
homogenate was centrifuged at 12,000 g for 30 min, 
and the supernatant (S12) was centrifuged at 180,000 g 
for 1 hr. The final supernatant (S180), an equivalent 
of 300 mg pooled liver per ml of total volume, was 
supplemented with glucose-6 -phosphate ( 6  mm) and 
NADP+ (1 mM) and incubated for 30 min at 37°C in 
a CO atmosphere with [ 1 4 C]AFB, (5/iCi/0-5 mg). 
The aflatoxin metabolites were extracted several 
times using chloroform and chloroform-acetone (9:1). 
The nonpolar extracts were streaked on silica gel 
(Adsorbosil 1) TLC plates and developed with diethyl 
ether for the separation of AFL from AFB,. Silica 
gel containing AFL was soaked in deionized water, 
macerated, and the metabolites were extracted several
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Fig. 1. Enzymatic interconversion of aflatoxin B, and aflatoxicol.

times with chloroform. AFL was purified on TLC 
plates (Merck Co., Darmstadt, Republic of Germany) 
developed with diethyl ether and was identified by 
TLC and by UV absorption spectrometry. Radio
chemical purity of [ 1 4 C]AFB! and [ 1 4 C]AFL was 
confirmed by autoradiography, TLC and scintillation 
counting. The bioconversion of AFB, to AFL was 
consistently greater than 30% of the added AFB,. 
Over 50% of the total AFL present was recovered in 
the final purification. The final [ 1 4 C]AFL substrate 
was diluted with unlabelled compound to a specific 
activity of 0-5 Ci/mol. Substrate purity was confirmed 
by TLC and autoradiography. All biochemicals were 
purchased from Sigma Chemical Co., St. Louis, MO. 
Authentic standards of AFB, metabolites including 
aflatoxin Q, (AFQ,), aflatoxin P, (AFP,), aflatoxin 
M, (AFM,), aflatoxicol H, (AFLH,), aflatoxin B2a 
(AFB2a), and AFL were obtained from prior in vitro 
incubations (Hsieh, Dalezios, Krieger, Masri & 
Haddon, 1974; Salhab & Hsieh, 1975). All solvents 
used in this study were nanograde.

Cell culture. Adult rat hepatocytes were isolated 
from Sprague-Dawley male rats (180-220 g) and 
cultured in a chemically defined culture medium, 
previously shown to maintain in vivo levels of 
cytochrome P-450 (Decad, Hsieh & Byard, 1977). 
Hepatocytes were cultured on collagen-coated plastic 
culture dishes (Pariza, Yager, Goldfarb, Gurr, Yanagi, 
Grossman, Becker, Barber & Potter, 1976) and 
incubated at 27°C in a humidified 5% C 0 2-95% air 
incubator. After 24 hr in culture, 83 fig of [ 1 4 C]AFL 
(0-5 Ci/mol) dissolved in 01m l dimethylsulphoxide 
was added in 2 0  ml of fresh culture medium to each 
plate containing 15 x 106 hepatocytes per plate. 
Control plates contained heat-killed hepatocytes 
(75-80°C for 45 min). Portions of culture medium 
(1 ml) were removed from each plate at selected time 
intervals, including immediately after adding fresh 
medium with [ 1 4C]AFL and after 2, 5, and 10 hr of 
incubation.

Intravenous administration of [ ,4C]AFL. [ 1 4 C]- 
AFL was administered to Sprague-Dawley rats 
at 0-4 mg/kg. Intravenous administration of AFL 
allowed observation of the metabolism and toxico
kinetics of AFL in vivo without the complication 
of absorption kinetics. The rats were anaesthetized 
with diethyl ether, secured dorsally to a thermally- 
regulated surgical platform, and blunt dissection 
revealed both jugular veins which were catheterized 
using a needle cannula. The needle cannula consisted 
of a 27-gauge needle point secured to a 10 fim capil
lary tube for support, which in turn was connected 
onto a 1 ml syringe. All joints were sealed using a 
cyano-acrylate adhesive (Permabond 102, Pear

Chemical Co., N. Miami Beach, FL). Appropriate 
doses of [ 1 4 C]AFL were transferred in chloroform to 
half-dram vials, dried under nitrogen, and resus
pended in a 0-9% NaCl-dimethylsulphoxide (3:1) 
solution. The substrate was taken up in needle cathe
ters and administered by cannula to allow rapid infu
sion of the toxin directly into the jugular vein. Sub
sequent blood samples (0-4 ml) were collected from 
the opposing vein every 5 to 10 min for 1 hr. Upon 
administration of the prepared dose the exact admin
istered dose was calculated as the difference between 
the prepared dose and the residual radioactivity 
detected in the dram vial, syringe and catheter by 
scintillation counting.

Extraction and analysis of metabolites. Portions of 
collected plasma or culture medium were placed in 
10 ml of Handifiuor® (Mallinckrodt, St. Louis, MO), 
for scintillation counting. All radioactivity determin
ations were performed in a Packard Tri-Carb, Model 
2425, liquid scintillation spectrometer, equipped with 
automatic external standardization. [ l4 C]Toluene 
(New England Nuclear, Boston, MA) was used as an 
internal standard for quench correction. The re
covered biological samples were treated with equal 
volumes of ice-cold methanol, and aflatoxin metabo
lites were extracted three times with chloroform, using 
centrifugation to sharpen partitioning phases. The 
resulting phases, which included the chloroform 
phase, a precipitated protein layer, and a residual 
aqueous phase, were used for scintillation counting. 
Precipitable plasma proteins required pre-treatment 
with Protosol® (New England Nuclear) and heating 
for 30-60 min at 70-80°C. Radioactivity presumably 
bound to cellular macromolecules in hepatocyte cul
ture was determined after 1 0  hr incubation, as follows. 
Each plate was washed three times with 10 ml buffer 
described by Dulbecco & Vogt (1954). Then 10 ml of 
5% trichloroacetic acid (TCA) was added to the plate. 
The precipitated cells were scraped from the plate 
with a rubber spatula, and the cells were collected on 
a glass fibre filter (4-25 cm GF/C, Whatman Ltd., 
England). The plates were each washed twice with 
10 ml of 5% TCA. and the wash was also passed 
through the filter. The filters were then washed once 
with 1 0  ml of methanol and seven times with 1 0  ml of 
chloroform. The dried filters were placed in teflon- 
sealed scintillation vials with 0-5 ml Protosol® over
night at room temperature. Then, 10 ml of Patterson- 
Greene scintillation cocktail (Patterson & Greene.
1965) was added to each vial and radioactivity was 
determined.

All chloroform-extractable fractions recovered from 
plasma and culture medium were evaporated to 
dryness under nitrogen and resuspended in 500 fi\ of
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benzene-acetonitrile (98:2). A sample of the extract 
(250 ̂ tl) was then applied by syringe to Quantum 
Linear-Q Preadsorbent silica gel thin-layer chromato
plates (250 p. Quantum Industries, Fairfield, NJ). 
Authentic AFB, metabolites, including AFL, AFQ,, 
AFLH, AFM,, AFP,, and AFB2a, were also spotted 
and co-chromatographed using a series of chromato
graphic developing systems. The chromatoplate was 
first developed in diethyl ether which isolated AFL, 
then chloroform-acetone-water (88:12:1-5) which 
separated AFB, and its known metabolites, and 
finally benzene-ethanol (40:6) which separated AFM, 
and AFB2a. The observed metabolites of AFB, were 
subsequently identified by their respective fluor
escence under UV and corresponding RF values 
compared to co-chromatographed standards. The 
adsorbent in each TLC spot was collected from the 
chromatoplates by vacuum in a 3-in Pasteur pipette 
plugged with glass wool, and was then transferred to 
scintillation vials containing 0-5 ml of distilled water 
and 10 ml of PCS™ (Amersham/Searle, Arlington 
Heights, IL) for hydration which aids in the release of 
silica-bound aflatoxin.

Quantitative TLC measurements were performed 
on a Schoeffel Model SD 3000 recording spectro- 
densitometer operated in the fluorescence mode. Iden
tification of AFB, and AFL by TLC was accom
plished using several TLC systems including benzene- 
ethanol (40:6). ethyl acetate-chloroform (3:1), diethyl

ether, chloroform-acetone-isopropanol (85:15:2-5). 
chloroform methanol (9:1), and diethyl ether meth
anol-water-acetone (80:4-5:1 - 5:10).

A high-pressure liquid chromatograph (Altex 
Model 100, Berkeley, CA) equipped with a Dupont 
836 ultraviolet and fluorescence detector was used for 
further confirmation and purification of AFB,. The 
mobile phase used was methylene dichloride satur
ated with water, 0-5% methanol, and 01% acetic acid. 
The chromatograph was operated at 3160 psi, main
taining a flow rate of 1-8 ml/min. All separa
tions were done on an Altex Lichrosorb Sil 60 
(24 cm x 2-1 mm) column (Altex, Berkeley, CA).

Mutagenicity assay. The relative mutagenic potency 
of AFB, and AFL to Salmonella typhimurium TA98 
was determined as a confirmatory assay for the bio
logical reactivities of AFB, and AFL. Metabolic acti
vation was provided by hepatic post-mitochondrial 
(S9) enzyme preparation derived from Charles River 
male white rats (200-250 g). The assay was performed 
according to the procedures previously described 
(Ames, Durston, Yamasaki & Lee, 1973) and modified 
(Wong & Hsieh, 1976) for use with aflatoxins.

RESULTS

Biotransformation of AFL to AFB, in rat hepatocyte 
culture

Before in vivo studies with [ I4 C]AFL, rat primary 
hepatocyte culture was used to determine whether the

Fig. 2. Metabolism of radiolabelled aflatoxicol in primary hepatocyte culture. Radioactivity in control 
culture medium (heat-killed hepatocytes): total (O) and aflatoxicol levels (•). Radioactivity in cultured 
hepatocyte medium: total (□); chloroform extract (■); AFB, (A); residual aqueous (A); aflatoxicol (©); 
5% TCA precipitated cultured hepatocytes ( x ).

I t  [. 17 5 1)
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Table 1. Analytical evidence for the biotransformation of aflatoxicol to aflatoxin B, in rat plasma in vivo 5 min after iv 
dosing with aflatoxicol, and in primary adult hepatocyte culture after 10-hr incubation with aflatoxicol

Analytical technique
Metabolite from 
plasma (in vivo)

Results for:

Métabolite from 
hepatocyte culture

Aflatoxin B, 
standard

TLC RF using solvent system:
Chloroform-acetone-isopropanol (85:15:2-5) 0-77 0-75 0-75
Diethyl ether 017 0-17 0-16
Diethyl ether-methanol-water-acetone 

(80:4 5:1-5:10) 0-74 0-75 0-77
Benzene-ethanol (40:6) 0-45 0-45 0-45
Chloroform-methanol (9:1) 0-90 0-93 0-91

Autoradiographic confirmation + + +
HPLC R, (min)* 5-73 — 5-61
UV spectra in methanol; 7,m„ (nm) — 360, 257 360, 257
Increase in mutagenicityf relative to aflatoxicol (“„) — 1 2 0 1 2 0

TLC = Thin-layer chromatography HPCL = High-pressure liquid chromatography 
-'■max = Maximum wavelength

‘The mobile phase used was methylene dichloride saturated with water—0-5% methanol—01% acetic acid. 
tMutagenicity in the Ames Assay.

conversion of AFL to AFB, could be demonstrated. 
Thus, [ 1 4 C]AFL was administered to cultured rat 
hepatocytes at a dose level of 83/rg,/15 x 106 cells, 
and metabolism was determined over a 1 0 -hr time- 
course (Fig. 2). There was a rapid biotransformation 
of AFL to AFB, as well as the formation of several 
other chloroform-soluble AFB, metabolites, including 
AFM,. The total radioactivity and chloroform-

extractable activity declined slowly. After 2 hr, the 
levels of AFL declined to only 10% of the adminis
tered dose, while AFB, levels rose to over 40% of the 
dose. AFB, reached a peak level at 5 hr, representing 
about 50% of the dose, while AFL at this time had 
declined to a negligible level. While AFL was not 
detected after 5 hr, AFB, levels remained elevated. 
Water-soluble metabolites were also formed and in-

Time after addition of aflatoxicol, min
Fig. 3. The bioconversion of AFL to AFB, in Sprague-Dawley rats. [ 14C]AFL was dosed iv at a level 
of 0-4 mg/kg. Concentrations of AFB, (A) and AFL (o) in blood sample extracts were determined by 
scintillation counting and values were calculated assuming a total plasma volume of 404 ml/kg body 
weight. Points plotted are mean values derived from two rats.
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creased steadily during the incubation. The radioac
tivity bound to the hepatocytes that was recovered 
after the 1 0  hr incubation was approximately 6 % of 
the total dose. The AFB, isolated from the medium of 
hepatocyte cultures incubated with AFL was identi
fied by thin-layer chromatography, autoradiography, 
ultraviolet absorption spectroscopy, and by its in
creased mutagenicity to Salmonella typhimurium TA98 
(Table 1 ).'

Biotransformation of AFL to AFB, in vivo
On administration of [ I4 C]AFL in the rat, there 

was rapid clearance of AFL from plasma, exhibiting a 
relatively high volume of distribution (Fig. 3). 
Observing the plasma time-concentration profile, 
there was an apparent active bioconversion of AFL to 
AFB,. At 5 min after dosing, the total plasma levels of 
AFB, and AFL were nearly equal. After 20 min, most 
of the observed plasma radioactivity was identified as 
[ 1 4 C]AFB,, while [ 1 4C]AFL levels had declined to 
negligible values. From data obtained previously 
(Wong & Hsieh, 1978), the plasma biological half-life 
of AFB, in the rat was calculated to be approximately 
28 min. Using the same calculation procedure, the 
biological half-life for AFL was estimated to be 7 min. 
The [ ,4 C]AFB, recovered from the in vivo conversion 
of [ 1 4C]AFL was identified by thin-layer and high 
pressure liquid chromatographic analyses and by 
autoradiography (Table 1). The quantity of AFB, 
obtained from plasma was too small to allow 
confirmation by spectroscopic analysis and 
mutagenicity assay.

DISCUSSION

Our recent comparative metabolism and toxico- 
kinetic studies in the rat, mouse, and monkey in vivo 
have revealed that the rat characteristically produced 
AFL in vivo, while the monkey and mouse apparently 
metabolized AFB, mainly to AFM, and AFP, 
(Wong, Wei & Hsieh, 1978). The identification of 
AFL as the major characteristic plasma metabolite of 
AFB, in only the highly susceptible rat (Wong & 
Hsieh, 1978) has greatly enhanced the toxicological 
significance of this metabolite, since its formation has 
been correlated with an animal’s sensitivity to the 
acute and carcinogenic effects of AFB, (Patterson, 
1973; Edwards, Rintel & Parker, 1975; Hsieh et al. 
1977; Wong & Hsieh, 1978).

So far. the most attractive proposal regarding the 
role of AFL in the aetiology of carcinogenic 
aflatoxicosis is that AFL can be enzymatically 
converted in target hepatocytes to the parent 
compound, AFB,, followed by bioactivation of the 
latter to produce toxicity. Previous studies have 
demonstrated that AFL can be biotransformed back 
to AFB, in vitro using liver preparations isolated 
from a variety of animal species (Loveland et al. 1977; 
Salhab & Edwards, 1977a) including the rat. The 
results of the present study provide evidence that 
AFL can be actively biotransformed to AFB, in the 
rat in vivo and in primary hepatocyte cultures.

AFL appears to be highly lipophilic as shown by its 
mobility in the TLC system developed with diethyl 
ether (Patterson & Roberts, 1971; Hsieh et al. 1977)

and also by its apparent high level of distribution to 
the tissues (Fig. 3). The extent of tissue penetration 
due to lipid solubility is probably responsible for the 
observed rapid bioconversion of AFL to AFB,, which 
was found to occur in liver cells (Salhab & Edwards, 
1977a). The shorter plasma biological half-life of AFL 
(7 min) compared with that of AFB, (28 min), is prob
ably a result of active metabolic conversion of AFL to 
AFB, and other metabolites following the rapid 
penetration of AFL. The lipophilic nature of AFL 
presumably also facilitates its intracellular migration 
to target sites.

As suggested by Neal & Godoy (1976), the crucial 
bioactivation of AFB, may occur at the target nuclear 
membrane since the presumed ultimate carcinogen, 
the AFB,-epoxide, is considered too reactive and un
stable for microsomal mediation to DNA binding. 
Also no protein carrier systems have been found to 
suggest a cellular transport of the epoxide. Therefore, 
it is possible that the “reservoir” of AFB, created by 
the reversible formation of the lipophilic AFL from 
AFB, may increase the intracellular bioavailability of 
AFB, for nuclear activation through facilitated 
intracellular migration of AFL.

Rat hepatocyte culture serves as a valuable adjunct 
to in vivo studies of AFB, metabolism, since this “in 
vitro system” provides the best model of in vivo 
hepatocyte activity (Decad, Hsieh & Byard, 1977). 
Some of the additional advantages this technique 
offered in this study included the opportunity to study 
hepatic metabolism alone without the complication of 
extra-hepatic binding and metabolism of aflatoxin as 
seen in vivo, a much smaller dose of [ 1 4C]AF required 
for adequate sensitivity, and a higher total recovery of 
AFL and its metabolites produced in cell culture to 
aid in subsequent identification and characterization 
studies.

In a previous study, hepatocyte cultures with in vivo 
levels of cytochrome P-450 metabolized AFB, to 
primarily water-soluble metabolites, covalently-bound 
species, and AFM, (Decad et al. 1977) which is 
invariably the major identifiable urinary metabolite of 
AFB, in vivo (Campbell, Caedo, Bulatao-Jayme, 
Salamat & Engel, 1970; Dalezios, Hsieh & Wogan, 
1973; Wong et al. 1978). AFL, however, was not 
detected as an AFB, metabolite in the cell culture, 
which represents an apparent discrepancy between 
the in vivo condition and the hepatocyte culture. The 
biochemical composition of the hepatocyte culture 
medium probably has a significant influence on the 
production and recovery of AFL and is presently 
under investigation. Since AFL is shown to be highly 
lipophilic, it is possible that AFL is more readily par
titioned into the highly lipoidal blood and therefore 
recovered more readily in vivo. It is interesting to note 
that the hepatocyte-bound activity at 10 hr after AFL 
administration represented only 6%, whereas for 
AFB,, about 12% of the dose was found unextrac- 
table (Decad et al. 1977). This finding is consistent 
with the lower mutagenic potency of AFL as com
pared to that of AFB, and that the bioactivation of 
AFL is probably through its reversion to AFB, rather 
than the other way around.
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Abstract—iV-Nitrosodimethylamine (NDMA) was detected in the atmosphere of a leather tannery at 
levels of up to 47 ¿ig/m3. As far as we know this is the highest occupational exposure to this potent 
animal carcinogen yet discovered. NDMA was detected in all the air samples taken at different sites in 
the tannery on three visits in 1978. The highest level was in the re-tanning, colouring and fat-liquoring 
area. The average atmospheric level of NDMA on the first and second visits was 19 pg/'m3. The levels 
were considerably reduced on the third visit, when the tannery had been thoroughly cleaned, and ranged 
from OT to 3-4 pg/m3. Small amounts of NDMA were also found in process and waste water. The 
tannery examined uses basic processes that are standard within the industry; therefore, NDMA may also 
contaminate the atmosphere of other tanneries. Exposure of tannery workers to NDMA suggests an 
area for epidemiological studies, as well as for further analytical work, which could contribute to a 
knowledge of the possible carcinogenic effects of NDMA in man.

INTRODUCTION

Since 1956 when Magee and Barnes demonstrated 
the carcinogenic effects of N-nitrosodimethylamine 
(NDMA) in the rat, NDMA has become the most 
extensively studied member of this class of car
cinogens. It has been shown to cause cancer in a var
iety of organs in virtually every species in which it has 
been tested (Magee, Montesano & Preussmann, 1976). 
A recent study by the International Agency for 
Research on Cancer (1978) concludes that: “the gen
eral (human) population may be exposed to low levels 
of IV-nitrosodimethylamine; however, no exposed 
group suitable for an epidemiological investigation 
has yet been identified”. We report here on the. possi
bility that leather tannery workers may constitute just 
such a group. We are unaware of any epidemiological 
studies that have specifically focused on such workers, 
although there have been studies on bootmakers 
(Acheson, 1976) and “leather operatives” (Viadana, 
Bross & Houten, 1976).

As part of our study of human exposure to N-nitros- 
amines, we have been examining work environments 
in which amines are used. Leather tanning was chosen 
because dimethylamine sulphate is used as a depila
tory agent in some tanneries (Walker, Gordon, 
Thomas & Ouellette, 1976). For the initial study we 
chose a tannery in New England employing about 
300 workers and processing about 2000 hides per day 
in which the method of tanning used was character
istic of the industry (New England Tanner Club,
1977).

EXPERIMENTAL

Tannery visits. The selected tannery was in a one- 
storey building, divided into wet- and dry-operations 
areas. Some sites were used for several processes; for 
instance, at the re-tanning site, colouring, dyeing and 
fat-liquoring were also carried out. Three visits were 
made to the factory and the entire leather tanning and 
finishing processes were studied. On the first visit (11 
April 1978) six air samples representing a cross sec
tion of the air in the tannery were collected and on 
the following visit (13 April 1978) 20 air samples were 
taken. In addition, on the second visit, numerous bulk 
samples were taken. The third visit was made on 1 
June 1978 when 10 air samples and numerous bulk 
samples were collected. A total of 27 bulk samples 
were examined for N-nitroso compounds and these 
consisted of 1 1  of chemicals or chemical mixes, two of 
hide and leather, two of waste water, and 1 2  of pro
cess water from the wet-operations area of the tan
nery.

Apparatus. Laboratory equipment, including gas- 
and high-pressure liquid chromatographs (GC, 
HPLC), thermal energy analyser (TEA), fume hood 
and detectors, was located inside a fully equipped 
mobile laboratory (Krull, Fan, Fine, Young & Egan,
1978), which was parked near the tannery. An HPLC- 
TEA was constructed (Fine, Rounbehler, Pellizzari, 
Bunch, Berkley, McCrae, Bursey, Sawicki, Krost & 
DeMarrais, 1976) by combining a high-pressure pump 
(Altex model 110, Altex Corp., Berkeley, CA) with an 
injector (Rheodyne model 7120, Altex Corp.), a stain
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less steel column (4 x 39 mm) packed with 10 n Lich- 
rosorb Si60 (E. Merck Labs, Elmsford, NY) and a 
TEA detector (TEA model 502LC, Thermo Electron 
Corp., Waltham, MA). For GC TEA, a single column 
isothermal GC (Thermo Electron Corp.) was con
structed from 14 ft of stainless steel tubing (outer 
diameter 1/8 in.) packed with 10% Carbowax 20M 
containing 05% KOH on Chromosorb W HP (80- 
100 mesh) interfaced to a TEA (Fine & Rounbehler, 
1975). The column temperature was 160°C, and the 
carrier gas was argon (flow-rate 15 ml/min).

The GC-flame ionization detector (FID) used was 
a Hewlett-Packard 5710 (Palo Alto, CA) equipped 
with the same GC column used for GC-TEA.

Chemicals. Dilute standard solutions of NDMA 
and N-nitrosomorpholine (NMOR) were obtained 
from the Analytical Services Laboratory of Thermo 
Electron Corp. Dichloromethane, isooctane, acetone 
and diethyl ether, of a grade distilled in glass, were 
obtained from Burdick and Jackson (Muskegon, NJ). 
AnalaR grade potassium hydroxide (KOH), sodium 
sulphate, sulphuric acid and dimethylamine hydro
chloride were used.

Collection and analysis. Air samples were collected 
(Fine, Rounbehler, Sawicki & Krost, 1977) in 
1 n-KOH traps by passing air at a flow rate of 
between 1 and 2 1 itres/min through a glass impinger 
containing 45 ml of 1 n-KOH. For analysis, the KOH 
solutions were extracted with dichloromethane and 
concentrated at 52°C in a Kuderna-Danish evapora
tor (Kontes. Vineland, NJ) to a volume of 0-5-TO ml. 
All of the concentrates were analysed by GC-TEA 
and/or HPLC-TEA (Fine, Rounbehler, Silvergleid & 
Ross, 1977). For NDMA and NMOR, the HPLC- 
TEA was operated isocratically using 2 ml/min of 
n-hexane- acetone (85:15, v/v). HPLC-TEA screening 
for other iV-nitrosamines (Fan, Krull, Ross, Wolf & 
Fine, 1978) was carried out using the following sol
vent systems: acetone-isoctane in the ratios 50:50, 
25:75 and 85:15 v/v.

All quantitative data on atmospheric NDMA were 
obtained from air samples collected in 1 n-KOH 
traps. In order to demonstrate that NDMA was not 
being formed in the traps, three other trapping tech
niques were also used. Two air samples were collected 
on solid dry Tenax GC material (obtained from 
Applied Science, State College, PA; Fine et al. 1976). 
The 10 x 1-5 cm cartridges were eluted with 75 ml of 
ether, dried over sodium sulphate, filtered and con
centrated to 0-5 ml on a Kuderna-Danish evaporator. 
Two samples each were also collected on a PREP- 
TUBE (model 117 Thermo Electron Corp.) and on a 
cellulose based material (Tampax tampon, Tampax, 
Inc., Palmer, MA) both of which had been soaked in 
1 n-KOH. All four cartridges were eluted with di
chloromethane and the eluate concentrated on a 
Kuderna-Danish evaporator. The three alternative 
techniques, after correcting for low efficiencies and 
recoveries, gave data that were indistinguishable from 
those obtained with the KOH traps.

For mass-spectral analysis of NDMA in the air 
samples, the contents of several traps were combined, 
concentrated and quantitated by HPLC-TEA, GC- 
TEA and GC-FID. The structures of these chromato- 
graphically-purified TEA-positive fractions were con
firmed by one of two mass-spectral methods, depend

ing on the amount of sample available. For micro
gram quantities of sample, low resolution gas-liquid 
chromatography-mass spectrometry (GC-MS) was 
used and the entire mass range of each eluting GC 
peak was magnetically scanned at 4 sec intervals using 
a Hitachi RMU6  instrument (Perkin-Elmer. Norwalk, 
CT). The combination of GC retention time and mass 
spectral identity was used to confirm structure. Nano
gram quantities of sample were analysed by high reso
lution GC-MS (Gough, Webb. Pringeur & Wood,
1977) using a Varian MAT Ch-7 mass spectrometer 
(Bremen, Federal Republic of Germany). The mag
netic analyser was set to resolve the exact mass 
of NDMA (C2H6N2O-74-0480; resolution -9000, 
peak-matched against a perfluoroalkane standard), 
from other background materials. Repetitive scanning 
over the m/e 74 nominal mass region resolved four 
minor components only one of which increased co
incident with GC elution time of NDMA. Sample 
analysis and the detection of an exact mass fitting the 
composition for the molecular-ion of NDMA com
bined with coincident GC retention time, were used 
to confirm the presence of NDMA.

For the solid and chemical samples, 1 g was dis
solved or soaked (for 30 min) in 5 ml of acetone and 
then filtered through approximately 2  g of sodium sul
phate. The filtrate was analysed by GC-TEA and 
HPLC-TEA. For the water samples, 15 ml was 
loaded onto a PREPTUBE which had been pre
soaked with 15 ml of dichloromethane. The PREP
TUBE was eluted with 30 ml (3 x 10 ml) dichloro
methane, and the eluate concentrated in a Kuderna- 
Danish evaporator. The concentrate was analysed by 
GC-TEA and HPLC-TEA. The detection limit was 
0T fig/g for solid and chemical samples and 
0  0 0 1  /rg/ml for the water samples.

RESULTS AND DISCUSSION

On the first visit to the tannery NDMA was found 
in all six air samples at levels ranging from 6  /rg/m3 in 
the spray finishing area to 33 fig/m3 near the chrome
tanning operation. All the air samples taken inside the 
tannery on the second visit contained NDMA, includ
ing those collected in the lunch room (0T ¿ig/m3) and 
in the shipping room (l-4iig/m3), although the levels 
in the grading and staking areas were not significant. 
The combined data from both visits are shown in Fig.
1. The highest NDMA level of 47 /ig/m3 was found in 
the re-tanning, colouring and fat-liquoring area. The 
average amount of airborne NDMA found on the two 
visits was 19/rg/m3. On both the first and second 
visits, the floor was partially covered with decaying 
animal flesh and fat. The odour of putrified flesh was 
overpowering to the uninitiated. In addition, parts of 
the floor were wet and slippery with process water. 
Because of the cool weather, ventilation was by only a 
few fans mounted near the ceiling.

In addition to NDMA, NMOR at a level of 
2  0  fig/m3 was found in three air samples taken in the 
chemical doping area on the second visit. Two of the 
samples at this location were collected using a Tenax 
GC dry trap (Fine et al. 1976). The identity of the 
NMOR was confirmed by its retention time on both 
GC-TEA and HPLC-TEA.
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Fig. 1. The highest levels of NDMA in the atmosphere at various stages of the tanning process (com
bined data from the first two visits): ND = not detected: NS = not significant.

By the third visit the tannery had been thoroughly 
cleaned. The floors were clean and dry, there was no 
sign of decaying flesh or fat and no odour of putrified 
flesh. In addition, the hot weather necessitated the 
opening of all the ventilation windows and doors. On 
this visit NDMA was again found in the atmosphere 
at all sites, but the levels were considerably reduced, 
ranging from IT to 3-4 fig/m3.

Only four of the 27 bulk samples contained NDMA 
(Table 1). The highest level of NDMA (0-5 /tg/'g) was 
found in a sample from a 36-5% aqueous solution of 
dimethylamine sulphate. According to plant person
nel, 117 litres of dimethylamine sulphate are used 
each day in the depilation process. This would 
amount to less than 60 mg NDMA/day from the pre
contaminated amine. NDMA (0-0014/rg/ml) was also 
found in the process water of the re-lime pit. This 
process water contained 5-7 litres of dimethylamine 
sulphate in 8000 kg of lime-saturated water and is

used to remove hair from the raw hides. The other 
samples which contained NDMA (0-004 ¿ig/ml and
0-006 ¿;g/ml) were waste-water samples from the tan
nery outlet pipe collected at the local municipal 
waste-water treatment plant. We were informed that 
the amount of waste water entering the waste-water 
treatment plant from the tannery was about 3-8 x 
106  litres/day. Approximately 20 g of NDMA would 
be required to produce 0-006 /ug/ml in this amount of 
water (assuming no losses by evaporation, break
down, etc.). A sample of the salted hide was also 
examined for NDMA, but none was detected (detec
tion limit 0-5 /ig/g). This salted cowhide was further 
examined by placing a 1 g piece in 5 ml of sulphuric 
acid (pH 3) containing 50 mg of dimethylamine hy
drochloride for 4 hr at 25°C. This test was carried out 
to determine if the raw cowhide titself contained any 
material which could possibly nitrosate dimethyl
amine, even under ideal conditions. At a detection
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Table 1. NDMA levels in liquid and solid bulk samples*

Sample description
NDMÀ
(4g/g)

Chemicals
Azo Rubine Dye ND
Penetrator L-219 ND
Nigrosine Blue L ND
Polar Sol 5 ND
Betz Formula NA- 6 ND
Boiler rust inhibitor mix ND
Ammonia paste wash ND
P-Nitrophenol ND
KITO-40 (fungicide) ND
Fresh brine ND
Aqueous dimethylamine sulphate (36-5%) 0-5

L eather sam ples
Chrome-tanned leather ND
Raw-salted cowhide ND

W aste water
Beam-house waste water 0004
Tanning-house waste water 0006

Process water
Re-lime pit 0-0014
Bating solution (two samples) ND
Pickling solution (two samples) ND
Chrome-tanning solution (two samples) ND
Final rinse from chrome tanning (two samples) ND
Wash out of colouring ND
First rinse from fat-liquoring ND
Final rinse from fat-liquoring ND

ND = Not detected 
*Combined data from visits 2 and 3.

limit of 0-04 ¿tg/g neither NDMA, nor any other TEA- 
responsive compounds (N -, C- and S-nitro and 
nitroso) were found.

The NDMA impurity in the dimethylamine sul
phate used in the depilation step is insufficient to 
account for either the atmospheric or aqueous 
NDMA levels. If the dimethylamine moiety were 
somehow nitrosated in the tannery, then sufficient 
dimethylamine sulphate is used daily to account for 
the observed NDMA. However, a possible nitrosating 
agent has not been identified. Analysis of the various 
process solutions used in the wet area where the 
NDMA levels are highest did not reveal the source of 
the NDMA. We do not know how the NDMA in the 
tannery is being produced, and are unable to specu
late as to a possible mechanism of production. Much 
further work is needed to determine the source of the 
NDMA in the tannery.

Although atmospheric NDMA was not found out
side the original tannery, the most recent field studies, 
carried out in August 1978 did show NDMA to be 
present in the air immediately adjacent to tanneries in 
New Hampshire (010/tg/m3) and in New Jersey 
(0T5 /tg/m3). It was concluded from these very limited 
studies that NDMA is probably present in and near 
most tanning facilities.

The significance of these findings may be inferred 
from the results of a recent study by Moiseev & Bene- 
mansky (1975). They reported that 30 male Wistar 
rats breathing air containing 220 ¡ig NDMA/m3 con
tinuously for 25 months showed an increase in malig
nant tumours from 13% in the controls to at least

83% in the treated animals. These tumours were 
mainly of the liver and kidney. In the same experi
ment, female rats were exposed for 25 months and 
Balb/C mice (both male and female) for 17 months. 
These groups showed significant increases in benign 
tumours, especially of the lung and kidney. We esti
mate that the male rats in this study were exposed to 
NDMA at 525 /rg/m2 of body surface area/day (the 
rats were assumed to have an average weight over the 
experimental period of 400 g, a body surface area of 
0054 m2 and to breathe 009 litres/min). This rep
resents a total exposure to 400 mg/m2 (54 mg/kg) over 
the course of the experiment, an NDMA dose similar 
to those reported by other laboratories to cause 
tumours in several species when administered both by 
the oral and inhalation routes (Clapp & Toya, 1970; 
Druckrey, Preussman, Ivankovic & Schmahl, 1967: 
Terracini, Magee & Barnes, 1967; Tomatis & Cefis, 
1967).

Assuming that an average worker weighs 70 kg 
(1-85 m2 body surface area) and breathes 201itre/min 
for an 8 -hr working day, then a worker breathing 
airborne NDMA at 47 /tg/m3 in the wet process area, 
will be exposed to NDMA at a level of 240 /tg/m2 of 
body surface area/day. Thus the highest exposure 
level found corresponds to only slightly less than half 
the exposure which caused an increase in the inci
dence of malignant tumours in male rats from 13 to 
83%. Even in the shipping room the exposure is 7 /tg/ 
mr/day or approximately 1 % of the dose used in the 
rat study.

As far as we know, this is the highest level of



iV-Nitrosodimethylamine in a leather tannery 491

chronic exposure to NDMA yet reported. Since cer
tain categories of skilled workers (e.g., master tanners 
and hide splitters) have usually been employed in tan
neries, especially the wet process area, for many years, 
we believe that a strong case can be made for further 
monitoring in other tanneries and for the initiation of 
corrective measures to reduce worker exposure. It 
also seems likely that these workers may be the first 
population in which the potential hazards of NDMA 
in humans can be assessed.
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A bstract -Groups of 50 male and 50 female B6C3F1 mice were given 2-nitro-p-phenylenediamine in 
the feed at either 2200 or 4400 ppm for 78 wk. Twenty animals of each sex were used as controls. 
Treatment was followed by a 12-13 wk observation period. There was a dose-related depression of 
body-weight gain in both sexes. Pigmentation was observed in liver, spleen, intestine and thyroid. 
Female mice receiving 2-nitro-p-phenylenediamine showed a dose-related increase in the incidence of 
hepatocellular neoplasms. The majority of these neoplasms were multiple eosinophilic hepatocellular 
adenomas which were different from the adenomas in control mice. A few female mice given 2-nitro-p- 
phenylenediamine had foci of cellular alteration in the liver. Neoplasms similar to those induced by 
2-nitro-p-phenylenediamine have been reported in mice exposed to two other aromatic amines, 4-chloro- 
m-phcnylenediamine and 4-nitro-o-phenylenediamine. However the latter did not prove to be carcino
genic.

INTRODUCTION

2-Nitro-p-phenylenediamine (2-NPPD) is used in 
hair and in fur dyeing to produce a red-brown colour 
or to add red shading when combined with other oxi
dation bases (Society of Dyers and Colourists, 1956). 
It is able to penetrate hair shafts and is one of the 
most commonly used dyes in semipermanent and per
manent hair-dye preparations (Burnett, Goldenthal, 
Harris, Wazeter, Strausburg, Kapp & Voelker, 1976; 
Corbett & Menkart, 1973; Markland, 1966). It is esti
mated that up to 40% of American women may be 
regular users of hair dyes (Corbett & Menkart, 1973; 
Marzulli, Green & Maibach, 1978).

It was reported that 2-NPPD had no teratogenic 
effect in rats (Burnett et al. 1976; Wernick, Lanman 
& Fraux, 1975) or in rabbits (Wernick et al. 1975). 
However it was mutagenic in the TA1538 strain of 
Salmonella typhimurium (Ames, Kammer &.Yamasaki, 
1975; Ammenheuser & Warren, 1979; Searle, Ham
den, Venitt & Gyde, 1975), weakly mutagenic in a 
forward mutational assay system (Palmer. Denunzio 
& Green, 1977), and induced unscheduled DNA syn
thesis in HeLa cells (Martin, McDermid & Garner,
1978). Chromosomal aberrations produced by
2-NPPD have been demonstrated in lymphocytes 
(Searle et al. 1975) and in CHMP/E cells of Chinese 
hamster prostate gland (Kirkland & Venitt, 1976). 
Wynder, Onderdonk & Mantel (1963) and Anthony 
& Thomas (1970) reported an increased incidence of 
bladder cancer in dye workers. In view of this and the 
widespread exposure of the population to hair dyes 
and the lack of chronic toxicity data, the National 
Cancer Institute sponsored a 2-yr study in B6C3F1 
mice. This report gives further details of the histo- 
pathological findings, particularly in the livers of 
these mice.

EXPERIMENTAL

B6C3F1 mice weighing c. 20 g were obtained from 
Charles River Breeding Laboratories, Inc., Wilming
ton, MA and were about 6  wk old when treatment 
began. They were kept under normal laboratory con
ditions (National Cancer Institute, 1979a) and were 
fed Wayne Lab-Blox meal (Allied Mills, Inc., Chicago, 
IL). The 2-NPPD (Ashland Chemical Co., Columbus, 
OH) was administered in the feed to groups of 50 
female and 50 male mice at doses of 2200 or 
4400 ppm. Test diet was given for 78 wk followed by 
a 12- to 13-wk observation period. Twenty mice of 
each sex were used as controls. An autopsy was per
formed on each animal regardless of whether it died, 
was killed when moribund, or was killed at the end 
of the study. The tissues were fixed in buffered 10% 
formalin, embedded in paraffin, sectioned and stained 
with haematoxylin and eosin. Step sections were 
made of the livers from all mice with liver tumours. 
These were stained with the Gomori-stain for iron, 
by the acid fast (Kinyoun) method and also by the 
periodic acid Schiff method (PAS). Data from the ex
periment were recorded in a computerized data-pro- 
cessing system, the Carcinogenesis Bioassay Data Sys
tem (Linhart, Cooper, Martin, Page & Peters, 1974). 
These data were analysed using the statistical tech
niques described in the National Cancer Institute 
report (1979a).

RESULTS

A dose-related depression of mean body weight was 
apparent in both male and female mice throughout 
the test period. Treated mice weighed 15-20% less 
than controls throughout the course of the experi
ment. Survival was not dose-related and 80-90% of 
the mice were alive after 90 wk.
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Table 1. Hepatocellular lesions in B6C3FI mice feti tliets containing 2-nitro-p-diphenylenediamine

No. of mice with ....

Dietary
level or 2-NPPD 

(ppm)
No. of ■ 
mice

Foci of cellular alteration Hepatocellular adenomas Hepatocellular carcinomas

eosinophilic basophilic eosinophilic basophilic eosinophilic basophilic

0 2 0 0

M ale
0 0 1 1 1

2 2 0 0 50 0 0 3 1 0 1

4400 50 0 0 2 0 0 1

0 2 0 0

Fem ale
0  0 1 0 0

2 2 0 0 49 3 0 1 2 0 0 1
4400 49 5(2)* 0 18(7) 0 3 0

‘Figures in parentheses indicate the number of mice with multiple lesions.

The occurrence of hepatocellular lesions (foci of 
cellular alteration, adenomas and carcinomas) was 
dose-related in females but not in males (Table 1).

The liver tumours that were found in the control 
and treated males were of the usual types and 
occurred at a rate which was normal for B6C3F1 
mice of this age (Frith & Ward. 1979; Ward, Bernal, 
Buratto. Goodman, Strandberg & Schueler. 1979; 
Ward & Vlahakis, 1978). They were adenomas com
posed of small basophilic hepatocytes and carcinomas 
composed of basophilic hepatocytes forming promi
nent trabecular patterns. The hepatocellular adenoma 
in the control female was composed of smaller than 
normal hepatocytes that had basophilic cytoplasm 
and small round nuclei with marginal condensation 
of chromatin (Fig. 1).

However the adenomas in the treated female mice 
were very different from those in the controls. They 
were composed of large eosinophilic hepatocytes and 
were well-differentiated neoplasms in which the 
tumour cells were arranged in plates, one or two cells 
thick similar to those of the normal liver cords. The 
intervening sinusoids were narrowed or obstructed by 
expanding large neoplastic cells. Nuclear polymor
phism was prominent and an occasional mitotic 
figure was seen (Fig. 2). In several nuclei, there were 
prominent pseudo-inclusion bodies (nuclear mem
brane invaginations) which were not acid fast (Fig. 3). 
The solitary adenomas consisted of cells with a granu
lar, eosinophilic cytoplasm. Such cells were often 
vacuolated; a few appeared atypical and others had 
binucleate forms (Fig. 4). Glycogen was present in the 
cells of the adenomas. Seven of 18 adenoma-bearing 
female mice in the higher dose group had multiple 
hepatocellular adenomas. The carcinomas were 
mostly composed of eosinophilic cells forming promi
nent trabecular patterns. No carcinomas metastasized 
to distant organs. In addition to the hepatocellular 
adenomas and carcinomas, foci of cellular alteration 
of an eosinophilic type were seen in three mice with
out tumours of the low-dose and in five mice with
out tumours of the high-dose group. In the higher dose 
group there were two animals with multiple eosino
philic foci. All the foci contained cells with large nu
clei and considerable amounts of eosinophilic cyto
plasm. No control females had these foci.

The liver and other organs (spleen, thyroid, intes

tine) had accumulations of golden-brown pigment 
which did not stain by any of the three methods used. 
In the liver, this golden-brown granular pigment 
occurred mainly around periportal vessels (Fig. 5), in 
Kupffer cells, and around bile ducts and formed 
extensive, dark-brown plugs. Although it was seen 
only in dosed animals, it seemed to be inert and no 
lesions were attributed to its presence. A variety of 
other non-neoplastic lesions were present in both con
trol and dosed animals (National Cancer Institute, 
1979a), but they were considered to represent spon
taneous alterations in this species.

The combined incidences of hepatocellular carci
nomas or hepatocellular adenomas in both groups of 
treated female mice were shown to be significantly 
(P < 0 005) greater than in the controls using the 
Cochran-Armitage test. Using the Fisher exact test, 
the incidence in the higher dose group was signifi
cantly (P < 0 007) greater than in the controls.

DISCUSSION

Both 2-NPPD and 4-nitro-o-phenylenediamine 
(4-NOPD), also a constituent of permanent hair dyes 
(Fig. 6 ), were active when tested in a system to induce 
'unscheduled DNA synthesis' in HeLa cells (Martin 
et at. 1978). although 2-NPPD was more potent than
4-NOPD. However, in mutagenicity tests in bacteria.
4-NOPD was more active than 2-NPPD (Searle et 
al. 1975; Ames et al. 1975). Both chemicals were either 
weakly mutagenic (Palmer et al. 1977) or non-muta
gen ic.

Similar feeding studies to the one described above 
for 2-NPPD have been carried out using 4-NOPD 
(National Cancer Institute, 1979b) or 4-chloro-m- 
phenylenediamine (4-CMPD; Fig. 6 ) an intermediate 
in the preparation of dyes (National Cancer Institute,
1978). Groups of male and female mice were given the 
compounds at low (4-NOPD, 3750ppm; 4-CMPD, 
0-5% in diet) or high (4-NOPD. 7500 ppm, 4-CMPD, 
1% in diet) dose levels. The duration of treatment 
with 4-NOPD was 102 wk as opposed to 78 wk with
4-CMPD and 2-NPPD. Dose-related decreases in 
mean weight-gain occurred in both sexes with all 
three compounds. There was an increase in eosinophi
lic hepatocellular adenomas in females given the 
lower dose of 4-NOPD, but statistical tests showed



Fig. 1. Basophilic hepatocellular adenoma of a female control mouse showing a clear border between 
the darker stained tumour cells and normal liver tissue. The cell nuclei of the liver neoplasm are small 
within dark stained (basophilic) cytoplasm. Haematoxylin and eosin x 130.
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Fig. 2. Eosinophilic hepatocellular adenoma (top) adjacent to normal liver (bottom) of a female mouse 
treated with 2200 ppm 2 -mtro-p-phenylenediamine for 78 wk. The hepatocytes are large with polymor
phic nuclei, some mitoses and pale staining (eosinophilic) cytoplasm. Flaematoxylin and eosin x 130.
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Fig. 3. Eosinophilic hepatocellular adenoma (A) next to normal liver (N) of a female mouse treated with 
4400 ppm 2-nitro-p-phenylenediamine for 78 wk. Several nuclei (arrowed) have nuclear membrane inva
ginations. These are shown at greater magnification in the inset. Also pigment (P) is seen. Haematoxylin 
and eosin x 130 Inset: x 330.

Fig. 4. Eosinophilic hepatocellular adenoma of a female mouse treated with 2200 ppm 2-nitro-p-phenyl- 
enediamine for 78 wk. The neoplasm has a more nodular appearance and shows compression of normal 
liver tissue. Haematoxylin and eosin x 54.
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Fig. 5. Golden-brown pigment (arrowed) around a portal vein (V) x 330.

Fig. 6 . Chemical structures of three aromatic amines used as dye components, (a) 2-nitro-p-phenylene- 
diamine (b) 4-nitro-o-phenylenediamine and (c) 4-chloro-m-phenylenediamine.
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no indication of a positive association between the 
administration of 4-NOPD and the increased tumour 
incidence. Treatment with 4-CMPD for 78 wk led to 
an increased incidence of hepatocellular neoplasms in 
female mice. Most of these tumours were small and 
they showed eosinophilic staining similar to that of 
the female mouse liver adenomas after 2-NPPD ad
ministration.

Hepatocellular adenomas induced by all three sub
stances were morphologically similar. In female mice
2-NPPD and 4-CMPD were carcinogenic but
4-NOPD was not. A golden-brown pigment, which 
was not lipofuscin, was found in mice given 2-NPPD 
and 4-NOPD but not in those given 4-CMPD.

Hepatocytes with eosinophilic cytoplasm in in
duced hepatocellular adenomas have been reported 
by several authors (Butler & Hempsall, 1978; Frith & 
Dooley, 1976; Hoover, Ward & Stinson, 1979; Jones 
& Butler, 1975; Reuber, 1975; Rustia & Shubik,
1978). It has been demonstrated that large eosinophi
lic cells with abnormal nuclei and inclusions are 
characteristic of some compound-induced foci, hepa
tocellular adenomas and carcinomas (Jones & Butler, 
1975) and that chemically-induced tumours may differ 
morphologically from those that arise spontaneously 
(Ward et al. 1979; Ward & Vlahakis, 1978).

In a 24-month study in which dogs were fed a 
composite material representative of a series of 
commercially available semi-permanent hair-colour
ing products. Wernick et al. (1975) found no gross or 
microscopic changes in various tissues including the 
liver in which neither were there any ultrastructural 
changes. But this study should be interpreted with 
caution because the number of test animals was low 
and only small amounts of the hair-dye mixture were 
used. Negative results were obtained in chronic 
studies of 2-NPPD and 4-NOPD with F344 rats, but
4-CMPD male rats showed an increased incidence 
of adrenal pheochromocytomas (National Cancer In
stitute, 1978; ibid 1979).

In these NCI studies it has been demonstrated that 
female mice fed the three structurally similar aro
matic-amine dye components 2-NPPD, 4-NOPD and
4-CMPD develop liver tumours. These tumours are 
cytologically distinct from those which occur in un
treated mice and treated males.

These findings indicate that mice are a valuable 
animal model in bioassay experiments despite their 
high incidence of spontaneous tumours. The incidence 
rate of such spontaneous neoplasms is well-known 
from previous research and so significantly increased 
incidences caused by carcinogen treatment can easily 
be detected by statistical methods. The extensive ex
perience of pathologists with this species enhances the 
accuracy of morphological evaluation.
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Abstract—Aflatoxins B2 (AFB,) and G, (AFG2) have been evaluated for activity toward the energy- 
linked reduction of endogenous nicotinamide nucleotides by succinate and vitamin K3 during anaerobic 
reversed electron transfer in isolated rat-liver mitochondria. These toxins induced a concentration- 
dependent biphasic inhibition involving three sites: succinate dehydrogenase, adenosine triphosphatase 
and respiratory complex I. While AFB, was more potent than AFG2. it appeared that inhibition 
did not result from facilitation of proton ionophoresis.

Introduction

Aflatoxins B2 (AFB2) and G 2 (AFG2) are bifurano- 
coumarin metabolites of the fungus A s p e r g i llu s  f l a v u s  
and are the corresponding dihydro derivatives of the 
more potent aflatoxins B, (AFB,) and G, (AFG,).

Results from previous studies have established that 
acutely toxic doses of AFB, and AFG, inhibit mito
chondrial electron transport between cytochromes b  
and c. or c, (Doherty & Campbell. 1972 & 1973; 
Obidoa. 1975; Pai. Bai & Venkitasubramanian. 1975). 
AFB2 and AFG2 at sublethal doses appear to inhibit 
at the cytochrome-oxidase level (Obidoa, Bababunmi 
& Bassir. 1978). However, it has also been suggested 
that the degree and site(s) of inhibition by AFB, 
depend on the toxin concentration, the metabolic 
state of the mitochondria and the respiratory sub
strate used (Obidoa & Siddiqui, 1978).

It is relevant to mention here that the evidence 
from all but one available study seems to rule out 
any involvement of aflatoxin with electron- and 
energy-transfer processes in the region of the first 
phosphorylation coupling site. To clarify the situation 
further we have investigated the effects of both acutely 
toxic and sublethal (possibly carcinogenic) doses of 
AFB, and AFG2 on the energy-dependent reduction 
of endogenous nicotinamide nucleotides by anaerobic 
reversed electron transfer across site 1 in isolated rat- 
liver mitochondria.

Experimental

T e s t  s o lu tio n s  a n d  re a g e n ts . AFB, and AFG2 were 
purchased from Makor Chemical Products. Israel. 
They were dissolved in dimethylsulphoxide (DMSO) 
to produce a series of solutions of graded concen
tration. All common reagents were of the AnalaR 
grade. Vitamin K 3 was the product of F. Hoffman-La 
Roche and Co. Ltd., Basel, Switzerland.

P r e p a r a tio n  o f  m ito c h o n d r ia . Mitochondria were 
isolated from the livers of male albino rats (body 
weight 250-300 g) by the method of Johnson & Lardy
(1967). The mitochondrial pellet was washed twice 
with ice-cold 0-25 M-sucrose solution and was finally 
suspended in the same medium, to give a suspension 
containing about 10 mg mitochondrial protein/ml. All 
preparations were carried out at 0-4=C. All experi
ments with mitochondria were completed within a
1 0 -hr period following the killing of the rats.

D e te r m in a t io n  o f  e n e r g y - lin k e d  n ic o t in a m id e  n u c le o tid e  
r e d u c tio n  b y  a n a e r o b ic  r e v e r s e d  e le c tr o n  tr a n s fe r

A T P - d e p e n d e n t  r e d u c tio n . Energy-linked reduction 
of endogenous nicotinamide nucleotides was deter
mined by a modification of the spectrophotometric 
method of Sanadi (1963). The basal reaction medium 
(3 ml) containing about 4 mg mitochondrial protein 
was incubated for 2 min at 28 ± 2°C with 2 mM- 
potassium cyanide (to inhibit the activity of cyto
chrome oxidase), 30mM-Tris buffer (pH 7-5), 1-3 mM- 
sodium succinate (pH 7-5) as an electron donor (or
1 pM-vitamin K3 as 2 -methyl-1 ,4-naphthohydroqui- 
none diphosphoric acid ester tetrasodium salt), and 
the appropriate AFB2 or AFG2 solution. An ATP 
solution (consisting of 2  mg bovine serum albumin,
2 mM-ATP and 3 mM-magnesium chloride) was then 
added to initiate the reaction. The reactants were 
mixed rapidly and placed in a spectrophotometer, and 
the absorbance changes at 340 nm were monitored for 
10 min using an attached SP500 recorder.

R e d u c t io n  d e p e n d e n t  o n  h ig h -e n e r g y  in te r m e d ia te s  
( H E I ) .  Systems of this second type involve, in prin
ciple, the oxidative generation of HEI (mitochondrial 
energized state) at one or more coupling sites and 
their utilization in reversing electron transport at 
another coupling site (Ernster, 1961). The method 
used was the same as that described for the ATP- 
dependent reduction except that the ATP solution
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was omitted from the reaction system, and to energize 
the mitochondria, the suspension was aerated for 
about 15 min by means of an air pump. This method 
ensures that all the endogenous substrates are 
oxidized.

Controls and additional studies. Various control or 
reference reactions involving solutions containing
2,4-dinitrophenol (2,4-DNP; about 333 r r iM ) ,  DMSO 
or distilled water instead of aflatoxin solutions were 
also studied using both reduction systems. Additional 
experiments were carried out with mitochondria pre
incubated with each aflatoxin concentration for 
1 0  min before the addition of other components of 
the reaction system.

Results

DMSO, the solvent for the aflatoxins, was used as 
the control in these experiments. However, in com
parison with controls based on distilled water, 
DMSO caused some stimulation of both types of 
energy-linked reduction of nicotinamide nucleotides 
by either succinate or vitamin K3, the stimulation 
being greater with the former substrate than with the 
latter. The inhibitory effects of the aflatoxin solutions 
and 2,4-DNP are therefore related to the raised values 
obtained with DMSO alone, the extent of this stimu
lation in each system being indicated by the apparent 
degree of inhibition by distilled water under compar
able conditions (Table 1).

2.4-DNP. a classic respiratory uncoupler, caused 
severe (70-100%) inhibition of both types of reduc
tion, irrespective of the substrate (Table 1). The degree 
of inhibition, however, was generally greater with suc
cinate as the substrate, and probably indicated some 
inhibition (18%) of succinate-dehydrogenase activity. 
The dominant site of inhibition clearly occurred 
between complex I and the phosphorylation reaction 
sequence to ‘X -  l’(non-phosphorylated HEI; Table 1). 
This is consistent with the well-known effects of un

couplers on energy-dependent reversed electron trans
port.

At all concentrations tested, AFB, and AFG 2 

markedly inhibited the anaerobic reduction of endo
genous nicotinamide nucleotides by succinate irres
pective of whether ATP or HEI was the energy source 
(Table 1). Inhibition was in all cases a direct function 
of aflatoxin concentration. Inhibition was generally 
more marked with the ATP- than the HEI-dependent 
reaction irrespective of the substrate (Table 1), poss
ibly suggesting a slight inhibition between ATP and 
‘X -  T (oligomycin-sensitive site). Our data also sug
gest that a principal site of inhibition (15-60%) by 
these toxins at all concentrations (Table 2) was suc
cinate dehydrogenase, the degree of inhibition being 
very slight when vitamin K 3 was the substrate. How
ever, at the highest aflatoxin concentrations tested, 
a marked inhibition, comparable with that of succi
nate dehydrogenase, was observed between complex I 
and the phosphorylation reaction sequence to ‘X T.

To establish whether AFB2 and AFG2 inhibited 
ATP translocation as atractylate does, mitochondria 
were pre-incubated with these toxins ( 1  x 1 0 ~ 7 m ) 

prior to initiation of the reactions with either ATP 
or HEI. From the results presented in Table 3, it 
appears that these toxins had no effect on ATP trans
location. Comparison of the data in Tables 1 and 3 
suggests that the inhibitory effects of AFB2 and AFG2 

may be partially (or totally) reversible with time. This 
possibility requires further experimental clarification 
however.

Discussion

These studies demonstrate that anaerobic energy- 
linked reduction of endogenous nicotinamide nucleo
tides involving the first phosphorylation coupling site 
was inhibited by both AFB, and AFG2, irrespective 
of the source of electrons. The apparently dominant 
mechanisms involve a biphasic concentration-depend-

Table I. Effect of dihydroaflatoxins and 2,4-dinitrophenol on the inhibition of mitochondrial nicotinamide nucleotide reduction
usinit succinate or vitamin K , as the substrate

Compound Concn(M)

Percentage inhibition*

Succinate substrate Vitamin K3 substrate

Reaction . . .  ATP-dependent HEI-dependent ATP-dependent HEI-dependent

Water ---1 18 + 2-8 31 + 2-7 12-5 + 1-6 10 + 05
2.4-DNP 083 x 10 4 96 + 5-6 90 + 2-8 78 + 3-5 74 + 067
AFB, 105 x I O 5 88 +  2-9 73 +  1-3 82 +  076 60 + 1-5

105 x I O 6 80 +  2-4 52 + 3-3 19 + 05 18 + 023
105 x 10"7 72 +  3-5 45 +  1-5 13 + 11 14 + 09
105 x 1 0 '8 63 +  1-9 41 +  2-8 10 + 032 11 + 1-1
105 x 10"9 53 +  2-7 31 + 08 6 + OI5 9 +  1-0

AFG, 100 x 10"' 89 +  2-1 73 +  2-1 83 + 08 79 +  1-0
100 x I O 6 66 ±  1-4 58 + 3-4 52 +  2-3 44 + 2-8
1 00 x IO- 63 ±  1-0 40 +  02 34 + 0-3 19 + 1-05
1 00 x 10"8 58 +  1-8 35 +  3-4 12 + 1-3 9 + 06
100 x IO 9 45 + 3-1 27 + 1-3 9 +  05 8 +  02

HEI = High energy intermediates 2,4-DNP =  2,4-Dinitrophenol AFB2. AFG2 =  Aflatoxins B, and G 2 
‘ Calculated on the degree of reduction effected in control incubations containing 25 p\ DMSO/3 ml reaction medium, 
t Incubations carried out in the presence of 25 /il distilled water instead of the equivalent volume of DMSO.
Values are means ±  SEM of data derived from duplicate experiments carried out on three different mitochondria] 

preparations.
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Table 2. Statistical analysis of data given in Table 1

Changes in percentage inhibition

From ATP- to HEI-dependent From succinate to vitamin K3 
RET substrate

Compound Concn(M) With succinate With vitamin K3 With ATP With HEI

2.4-DNP 0-83 X 1 0 “ 4 - 6 -4 -18 -16
a f b 2 105 X 1 0 “ 5 -15 - 2 2 - 6 -13

105 X 1 0 “ 6 -28 - 1 -61 -34
105 X I0“ 7 -27 + 1 -59 -31
105 X 1 0 “ 8 - 2 2 0 -53 -30
105 X 1 0 “ 9 - 2 2 - 2 -40 - 2 2

Mean*: 105 X 1 0 “ 6 to 1 0 “ 9 -24-8 + 3-2 -0-5 ± 0-8 -53-3 + 9-6 — 29-3 + 5-1
a f g 2 1 0 0 X 1 0 “ 5 -16 -4 - 6 + 6

1 0 0 X 1 0 “ 6 - 8 - 8 -14 -14
1 0 0 X IO“ 7 -23 -15 -19 - 2 1

1 - 0 0 X 1 0 “ 8 -23 -3 -46 -26
1 0 0 X io - 9 -18 - 1 -36 -19

Mean*: 1 - 0 0 X 1 0 “ 6 to 1 0 “ 9 -18 + 7-0 -6-75 + 6-2 — 28-8 ± 13-5 -20 ± 4-9

HEI =  High energy intermediates RET = Reversed electron transfer 2,4-DNP = 2,4-DinitrophenoI;
AFB2, AFG2 =  Aflatoxins B2 and G2

* Means are calculated on the four lower concentrations of each aflatoxin and are expressed as the mean +  SD.

Table 3. Effect of mitochondrial pre-incubation with the test compound on the aflatoxin- or 2 ,4 -D N P-induced inhibition 
of energy-linked reduction of mitochondrial nicotinamide nucleotide by succinate

Percentage inhibition*

Compound Concn(M) R eaction ... ATP-dependent HEI-dependent

2,4-DNP 0-83 X 10“4 77 +  0-08 64 ±  2-1
AFB2 1-05 x 10“ 7 11 ± 0-9  0
AFG, 1-00 x 10“ 7 3 1 + 1 - 5  14 +  0-3

HEI =  High energy intermediates 2,4-DNP =  2,4-Dinitrophenol AFB2, AFG2 = Aflatoxins B2 and G 2 
Calculated on the degree of reduction effected in control incubations containing 25 p \ DMSO/3 ml reaction medium. 
Values are means ±  SEM of data derived from duplicate experiments carried out on three different mitochondrial 

preparations pre-incubated in each case with 2,4-DNP or the aflatoxin for 10 min before addition of the other reactants, 
but otherwise comparable with the corresponding values in Table 1.

ent inhibition at three sites, namely succinate dehy
drogenase, the step between respiratory complex I 
and the phosphorylation reaction sequence to ‘X ~ T 
and the reaction steps from ATP to ‘X ~ I’ (ATPase). 
At the highest test concentration, inhibition (60-90%) 
occurred at all three sites, although the involvement 
of the last-named site was only minor. Succinate de
hydrogenase was the dominant site of inhibition 
(15-45%) at concentrations below 1 x 10“ 5 M. Gener
ally AFB2 was a more potent inhibitor than AFG2.

In previous studies, redox measurements on respir
atory complexes IV (cytochrome oxidase), V (gluta
mate-cytochrome c reductase) and VI (succinate- 
cytochrome c reductase) in the presence of AFB2 

( 1 -5 x 10“ 6 m) and AFG2 (2 x 10“ 6 m), with and 
without pre-incubation, provided no evidence that 
these toxins could inhibit the activity of succinate de
hydrogenase or the processes of electron- and energy- 
transfer reactions at site 1 (Obidoa et al. 1978). 
Rather, electron flow was inhibited terminally (cyto
chrome oxidase) and then only to a minimal extent. 
These discrepancies suggest that the underlying mech
anisms operating in the conditions prevailing in these 
different studies were not directly related. The bio
chemical explanations for these different effects, there

fore, may relate to the physicochemical characteristics 
(energetics and kinetics) of reversed electron transfer 
being favourable for the altered interactions between 
these toxins and the respiratory chain components. 
The inference appears consistent with contrasting 
effects of respiratory inhibitors like oligomycin and 
aurovertin on reversed electron transfer (Ernster & 
Lee, 1967).

Our results confirm that the well-known uncoupler. 
2,4-DNP, is a potent inhibitor of energy-linked 
reversed electron transfer (Ernster, 1961). The major 
site of inhibition lies within complex I and the phos
phorylation reaction sequence to ‘X -  F. Since AFB: 
and AFG2 exhibited a comparable effect only at con
centrations of 1 x 1 0 “ 5 m, it is logical to suggest that 
the dominant mechanism is different from that of 
DNP. It is probable that these toxins bind to one 
or more electron- or energy-transfer carriers rather 
than hydrolyse it (them) like DNP. In chemiosmotic 
terms they are probably not proton-ionophoretic. 
This conclusion supports our previous report that 
AFB2 and AFG2 do not stimulate ATPase activity 
or mitochondrial swelling and therefore do not un
couple oxidative phosphorylation (Obidoa et al.
1978).

Kl .1. 17 5 i
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T h u s  w hile  th e  p o te n c y  o f  A F B 2 is g re a te r  th a n  
th a t  o f  A F G 2, th e  m e c h a n ism s  o f  a c tio n  o f  th e  tw o  
to x in s  a re  p ro b a b ly  th e  sa m e  a n d  a  c o m m o n  s tru c 
tu ra l  fe a tu re  m a y  b e  re sp o n s ib le  fo r th e ir  ac tio n . T h e  
ev id e n ce  p re se n te d  h e re  s tro n g ly  su g g ests  th a t  o th e r  
a f la to x in s  (B lt M ( a n d  G [ )  m a y  e x h ib it  s im ila r  ac 
tiv ity  to w a rd s  e n e rg y - lin k e d  re v e rse d  e le c tro n  tra n s fe r  
b e tw ee n  su c c in a te  a n d  N A D +, a l th o u g h  th is  h a s  n o t 
p re v io u s ly  b e en  d e m o n s tra te d . S im ila rly  it a p p e a rs  
th a t  w h e rea s  funga l c o u m a r in -b a se d  m e ta b o li te s  
p ro b a b ly  d o  n o t  in te ra c t  w ith  th e  e n erg y  c o n se rv a tio n  
p a th w a y  (o x id a tiv e  p h o sp h o ry la tio n ) ,  th ey  m ay  d o  so 
w h en  th ese  r e a c tio n s  a re  rev ersed . W e  h av e  re ce n tly  
c o n c lu d e d  s tu d ie s  a lo n g  th ese  lines a n d  th e  re su lts  
will be  p re se n te d  e lsew here .
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Abstract—The use of y-irradiation can extend the storage life of certain foods, but following irradiation, 
some foods have been found, under laboratory conditions, to support a greater production of aflatoxin 
B,. Wheat irradiated at different dose levels up to 250krad showed a dose-dependent susceptibility 
to aflatoxin production, both toxin production and the free fatty acid levels of the wheat grains following 
an exponential pattern as the irradiation dosage increased from 50 to 250 krad. However, no correlation 
was observed between the degree of irradiation and the growth of the fungus.

Introduction

A fla to x in s  a re  w e ll-k n o w n  to x ic  m e ta b o li te s  p ro 
d u c ed  by so m e  s tra in s  o f  A sp e rg illu s , p a r tic u la r ly  A. 
flavus a n d  A. parasiticus. T h e  sp o re s  o f  th e se  fungi 
a re  u b iq u ito u s ly  d is t r ib u te d  a n d  re a d ily  in fes t s to re d  
fo o d -g ra in s  w h e n  a  h ig h  h u m id ity  a llie d  to  a  su ita b le  
te m p e ra tu re  p ro v id e  c o n d it io n s  c o n d u c iv e  to  th e ir  
g ro w th . T h e  h e p a to to x ic ity  o f  a f la to x in s  in  fa rm  a n i
mals', p o u l try  a n d  p r im a te s , in c lu d in g  m a n , is  well 
d o c u m e n te d  (B u tle r, 1974; N e w b e rn e  &  B u tle r , 1969; 
T u lp u le , M a d h a v a n  &  G o p a la n ,  1964) a n d  th e ir  c a r 
c in o g e n ic  p o te n tia l  h a s  a lso  b een  w id e ly  re p o r te d  
(G o p a la n , T u lp u le  &  K r is h n a m u r th i ,  1972; S w en so n , 
M ille r  &  M ille r , 1974; W o g a n , 1973; W o n g  &  H sieh ,
1976).

T h e  u se  o f  y - ir ra d ia t io n  h a s  b e en  c o n s id e re d  an  
effective m e th o d  o f  e x te n d in g  th e  s to ra g e  life o f  c e r 
ta in  fo o d s  b y  c o n tro l l in g  m ic ro b ia l  a n d  p a ra s i t ic  ac 
tiv ity  (B e llam y , 1959; H a n n e s so n , 1972). A lth o u g h  
th is  te c h n iq u e  h a s  c e r ta in  a d v a n ta g e s , re c e n t s tu d ie s  
h ave  su g g e s te d  th a t  fresh ly  i r r a d ia te d  w h e a t m a y  n o t  
b e  safe  fo r h u m a n  c o n s u m p tio n  a n d  m ay  n e e d  to  be  
s to re d  fo r a t  lea s t 12 w k  to  re n d e r  it w h o le so m e  a n d  
safe (V ijay a la x m i, 1975). F u r th e rm o re ,  a n  in c re a se  in 
th e  su sc e p tib ility  o f  fo o d s  to  fu n g a l in fe s ta tio n  a fte r  
i r r a d ia t io n  w a s  su g g e s te d  by S o m m e r &  F o r tla g e  
(1966) a n d  w as a t t r ib u te d  to  - a  re d u c tio n  in  th e  
p h y s io lo g ic a l a n d  b io c h e m ic a l re s is ta n c e  o f  th e  h o s t  
tissue , le a d in g  to  th e  ra p id  g ro w th  o f  so m e  fu n g i if 
re -in fe c tio n  o c c u rre d  a s  a  re su lt  o f  u n sa tis fa c to ry  s to r 
age  c o n d it io n s . In  th is  c o n n e c tio n , th e  o b se rv a tio n  
o f  P r iy a d a rs h in i  &  T u lp u le  (1976) th a t  a f la to x in  p ro 
d u c tio n  by  A. parasiticus in c re a se d  s ig n if ic a n tly  in 
so m e  a g r ic u ltu ra l  c o m m o d itie s  fo llo w in g  y - ir ra d ia t io n  
a p p e a rs  to  b e  o f  p ra c tic a l  im p o r ta n c e . H o w ev e r, it 
w as n o t  c le a r  fro m  th ese  s tu d ie s  w h e th e r  th e  to x in  
p ro d u c tio n  in c re a se d  a s  a  re su lt  o f  a n  in c re a se  in  fu n 
g a l g ro w th  o r  w h e th e r  th e  in c re a se  w as d u e  to  an  
in c re ase  in th e  p ro d u c tio n  o f  to x in  p e r  u n i t  g ro w th  o f  
th e  fungus.

A n  in v e s tig a tio n  w as u n d e r ta k e n ,  th e re fo re , to 
s tu d y  th e  effect o f  g ra d e d  d o se s  o f  y - ir ra d ia t io n  on  
a f la to x in  B , p ro d u c tio n , free  fa tty  a c id  levels a n d  th e  
g ro w th  o f  A. parasiticus in w h e a t, s ince  it h a s  been  
su g g e ste d  th a t  free fa tty  a c id  levels in fo o d s  c h a n g e  
s ig n if ic a n tly  a f te r  i r r a d ia t io n  (F o o d  I r ra d ia t io n  
In fo rm a tio n , 1975) a n d  th a t  fa tty  a c id s  c a n  su p p o r t  
in c re a se d  p ro d u c tio n  o f  a f la to x in  (Je m m a li &  G u il-  
b o t, 1974).

Experimental

A 4 -d a y -o ld  c u ltu re  o f  A. parasiticus (N R R L  2999). 
m a in ta in e d  o n  p o ta to -d e x tro s e  a g a r  s la n ts , w a s  used  
a s  th e  in o c u lu m  (8 x  105 sp o re s /m l). N o rm a l, h e a lth y  
w h e a t g ra in s , in  50-g q u a n ti t ie s ,  w ere  i r r a d ia te d  a t 
d o se  levels o f  50, 75, 100, 200 a n d  250 k ra d  u sin g  
a  60C o  i r r a d ia t io n  so u rce . T h e  d o se  d e liv e re d  w as 
c h e c k e d  b y  fe rro u s  su lp h a te  d o s im e try . D u p l ic a te
10-g  sa m p le s  o f  w h e a t i r r a d ia te d  a t  th e se  five d iffe ren t 
levels a n d  o f  n o n - ir r a d ia te d  w h e a t w ere  s te r ilize d  by  
a u to c la v in g  a t  15 psi fo r 15 m in , in o c u la te d  w ith  1-ml 
a l iq u o ts  o f  a  u n ifo rm  sp o re  su sp e n s io n  o f  A. parasit
icus, a n d  in c u b a te d  a t  28°C  fo r 7 d ay s . A fte r in c u b a 
tio n , th e  m a te r ia l  w a s  sp ra y e d  w ith  e th y l a lc o h o l,  
d r ie d  a t  7 0 -8 0 °C  a n d  p o w d e red .

F ro m  e a c h  sa m p le , a  100-m g a liq u o t  w as ta k e n  for 
th e  q u a n ti ta t iv e  d e te rm in a tio n  o f  fu n g a l g ro w th , g lu 
c o sa m in e  b e in g  e s t im a te d  a s  a  m e a su re  o f  c h itin , by  
th e  p ro c e d u re  d e sc rib e d  by  P r iy a d a rs h in i  &  T u lp u le
(1978). T h e  re s t o f  th e  m a te r ia l  w a s  u sed  fo r th e  
e x tra c tio n  a n d  e s t im a tio n  o f  a f la to x in  (S to loff, N e sh - 
e im , Y in , R o d ric k s , S ta c k  &  C a m p b e ll, 1971). T h e  
a m o u n t  o f  a f la to x in  B , w as d e te rm in e d  w ith  a  f lu o ro -  
d e n s ito m e te r .

F re e  fa tty  a c id  levels w ere  e s tim a te d , b y  th e  m e th o d  
o f  L o w ry  &  T in s le y  (1976), in  e a c h  o f  th e  i r r a d ia te d  
a n d  n o n - ir r a d ia te d  b a tc h e s  o f  w h o le  w h ea t.
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Table 1. Effect of graded doses of y-irradiation on aflatoxin production, free fatty acid 
levels and the growth of Aspergillus parasiticus in wheat

Irradiation Free fatty Fungal
dose Aflatoxin B, acids weight

(krad) (gg/g grain) (pg/g wheat flour) (mg/g grain)

0 358 + 30-7 354 + 4-6 18-5 + 1-40
50 512 + 4-3 493 + 0-5 20-2 + 0-75
75 544 + 6-2 532 + 7-7 17-9 + 0-94
100 556 + 10-0 540 + 0-7 18-6 + 0-29
200 571 + 9-1 570 + 1-6 16-3 + 209
250 633 + 11-2 599 + 2-2 16 3 + 1-00

Values are means + SEM (n = 6; samples from duplicate irradiations). There were no 
significant differences between duplicates and replicates for any parameter or between 
fungal growth determinations at different levels of irradiation. Both aflatoxin levels and 
the levels of free fatty acids differed significantly (P <  0-05, using an F ratio test of 
variance) at different levels of irradiation.

Results and Discussion
T h e  re su lts  p re se n te d  in  T a b le  1 sh o w  th a t ,  c o m 

p a re d  w ith  th e  n o n - ir r a d ia te d  g ra in , i r r a d ia te d  w h e a t 
s u p p o r ts  th e  fo rm a tio n  o f  s ig n ifican tly  g re a te r  
a m o u n ts  o f  a f la to x in , u n d e r  la b o ra to ry  c o n d it io n s . 
W ith  in c re a s in g  levels o f  ir r a d ia t io n  fro m  50 to  
250  k ra d , a f la to x in  p ro d u c tio n  w a s  fo u n d  to  in c re ase  
fro m  512 to  633 pgjg o f  g ra in . N o n - i r r a d ia te d  w h e a t 
s u p p o r te d  a  m e a n  a f la to x in  p r o d u c tio n  o f  358 pg/g, 
a n d  th e  m in im u m  i r ra d ia t io n  d o se  o f  50  k r a d  re su lte d  
in a  43 %  in c re a se  in a f la to x in  p ro d u c tio n . A s th e  i r r a 
d ia t io n  d o se  in c re ased , th e  a f la to x in  p ro d u c tio n  fol
lo w ed  a n  e x p o n e n tia l  c u rv e  a n d  c o n se q u e n tly  a  lo g a r 
i th m ic  p lo t  g av e  a  lin e a r  re la tio n s h ip , w ith  r = 0-9891.

I r r a d ia t io n  o f  w h e a t  a t  a ll th e  levels s tu d ie d  c a u se d  
an  in c re a se  in  th e  free  fa tty  a c id  leve ls  (T ab le  1) from  
493 ftg/g o f  g ra in  w ith  a  d o se  o f  50  k ra d  to  599 ftg/g 
w ith  250  k ra d . T h e  lo w est level o f  i r r a d ia t io n  in 
c re a se d  th e  free fa tty  a c id  level b y  a b o u t  4 0 %  o v e r 
th e  n o n - ir r a d ia te d  c o n tro l  v a lu e  o f  354  pg/g.

A s o b se rv e d  in  th e  c ase  o f  a f la to x in  B , p ro d u c tio n , 
th e  free fa tty  a c id  levels fo llo w ed  a n  e x p o n e n tia l  cu rv e  
a s  th e  i r r a d ia t io n  d o se  in c re a se d  fro m  50  to  2 5 0  k ra d , 
a n d  th e  lo g a r i th m ic  p lo t  g av e  a  lin e a r  r e la tio n s h ip  
w ith  r  =  0-9794, a  v ery  s ig n if ic a n t c o r re la t io n .

T a b le  1 a ls o  in d ic a te s  t h a t  i r r a d ia t io n  o f  w h e a t  a t  
th e  d o se  levels s tu d ie d  d id  n o t  a l te r  th e  so m a tic  
g ro w th  o f  A. parasiticus. F u n g a l g ro w th  in te rm s  o f  
g lu c o sa m in e  v a rie d  w ith in  a  n a r ro w  ra n g e  o f
16-3-20-2 m g /g  o f  g ra in . N o  sig n ific a n t c o r re la t io n  
w as o b se rv e d  b e tw ee n  th e  level o f  i r r a d ia t io n  a n d  th e  
g ro w th  o f  A. parasiticus in  w h e a t  (r =  0-4546).

T h e  re su lts  o f  th is  s tu d y  c o n f irm e d  e a r lie r  f in d in g s  
fro m  th is  la b o ra to ry  (P r iy a d a rsh in i  &  T u lp u le , 1976) 
th a t  a f la to x in  B , p ro d u c tio n  is e n h a n c e d  fo llo w in g  
e x p o su re  o f  w h e a t to  '/ - ir ra d ia t io n . I r r a d ia t io n  a t  d o se  
levels o f  5 0 ^250  k ra d  in c re a se d  b o th  a f la to x in  B , 
levels a n d  free fa tty  a c id  levels in  a  s im ila r  a n d  d o se - 
d e p e n d e n t m a n n e r . H o w ev e r, n o  re la tio n s h ip  w as 
o b se rv e d  b e tw ee n  levels o f  i r r a d ia t io n  a n d  th e  g ro w th  
o f  th e  fu n g u s, su g g e stin g  th a t  th e  effect o f  i r r a d ia t io n  
o n  a f la to x in  p ro d u c tio n  in  w h e a t  is in d e p e n d e n t o f  
th e  s o m a tic  g ro w th  o f  A. parasiticus. I t  is c le a r  th a t  
i r r a d ia t io n  o f  w h e a t d o e s  n o t  a l te r  th e  su sce p tib ility  
o f  th e  g ra in  to  fu n g a l in fec tio n  b u t  c a n  b r in g  a b o u t  
c h a n g e s  in th e  g ra in  c o m p o s it io n  fa v o u rin g  a n  in 
c rea se d  p ro d u c tio n  o f  to x in .

I t  c a n  b e  su g g ested , th e re fo re , o n  th e  b a s is  o f  th ese  
o b se rv a tio n s , th a t  s ince  a fla to x in  p r o d u c tio n  is 
a c c o m p a n ie d  by  a  c o n c o m ita n t  in c re ase  in free  fa tty  
a c id  levels in th e  w h e a t, th e  levels o f  free fa tty  a c id s  
in a  g ra in  c o u ld  b e  re sp o n s ib le  to  so m e  e x te n t  fo r 
d e te rm in in g  th e  a m o u n t  o f  a f la to x in  p ro d u c e d  b y  th e  
fu ngus. In  fact, J e m m a li &  G u ilb o t  (1974) h a v e  sh o w n  
th a t  lip id s  s t im u la te  a f la to x in  p ro d u c tio n . In  o th e r  
(u n p u b lish e d )  s tu d ie s , w e h a v e  d e m o n s tra te d  th a t  
s a tu r a te d  fa tty  a c id s  (C  1 4 :0 . C  1 6 :0  a n d  C  18 :0 ) 
s t im u la te  a f la to x in  sy n th e s is  in  a  sy n th e tic  m ed iu m , 
w h ile  u n s a tu r a te d  fa tty  a c id s  te n d  to  in h ib it  th e  to x in  
sy n th es is . In  th is  c o n te x t, th e  o b se rv a tio n  o f  Ba, J e m 
m ali &  D r a p r o n  (1977) th a t  th e  to x ig e n ic  s t r a in s  o f  A. 
flacus h a v e  a  h ig h e r  lip o ly tic  a c tiv ity  th a n  th e  n o n -  
to x ig e n ic  s t r a in s  m a y  b e  re le v an t. In v e s tig a tio n s  a re  
in  p ro g re s s  to  s tu d y  th e  ro le  o f  d iffe re n t fa tty  a c id s  
o n  a f la to x in  p ro d u c tio n , u s in g  n a tu ra l  s u b s tra te s  a s  
w ell a s  sy n th e tic  m ed ia .
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A C E T O IN

Synonyms: A c e ty lm e th y lc a rb in o l; 2 -b u ta n o l-3 -o n e ;  3 -h y d ro x y -2 -b u ta n o n e .
Structure: C H 3 C H ( O H ) C O C H 3.
Description and physical properties: Merck Index (1976).
Occurrence: R e p o r te d  to  b e  fo u n d  in  c o rn , w ine , v in e g a r  (fro m  g ra p e  o r  o th e r  so u rc es )  h o n ey , c o co a , 
b u t te r  a n d  ro a s te d  coffee a n d  in  c u r ra n t  a n d  s t ra w b e rry  a ro m a s  (Fenaroli's Handbook of Flavor 
Ingredients, 1975) a n d  a lso  in  a p p le , b a n a n a ,  c itru s  fru its , p e a r , p lu m , ra sp b e r ry , p eas , to m a to ,  m in t, 
b re a d , cheese , m ilk , fish , c h ic k en , m ea t, b e e r  a n d  w h isk e y  (C IV O -T N O , 1977).
Preparation: F ro m  d iac e ty l b y  p a r tia l  re d u c tio n , fro m  b u ta n e -2 ,3 -d io l b y  o x id a t io n  w ith  S o rb o se  
b a c te r iu m  o r  f ro m  su g a r  b y  b a c te r ia l  f e rm e n ta t io n ;  a lso  p ro d u c e d  b y  so m e  fungi, n o ta b ly  A sp e rg illu s  
a n d  P e n ic illiu m  s tra in s  (A rc ta n d e r , 1969).
Uses: In  p u b lic  u se  s in ce  th e  1950s. U se  in  fra g ra n c e s  in  th e  U S A  a m o u n ts  to  less th a n  lOOO lb/yr. 

C o n c e n tra t io n  in  f in a l p ro d u c t  (% ):

Soap Detergent Creams, lotions Perfume
U s u a l 001 0001 001 0 0 4
M a x im u m 01 001 01 10

Analytical data: G a s  c h ro m a to g ra m , R IF M  n o . 7 7 -6 ;  in fra -re d  cu rve , R IF M  n o . 7 7 -6 .

Status

A c e to in  w a s  g iv en  G R A S  s ta tu s  b y  F E M A  (1965), is a p p ro v e d  b y  th e  F D A  fo r fo o d  u se  (G R A S ) 
a n d  w as in c lu d e d  b y  th e  C o u n c il o f  E u ro p e  (1974) in  th e  lis t o f  a r tif ic ia l f la v o u r in g  su b s ta n c e s  th a t  
m a y  be  a d d e d  te m p o ra r i ly  to  fo o d stu ffs  w ith o u t  h a z a rd  to  p u b lic  h e a lth . T h e  Food Chemicals Codex
(1972) h a s  a  m o n o g ra p h  o n  th is  c o m p o u n d . C A S  R e g is try  N o . 5 1 3 -8 6 -0 .

B io log ica l d a ta

Acute toxicity. B o th  th e  a c u te  o ra l  L D 50 in  r a ts  a n d  th e  a c u te  d e rm a l L D 50 in r a b b its  e x ceed ed  
5 g /k g  (M o re n o , 1977). A  d o se  o f  a p p ro x im a te ly  1 4 g /k g  g iv en  sc w as le th a l to  ra ts , c a u s in g  p a ra ly s is  
a n d  c o n v u ls io n s  (G a u n t,  B ra n to m , K iss , G ra s s o  &  G a n g o lli ,  1972).

Short-term toxicity. W h e n  a c e to in  w as a d m in is te re d  to  r a ts  in  th e  d r in k in g -w a te r  a t  levels o f  750, 
3000 a n d  12,000 p p m  fo r 13 w k (G a u n t  et-al. 1972), n o  effec ts w ere  seen  a t  th e  750 o r  3 0 0 0 -p p m  levels. 
A t 12,000 p p m  th e  ra te  o f  b o d y -w e ig h t g a in  w as re d u c e d  in  a s so c ia t io n  w ith  a  r e d u c t io n  in  fo o d  a n d  
w a te r  c o n s u m p tio n , th e  re la tiv e  liv e r w e ig h t w as in c re a se d  w ith o u t  h is to lo g ic a l c h an g e , a n d  th e re  w as 
a  s lig h t a n a e m ia . T h e  n o -u n to w a rd -e ffe c t  level o f  3000 p p m  w as e q u iv a le n t  to  a n  in ta k e  o f  a p p ro x i
m a te ly  330 m g /k g /d a y  o r  a lm o s t  700 tim e s  th e  c a lc u la te d  m a x im u m  d a ily  in ta k e  in  m an . T h e  m a x i
m u m  to le ra te d  d o se  (M T D ), d e fin e d  a s  th e  m a x im u m  sing le  d o se  to le ra te d  b y  a ll five m ice  g iv en  six  ip 
in je c tio n s  o v e r  a  2 -w k p e r io d , w a s  fo u n d  to  b e  3-00 g /k g  (S to n e r, S h im k in , K n iazeff, W eisb u rg e r , 
W e isb u rg e r  &  G o r i ,  1973).

Irritation. A c e to in  a p p lie d  fu ll s tr e n g th  to  in ta c t  o r  a b ra d e d  r a b b i t  sk in  fo r  24  h r  u n d e r  o c c lu s io n  
w a s  m o d e ra te ly  ir r i ta t in g  (M o re n o , 1977). T e s te d  a t  10%  in  p e tro la tu m , it p ro d u c e d  n o  i r r i ta t io n  a fte r  
a  4 8 -h r  c lo s e d -p a tc h  te s t  o n  h u m a n  su b je c ts  (E p s te in , 1977).

Sensitization. A m a x im iz a tio n  te s t  (K lig m a n , 1966; K lig m a n  &  E p s te in , 1975) w a s  c a r r ie d  o u t  o n  31 
v o lu n te e rs . T h e  m a te r ia l  (R IF M  n o . 7 7 -6 )  w as te s te d  a t  a  c o n c e n tr a t io n  o f  10%  in  p e tro la tu m  a n d  
p ro d u c e d  n o  se n s it iz a tio n  re a c tio n s  (E p ste in , 1977).

Metabolism. W h e n  a c e to in  w a s  fed  to  d o g s , so m e  5 -2 5 %  o f  th e  d o se  w a s  e x c re te d  a s  b u ta n e -2 ,3- 
d ic l,  to g e th e r  w ith  sm a ll a m o u n ts  o f  th e  u n c h a n g e d  c o m p o u n d  (W illiam s , 1959). In je c tio n  in to  d e ce re - * 17

*The most recent of the previous sets of these monographs ppeared in Food and Cosmetics Toxicology, 1979,
17, no. 4 (pp. 357-390).
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b ra te  c a ts  w as fo llo w ed  by  c o n s id e ra b le  p ro d u c tio n  o f  b u tan e -2 ,3 -d io l, b u t  in je c tio n  o f  th is  g lyco l d id  
n o t  give rise  to  a p p re c ia b le  a m o u n ts  o f  a c e to in  (D a w so n  &  H u llin , 1954). In  rev iew s o f  th e  m e ta b 
o lism  o f  a ce to in , G a b rie l, I lb aw i &  A l-K h a lid i (1972) a n d  G a u n t  et al. (1972) re fe rre d  to  th e  u r in a ry  
e x c re tio n  o f  sm a ll a m o u n ts  o f  a c e to in  a n d  e le v a te d  levels o f  b u ta n e -2 ,3 -d io l in  a c e to in -fe d  d ogs, 
in c re a se d  a c e ty la tio n  in a ce to in -fe d  ra b b its  a n d  in  ra b b it- l iv e r  h o m o g e n a te  in c u b a te d  w ith  a c e to in  
a n d  so m e  in c o rp o ra tio n  in to  s te ro ls  in  ra t- liv e r  slices in c u b a te d  w ith  a ce to in .

A c e to in  w a s  d e te c te d  a s  a n  in te rm e d ia ry  m e ta b o li te  in  th e  r e d u c t io n  o f  m e th y l e th y l k e to n e  to  
b u ta n e -2 ,3 -d io l in m a le  g u in e a -p ig s  a n d  w a s  c le a re d  in  16 h r  (D iV in c en z o , K a p la n  &  D e d in a s , 1976). 
In  a lb in o  r a ts  in je c te d  w ith  n e a r-p h y s io lo g ic a l b lo o d  levels o f  a c e to in , a  m a jo r  f ra c tio n  w a s  o x id iz e d  
to  C 0 2 a n d  re la tiv e ly  sm a ll a m o u n ts  w ere  re d u c e d  to  b u ta n e -2 ,3 -d io l (G a b rie l et al. 1972). O x id a tio n  
p ro b a b ly  o c c u rre d  th ro u g h  fo rm a t io n  o f  a c e ta te  u n its . In  th ese  ra ts , [2 ,3 -14C ]a c e to in  c o n v e rs io n  to  
14C 0 2 in  th e  e x p ire d  a ir  w as 47 .7%  a fte r  20  h r  fo llo w in g  in tra c a rd ia l  in je c tio n  a n d  15% a fte r 12 h r  
fo llo w in g  ip  in je c tio n . U p  to  22%  o f  th e  ra d io a c tiv ity  w a s  e x c re te d  in  th e  u r in e  w ith in  18 h r  as 
u n id e n tif ie d  c o m p o u n d s . T h e  a b se n ce  o f  g ly co g e n  fo rm a tio n  w a s  d e m o n s tra te d  in  a lb in o  m ice  in 
je c te d  ip  w ith  200 m g  a c e to in  in  tw o  d o se s  (G a b r ie l  et al. 1972).

A c e to in  is so m e tim e s  fo rm e d  to g e th e r  w ith  b u ta n e -2 ,3 -d io l d u r in g  th e  fe rm e n ta tio n  o f  su g a rs  by  
Escherichia coli a n d  o th e r  m e m b e rs  o f  th e  B a c te r ia c e a e  (W illiam s, 1959).

Carcinogenicity. In  a n  a ssa y  fo r c a rc in o g e n ic ity , A /H e  s t r a in  m ice  re ce iv e d  20 ip  in je c tio n s  o f  
a c e to in  th re e  tim e s  p e r  w eek  in  to ta l  d o se s  o f  60-0 g /k g  (M T D ) a n d  12-0 g /k g  ( |  M T D ) (S to n e r  et al.
1973). A fte r 22 w k. P s e u d o m o n a s  in fec tio n  w a s  p re se n t  b u t  th e re  w as n o  in c re a se d  in c id e n ce  o f 
p r im a ry  lu n g  tu m o u rs  o r  a b n o rm a li ty  o f  o th e r  o rg a n s  a n d  th e  c o m p o u n d  w as n o t  c o n s id e re d  c a rc in o 
genic.

Pharmacology. W h e n  a c e to in  w as a d m in is te re d  iv to  c a ts , E E G  c h an g e s  in  v a r io u s  re g io n s  o f  th e  
b ra in  w ere  n o te d  (R e ith , H o lm , S ta ig e r, U rb a n e k  &  L u c m a n , 1975). W h e n  a c e to in  w as a d m in is te re d  
ip  to  n o rm a l,  p a r tia l ly  h e p a te c to m iz e d  o r  h e p a tic a lly  d a m a g e d  ra ts , th e  m a jo r  n e u ro lo g ic a l effect w as 
a  d is tu rb a n c e  o f  c o n sc io u sn e s s  ra n g in g  fro m  a p a th y  to  so m n o le n c e  (N ish ik a v a , 1970). M a le  a lb in o  
ra ts  rece iv in g  5-5 x  1 0 ” 3 m o l a c e to in /k g  ip  sh o w e d  n o  b e h a v io u ra l  c h an g e s , n o  a n a e s th e tic  re sp o n se  
a n d  n o  d e v ia tio n  fro m  n o rm a l in  E E G  tra c in g s  (S p rin ce , Jo s e p h s  &  W ilp izesk i, 1966).

Enzymes. C e ll-free  e x tra c ts  o f  r a t  liv e r o x id iz e d  a c e to in  to  C 0 2 in  th e  p re se n c e  o f  a  m ito c h o n d r ia l  
frac tio n . A T P  a n d  N A D  (Ib ra h im i, G a b r ie l  &  A l-K h a lid i, 1972).

Isolated tissues. A c e to in  in  c o n c e n tra t io n s  S 5 m M  d id  n o t  affect p ro te in  sy n th e s is  in  ra t- liv e r  slices 
(P e r in , S c a la b r in o , Sessa  &  A rn a b o ld i,  1974). B lo o m , F u lle r , W es te rfe ld  &  W es te rfe ld  (1966) re p o r te d  
th a t  a c e to in  w as n o t  c a ta b o liz e d  b y  v a r io u s  ty p es  o f  ra t- t is su e  h o m o g e n a te s , b u t  G a b rie l ,  J a b a ra  &  
A l-K h a lid i (1971) fo u n d  th a t  w ith  h ig h  c o n c e n tra t io n s  o f  a c e to in  (4-5 mM), u p  to  70%  w as re d u c e d  to  
b u ta n e -2 ,3 -d io l in  a lb in o  ra t- l iv e r  m in ce , a n d  G a b r ie l  et al. (1972) d e m o n s tra te d  th e  p ro d u c tio n  o f 
14C 0 2 fro m  [2 ,3 -14C ]a c e to in  in  r a t- l iv e r  m in ce , th e  r a te  o f  th is  14C 0 2 p ro d u c tio n  b e in g  a b o u t  five 
tim e s  s lo w e r th a n  fro m  [ l , 4 - 14C ]a c e to in . P ro d u c t io n  o f  14C 0 2 fro m  la b e lle d  a c e to in  w a s  d e p re sse d  
b y  c e r ta in  in h ib i to r s  o f  th e  tr ic a rb o x y lic  a c id  cycle  a n d  b y  a c e ta te  (G a b rie l  et al. 1972).

I so la te d  c a t  b ra in s  e x h ib ite d  a lte ra t io n s  in  E E G  tra c in g s  w h e n  t r e a te d  w ith  a c e to in  (R e ith  et al. 
1975).
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AMYL ISOEUGENOL

Synonyms: I so e u g e n o l a m y l e th e r ;  l-p e n to x y -2 -m e th o x y -4 -p ro p e n y lb e n z e n e .
Structure: C H 3 • C H : C H  C 6H 3( O C H 3) ■ O  [ C H 2] 4 C H 3.
Description and physical properties: A p a le -y e llo w ish  v isco u s  liq u id .
Occurrence: H a s  a p p a re n tly  n o t  b e e n  re p o r te d  to  o c c u r  in  n a tu re .
Preparation: F ro m  iso e u g en o l in  a lc o h o lic  p o ta s s iu m  h y d ro x id e  so lu tio n  w ith  a m y l b ro m id e , o r  by 
iso m e r iz a tio n  o f  a m y l e u g e n o l (A rc ta n d e r , 1969).
Uses: C o n c e n tra t io n  in  fin a l p ro d u c t  (% ):

Soap Detergent Creams, lotions Perfume
U su a l 002 0002 001 0-3
M a x im u m 0-2 002 0 0 5 0-8

Analytical data: G a s  c h ro m a to g ra m , R IF M  no . 75 -1 6 8 .

Status

A m yl iso e u g en o l is n o t  in c lu d e d  in th e  lis tin g s  o f  th e  F D A , F E M A  (1965) o r  th e  C o u n c il o f  E u ro p e  
(1974) o r  in  th e  Food Chemicals Codex (1972). C A S  R e g is try  N o . 1 0 4 8 4 -3 6 -3 .

Biological data

Acute toxicity. B o th  th e  a c u te  o ra l  L D 50 in  r a ts  a n d  th e  a c u te  d e rm a l L D 50 in  r a b b its  ex ceed ed  
5 g /k g  (M o re n o , 1976).

Irritation. A m yl iso e u g en o l a p p lie d  full s tre n g th  to  in ta c t  o r  a b ra d e d  ra b b it  sk in  fo r 24 h r  u n d e r  
o c c lu s io n  w a s  m o d e ra te ly  ir r ita tin g  (M o re n o , 1976). T e s te d  a t  8%  in  p e tro la tu m  it p ro d u c e d  n o  
i r r i ta t io n  a f te r  a  4 8 -h r  c lo se d -p a tc h  te s t o n  h u m a n  su b je c ts  (E p ste in , 1976).

Sensitization. A m a x im iz a tio n  te s t (K lig m a n , 1966; K lig m a n  &  E p s te in , 1975) w a s  c a r r ie d  o u t  o n  25 
v o lu n te e rs . T h e  m a te r ia l  (R IF M  n o . 7 5 -1 6 8 ) w as te s te d  a t  a  c o n c e n tra t io n  o f  8%  in  p e tro la tu m  a n d  
p ro d u c e d  n o  se n s itiz a tio n  re a c tio n s  (E p s te in , 1976).
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BUTYL ACETATE

S yn o n ym : «-Butyl acetate.
S tru c tu re :  C H 3 O C O [C H 2] 3 C H 3 .
D e s c r ip tio n  a n d  p h y s ic a l  p r o p e r t ie s :  M e r c k  In d e x  (1976).
O ccu rren ce :  Reported to have been found in rum ether (F e n a r o li 's  H a n d b o o k  o f  F l a w r  I n g r e d ie n ts , 
1975) and in apple, banana, cherry, citrus fruits, currants, grape, melon, papaya, peach, pear, plum, 
raspberry, strawberry, tomato, vinegar, cheese, beer, brandy, wine, cocoa, coffee, roasted nuts and 
honey (CIVO-TNO, 1977).
P r e p a r a tio n :  By direct esterification of «-butyl alcohol with acetic acid or acetic anhydride (Arctander, 
1969).
U s e s :  In public use since the 1930s. Use in fragrances in the USA amounts to approximately 
8000 lb/yr.

Concentration in final product (%):

S o a p D e te r g e n t C rea m s, lo tio n s P erfu m e
Usual 0 0 1 0  0 0 1 0-005 004
Maximum 0 1 0 0 1 0-03 0-4

A n a ly t ic a l  d a ta :  Gas chromatogram, RIFM no. 76-26; infra-red curve, RIFM no. 76-26.

Status
Butyl acetate was given GRAS status by FEMA (1965), is approved by the FDA for food use (21 

CFR 172.515), and was listed by the Council of Europe (1974) with an ADI of 1 mg/kg. The F o o d  
C h e m ic a ls  C o d e x  (1972) has a monograph on butyl acetate. CAS Registry No. 123-86-4.

Biological data
A c u te  to x ic i ty . The oral LD 5 0  in rabbits was reported as 7-4 g (64mmol)/kg (Munch, 1972) and the 

oral low lethal dose in rabbits and guinea-pigs as 3-2 and 4-7 g/kg, respectively (National Institute for 
Occupational Safety and Health, 1976). In rats, the oral LD5 0  was found to be 14 g/kg (National 
Institute for Occupational Safety and Health, 1976), and in mice 71 g/kg (Browning, 1965).

A dose of 750 mg butyl acetate/kg injected ip into mature male guinea-pigs was accompanied by a 
slight increase in serum ornithine carbamyl transferase activity; when the dose was increased to 
1500 mg/kg, two of the four animals tested died and the mean serum ornithine-carbamoyitransferase 
activity of the surviving guinea-pigs was elevated (DiVincenzo & Krasavage, 1974). Histological 
examinations suggested a slight accumulation of lipid in the liver cells. The ip LD5 0  for butyl acetate 
in mice was 1 -23 g/kg (National Institute for Occupational Safety and Health, 1976). The ip toxicity in 
rats has been related to hydrolysis of the ester (Selisko, Ackermann & Kupke, 1962). The acute 
dermal LD 5 0  in rabbits was reported as >5 g/kg (Moreno, 1976).

In h a la tio n . A review of the physiological effects of butyl acetate exposure in man indicates anaes
thetic action at high concentrations and slight eye irritation at lower concentrations (Fassett, 1963). 
Brief exposure to 14,000, 7000 or 3300 ppm butyl acetate was found to be disagreeable to human 
subjects because of a strong odour and irritant effects on the eyes and nose (Browning, 1965). Lower 
concentrations, between 200 and 300 ppm, caused slight eye irritation but no corneal oedema (Brown
ing, 1965; Fassett, 1963). Throat irritation has been reported upon exposure to 200ppm butyl acetate 
in an occupational setting; the irritation became quite severe at 300 ppm, and a threshold limit value 
of 150 ppm has been recommended (American Conference of Governmental Industrial Hygienists, 
1971; National Institute for Occupational Safety and Health, 1976). This value was determined on an 
8  hr/day, 40hr/wk basis over a normal working lifetime (Rosensteel, 1974; Ruhe, 1974).

Cats exposed to 83 mg butyl acetate/litre for 30 min experienced narcosis and death, while 55 mg/ 
litre for 30min caused only narcosis; cats inhaling 20mg/litre for 6  hr on six consecutive days 
experienced weakness, weight loss and minor blood changes (Fassett, 1963).

In guinea-pigs, a concentration of 14,000 ppm butyl acetate was dangerous to life and the maximum 
concentration that could be sustained for 1 hr without serious disturbance was 7000 ppm (Browning,
1965). Inhalation of 67 mg/litre of air for 4 hr caused eye irritation, narcosis and death in guinea-pigs, 
and inhalation of 33 mg/litre for 13 hr had similar effects but the animals recovered (Fassett, 1963). At 
16 mg/litre over 13 hr, eye irritation was the only effect observed. Inhalation of 35 mg butyl acetate/ 
litre of air for 3 hr caused narcosis in mice (Fassett, 1963). Upon repeated inhalation of 
3100-4200 ppm for 6  hr/day for 6  days, mice became habituated to the irritation but showed some 
fatigue and weight loss; blood changes included an increase in the formed elements and in haemoglo
bin concentration (Browning, 1965).

Congestion of lungs, brain, liver, and renal tubules, as well as slight pulmonary emphysema, was 
observed in animals exposed to butyl acetate (Browning, 1965).

I r r ita tio n . «-Butyl acetate applied full strength to intact or abraded rabbit skin for 24 hr under 
occlusion was moderately irritating (Moreno, 1976). Butyl acetate may cause conjunctivitis in man
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(M e r c k  I n d e x , 1976). An eye splash of butyl acetate was healed in 48 hr (Browning, 1965). Tested at 
4% in petrolatum, butyl acetate produced no irritation after a 48-hr closed-patch test on human 
subjects (Epstein, 1976).

S e n s it iz a tio n . A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 26 
volunteers. The material (RIFM no. 76-26) was tested at a concentration of 4% in petrolatum and 
produced no sensitization reactions (Epstein, 1976).

T e ra to g e n e s is . Chicken eggs injected with a dose of 45 mg butyl acetate/egg did not hatch; when 
27 mg/egg was injected, 45% of the eggs hatched and when 9 mg/egg was injected 60% of the eggs 
hatched (McLaughlin, Marliac, Verrett, Mutchler & Fitzhugh, 1964). Kidney damage and corneal 
lesions were observed in the chick embryos.

P h a r m a c o lo g y . The narcotic dose (ND) for guinea-pigs was 10,000-14,000 ppm inhaled for
15-30 min (Browning, 1965). The ND 5 0  after oral administration to rabbits was 2-2 g (19mmol)/kg 
and the threshold narcotic concentration to tadpoles was 0-7 g ( 6  mmol)/litre water (Munch, 1972). 
Anaesthetic effects were not observed in humans exposed to butyl acetate for 2 or 3 hr at levels of 
400-600 ppm (Fassett, 1963).

C e lls . In  v itr o  exposure of Ehrlich-Landschiitz diploid ascites tumour cells to 50 or 100 ppm butyl 
acetate for 1-5 hr produced only slight cytotoxicity (Holmberg & Malmfors, 1974). Incubation of 
rabbit polymorphonuclear leucocytes with certain phosphonate esters inhibited cell response to the 
chemotactic factor; this inhibition could be prevented by addition of butyl acetate to the incubation 
medium (Becker & Ward. 1967 & 1968; Ward & Becker, 1968). Butyl acetate exhibited an antihaemo- 
lytic effect on erythrocytes undergoing hypotonic haemolysis (Holmberg, Jakobson & Malmfors.
1974).

I s o la te d  tissu e . Butyl acetate, combined with choline, exhibited a contractile effect on isolated 
guinea-pig ileum (Ishida, Moritoki & Akira, 1969). In this tissue, butyl acetate elicited contractions 
that could be inhibited by cooling, procaine hydrochloride or atropine sulphate; release of acetylcho
line by butyl acetate was indicated (Takagi & Takayanagi, 1966). and when butyl acetate combined 
with muscle acetylcholine receptor, the response to acetylcholine was inhibited. Butyl acetate was 
hydrolysed by rat liver and intestine as well as by artificial gastric and pancreatic juices (Longland. 
Shilling & Gangolli, 1977). The stimulation of frog olfactory epithelium by butyl acetate has been 
studied (Minor & Sakina, 1973; Mozell, 1969).

E n zym es . Butyl acetate did not affect the activity of rat mast-cell protease in the presence of 
di-isopropyl fluorophosphate (Darzynkiewicz & Barnard, 1967). but inhibited rat-liver monoamine 
oxidase (Gomi, 1966) and was a weak inhibitor of bovine carbonic-anhydrase activity (Pocker & 
Stone, 1968). Moderate increases in leucocyte peroxidase and cytochrome-oxidase activities, as well as 
a marked increase in the activity of alkaline phosphatase, were observed in industrial workers who 
were exposed to butyl acetate among other solvents (Dinca, Pod, Galetariu & Budisca, 1969).

E ffe c ts  o f  m ix tu r e s  c o n ta in in g  b u ty l  a c e ta te . Inhalation of a paint thinner containing acetate esters, 
toluene and xylene caused drunkenness and hallucination in human subjects (Tambo, 1973). In an 
attempt to characterize the toxic effects of this thinner, a mixture of the five acetates, including butyl 
acetates, found in it was administered orally to rabbits. Administration was accompanied by a 
decrease in P CO! and P Ql in the blood. Gas chromatography revealed that the esters were hydrolysed 
to acetic acid and the corresponding alcohol. The alcohols caused drunkenness and the acetic acid 
caused acidosis in the blood (Tambo, 1973).

Blood chemistry was performed on workers who were exposed to a variety of fat solvents. Normo- 
cytic normochromic anaemia occurred and was attributed to exposure to butyl acetate and butyl 
alcohol; plasma bicarbonate was also lowered because of liberation of acetic acid (Shalaby, El-Dana- 
sory. Massoud & Hathout, 1973). Nail perspiration was strongly decreased when a cosmetic varnish 
containing butyl acetate was applied to the nails (Jacobi, 1968). The acute oral LD 5 0  values for 
several varnish thinners containing butyl acetate ranged from 7-6 to 8  6  mg/kg in mice (Senczuk, 
Orlowski & Jodynis, 1977).

In other studies of groups of workers, mixtures containing butyl acetate have been shown to affect 
behaviour on the one hand (Binaschi, Gazzaniga & Crovato, 1976) and to be nontoxic on the other 
(Rosensteel, 1974; Ruhe, 1974).

References
American Conference of Governmental Industrial Hygienists (1971). Documentation of the Threshold Limit 

Values for Substances in Workroom Air. p. 30. Cincinnati, OH.
Arctander, S. (1969) Perfume and Flavor Chemicals (Aroma Chemicals). Vol. 1, no. 382. S. Arctander, Montclair 

NJ.
Becker, E. L. & Ward, P. A. (1967). Partial biochemical characterization of the activated esterase required in the 

complement-dependent chemotaxis of rabbit polymorphonuclear leukocytes. J. exp. Med. 125, 1021.
Becker, E. L. & Ward, P. A. (1968). Enzymic mechanisms concerned in the complement-induced chemotaxis of 

rabbit polymorphonuclear leukocytes. In Proceedings of the 5th International Symposium on Immunopatho- 
l°gy, Punta Ala, Italy, 1967. Edited by P. A. Miescher. p. 189. Gruñe and Stratton, New York.

Binaschi, S., Gazzaniga, G. & Crovato, E. (1976). Behavioural toxicology in the evaluation of the effects of 
solvent mixtures. Adverse Eff. envir. Chem. Psychotropic Drugs 2, 91.



Fragrance raw materials monographs 517

Browning, E. (1965). Toxicity and Metabolism of Industrial Solvents, p. 529. Elsevier Publishing Co., London.
CIVO-TNO (1977). Volatile Compounds in Food. 4th Ed. Edited by S. Van Straten. Centraal Instituut Voor 

Voedingsonderzoek TNO, Zeist, The Netherlands.
Council of Europe (1974). Natural Flavouring Substances, Their Sources, and Added Artificial Flavouring 

Substances. Partial Agreement in the Social and Public Health Field. List 1, no. 194, p. 165. Strasbourg.
Darzynkiewicz, Z. & Barnard, E. (1967). Specific proteases of the rat mast cell. Nature, Lond. 213, 1198.
Dinca, C, Pod, L. Galetariu, I. & Budisca. V. (1969). Influence of organic solvents used in industry upon the 

intermediary metabolism of human leukocytes. I. Peroxidase, cytochrome oxidase, and alkaline phosphatase 
.variations. Morf. Norm, patol., Buc. 14, 453.

DiVincenzo, G. D. & Krasavage, W. J. (1974). Serum ornithine carbamyl transferase as a liver response test for 
exposure to organic solvents. Am. ind. Hyg. Ass. J. 35, 21.

Epstein, W. L. (1976). Report to RIFM, 8  October.
Fassett, D. W. (1963). Esters. In Industrial Hygiene and Toxicology. 2nd Ed. Edited by F. A. Patty. Vol. II, p. 

1851. Interscience Publishers, New York.
Fenarolls Handbook of Flavor Ingredients (1975). Edited by T. E. Furia and N. Bellanca. 2nd Ed. Vol. II, p. 61. 

CRC Press, Cleveland, OH.
Flavoring Extract Manufacturers’ Association (1965). Survey of flavoring ingredient usage levels. No. 2174. Fd 

Technol., Champaign 19(2), part 2, 155.
Food Chemicals Codex (1972). 2nd Ed. Prepared by the Committee on Specifications, Food Chemicals Codex, 

of the Committee on Food Protection, p. 106. National Academy of Sciences-National Research Council 
Publ. 1406, Washington, DC.

Gomi, Y. (1966). Monoamine oxidase inhibitors. IV. Nonspecific inhibitory action. Yakugaku Zasshi 8 6 , 483.
Holmberg, B., Jakobson, I. & Malmfors, T. (1974). The effect of organic solvents or erythrocytes during 

hypotonic hemolysis. Envir. Res. 7, 193.
Hoimberg, B. & Malmfors, T. (1974). The cytotoxicity of some organic solvents. Envir. Res. 7, 183.
Ishida, Y„ Moritoki, H. & Akira, H. (1969). Potentiating effect of choline on the action of phenyl acetate.

II. Structure-activity relation of acetate on the isolated guinea-pig ileum. Nippon Yakurigaku Zasshi 65, 
309.

Jacobi, O. (1968). Effect of various substances on the insensible perspiration of the nail. Archs Biochim. Cosm. 
11, 7.

Kligman, A. M. (1966). The identification of contact allergens by human assay. III. The maximization test. A 
procedure for screening and rating contact sensitizers. J. invest. Derm. 47, 393.

Kligman, A. M. & Epstein, W. (1975). Updating the maximization test for identifying contact allergens. Contact 
Dermatitis 1, 231.

Longland, R. C., Shilling, W. H. & Gangolli, S. D. (1977). The hydrolysis of flavouring esters by artificial 
gastrointestinal juices and rat tissue preparations. Toxicology 8 , 197.

McLaughlin, J., Marliac, J. P., Verrett, M. J., Mutchler, M. K. & Fitzhugh, O. G. (1964). Toxicity of fourteen 
volatile chemicals as measured by the chick embryo method. Am. ind. Hyg. Ass. J. 25, 282.

Merck Index (1976). An Encyclopedia of Chemicals and Drugs. 9th Ed., no. 1519. Merck & Co., Inc., Rahway, 
NJ.

Minor, A. V. & Shakina, N. L. (1973). Role of adenosine cyclic 3',5'-monophosphate in olfactory reception. 
Neirofiziologiya 5, 415.

Moreno, O. M. (1976). Report to RIFM, 19 October.
Mozell, M. M. (1969). Evidence for the differential migration of odorant molecules across the olfactory mucosa. 

In Proceedings of the Third International Symposium on Olfaction and Taste, 1968. Edited by C. Pfaflmann. p. 
221. Rockefeller University Press, New York.

Munch, J. C. (1972). Aliphatic alcohols and alkyl esters. Narcotic and lethal potencies to tadpoles and to 
rabbits. Ind. Med. Surg. 41(4), 31.

National Institute for Occupational Safety and Health (1976). Registry of Toxic Effects of Chemical Substances. 
Edited by H. E. Christensen and E. J. Fairchild. Entry No. AF73500, p. 17, NIOSH, Washington, DC.

Pocker, Y. & Stone, J. T. (1968). Catalytic versatility of erythrocyte carbonic anhydrase. VII. Kinetic studies of 
esterase activity and competitive inhibition by substrate analogs. Biochemistry, N.Y. 7, 3021.

Rosensteel, R. E. (1974). Health hazard evaluation determination. Magnavox Company of Tennessee, Andrews, 
North Carolina. US National Institute for Occupational Safety and Health, Report No. 73-178-158, 14 pp. 
National Technical Information Service Report No. PB-246469.

Ruhe, R. L. (1974). Health Hazard evaluation determination. Inland Manufacturing Division, General Motors 
Corporation, Vandalia, Ohio. US National Institute for Occupational Safety and Health Report No. 
73-72-155, 7 pp. National Technical Information Service Report No. PB-246449.

Selisko, O., Ackermann, H. u. Kupke, A. (1962). Über die Abhängigkeit der Toxizität einiger homologer Ester 
von ihrer Verseifunsgeschwindigkeit. Erhährungsforschung 7, 211.

Senczuk, W., Orlowski, J. & Jodynis, J. (1977). Acute and subacute toxicity of varnish diluents used in the 
furniture industry. Ann. Pharm., Poznan 12, 45.

Shalaby, E. S., El-Danasory, M., Massoud, A. A. E. & Hathcut, S. M. (1973). The toxic effects of fat solvents 
used in paints on liver, blood and lung. J. Egypt. Med. Ass. 56, 340.

Takagi, H. & Takayanagi, I. (1966). The effects of acetates of aliphatic alcohols on the cholinergic nerve 
structures and the acetylcholine receptor of the guinea-pig ileum. J. Pharm. Pharmac. 18, 795.

Tambo, S. (1973). Toxicity hazards of paint thinners with particular emphasis on the metabolism and toxicity of 
acetate esters. Nichidai Igaku Zasshi 32, 349.

Ward, P. A. & Becker, E. L. (1968). The deactivation of rabbit neutrophils by chemotactic factor and the nature 
of the activatable esterase. J. exp. Med. 127, 696.



518 D . L . J . O p d y k e

Additional references
Ambrosio, L., Inserra, A. & Bruni, D. (1962). The blood picture in amyl, butyl and propyl acetate poisoning. 

Folia med., Napoli 45, 700.
Ambrosio, L. & D’Arrigo, S. (1962). Anatomic and pathological changes during experimental intoxication with 

amyl, propyl and butyl acetates. Folia med.. Napoli 45, 525.
Boiko, V. I. (1966). Some early manifestations of chronic poisoning with organic solvents in metal painters. Gig. 

Truda prof. Zabol. 10(3), 37.
Bul’bin, L. A. (1966). Hygienic normalization of butyl acetate in the water of open reservoirs. Vop. Kommunal 

Gig. 6 , 29.
Bul’bin, L. A. (1968). Experimental substantiation of the maximum permissible concentrations of butyl acetate 

ir. bodies of water. Gig. Sanit. 33(4), 22.
Dinca, C., Galetariu, I. & Pod, L. (1973). Influence of some organic solvents used in industry on the interme

diate metabolism of human leukocytes. III. Modification of glycogen and nucleic acids. Timisoara Med. 18, 
83.

Elizarov, G. P. & Lapina, M. V. (1972). Nekotorye dannye ob izmenenii pH poverkhnosti kozhi rabochikh, 
zanyatykh v proizvodstve antibiotikov. Gig. Truda prof. Zabol. 15(1), 52.

Filov. V. A. (1961). Zaderzhka i prevrashchenie v organisme nizkomolekularnykh slozhnykh efirov. Gig. Truda 
prof. Zabol. 3(4), 14.

Filov, V. A. (1964). Kinetics of accumulation of substances in biological systems characterized by free pen
etration and subsequent breakdown. Dokl. Akad. Nauk SSSR 157, 1006 (English translation 157, 612).

Flavor and Extract Manufacturers’ Association (1974-1975). Scientific literature reviews on generally recog
nized as safe (GRAS) food ingredients—aliphatic primary alcohols, aldehydes, acids and related esters in 
flavor usage: US Food and Drug Administration Report FDA/HFF-76/42-48. Vol. 1-7 including Supplement 
1, 2457 pp. National Technical Information Service Report No. PB-254973SET.

Inserra, A., Spagna, C. & Carobene, S. (1962). I fattori immunitari nelie intossicazioni sperimentali da acetati di 
amile, butile e propile. Folia med., Napoli 45, 718.

Makshanova, E. I. & Omel’yanchik, M. S. (1977). Vliyanie profvrednostei kozhevennogo proizvodstva na 
belkovyi i lipidnyl obmeny. Zdravookhr. Belorussii 4, 81.

Mascia, D. & Querci, V. (1969). La eliminazione urinaria del V.M.A. nellintossicazione da acetati. Boll. Soc. ital. 
Biol. sper. 45, 695.

Merluzzi, F., Barbiano di Belgiojoso, G. & Locati, G. (1969). Un caso di intossicazione acuta da xilolo e acetato 
di butile. Medna Lav. 60, 602.

Nikolaeva, T. (1964). Maximum permissible concentrations of harmful substances in atmospheric air of popu
lated places. Hygiene and Sanitation 29(4-6), 166.

Petrovskaya, O. G. & Bul’bin, L. A. (1969). Pathomorphological changes in rat organs during the oral 
administration of butyl acetate. Gig. naselennykh Mest. 8 , 12C.

Pikciumas, I. (1973). Effect of solvent No. 646 on female employees of painting departments. In Vopr. Epidemiol. 
Gig. Litov. SSR, Mater. Nauchn. Konf. Ozdorevleniyu Vneshn. Sredy. Edited by S. V. Gurchinas. p. 178. 
Nauchno-Issled. Inst. Epidemiol., Mikrobiol. Gig. Vilnius, USSR.

Povnder, T. M. (1974). Response of the frog olfactory system to controlled odour stimuli. J. Soc. cosmet. Chem. 
25. 183.

Querci, V. & Mascaia, D. (1970). Rilievi enzimologici ed istologici sul danno epatico nell’intossicazione speri- 
mentale da acetati. Medna Lav. 61, 524.

Sanatina, K. G. (1973). Electrophysiological changes in the peripheral neuromuscular function of persons 
exposed to toluene and butyl alcohol vapors. In Vopr. Epidemiol. Gig. Litov. SSR, Mater. Nauchn. Konf. 
Ozdorevleniyu Vneshn. Sredy. Edited by S. V. Gurchinas. p. 183. Nauchno-Issled. Inst. Epidemiol., Microbiol. 
Gig., Vilnius, USSR.

Spagna, C., Inserra, A. & Petrillo, G. B. (1962). Comportamento della glicemia nell’intossicazione acuta speri- 
mentale da acetati di amile, butile, propile. Boll. Soc. ital. Biol. sper. 38, 521.

Spagna, C. & Malfitano, D. (1972). Verniciatura a spruzoo: Rischio professionale e norme di prevenzlione. 
Folia med., Napoli 55, 343.

Sporn, A. & Dinu, I. (1964). Influenta unor substante chimice folosite in industria alimentara asupra activitatii 
enzimatice a ficatului. Acad. Rep. Populare Romine, Studii Cercetari Biochim. 7, 23.

Sporn, A., Schoebesch, O., Marin, V., Panaitescu, E. & Runcanu, L. (1963). The toxicity of butyl acetate, methyl 
napthyl ketone, and ionone. Igiena 12, 437.

Swierczak, K. (1972). Chronic effect of low concentrations of industrial organic solvents on the hematopoetic 
system. I. Effect on blood element morphology. Pr. Med. Opolskie Tow. Przyk. Nauk, Wydz. 5 Nauk Med. p. 
139.

Tkachenko, V. I. & Tishchenko, A. S. (1976). Procedure for detecting furniture varnish in poisoning. Zdravookr. 
Tadzhik, no. 6 , p. 28.

Invertebrates
Apostol, S. & Vasilu, A. (1968). Alterations in oxygen consumption of Daphnia by toxic substances in the water. 

Igiena 17, 627.
Bar-Zeev, M. (1976). Materials attractive or repellent to larvae of Trogoderma granarium. lsr. J. Ent. 11, 61.
Boch. R. & Shearer, D. A. (1971). Chemical releasers of alarm behavior in the honeybee. Apis mellifera. J. Insect 

Physiol. 17, 2277.
Davis. P. L„ Munroe. K. A. & Selhime, A. G. (1977). Laboratory bio-assay of volatile naturally occurring

compounds against the Caribbean fruit fly. Proc. Fla. St. Hort. Soc. 89, 174.
Davis. P. L„ Munroe. K. A. & Selhime, A. G. (1977). Laboratory bio-assay of volatile naturally occurring

compounds against the Caribbean fruit fly. Citrus Ind. 58, 24.
Dudai. Y. (1977). Properties of learning and memory in Drosophila melanogaster. J. comp. Physiol. 113, 69.



Fragrance raw materials monographs 519

Kamorzina, I. G., Karpov, G. A. & Knyazena, K. S. (1966). Aromatic products as deodorants for insecticides 
and repellents. Khim. Sel. Khoz. 4, 499.

Metcalf, R. A. & Metcalf, R. L. (1970). Effects of isosteres of 2-heptanone on the alarm behavior of the ant
Conomyrama pyramica. Ann. ent. Soc. Am. 63, 34.

Metcalf, R. L., Winton, M. Y. & Fukuto, T. R. (1964). The effects of cholinergic substances upon the isolated 
heart of Periplaneta americana. J. Insect Physiol. 10, 353.

Perry, A. S., Fay, R. W. & Johnson, N. E. (1967). Correlation of chemical constitution and physical properties 
of fatty acid esters with oviposition response of Aedes aegypti. Mosquito News 2, 175.

Price, K. S., Waggy, G. T. & Conway, R. A. (1974). Brine shrimp bioassay and seawater BOD of petrochemi
cals. J. Wat. Pollut. Control Fed. 46, 63.

Tsitsin, N. V., Kovtunenko, V. F., Polyakov, D. K. & Khaidarov, K. M. (1973). Increasing the activity of plant 
acaricides. Zashch. Rast. Vred. Bolez 2, 167.

M icro-organisms

Bringmann, G. (1975). Determination of the biologically harmful effect of water pollutants by means of the 
retardation of cell proliferation of the blue algae Microcystis. Gesund-Ing. 96, 238.

Bringmann, G. & Kuehn, R. (1976). Comparative results of the damaging effects of water pollutants against 
bacteria (Pseudomonas putida) and the blue algae (Microcystis aeruginosa). Gas- u. WassFach 117, 410.

Karpukhin, V. F. & Dormidoshina, T. A. (1972). Effect of organic solvents on the respiration of activated 
sludge. Khim-Farm. Zh. 6 , 38.

Karpukhin, V. F., Dormidoshina, T. A. & Makarkina, I. Yu. (1973). Effect of various organic solvents and 
formaldehyde on respiration of activated sludge. Antibiotiki 18, 369.

Langley, W. D., Davis, W. B. & Richards, P. A. (1968). Decomposition of aliphatic esters by aerobic micro
organisms. Engng Bull. Ext. Ser. Purdue Univ. 132, 229.

Oi, S. & Satomura, Y. (1967). Substrate specificity, mode of action, and of inhibition by organic acids of purified 
acetylesterase from Sclerotinia fungus. Agric. biol. Chem. 31, 561.

F.C.T. 17/5—F



Fragrance raw materials monographs 521

BUTYL n-BUTYRATE

S y n o n y m : «-Butyl n-butanoate.
S tr u c tu r e :  CH3 • [CH 2 ] 3 • OCO• [CH 2 ] 2 • CH3.
D e s c r ip tio n  a n d  p h y s ic a l  p r o p e r t i e s : M e r c k  I n d e x  (1976).
O c c u r r e n c e : Reported to be found in apple, banana, grape, pear, strawberry, plum and passion fruit 
(CIVO-TNO, 1977).
P r e p a r a tio n :  By direct esterification of «-butyl alcohol with «-butyric acid under azeotropic condi
tions (Arctander, 1969).
U s e s :  In public use since the 1930s. Use in fragrances in the USA amounts to approximately 
2 0 0 0  lb/yr.

Concentration in final product (%):

S o a p D e te r g e n t C rea m s, lo tio n s P erfu m e
Usual 0 0 1 0 0 0 1 0-005 0-04
Maximum 0 1 0 0 1 003 0-4

A n a ly t ic a l  d a ta :  Gas chromatogram, RIFM no. 77-49; infra-red curve, RIFM no. 77—49.

Status
Butyl butyrate was given GRAS status by FEMA (1965), is approved by the FDA for food use (21 

CFR 172.515) and was listed by the Council of Europe (1974) with an ADI of 1 mg/kg. Monographs 
on butyl butyrate have been prepared by Browning (1965) and for the F o o d  C h e m ic a ls  C o d e x  (1972). 
CAS Registry No. 109-21-7.

Biological data

A c u te  to x ic i ty . The LD5 0  of butyl butyrate administered to rabbits by stomach tube was 9-5 g/kg 
( 6 6  mmol/kg) (Munch, 1972). The ip LD 5 0  was approximately 2-3 g/kg for male rats (Selisko, Acker- 
mann & Kupke, 1962) and 8-9 g/kg for mice (Sporn & Dinu, 1965). The acute dermal LD 5 0  value in 
rabbits exceeded 5 g/kg (Moreno, 1977).

S u b a c u te  to x ic i ty . When rats were treated orally with butyl butyrate for several weeks, the activities 
of succinic dehydrogenase and glutamic-aspartic transaminase decreased, while the activity of aldo
lase increased in the liver (Sporn & Dinu, 1965).

I r r ita tio n . Butyl «-butyrate applied full strength to intact or abraded rabbit skin for 24 hr under 
occlusion was moderately irritating (Moreno, 1977). Tested at 4 %  in petrolatum, it produced no 
irritation after a 48-hr closed-patch test on human subjects (Kligman, 1977).

S e n s i t iz a tio n . A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 25 
volunteers. The material (RIFM no. 77-49) was tested at a concentration of 4% in petrolatum and 
produced no sensitization reactions (Kligman, 1977).

P h a r m a c o lo g y . The N D 5 0  (narcotic dose) for butyl butyrate administered to rabbits by stomach 
tube was 5-2 g/kg (36 mmol/kg), the higher doses being associated with loss of corneal reflex, 
nystagmus, dyspnoea and bradycardia (Munch, 1972). When the anti-inflammatory action of butyl 
butyrate was investigated during ip administration of 50 mg/kg to rats, the ester was found to be less 
effective than butyric acid in inhibiting the development of dextran-induced oedema (Ladinskaya,
1968).

N u tr i t io n . When «-butyl n-butyrate was fed to chicks at 5 %  in the diet, it was palatable but only 
44% of its energy was available (Yoshida, Morimoto & Oda, 1970).
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CINNAMYL ISOBUTYRATE

Structure: C6 H 5 • CH : CH • CH 2 OCO • CH(CH3) • CH3.
Description and physical properties: Givaudan Index (1961).
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By direct esterification of cinnamic alcohol with isobutyric acid under azeotropic condi
tions (Arctander, 1969).
Uses: In public use since the 1930s. Use in fragrances in the USA amounts to approximately 
1 0 0 0 1 b/yr.

Concentration in final product (%):
Soap Detergent Creams, lotions Perfume

Usual 0 0 1 0 0 0 1 0-005 0 1

Maximum 0 1 0 0 1 003 0-4
Analytical data: Gas chromatogram, RIFM no. 77-76; infra-red curve, RIFM no. 77-76.

Status

Cinnamyl isobutyrate was given GRAS status by FEMA (1965), is approved by the FDA for food 
use (21 CFR 172.515) and was included by the Council of Europe (1974) at a level of 20 ppm (except 
for chewing gum) in the list of artificial flavouring substances that may be added to foodstuffs without 
hazard to public health. CAS Registry No. 103-59-3.

Biological data

Acute toxicity. Both the acute oral LD 5 0  in rats and the acute dermal LD 5 0  in rabbits exceeded 
5 g/kg (Moreno, 1977).

Irritation. Cinnamyl isobutyrate applied full strength to intact or abraded rabbit skin for 24 hr 
under occlusion was mildly irritating (Moreno, 1977). Tested at 4% in petrolatum, it produced no 
irritation after a 48-hr closed-patch test on human subjects (Epstein, 1977).

Sensitization. A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 31 
volunteers. The material (RIFM no. 77-76) was tested at a concentration of 4% in petrolatum and 
produced no sensitization reactions (Epstein, 1977).
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CITRONELLYL NITRILE

Structure: CH 3 (CH3 )C:CH • [CH2 ] 2 CH(CH3) CH2 CN.
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By treatment of citronellyl halide with potassium cyanide or by reacting citronellyl 
oxime with acetic anhydride (P.Z. Bedoukian, personal communication to RIFM, 1977).
Uses: In public use since the 1950s. Use in fragrances in the USA amounts to approximately 
5000 lb/yr.

Concentration in final product (%):
Soap Detergent Creams, lotions Perfume

Usual 0005 0003 00025 008
Maximum 006 0-03 0 0 2 0 - 6

Status

Citronellyl nitrile is not included in the listings of the FDA, FEMA (1965) or the Council of Europe 
(1974) or in the Food Chemicals Codex (1972). CAS Registry No. 52671—32—6.

Biological data

Acute toxicity. The acute oral LD 5 0  in rats was reported as 5-3 g/kg (4-2—6-7 g/kg) and the acute 
dermal LD 5 0  in rabbits exceeded 5 g/kg (Moreno, 1977).

Irritation. Citronellyl nitrile applied full strength to intact or abraded rabbit skin for 24 hr under 
occlusion was mildly irritating (Moreno, 1977). Tested at 6% in petrolatum, it produced no irritation 
after a 48-hr closed-patch test on human subjects (Kligman, 1977).

Sensitization. A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 25 
volunteers. The material (RIFM no. 77-87) was tested at a concentration of 6% in petrolatum and 
produced no sensitization reactions (Kligman, 1977).
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D IH Y D R O M E T H Y L -a -IO N O N E

Synonym : 5-(2,6,6-Trimethyl-2-cyclohexenyl)-pentan-3-one.
Structure:

Description and physical properties: A colourless oily liquid.
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By controlled catalytic hydrogenation of a-methylionone (Arctander, 1969).
Uses: In public use since the 1950s. Use in fragrances in the USA amounts to approximately 
2 0 0 0  lb/yr.

Concentration in final product (%):

Soap Detergent Creams, lotions Perfume
Usual 0 0 1 0 0 0 1 0005 0 - 2

Maximum 0 1 0 0 1 0-03 0 - 8

Analytical data: Gas chromatogram, RIFM no. 76-79; infra-red curve, RIFM no. 76-79.

Status

Dihydromethyl-a-ionone is not included in the listings of the FDA, FEMA (1965) or the Council of 
Europe (1974), or in the Food Chemicals Codex (1972).

B io lo g ica l d a ta

Acute toxicity. Both the acute oral LD 5 0  in rats and the acute dermal LD 5 0  in rabbits exceeded 
5 g/kg (Bailey, 1976).

Irritation. Dihydromethyl-a-ionone tested at 4% in petrolatum produced no irritation after a 48-hr 
closed-patch test on human subjects (Kligman, 1976).

Sensitization. A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 25 
volunteers. The material (RIFM no. 76-79) was tested at a concentration of 4% in petrolatum and 
produced no sensitization reactions (Kligman, 1976).
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F E N N E L  O IL ,  B IT T E R *

Since publication of an earlier monograph* on fennel oil, bitter, additional work with different 
samples has demonstrated that the original sample had deteriorated because of atmospheric oxi
dation. Signs of excessive deterioration included the presence of anisic aldehyde at levels above 0-3% 
and of p-cymene at levels above 2%. Acceptable samples of fennel oil, bitter should not contain more 
than 0-3% anisic aldehyde or 2% p-cymene as determined by GLC.
Occurrence: Found in the seeds of Foeniculum vulgare Miller subsp. capillaceum (Gilib.) Holmboe var. 
vulgare (Miller) Thellung, a wildgrowing type, sometimes known as bitter fennel (Gildemeister & 
Hoffman, 1961).
Preparation: By steam distillation of the crushed seeds.
Uses: In public use since the 1900s. Use in fragrances in the USA amounts to less than lOOOlb/yr. 

Concentration in final product (%).

Soap Detergent Creams, lotions Perfume
Usual 0 0 1 0 0 0 1 0005 004
Maximum 0 1 0 - 0 1 003 0-4

Analytical data: Gas chromatogram, RIFM no. 77-DBC; infra-red curve, RIFM no. 77-DBC.

S ta tu s

Fennel oil, bitter is not included in the listings of the FDA, FEMA (1965) or the Council of Europe 
(1974), or in the Food Chemicals Codex (1972).

Biological data

Irritation. Tested at 4% in petrolatum, fennel oil, bitter produced no irritation after a 48-hr closed- 
patch test on human subjects (Epstein, 1978).

Sensitization. A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 29 
volunteers. The material (RIFM no. 77-DBC) was tested at a concentration of 4% in petrolatum and 
produced no sensitization reactions (Epstein, 1978).
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IS O B O R N E O L

Synonyms: Isobornyl alcohol; isocamphol. 
Structure:

Description and physical properties. EOA Spec. no. 250.
Occurrence: Isoborneol rarely occurs in nature but it is found in the oil of Abies sibirica and a few 
other essences and is probably present in the essential oil from the roots of Chamaeciparis formosensis 
(Fenaroli's Handbook o f Flavor Ingredients, 1975).
Preparation: By the hydrolysis of isobornyl acetate.
Uses: In public use since the 1930s. Use in fragrances in the USA amounts to approximately
1 0 , 0 0 0  lb/yr.

Concentration in final product (%):

Soap Detergent Creams, lotions Perfume
Usual 0-005 0005 0 - 0 0 2 0-08
Maximum 0-15 0015 0-05 0-3

Analytical data: Gas chromatogram, RIFM no. 77-244; infra-red curve, RIFM no. 77-244.

Status

Isoborneol was given GRAS status by FEMA (1965), is approved by the FDA for food use (21 CFR 
172.515), and was included by the Council of Europe (1974) in the list of artificial flavouring sub
stances that may be added temporarily to foodstuffs without hazard to public health. CAS Registry 
No. 124-76-5.

Biological data

Acute toxicity. The acute oral LD 5 0  in rats was reported as 5-2 g/kg (4-3-6-2 g/kg) and the acute 
dermal LD 5 0  in rabbits exceeded 5 g/kg (Moreno, 1977).

Irritation. Isoborneol applied full strength to intact or abraded rabbit skin for 24 hr under occlu
sion was moderately irritating (Moreno, 1977). Tested at 10% in petrolatum, it produced no irritation 
after a 48-hr closed-patch test on human subjects (Epstein, 1977).

Sensitization. A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 26 
volunteers. The material (RIFM no. 77-244) was tested at a concentration of 10% in petrolatum and 
produced no sensitization reactions (Epstein, 1977).

Isolated tissue. Isoborneol was formed in very small amounts when 4-camphor was reduced in 
rabbit-liver cytosol in an NADPH-dependent reaction (Leibman & Ortiz, 1973).
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p-ISOPROPYL PHENYLACETALDEHYDE

Synonyms: Cuminic acetaldehyde; 4-isopropyl phenylacetaldehyde; cumyl acetaldehyde; p-cymene-7- 
carboxaldehyde.
Structure: CH 3 (CH3)CH • QH*- CH 2 • CHO.
Description and physical properties: A colourless liquid.
Occurrence: Has apparently not been reported to occur in nature.
Preparation: From cumyl magnesium chloride plus ethyl formate or triethyl orthoformate, followed 
by acid hydrolysis of the acetal (Arctander, 1969).
Uses: In public use since the 1960s. Use in fragrances in the USA amounts to approximately 
1 0 0 0  lb/yr.

Concentration in final product (%):

Soap Detergent Creams, lotions Perfume
Usual 0 - 0 1 0 0 0 1 0005 0 - 1

Maximum 0 1 0 0 1 003 0-4

S ta tu s

p-Isopropyl phenylacetaldehyde was given GRAS status by FEMA (1965), is approved by the FDA 
for food use (21 CFR 172.515) and was included by the Council of Europe (1974) at a level of 0-5 ppm 
in the list of artificial flavouring substances that may be added to foodstuffs without hazard to public 
health. CAS Registry No. 4395-92-0.

Biological data

Acute toxicity. The acute oral LD5 0  in rats was reported as 41 g/kg (3-4-5 0 g/kg) and the acute 
dermal LD 5 0  in rabbits exceeded 5 g/kg (Moreno, 1977).

Irritation. p-Isopropyl phenylacetaldehyde applied full strength to intact or abraded rabbit skin for 
24 hr under occlusion was severely irritating (Moreno, 1977). Tested at 4% in petrolatum, it produced 
no irritation after a 48-hr closed-patch test on human subjects (Kligman, 1977).

Sensitization. A maximization test (Kligman, 1966; Kligman & Epstein, 1975) was carried out on 25 
volunteers. The material (RIFM no. 76—344) was tested at a concentration of 4% in petrolatum and 
produced no sensitization reactions (Kligman, 1977).
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Environmental Carcinogens— Selected Methods of 
Analysis. Vol. 1— Analysis of Volatile Nitrosamines in 
Food. Edited by R. Preussmann, M. Castegnaro, E. A. 
Walker and A. E. Wassermann. IARC Scientific Pub
lications no. 18. International Agency for Research on 
Cancer, Lyon, 1978. pp. xiii + 212. Sw.fr. 90.00.

This publication marks the start of a series in
tended to provide a manual of selected methods for 
the analysis of environmental carcinogens. Volumes 
on vinyl chloride and polycyclic hydrocarbons are in 
preparation and this first volume is concerned with 
the analysis of volatile nitrosamines in food.

The volume is divided into three sections compris
ing a number of chapters contributed by individuals 
or groups of experts in this field. The first section 
contains a brief review of the carcinogenicity of 
¡V-nitroso compounds in experimental animals and its 
relevance to man. The exposure of the general popu
lation to A-nitroso compounds present in the en
vironment and to these compounds when formed 
from precursors in vivo is also outlined.

The second section is a review of approaches to 
the analysis of both nitrosamines and their precursors 
and contains numerous references. Different sampling, 
extraction and clean-up techniques are described and 
their relative merits are discussed. Determination by 
polarography, spectrophotometry and various chro
matographic techniques is dealt with similarly. Com
bined gas chromatography and mass spectrometry 
(GC-MS) is considered in some detail and it is con
cluded that the most reliable procedure for quantita
tive detection of nitrosamines is GC separation fol
lowed by MS using parent ion monitoring and peak 
matching at high resolution. Determinations by deri- 
vatization and the use of chemiluminescence-based 
detectors are also considered and analytical methods 
for the determination of precursor amines and of 
nitrate and nitrite in foodstuffs are reviewed.

The final section deals in great detail with eleven 
selected methods for analysing volatile nitrosamines 
in food. The methods are presented in ISO format, 
with the procedures written in discrete steps and with 
diagrams of apparatus where appropriate. The nitro
samines are generally isolated by distillation and 
extracted with dichloromethane. In the majority of 
methods free nitrosamines are determined, but two 
methods analyse for nitramines, and in another hepta- 
fluorobutyramide derivatives of nitrosamines are 
determined. In most methods determination is by GC 
followed by confirmation by GC-MS. This section is 
very useful.

Environmental Aspects of N-Nitroso Compounds. Pro
ceedings of a Working Conference held at the New 
England Center for Continuing Education, University

of New Hampshire, Durham, New Hampshire. USA. 
22-24 August 1977. Edited by E. A. Walker. M. 
Castegnaro, L. Griciute and R. E. Lyle. IARC Scien
tific Publications no. 19. International Agency for 
Research on Cancer, Lyon, 1978. pp. xxiv + 566. 
Sw.fr. 100.00.

This may be regarded as a companion book to the 
IARC publication on methods of analysis for volatile 
nitrosamines in food (IARC Scientific Publications 
no. 18; see above) and its presentation is equally clear. 
It is divided into six sections covering the analysis, 
chemistry and formation, occurrence and precursors, 
biology and safety of nitrosamines, and the recom
mendations of the subcommittees that discussed the 
papers presented at the conference.

In the section on analysis, some papers describe 
generally applicable procedures whilst others are 
more specific; for instance, one compares two 
methods of determining volatile A'-nitrosamines in 
cured meat products. The use of the thermal energy 
analyser (TEA) in conjunction with gas-liquid 
chromatography (GLC) and high-pressure liquid 
chromatography (HPLC) receives detailed attention. 
Amongst other techniques described are thin-layer 
chromatography (TLC), using fluorescamine, and 
nuclear magnetic resonance (NMR) spectrometry.

The topics dealt with in the section on chemistry 
and formation include the electronic properties of 
nitrosamines, fragmentation reactions of /Miydroxy- 
nitrosamines and transnitrosation. Studies in vitro on 
mechanisms of formation of nitrosamines are de
scribed and their relevance to possible mechanisms of 
formation in environmental media or in vivo is dis
cussed. The effects of antibiotics, antioxidants and 
micro-organisms on nitrosamine formation are con
sidered. One paper draws attention to the inadvertent 
formation of nitrosamines during analytical pro
cedures.

Human exposure to environmental nitrosamines is 
considered in the section on occurrence and precur
sors, and papers concerning the presence of nitros
amines in food, tobacco smoke and pesticides are 
included. Trends in the levels of N-nitrosopyrrolidine 
in bacon from 1971 to 1977, and determinations of the 
emission of nitrosamines into the environment from 
factories producing or using amines are described. 
Included in the biology section are reports of studies 
on the relationship between the intake of dietary 
nitrate and nitrite, and levels of salivary nitrite and 
urinary nitrosamines, and between urinary infection 
and the production of nitrosamines in the bladder.

There is a short section on safety aspects of nitros
amine experimentation which warns that the protec
tive effect of laboratory gloves is limited and advises 
that gloves should be used only once and discarded 
immediately if they become contaminated. Finally, in
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their reports, the subcommittees that discussed the 
papers presented at the conference recommend guide
lines for future research.

Like earlier IARC publications on N-nitroso com
pounds (Cited in F.C.T. 1978, 16, 65), this is an excel
lent book and further volumes are awaited with 
interest.

Micro-organisms in Foods 1: Their Significance and 
Methods of Enumeration. 2nd Ed. International 
Commission of Microbiological Specifications for 
Foods. University of Toronto Press, Toronto, 1978. 
pp. xvii + 434. $30.00.

The assessment of the microbiological safety of 
foods has become increasingly important in recent 
years with the development of new techniques for the 
large-scale production, processing, preservation and 
storage of foods. Furthermore, the expansion of the 
international distribution of foods, especially from 
areas where enteric diseases are endemic, has in
creased the need for stringent microbiological con
trols.

The ICMSF was set up in 1962 to provide authori
tative guidance on the microbiological testing of 
foods, in particular on the significance of the presence 
of particular species or groups of micro-organisms, 
and to try to establish internationally acceptable mic
robiological criteria. One of the first steps in that di
rection was the publication of the first edition of this 
book. The rapid progress in food microbiology, how
ever, has made the revision of that edition essential, 
and it is a reflection of the extent of that progress 
that, in the process, the book has doubled in size.

The second edition encompasses the new develop
ments in methodology for detecting and evaluating 
the presence of pathogens in food. Particular atten
tion is paid to Salmonella and also to the results of 
recent work on the mode of action of Bacillus cereus, 
Vibrio parahaemolyticus, Clostridium perfringens and 
Vibrio cholerae. Also included in the new edition are 
sections on parasitic protozoa, helminths, haemolytic 
streptococci, food-spoilage organisms and food-borne 
viruses.

The book is divided into three parts. In part 1, 
the significance of the presence in food of various 
organisms and microbial toxins is discussed. Part 2 
deals with methods recommended for the examina
tion of micro-organisms associated with food-borne 
diseases and part 3 gives detailed information on the 
media and reagents used in the analyses.

This book can be highly recommended as a work of 
reference and a laboratory manual for people working 
in any aspect of food microbiology. The information 
is very lucidly and logically presented and there is an 
extensive bibliography.

Occupational Cancer— Prevention and Control. l.L.O. 
Occupational Safety and Health Series no. 39. Inter
national Labour Office, Geneva, 1978. pp. 36. Sw.fr. 
10.00.

Following meetings in 1973 and 1974, the Interna
tional Labour Conference adopted a Convention and

a Recommendation concerning the prevention and 
control of occupational hazards caused by car
cinogens. This booklet is intended to provide guid
ance on the implementation of principles set forth in 
these two documents, which are included as appen
dices. Topics discussed are problems relating to the 
establishment of occupational standards for car
cinogens, classification of carcinogens for the purpose 
of legislation, preventive measures, exposure monitor
ing, personnel administration, medical supervision, 
and registers and recordings.

One conclusion reached is that it is extremely diffi
cult to establish “safe” exposure levels for carcinogens 
by extrapolation from animal or human data, and 
that exposure should always be kept as close to zero 
as possible. Contact with 2-naphthylamine, dialkyl- 
nitrosamines, benzidine, 4-aminodiphenyl, 2-acetyl- 
aminofluorene, 2-nitronaphthylamine, 4-dimethyl- 
aminoazobenzene, 4-nitrodiphenyl, methylnitrosourea 
and bis(chloromethyl) ether should be avoided 
altogether. Stringent protective measures should be 
applied to limit exposure to 1 -naphthylamine, pro
pane sultone, asbestos, vinyl chloride, ionizing radi
ation and radioactive substances, methyl chloro- 
methyl ether, diazomethane, 1 ,1-dimethylhydrazine, 
benzene and /I-propiolactone. For a third group of 
substances (inorganic arsenic, nickel carbonyl, 
4,4'-methylene-bis-ochloroaniline. dimethyl sulphate, 
3,3'-dichlorobenzidine, o-tolidine. dianisidine, ethyl- 
eneimine and ethylene thiourea) exposure should be 
kept to a minimum through the use of the most feas
ible and applicable controls. Similar controls are 
recommended for minimizing exposure to nine speci
fied industrial processes, which are known to involve 
a significant carcinogenic risk, and technical and per
sonal protective measures should be used in the case 
of several materials of complex composition (all con
taining polycyclic aromatic hydrocarbons) which have 
caused cancer in man.

Safety in Working with Chemicals. By M. E. Green 
and A. Turk. Collier Macmillan Publishers, London,
1978. pp. ix + 166. £2.75.

In view of the present concern over health and 
safety at work, the above monograph is a timely pub
lication. It is concerned with the use of chemicals in 
all laboratories and aims to provide an understanding 
of safe practice and so reduce the incidence of labora
tory accidents.

The authors feel that a correct attitude towards the 
working environment is the only way that accidents 
can be cut to a minimum. The use of protective 
clothing and eye shields and the maintenance of high 
standards of hygiene are among the obvious pre
cautions long accepted as desirable, but dangerous 
short cuts are a temptation, and the value of sound 
training early in the student’s career is stressed. 
Equipment in the laboratory should be set up and 
operated properly and solvents must be stored 
correctly. Personnel should be made aware of the 
flammability limits and flash points of the chemicals 
they use and should also be instructed about their 
corrosive and toxic nature and the possible effects of
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exposure; permissible limits of exposure are clearly 
listed in tabular form in Chapter 5.

The book also discusses the adequate ventilation 
of fume cupboards, a factor of particular importance 
in the handling of isotopes of carcinogens. A separate 
chapter looks at the hazards from different types of 
radiation, special attention being given to ionizing 
radiation.

Sensible disposal of chemical waste is given an air
ing, along with the principles of good housekeeping 
and a format for safety inspection reports, showing 
safety as an integral part of the laboratory activity, 
not merely a set of rules on paper. Safety officers are 
appointed to ensure that all laboratories conform to 
the safety standards and that personnel are made 
aware of the need for safe practices in their work. In 
each organization, a Safety Committee representing 
the entire work-force should be responsible for the 
administration of the health and safety programme, 
and the authors outline the specific tasks involved in 
this.

At £2.75, this is a valuable text for instilling the 
concept of safe practice into all laboratory personnel 
and it should be an asset to Safety Committees. It is 
straightforward and uncluttered and is easy to read. 
While the book itself is not expensive by today’s stan
dards, the authors do point out that the cost of an 
adequate safety programme is high.

Cancer and the Worker. Edited by B. M. Boland and
P. E. Lehman. New York Academy of Sciences, New 
York, 1977. pp. vi +  77. $2.00.

The recent publication of the EEC plans for health 
and safety in the working environment (Off. J. Europ. 
Commun. 1978, 21 (C165), 1) pointed out the need 
to educate individuals. Education on occupational 
health and safety should begin at school and continue 
at work—at all levels. A move towards worker aware
ness is being made, too, in the United States, the 
source of this present booklet. Much of its content is 
based on past and present happenings within that 
country, but the problems encountered have interna
tional relevance. This booklet is aimed at the worker, 
plant manager and union leader and begins with 
definitions of cancer terms, although some of the 
explanation remains rather ‘highbrow’.

The introduction points the finger at cancer as the 
problem of our times. Chapters 1 and 2 openly dis
cuss the history of cancer and provide a general de
scription of occupational cancer in lay terms. One 
rather contentious statement refers to the need for 
Delaney-type legislation applying to cancer-causing 
substances in the workplace; a suggestion of dubious 
wisdom in the light of present problems with such 
legislation. However, further statements in the book 
concerning economic considerations for the decision
making imply that the proposed legislation need not 
be as restrictive as the Delaney clause.

The reader is taken on a tour of classical car
cinogens, which are divided into groups (chemicals, 
metals, and dusts and fibres), and brief historical 
reviews of studies on many of the substances are in
cluded. There is a warning that exposure is not re
stricted to the workplace; the transport of material

away from the workplace frequently occurs particu
larly on the worker or his clothes. DONT SMOKE is 
the message in Chapter 6  to all workers and especially 
to those working with substances that already in
crease their risk of getting cancer.

Control of exposure and the adoption of suitable 
standards are discussed in Chapter 9 and here, too, 
one is led through problems already encountered with 
such materials as vinyl chloride. Medical tests which 
can be used to detect cancer in its early stages are 
described.

The later stages of the book take a broader look 
at the subject. Cancer is acknowledged as a ‘social 
disease’—a disease whose causes are an integral part 
of the technology and economy of our society. Risk 
assessments are complex problems and although the 
costs of protecting workers can be high, the long-term 
benefits of such protection are undeniable. If the 
worker is to have any say in his own protection, a 
free movement of information is required. Hopefully 
this booklet will go some way to help the worker 
contribute ideas in a rational and informed way on 
the safety of his immediate environment.

Mycotoxic Fungi, Mycotoxins, Mycotoxicoses. An 
Encyclopedic Handbook. Volume 3. Mycotoxicoses of 
Man and Plants: Mycotoxin Control and Regulatory 
Practices. Edited by T. D. Wyllie and L. G. More
house. Marcel Dekker, Inc., New York, 1978. pp. xvii 
+ 202. Sw.fr. 140.00.

This, the final volume of an encyclopaedic hand
book on mycotoxins, is concerned with man and 
plants. The contributors intend the whole handbook 
to provide the research scientist, biologist, food scien
tist and toxicologist with access to data in the field 
of mycotoxins. Detailed information is given on the 
identification and manipulation of mycotoxic fungi, 
along with methods of isolation and identification.

There is an interesting chapter in this volume on 
alimentary toxic aleukia, a disease that was wide
spread among the population of the Soviet Union 
several decades ago, especially in the Orenburg dis
trict, and was found to be the result of toxins pro
duced by fungi growing in overwintered grain. The 
function of mycotoxins in human pulmonary disease 
is also discussed, although the role played by afla- 
toxins and other mycotoxins in diseases resulting 
from the inhalation of fungi is one of several aspects 
of the pathogenesis of fungal disease on which further 
study is needed.

A section of this book covers the effects of myco
toxins on higher plants, algae, fungi and bacteria, and 
focuses on many mycotoxins that may be harmful to 
plants but are not involved in the development of 
plant diseases. It also looks at a group of antibiotics 
that are possibly harmful to higher plants and ani
mals and are usually toxic to bacteria. Concern is 
voiced about the problem of when and where myco
toxins get into food and feedstuff's and what can be 
done to prevent such contamination. Examples are 
given of the kinds of problems that exist and how 
they could be avoided. Many toxin-producing fungi 
have adapted to grow on harvested crops during 
storage, so it is important that stored products are
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inspected regularly to enable signs of spoilage to be 
detected before mycotoxins are released.

FDA and other regulations (although not the most 
recent) are covered in the concluding chapter. The 
mycotoxin problem in the USA is considered in con
junction with the international interest in economic 
and public health difficulties associated with myco
toxin contamination.

The contributors to this book are informative and 
their articles form a useful reference text. As a whole, 
the volume is well presented and easy to read, the 
information provided being easy to locate and sup
ported by clear diagrams and photographs.

Environmental Health Criteria 6. Principles and 
Methods for Evaluating the Toxicity of Chemicals. 
Part 1. Published under the joint sponsorship of the 
United Nations Environment Programme and the 
World Health Organization. WHO, Geneva, 1978. pp. 
272. Swfr. 28.00 (available in the UK through 
HMSO).

This book, the first of two parts, forms a creditable 
and important contribution to the UNEP/WHO En
vironmental Health Criteria series. In contrast to ear
lier publications in the series, which have concen
trated on evaluations of the health risks associated 
with specific environmental contaminants, this book 
is concerned with the more general problems and the 
methods of such evaluations. In a science that is now 
in such a rapid state of flux, it is refreshing to find a 
book that describes the current situation, gives 
glimpses into the future, and pin-points the areas 
most needing study.

For the specialist toxicologist, who may not be in 
close touch with some aspects of evaluation, this book 
will fill in the gaps. However its value is even greater 
for newcomers to the subject. A broad outline of 
chemical toxicity evaluation is adequately backed up 
by references for further reading. General concepts 
are covered in the first section and the factors that 
influence the design of tests are the subject of section 
two. Subsequent parts deal with the planning and 
evaluation of tests for acute, subacute and chronic 
toxicity, and of studies in chemobiokinetics, metabo
lism, morphology, inhalation exposure, and carcino
genicity and mutagenicity.

The need for a greater uniformity of methods in 
toxicity evaluation is recognized, and in this respect 
the two volumes represent further useful additions to 
a number of reviews and guidelines that have been 
produced by WHO. The second volume will cover 
more specialized procedures for safety evaluation and 
will contain chapters on functional studies of organs 
and systems, effects on reproduction, neurological and 
behavioural studies, effects on the skin and the eye, 
cumulation and adaptation, and factors modifying the 
results of toxicity testing and evaluation. It is eagerly 
awaited.

Biological Oxidation of Nitrogen. Edited by J. W. 
Gorrod. Elsevier/North-Holland Biomedical Press, 
Amsterdam. 1978. pp. xv + 502. Dfl. 143.00.

This monograph consists of a series of 63 papers 
presented at the Second International Symposium on

the Biological Oxidation of Nitrogen in Organic 
Molecules held at Chelsea College, University of 
London, during September 1977. The first of these 
symposia on nitrogen oxidation was held in 1971 
(Cited in F.C.T. 1973, 11, 665). The book has been 
dedicated to Professor Manfred Kiese, Director of the 
Institute of Pharmacology in Munich, as a tribute to 
his pioneering work on the formation of N-hydroxy- 
arylamines and their reaction with haemoglobin. 
Since the publication of the work of Professor Kiese 
and others on the production of methaemoglobinae- 
mia in experimental animals, many other examples 
of N-oxidation reactions leading to toxic metabolites 
have been reported. For example, 2-acetylaminofluor- 
ene (N-2 -fluorenylacetamide) is activated to the carci
nogenic IV-hydroxy derivative and the toxicity of 
certain drugs such as paracetamol (acetaminophen), 
iproniazid and isoniazid have been attributed to 
various initial N-oxidation reactions.

The papers presented at the meeting have been 
classified into seven sections and an author index is 
provided for the entire volume. The first two sections 
are devoted to the N-oxidation of aliphatic and aro
matic amines and the N-oxidation of hetero-aromatic 
amines. Among the compounds considered are alka
loid drugs, amphetamines and related compounds, 
barbiturates, morpholine-containing drugs, nicotine, 
and nitrosamines. Unlike the carbon oxidation of 
drugs and other foreign compounds, where the major
ity of biotransformations are catalysed by the micro
somal cytochrome P-450-dependent mixed-function 
oxidase complex, the enzymology of the oxidation of 
nitrogen in xenobiotics is more complex. In the sec
tion devoted to this topic, a paper by the Editor dis
cusses the use of the pKa of a nitrogen-containing 
xenobiotic to predict whether various N-oxidations 
will be catalyzed either by cytochrome P-450 or by 
the unrelated microsomal mixed-function amine oxi
dase enzyme first described by D. M. Ziegler.

In studying the metabolism of nitrogen-containing 
xenobiotics the investigator may have to overcome 
practical problems in the detection, separation and 
quantitation of N-oxygenated products, as these com
pounds are often extremely labile, are formed only in 
trace amounts and can be very water-soluble. Accord
ingly a section for papers on analytical techniques 
was included in the symposium. Of particular merit 
here is the review paper by J. W. Gorrod and others 
listing both chromatographic conditions and the 
detection methods that have been used in studies on 
N-oxidation products. Other papers deal with various 
aspects of the use of the techniques of gas-liquid 
chromatography, high-pressure liquid chroma
tography, mass spectrometry and polarography.

In the section on the toxicology and pharmacology 
of N-oxidation products, two papers are concerned 
with the metabolism of the analgesic drug, paraceta
mol. A cytochrome P-450-dependent N-hydroxyl- 
ation reaction has been found to be responsible for 
the hepatotoxic effects of this compound. Other 
papers in this section deal with the metabolism and 

. subsequent toxicity of 2 -acetylaminofluorene, aniline 
and other arylamines, cocaine, iproniazid, isoniazid, 
nicotine and phenacetin (acetophenetidine). The sixth 
section of papers considers the biosynthesis of N- 
oxidized products by plants, whilst the final section



Reviews of recent publications— Fd Cosmet. Toxicol. Voi. 17, no. 5 539

deals with the further metabolism of /V-oxidized 
products.

The papers presented at this symposium mainly 
contained the authors' latest research findings, only a 
few papers of a review type being included. The book 
may not appeal, therefore, to the casual reader or to 
those seeking basic principles, especially as the re
trieval of information is greatly hampered by the 
absence of a subject index. However, it must be con
sidered essential reading for those involved directly in 
studies on the metabolism and/or toxicity of nitrogen- 
containing xenobiotics.

Density Gradient Centrifugation. By R. Hinton and
M. Dobrota. Laboratory Techniques in Biochemistry 
and Molecular Biology. Vol. 6 , part 1. Edited by T.
S. Work and E. Work. North-Holland Publishing 
Company, Amsterdam, 1976. pp. 290. $21.00.

The application of centrifugal techniques has been 
largely responsible for our understanding of the pro
perties and functions of intracellular organelles. In 
early studies differential centrifugation was used, but 
this relatively simple technique is restricted in its use
fulness both with respect to the purity of the fractions 
obtained and to the relatively large differences in par
ticle size necessary to effect a good separation. The 
need to overcome these limitations has led to the in
creasing use of density gradient centrifugation.

The first chapter of this book defines the various 
types of centrifugation techniques, their use and their 
limitations, and covers the design, development and 
safety of centrifuges and rotors. Indeed, since ultra
centrifuges are potentially hazardous if wrongly used 
or inadequately maintained, the sections on the oper
ation of centrifuges and the care of rotors should be 
read by all centrifuge users. The theoretical aspects of 
centrifugal separations follow and in the third chapter 
the authors consider the choice of conditions to 
achieve a centrifugal separation and include discus
sions on rotor types, selection of density gradient 
solutes and the design of the gradient.

Two chapters are devoted to centrifugation in con
ventional (i.e. swing-out) and zonal rotors respect
ively. All the practical aspects of gradient preparation 
and loading, sample loading/unloading, centrifuga
tion, and monitoring of the gradient are covered. The 
various types of zonal rotors commercially available 
are reviewed and the use of ancillary equipment such 
as pumps, gradient makers and spectrophotometers 
is discussed. Some of the problems and pitfalls that 
may be encountered in the assay of the separated frac
tions obtained after centrifugation are described. 
Another chapter is devoted to the use of density gra
dient centrifugation to separate the constituents of 
biological material, and particularly to separate 
organelles from tissue fractions. The authors review 
the approaches that have been used in studies on the 
subfractionation of nuclei, mitochondria, lysosomes, 
microsomes, chromatin and polysomes and ribosome 
subunits. In addition, they discuss the separation of 
whole cells, nucleic acids, proteins and viruses.

As with any other separation technique the results 
of density gradient centrifugation studies may be 
greatly influenced by various artefacts arising from 
the procedures used. The sources of such artefacts are 
described and include particle damage due to pellet
ing, high hydrostatic pressure or high solute concen
tration. Factors affecting thè accuracy of assays of 
fractions from density gradients and of estimations of 
both particle densities and sedimentation coefficients 
are also discussed. The final chapter describes poss
ible future trends in density gradient centrifugation.

In addition to the wealth of practical advice given 
in this book, there are four excellent appendices. 
These consist of a list of addresses of manufacturers of 
centrifuges and ancillary equipment, a glossary of 
terms, a list of densities and sedimentation coefficients 
of rat liver-cell organelles and the theory of prep
aration of density gradients. The text is amply illus
trated and cites over 330 references.

This book provides the reader with practical advice 
both on the experimental approaches involved in den
sity gradient centrifugation studies and on the inter
pretation of the results obtained. It is recommended 
as essential reading to anyone who wishes to use this 
technique.
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M S G — F O O D  F O R  T H O U G H T

M o n o s o d iu m  g lu ta m a te  (M S G ) h a s  b e e n  su sp e c te d  
o f  c a u s in g  b ra in  d a m a g e  in  n e o n a te s  o f  v a r io u s  
spec ies  (Cited in F.C.T. 1977, 15, 347), a n d  h y p o th a la 
m ic  d a m a g e  re su ltin g  in  m u lt ip le  e n d o c r in e  d y sfu n c 
tio n  in  a d u lt  m ice  th a t  h a d  b e e n  t r e a te d  n e o n a ta lly  
w ith  M S G  h a s  a lso  b e e n  r e p o r te d  (ibid 1978, 16, 393). 
H o w ev e r, fa c to rs  su c h  a s  species, age, ro u te  o f  a d 
m in is tra tio n  a n d  e x p e r im e n ta l  d es ig n  h a v e  in tro d u c e d  
w id e  v a r ia tio n s  in to  th e  re su lts  o f  e x p e r im e n ts  (ibid 
1977, 15, 348) a n d  th e  d ie ta ry  th re s h o ld  level a t  w h ich  
M S G  e x e rts  n e u ro to x ic ity  h a s  y e t to  b e  e s ta b lish e d  
(ibid 1979, 17, 83). In  th e  fo llo w in g  s tu d ie s , th e  effects 
o f  o ra lly  a d m in is te re d  M S G  o n  v a r io u s  spec ies  a re  
d e sc rib e d .

O ra l  a d m in is t r a t io n  o f  1 g  M S G /k g  b o d y  w e ig h t in 
a  10%  (w /v) so lu t io n  p ro d u c e d  s im ila r  o v e ra ll p la s m a  
levels o f  g lu ta m ic  a c id  (G A ) in  a d u lt  m ice  a n d  ra ts . 
P e a k  p la s m a  levels a n d  a p p a re n t  ha lf-lives o f  G A  
w ere  a lso  s im ila r  in  b o th  species. H o w ev e r, w h e n  th e  
sa m e  d o se  w as a d m in is te re d  to  a d u lt  g u in ea -p ig s , th e  
o v e ra ll  p la s m a  levels a n d  th e  a p p a re n t  ha lf-lives w ere  
h ig h e r  (B izzi et al. Toxicology Lett. 1 9 7 7 ,1, 123). A fter 
a  d o se  o f  1 g  M S G /k g  in  10%  (w /v) so lu tio n , th e  o v e r
a ll p la s m a  levels w ere  h ig h e r  in  n e o n a ta l  (7 -d ay -o ld ) 
m ice  a n d  r a ts  th a n  in  th e  a d u lts ,  b u t  th e  re v e rse  w as 
tru e  fo r g u in ea -p ig s . T h e  G A  levels in  m o u se  a n d  
g u in e a -p ig  b ra in s  w ere  n o t  a l te re d  b y  o ra lly  a d m in is 
te re d  M S G  u n til  th e  p e a k  p la s m a -G A  levels e x ceed ed  
th e  b a sa l c o n c e n tra t io n s  b y  a b o u t  20 tim es.

T h e  c o n c e n tr a t io n  a t  w h ic h  M S G  w as a d m in is 
te re d  in flu e n ce d  p la s m a -G A  levels. W h e n  a  d o se  o f  
M S G  w as a d m in is te re d  to  7 -d a y -o ld  a n im a ls  (m ice:
0 -5 g /k g ;  r a ts :  1 0 g /k g ) in  so lu tio n s  o f  d ifferin g  c o n 
c e n tra t io n  (m ice : 2- 20%, w /v ; r a ts :  2- 10% , w /v), th e  
p e a k  p la s m a -G A  levels a n d  o v e ra ll  p la s m a  levels, b u t  
n o t  th e  a p p a re n t  ha lf-life  o f  G A , in c re a se d  w ith  in 
c re a s in g  c o n c e n tra t io n  (B izzi et al. loc. cit.). S im ila r  
effects o c c u r re d  in  a d u lt  a n im a ls . O v e ra ll  a n d  p e a k  
p la s m a  levels a lso  in c re a se d  w ith  in c re a s in g  d o se s  o f  
M S G  g iv en  a t  th e  sa m e  c o n c e n tra t io n .  T h e  effect o f  
c o n c e n tra t io n  o n  p la s m a -G A  levels w as o b se rv e d  a lso  
in  h u m a n  v o lu n te e rs , in w h o m  60  m g  M S G /k g  p r o 
d u c e d  h ig h e r  p e a k  a n d  o v e ra ll  p la s m a  levels w hen  
g iv en  a t  8%  (w /v) th a n  a t  2 %  (B izzi et al. loc. cit.).

C o n tr a d ic to ry  e v id e n ce  c o m es, th o u g h , f ro m  a  
s tu d y  in m ice  b y  J a m e s  et al. (Toxicology Lett. 1978, 
1, 195). In  4 3 -d a y -o ld  m a le  m ice  g iv en  a  s in g le  o ra l  
d o se  o f  T5 g  M S G /k g  a t  v a r io u s  c o n c e n tra t io n s  
(2 -2 0 % ) in  a q u e o u s  so lu tio n , p la sm a -G A  levels w ere  
in c re a se d  a t  a ll  c o n c e n tra t io n s  g iven , th e  h ig h e s t 
v a lu e s  b e in g  a t ta in e d  15 m in  a fte r  d o sin g . H o w e v e r, 
th e  in c re a se  in  G A  level w a s  n o t  re la te d  to  th e  c o n 
c e n tra t io n  o f  th e  s o lu tio n  u sed , a l th o u g h  th e  so d iu m  
c o n c e n tra t io n  in th e  p la s m a  d id  v a ry  w ith  th e  c o n c e n 
tra t io n  o f  th e  M S G  so lu tio n . B e tw een  15 a n d  90  m in

a f te r  d o s in g , s ig n if ic a n tly  lo w e r p la s m a -so d iu m  c o n 
c e n tra t io n s  w ere  p ro d u c e d  b y  th e  2%  M S G  so lu tio n  
th a n  b y  th e  o th e r  c o n c e n tra t io n s . A t 15 m in . th e  5%  
M S G  so lu tio n  p ro d u c e d  lo w er p la s m a -so d iu m  c o n 
c e n tra t io n s  th a n  10 o r  20%  M S G , a n d  a t  90  m in . 20%  
M S G  p ro d u c e d  a  h ig h e r p la s m a -so d iu m  c o n c e n 
tra t io n  th a n  th e  lo w e r s tre n g th s . A fte r 120 m in . th e re  
w a s  n o  d ifference , h o w e v er, a n d  th e  v a lu e s  fo r so d iu m  
c o n c e n tra t io n  w ere  w ith in  th e  n o rm a lly  a c c e p te d  
ra n g e  a t  a ll tim es. A lth o u g h  th e  p la sm a -G A  levels 
w ere  in c re a se d  by  d o s in g  w ith  M S G . n o  h is to lo g ic a l 
d a m a g e  w a s  in d u c e d  in th e  h y p o th a la m u s , a n d  it is 
a s su m e d  th a t  th e  b lo o d -b ra in  b a r r ie r  in a d u lt  m ice 
p ro te c ts  a g a in s t  su ch  d a m a g e .

I t  h a s  b e en  su g g ested  th a t  c o n s id e ra b le  a m o u n ts  
o f  M S G  a p p e a r  to  b e  h a rm le s s  w h en  in g es te d  a s  p a r t  
o f  a n  o th e rw ise  n o rm a l d ie t (Cited in F.C.T. 1975. 13. 
125). F u r th e r  su p p o r t  fo r th is  view  c o m e s  fro m  s tu d ie s  
o n  b e ag le  d o g s  (O w en  et al. Toxicology Lett. 1978. 
1, 217) a n d  ra ts  (idem, ibid 1978. 1, 221). B eagle d o g s 
w ere  fed  P u r in a  D o g  C h o w  c o n ta in in g  e ith e r  5 1 3 ' ,, 
(w /w ) so d iu m  p r o p io n a te  o r  2-5. 5 0  o r  1 0 0 %  |w  w) 
M S G  fo r  104 w k. N o  a d v e rse  effects w ere  o b se rv ed  
o n  w e ig h t g a in , fo o d  c o n su m p tio n , effic iency  o f  food 
c o n v e rs io n , o r  b e h a v io u r ;  n o r  w ere  a n y  d ifferences 
n o te d  b e tw ee n  th e  e le c tro c a rd io g ra m s , o p h th a lm o lo -  
g ica l fin d in g s , h a e m a to lo g y  a n d  s e ru m  c h em istry , 
o rg a n  w e ig h ts  o r  m o r ta l i ty  o f  e x p e r im e n ta l  a n d  c o n 
tro l  d o g s. B o th  th e  d ie ta ry  a d d itiv e s  s lig h tly  in cre ased  
u r in e  v o lu m e  a n d  so d iu m  e x c re tio n , b u t  u r in a ry  c o n 
c e n tra t io n  a b ility  w as n o t  im p a ire d . T is su e  sam ples, 
in c lu d in g  k id n ey , ta k e n  a fte r  tre a tm e n t  fo r 13 o r  
104 w k  sh o w e d  n o  h is to p a th o lo g ic a l  c h a n g e s  a t t r ib u t 
a b le  to  th e  a d d itiv es . T h e  m e d u lla ry  tu b u la r  lu m e n  
in  b o th  t r e a te d  a n d  c o n tro l  d o g s  sh o w e d  foci o f 
m in e ra liz a tio n . S im ila rly , in r a ts  fed 2 0 5 ° ,, so d iu m  
p ro p io n a te  o r  TO, 2 0  o r  4 0 %  M S G  in th e  d ie t for 
104 w k  th e re  w ere  n o  a d v e rse  effects o n  w e ig h t g a in  
(ex cep t fo r  a  s lig h t lo w e rin g  in  m a le s  g iv en  4 0 %  M S G  
o r  2  0 5 %  so d iu m  p r o p io n a te  a f te r  w k  60), o r  o n  fo o d  
c o n su m p tio n , effic iency  o f  fo o d  c o n v e rs io n , b lo o d , 
o rg a n  w e ig h ts  o r  m o r ta l i ty  (w ith  th e  e x ce p tio n  o f 
fem a les  re ce iv in g  1%  M S G , w h o  su rv iv e d  b e tte r  th a n  
th e  c o n tro ls ) . T h e  h ig h e s t feed  leve ls  o f  M S G  a n d  
so d iu m  p ro p io n a te  in c re a se d  w a te r  c o n s u m p tio n , 
u r in e  v o lu m e  a n d  so d iu m  e x c re tio n ;  a n  in c re a se d  in 
c id e n c e  a n d  e a r l ie r  o n se t  o f  sp o n ta n e o u s  su b e p ith e lia l 
b a so p h ilic  d e p o s its  in  th e  re n a l  p e lv is  m a y  h a v e  b een  
re la te d  to  th e  in c re a se d  u r in e  v o lu m e  a n d  so d iu m  
e x c re tio n  b u t  w ere  n o t  th o u g h t  to  b e  sp ec ifica lly  a s 
so c ia te d  w ith  M S G . A s in d o g s , fo cal m in e ra liz a tio n  
in th e  m e d u lla ry  tu b u le s  w as e q u a lly  in c id e n t in 
t r e a te d  r a ts  a n d  in  c o n tro ls .

O ’H a r a  et al. (J. toxicol. Sci., Japan 1977, 2, 281) 
in v e s tig a te d  th e  effec ts o f  th e  r o u te  o f  M S G  a d m in is 

541



542 Articles of general interest— Fd Cosmet. Toxicol. Vol. 17. no. 5

t ra t io n  o n  p la sm a -G A  levels in m ice. A sing le  d o se  
o f  1 g  M S G /k g  in 10% (w /v) a q u e o u s  s o lu tio n  w as 
g iven  ip, sc o r  by  g a s tr ic  in tu b a t io n  to  m ice  a g ed  
10 d ays, 23 d a y s  o r  4  m o n th s . P la sm a -G A  levels 
re a c h e d  a  p e a k  1 0 -3 0  m in  a fte r  th e  d o se  w as g iven 
a n d  re tu rn e d  to  b a sa l v a lu e s  a f te r  90  m in . A fte r o ra l 
doses, th e  G A  p e a k s  w ere  lo w e r th a n  a fte r  ip  o r  sc 
in je c tio n , p a r tic u la r ly  in th e  1 0 -d ay -o ld  a n d  23 -day - 
o ld  an im a ls .

S ingle  d o ses  o f  1 g  M S G /k g , m ix e d  in to  h u m a n -  
in fa n t fo rm u la  feed o r  c le a r  so u p  to  g ive  c o n c e n 
tra t io n s  o f  10%  (w/v), w ere  a d m in is te re d , resp ec tiv e ly , 
to  10 -d ay -o ld  o r  a d u lt  m ice  b y  g a s tr ic  in tu b a tio n . T h e  
p e a k  p la sm a -G A  levels w ere  re d u c e d  b y  so m e  50%  
in m ice  g iv en  th e  d o se  in  e ith e r  o f  th e  tw o  foods, 
c o m p a re d  w ith  th e  levels in m ice  g iv en  th e  sa m e  d o se  
in a n  a q u e o u s  so lu tio n . W h e n  1 g  M S G /k g  w a s  a d 
m in is te re d  to  2 3 -d a y -o ld  a n d  a d u lt  m ice  a s  p a r t  o f

a  n o rm a l d ie t, o n ly  s lig h t e le v a tio n s  in p la s m a -G A  
levels o c c u r re d  a n d  p e a k  v a lu es w ere  less th a n  
45 /(m o l/100 m l c o m p a re d  w ith  219 a n d  344 /n n o l 
100 m l in  2 3 -d a y -o ld  a n d  4 -m o n th -o ld  m ice , re s p e c t
ively, g iv en  th e  d o se  b y  g a s tr ic  in tu b a t io n  in a q u e o u s  
so lu tio n .

O th e r  s tu d ie s  in  r a ts  (Cited in F.C.T. 1971, 9 , 719) 
a n d  in n e o n a ta l  p ig s (ibid 1975, 13, 125), h o w ev er, d id  
n o t  sh o w  a n y  re d u c tio n  in  p e a k  G A  levels in  th e  
p la s m a  w h e n  M S G  w a s a d m in is te re d  w ith  fo o d  ra th e r  
th a n  a lo n e  in  so lu tio n . N e v e rth e le ss , th e  r a te s  o f  in 
c rea se  to  th e  p e a k  level w ere  slow er, a n d  o n  b a la n c e  
th ese  s tu d ie s  d o  su g g est th a t  th e  effects o f  M S G  m a y  
b e  in flu e n c e d  to  a  s ig n ific a n t d e g ree  b y  a c c o m p a n y in g  
feed in g  p a tte rn s  o r  b y  o th e r  d ie ta ry  c o m p o n e n ts .

[P .  C o o p e r— B IB R A ]

V IN Y L  C H L O R ID E — P A R T  2 : M U T A G E N IC IT Y

In  th e  la s t issue  (p. 403), w e re v ie w e d  th e  m o re  
im p o r ta n t  m e ta b o lic  s tu d ie s  o n  v iny l c h lo r id e  (VC). 
N o w  w e tu rn  to  m u ta g e n ic ity . T h is  a sp e c t o f  V C ’s 
b io lo g ic a l p ro file  h a s  b e en  ex ten siv e ly  in v es tig a te d , 
p a r tic u la r ly  in b a c te r ia .

Mutagenicity in S a lm o n e lla  ty p h im u r iu m  

T h e  p re lim in a ry  s tu d ie s  o f  m u ta g e n ic ity  in v o lv e d  
th e  A m es tes t. W h e n  V C , a t  a  c o n c e n tra t io n  o f  20%  
(v/v) in  a ir , w a s  in c u b a te d  w ith  Salmonella typhimur
ium s t r a in  T A 1 5 3 5  a n d  a  m a m m a lia n  m e ta b o liz in g  
sy s tem , n a m e ly  a  fo rtified  p o s t-m ito c h o n d r ia l  r a t- l iv e r  
s u p e r n a t a n t  th e  n u m b e r  o f  h is t id in e  re v e r ta n ts  w as 
in c re a se d  to  th re e  tim e s  th e  s p o n ta n e o u s  m u ta t io n  
ra te  (R a n n u g  et al. AMBIO 1974, 3 , 194). A n  in c re ase  
o v e r th e  sp o n ta n e o u s  m u ta t io n  ra te  a lso  o c c u rre d  in 
s t r a in s  T A 1535 , T A 1 5 3 0  a n d  G 4 6  w h e n  th e y  w ere  
e x p o se d  to  a  s im ila r  V C  a tm o sp h e re  in  th e  p re se n c e  
o f  a  9 000-g  m o u se -liv e r  s u p e rn a ta n t  (S-9 f ra c tio n )  fo r 
tified  w ith  a n  N A D P H -g e n e ra t in g  sy s te m  (B a r ts c h  et 
al. Int. J. Cancer 1975, 15, 429). T h e  g re a te s t re sp o n se  
w as seen  w ith  T A 1530 , V C  tre a tm e n t  (fo r 48 h r)  b e in g  
a s so c ia te d  in  th is  c ase  w ith  a  28-fo ld  in c re ase  in  th e  
n u m b e r  o f  h is tid in e  re v e r ta n ts .  T h e  V C  c o n c e n tra t io n  
o f  th e  in c u b a t io n  m e d iu m  b e lo w  th e  20%  a tm o sp h e re  
w as fo u n d  to  be  0  004  m  a t  e q u il ib r iu m . A lth o u g h  
e x p o su re  to  20%  V C  in  a ir  p ro v e d  to  b e  m u ta g e n ic  
to w a rd s  T A 1 5 3 0  in  th e  a b se n c e  o f  m e ta b o lic  a c ti
v a tio n , m u ta g e n ic  a c tiv ity  w a s  d o u b le d  b y  th e  a d d i 
tio n  o f  liv e r f ra c tio n s  f ro m  p h e n o b a rb i ta l - tr e a te d  
m ice. T h e  h ig h es t m u ta g e n ic  re sp o n se s  o c c u rre d  in 
th e  p re se n c e  o f  a  9 000-g  s u p e rn a ta n t  o r  w ith  th e  
re c o m b in e d  m ic ro so m a l a n d  so lu b le  p ro te in  f ra c tio n  
in  th e  p re sen c e  o f  a n  N A D P H -g e n e ra t in g  system . 
P u r if ie d  m ic ro so m a l f ra c tio n s  w ere  less e ffic ien t a c ti
v a to rs , a n d  so lu b le  liv e r p ro te in s  ( 100,000-g su p e rn a 
ta n t)  a lo n e  w ere  a lm o s t  w ith o u t  effect. T h e  a d d it io n  
o f  a lc o h o l d e h y d ro g e n a se  a n d  N A D + to  e ith e r  th e  
fo rtif ied  p o s t-m ito c h o n d r ia l  o r  th e  100,000-g  liver 
s u p e rn a ta n t  d id  n o t  in c re a se  th e  m u ta t io n  ra te  
(B a rtsc h  et al. loc. cit.).

In  th e  T A 1 5 3 5  a n d  T A 1 0 0  s tra in s , M c C a n n  et al.
(Proc. natn. Acad. Sci. U.S.A. 1975, 7 2 , 3190) fo u n d  
th a t  a lth o u g h  a  V C  a tm o sp h e re  (20%  v/v) g a v e  ev i
d e n ce  o f  d ire c t m u ta g e n ic  a c tiv ity , its  a c tiv ity  w as 
d o u b le d  b y  th e  a d d it io n  o f  th e  S-9 f ra c tio n  fro m  a 
P C B -tre a te d  ra t. T h e  re su lts  o f a  s im ila r  s tu d y  by 
A n d re w s  et al. (Mutation Res. 1976, 4 0 , 273) seem  
to  b e  a n o m a lo u s , in th a t  V C  a t  levels o f  u p  to  15% 
in a ir  w ere  sh o w n  to  b e  d irec tly  m u ta g e n ic  in T A 1535  
a n d  a n  S-9  f ra c tio n  fro m  P C B -tre a te d  r a ts  p ro d u c e d  
o n ly  a  s lig h t e n h a n c e m e n t.  H o w ev e r, th e  d iffe ren ces 
b e tw ee n  th ese  tw o  se ts  o f  re su lts  m a y  p a r t ly  be  
e x p la in e d  by  th e  d iffe ren t in c u b a tio n  tim e s  in v o lv ed .

V iny l c h lo r id e  is n o t  th o u g h t  to  b e  m u ta g e n ic  per 
se. T h e  in c re ase  in  th e  n u m b e r  o f  h is tid in e  re v e r ta n ts  
seen  w h e n  V C  is in c u b a te d  w ith  s t r a in s  T A 1530 , 
T A 1 5 3 5  o r  T A 1 0 0  in  th e  a b se n ce  o f  a n y  m a m m a lia n  
m e ta b o liz in g  sy s te m  is th o u g h t  to  b e  a  re su lt  o f  th e  
n o n -e n z y m ic  b re a k d o w n  p ro d u c ts  o f  V C  o r  o f  c o m 
p o u n d s  fo rm e d  b y  th e  b a c te r ia l  e n zy m e  sy stem  
(B a rtsch  et al. loc. cit.).

A q u e o u s  s o lu tio n s  o f  V C  (in itia l c o n c e n tra t io n  
0  083 m ) g av e  n o  e v id e n ce  o f  m u ta g e n ic ity  w h en  in c u 
b a te d  w ith  S. typhimurium s tr a in s  T A 1530 , T A 1535  
o r  G 4 6  to g e th e r  w ith  a  fo rtified  9000-g  liv er s u p e rn a 
ta n t  fro m  p h e n o b a rb i ta l - tr e a te d  m ice  (B a rtsch  et al. 
loc. cit.). A s im ila r  lac k  o f  a c tiv ity  o f  V C  in so lu tio n  
(a t a n  in itia l c o n c e n tra t io n  o f  0 022 m )  w a s r e p o r te d  
b y  E lm o re  et al. (Biochim. biophys. Acta 1976, 442 , 
405) in  T A 100 . I t  w a s  th o u g h t  th a t  th e  in a c tiv ity  o f  
V C  in  th ese  sy s te m s m a y  h a v e  b e en  c a u se d  b y  r a p id  
d iffu sio n  o f  m o n o m e r  f ro m  th e  liq u id  p h a se  in to  th e  
a tm o sp h e re .

S. typhimurium s tra in s  T A 1530 , T A 1535 , T A 1 0 0  
a n d  G 4 6  re s p o n d  w ith  v a ry in g  se n sitiv ity  to  m o n o 
fu n c tio n a l  a lk y la tin g  a g e n ts  (b a se -p a ir  s u b s ti tu tio n s  
o r  d e le tio n s). S tra in s  T A 1536 , T A 1 5 3 7  a n d  T A 1538 . 
w h ich  a re  sp ec ifica lly  r e v e r te d  b y  f ram e sh if t m u ta 
g ens, w ere  u n a ffe c te d  b y  20%  V C  a tm o sp h e re s  e v e n  in  
th e  p re se n c e  o f  liv e r f ra c tio n s  f ro m  r a ts  o r  m ice  
(B a rtsch  et al. loc. cit.; R a n n u g  et al. loc. cit.).



Articles of general interest— Fd Cosmet. Toxicol. Vol. 17. no. 5 543

T h e  effects o f  th e  v a r io u s  liver f ra c tio n s  seen  in 
th e  s tu d ie s  re v ie w e d  b y  B a r ts c h  &  M o n te s a n o  
(Mutation Res. 1975, 32, 93) in d ic a te  th a t  th e  m ix ed - 
fu n c tio n  o x id a se s  a re  re sp o n s ib le  fo r th e  c o n v e rs io n  
o f  V C  to  m u ta g e n ic  m e ta b o li te s  in m am m als . G a r r o  
a n d  h is  c o lle a g u e s  (ibid 1976, 38, 81), h o w e v er, d id  
n o t  be lieve  th a t  th e  h e p a tic  f ra c tio n s  w ere  e x e r t in g  
th e ir  effect by  a n  e n z y m a tic  m e c h a n ism . In  c o n tr a s t  
to  th e  re su lts  o f  B a r ts c h  et al. (loc. cit.) w h o  re p o r te d  
th a t  20%  V C  in a ir  in d u c e d  a  m u ta g e n ic  re sp o n se  in 
T A 1 5 3 0  o n ly  w h en  a n  N A D P H -g e n e ra t in g  sy s tem  
w a s p re se n t, G a r r o  et al. (loc. cit.), te s tin g  75%  V C  
in a i r  in th e  sa m e  S a lm o n e lla  s tra in , fo u n d  th a t  th e  
a c tiv a tin g  effect o f  th e  S-9 m ic ro so m a l f ra c tio n  o n  
V C  m u ta g e n e s is  w as in d e p e n d e n t o f  th e  N A D P H -  
g e n e ra tin g  sy s tem  (N A D P H  b e in g  a  n ecessa ry  c o -fa c 
to r  fo r th e  m ix e d -fu n c tio n  o x id ases)  a n d  w a s  la rg e ly  
u n a ffe c te d  by  a  th e rm a l t r e a tm e n t  th a t  w o u ld  b e  suffi
c ie n t to  in a c tiv a te  a ll e n zy m e  a c tiv ity . T h e  in c re a se s  
in V C -in d u c e d  m u ta g e n ic ity  o b se rv e d  w h e n  th e  liver 
f ra c tio n s  w e re  o b ta in e d  fro m  e ith e r  u n tre a te d  o r  
P C B -tre a te d  a n im a ls  w ere  s im ila r , a l th o u g h  th e  P C B  
w o u ld  b e  e x p e c te d  to  in c re a se  th e  m ix e d -fu n c tio n  o x i
d a se  c o n te n t  o f  th e  liver. G a r r o  et al. (loc. cit.) c o n 
sid e red . th e re fo re , th a t  th e  liv e r f ra c tio n  m ig h t h av e  
b e en  in c re as in g  th e  m u ta g e n ic ity  o f  V C  n o n -e n z y m a -  
tica lly . p e rh a p s  b y  p ro m o tin g  th e  fo rm a tio n  o f  free 
ra d ic a ls . A  fre e -ra d ic a l g e n e ra tin g  sy s tem , rib o fla v in  
ir ra d ia te d  w ith  U V  lig h t, d o u b le d  th e  n u m b e r  o f  V C - 
in d u ce d  r e v e r ta n ts  in  th e  S. typhimurium (T A 1530) 
system , a n d  th is  s t im u la tio n  w as fu r th e r  e n h a n c e d  b y  
th e  p re ser.ce  o f  a  p h o to p o ly m e r iz a t io n  a c c e le ra to r—  
N,N,N',N'-te t ra m e th y le th y le n e d ia m in e .

Mutagenicity of VC metabolites
T h e  tw o  su sp e c te d  V C  m e ta b o lite s ,  c h lo ro e th y le n e  

o x id e  a n d  2-c h lo ro a c e ta ld e h y d e  e a c h  d ire c tly  in 
c re a se d  th e  n u m b e r  o f  h is t id in e  re v e r ta n ts  in  s tra in  
T A 1 5 3 0  o f  S. typhimurium. A t in itia l  c o n c e n tra t io n s  o f
0-4 / jm o l/m l th e  o x id e  w a s  a b o u t  tw ice  a s  a c tiv e  a s  th e  
a ld e h y d e  w ith  re sp e c t to  m u ta g e n ic ity , b u t  c h lo ro 
e th y le n e  o x id e  e x h ib ite d  a  lo w e r to x ic i ty ;  11%  o f  a  
cell p o p u la t io n  su rv iv e d  a n  o x id e  c o n c e n tra t io n  o f
0-4 /rm o l/m l w h ile  less th a n  0 0 0 4 %  o f  th e  S a lm o n e lla  
cells e x p o se d  to  th e  sa m e  c o n c e n tra t io n  o f  th e  a ld e 
h y d e  su rv iv e d  (M a lav e ille  et al. Biochem. biophys. Res. 
Commun. 1975, 63, 363).

C h lo ro e th y le n e  o x id e  w a s  s tro n g ly  m u ta g e n ic  
to w a rd s  T A 1 5 3 5 . A t a n  in itia l c o n c e n tra t io n  o f
0-45 m M , th e  sp o n ta n e o u s  m u ta t io n  ra te  o f  th re e  
m u ta n ts ,'1 0 8 ce lls  w a s  in c re a se d  to  9 6 /1 0 8 su rv iv in g  
cells. C h lo ro a c e ta ld e h y d e  a t  a n  in itia l c o n c e n tra t io n  
o f  0-5 m M  o n ly  in c re a se d  th e  sp o n ta n e o u s  m u ta t io n  
ra te  a p p ro x im a te ly  th re e -fo ld  (R a n n u g  et al. Chemico- 
Biol. Interactions 1 9 7 6 ,12, 251). I t  w as c a lc u la te d  th a t  
c h lo ro e th y le n e  o x id e , w ith  a  ha lf-life  in  so lu t io n  o f  
o n ly  a  few  m in u te s  a t  37°C , w a s  so m e  4 5 0  tim e s  as 
m u ta g e n ic  a s  th e  a ld e h y d e  o n  a  m o l:m o l  b a s is . T h e  
o x id e  ( te s te d  a t  0-26 m ) a n d  2-c h lo ro a c e ta ld e h y d e  
(0T  m ) w ere a lso  sh o w n  to  b e  m u ta g e n ic  in  S a lm o 
n e lla  s tra in  T A 1 0 0  (E lm o re  et al. loc. cit.). B ecau se  
o f  its  n s ta b ility .  a n  in c re a se d  n u m b e r  o f  h is tid in e  
re v e r ta n ts  w ere  o b se rv e d  w h e n  th e  o x id e  w a s  p r e 
in c u b a te d  w ith  th e  tes t m ic ro -o rg a n ism  a t  3 C . A ll o f  
the  fo u r p o ss ib le  fo rm s o f  2-c h lo ro a c e ta ld e h y d e  ex h i
b ite d  a  m u ta g e n ic  re sp o n se  a g a in s t  T A 100 . th e  p u re

c o m p o u n d  w a s  m o re  a c tiv e  th a n  th e  m o n o m e r  h y 
d ra te  w h ic h  in  tu rn  w a s  m o re  ac tiv e  th a n  th e  d im e r  
h y d ra te  a n d  tr im e r, p ro b a b ly  d e m o n s tra t in g  th e  im 
p o r ta n c e  o f  th e  in ta c t  e le c tro p h ilic  c a rb o x y l g ro u p  in 
e lic itin g  a  m u ta g e n ic  re sp o n se  (E lm o re  et al. loc. cit.).

In  th e  p re se n c e  o f  a  p o s t-m ito c h o n d r ia l  m o u se -liv e r  
fra c tio n , 2- c h lo ro e th a n o l ( 1 0 8 /tm o l/p la te )  in c re ased  
th e  n u m b e r  o f  h is tid in e  re v e r ta n ts  in  th e  T A 1 5 3 0  
s tra in  o f  S. typhimurium a b o u t  ten  t im e s ;  d is tin c t 
m u ta g e n ic  ac tiv ity , b u t  o f  a  lo w e r o rd e r ,  w a s  a lso  
o b se rv e d  in  th e  a b se n c e  o f  m e ta b o lic  a c tiv a tio n  
(B a r tsc h  et al. loc. cit.). C h lo ro a c e tic  a c id  in d u c e d  
n e ith e r  a  d ire c t n o r  a  t is su e -m e d ia te d  re sp o n se  in  th is  
s tra in . In  th e  s tu d y  b y  M c C a n n  et al. (loc. cit.) 2- 
c h lo ro e th a n o l  w as w e ak ly  m u ta g e n ic  a g a in s t  T A 100. 
in d u c in g  0-6 re v e r ta n t  co lo n ie s/ju m o l, a n d  d e m o n 
s tr a te d  a  tra c e  o f  a c tiv ity  in  T A 1535 . M ic ro so m e s  sig 
n if ic an tly  in c re a se d  th e  n u m b e r  o f  c o m p o u n d - in d u c e d  
h is tid in e  re v e r ta n ts  in  T A 1 0 0  w h ils t h o rse - liv e r  a lc o 
h o l d e h y d ro g e n a se  to g e th e r  w ith  N A D H  h a d  n o  a n a 
lo g o u s  effect. E lm o re  et al. (loc. cit.) o b se rv e d  n o  
m u ta g e n ic  re sp o n se  w h e n  2-c h lo ro e th a n o l  w a s  in c u 
b a te d  a t  1 mM  w ith  s t r a in  T A 100 . W h e n  te s te d  by 
R a n n u g  et al. (1976, loc. cit.) 2 -c h lo ro e th a n o l a n d  
c h lo ro a c e tic  a c id  w ere  w ith o u t effect o n  T A 1 5 3 5  at 
c o n c e n tra t io n s  u p  to  1.5 m M  m u c h  h ig h e r  c o n c e n 
t ra t io n s  o f  2- c h lo ro e th a n o l (1 m ) p ro v e d  to  b e  w eak ly  
m u ta g e n ic .

Mutagenicity in other systems
In  Bacillus subtilis, c h lo ro e th y le n e  o x id e  a n d

2-c h lo ro a c e ta ld e h y d e  se lec tive ly  in h ib ite d  s t r a in  
M C -1 , a  m u ta n t  la c k in g  re c o m b in a t io n  re p a ir  o f  
D N A ; c h lo ro e th a n o l,  c h lo ro a c e tic  a c id  a n d  V C  itse lf  
(in  so lu tio n )  w ere  in ac tiv e  in  th is  sy s te m  (E lm o re  et 
al. loc. cit.). C h lo ro e th y le n e  o x id e , a t  c o n c e n tra t io n s  
o f  u p  to  25 pM, a n d  2 -c h lo ro a c e ta ld e h y d e , a t  c o n c e n 
t ra t io n s  u p  to  12-8 /iM, a lso  p ro d u c e d  a  d o se -d e p e n -  
d e n t  in d u c tio n  o f  8-a z a g u a n in e -  o r  o u a b a in - re s is ta n t  
m u ta n ts  in C h in e se  h a m s te r  V 79-4  ce lls  in vitro, b u t
2-c h lo ro e th a n o l  o r  c h lo ro a c e tic  a c id  w e re  in a c tiv e  a t  
c o n c e n tra t io n s  n e a r ly  100 tim e s  h ig h e r  (H u b e rm a n  et 
al. Int. J. Cancer 1975, 16, 639).

In  th e  p re se n c e  o f  m o u se -liv e r  m ic ro so m e s , vinyl 
c h lo r id e  a tm o sp h e re s  (u p  to  50%  v /v) s ig n ifican tly  
in c re a se d  th e  fo rw a rd  m u ta t io n  f req u e n c y  o f  Schizo- 
saccharomyces pombe a n d  in d u c e d  g en e  c o n v e rs io n  ■ in 
Saccharomyces cerevisiae (L o p r ie n o  et al. Mutation 
Res. 1976, 40, 85). N o  m u ta g e n ic  a c tiv ity  w a s  a p p a r 
e n t  in  th e  a b se n c e  o f  th e  m ic ro so m a l f ra c tio n . C h lo ro 
e th y le n e  o x id e  w a s  d ire c tly  a n d  h ig h ly  m u ta g e n ic  in 
th e se  te s t  sy s tem s (idem, Cancer Res. 1977, 3 6 , 253). In  
e ith e r  th e  p re se n c e  o r  a b se n c e  o f  m ic ro so m e s , a  c o m 
m e rc ia l a q u e o u s  so lu t io n  o f  2-c h lo ro a c e ta ld e h y d e  
e x h ib ite d  o n ly  feeb le  g e n e tic  a c tiv ity , w h ils t 2-c h lo ro 
e th a n o l  w a s  to ta l ly  in ac tiv e . S in ce  a  c o n c e n tra t io n  o f
0-05 m M  c h lo ro e th y le n e  o x id e  in d u c e d  th e  sa m e  m u ta 
g en ic  f req u e n c y  a s  50 m M  V C , it  seem s lik e ly  th a t  all 
th e  a c tiv ity  o f  th e  m o n o m e r  in  th is  sy s te m  c o u ld  b e  
a sc rib e d  to  th e  o x ide .

In  a  h o s t-m e d ia te d  a ssa y  in  th e  m o u se , V C  g iv en  a t 
700 m g /k g  b y  g a v a g e  s ig n if ic a n tly  in c re a se d  th e  
m u ta t io n  freq u e n c y  o f  Sch. pombe, w h ic h  h a d  b e en  
in je c te d  in to  th e  p e r ito n e a l  c a v ity  d u r in g  12 h r  o f  
t r e a tm e n t  (L o p r ie n o  et al. 1976. loc. cit.). M e th y l 
m e th a n e su lp h o n a te . u sed  a s  a  p o s itiv e  c o n tro l ,  p ro v e d
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to  b e  a lm o s t 200 tim e s  a s  a c tiv e  a s  V C . N o  sign ifi
c a n t  in c re ases  in  fo rw a rd  m u ta t io n  w ere  seen  3 o r  
6 h r  a fte r an  ip  in je c tio n  o f  250 m g 2 -c h lo ro a c e ta ld e -  
h y d e /k g  (L o p r ie n o  et al. 1977, loc. cit.).

E ith e r  in e th a n o lic  so lu tio n  o r  in  th e  g a se o u s  s ta te , 
V C  in d u c e d  n o  d e te c ta b le  m u ta g e n ic  c h a n g e  in  tw o  
s tra in s  o f  Seurospora crassa, a  e u k a ry o t ic  m ic ro 
o rg a n ism  (D ro z d o w ic z &  H u a n g , Mutation Res. 1977, 
48 . 43). T h e  a d d it io n  o f a n  S-9 liv er f ra c tio n  fro m  
e ith e r  c o n tro l  o r  p h e n o b a rb i ta l - tr e a te d  ra ts  h a d  n o  
effect. T h e  a p p a re n t  lack  o f  se n sitiv ity  o f  th is  sys tem  
m a y  h av e  b een  d u e  to  th e  in a b ility  o f  V C  a n d  its 
m e ta b o li te s  to  p e n e tra te  th e  c o n id ia .

A s ig n ifican t in c re a se  in th e  f req u e n c y  o f  recessive  
le th a ls  o v e r th a t  in c o n tro ls  w a s  o b se rv e d  in m ale  
Drosophila melanogaster e x p o se d  to  V C  a t  850  p p m  
for 2 d a y s  a n d  th e re  w a s  a  s lig h t in c re ase  in m u ta tio n  
ra te  o n  e x p o su re  to  30  p p m  fo r 17 d a y s  (V e rb u rg t 
&  V ogel, ibid 1977, 48 , 327). N o  fu r th e r  e n h a n c e m e n t 
in th e  recessiv e  le th a l in c id en ce  w a s  seen  a fte r  2-d ay  
e x p o su re s  to  V C  levels in excess o f  10.000 p p m . I t  w as 
su g g e ste d  th a t  a b o v e  th is  c o n c e n tra t io n  th e  D ro s o 
p h ila  e n zy m es w ere  n o  lo n g e r  c a p a b le  o f  m e ta b o liz in g  
(a c tiv a tin g ) a d d it io n a l  V C . In  c o n tr a s t  to  th e  recessive  
le th a l a ssay , n e g a tiv e  re su lts  w ere  o b ta in e d  in tes ts  
o n  d o m in a n t  le th a ls . t r a n s lo c a tio n s  a n d  e n tire  a n d  
p a r tia l  s e x -c h ro m o so m e  lo ss  in D ro s o p h ila  e x p o se d  
to  V C  a t  30.000 p p m  fo r 2 d a y s  (V e rb u rg t &  V ogel, 
loc. cit.).

V C  h a s  fa iled  to  p ro d u c e  d o m in a n t  le th a ls  w hen  
te s te d  in a  m a m m a lia n  sy s tem . M a le  C D -I  m ice, 
e x p o se d  to  3000, 10,000 o r  30,000 p p m  V C  fo r 6 h r /  
d a y  fo r 5 d ays, w ere  h o u se d  fo r 5 d a y s  in  e ac h  o f  th e  
fo llo w in g  8 w k w ith  successive  p a ir s  o f  u n tre a te d  
fem a les (A n d e rso n  et al. Mutation Res. 1976. 40 , 359). 
U s in g  th e  fem ale  m ice  a s  th e  in d ic a to r  o rg a n is m  th e re  
w as n o  ev id e n ce  th a t  V C  h a d  a n y  m u ta g e n ic  effects 
o n  a n y  m a tu ra t io n  s ta g e  o f  sp e rm a to g e n e s is . T h e re

w a s n o  s ig n if ic a n t in c re ase  in th e  n u m b e r  o f  p o s t 
im p la n ta t io n  e a rly  fo e ta l d e a th s , n o  e v id e n ce  o f  p r e 
im p la n ta t io n  egg  lo ss  (excep t a t  th e  h ig h es t V C  d o se , 
w h e re  th e  lo ss  sh o w e d  a  lo w  level o f  s ig n ifican ce  b u t 
c o u ld  la rg e ly  b e  a tt r ib u te d  to  a  sing le  fem ale), n o r  a n y  
re d u c tio n  in  fe rtility . A d o m in a n t  le th a l effect w as 
c le a rly  d e m o n s tra te d  in  th e  p o s itiv e  c o n tro ls  g iv en  a  
s in g le  ip  in je c tio n  o f  200 m g  c y c lo p h o sp h a m id e /k g  o r  
five o ra l d o se s  o f  200 m g  e th y l m e th a n e s u lp h o n a te  kg.

In  m o s t o f  th e  S a lm o n e lla  s tu d ie s , V C  d e m o n 
s tra te d  a c tiv ity  o n ly  in  th e  p re sen c e  o f  a  m ic ro so m a l 
liver f rac tio n . T h e  A m es te s t h a s  g iven  c o n flic tin g  e v i
d e n c e  o n  m e ta b o lism ; w h ils t th e  s tu d ie s  o f  B a r ts c h  
et al. (loc. cit.). in  lin e  w ith  th e  o th e r  in vitro stu d ies , 
su g g e ste d  th a t  th e  m ic ro so m a l f ra c tio n  o f  th e  liver 
w a s  a c tin g  e n z y m atica lly , th e  e x p e r im e n ts  o f  G a r ro  
et al. (loc. cit.) in d ic a te d , so  far u n iq u e ly , th a t  a  free- 
ra d ic a l m e c h a n ism  w as re sp o n s ib le  fo r th e  c o n v e rs io n  
o f  V C  to  its  a c tiv e  m e ta b o lite s . V C  e lic ited  a  m u ta 
g en ic  re sp o n se  in a  s im p le  e u k a ry o tic  system , d e m o n 
s tra t in g  a c tiv ity  in  Sell, prombe a n d  Saccharomyces 
cerevisiae b o th  in vitro in th e  p re sen c e  o f  liv e r m ic ro -  
so m e s  a n d  in  a  h o s t-m e d ia te d  a ssay . T h e  in c id e n c e  
o f  recessive  le th a l m u ta t io n  w a s  in c re a se d  in D r o s o 
p h ila  tre a te d  w ith  30 p p m  V C  for 17 d ays. C h lo ro e th -  
y lene  o x id e  a n d  2- c h lo ro a c e ta ld e h y d e  h av e  p ro v e d  to  
b e  m u ta g e n s— th e  o x id e  p a r tic u la r ly  so— in p r o k a ry o 
tic  m ic ro -o rg a n ism s , n a m e ly  th e  s tra in s  o f  S a lm o n e lla  
su sce p tib le  to  fram e sh ift m u ta g e n s  a n d  B. subtilis. 
T h is  e v id e n ce  fu r th e r  im p lic a te s  c h lo ro e th y le n e  o x id e  
a s  th e  a c tiv e  V C  m eta b o lite .

N o  ev id e n ce  o f  a c tiv ity  w as seen  in th e  d o m in a n t  
le th a l a ssa y  in  m ice . H o w ev e r, fu r th e r  in v e s tig a tio n s  
o f  m u ta g e n ic ity  in m a m m a ls  a re  re q u ire d  b e fo re  an  
a sse ssm e n t o f  th e  g e n e tic  h a z a rd s  p re se n te d  b y  V C  
to  m a n  w ill be  po ss ib le .

[J . H o p k in s — B IB R A ]

C A D M IU M  A N D  T H E  T E S T IS

T h e  w id e sp re a d  d is t r ib u t io n  o f  c a d m iu m  (C d ) in 
th e  e n v iro n m e n t, a n d  its  m u ltifa c e te d  to x ic ity , h av e  
p ro m p te d  in n u m e ra b le  stu d ies . C d  h a s  a  te n d e n c y  to  
a c c u m u la te  in th e  m a m m a lia n  k id n e y  (Cited in F.C.T. 
1975. 13, 470), is su sp e c te d  o f  c o n tr ib u t in g  to  h y p e r 
te n s io n  (ibid 1977, 15, 480). a n d  h a s  b een  im p lic a te d  
in  so m e  cases  o f  im p a ire d  re s p ira to ry  fu n c tio n  (ibid 
1977, 15, 479) a n d  in th e  J a p a n e se  c o n d it io n  k n o w n  
a s  ‘i ta i- ita i ' (ibid 1977, 15, 478). T h e  m a m m a lia n  tes tis  
is h ig h ly  v u ln e ra b le  to  C d , w h ich  h a s  a  p r im a ry  effect 
o n  th e  te s tic u la r  v a sc u la tu re  a n d  w h ic h  p o ss ib ly  
e x e r ts  a  s e c o n d a ry  a c tio n  by  m o d ify in g  th e  effect o f  
e n d o g e n o u s  te s to s te ro n e  (ibid 1970, 8 , 31 7 ; ibid 1971, 
9 , 592).

In  a  re c e n t p a p e r  d e sc rib in g  th e  e a r ly  c h a n g e s  in  
th e  m ic ro v a s c u la r  b e d  o f  th e  te s tis  o f  r a ts  in je c te d  ip  
w ith  C d C l2, A o k i &  H o ffe r (Biol. Reprod. 1978, 18, 
579) h a v e  c o m e  o u t  s tro n g ly  in  s u p p o r t  o f  th e  v iew  
th a t  th e  te s tic u la r  c h a n g e s  seen  fo llo w in g  C d  t r e a t 
m e n t  a re  s e c o n d a ry  to  isc h a e m ia  r a th e r  th a n  d ire c t 
effects o f  th e  C d . M o re  d e ta i ls  a b o u t  th e  e a r ly  c h an g e s  
in  th e  v a sc u la r  su p p ly  o f  th e  te s te s  o f  th e  C d - tre a te d

r a t  w ere  d e riv e d  fro m  a n  e le c tro n -m ic ro sc o p ic  s tu d y  
d e s ig n e d  sp ec ifica lly  to  d e m o n s tra te  p o ss ib le  d iffer
e n ce s  b e tw ee n  c ry p to rc h id  a n d  s c ro ta l te s te s  (F e n d e  
&  N ie w e n h u is , ibid 1977, 16, 298). T h e  tes te s  o f  r a ts  
g iv en  a  s ing le  sc in je c tio n  o f  5 m g  C d C l2/k g  sh o w e d  
m ild  o e d e m a  a fte r  3 h r ;  a f te r  6 h r  th is  h a d  in c re ased , 
a n d  a t  24 h r  th e  in te rs t i tia l  sp a c es  sh o w ed  m assiv e  
h a e m o r rh a g e  a n d  o e d e m a , a n d  th e  tu b u le s  sh o w ed  
d e g e n e ra tiv e  c h an g e s . T h e se  effec ts w ere  m o re  e x te n 
sive  in th e  c ry p to rc h id  th a n  in  th e  s c ro ta l o rg a n s . T h e  
u l tr a s t ru c tu r a l  a lte ra t io n s  c o n s is te d  o f  c h a n g e s  in th e  
e n d o th e lia l-c e ll  ju n c t io n s  o f  th e  in tra - te s t ic u la r  c a p il
la ries , a n d  p ro g re s se d  fro m  a  d e c re a se  in m e m b ra n e -  
a s so c ia te d  e le c tro n  d e n s ity  a t  3 h r  to  se p a ra tio n  o f  th e  
e n d o th e lia l  cells  6 h r  a f te r  th e  in jec tio n .

T h e  la te s t  ro u n d  o f  s tu d ie s  o n  th e  m o rp h o lo g ic a l  
effects o f  C d  o n  th e  tes tis  a lso  in c lu d e d  a  p a p e r  by  
D o n n e lly  &  M o n ty  (Toxicology Lett. 1977. 1, 53). w h o  
s tu d ie d  th e  to x ic ity  o f  C d  a d m in is te re d  b y  v a r io u s  
r o u te s  to  do g s. S ing le  iv  d o se s  o f  4  o r  8 m g  C d C l2/k g  
w ere  le th a l w ith in  48 a n d  24 h r  re sp ec tiv e ly , c a u s in g  
c o n v u ls io n s  w ith  u n c o n tro l la b le  v o m itin g  a n d  d e fae -
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c a tio n . A fte r d o s in g  a t  e ith e r  level, h a e m o rrh a g ic  a n d  
n e c ro tic  foci a p p e a re d  in th e  tes tes . T h e  sam e  d o se  
g iven  sc p ro d u c e d  severe  in f la m m a tio n , o e d e m a , 
h a e m o rrh a g e  a n d  n e c ro s is  a t  th e  in je c tio n  site , b u t  n o  
h is to lo g ica l c h a n g e s  in th e  tes tis , a n d  w h en  in je c te d  
in tra m u sc u la r ly , it  p ro d u c e d  sev e re  lo ca l in f la m m a 
tio n , b u t  o n ly  a  few  h a e m o rrh a g ic  a n d  n e c ro tic  foci in 
th e  tes tes . In tra - te s t ic u la r  in fu s io n  o f  0 1  m g C d C l2/k g  
p ro d u c e d  n e c ro s is  a n d  h a e m o r rh a g e  in to  th e  c e n tra l 
p o r t io n  o f  th e  tes tis , b u t  th e  p e r ip h e ra l  tu b u le s  
r e m a in e d  n o rm a l. A t tw ice  th is  d o se , in tra - te s t ic u la r  
in fu s io n  c a u se d  m assiv e  te s tic u la r  n e cro sis , p a r t ic u 
la r ly  in  th e  c e n tra l p a r t ,  a n d  sh r in k in g  a n d  d is o rg a n i
z a tio n  o f  m o s t  p e r ip h e ra l  tu b u le s , w ith  e x ten siv e  d e 
g e n e ra tio n  o f  L ey d ig  cells, w h ic h  lie in  th e  in te rs titia l  
t is su e  b e tw ee n  th e  tu b u le s  a n d  a re  a s so c ia te d  w ith  
te s to s te ro n e  p ro d u c tio n .  In itia l a tro p h y  o f  th e  se m in i
fe ro u s  tu b u le s  w a s  fo llo w ed  b y  in te rs t i tia l  re v a sc u la r i
z a t io n  a n d  re g e n e ra tio n  o f  L ey d ig  cells. H o w ev er, 
so m e  d iso rg a n iz a t io n  p e rs is te d , w ith  sig n s o f  lim ited  
re g e n e ra tio n  a n d  sp e rm a to g e n e s is , 24 w k  a fte r th e  in 
je c tio n . E p id id y m a l d a m a g e  h a d  su b s id e d  b y  w k 24, 
b u t  e ja c u la te  fro m  th e  t r e a te d  d o g s  re m a in e d  a sp e r-  
m ic.

In  g o ld en  h a m s te rs , s ing le  sc in je c tio n s  o f  9-12 m g 
C d C l2 c a u se d  d a m a g e  to  th e  se m in a l e p ith e liu m , S e r
to li cells a n d  L ey d ig  cells o f th e  te s tis  (G iro d  &  
D u b o is . Annls Endocr. 1976, 37 , 273). T h e  effect w as 
m a rk e d  a f te r  d a y  4, b u t  b y  w k  7 th e  in te rs t i tia l  t is su e  
w as b e g in n in g  to  re g e n e ra te , a lth o u g h  th e  tu b u la r  
les io n s  p e rs is te d  th ro u g h o u t  th e  6-m o n th  o b se rv a tio n  
p e rio d . A n o th e r  effect o f  th is  t r e a tm e n t  w as seen  in 
th e  a n te r io r  lo b e  o f  th e  p i tu i ta ry ,  in w h ich  g o n a d o tro 
p ic  cells b e c a m e  h y p e rp la s tic , w h ile  c o r t ic o tro p ic  cells 
sh o w e d  n o  d e te c ta b le  re sp o n se .

In  ra ts , a  s ing le  sc  in je c tio n  o f  1 o r  5 m g  C d C l2 
(a p p ro x im a te ly  2-5 o r  12-5 m g /k g ) re d u c e d  signifi
c a n tly  th e  w e ig h t o f  tes te s , e p id id y m is , vas deferens, 
v e n tra l p ro s ta te  a n d  se m in a l vesicles, a n d  c a u se d  a  
severe  re d u c tio n  o f  th e  sp e rm  c o u n t in th e  vas 
d eferen s, c a p u t  a n d  c a u d a  e p id id y m id is  (S a k se n a  et 
al. Biol. Reprod. 1977, 16, 609). N o  c h a n g e  in l ib id o  
o r  fe rtility  w as a p p a r e n t  7 o r  15 d a y s  a f te r  th e  low er 
d o se , b u t  b o th  w ere  su p p re sse d  in a n im a ls  g iv en  5 m g 
C d C l2. B o th  d o se s  re d u c e d  se ru m  levels o f te s to s te r 
o n e  a n d  5 a -d ih y d ro te s to s te ro n e , b u t  n o t  a n d ro s te n e -  
d io n e . T h is  su g g e sts  th a t  th e  te s tis  fa iled  to  sy n th e s ize  
te s to s te ro n e , n o t  b e c a u se  o f  a  sh o r ta g e  o f  tb e  p re c u r 
so r  ( a n d ro s te n e d io n e )  b u t  b e c a u se  th e  n e ce ssa ry  
e n zy m e  sy s te m  w a s im p a ire d . T h e  a u th o r s  p o s tu la te ,  
o n  th e  b a s is  o f  e a r l ie r  w o rk , th a t  th io l-g ro u p  in h ib i
tio n  b y  C d  m ig h t b e  in v o lv e d  in  th is  im p a irm e n t.

F u r th e r  e v id e n ce  th a t  C d C l2 t r e a tm e n t  n o t  o n ly  
affec ts sp e rm a to g e n e s is  b u t  a lso  su p p re sse s  a n d ro g e n  
p ro d u c tio n  w a s  o b ta in e d  fro m  a  s tu d y  in  h a m s te rs  
c a r r ie d  o u t  b y  th e  sa m e  g ro u p  (L a u  et al. ibid 1978, 
19, 886). In  th is  case , a  d o se  o f  1 m g  C d C l2 (a b o u t  
7 m g /k g ), g iv en  sc, re d u c e d  th e  se ru m  a n d  te s tic u la r  
c o n c e n tra t io n s  o f  a n d ro s te n e d io n e  a n d  p ro g e s te ro n e  
a s  w ell a s  o f  te s to s te ro n e  a n d  5 a -d ih y d ro te s to s te ro n e . 
T h e  effect w a s  m o s t  m a rk e d , h o w e v er, in r e la t io n  to  
te s to s te ro n e .

T h e  f in d in g s  o f  B o rd a s  et al. (Arch. Tox. 1976, 36, 
163) w ere  c o n s is te n t  w ith  th e  h y p o th e s is  th a t  C d  a c ts  
b y  in a c tiv a tin g  th io l  g ro u p s . T h ese  a u th o r s  r e p o r te d  
th a t  d a ily  d ie ta ry  a d m in is t r a t io n  o f  50 m g  L -cyste ine

(an  e sse n tia l su lp h u r-c o n ta in in g  a m in o  a c id  w h ich  
c a n  b e  p ro d u c e d  fro m  m e th io n in e  in  th e  liv e r) p r o 
te c te d  th e  r a t  te s tis  f ro m  th e  d a m a g in g  effects o f  fo u r 
w eek ly  sc  d o se s  o f  1 0  m g  C d C l2/k g . O n  th e  o th e r  
h a n d , D L -eth ion ine  (a n  a m in o  a c id  a n ta g o n is t  w h ich  
b lo c k s  th e  h e p a tic  c o n v e rs io n  o f  m e th io n in e  to  cys
te ine) e n h a n c e d  th e  te s tic u la r  d a m a g e  in d u c e d  b y  th is  
sc d o se  o f  C d C l2, w h e n  it  w a s  g iv en  a s  a  d ie ta ry  
su p p le m e n t p ro v id in g  a n  in ta k e  o f  lO m g /ra t /d a y .

A n o th e r  a p p ro a c h  to  th e  m e c h a n ism  o f  C d  to x ic ity  
in  th e  tes tis  h a s  fo cu sed  o n  th e  re c e n tly  d e m o n s tra te d  
ro le  o f  p o ly a m in e s  in  cell m e ta b o lism , a n d  p a r t ic u 
la r ly  in  n u c le ic  a c id  m e ta b o lism . F u r a ta  ( Toxicology 
Lett. 1977, 1, 141) g av e  r a ts  a  s ing le  sc in je c tio n  o f
5 -5 0  /¿m ol C d C l2/k g  (a p p ro x im a te ly  1 -9  m g /k g ) a n d  
a t  in te rv a ls  o f  b e tw e e n  3 a n d  72 h r  e x a m in e d  th e  
te s te s  h is to lo g ic a lly  a n d  d e te rm in e d  th e ir  p o ly a m in e  
(sp e rm in e  a n d  sp e rm id in e )  c o n te n t .  H is to p a th o lo g ic a l  
c h a n g e s  w ere  o b se rv e d  o n ly  w ith  d o se s  a b o v e  
1 0 ^ m o l/k g  (a b o u t  2 m g /kg). S p e rm id in e , b u t  n o t  
sp e rm in e , w as d e c re ased  a t  48 h r  by  5 -1 0 /rm o l/k g ,  
a n d  b o th  p o ly a m in e s  w ere  d e c re a se d  b y  in je c tio n  o f 
m o re  th a n  1 5 /¿m ol C d C l2/k g ;  a  d o se  o f  25 /m io l/k g  
(4-5 m g /k g ) re d u c e d  th e  level o f  sp e rm id in e  to  a b o u t  
27%  o f  th e  c o n tro l  v a lu e  a t  24  h r. T h e  m a x im a l re d u c 
tio n  in te s tic u la r  sp e rm id in e  p re c e d e d  th a t  o f  s p e r 
m in e  b y  a b o u t  24  h r, a  f in d in g  in a c c o rd  w ith  th e  
k n o w n  m e ta b o lic  c o n v e rs io n  o f  th e  fo rm e r  c o m p o u n d  
to  th e  la tte r . A d m in is tra t io n  o f  a  to ta l  o f  2-5 m m o l 
z in c  a c e ta te /k g  in th re e  d o se s  g iven  befo re , w ith  a n d  
a fte r  a  d o se  o f  25 /¿m ol C d C l2/k g  n o t  o n ly  p ro te c te d  
th e  r a t  te s tis  fro m  h is to lo g ic a l d a m a g e  b u t p re v e n te d  
th e  C d -in d u c e d  re d u c tio n  in p o ly a m in e  levels. T h e  
k n o w n  a b ility  o f  Z n  to  a ffo rd  p ro te c tio n  a g a in s t  th e  
in d u c tio n  o f  te s tic u la r  les io n s  is th u s  effective a lso  
a g a in s t  th e  effects o f  C d  o n  te s tic u la r  p o ly am in es . 
F u r a ta  (loc. cit.) a lso  p o in ts  o u t  th a t  c h a n g e s  in  sp e r
m id in e  levels a p p e a r  to  b e  a  m o re  se n sitiv e  in d ic a to r  
o f  C d  to x ic ity  th a n  a re  h is to lo g ic a l c h an g es.

In  c o n n e c tio n  w ith  th e ir  s tu d y  o n  th e  e a r ly  c h a n g e s  
in d u c e d  b y  C d  in th e  m ic ro v a s c u la tu re  o f  th e  r a t  
tes tis , A o k i &  H o ffe r (loc. cit.) sp e c u la te d  o n  th e  p o s s 
ib le  in v o lv e m en t o f  a  specific  te s tic u la r  c a rb o n ic -  
a n h y d ra se  iso en zy m e, w h ic h  h a s  b een  sh o w n  to  be  
se n sitiv e  to  C d  (H o d g e n  et al. Biol. Reprod. 1970, 2, 
197). H is to c h e m ic a l s tu d ie s  h a v e  d e m o n s tra te d  c a r 
b o n ic  a n h y d ra se  a c tiv ity  in th e  te s tis  in lo c a t io n s  
c o in c id in g  w ith  th e  e n d o th e liu m  o f  th e  c a p il la r ie s  
(C o h e n  et al. ibid 1976, 14, 339), a n d  m o re  w o rk  o n  
th is  a sp e c t is  in h a n d . T h e  p o ss ib le  in v o lv e m e n t o f  
c a rb o n ic  a n h y d ra se  in  th e  m e c h a n ism  o f C d  to x ic ity  
in  th e  te s tis  is n o t  a  new  id ea . T h e  k n o w n  c a p a c ity  
o f  z in c  to  c o u n te ra c t  th e  to x ic  effec ts o f  C d , th e  fact 
th a t  c a rb o n ic  a n h y d ra se  is a  z in c -c o n ta in in g  m e ta llo -  
en zy m e, a n d  th e  tr a n s ie n t  d e c re a se  in  its  a c tiv ity  
d e te c te d  in  th e  te s te s  a f te r  C d  a d m in is t r a t io n  (H o d g e n  
et al. J. Reprod. Fert. 1969, 18, 156; J o h n s o n  &  
W a lk e r , ibid 1970, 23 , 463) c o m b in e d  to  su g g e st an  
in h ib i t io n  o f  c a rb o n ic  a n h y d ra se  a c tiv ity  re su ltin g  
f ro m  C d -z in c  c o m p e tit io n  in  th e  e n zy m e  s t ru c tu re  as 
th e  c a u se  o f  C d - in d u c e d  te s tic u la r  n ecro sis .

T h e  w o rk  o f  A lsen  et al. (Arch. Tox. 1976, 3 7 , 39), 
h o w e v er, h a s  p ro v id e d  n o  s u p p o r t  fo r th is  view . T h ese  
a u th o r s  g av e  r a ts  a  s in g le  ip  in je c tio n  o f  C d C l2 e q u iv 
a le n t  to  1-5, 3 o r  5 m g C d  io n /k g  a n d  d e te rm in e d  
c a rb o n ic  a n h y d ra se  a c tiv ity  a n d  h a e m o g lo b in  levels
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in  th e  b lo o d  a n d  te s te s  a f te r  0 -25 -48  h r. S tu d ie s  w ere  
a lso  c a r r ie d  o u t  o n  tes te s  p e rfu sed  v ia  th e  te s tic u la r  
a r te ry . By th ese  m ea n s  it  w a s  p o ss ib le  to  assess  h o w  
m u ch  o f  th e  c a rb o n ic  a n h y d ra se  a c tiv ity  in  th e  tes tis  
w as c o n tr ib u te d  b y  th e  e ry th ro c y te s  in  th e  c irc u la tin g  
b lo o d  a n d  h o w  m u c h  w as d e riv e d  fro m  th e  lo ca l t is 
sues. F ro m  th e  find ings, it w as c o n c lu d e d  th a t  a l te r 
a tio n s  in  th e  c a rb o n ic  a n h y d ra se  a c tiv ity  o f  th e  tes te s  
fo llo w in g  C d  a d m in is t r a t io n  re fle c te d  c h a n g e s  in  th e  
b lo o d  c o n te n t  a n d  th e re fo re  in  e ry th ro c y te  c a rb o n ic  
a n h y d ra se  in  th e  o rg a n .

T h e  e x ac t ro le  p la y e d  by  th ese  a n d  p o ss ib ly  o th e r  
fa c to rs  in th e  d a m a g in g  effects e x e rte d  o n  th e  te s tis  by 
C d  re m a in s  to  b e  e s ta b lish e d . T h e  p ro b le m  c o n tin u e s  
to  a t t r a c t  w ide  in te re s t, h o w ev er, a n d  it m a y  b e  th a t  
th e  p la c in g  o f  a  few  m o re  key  p ieces w ill e n a b le  th e  
re s t o f  th e  jig sa w  to  b e  f itte d  in to  p lace.

[P .  C o o p e r— B IB R A ]

C A D M IU M  A N D  T H E  P R O S T A T E

In  a d d it io n  to  th e  affin ity  o f  c a d m iu m  (C d ) fo r th e  
tes tis  (see ab o v e), th e re  is c o n s id e ra b le  ev id e n ce  lin k 
in g  o c c u p a tio n a l  e x p o su re  to  C d  w ith  d ise ases  o f  th e  
p ro s ta te ,  in c lu d in g  p ro s ta t ic  c a rc in o m a  (K h a re  et al. 
Res. Commun, chem. Path. Pharmac. 1978, 20, 351; 
K ip lin g  &  W a te rh o u s e , Lancet 1967, I, 73 0 ; P o tts , 
Ann. occup. Hyg. 1965, 8, 55). T h e  la te ra l  p ro s ta te  o f  
th e  r a t  c o n ta in s  h ig h  levels o f  z inc , th e  u p ta k e  o f 
w h ich  is r e g u la te d  b y  te s to s te ro n e  a n d  affec ted  b y  C d  
(T im m s et al. Virchows Arch. Abt. B Zellpath. 1977, 
25, 33) a n d  d ire c t in je c tio n  o f  C d  in to  th e  r a t  p ro s ta te  
h a s  b e en  sh o w n  to  in d u c e  lo ca l c a rc in o m a  (A ughey  
et al. Br. J. Urol. 1975, 47, 185). W h e th e r  th e  a c tio n  o f  
C d  o n  th e  p ro s ta te  is p r in c ip a lly  a  d ire c t effect o r  an  
in d ire c t re su lt  o f  th e  lo w e rin g  o f  te s to s te ro n e  levels 
h a s  b e en  in  so m e  d o u b t ,  h o w ev er.

A s tu d y  d e s ig n ed  b y  T im m s  et al. (loc. cit.) to  
d e m o n s tra te  w h e th e r  d ire c t u l tr a s t ru c tu ra l  c h an g e s  
c o u ld  b e  d e m o n s tra te d  in th e  p ro s ta te  o f  C d - tre a te d  
ra ts  p r io r  to  th e  lo w e rin g  o f  te s to s te ro n e  levels h a s  
in d ic a te d  th a t  C d  d o e s  e x e rt so m e  d ire c t effect o n  th is  
o rg a n  a s  w ell as o n  a n d ro g e n  levels. T h e  u l t r a 
s t ru c tu re  o f  th e  la te ra l  p ro s ta te  o f  th e  r a t  a fte r a 
s ing le  sc d o se  o f  0 0 2  m m o l C d C l2/k g  b o d y  w e ig h t 
w as e x a m in e d  a t  in te rv a ls  o f 1 -2 0  d ays. Z in c  a n d  C d  
in tis su e s  w ere  e s t im a te d  by  a to m ic  a b s o rp t io n  sp e c 
tro sc o p y . T h e  z in c  c o n te n t  o f  th e  p ro s ta te  d e c lin ed  
a fte r th is  a d m in is t r a t io n  o f  C d , a l th o u g h  th a t  o f  th e  
te s te s  d id  n o t  a l te r  a p p re c ia b ly . T h e  d ry -w e ig h t c o n 
te n t  o f  C d  w as ten fo ld  h ig h e r in  th e  p ro s ta te  th a n  
in th e  tes tis , a n d  c o n tin u e d  to  in c re ase  fo r th e  firs t 
10 days. P la sm a  te s to s te ro n e  fell to  20%  o f  its  in itia l  
v a lu e  w ith in  2 d a y s  o f  C d  in je c tio n , a n d  h a d  d ro p p e d  
b e lo w  10% a fte r 20  d ays. P la sm a  lu te in iz in g  h o rm o n e , 
h a v in g  d e c re ased  s lig h tly  d u r in g  th e  first 2 d ay s, w as 
a b o v e  c o n tro l  v a lu es a t  5 a n d  10 d ays, w h e re a s  
p la s m a  p ro la c tin  d id  n o t  a lte r  s ign ifican tly . U l t r a -  
s t ru c tu ra l  c h a n g e s  in la te ra l p ro s ta te  e p ith e liu m  a t  
24 h r  sh o w e d  d i la ta t io n  o f  th e  e n d o p la sm ic  re tic u lu m , 
a  d e c re a se d  n u m b e r  o f  m ic ro v illi, a n d  a  v ir tu a l  
a b se n ce  o f  se c re to ry  g ra n u le s . T h e  m e m b ra n e  o f  th e  
b a sa l cells a d ja c e n t to  th e  s tro m a  sh o w e d  in c re a se d  
p in o c y to tic  a c tiv ity . A fte r 2 d a y s  m o s t  o f  th e  c h a ra c 
te r is tic s  o f  th e  c o n tro l  o rg a n s  w ere  p re se n t  b u t  th e re  
w as less se c re to ry  a c tiv ity , th e  m ito c h o n d r ia  w ere  
e lo n g a te d , w ith  a  d e n se  m a tr ix , a n d  w ere  c o n fin e d  
m a in ly  to  a p ic a l  a n d  b a sa l  cell re g io n s . A fte r 5 d a y s  
m a n y  p ro s ta t ic  cells sh o w e d  c o n c e n tr ic  w h o rls  o f 
ro u g h  e n d o p la sm ic  re tic u lu m  in  th e  G o lg i re g io n , 
w ith  sm a ll d e n se  m ito c h o n d r ia  p re d o m in a t in g  in th e

u p p e r  a n d  lo w e r cell ex tre m itie s . C h a n g e s  a fte r  10 
d a y s  w ere  s im ila r  b u t  m o re  m a rk e d . T h e  m o s t  p ro m i
n e n t c h a n g e  a t  20 d a y s  w as to  re la tiv e ly  u n d iffe re n 
tia te d  e p ith e lia l cells  c o n ta in in g  a  la rg e  n u c leu s.

E le c tro n  m ic ro sc o p e  m ic ro a n a ly s is  sh o w e d  th a t  th e  
p re se n c e  o f  C d  in  su b c e llu la r  o rg a n e lle s  o f th e  la te ra l 
e p ith e liu m  w as a s so c ia te d  w ith  th e  d i la ta t io n  o f  th e  
e n d o p la sm ic  re tic u lu m , lo ss  o f  se c re to ry  g ra n u le s  a n d  
re d u c t io n  in G o lg i ac tiv ity . A fte r 1 d ay , C d  w as 
d e m o n s tra te d  in  th e  n u c le o li a n d  ly so so m e s  o f  th e  
e p ith e lia l ce lls  a n d  in  th e  se c re to ry  m a te ria l  in  th e  
lu m e n ; a f te r  20 d a y s  it  w as d e te c te d  o n ly  in th e  n u c le i 
o f  (new ) e p ith e lia l cells. In v o lu tio n a ry  c h an g e s  
o b se rv e d  a t  2, 5 a n d  10 d a y s  w ere  c o n s id e re d  to  be  
th e  re su lt  o f  d e c re a se d  te s to s te ro n e  levels fo llo w in g  
C d -in d u c e d  te s tic u la r  in ju ry . O v e ra ll , th is  s tu d y  in d i
c a te d  th a t  th e  m a rk e d  u l tr a s t ru c tu ra l  c h a n g e s  in th e  
r a t  la te ra l  p ro s ta te  c o r re la te d  w ith  th e  p re sen c e  o f 
C d  a n d  w ere  e x a c e rb a te d  b y  th e  e n su in g  h o rm o n a l  
im b a lan c e .

In  a  re la te d  in vitro s tu d y , la te ra l  p ro s ta te  e x p la n ts  
fro m  r a ts  w ere  c u ltu re d  fo r 6 d a y s  w ith  o r  w ith o u t 
a d d e d  te s to s te ro n e  a n d /o r  10 o r  1 0 0 m M -C d C l2 
(C h a n d le r  &  T im m s, Virchows Arch. Abt. B Zellpath.
1977, 25 , 17). N o rm a l  e p ith e liu m  w a s n o t  m a in ta in e d  
in  an y  o f  th ese  c u ltu re s . T h e  e p ith e lia l  cells  b e ca m e  
n e c ro tic  a n d  w ere  re p la c e d  by  b a sa l  cells  w h ich  
sh o w e d  v a ry in g  d e g ree s  o f  d if fe re n tia tio n  a c c o rd in g  
to  th e  c u ltu re  c o n d it io n s . A lth o u g h  in c o m p le te , d iffer
e n tia t io n  w a s  m o s t  a d v a n c e d  in  th e  te s to s te ro n e -  
s u p p le m e n te d  c u ltu re s ;  th e  new ly  g ro w in g  cells w ere  
c u b o id  in  sh a p e  a n d  d e v e lo p e d  m ic ro v illi s im ila r  to  
th o se  in  n o rm a l  tis su e s  b u t  w ere  p o o r ly  su p p lie d  w ith  
e n d o p la sm ic  re tic u lu m  a n d  se c re to ry  g ra n u le s . C d  
h a d  a  d ire c t effect o n  th e  cells, p a r tic u la r ly  a t  th e  
h ig h e r  level, c a u s in g  n e c ro s is  o f  th e  b a sa l  cells  as well 
a s  o f  th e  o r ig in a l e p ith e lia l cells. D iffe re n tia tio n  w as 
m a rk e d ly  im p a ire d  in  th e  C d  c u ltu re s  ev en  in  th e  
p re se n c e  o f  te s to s te ro n e , a lth o u g h  a p ic a l m ic ro v illi 
w ere  s till o b se rv e d  w ith  th e  lo w e r C d  level. C d  w as 
sh o w n  to  b e  in c o rp o ra te d  in b o th  th e  e p ith e lia l a n d  
b a sa l  cells, b e c o m in g  lo c a te d  in  th e  n u c le u s  a n d  
w ith in  c y to p la sm ic  o rg a n e lle s .

In  b o th  th is  a n d  th e  in vivo s tu d y  (T im m s et al. loc. 
cit.) in v e s tig a tio n  o f  th e  su b c e llu la r  d is t r ib u t io n  o f  
z in c  a n d  C d  p ro v id e d  e v id en ce  in  s u p p o r t  o f  th e  view  
th a t  th ese  tw o  e le m e n ts  c o m p e te  fo r b in d in g  sites 
w ith in  th e  cells.

K h a re  et al. (Res. Commun. chem. Path. Pharmac.
1978, 20, 351) c o m p a re d  th e  effects o f  in je c tin g  C d
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o r  a n o th e r  h e av y  m e ta l, lead , d ire c tly  in to  th e  p ro s 
ta te  o f  ra ts . T h e  le a d  in je c tio n  (1 m g  lea d  a c e ta te /ra t)  
c a u se d  c a lc if ic a tio n  o f  b o th  b la d d e r  a n d  p ro s ta te ,  
s tro m a l o e d e m a  a n d  excessive  p e r ip ro s ta t ic  fib rosis, 
a c c o m p a n ie d  in  a  few  c ases  b y  s to n e  fo rm a tio n  in  th e  
b la d d e r . T h e  1-m g d o se  o f  C d C l2, o n  th e  o th e r  h a n d , 
re d u c e d  th e  size  a n d  w e ig h t o f  th e  p ro s ta te ,  a n d  
c a u se d  m a rk e d  a tr o p h y  o f  th e  g la n d , w ith  fo rm a tio n  
o f  c u b o id a l  e p ith e liu m  a n d  sq u a m o u s  m e ta p la s ia  in 
th e  p r o s ta t ic  ac in i. W h ile  th e  la t te r  m ay  su g g est a  
p ro g re ss iv e  p re c a n c e ro u s  c h an g e , n o  tu m o u r  fo rm a 
tio n  o c c u r re d  in  th ese  ra ts , w h ic h  w ere, h o w ev er, o n ly  
k e p t a liv e  fo r 60  d a y s  a fte r  t re a tm e n t.  T h e  te s te s  in 
th ese  C d - tre a te d  r a ts  w ere  sm a ll a n d  c h a ra c te r iz e d  by  
a lm o s t  c o m p le te  d e g e n e ra tio n  o f  th e  se m in ife ro u s  
tu b u le s , p e r i tu b u la r  a n d  in te rs t i t ia l  fib ro s is  a n d  c a lc i
f ic a tio n  o f  th e  tu b u le s . T h e re  w a s  n o  ev id en ce  o f  an y  
sy n e rg is tic  effect w h en  le a d  a c e ta te  (0-5 m g) a n d  
C d C l2 (0-5 m g) w ere  in je c te d  to g e th e r  in to  th e  ra t  
p ro s ta te .

A s a  p o s ts c r ip t  to  th ese  c o m m e n ts  o n  th e  effects o f  
C d  o n  th e  m a le  r e p ro d u c tiv e  sy s tem , it is p e rh a p s  
a p p ro p r ia te  to  d ra w  a t te n tio n  to  th e  fem a le  r a t ’s r e la 
tiv e  re s is ta n c e  to  th is  e le m en t. D e r  el al. (ibid 1976 14, 
689) fo u n d  th a t  re p e a te d  d a ily  in tra m u s c u la r  in jec 
tio n s  o f  250  /ig  C d  (as C d C l2) to  m a le  r a ts  re d u c e d  th e  
size o f  p ro s ta te ,  te s te s  a n d  e p id id y m is , c a u s e d  u lce rs  
a t  th e  in je c tio n  site  a n d  g e n e ra lly  c a u se d  m o re  severe  
re a c tio n s  a n d  p o o re r  h e a lth  th a n  o c c u r re d  in  fem ales 
g iv en  s im ila r  in je c tio n s  fo r 54 d ays. T h e  la t te r  sh o w ed  
so m e  d e c re ase  in u te ru s , o v a ry  a n d  p i tu i ta ry  w eigh ts , 
a n d  in  b o th  sexes th e  liver, sp le en  a n d  k id n e y s  w ere  
e n la rg ed . M a le s  a re  r e p o r te d  to  a c c u m u la te  m o re  C d  
th a n  fem ales u n d e r  s im ila r  c o n d it io n s  o f  e x p o su re , 
p o ss ib ly  b e c a u se  o f  th e  g re a te r  d e m e th y la tin g  p o te n 
tia l o f  th e  fem ale  liver.

[P . C o o p e r— B IB R A ]

M O R E  L IG H T  O N  P Y R R O L IZ ID IN E  A L K A L O ID S

T h e  n a tu ra l  o c c u r re n c e  a n d  to x ic  p ro p e r t ie s  o f  p y r- 
ro liz id in e  a lk a lo id s  h a v e  b e e n  re v ie w e d  ex ten siv e ly  
b e fo re  (C o o p e r , Fd Cosmet. Toxicol. 1974, 12, 559) 
a n d  a  g re a t  d e a l m o re  in fo rm a tio n  is g ra d u a lly  
b e c o m in g  a v a ilab le . M o s t  o f  th e  new  in fo rm a tio n  
c o n c e rn s  th e  a lk a lo id s  o f  Senecio jacobaea, th e  r a g 
w o rt, a n d  to  a  lesse r e x te n t  S. vulgaris, th e  c o m m o n  
g ro u n d se l.

Effects on rodents
S ig n ific a n t c h a n g e s  in  th e  h is to lo g y  o f  th e  livers, 

k id n e y s  a n d  lu n g s  o f  m ice  h a v e  b e en  r e p o r te d  a fte r 
th e  feed ing  o f  d ie ts  c o n ta in in g  d r ie d  S. jacobaea 
(H o o p e r , J. Path. 1 9 7 4 ,113, 227). T h e  p o w d e re d  p la n t  
w as fed a t  a  d ie ta ry  level o f  10%  fo r 9 w k a n d  th e n  a t 
20%  fo r  th e  re s t  o f  th e  e x p e r im e n ta l p e r io d  o f  193 
d ays. T h e  d r ie d  p la n t  c o n ta in e d  0-27%  a lk a lo id s , p r in 
c ip a lly  ja c o n in e , ja c o b in e  a n d  se n e c ip h y llin e . C h a n g e s  
in  b o d y  w e ig h t, a tt r ib u te d  to  th e  a c c u m u la tio n  o f  
a sc itic  flu id , w ere  seen  a fte r  d a y  103. N o  s ig n ifican t 
g ro ss  le s io n s  w ere  o b se rv e d  in  m ice  k illed  o n  d a y s  63 
a n d  129, b u t  th o se  d y in g  o r  k ille d  o n  d a y s  133-193  
sh o w e d  asc ites , in v o lv in g  flu id  v o lu m e s  o f  2 -2 5  m l, 
a n d  slig h tly  s h ru n k e n  livers. A ll liv e rs  o f  m ice  e x a m 
in e d  a fte r  129 o r  m o re  d a y s  o f  feed in g  sh o w e d  m eg a- 
lo c y to s is  o f  th e  h e p a to c y te s , c y to p la sm ic  n u c le a r  in v a 
g in a tio n s  a n d  c y to se g ro so m e s . L u n g s  e x a m in e d  a fte r 
129 d a y s  sh o w e d  e n la rg e d  ce lls  in  th e  b ro n c h ia l  e p ith 
e liu m , la rg e  a lv e o la r  cells, a n d  la rg e  m a c ro p h a g e s  
w ith  c y to p la sm ic  in v a g in a tio n s . E p ith e lia l  ce lls  o f  th e  
k id n e y  tu b u le s  w ere  e n la rg e d  in  th e  p ro x im a l re g io n  
a n d  in  th e  lo o p s  o f  H e n le .

A  re la tiv e  re s is ta n c e  to  th e  effects o f  S en ec io  a lk a 
lo id s  h a s  b e e n  o b se rv e d  in  r a b b i t s  fed  5%  d r ie d  S. 

jacobaea fo r 90  d a y s  a n d  th e re a f te r  10%  fo r  u p  to  
263 d a y s  (P ie rso n  et al. Res. Commun. chem. Path. 
Pharmac. 1977, 16, 561). M e a n  to ta l  c o n s u m p tio n  o f  
S en ec io  w a s  112-5% o f  in it ia l  b o d y  w eigh t. T h e re  w a s  
n o  a p p a r e n t  in c re ase  in  w e ig h t, a s  d e sc rib e d  in m ice  
a n d  ra ts ,  a n d  a  s lig h t re d u c tio n  in b o d y  w e ig h t w a s  
a tt r ib u te d  so le ly  to  th e  u n p a la ta b i li ty  o f  th e  feed. K id 

ney , lu n g , in te s tin e  a n d  m y o c a rd iu m  sh o w e d  n o  sig 
n if ic a n t a b n o rm a li t ie s ,  b u t  h e p a to c y te s  in  a ll th e  
lo b u le s  o f  th e  liver a p p e a re d  to  b e  sw o llen , c a u s in g  
s lig h t s t ru c tu ra l  d is to r tio n . T h e  c y to p la sm  o f  th e  
h e p a to c y te s  w as v a c u o la te d  a n d  g ra n u la r ,  a n d  th e  n u 
c le i w ere  irreg u la r . N o  f ib ro s is  o r  b ile -d u c t p ro life r 
a tio n  w as seen . D e sp ite  th e  a p p a re n t  re s is ta n c e  o f  th is  
species, a  15 0 -m g /k g  ip  in je c tio n  o f  p y rro liz id in e  a lk a 
lo id s  iso la te d  fro m  S. jacobaea k ille d  tw o  r a b b i t s  
w ith in  24 h r, su g g e stin g  th a t  th e  low  su sc e p tib ility  o f  
th e  r a b b it  to  o ra l  a d m in is t r a t io n  o f  th ese  a lk a lo id s  
is d u e  to  p o o r  a b s o rp t io n  fro m  th e  g u t.

T h e  effect o f  th e  a lk a lo id s  o f  S. jacobaea o n  liv er 
m ic ro so m a l m ix e d -fu n c tio n  o x id ases  in  th e  r a t  h a s  
b e en  in v e s tig a te d  by  S h u ll et al: (J. anim. Sci. 1976, 
4 3 , 1024). T h e  e x tra c te d  a lk a lo id s  w ere  in je c te d  ip 
in  a  d o se  o f  65 m g /k g , a n d  th e  a n im a ls  w ere  k illed  
in b a tc h e s  o f  five a n d  th e ir  liv e rs  w ere  p re p a re d  fo r 
m ic ro so m a l-a c tiv ity  m e a su re m e n ts  a f te r  1 a n d  24  h r  
a n d  6 a n d  57 d ays. T h e  ra te  o f  p r o d u c tio n  o f  p y r ro le  
m e ta b o li te s  in  th ese  p re p a ra tio n s  re a c h e d  a  p e a k  
w ith in  1 h r  a n d  th e n  d e c lin ed  a n d  a f te r  24 h r  th e  a c 
tiv itie s  o f  a m in o p y r in e  /V -dem ethy lase  a n d  c y to 
c h ro m e  P -4 5 0  w ere  re d u ce d . M ic ro so m a l p ro te in  w as 
a lso  re d u c e d  a t  24 h r. T h e se  re su lts  su g g e s te d  th a t  
m e ta b o lic a lly  p ro d u c e d  p y r ro le s  r e a c te d  d ire c tly  w ith  
e n zy m es  to  in h ib it  th e ir  o w n  p ro d u c tio n  a n d  h a d  a 
m o re  d e la y e d  effect o n  IV -dem ethy lase  a c tiv ity  a n d  
c y to c h ro m e  P -4 5 0  e ith e r  b y  d e p re ss in g  p ro te in  sy n 
th e s is  o r  b y  in c re a s in g  p ro te in  d e g ra d a tio n . I n  th is  
w ay, p r io r  e x p o su re  to  p la n ts  c o n ta in in g  p y rro liz id in e  
a lk a lo id s  m a y  re d u c e  th e  d a m a g e  to  liv e s to c k  su b s e 
q u e n tly  e x p o se d  to  th e m  ag a in .

T h e  sa m e  in v e s tig a to rs  (B u c k m a s te r  et al. ibid 1976. 
4 3 , 464) h a v e  sh o w n  th a t  d ie ta ry  c y ste in e  g ives r a ts  
so m e  p ro te c tio n  a g a in s t  th e  to x ic  effects o f  p y r ro liz i
d in e  a lk a lo id s . D r ie d  S. jacobaea a n d  S. vulgaris c o n 
ta in in g  0 1 8 1  a n d  0-206%  to ta l  a lk a lo id s , re sp ec tiv e ly , 
w ere  fed  a t  a  d ie ta ry  level o f  5%. S u rv iv a l tim e  w as 
s h o r te r  w ith  S. vulgaris th a n  w ith  S. jacobaea a n d  th e  
a c u te  ip  to x ic ity  o f  th e  a lk a lo id s  iso la te d  f ro m  S. vul
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garis w as g re a te r  th a n  th a t  o f  a lk a lo id s  fro m  S. jaco
baea. In  th e  feed in g  tes ts , th e  a d d it io n  o f  \% cy ste in e  
to  th e  d ie t im p ro v e d  th e  su rv iv a l ra te , w h e re a s  1%  
m e th io n in e  h a d  n o  effect. S im ila rly , th e  p e rc e n ta g e  
m o r ta l ity  in r a ts  w ith in  7 d a y s  o f  an  ip  in je c tio n  o f 
S. jacohaea a lk a lo id s  w as re d u c e d  by  th e  feed ing  of 
d ie t su p p le m e n te d  w ith  1%  cyste ine .

Factors affecting metabolism
In c u b a t io n  o f  h e p a tic  m ic ro so m a l p re p a ra tio n s  

fro m  v a r io u s  a n im a ls  w ith  th e  a lk a lo id  m o n o c ro ta l in e  
o r  w ith  S. jacobaea a lk a lo id s  sh o w ed  th a t  p y rro le  p r o 
d u c tio n  d im in ish e d  19-fold, in th e  d e sc en d in g  o rd e r  
m a le  h a m s te r , m ale  ra b b it ,  m ale  m o u se , m a le  ra t,  b e e f 
s teer, b e e f b u ll, fem ale  ra t,  w e th e r  lam b , m a le  ch ick en  
a n d  m a le  J a p a n e se  q u a il  (S hu ll et al. ibid 1976, 43, 
1247). In  all th e  spec ies  e x cep t th e  r a b b it  a n d  ch ick en , 
a  d ire c t re la tio n s h ip  a p p e a re d  b e tw e e n  th e  r a te  o f  
p y rro le  p ro d u c tio n  by  th e  m ic ro so m a l p re p a ra tio n  
a n d  th e  in vivo su sc e p tib ility  o f  th a t  spec ies  to  p y rro li-  
z id in e  a lk a lo id s . S ince  S. jacobaea w as m o re  to x ic  to  
r a ts  a fte r it h a s  b e en  in c u b a te d  w ith  sh e e p  ru m e n  
flu id  th a n  a fte r its  in c u b a tio n  w ith  c a tt le  ru m e n  flu id , 
th e  fact th a t  sh e e p  sh o w e d  a  g re a te r  re s is ta n c e  to  th e  
a lk a lo id s  th a n  d id  c a ttle  m a y  re flec t a  d ifference  in 
m ic ro so m a l a lk a lo id  m e ta b o lism  r a th e r  th a n  an y  
d e to x ify in g  a c tiv ity  o f  th e  ru m e n . R a ts  g iv en  a  s ing le  
ip  in je c tio n  o f  70 m g  S en ecio  a lk a lo id s /k g  sh o w e d  n o  
c h a n g e  in to ta l  su lp h y d ry l levels a f te r  1 o r  2 h r. P r e 
tre a tm e n t  o f  r a ts  w ith  \°/0 c y s te in e  in th e  d ie t fo r 10 
d a y s  a lso  h a d  n o  effect o n  liv er su lp h y d ry l levels, b u t  
w h en  su c h  ra ts  w ere  in je c te d  ip  w ith  100 m g  a lk a -  
lo id /k g  th ey  h a d  less b o u n d  p y rro le  a fte r 2 h r  th a n  
s im ila rly  in je c te d  ra ts  o n  a  b a sa l d iet. T h ese  re su lts , 
w h ile  su p p o r tin g  o th e r  in d ic a tio n s  o f  th e  p ro te c tiv e  
effect o f  cyste ine , d e m o n s tra te  th a t  th e re  is n o  p r o 
lo n g ed  su lp h y d ry l d e p le tio n  a s  a  re su lt  o f  th e  m e ta b 
o lism  o f  p y rro liz id in e  a lk a lo id s  by  th e  liver, th u s  
u n d e rm in in g  th e  v iew  th a t  th e  cy ste in e  p ro te c tio n  is 
d u e  to  its  c o n ju g a tio n  w ith  p y rro le s  a n d  th e  c o n se 
q u e n t re d u c tio n  o f  th e ir  c o n ju g a tio n  w ith  e ssen tia l 
c e llu la r  c o m p o n e n ts ,  in c lu d in g  en zy m e  su lp h y d ry ls .

Transfer of alkaloids in milk
T h e  p o ss ib ility  th a t  p y rro liz id in e  a lk a lo id s  m ig h t 

b e  tra n s fe r re d  fro m  co w s to  ca lv es h a s  b e e n  in v es ti
g a te d  b y  D ic k in s o n  et al. (J. Am. vet. med. /Iss. 1976, 
169, 1192). F o u r  co w s w ere  g iv en  d r ie d  S. jacobaea in 
d o se s  o f  lO g /k g /d a y  by  ru m e n  c a n n u la  fo r 2 w k. 
C h ro m a to g ra p h y  o f  th e  d r ie d  m a te ria l  sh o w e d  th e  
p re sen c e  o f  ja c o b in e , se n e c ip h y llin e  ( ja c o d in e ) , ja c o -  
line, ja c o n in e  a n d  ja c o z in e , a c c o u n tin g  to g e th e r , o n  
av erag e , fo r a b o u t  0 1 6 %  o f  th e  p la n t  w eigh t. T h e  
a n im a ls  lo s t w e ig h t, th e ir  m ilk  o u tp u t  d e c lin e d  a n d  
p e rs is te n t d ia r rh o e a  d e v e lo p e d  a fte r  7 -1 4  d a y s  a n d  
c o n tin u e d  u n til  d e a th . T h e  ca lv es  g a in e d  w e ig h t n o r 
m ally . T h e  o n ly  a lk a lo id  d e te c te d  in th e  m ilk  fro m  
tre a te d  co w s w as ja c o lin e , in  a  c o n c e n tra t io n  o f
9-4-16-7  ^g , 100 m l. In  th e  cow s, p la s m a  a lb u m in  c o n 
c e n tra t io n  d e c lin ed  a n d  th e re  w a s  an  u n e x p la in e d  leu - 
c o cy to s is . B lo o d  s o rb ito l-d e h y d ro g e n a se  a c tiv ity  in 
c rea se d  p r io r  to  th e  a p p e a ra n c e  o f  severe  liver le s io n s  
(n o ta b ly  f ib ro p la s ia  a n d  m eg a lo cy to s is). L iv e r b io p 
sies re v ea le d  c e llu la r  c h a n g e s  b u t  d id  n o t  o ffer an y  
p a r t ic u la r  a d v a n ta g e  o v e r th e  c h a n g e  in  so rb ito l-  
d e h y d ro g e n a se  a c tiv ity  a s  a n  in d ex  o f  liver d y sfu n c 

tio n . P o s t-m o r te m  fin d in g s  in  th e  co w s w ere  c o n fin e d  
to  liver lesions, a n d  w ere  ty p ica l o f  p y r ro liz id in e  to x i
cosis. A t p re se n t th e  m e ta b o lic  fa te  o f  ja c o l in e  in 
ca lv es d r in k in g  th e  affec ted  m ilk  is u n k n o w n .

The Senecio alkaloids
H ig h -p re s su re  liq u id  c h ro m a to g ra p h y  (H P L C )  o f a 

c h lo ro fo rm  e x tra c t  o f  a n  a m m o n ia c a l  so lu tio n  h a s  
b een  u sed  to  id en tify  th e  ac tiv e  p rin c ip le s  o f  S. jaco
baea (Segall. Toxicology Lett. 1978, 1, 279). P e a k s  
re p re se n tin g  o n ly  a  sing le  p y rro liz id in e  a lk a lo id  w ere  
fu r th e r  a n a ly se d  by  m ass  sp e c tro m e try , w hile  g a s  
c h ro m a to g ra p h y -m a s s  sp e c tro m e try  w a s  u sed  for 
p e a k s  c o n ta in in g  m ix tu re s  o f  a lk a lo id s . T h ese  te c h 
n iq u e s  d e m o n s tra te d  th e  p re sen c e  o f  ja c o l in e  (m ass, 
c h a rg e  ra t io  369). ja c o n in e  (m/e 387), se n e c ip h y llin e  
(m/e 333), s e n e c io n in e  (m/e 335), ja c o z in e  (m/e 349) 
a n d  p o ss ib ly  ja c o b in e  (m/e 351), th e  tw o  la t te r  b e in g  
fo u n d  in  m ix e d  H P L C  p e ak s , to g e th e r  w ith  iso m ers . 
A n  m/e 385 p e a k  su g g ested  th e  p re sen c e  o f  a n  a lk a 
lo id  c lo se ly  re la te d  to  ja c o n in e . N o  p y rro liz id in e  a lk a 
lo id  o f  m/e 305, su ch  as h a s  b e e n  r e p o r te d  e lsew here , 
c o u ld  b e  d e te c te d . In  S. longilobus, a  p la n t  th a t  h as 
b e en  in v o lv e d  in  cases  o f  h u m a n  p o iso n in g  a r is in g  
fro m  th e  u se  o f  h e rb  te a s  in  th e  U S A . th e  a lk a lo id s  
r id e llin e  (m/e 349), r e tro rs in e  (m/e 351), sen ec ip h y llin e  
(m/e 333) a n d  se n e c io n in e  (m/e 335) h a v e  b e en  fo u n d  
(Segall &  M o ly n e u x , Res. Commun. chem. Path. Phar- 
mac. 1978, 19, 545).

A c ase  o f  h u m a n  p o iso n in g  a tt r ib u te d  to  S. longi
lobus led  H u x ta b le  et al. (Proc. West, pharmac. Soc. 
1977, 20 , 455) to  a n a ly se  a n  e x tra c t  o f  th e  p la n t  by 
th in - la y e r  c h ro m a to g ra p h y . T h is  sh o w e d  th e  p re sen c e  
o f  0-3%  p y rro liz id in e  a lk a lo id s  a n d  1 0 %  p y rro liz id in e  
N -o x id e s , c h a ra c te r iz e d  a s  sen ec ip h y llin e . s e n e c io n in e  
a n d  re tro r s in e  (V-oxide. T h e  case  in q u e s tio n , a ls o  d e 
sc rib e d  by  S tillm a n  et al. (Gastroenterology 1977, 73, 
349), c o n c e rn e d  a  g irl ag ed  6 m o n th s  w h o  w a s  g iven  
8 o z  o f  a n  in fu sio n  o f  1-5 ta b le sp o o n fu ls  o f  S. longi
lobus in 1 6 o z  b o ilin g  w a te r  o n  a lte rn a te  d a y s  for 
2 w k. S he  th e n  s ta r te d  v o m itin g  a n d  w as fo u n d  to  
be  a sc itic , w ith  a  r ig h t p lu ra l  e ffusion . L iver b io p sy  
sh o w e d  d ila te d  s in u so id s  d is te n d e d  w ith  m a tu re  
e ry th ro c y te s ;  2 m o n th s  la te r  th e re  w as ex ten siv e  h e p a - 
to cy te  d e s tru c tio n , f ib ro s is  a n d  c o lla g en  d e p o s itio n  in 
th e  sp a c e  o f  D isse.

A se c o n d , a n d  fa ta l, case  o f  S. longilobus p o iso n in g  
w as su b se q u e n tly  re p o r te d  by th e  sa m e  g ro u p  (F o x  
et al. J. Pediat. 1978, 93 , 980). T h is  c o n c e rn e d  a 
2 -m o n th -o ld  M e x ic a n -A m e r ic a n  bo y , w h o  h a d  been  
g iven  h e rb a l  te a  fo r 4  d a y s  to  t r e a t  n a sa l  c o n g es tio n . 
T h e  S. longilobus u sed  fo r th e  in fu sio n  c o n ta in e d  1-5% 
(w /w ) p y rro liz id in e  a lk a lo id s , th e  p ro b a b le  to ta l  in 
ta k e  o f w h ic h  w a s  c a lc u la te d  to  be  a b o u t  66 m g. T h e  
in fa n t b e ca m e  p ro g ress iv e ly  ill a n d  le th a rg ic ;  v o m it
in g  a n d  h a e m a te m e s is  w ere  fo llo w ed  a fte r  24 h r  by 
ja u n d ic e  a n d  in d ic a tio n s  o f  a sc ites , a n d  th e  n e x t th re e  
d a y s  saw  th e  o n se t o f  se izu res, a  p ro g ress iv e  lo ss  o f 
c o n sc io u sn e s s  a n d  o f  d e ep  te n d o n  reflexes, p e r io d s  o f 
a p n o e a , h y p o th e rm ia , o lig u ria , h ig h  b lo o d  levels o f  
so d iu m , p o ta s s iu m  a n d  c a lc iu m  a n d  p e rs is te n t h y p e r-  
b i liru b in a e m ia . C a rd ia c  a r re s t  a n d  d e a th  o c c u rre d  o n  
d a y  6. A lth o u g h  in th e  e a rly  s ta g es  th e  c h ild ’s c o n d i 
tio n  su g g e ste d  R eye’s sy n d ro m e , su b se q u e n t d e v e lo p 
m e n ts  w ere  n o t  ty p ic a l o f  th is  d isease , a n d  th e  
a u to p s y  fin d in g s , w h ich  in c lu d e d  severe  c e n tr ilo b u la r
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n e c ro s is  a n d  fa t a c c u m u la tio n  in th e  liver, p u lm o n a ry  
o e d em a , a te le c ta s is  a n d  n e c ro tiz in g  v ascu litis , w ere  
s im ila r  to  th o se  a s so c ia te d  w ith  p y rro liz id in e  a lk a lo id  
p o iso n in g  in a n im a ls . T h e  c irc u la t in g  free b iliru b in  
a n d  k e rn ic te ru s  in th is  in fa n t w ere  n o t  ty p ic a l o f  su ch  
p o iso n in g  a n d  th e ir  c a u se  w as n o t  e s ta b lish e d , b u t  
th e  k e rn ic te ru s  m a y  w ell h a v e  b e en  re sp o n s ib le  fo r 
th e  e n c e p h a lo p a th y .

S in ce  b ees m a y  g a th e r  n e c ta r  a n d  p o lle n  fro m  
flo w ers o f  S. jacobaea su sp e c te d  ra g w o r t  h o n e y  w as 
e x a m in e d  fo r p y r ro liz id in e  a lk a lo id s  by  D e in z e r  et al. 
(Science, N.Y. 1977, 195, 497). S en ec io n in e , se n e c ip h y l- 
line, ja c o b in e , ja c o n in e , ja c o lin e  a n d  ja c o z in e  w ere  all 
d e te c te d , to g e th e r  w ith  o n e  u n id e n tif ie d  a lk a lo id . 
C o n c e n tra t io n s  o f  to ta l  p y rro liz id in e  a lk a lo id s  in a

n u m b e r  o f  h o n e y  sa m p le s  sh o w n  to  c o n ta in  so m e  ra g 
w o r t  p o lle n  w ere  fo u n d  to  ra n g e  fro m  0 3  to  4  p p m . It 
is u n lik e ly , h o w e v er, th a t  a n y  h o n e y  c o n su m e r  w o u ld  
ta k e  e n o u g h  to  p ro v o k e  to x ic  effects, p a r tic u la r ly  
s ince  ra g w o r t  h o n e y  is b i tte r  a n d  o f  p o o r  c o lo u r  a n d  
c o n se q u e n tly  is se ld o m  m a rk e te d . N e v e rth e le ss , th e  
lo n g - te rm  c o n s u m p tio n  o f  fo o d s  c o n ta m in a te d  w ith  
th ese  a lk a lo id s  is a  p o te n t ia l  p ro b le m . L iv e s to c k  
p o iso n in g  fo llo w in g  c o n s u m p tio n  o f  r a g w o r t  a n d  
re la te d  p la n ts  is w ell k n o w n  a n d  th e  p o ss ib le  tra n s fe r  
o f  th ese  a lk a lo id s  o r  th e ir  m e ta b o li te s  to  c o n su m e rs  
o f  m e a t a n d  d a iry  p ro d u c ts  c a n n o t  oe d isc o u n te d .

[P . C o o p e r— B IB R A ]
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TOXICOLOGY: BIBRA ABSTRACTS AND COMMENTS

F L A V O U R IN G S . S O L V E N T S  A N D  S W E E T E N E R S

R elatives o f  cyclam ate

S p illan e , W . J. &  B en so n , G . A. (1978). M e ta b o lic  
s tu d ie s  o f  th e  n o n -n u tr it iv e  sw ee ten e rs  cy c lo p en ty l- 
m e th y lsu lfa m a te  a n d  c y c lo p e n ty lsu lfa m a te : d e te r 
m in a t io n  o f  m e ta b o lite s  in  r a t  u rin e . J. pharm. Sci. 
67 , 226.

C y c lo p e n ty lm e th y lsu lp h a m a te  (C P M S ), c y c lo p en ty l-  
s u lp h a m a te  (C P S ) a n d  c y c lo h e p ty lsu lp h a m a te  (C H S ) 
a re  n o n -n u tr it iv e  sw ee ten e rs  c h em ica lly  re la te d  to  
c y c lam a te . T h e  a u th o r s  c ite d  a b o v e  h a v e  p re v io u s ly  
d e sc rib e d  s tu d ie s  in w h ich  sing le  o ra l  d o se s  o f  C P S  
a n d  C H S  w ere  a d m in is te re d  to  r a ts  a n d  ra b b its .  S o m e 
b re a k d o w n  o f  th e  tw o  s u lp h a m a te s  to  th e ir  a m in e , 
a lc o h o l a n d  k e to n e  m e ta b o li te s  o c c u r re d  in  b o th  
spec ies  (B en so n  &  S p illan e . J. pharm. Sci. 1976, 65, 
1841; idem, ibid 1977, 66, 881). In  th e  s tu d y  c ited  
a b o v e , s im ila r  in v e s tig a tio n s  w ere  c a r r ie d  o u t  in to  the  
effects o f  a d m in is te r in g  a  s ing le  d o se  o f  C P M S  to  ra ts  
a n d  o f  e x te n d e d  feed ing  o f  C P S .

S o d iu m  C P M S  in a q u e o u s  so lu tio n  w as a d m in is 
te re d  to  five fem a le  W is ta r  r a ts  in  a  s ing le  o ra l  d o se  o f  
o f  1 4 5 0 m g /k g . U r in e  w as c o lle c ted  fo r 3 d a y s  a fte r 
d o sin g . T h e  u r in e  sa m p le s  w ere  a n a ly se d  fo r cyclo- 
p e n ty lm e th y la m in e  a n d  c y c lo p e n ty lm e th a n o l b y  g a s -  
l iq u id  c h ro m a to g ra p h y  (G L C ). A sp e c tro p h o to m e tr ic  
m e th o d  w as u se d  to  a n a ly se  fo r su lp h a m a te s . N e ith e r  
o f  th e  su lp h a m a te s  w as c o n v e r te d  to  its  a m in e , a lc o 
h o l o r  k e to n e  d e riv a tiv e s  d u r in g  s to ra g e  in  so lu tio n  
in u r in e  fo r 3 d a y s  u n d e r  re fr ig e ra tio n .

T h re e  o f  th e  ra ts  fed C P M S  e x c re te d  c y c lo p en ty l-  
m e th y la m in e  a n d  c y c lo p e n ty lm e th a n o l. T h e  m ean  
c o n v e rs io n s  o f  th e  su lp h a m a te  to  its  a m in e  a n d  a lc o 
h o l m e ta b o lite s  w ere  0 0 1 1  a n d  0 0 1 2 % . In  p re v io u s  
s tu d ie s  th e  m e a n  c o n v e rs io n s  o f  C P S  a n d  C H S  to  
c y c lo p e n ty la m in e  a n d  c y c lo h e p ty la m in e  w ere  0-57 
a n d  0 0 6 4 % , re sp ec tiv e ly  (B en so n  &  S p illan e , 1976 & 
1977 loc. cit.). T h e re fo re  C P M S  a p p e a rs  m o re  s ta b le  
th a n  e ith e r  o f  th ese  o th e r  su lp h a m a te s . H o w ev er, 
levels o f  c y c la m a te  (c y c lo h ex y lsu lp h a m a te )  c o n v e rs io n  
to  c y c lo h ex y la m in e  in r a ts  n o t p re tre a te d  w ith  c y c la 
m a te  a re  g e n e ra lly  re p o r te d  to  b e  lo w e r (R en w ick  & 
W illiam s, Biochem. J. 1972, 129, 86 9 ; S u e n a g a  el al. 
Chem. pharm. Bull.. Tokyo 1972, 20, 1357). T h e  m ea n  
level o f  e x c re tio n  o f  u n c h a n g e d  C P M S  in th e  u r in e  
w a s  15-4%. F o r  C P S  a n d  C H S . th e  a m o u n ts  o f  a 
s in g le  d o se  re c o v e re d  u n c h a n g e d  in th e  u r in e  w ere  
re p o r te d  to  b e  15 a n d  35% , re sp ec tiv e ly  (B en so n  &  
S p illan e , 1976 &  1977 loc. cit.).

S o m e  m e ta b o lism  o f  C P S  o c c u rre d  in all ra ts  fed 
th e  c o m p o u n d  o v e r 9 days. F o llo w in g  a d m in is tra t io n  
o f  200 m g o n  d a y s  1 -5  a n d  o n  d a y s  8 a n d  9 to  five 
fem ales, c y c lo p e n ty la m in e  w as e x cre te d  in  th e  u rin e  
o f  all r a ts  o n  d a y  1, b u t  o n  th e  fo llo w in g  6 d a y s  
th e re  w ere  c o n s id e ra b le  d ifferences b e tw ee n  in d iv id u a l 
a n im a ls  in  th e  levels o f  c y c lo p e n ty la m in e , c y c lo p en - 
ta n o l a n d  c y c lo p e n ta n o n e  ex cre te d . W h e n  feed ing  w as 
re su m e d  o n  d a y s  8 a n d  9 o n ly  tra c e s  o f  m e ta b o lite s  
w ere  d e te c te d  in  th e  u r in e  o f  a ll th e  ra ts .

A N T IO X ID A N T S

Another try a t B H T  m etab olism  in man

W ieb e . L. I., M erce r, J. R . &  R y a n , A. J. (1978). U r i 
n a ry  m e ta b o li te s  o f  3 ,5 -d i - ( l - [13C ]m e th y l- l-m e th y l-  
e th y lF 4 -h y d ro x y to lu c n e  (B H T -I 3C ) in  m an . Drug 
Metab. Dispos. 6, 296.

It h a s  b e e n  re p o r te d  th a t  th e  m a jo r  u r in a ry  m e ta 
b o lite  o f  B H T  in  m a n  is 4 -c a rb o x y -2 - ( l-c a rb o x y - l-  
m eth y le th y l)-6-( 1 - fo rm y l- l-m e th y le th y l)p h e n o l (Cited 
in F.C.T. 1968, 6, 533). H o w ev e r, o th e r  w o rk e rs  h ave  
b e en  u n a b le  to  d e te c t th is  c o m p o u n d , b u t  h ave  
re p o rte d  th e  p re sen c e  o f  3 ,5 -d i- tm -b u ty l-4 -h y d ro x y -  
b en zo ic  a c id  (B H T -ac id )  in  h u m a n  u r in e  (ibid 1971. 9, 
2 9 6 ; R y a n , Fd Cosmet. Toxicol. 1971, 9 , 769). F u r th e r  
w o rk  o n  B H T  m eta b o lism  is d e sc rib e d  be lo w .

O n  th re e  occasions, s e p a ra te d  b y  in te rv a ls  o f  2 
m o n th s , a  single v o lu n te e r  w a s  g iv en  a n  o ra l  d o se  o f  
B H T  su spended  in  o liv e  o il. In  o n e  e x p e rim e n t 
201-7 m g  [ I 3C ]B H T  w as ta k e n , a n d  in  th e  o th e r  tw o , 
u n la b e lle d  m ate ria l w as a d m in is te re d  a t  d o se s  o f  100

a n d  200  m g  resp ec tiv e ly . U r in e  w as c o lle c te d  fo r 72 h r 
a f te r  d o sin g .

T h e  m a jo r  u r in a ry  m e ta b o li te  w as sh o w n  to  h a v e  a 
m a s s  sp e c tru m  c o m p a ra b le  to  th e  d ic a rb o x y lic  ac id  
a ld e h y d e  re p o r te d  e a rlie r  (Cited in F.C.T. 1968. 6 , 
533). H o w ev e r a n a ly s is  by  p r o to n  a n d  13C -n u c le a r  
m a g n e tic  re so n a n c e  sp e c tro sc o p y  in d ic a te d  th a t  th e  
m e ta b o li te  w as in fact a  d ic a rb o x y lic  a c id  h em iace ta l,
5 -c a rb o x y -7 -(  l-c a rb o x y - l-m e th y le th y l) -3 ,3  - d im e th y l - 
2 -h y d ro x y -2 ,3 -d ih y d ro b e n z o fu ra n . T h e  a c e ty la te d  d i
m eth y l d e riv a tiv e  o f  th e  h e m ia ce ta l p ro v e d  a m e n a b le  
to  q u a n tif ic a tio n  by  g as c h ro m a to g ra p h y  (G C ). O v e r 
a  p e r io d  o f  72 hr, 21-4%  o f  th e  ra d io a c tiv e  d o se  o f 
[ 13C ]B H T  w a s e x c re te d  in th e  u r in e  as th e  h e m i
ace ta l. T h is  m e ta b o li te  w as p re se n t in th e  u rin e  
sa m p le s  c o lle c te d  d u r in g  th e  first 3 h r  a f te r  do sin g , 
a n d  e x c re tio n  w as a t  a  m a x im u m  in th e  p e r io d  3 -6  h r 
a f te r  B H T  a d m in is tra t io n . A lth o u g h  th e  G C  d e te c tio n  
lim it fo r B H T  a n d  its  m e ta b o li te s  w as o f  th e  o rd e r  o f 
1 n g /m l o f  u r in e  o r  w h o le  b lo o d  e x tra c te d , th e  on ly  
o th e r  u r in a ry  m e ta b o li te  id en tified  w as a sm all
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a m o u n t  o f  th e  B H T -a c id  (0-3%  o f  th e  a d m in is te re d  
d o se  o v e r  72 hr), a n d  tra c e s  o f  S -(3 ,5 -d i- l-m e th y l- l-  
m e th y le th y l-4 -h y d ro x y b e n z y l)-N -a c e ty lc y s te in e  (m er- 
c a p tu r ic  a c id ) w ere  in d ic a te d  in  o n e  fra c tio n . T ra c e  
q u a n ti t ie s  o f  u n c h a n g e d  B H T , b u t  n o  free m e ta b o 
lites, w ere  fo u n d  in  se ru m  sa m p le s  ta k e n  a t  15-m in  
in te rv a ls  u p  to  90  m in  a fte r  a d m in is t r a t io n  o f  100 m g 
B H T . T h e  to ta l  b lo o d  c o n te n t  o f  u n c h a n g e d  B H T  
(e s tim a te d  o n  4  litre s  o f  w h o le  b lo o d )  ra n g e d  fro m  0-3 
to  3 -0 /ig.

T h e  lo w  re c o v e ry  o f  th e  a d m in s te re d  d o se  o f  r a d io 
a c tiv ity  in d ic a te d  th a t  u r in a ry  e lim in a tio n  is n o t  th e  
o n ly  ro u te  o f  e l im in a tio n  fo r B H T  in  m a n — a  fin d in g

a t  v a r ia n c e  w ith  an  e a r l ie r  tra c e r  s tu d y  (D a n ie l et al. 
Fd Cosmet. Toxicol. 1967, 5 , 475)— w hile  th e  ra p id  
d is a p p e a ra n c e  o f  B H T  fro m  th e  b lo o d  su g g e s te d  th a t  
h e p a to b ilia ry  e x c re tio n  m a y  b e  a n  im p o r ta n t  fa c to r.

[T h is  p re lim in a ry  s tu d y  m a y  p ro v id e  th e  m u ch  
n e e d e d  sp u r  fo r fu r th e r  in v e s tig a tio n  o f  B H T 's  
c o m p le x  p h a rm a c o k in e tic s  in  b o th  m a n  a n d  a n im a ls . 
T h e  n e e d  fo r fu r th e r  s tu d ie s  w as u n d e r lin e d  b y  a  
F A S E B  R e p o r t  to  th e  F D A  (Fd chem. News 1977, 
19 (11), 17) w h ich  c a lled  fo r m e ta b o lic  s tu d ie s  o n  the  
a n tio x id a n t  to  find  a  su ita b le  sp ec ie s  fo r e v a lu a tin g  
th e  p o ss ib le  h a z a rd s  o f  B H T  to  m a n .]

M IS C E L L A N E O U S  D IR E C T  A D D IT IV E S

A talc-on-rice survey

S te m m e rm a n n , G . N . &  K o lo n e l,  L. N . (1978). T a lc -  
c o a te d  rice  a s  a  r isk  fa c to r  fo r s to m a c h  c an cer. Am. 
J. din. Nutr. 31 , 2017.

T h e  c o a tin g  o f  rice  w ith  ta lc  is a n  a c c e p te d  w a y  to  
s lo w  d o w n  sp o ila g e  a n d  p ro lo n g  sh e lf  life, a n d  c o n 
su m e rs  seem  to  p re fe r  to  b u y  r ice  th a t  h a s  a  sh e e n  (th e  
rice  is a c tu a lly  c o a te d  w ith  g lu co se  sy ru p  a n d  talc). In  
H a w a ii, 8 5 -9 0 %  o f  th e  r ice  so ld  is  ta lc -c o a te d . O n  th e  
o th e r  h a n d , th e  sa le  o f  c o a te d  r ic e  h a s  b e e n  p ro h ib ite d  
in  J a p a n  sin ce  1947. T h ese  tw o  a re a s  h a v e  th u s  p r o 
v id ed  so m e  o p p o r tu n i ty  fo r  in v e s tig a tio n  o f  th e  
h y p o th e s is  t h a t  th e  h ig h  in c id e n ce  o f  s to m a c h  c an c e r 
a m o n g  J a p a n e se  m a y  b e  a s so c ia te d  w ith  th e  c o n 
su m p tio n  o f  ta lc -c o a te d  rice, o r  m o re  spec ifica lly  o f  
rice  c o a te d  w ith  a sb e s to s -c o n ta m in a te d  ta lc . A lre ad y - 
r e p o r te d  s tu d ie s  o f  th e  c o n s id e ra b le  J a p a n e se  p o p u la 
tio n  liv in g  in  H a w a ii (H a en sze l et al. J. natn. Cancer 
Inst. 1972, 49 , 969) a n d  o f  in d ig e n o u s  Ja p a n e se , in 
M iy ag i a n d  O k a y a m a  (W a te rh o u s e  et al. Cancer Inci
dence in Five Continents, V ol. I l l ,  p. 4 9 8 ; IA R C , L y o n ,

1976), lik e  m o re  re c e n t s tu d ie s  c a r r ie d  o u t  e lsew h ere  
(C u e llo  et al. J. natn. Cancer Inst. 1976, 57, 1015), 
p ro v id e d  lit t le  s u p p o r t  fo r th is  h y p o th es is .

F u r th e r  lig h t w as th ro w n  o n  th e  q u e s tio n  w h e n  th e  
E p id e m io lo g y  U n it  a t  th e  U n iv e rs i ty  o f  H a w a ii c o n 
d u c te d  a  n u tr i t io n a l  su rv e y  a m o n g  th e  v a r io u s  races  
in  H a w a ii  o n  th e  b a s is  o f  a n  a n n u a l r a n d o m  sa m p le  
o f  3%  o f  th e  H a w a iia n  s ta te  p o p u la t io n  (S te m m e r
m a n n  &  K o lo n e l, c ite d  above). Q u e s t io n in g  a b o u t  
w eek ly  r ice  c o n su m p tio n  re v e a le d  th a t  th e  h ig h es t 
c o n su m e rs  o f  rice  w ere  th e  F ilip in o s , w h o  h a d  th e  
lo w e st in c id e n ce  o f  g a s tr ic  c an c e r , a n d  th e  n e x t w ere  
th e  J a p a n e se , w h o  sh o w e d  th e  h ig h es t in c id e n ce  o f  
th is  ty p e  o f  tu m o u r . T h e  su rv e y  th u s  e m p h a s iz e d  th e  
e a rlie r  lac k  o f  s u p p o r t  fo r th e  su g g e stio n  th a t  ta lc - 
c o a te d  rice  m ig h t b e  an  im p o r ta n t  fa c to r  in  th e  a e t io 
lo g y  o f  g a s tr ic  c an cer.

I t  is in te re s tin g  to  n o te  th a t  th e  h ig h  r a te  o f  g a s tr ic  
c a n c e r  a m o n g  in d ig e n o u s  Ja p a n e se  seem ed  to  p e rs is t 
a t  a  fa irly  s ta b le  level b e tw ee n  th e  e a r ly  1960s a n d  
1970s, d u r in g  w h ich  p e r io d  th e re  w as so m e  d e c re ase  
in  th e  o c c u rre n c e  o f  th is  tu m o u r  a m o n g  th e  H a w a iia n  
Ja p a n e se .

A G R IC U L T U R A L  C H E M IC A L S

The renal effects o f  diphenylam ine

E van , A. P., H o n g , S. K ., G a rd n e r ,  K ., Jr., P a rk , Y. S. 
&  I ta g a k i,  R . (1978). E v o lu tio n  o f  th e  c o lle c tin g  tu b u 
la r  le s io n  in  d ip h e n y la m in e - in d u c e d  re n a l  d isease . 
Lab. Invest. 3 8 , 244.

C y stic  d ila t io n  o f  th e  re n a l  tu b u le s , in v a r ia b ly  
a c c o m p a n ie d  b y  c h ro n ic  in te rs t i t ia l  n e p h r it is ,  w as 
fo u n d  in  r a ts  fed d ip h e n y la m in e  (D P A ) a t  d ie ta ry  
levels o f  0-1%  o r  m o re  (Cited in F.C.T. 1968, 6, 289). A 
2 -y r-o ld  sa m p le  o f  D P A  h a d  fa r  m o re  sev e re  re n a l 
effects th a n  a  fre sh ly -m a n u fa c tu re d  sam p le , a n d  a  
c o n ta m in a n t  o f  th e  fo rm e r  w a s  id e n tif ie d  a s  th e  c a u s a 
tive  a g e n t (ibid 1973, 11, 334). T h e  D P A -in d u c e d  
d e v e lo p m e n t o f  fu n c tio n a l  a n d  s t ru c tu ra l  c h a n g e s  in 
th e  r a t  k id n e y  h a s  n o w  b e e n  fo llo w ed  in  d e ta il.

W h e n  r a ts  w ere  fed 1% d ie ta ry  D P A  fo r u p  to

78 w k, a  d e c re a se  in  u r in a ry  o sm o la lity  w as ev id e n t 
a f te r  2 w k, a n d  w as s ta tis tica lly  s ig n if ic a n t a t  w k  6 
a n d  20. T h e  d e c re ase  in  u rin a ry  o sm o la li ty  w a s  p r i 
m a rily  c a u se d  by  a  d e c re a se  in the  u r in a ry  c o n c e n 
t r a t io n  o f  u re a  a n d  w as a c c o m p a n ied  b y  a n  in c re ase  
in u r in e  flow . G lo m e ru la r  f iltra tio n , m e a su re d  by  
e n d o g e n o u s  c re a tin in e  c le a ra n c e , w as s im ila r  to  th a t  
o f  th e  c o n tro ls .  A fte r 5 w k, th e  m ed u lla ry  c o lle c tin g  
tu b u le s  sh o w e d  h y p e rp la s ia , w ith  m u ltila y e rin g  of 
cells, a n  in c re ase  in  d a rk  cells, a n d  a n  in c re a se d  
n u m b e r  o f  [ 3H ]th y m id in e - la b e lle d  nuclei. B y w k 10 
so m e  c o lle c tin g  d u c ts  w ere  d ila ted , w ith  fo cal a re a s  
o f  c e llu la r  n ecro sis , a n d  a  few c o n ta in e d  sm a ll 
a m o u n ts  o f  c a s t m a te ria l. T h ese  c h an g e s  w ere  far 
m o re  f re q u e n t a f te r  1 5 -2 0 w k , an d  by w k  24  th e re  
w ere  f ra n k  cy sts  in  th e  c o rte x  a n d  m ed u lla . A fter 
5 2 -7 8  w k  su c h  cy sts  w ere  fo u n d  in  a lm o s t every  seg
m e n t o f  th e  n e p h ro n  a n d  th e  co llec ting  tu b u le s  c o n 
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ta in e d  m a n y  la rg e  cysts, w h ic h  w ere  u su a lly  filled  w ith  
n e c ro tic  c a s t m a te ria l. T h e re  w ere  n u m e ro u s  a re a s  o f  
c h ro n ic  in f la m m a tio n  w ith  a  c o n c o m ita n t  lo ss  o f  
n e p h ro n s .

T h e  f in d in g s  su g g e ste d  th a t  h y p e rp la s ia  a n d  b lo c k 
ag e  o f  th e  c o n n e c tin g  tu b u le s  w ith  n e c ro tic  d e b ris

c a u se d  p ro g re ss iv e  d ila t io n  p ro x im a l to  th e  o b s t ru c 
tio n s , le a d in g  in  tim e  to  cyst fo rm a tio n . T h e  la te r  
s ta g es  o f  th e  c o n d it io n  o b se rv ed  in r a ts  in  th is  s tu d y  
re se m b le d  re n a l p o ly cy s tic  d isease  in  m an . b u t 
w h e th e r  th e  in itia l s ta g es  o f  th e  d ise ase  a re  a lso  s im i
la r  is n o t  y e t k n o w n .

T H E  C H E M IC A L  E N V IR O N M E N T

G etting  rid o f  arsenic

C h a rb o n n e a u ,  S. M ., S p en cer, K ., B ryce, F . &  S and i,
E. (1978). A rsen ic  e x c re tio n  b y  m o n k e y s  d o se d  w ith  
a rs e n ic -c o n ta in in g  fish  o r  w ith  o rg a n ic  a rsen ic . Bull, 
env. contam. & Toxicol. (US.) 20 , 470.

A rsen ic  (As) in  th e  e n v iro n m e n t  is p a r tic u la r ly  sig 
n if ic an t. s in ce  it is re c o g n iz e d  th a t  th e  r e g u la r  in ta k e  
o f  in o rg a n ic  A s m a y  b e  fo llo w ed  b y  th e  d e v e lo p m e n t 
o f  in te rn a l  m a lig n a n t tu m o u rs  a s  w ell a s  b y  k e ra to se s  
(Cited in F.C.T. 1979, 17, 309). R e te n tio n  m ay  b e  a 
fa c to r  d e te rm in in g  As in d u c tio n  o f  tu m o u rs  (ibid 
1976, 14, 507). S ince  so m e  e d ib le  m a rin e  fish a n d  
shellfish  c o n ta in  re la tiv e ly  h ig h  c o n c e n tra t io n s  o f  As. 
it is im p o r ta n t  to  d e te rm in e  w h e th e r  r e te n tio n  o f  A s 
fro m  su ch  so u rc e s  d iffers fro m  re te n tio n  o f  in o rg a n ic  
As.

A n As b a la n c e  s tu d y  w a s  u n d e r ta k e n  in m o n k ey s  
to  d e te rm in e  th e  e x c re tio n  p a t te rn  o f  As a d m in is te re d  
in fish. F o u r  fem a le  a d u lt c y n o m o lg u s  m o n k e y s  w ere  
fed a  s ing le  tes t m ea l o f  A tla n tic  g re y  so le  (Glypoce- 
phalus cynoglossus) c o n ta in in g  77 p p m  As. e q u iv a le n t 
to  a b o u t  1 m g  A s /k g  b o d y  w e ig h t. T h e  u r in e  a n d  
faeces w ere  c o lle c ted  ev ery  24 h r  fo r 14 d a y s  a n d  th e  
to ta l  A s c o n te n t  o f  e ach  sa m p le  w a s  d e te rm in e d . A fter 
a  2-w k  in te rv a l th e  e x p e r im e n t w as re p e a te d  u sin g  
As20 3 in a n  e q u iv a le n t dose .

A fte r a d m in is t r a t io n  o f  A s in fish, 67%  o f  th e  d o se  
a p p e a re d  in th e  u r in e  w ith in  14 days, a lm o s t  a ll of 
it d u r in g  th e  firs t 4  d ay s . E x c e p t in o n e  m o n k ey , a 
sm a ll b u t  s ig n ific a n t a m o u n t  w a s  re c o v e re d  fro m  the 
faeces o n  d a y s  2 a n d  3 ( th e  to ta l  a f te r  14 d ay s  being 
a b o u t  10%  o f  th e  dose). In o rg a n ic  A s w as m ore  
ra p id ly  e x c re te d  in  th e  u rin e , a b o u t  6 0 %  o f  th e  d o se  
a p p e a r in g  w ith in  24 h r  a n d  73%  w ith in  14 day s in 
th re e  o f  th e  fo u r a n im a ls . F a e c a l e x c re tio n  o f  in o r 
g a n ic  A s w as less th a n  4%  a fte r  14 d ays, a n d  u r in a ry  
e x c re tio n  o f  A s h a d  r e tu rn e d  to  b a c k g ro u n d  levels 
b y  d a y  11.

[A lth o u g h  th ese  re su lts  in d ic a te  th a t  m o re  o f  the  
fish As is e lim in a te d  in  th e  faeces, th e  s ig n ifican ce  o f 
th is  re su lt  is d o u b tfu l b e c a u se  o f  th e  la rg e  in te r 
a n im a l v a r ia tio n s .]

M a le  view o f  acrylam ide

S h ira ish i. Y . (1978). C h ro m o so m e  a b e r ra tio n s  in d u ce d  
b y  m o n o m e r ic  a c ry la m id e  in  b o n e  m a rro w  a n d  g erm  
cells o f  m ice. Mutation Res. 57 , 313.

T h e  effects o f  a c ry la m id e  o n  th e  n e rv o u s  sy s tem  
a re  w ell d o c u m e n te d  (T h o m p s o n , Fd Cosmet. Toxicol.
1978. 16, 188) b u t  th e re  is re la tiv e ly  lit t le  in fo rm a tio n

o n  th e  te ra to g e n ic ity  o r  in vivo m u ta g e n ic ity  o f  th is  
c o m p o u n d . In  a  s tu d y  o n  p re g n a n t r a ts  (Cited in
F.C.T. 1977, 15, 154), th e  d e v e lo p in g  fo e tu s w as 
sh o w n  to  be  u n a ffe c te d  even  a t  d o ses th a t  p ro d u c e d  
n e u ro p a th y  in th e  m o th e r .  H o w ev er, a  m ate ria l c an  
a lso  ex ert a n  effect o n  re p ro d u c t io n  v ia  the m a le  o f  
th e  sp ec ie s; th e  p re se n t s tu d y  in  w h ich  a c ry la m id e  
d e m o n s tra te d  a  m a rk e d  c y to g e n e tic  effect o n  th e  g e r
m in a l cells o f  m a le  m ice  (b u t a  m u ch  lo w e r  a c tiv ity  
a g a in s t  so m a tic  cells) in d ic a te s  th a t  fu r th e r  in v e s tig a 
tio n s  o f  th is  p o ss ib le  effect o f  a c ry la m id e  a re  w a r
ra n te d .

A c ry lam id e  w a s  a d m in is te re d  to  m ale  m ice  e ith e r  
in  th e  d ie t a t  500 p p m  fo r 1, 2 o r  3 w k o r  b y  a  sing le  
ip  in je c tio n  o f  50 o r  lO O m g/kg . (H ig h e r  ip  d o se s  w ere  
te s te d  b u t  re su lte d  in  a  h ig h  d e a th  ra te .)  In  th e  in jec 
tio n  s tu d ie s , th e  b o n e  m arro w , sp e rm a to g o n ia  a n d  
sp e rm a to c y te s  w ere  e x a m in e d  11 a n d  12 d a y s  a fte r 
tre a tm e n t, w ith  th e  firs t tw o  cell ty p es a lso  b e in g  s a m 
p le d  after 12 a n d  24 hr. A ll th re e  cell ty p es  w ere  e x a m 
in ed  im m e d ia te ly  a fte r th e  p e r io d  o f o ra l a d m in is t r a 
tio n .

A cry lam id e  tre a tm e n t  w as n o t  a sso c ia ted  w ith  an y  
ch an g es  in th e  n u m b e rs  o f  s is te r -c h ro m a tid  e x ch a n g e s  
o r  c h ro m o s o m e  a b e r ra t io n s  su ch  a s  d ic e n tr ic s  o r  
rin g s  in  th e  b o n e -m a rro w  cells. In  b o th  th e  o ra l  a n d  
th e  p a re n ta l  s tu d ies , h o w ev er, th e re  w as a  t im e -re la te d  
in c re ase  in  th e  n u m b e r  o f  a n e u p lo id  a n d  p o ly p lo id  
cells in  th e  b o n e  m a r ro w ; a  m o re  p ro n o u n c e d  effect 
w as seen  in th e  sp e rm a to g o n ia . In  a d d it io n , th e  
n u m b e r  o f  s p e rm a to g o n ia  w ith  c h ro m o s o m e  b re a k s  
in c re ased  fro m  2 4%  in th e  c o n tro ls  to  19%  a fte r t r e a t 
m en t fo r 21 days, a n d  th e re  w as a  sm a ll in c re ase  in 
cells w ith  c le a r  c h ro m a tid  e x ch a n g es  (0%  in  c o n tro ls ;  
6%  a fte r  tre a tm e n t  fo r 21 days). A c ry la m id e  d e m o n 
s tra te d  a  s im ila r  a c tiv ity  w h en  g iven  b y  in je c tio n . 
E x a m in a tio n  11 o r  12 d ay s  a fte r  a n  ip  d o se  o f  
lO O m g/kg  re v ea le d  a n  in c id en ce  o f  c h ro m o s o m e  
b re a k s  in  th e  s p e rm a to g o n ia  th re e  to  fo u r  tim e s  
g re a te r  th a n  th a t  in  th e  c o n tro ls .  A t th is  d o se  th e  
m ito tic  in d ex  o f  th e  s p e rm a to g o n ia  w a s  re d u c e d  to  
su ch  a n  e x te n t th a t  e x a m in a tio n  o f  th e  c h ro m o s o m e s  
a f te r  12 a n d  24 h r  p ro v e d  im p o ssib le . N e v e rth e le ss , 
n o  a b e r ra t io n s  w ere  seen  in  th e  sm a ll sa m p le  o f  m ito 
tic  cells ta k e n  fro m  m ice  tre a te d  12 o r  24 h r  b e fo re  
w ith  a n  ip  in je c tio n  o f  50 m g /k g . N o  s is te r -c h ro m a tid  
e x ch a n g es  w ere  o b se rv e d  a fte r in je c tio n  o f  a c ry la m id e  
a t  e ith e r  d o se  level.

T h e  sp e rm a to c y te s  m a y  a lso  b e  su sce p tib le  to  th e  
c y to g e n e tic  ac tiv ity  o f  a c ry la m id e . A s ig n if ic a n tly  
h ig h e r  level o f  a b e r ra n t  c h ro m o so m e s , p a r tic u la r ly  
c h a in  a n d  r in g  q u a d r iv a le n ts  a n d  frag m e n ts , w as 
o b se rv e d  a fte r  2 a n d  3 w k o f  o ra l  t r e a tm e n t  a n d  11 
o r  12 d a y s  a f te r  a  sing le  ip  in je c tio n  o f  100 m g  kg.
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T es tis  w e ig h ts  w ere  s ig n ifican tly  d e c re a se d  a fte r 3 w k 
o f  o ra l  a d m in is t r a t io n  a n d  11 o r  12 d a y s  a f te r  in jec 
tio n  o f  100 m g  a c ry la m id e /k g .

S ince  th e  in h ib i t io n  o f  m ito s is  m a sk e d  e a rly  c y to 
g en e tic  d a m a g e , it w a s  u n c e r ta in  w h e th e r  th e  
o b se rv e d  a b e r ra tio n s  in  th e  sp e rm a to c y te s  w ere  a  
re su lt  o f  a  d ire c t to x ic  a c tio n  o r  a  c o n se q u e n c e  o f  
th e  a c ry la m id e - re la te d  c h an g e s  in  th e  sp e rm a to g o n ia . 
A c ry la m id e  h a s  b e e n  sh o w n  to  a lk y la te  th e  su lp h y d ry l 
g ro u p s  o f  p ro te in s  (C a v in s  &  F r ie d m a n , Proc. Fedn 
Am. Socs exp. Biol. 1967, 26 , 822) a n d , in  g en era l, 
a lk y la tin g  a g en ts  in d u ce  in  sp e rm a to g o n ia  c h ro m a tid  
a b e r r a t io n s  th a t  a re  n o t  tr a n s m it te d  to  th e  s p e rm a to 
cy tes. O f  g re a te r  c o n c e rn  to  m a n  is th e  p o ss ib le  
tra n s m is s io n  o f  th e  sp e rm a to c y te  a b e r ra t io n s ;  th e  
a u th o r s  c o n s id e r  th a t  fu r th e r  in v e s tig a tio n s  sh o u ld  be  
u n d e r ta k e n  in  th is  a rea .

The subacute effects o f  acrylonitrile

S u k u ra i, H ., O n o d e ra ,  M ., U tsu n o m iy a , T ., M in a k u -  
chi, H ., Iw ai, H : &  M a tsu m u ra , H . (1978). H e a lth  
effects o f  a c ry lo n itr ile  in  a c ry lic  fib re  fa c to rie s . Br. J. 
ind. Med. 3 5 , 219.

O n  th e  b a s is  o f  ev id en ce  th a t  a c ry lo n itr i le  (A N ) is 
c a rc in o g e n ic  in  ra ts ,  a n d  p o ss ib ly  a lso  in  m a n , th e  U S  
O c c u p a tio n a l  S afe ty  a n d  H e a lth  A d m in is tra t io n  has 
re c e n tly  re d u c e d  th e  p e rm iss ib le  tim e -w e ig h ted  a v e r
a g e  e x p o su re  level in  in d u s try  fro m  20 to  2 p p m  
(Federal Register 1978, 43 , 2586 &  45762). A  sim ila r 
re d u c tio n , to  b e  im p le m e n te d  b y  1981, h a s  ju s t  b e en  
a n n o u n c e d  b y  th e  H e a l th  a n d  S a fe ty  E x ecu tiv e  in  th e  
U K , a  level o f  5 p p m  b e in g  se t fo r th e  in te rv en in g  
p e rio d . E a r l ie r  r e p o r ts  o f  a d v e rse  effects in  w o rk e rs  
h a d  su g g e ste d  th a t  lo ca l i r r i ta t io n  a n d  m ild  liver 
d a m a g e  m ig h t r e s u l t  f ro m  su b a c u te  ex p o su re , b u t  the 
levels in v o lv e d  w ere  n o t  p re c ise ly  d efin ed . T h e  p re se n t 
in v e s tig a tio n  w a s  u n d e r ta k e n ,  th e re fo re , in  a n  a tte m p t 
to  id en tify  th e  e x p o su re  levels th a t  m ig h t c a u se  these  
s u b a c u te  effects.

M e d ica l e x a m in a tio n s  w ere  p e rfo rm e d  o n  102 
w o rk e rs  w h o  h a d  b e en  e x p o se d  to  A N  fo r m o re  th a n  
5 y r  in  six  J a p a n e se  ac ry lic -f ib re  fa c to rie s . T h ese  fac
to r ie s  w ere  d iv id e d  in to  th re e  g ro u p s  o n  th e  basis  
o f  A N  e x p o su re  leve ls; sp o t  w o rk p la c e  sa m p le s  in d i
c a te d  a v e ra g e  levels in  th ese  g ro u p s  o f  2 T , 7-4 an d  
14T p p m  A N , re sp ec tiv e ly . F o r  A N  in  a ir  c o lle c ted  
b y  p e rso n a l  sa m p le rs , h o w e v er, th e  g ro u p  av erag es 
w ere  fa r lo w er, a t  0 T , 0-5 a n d  4-2 p p m , respec tive ly . 
F o r  th e  w o rk e rs  in  th ese  th re e  fa c to ry  g ro u p s , av erag e  
u r in a ry  c o n c e n tra t io n s  w ere, re sp ec tiv e ly , 3-9, 19-7 
a n d  359-6 pg A N /l i tr e  a n d  4-5, 5-8 a n d  11-4 m g  th io -  
c y a n a te / li t re .  T h e se  102 w o rk e rs  w ere  c o m p a re d  w ith  
62 c o n tro ls  e m p lo y e d  o n  p ro d u c tio n  lin es n o t  in v o lv 
ing  A N  e x p o su re . T h e  u r in e s  o f  th ese  c o n tro ls  w ere 
free o f  a c ry lo n itr i le  a n d  h a d  a  m e a n  th io c y a n a te  level 
o f  4-0 m g /litre .

M a n y  o f  th e  A N -e x p o se d  su b je c ts  h a d  e x p e rien c e d  
ir r i ta t io n  o f  th e  c o n ju n c tiv a  a n d  u p p e r  r e sp ira to ry  
tra c t, a n d  so m e  h a d  d e v e lo p e d  s c ro ta l i r r i ta t io n  w hile  
w o rk in g  in sid e  p o ly m e r iz a tio n  ta n k s  a n d  w e a r in g  re s
p ira to rs ,  b u t  su c h  c o m p la in ts  w ere  in fre q u e n t b y  th e  
tim e  o f  th e  su rv ey . A lth o u g h  th e  A N -e x p o se d  g ro u p s  
s till sh o w e d  a  so m e w h a t h ig h e r  in c id e n ce  o f  re d d e n 
ing  o f  th e  c o n ju n c tiv a  o r  p h a ry n x  a n d  o f  ra sh e s  o r

sk in  p ig m e n ta tio n , th e  d ifferen ces fro m  th e  c o n tro l  
w ere  n o t  s ta tis tic a lly  s ig n ific a n t. E x te n s iv e  c lin ica l 
c h e m is try  in v es tig a tio n s , in  w h ic h  sp e c ia l a t te n tio n  
w as p a id  to  p o ss ib le  in d ic a tio n s  o f  d is tu rb e d  liver 
fu n c tio n , re v ea le d  n o  c o n s is te n t  o r  d o se -re la te d  d iffer
en ces  o f  sig n ifican ce  b e tw e e n  A N -e x p o se d  w o rk e rs  
a n d  th e  c o n tro ls .  A p a lp a b le  liv e r w a s  c o n s id e ra b ly  
m o re  fre q u e n t in  a ll th re e  A N -e x p o se d  g ro u p s , b u t  
n o  su p p o r tiv e  ev id e n ce  o f  im p a ire d  liv er fu n c tio n  w as 
fo u n d  in 20 w o rk e rs  so  a ffec ted . N o  A N -re la te d  effects 
w ere  a p p a re n t  in  o th e r  c lin ica l tes ts , su c h  a s  th e  
m e a su re m e n t o f  b lo o d  p re ssu re  a n d  n e u ro lo g ic a l  in 
v e s tig a tio n s .

A lth o u g h  th e  s tu d y  fa iled  to  re v ea l a n y  c le a r  ev i
d e n ce  o f  A N  to x ic ity , it w a s  th o u g h t  p o ss ib le  th a t  
th e  in c re ases  in i r r i ta t io n  a n d  th e  o c c u rre n c e  o f  p a lp 
ab le  liv e r m ig h t h a v e  b e e n  s ta tis tic a lly  s ig n if ic a n t in  
th e  m o s t sev e re ly  e x p o se d  g ro u p  if  a  la rg e r  sa m p le  
h a d  b e e n  e x am in ed . A n  e a r l ie r  su rv ey  c a r r ie d  o u t  in 
th e  sa m e  fa c to rie s  h a d  in d ic a te d  th a t  a n  in c re ase  in  
su b je c tiv e  c o m p la in ts  a n d  in  a b n o rm a l  liver fu n c tio n  
w as d ire c tly  re la te d  to  tim e  sp e n t in  jo b s  in v o lv in g  
A N  e x p o su re  (S a k u ra i &  K u s u m o to , J. Sci. Labour 
1972, 4 8 , 273), b u t  w o rk in g  c o n d it io n s  h a d  since  im 
p ro v e d  c o n s id e ra b ly .

M ore on acrylonitrile

T h iess , A. M . &  F le ig , I. (1978). A n a ly sis  o f  c h ro m o 
so m e s o f  w o rk e rs  e x p o se d  to  a c ry lo n itr ile . Arch. Tox. 
41 , 149.
d e  M e e ste r , C ., P o n c e le t, F ., R o b e rfro id , M . &  M e r 
r ie r ,  M . (1978). M u ta g e n ic  a c tiv ity  o f  a c ry lo n itr i le .  A 
p re lim in a ry  s tu d y . Archs int. Physiol. Biochim. 86, 418.

A s tu d y  o f  w o rk e rs  e x p o se d  to  a c ry lo n itr i le  (A C N ) 
h a s  su g g e s te d  a  p o ss ib le  c a rc in o g e n ic  h a z a rd  in  in d u s 
tr ia l  s i tu a tio n s  (Fd chem. News 1977, 19 (11), 26). In  
a n  A m es tes t, A N  w as m u ta g e n ic  a f te r  m e ta b o lic  a c ti
v a tio n , p o s itiv e  re su lts  b e in g  o b ta in e d  a t  m o n o m e r  
levels a s  lo w  as  57 p p m  in  th e  a ir  (Cited in F.C.T. 
1 9 7 9 ,1 7 , 179). M u ta g e n ic ity  w as a lso  d e m o n s tra te d  in  
som e s tra in s  o f  Escherichia coli (ibid 1979, 17 , 179).

T h ie ss  a n d  F le ig  (c ited  a b o v e) p re p a re d  ly m p h o c y te  
c u ltu re s  fro m  18 w o rk e rs  w h o  h a d  b e e n  e x p o se d  to  
A N  fo r a n  a v e ra g e  o f  15-3 y r a n d  f ro m  a n  age- 
m a tc h e d  c o n tro l  g ro u p  o f  18 w h o  h a d  b e e n  e x p o se d  
n e ith e r  to  A N  n o r  to  a n y  su b s ta n c e  su sp e c te d  o f  
d a m a g in g  c h ro m o so m e s . T h e  e x p o se d  g ro u p  w as 
d ra w n  fro m  p la n t  u n its  m a n u fa c tu r in g  s ty re n e -a c ry 
lo n itr ile  c o -p o ly m ers . C o n c e n tra t io n s  o f  A N  re c o rd e d  
in th e  w o rk in g  a tm o sp h e re  w ere  g e n e ra lly  a b o u t  
5 p p m  a n d  w ere  sp a sm o d ic a lly  h ig h e r  d u r in g  the  
d e c a d e  p r io r  to  1975, w h en  th ese  levels w ere  re d u ce d  
to  1-5 p pm .

F o r  e ach  p e rso n , 100 m e ta p h a se s  w ere  a n a ly se d  
a n d  p h o to g ra p h ic a lly  re c o rd e d . T h e  in c id e n ce  o f  
a b e r ra n t  m e ta p h a se s  v a r ie d  f ro m  0  to  4 %  (e x c lu d in g  
g aps) o r  fro m  2 to  12%  (in c lu d in g  g a p s)  in  th e  
e x p o se d  g ro u p , w hile  th e  c o r re s p o n d in g  ra n g e s  in the  
c o n tro l  g ro u p  w ere  0 -2  a n d  2 -9 % . T h e  m ea n  in c i
d e n ce s  o f  a b e r ra n t  m e ta p h a se s  w ere 5-5 a n d  5-1% 
( in c lu d in g  g ap s) a n d  1-8 a n d  2-0% (ex clu d in g  g ap s) in 
th e  e x p o se d  a n d  c o n tro l  w o rk e rs , resp ec tiv e ly . T h ese  
figu res p ro v id e  n o  ev id e n ce  o f  A N -in d u c e d  d a m a g e  to  
ly m p h o c y te  c h ro m o so m e s  in these  w o rk e rs .
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T h e  re su lts  o f  a  m o r ta l i ty  a n d  m o rb id i ty  s tu d y  
u n d e rw a y  a t  th e  p la n ts  a re  a w a ite d  w ith  in te re s t.

F u r th e r  e v id e n ce  th a t  th e  m u ta g e n ic ity  o f  A N  in 
Salmonella typhimurium is m ic ro so m e -m e d ia te d  h as 
b e en  p re se n te d  b y  de  M e e s te r  et al. (c ited  above). 
E x p o su re  o f  th e  A m es s tra in s  T A 98 , T A  100, T A  1530, 
T A 1 5 3 5 , T A 1 5 3 7  a n d  T A 1 5 3 8 , w ith  a n d  w ith o u t  th e
S-9 f ra c tio n  o f  ra t- liv e r  h o m o g e n a te , to  A N  v a p o u r  
u n d e r  a  v a r ie ty  o f  e x p e r im e n ta l  c o n d it io n s  d e m o n 
s tra te d  t h a t  in  th e  a b se n c e  o f  m e ta b o lic  a c tiv ity , A N  
h a d  n o  m u ta g e n ic  effect u p o n  a n y  o f  th e  te s te d  
s tra in s . In  th e  p re se n c e  o f  S-9 (d e riv e d  fro m  c o n tro l  
r a ts  a n d  fro m  ra ts  t r e a te d  w ith  A ro c lo r  1254 o r  p h é 
n o b a rb ita l )  a t  a  c o n c e n tr a t io n  o f  300 /rl/m l, th e  
n u m b e r  o f  r e v e r ta n t  c o lo n ie s  in c re a s e d  s ig n if ic a n tly  
w ith  s tr a in s  T A 1 5 3 0  a n d  T A 1 5 3 5  su b je c te d  to  a  c o n 
c e n tr a t io n  in th e  a g a r  o f  200 pg A N /p la te ,  fo llo w in g  
e x p o su re  to  0-2%  A N  v a p o u r  fo r  1 h r. T h e  re v e rs io n  
r a te  v a r ie d  w ith  th e  S-9  p r e p a ra tio n .  T h e  m u ta g e n ic  
effect w a s  w e a k e r  w ith  s t r a in s  T A 1 0 0 , T A 1 5 3 8  a n d  
T A 9 8  a n d  n o  effect w a s  fo u n d  w ith  T A 1537 .

A b a c te r ia l  f lu c tu a tio n  te s t d e te c te d  m u ta g e n ic  
a c tiv ity  in  T A  1530 in th e  p re se n c e  o f  th e  m ic ro 
so m a l sy s tem s a t  c o n c e n tra t io n s  ra n g in g  fro m  2-5 to  
25 pg/ml.

B enzylam ine m etab olism

W o o d , S. G ., A l-A n i, M . R. &  L a w so n , A. (1978). 
H ip p u r ic  a c id  e x c re tio n  a fte r  b e n z y la m in e  in g e s tio n  
in  m an . Br. J. ind. Med. 3 5 , 230.

A  c e n tu ry  a g o  th e  c o n v e rs io n  o f  b e n z y la m in e  to  
h ip p u r ic  a c id  w a s  d e m o n s tr a te d  in  th e  d o g  (S ch m ie- 
d e b e rg , Arch. exp. Path. Pharmak. 1877, 8, 1). In  sp ite  
o f  th e  w id e sp re a d  u se  o f  b e n z y la m in e  in  in d u s try , 
l it t le  is k n o w n  o f  its  b io lo g ic a l fa te  in  m a n , a lth o u g h  
R ic h te r  (Biochem. J. 1938, 32 , 1763) d e te c te d  n o  e x c re 
t io n  o f  u n c h a n g e d  b e n z y la m in e  in  h u m a n  s tu d ie s  in 
v o lv in g  a d m in is t r a t io n  o f  o ra l  d o se s  o f  160 m g. T h e  
a u th o r s  o f  th e  a b o v e -c ite d  s tu d y  d e c id ed , th e re fo re , 
to  lo o k  a t  th e  m e ta b o lism  u sin g  [ 14C ]b e n z y la m in e  
h y d ro c h lo r id e .

[ 14C ]B e n z y la m in e  h y d ro c h lo r id e  (2 0 /rC i)  w as a d 
m in is te re d  o ra lly  to  tw o  fa s tin g  m a le  v o lu n te e rs . 
S a m p le s  o f  u r in e  c o lle c te d  fo r  th e  firs t 24 h r  w ere  
e ith e r  p r e p a re d  d ire c tly  fo r l iq u id  s c in ti l la t io n  c o u n t 
in g  o r  su b je c te d  to  th in - la y e r  c h ro m a to g ra p h y  (T L C ). 
A re a s  c o r re s p o n d in g  to  b e n z y la m in e , h ip p u r ic  a c id  
a n d  b e n z o ic  a c id  w ere  sc ra p e d  f ro m  th e  T L C  p la te s  
a n d  c o u n te d .

T h e  ra d io a c t iv ity  d e te c te d  in  th e  u r in e  b y  b o th  
m e th o d s  w a s  a s so c ia te d  so le ly  w ith  h ip p u r ic  ac id . In  
24 h r , o v e r  98 %  o f  th e  r a d io a c t iv ity  a d m in is te re d  to  
b o th  su b je c ts  h a d  b e e n  re c o v e re d  in  th e  u r in e , 90%  
o f  th e  d o se  h a v in g  b e e n  e x c re te d  w ith in  th e  f irs t  3 h r. 
T h e  a u th o r s  c o n c lu d e d  f ro m  th e  s tu d y  th a t  b e n z y l
a m in e  w a s  ra p id ly  m e ta b o liz e d , p ro b a b ly  v ia  b e n z a l-  
d e h y d e , to  b e n z o ic  a c id  a n d  e x c re te d  a s  h ip p u r ic  ac id . 
T h e  m e ta b o lism  o f  b e n z y la m in e  to  b e n z o ic  a c id  w as 
sh o w n  to  b e  a  r a p id  p ro c ess , a  p o in t  to  b e  ta k e n  
in to  a c c o u n t  in  a n y  a s se ssm e n t o f  th e  o v e ra ll  to x ic ity  
o f  th e  c o m p o u n d , w h ic h  is k n o w n  to  h a v e  p o te n t ia l  
as a  m u c o sa l  ir r i ta n t .

T he non -carcinogen icity o f  d iarylide yellow  p igm ents

L e u sc h n e r, F . (1978). C a rc in o g e n ic ity  s tu d ie s  o n  d if
fe re n t d ia ry lid e  y e llo w  p ig m e n ts  in m ice  a n d  ra ts . 
Toxicology Lett. 2 , 253.

N o  e v id e n c e  o f  c a rc in o g e n ic ity  w a s  fo u n d  in  an  
N C I  b io a s sa y  o f  d ia ry la n il id e  yellow , o th e rw ise  
k n o w n  as C .I. P ig m e n t Y e llo w  12 (Federal Register 
1978, 4 3 , 11760) a n d  a n  A m e s  te s t a ls o  g a v e  n e g a tiv e  
re su lts  (M ilb y  &  K a y , J. Toxicol, envir. Hlth 1978, 
4 , 31). T h is  p ig m e n t is b a se d  o n  3 ,3 '-d ic h lo ro b e n z i-  
d in e  (D C B ), w h ic h  h a s  b e e n  sh o w n  to  b e  c a rc in o g e n ic  
in  a n im a ls , a lth o u g h  n o t  so  far in  m a n . W h e n  C .I. 
P ig m e n t Y e llo w  13, a lso  b a se d  o n  D C B , w as g iven  
to  r a b b its  in  a  s in g le  o ra l  d o se  o f  5 0 m g /k g ,  so m e  
25 /ig D C B  w a s fo u n d  in  th e  u r in e  (A k iy a m a , Jikeikai 
med. J. 1970, 17, 1). T h e  p re se n t  in v e s tig a tio n  is c o n 
c e rn e d  w ith  th e  c a rc in o g e n ic ity  a n d /o r  m e ta b o lism  o f 
th re e  D C B -b a se d  p ig m e n ts  a n d  o n e  b a se d  o n  
3 ,3 '-d im e th y lb e n z id in e  (D M B ; o - to lid in e ) , w h ic h  like  
D C B  is a  k n o w n  a n im a l c a rc in o g e n .

C .I. P ig m e n t Y e llo w s 12 a n d  83 (b o th  D C B -b a se d )  
a n d  C .I. P ig m e n t Y e llo w  16 (D M B -b a se d ) , e a c h  c o n 
ta in in g  n o t  m o re  th a n  2 p p m  D C B  o r  D M B , w ere  
fed  fo r  104 w k  to  g ro u p s  o f  100 r a ts  a n d  m ice  a t  d ie t
a ry  levels o f  0 1 ,  0-3 a n d  0-9%, p ro v id in g  in ta k e s  
e q u iv a le n t  to  a v e ra g e  d o se  levels o f  2 1 5 -1 9 6 0  m g /k g  
fo r m ice  a n d  6 8 -6 3 0  m g /k g  fo r ra ts . P ig m e n t Y ellow  
83 to  w h ic h  20  p p m  D C B  h a d  b e e n  a d d e d  w a s  a lso  
fed  a t  th e  sa m e  levels. N o  a d v e rse  effec ts o n  g ro w th , 
feed  in ta k e , g e n e ra l c o n d it io n , su rv iv a l, g ro ss  o r  h is to 
lo g ica l a p p e a ra n c e  o f  th e  tis su e s  o r  tu m o u r  in c id e n ce  
w ere  d e te c te d  in  a n y  o f  th e  t r e a te d  g ro u p s . N o  D C B  
w as fo u n d  in  th e  u r in e  o f  r a ts  a f te r  6 o r  23 m o n th s  
o f  tr e a tm e n t  w ith  th e  h ig h e s t level o f  P ig m e n t Y ellow s 
12 o r  83, ev en  w h e n  th e  l a t te r  c o n ta in e d  20  p p m  
D C B , a n d  D M B  w a s s im ila rly  a b s e n t  f ro m  th e  u r in e  
o f  r a ts  t r e a te d  w ith  P ig m e n t Y e llo w  16. W h e n  P ig 
m e n t Y e llo w  13 w as g iv en  to  five r a b b i t s  in  a  s ing le  
o ra l  d o se  o f  50 m g /k g , n o  D C B  c o u ld  b e  d e te c te d  in 
th e  u r in e  a fte r  48 o r  72 h r  a t  a  level o f  se n sitiv ity  
o f  0-3 p p m , u s in g  th e  sa m e  a n a ly tic a l  m e th o d s  as 
A k iy a m a  (loc. cit.). I t  w a s  c o n c lu d e d  th a t  n o n e  o f  
th ese  p ig m e n ts  is like ly  to  p re se n t  a  r isk  o f  c a r c in o 
g e n ic ity  to  m an .

Further in fertility  from  dibrom ochloropropane

B iava , C . G ., S m u c k le r , E . A . &  W h o r to n ,  D . (1978). 
T h e  te s tic u la r  m o rp h o lo g y  o f  in d iv id u a ls  e x p o se d  to  
d ib ro m o c h lo ro p ro p a n e .  Expl mol. Path. 29 , 448.

R e ce n tly , l ,2 -d ib ro m o -3 -c h lo ro p ro p a n e  (D B C P ) 
h a s  b e e n  h e ra ld e d  a s  a  p o ss ib le  c a u se  o f  s te r ili ty  
a m o n g  in d u s tr ia l ly  e x p o se d  w o rk e rs , a n d  D B C P  
s tu d ie s  in  th e  r a t  h a v e  d e m o n s tr a te d  th e  te s tis  to  b e  
o n e  o f  th e  ta rg e t  o rg a n s  (Cited in F.C.T. 1978, 16, 
498). In  th e  a b o v e -c ite d  s tu d y , te s tic u la r  b io p sy  sp ec i
m e n s  w ere  ta k e n  f ro m  te n  m e n  w ith  h is to r ie s  o f  d ire c t 
in d u s tr ia l  e x p o su re  to  D B C P . T h e se  sa m p le s  w ere  
e x a m in e d  h is to lo g ic a lly  b y  l ig h t  a n d  e le c tro n  m ic ro 
sco p y , a n d  th e  f in d in g s  re v e a le d  th re e  fa irly  d is t in c t  
g ro u p s .

F.C.T. 1 7 /5 — H
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T h re e  p a tie n ts  (g ro u p  1), tw o  o f  w h o m  h a d  u n d e r 
g o n e  o n ly  b r ie f  p e r io d s  o f  e x p o su re  (0 25 a n d  1-75 yr), 
sh o w e d  a  n o rm a l  o r  s lig h tly  d e c re a se d  fo rm a tio n  o f  
sp e rm , a n d  th e  g e rm  cells a n d  S e r to li  cells  sh o w ed  
n o  d is t in c t  a b n o rm a li t ie s .  T h e  tw o  p a tie n ts  in  g ro u p  
2 h a d  lo n g  h is to r ie s  o f  D B C P  e x p o su re  (a t le a s t 10 yr) 
a n d  h a d  n o  sp e rm a to g e n ic  a c tiv ity . M ic ro sc o p y  
re v e a le d  th a t  th e re  w ere  n o  g e rm  cells in  th e  se m in i
fe ro u s  tu b u le s  a n d  th e re  w as n o  e v id e n ce  o f  c e llu la r  
n e c ro s is  o r  re s id u a l  b o d ie s  e ith e r  in  th e  lu m in a  o f  
th e  se m in ife ro u s  tu b u le s  o r  w ith in  th e  c y to p la sm  o f 
th e  S e r to li  cells. T h e  th ird  g ro u p  c o n s is te d  o f  five 
p a tie n ts  su b je c te d  to  D B C P  e x p o su re  fo r p e r io d s  
b e tw e e n  th ese  tw o  e x tre m e s. T h ese  p a tie n ts  h a d  
re d u c e d  sp e rm  c o u n ts , a n d  s p e rm a to g e n ic  cells w ere  
seen  o n ly  in  a  m in o r i ty  o f  th e  se m in ife ro u s  tu b u le s . 
In  th e  th re e  m o re  sev e re ly  a ffec ted  m en  in  th is  g ro u p , 
sp e rm a to g e n ic  a c tiv ity  w as lim ite d  to  a  few  s h o r t  seg 
m e n ts  o f  th e  tu b u le s . T h e  S e rto li cells  o f  th e  g ro u p -3  
m e n  w ere  w ell p re se rv e d  a n d  a p p e a re d  s im ila r  to  
th o se  in  g ro u p  2.

A lth o u g h  th e  lim ite d  n u m b e r  o f  p a tie n ts  p re v e n te d  
an y  s ta tis t ic a l  tr e a tm e n t  o f  th e  d a ta ,  th e  se v e rity  o f  
r e d u c t io n  in  sp e rm a to g e n ic  a c tiv ity  c o r re la te d  w ith  
th e  d u ra tio n  o f  e x p o su re  to  D B C P . T h e  m e c h a n ism  
o f  D B C P ’s a c tio n  o n  th e  te s tis  is u n k n o w n . W a s  th e  
su p p re s s io n  o f  sp e rm a to g e n e s is  d u e  to  a  fa ilu re  o f  th e  
n o rm a l p ro c e ss  re sp o n s ib le  fo r  th e  re m o v a l o f  sp e r 
m a to g o n ia  a t  th e  s te m -c e ll level? T h e  h is to lo g ic a l 
f in d in g s  in  th is  s tu d y  p ro v id e  so m e  s u p p o r t  fo r th is  
p o ss ib ility . O n  th e  o th e r  h a n d  D B C P  c o u ld  b e  a c tin g  
p r im a r ily  o n  th e  s tem  cells, w h ic h  b e c a u se  o f  th e ir  
p o s i t io n  a re  m o re  re a d ily  a cc ess ib le  to  c h e m ic a ls  c ir 
c u la t in g  in  th e  b lo o d  th a n  a re  th e  S e rto li cells. T h e  
la t te r  a re  m a jo r  c o m p o n e n ts  o f  th e  b lo o d - te s t i s  b a r 
rie r , p ro v id in g  a  p ro te c te d  c o m p a r tm e n t  w ith in  w h ich  
th e  g e rm  cells c o m p le te  th e ir  d iv is io n  a n d  d if fe re n tia 
tio n .

T h e  a u th o r s  c o n s id e r  th a t  c r itic a l a n a ly s is  o f  a  
l a b o ra to ry  m o d e l is e sse n tia l fo r th e  fu r th e r  a sse ss
m e n t o f  th e  effects o f  D B C P .

E D T A  and the rat intestine

R o se n b la tt ,  D . E. &  A ro n s o n , A. L. (1978). C a lc iu m  
e th y le n e d ia m in e te tra a c e ta te  (C a E D T A ) to x ic ity : t im e -  
a n d  d o s e - re s p o n s e  s tu d ie s  o n  in te s t in a l  D N A  sy n 
th es is  in  th e  ra t.  Expl mol. Path. 28 , 202.

R o se n b la tt ,  D . E ., D o y le , D . G . &  A ro n s o n , A. L . (1978). 
C a lc iu m  e th y le n e d ia m in e te tra a c e ta te  (C a E D T A ) to x i
c ity : t im e -  a n d  d o s e - re s p o n s e  s tu d ie s  o n  in te s tin a l 
m o rp h o lo g y  in  th e  ra t.  Expl mol. Path. 28 , 215.

C a lc iu m  d iso d iu m  e th y le n e d ia m in e te tra a c e ta te  
(C a N a 2E D T A ) is u se d  in  sm a ll a m o u n ts  a s  a  fo o d  
a d d it iv e  a n d  is p o o r ly  a b s o rb e d  f ro m  th e  g u t  ( Jo in t  
F A O /W H O  E x p e r t  C o m m itte e  o n  F o o d  A d d itiv e s , 
F .A .O . N u tr .  M tg  R ep . Ser. N o . 4 0 A ,B ,C ; W H O /  
F o o d  A d d ./6 7 .2 9 , p . 44). In je c tio n s  o f  th e  sa lt  h av e  
b e e n  u se d  to  t r e a t  le a d  p o iso n in g  in  m a n  a n d  d o m e s 
tic  a n im a ls , b u t  th e y  h a v e  a ls o  b e e n  sh o w n  to  p ro d u c e

u l tr a s t ru c tu r a l  c h a n g e s  in  th e  k id n e y s  a n d  m o r p h o lo 
g ica l c h a n g e s  in  th e  in te s tin e s  o f  r a ts  (Cited in F.C.T. 
1978, 16 , 81).

T h e  firs t s tu d y  c ite d  a b o v e  sh o w s th e  r e la t io n s h ip  
b e tw e e n  c o n tin u o u s  iv in fu s io n  o f  C a N a 2E D T A  a n d  
th e  in h ib i t io n  o f  in te s tin a l D N A  sy n th e s is . In  d o s e -  
re sp o n se  s tu d ie s , r a ts  w ere  g iv en  a n  iv in fu s io n  o v e r 
24  h r  o f  0 7 5 ,  1-5, 3 o r  6 m m o l C a N a 2E D T A /k g /2 4  hr, 
a n d  in  t im e - re s p o n s e  s tu d ie s  th ey  w ere  g iv en  a n  in fu 
s io n  o f  6 m m o l C a N a 2E D T A /'k g /2 4  h r  fo r  6. 12, 18 
o r  2 4 h r. In  e ac h  g ro u p  a n  ip  in je c tio n  o f  [ M e - l4C ]-  
th y m id in e  (0-25 m C i/k g  b o d y  w e ig h t) w a s  g iv en  1 h r  
b e fo re  th e  a n im a ls  w ere  k ille d  a n d  its  in c o rp o ra tio n  
in to  in te s t in a l  D N A  w a s d e te rm in e d . S ig n if ic a n t in h i
b i t io n  o f  D N A  sy n th e sis  o c c u r re d  a fte r  in fu s io n  o f 
3 m m o l C a N a 2E D T A /k g /2 4  h r. A fte r a  2 4 -h r  in fu s io n  
o f  6 m m o l/k g /2 4  h r, C a N a 2E D T A  in h ib ite d  D N A  
sy n th e s is  to  a  d e g ree  s im ila r  to  th a t  re c o rd e d  2 h r  
a f te r  a n  iv in je c tio n  o f  c y to s in e  a ra b in o s id e , a  p o te n t  
in h ib i to r  o f  D N A  sy n th esis . A n  iv in je c tio n  o f  25 m g  
fo la te /k g  h a d  n o  effect o n  C a N a 2E D T A -in d u c e d  in h i
b i t io n  o f  D N A  sy n th esis , d e sp ite  p re v io u s  in d ic a tio n s  
(T a y lo r  &  Jo n e s , Biochem. Pharmac. 1978, 21 , 3313) 
th a t  fo la te  m ig h t p ro te c t  a g a in s t  th is  effect o f  
C a N a 2E D T A .

W h e n  z in c - o r  c o b a l t -c o n ta in in g  E D T A  c h e la te s  
(6 m m o l/k g /2 4  h r) w ere  a d m in is te re d  fo r 24 h r , n o  
in h ib i t io n  o f  D N A  sy n th e sis  o c c u rre d . R e c o v e ry  o f  
th e  a b il i ty  o f  th e  in te s tin e  to  sy n th e s iz e  D N A  in 
r a ts  d o se d  w ith  6 m m o l C a N a 2 E D T A /k g /2 4 h r  w as 
e n h a n c e d  b y  Z n  su p p le m e n ta tio n  b u t  n o t  b y  C o  o r  
M n  s u p p le m e n ta t io n  (a c e ta te  sa lts  o f  th e  m e ta ls  g iv en  
iv ; 12 ¿¿m ol/rat).

T h e  se c o n d  s tu d y  c ite d  d e sc rib e s  c h a n g e s  in  in 
te s tin a l  m o rp h o lo g y  w h e n  r a ts  w ere  d o se d  w ith  
C a N a 2E D T A  a s  in  th e  d o s e -  a n d  t im e - re s p o n s e  ex
p e r im e n ts  d e sc rib e d  a b o v e . A d o se  o f  6 m m o l/k g /  
24  h r  in fu sed  o v e r 24 h r  w a s  n e e d e d  fo r m a rk e d  m o r
p h o lo g ic a l  c h a n g e s  to  o c c u r— th e  villi w ere  sh o r te n e d , 
w ith  a  s h o r te n e d  e p ith e liu m  a n d  n a r ro w e d  b ru sh  
b o rd e rs .  T h e  c ry p t  e p ith e liu m  w as m o re  c u b o id a l  a n d  
c o n ta in e d  b a so p h ilic  b o d ie s . T h e re  w ere  in c re a se s  in 
th e  n u m b e rs  o f  ly m p h o id  cells, p a r t ic u la r ly  in  th e  
la m in a  p ro p ia ,  a n d  o f  la rg e  m o n o n u c le a r  cells (p o ss 
ib ly  m a c ro p h a g e s ) , b u t  th e  n u m b e r  o f  p la s m a  cells 
w as lo w e r th a n  in  th e  c o n tro ls .  T h e  m ito tic  in d ex  
w a s  d e c re a se d . A fte r a  3 6 -h r  in fu s io n  a t  6 m m o l 
C a N a 2E D T A /k g /2 4  h r , th e  villi w ere  re d u c e d  to  low  
h u m p s  w ith  lit t le  o r  n o  b ru sh  b o rd e r  a n d  n o  m ito tic  
figures. T h e  e p ith e liu m  w as c u b o id a l  a n d  a b s e n t  in 
so m e  p la c e s ;  e p ith e lia l cells  c o n ta in e d  c le a r  v a c u o le s  
p o ss ib ly  c a u se d  by  sw o lle n  o rg a n e lle s  su c h  a s  m ito 
c h o n d r ia .  T h e  o v e ra ll  effect w a s  a  g e n e ra l re d u c t io n  in 
th e  n u m b e r  o f  cells sp ec ifica lly  d if fe re n tia te d  in to  
v illu s, g o b le t  a n d  P a n e th  cells a n d  a n  in c re a se  in  th e  
n u m b e r  o f  cells n o rm a lly  a s so c ia te d  w ith  a n  in f la m 
m a to ry  re sp o n se . W h e n  in fu s io n  w a s  s to p p e d  a fte r  
36 h r  th e  in te s tin e  b e g a n  to  re c o v e r  a n d  a f te r  a  
4 8 -h r  re c o v e ry  p e r io d  th e  m ito tic  in d e x  w a s  g re a te r  
th a n  in  th e  c o n tro ls .  T h e  p a t te rn  o f  c h a n g e s  in d i
c a te d  th e  in h ib i t io n  o f  D N A  sy n th e s is  b y  th e  c h e la t
ing  a g e n t, in  c o n ju n c tio n  w ith  a n  in f la m m a to ry  r e 
sp o n se .
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N A T U R A L  P R O D U C T S

D on 't blam e the a lcoh o l, it  could be the aldehyde

R isto w , H . &  O b e , G . (1978). A c e ta ld e h y d e  in d u c e s  
c ro ss - lin k s  in  D N A  a n d  c a u se s  s is te r -c h ro m a tid  
e x c h a n g e s  in  h u m a n  cells. M u ta t io n  R e s . 5 8 , 115.

R e la tio n s h ip s  h a v e  b e e n  sh o w n  b e tw e e n  a lc o h o lism  
a n d  th e  in c id e n c e  o f  c e r ta in  ty p e s  o f  c a n c e r  (L o w en - 
fels, A n n . N .Y . A c a d . S c i. 1975, 25 2 , 366), a lth o u g h  
th e ir  p o ss ib le  s ig n if ic a n ce  is c lo u d e d  b y  th e  fre q u e n t 
a s s o c ia t io n  o f  a lc o h o lis m  w ith  f a c to rs  su c h  a s  s m o k 
in g  a n d  m a ln u tr i t io n .  A  p o s itiv e  d o s e - re s p o n s e  re la 
t io n s h ip  b e tw e e n  e th a n o l  a n d  d o m in a n t  le th a l 
m u ta t io n  h a s  b e e n  d e m o n s tr a te d  in  m ice  ( C i te d  in 
F .C .T . 1975, 13, 581), a n d  c h ro m o s o m a l  a b e r ra t io n s  
h a v e  b e e n  d e te c te d  fo llo w in g  th e  a d m in is t r a t io n  o f  
e th a n o l  to  g ra s s h o p p e rs  ( ib id  1965, 3 , 516). T h e  
a u th o r s  c ite d  a b o v e  a re  o f  th e  o p in io n  th a t  th e  m u ta 
g e n ic ity  o f  e th a n o l  m a y  n o t  b e  d u e  to  th e  a lc o h o l 
itself, b u t  to  i ts  p r im a ry  m e ta b o li te ,  a c e ta ld e h y d e . In  
th is  p a p e r  th e y  d e sc rib e  s tu d ie s  w h ic h  in d ic a te  th a t  
a c e ta ld e h y d e  in d u c e s  c ro ss - lin k s  in  iso la te d -D N A  
s tra n d s  a n d  s is te r -c h ro m a tid  e x c h a n g e s  in  h u m a n  
ly m p h o c y tes .

T h e  b a s is  o f  th e  m e th o d  u se d  to  s tu d y  c ro ss - lin k in g  
o f  iso la te d  D N A  s t r a n d s  w a s  th a t  th e rm a lly  d e n a 
tu re d  D N A  w ill n o t  s ig n if ic a n tly  r e a n n e a l ,  u n d e r  
a p p ro p r ia te  c o n d it io n s  a n d  w ith in  a  lim ite d  tim e , 
u n le ss  c ro ss - lin k s  b e tw e e n  th e  s t r a n d s  a re  p re se n t. 
C a lf - th y m u s  D N A  (25 /ig /m l)  in  so d iu m  c h lo r id e /  
so d iu m  c it r a te  so lu t io n  w a s  in c u b a te d  w ith  1 M -acet- 
a ld e h y d e  fo r  30 m in  a t  3 7 =C  a n d  th e n  d ia ly se d  a g a in s t  
so d iu m  c h lo r id e /s o d iu m  c it r a te  o v e rn ig h t.  A c o n tro l  
D N A  sa m p le  w as in c u b a te d  w ith o u t  a c e ta ld e h y d e  
a n d  d ia ly se d . In  o r d e r  to  d e te rm in e  h y p e rc h ro m ic ity , 
th e  D N A  w a s g ra d u a l ly  h e a te d  to  9 0 °C  a n d  th e  
a b s o rb a n c e  a t  260  n m  w a s re c o rd e d . T h e  c o n tro l  
D N A  a n d  a c e ta ld e h y d e - tre a te d  D N A  sh o w e d  s im ila r  
h y p e rc h ro m ic ity  a n d  c h a ra c te r is tic  th e rm a l tr a n s it io n  
("m e ltin g ” ) m id -p o in ts  (T m).

A fte r re a c h in g  90  C , th e  D N A  w a s ra p id ly  c o o le d  
a n d  th e n  th e  a b s o rb a n c e  w a s  m e a su re d  a g a in  a s  it 
w a s  re -h e a te d . T h e  a c e ta ld e h y d e - tre a te d  D N A  m elted  
in  a  m a n n e r  c o r re s p o n d in g  to  th a t  d u r in g  th e  first 
h e a tin g , a n d  w ith  a  v ery  s im ila r  T m, e x ce p t th a t  th e  
h y p e rc h ro m ic ity  w a s  re d u c e d  b y  a b o u t  40% . O n  re 
h e a tin g , th e  c o n tro l  D N A  h a d  n o  c h a ra c te r is tic  T m 
a n d  th e  h y p e rc h ro m ic ity  w a s  v ery  m u c h  re d u c e d . 
T h e  a u th o r s  su g g e s t t h a t  th e se  re su lts  in d ic a te  th a t  
D N A  t re a te d  w ith  a c e ta ld e h y d e  p a r t ia l ly  re -a n n e a ls  
a f te r  th e rm a l  d e n a tu r a t io n  a n d  th a t  th is  is c a u s e d  by  
th e  a c e ta ld e h y d e - in d u c e d  fo rm a tio n  o f  c ro ss - lin k s  
b e tw e e n  c o m p le m e n ta ry  D N A  s tra n d s .

In  a  s e c o n d  e x p e r im e n t c a lf - th y m u s  D N A  o r  h ig h ly  
p u r if ie d  B a c illu s  b r e v is  D N A  w e re  in c u b a te d  w ith  
a c e ta ld e h y d e , a s  p re v io u s ly  d e sc rib e d , fo r  u p  to  
120 m in  a n d  th e n  h y p e rc h ro m ic ity  a n d  th e  e x te n t  o f  
re -a n n e a lin g  w ere  d e te rm in e d  a s  b e fo re . I t  w a s  fo u n d  
th a t  b o th  in itia l h y p e rc h ro m ic ity  a n d  re -a n n e a lin g  
a f te r  r a p id  c o o lin g  w e re  d e p e n d e n t  o n  th e  d u ra tio n  
o f  a c e ta ld e h y d e  tr e a tm e n t.

D iffe re n t c o n c e n tr a t io n s  o f  a c e ta ld e h y d e  (0 0 0 0 5 , 
0001 a n d  0002% , v /v ) w ere  a d d e d  to  c u ltu re s  o f  
h u m a n  ly m p h o c y te s  2 4  h r  (a n d  w ith  0-002%  a lso

48 h r)  b e fo re  cell f ix a tio n . B ro m o d e o x y u r id in e  
(1 0 -5 m ) w a s  a d d e d  48  h r  b e fo re  f ix a tio n  a n d  co lce- 
m id e  (0-08 //g /m l) 4-5 h r  b e fo re  f ix a tio n . T h e  c h ro m o 
so m e  p r e p a r a t io n s  w ere  s ta in e d  to  sh o w  s is te r -c h ro 
m a tid  e x c h a n g e s  (SC E ). T h e re  w as a  d o se -d e p e n d e n t 
effect o f  a c e ta ld e h y d e  o n  S C E  fre q u e n c y  a n d  w ith  
0 0 0 2 %  (v /v) a c e ta ld e h y d e  th e  S C E  fre q u e n c y  w as 
g re a te r  a f te r  48  h r  th a n  a f te r  2 4  h r.

Fibre and cancer— further evidence?

F re e m a n , H . J., S p ille r, G . A. &  K im , Y. S. (1978). 
A d o u b le -b l in d  s tu d y  o n  th e  effect o f  p u r if ie d  ce llu lo se  
d ie ta ry  fib er o n  1,2-d im e th y lh y d ra z in e - in d u c e d  ra t  
c o lo n ic  n e o p la s ia .  C a n c e r  R e s . 3 8 , 2912.

T h e  in c id e n c e  o f  c o lo n  c a n c e r  is h ig h e r  in  th e  in 
d u s tr ia l iz e d  a re a s  o f  th e  w o r ld  th a n  in  a re a s  o f  lo w e r 
s o c io -e c o n o m ic  s ta tu s , a n d  e p id e m io lo g ic a l s tu d ie s  
h a v e  s tro n g ly  im p lic a te d  so m e  e n v iro n m e n ta l  fa c to r  
o r  fa c to rs  (C i te d  in F .C .T . 1976, 14, 209). O f  p o ss ib le  
fa c to rs , d ie t h a s  b e e n  m o s t  in te n siv e ly  in v e s tig a te d  
a n d  th e re  h a s  b e e n  m u c h  d e b a te  a b o u t  th e  ro le  o f  
d ie ta ry  fib re . E x p e r im e n ta l  s tu d ie s  h a v e  g iv en  r ise  to  
c o n f lic tin g  re su lts , b u t  th is  m a y  b e  b e c a u se  d iffe re n t 
ty p e s  o f  f ib re  o r  c h em ica lly  ill-d e fin ed  fib re  h a v e  b e en  
u se d  ( ib id  1976, 14, 210). In  th e  s tu d y  c ite d  a b o v e , 
th e  effect o f  o n e  specific  d ie ta ry - f ib re  c o m p o n e n t,  
m ic ro c ry s ta l lin e  c e llu lo se , o n  d im e th y lh y d ra z in e -  
in d u c e d  n e o p la s ia  in  r a ts  w a s  in v es tig a te d .

M a le  W is ta r  r a ts  (6 w k o ld ), p re v io u s ly  fed s ta n 
d a r d  la b o r a to r y  c h o w  p e lle ts , w ere  r a n d o m ly  a ss ig n e d  
to  tw o  g ro u p s  e a c h  o f  30  ra ts .  R a ts  in  b o th  g ro u p s  
w ere  fed o n  c h e m ic a lly -d e fin e d  d ie ts  o f  e q u a l  c a lo rif ic  
v a lu e , b u t  th e  feed  o f  o n e  g ro u p  c o n ta in e d  4-5%  (w. w) 
h ig h ly  p u r if ie d  m ic ro c ry s ta l lin e  c e llu lo se  a n d  th a t  o f  
th e  o th e r  c o n ta in e d  n o  d ie ta ry  fib re  (d e te rm in e d  b y  
a n a ly s is  fo r ce llu lo se , h e m ic e llu lo se , lig n in , p e c tin  a n d  
m u cilag es). A fte r  2 w k ,  d o s in g  o f  a n im a ls  w ith  c a r 
c in o g e n  b e g a n . T w e n ty  a n im a ls  in  e a c h  d ie ta ry  g ro u p  
w ere  g iv en  sc  in je c tio n s  o f  1,2-d im e th y lh y d ra z in e  
d ih y d ro c h lo r id e  (2 5 m g /k g )  o n c e  a  w eek  fo r  16 w k. 
E v e ry  4 w k ,  b e g in n in g  4 w k  a fte r  th e  fin a l in je c tio n , 
th re e  o r  fo u r ra n d o m ly  se lec te d  r a ts  f ro m  e a c h  d ie ta ry  
g ro u p  w ere  k ille d  a n d  a u to p s ie d . A n y  n e o p la sm s  w ere  
e x a m in e d  h is to lo g ic a lly .
• T h e re  w ere  n o  s ta tis t ic a lly  s ig n if ic a n t d iffe ren ces 
b e tw e e n  th e  c a rc in o g e n - tre a te d  a n d  u n t r e a te d  (c o n 
tro l)  g ro u p s  o r  b e tw e e n  th e  g ro u p s  fed f ib re -  a n d  n o n 
f ib re -c o n ta in in g  d ie t  w ith  r e sp e c t  to  w e ig h t g a in , fo o d  
a n d  w a te r  in ta k e , u r in e  o u tp u t  o r  faeces p ro d u c tio n ,  
e x c e p t t h a t  th e  la t te r  w a s  g re a te r  in  th e  fib re-fed  
g ro u p  th a n  in  th e  n o n -f ib re  g ro u p .  N o  c o lo n ic  n e o 
p la s m s  w ere  d e te c te d  in  th e  c o n tro l  a n im a ls  o f  e ith e r  
d ie ta ry  g ro u p .  C o lo n ic  n e o p la sm s  w ere  d e te c te d  in  
7 0 %  o f  th e  c a rc in o g e n - tre a te d  r a ts  o n  th e  fib re -free  
d ie t, b u t  in  o n ly  30%  o f  th e  t r e a te d  r a ts  fed  o n  a  
c e llu lo s e -c o n ta in in g  d ie t. T h e  a v e ra g e  n u m b e r  o f  c o l
o n ic  tu m o u r s  p e r  r a t  w a s  a lso  lo w e r  in  th e  ce llu lo se -  
fed  ra ts .  T h e  b en efic ia l effect o f  c e llu lo se  f ib re  o n  
c o lo n ic - tu m o u r  in c id e n c e  a p p e a re d  to  b e  tim e -d e p e n 
d e n t  s in c e  th e  r e d u c t io n  in  tu m o u r  in c id e n c e  d id  n o t  
b e c o m e  s ta tis t ic a lly  s ig n if ic a n t u n til  th e  f in a l 8 w k  o f  
th e  s tu d y .
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T h e re  w ere  d ifferen ces in  th e  d is t r ib u t io n  o f  n e o 
p la sm s  b e tw e e n  th e  tw o  g ro u p s . In  r a ts  fed o n  a  fib re- 
free  d ie t, 27%  o f  th e  tu m o u r s  o c c u rre d  in th e  p ro x i
m a l p o r t io n  o f  th e  c o lo n  b u t  o n ly  12-5% w ere  lo c a te d  
in  th is  a re a  in  r a ts  fed o n  a  c e l lu lo s e -c o n ta in in g  d iet. 
T h e re  w ere  n o  s ig n if ic a n t d iffe ren ces in  th e  size o r  
h is to p a th o lo g y  o f  c o lo n ic  tu m o u r s  in  r a ts  f ro m  th e  
tw o  g ro u p s , a n d  th e  in c id e n ce  o f  tu m o u r s  o f  th e  e a r  
a n d  sm a ll in te s tin e  w as s im ila r  in  b o th  g ro u p s .

T h e  a u th o r s  c o n s id e r  th a t  th e se  re su lts  p ro v id e  
g o o d  ev id e n ce  th a t  th e  in ta k e  o f  d ie ta ry  ce llu lo se  fib re  
p ro te c ts  r a ts  a g a in s t  th e  d e v e lo p m e n t o f  c o lo n ic  
tu m o u rs . F u r th e r  s tu d ie s  w o u ld  h a v e  to  b e  c a r r ie d  
o u t  to  d e te rm in e  w h e th e r  th is  b e n e fic ia l effect o c c u rs  
o n ly  w ith  c e llu lo se  a n d  w h e th e r  th e  effect w ith  c e llu 
lo se  is d u e  to  a d d e d  b u lk  in  th e  d ie t o r  to  so m e  
specific  p ro p e r ty  in th e  fib re . H o w e v e r , if  th ese  re su lts  
c o u ld  b e  e x tra p o la te d  to  m a n  th e y  w o u ld  s u p p o r t  th e  
v iew  th a t  la c k  o f  d ie ta ry  fib re  in c re a se s  th e  r isk  o f  
c a n c e r  o f  th e  c o lo n .

D o -it-y o u rse lf nitrosation

T a n n e n b a u m , S. R., F e tt, D ., Y o u n g , V. R., L a n d ,
P . D . &  B ruce , W . R. (1978). N i t r i te  a n d  n i tr a te  a re  
fo rm e d  b y  e n d o g e n o u s  sy n th e s is  in  th e  h u m a n  in te s 
tin e . Science, N.Y. 200 , 1487.

N itro s a m in e s  in  fo o d stu ffs  m a y  p la y  a n  im p o r ta n t  
ro le  in  h u m a n  c a rc in o g e n e s is  (A rc h e r &  W ish n o k , Fd 
Cosmet. Toxicol. 1977, 15, 2 3 3 ; Cited in F.C.T. 1978, 
16, 627) a n d  th e re  is e v id e n ce  th a t  n i tro s a m in e s  c an  
b e  p ro d u c e d  b y  th e  g u t  b a c te r ia  ev en  a t  n e u tra l  p H  
(ibid 1971, 9, 739). In  a n  a t te m p t  to  m in im iz e  th e  
c h a n c e  o f  n i tro s a t io n  b o th  o f  a m in o  c o m p o u n d s  in 
th e  d ie t a n d  o f  e n d o g e n o u s  a m in o  c o m p o u n d s , 
su g g e s tio n s  h av e  b e e n  m a d e  to  re d u c e  th e  a m o u n t  
o f  n i tr i te  a n d  n i tr a te  in  w a te r  a n d  fo od . I t a p p e a rs , 
h o w e v er, th a t  b o th  n itr i te  a n d  n i tr a te  c a n  b e  fo rm e d

de novo in  th e  h u m a n  in te s tin e , th u s  th w a r tin g  tcT 
so m e  d e g ree  a t te m p ts  to  m in im iz e  th e ir  p re se n c e  in 
th e  b o d y .

Six h e a lth y  su b je c ts  p a r t ic ip a te d  in  a  n i tr a te  
b a la n c e  s tu d y . T h e y  w ere  g iv en  a  p ro te in - f re e  d ie t  fo r 
10 d ay s , a n d  th e n  a  d ie t p ro v id in g  0-8 g  egg  p ro -  
te in /k g  b o d y  w e ig h t/d a y  fo r  10 d ay s . U r in a ry  a n d  
d ie ta ry  c o m p o n e n ts  w ere  a s sa y e d  fo r n i tr a te  a n d  
n i tr i te  b y  a  m o d ifie d  G rie s s  m ic ro p ro c e d u re . D e sp ite  
th e  e x p e c ta t io n  th a t  th e  su b je c ts  w o u ld  ra p id ly  re a c h  
e q u il ib r iu m  a n d  e x c re te  a  s te a d y -s ta te  c o n c e n tra t io n  
o f  n i tr a te ,  th e y  sh o w e d  w id e  f lu c tu a tio n s  in  u r in a ry  
n i tr a te  fro m  d a y  to  d a y  d u r in g  c o n s u m p tio n  o f  e ith e r  
d ie t. S o m e  s ig n if ic a n t so u rc e  o f  n i tr a te  o th e r  th a n  th e  
d ie t w a s  th e re fo re  p o s tu la te d .

In  a  se c o n d  s tu d y , e ig h t h e a lth y  su b je c ts  o n  free- 
c h o ic e  d ie ts  (a b o u t  4 3 %  fa t, 18%  p ro te in  a n d  39%  
c a rb o h y d ra te )  s u b m itte d  s ing le  faecal sa m p le s , a n d  
a n o th e r  six  w h o  h a d  u n d e rg o n e  to ta l  c o le c to m y  s u b 
m itte d  sa m p le s  o f  ile o s to m y  effluen t. T h e re  w ere  g re a t  
v a r ia tio n s  in  th ese  sam p les, b u t  a ll c o n ta in e d  n itr i te ,  
th e  levels in  th e  i le o s to m y  sa m p le s  b e in g  c o n s is te n tly  
h igh , w h ile  five o f  th e  e ig h t n o rm a l  faeca l sa m p le s  
c o n ta in e d  n i tr a te  a lso . N o  n i tr a te  o c c u r re d  in  th e  
i le o s to m y  e fflu en ts . F a e c a l sa m p le s  f ro m  tw o  o f  th ese  
in d iv id u a ls  w ere  a n a ly se d  o n  sev e ra l s e p a ra te  o c c a 
s io n s ;  n o tw ith s ta n d in g  v a r io u s  c h a n g e s  in  d ie t, n i tr i te  
w a s  a lw ay s  p re se n t, a lth o u g h  th e  d e te c tio n  o f  n i tr a te  
w a s  sp a sm o d ic .

H e te ro tro p h ic  n itr if ic a tio n  o f  a m m o n ia  o r  o rg a n ic  
n itro g e n  c o m p o u n d s  m a y  th e re fo re  ta k e  p la c e  in  th e  
u p p e r , a e ro b ic , p o r t io n  o f  th e  h u m a n  in te s tin e . A s 
th e  m a te ria l  p a sse s  th ro u g h  th e  in te s tin e  th e  in c re a s 
in g ly  a n a e ro b ic  c o n d it io n s  le a d  to  th e  a c c u m u la tio n  
o f  n i tr a te  a s  w ell as n itr ite . A p ro p o r t io n  o f  th ese  
c o m p o u n d s  m ay  b e  u tilize d  b y  o th e r  faeca l m ic ro 
o rg a n ism s , so m e  m ay  b e  a b s o rb e d  th ro u g h  th e  in te s t i
n a l w all, a n d  so m e  m a y  re a c t  in  th e  re la tiv e ly  a c id ic  
p o r t io n  o f  th e  c a e c u m  a n d  c o lo n  to  fo rm  N -n i t ro s o  
c o m p o u n d s .

C O S M E T IC S , T O IL E T R IE S  A N D  H O U S E H O L D  P R O D U C T S

P h otoallergy to 6-m ethylcoum arin

K a id b e y , K . H . &  K lig m a n , A . M . (1978). C o n ta c t  
p h o to a lle rg y  to  6-m e th y lc o u m a r in  in  p ro p r ie ta ry  
su n sc re en s . Archs Derm. 114, 1709.

6-M e th y lc o u m a r in  (M C ), a  w id e ly -u sed  c o sm e tic  
fra g ra n c e , w a s  re c e n tly  fo u n d  c a p a b le  o f  in d u c in g  
c o n ta c t  p h o to a lle rg y  in h u m a n  v o lu n te e rs  (K a id b e y  
&  K lig m a n , Contact Dermatitis 1978, 4 , 277). A sev ere  
c a se  o f  c o n ta c t  p h o to a l le rg y  w h ic h  d e v e lo p e d  a fte r 
a p p lic a t io n  o f  tw o  p o p u la r  su n sc re e n s  c o n ta in in g  M C  
is n o w  re p o r te d .

A 2 2 -y r-o ld  w o m a n  h o lid a y in g  in  J a m a ic a  a p p lie d  
a  m ix tu re  o f  tw o  su n sc re en s , re sp ec tiv e ly  c o n ta in in g  
th e  a c tiv e  in g re d ie n ts  a m y l d im e th y l p -a m in o b e n z o a te  
(A D A B ) a n d  h o m o m e n th y l sa lic y la te  (H M S ) to  h e r 
face, c h e s t a n d  th ig h s . In te n se  e ry th e m a  a n d  p ru r i tis  
h a d  d e v e lo p e d  o n  th e se  a re a s  a f te r  24 h r, a n d  a fte r 
48 h r  th e re  w ere  sev e re  o e d e m a , v é s ic u la tio n  a n d  o o z 

ing. T h e  w o m a n  h a d  n o  h is to ry  o f  su n  sen sitiv ity , 
a n d  w a s  n o t  ta k in g  a n y  d ru g s . A n a ly s is  o f  th e  tw o  
su n sc re e n s  re v e a le d  0 0 3 2  a n d  0-2%  M C  resp ec tiv e ly . 
W h e n  1%  M C , 5%  A D A B , 3%  H M S  a n d  th e  tw o  
su n sc re e n s  w ere  se p a ra te ly  a p p lie d  u n d e r  c o v e r  to  th e  
w o m a n ’s b a c k , a n d  i r r a d ia te d  a fte r  6 h r  w ith  lo n g  
w a v e le n g th  U V  lig h t, M C  a n d  th e  tw o  su n sc re e n s  
p r o d u c e d  o e d e m a  a n d  v e s ic u la tio n , b u t  n o  re a c tio n  
re su lte d  f ro m  A D A B  o r  H M S . B o th  u n i r r a d ia te d  s ites 
t r e a te d  w ith  M C  a n d  th e  su n sc re e n s  a n d  left c o v e re d  
fo r  48 h r  a n d  u n tr e a te d  sk in  i r r a d ia te d  w ith  U V  lig h t 
g a v e  n e g a tiv e  re su lts . T h re e  o th e r  su b je c ts  k n o w n  to  
b e  c o n ta c t  p h o to se n s itiv e  to  M C  d e v e lo p e d  in d u ra te d  
a n d  in te n se ly  p ru r i t ic  r e a c tio n s  a f te r  p h o to p a tc h  te s t 
in g  w ith  th e  tw o  su n sc re en s , w h e re a s  14 n o rm a l  s u b 
je c ts  w ere  una ffec ted .

[T h e  F D A  h a s  re c e n tly  a sk e d  m a n u fa c tu re r s  o f  
su n ta n  p r e p a ra tio n s  to  re m o v e  M C , o n  th e  g ro u n d s  
th a t  it m a y  c a u se  p h o to s e n s i tiz a t io n  (FDA Consumer 
1979, 12 (10), 24).]
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M o n k ey s with dandruff problem s

G ib so n , W . B. &  C a lv in , G . (1978). P e rc u ta n e o u s  
a b s o rp t io n  o f  z in c  p y r id in e th io n e  in m o n k e y s . Toxic, 
appl. Pharmac. 43 , 425.

A b s o rp tio n , d is t r ib u t io n  a n d  e x c re tio n  s tu d ie s  to  
e x a m in e  th e  fa te  o f  th e  a n ti -d a n d ru f f  a g e n t, z in c  p y r i
d in e th io n e  (Z P T ), w h e n  g iv en  iv, d e rm a lly  o r  o ra lly  
to  r a b b its  h a v e  p re v io u s ly  b e e n  re p o r te d  (Cited in 
F.C.T. 1977, 15, 496). T h e  re su lts  in d ic a te d  th a t  th e  
o rg a n ic  a n d  in o rg a n ic  p o r t io n s  o f  Z P T  d isso c ia te  
p r io r  to  d is t r ib u t io n  in  a n d  e x c re tio n  fro m  th e  b o d y . 
O n ly  a  sm a ll p e rc e n ta g e  o f  e ith e r  p o r t io n  p e n e tra te s  
th e  sk in  a n d  th e  z in c  d o e s  so  to  a  lesse r e x te n t  th a n  
th e  o rg a n ic  p o r t io n .  T h e  p re s e n t  s tu d y  c o n s is te d  o f  
tw o  se ries  o f  e x p e r im e n ts  to  e s t im a te  th e  sy s tem ic  
e x p o su re  to  Z P T  th a t  c o u ld  b e  e x p e c te d  fro m  e x ag 
g e ra te d  to p ic a l  a p p lic a t io n  to  p r im a te s .

In ta c t  a b d o m in a l  sk in  o f  rh e su s  m o n k e y s  w as 
e x p o se d  to  lo tio n s  th a t  c o n ta in e d  2%  35S -lab e lled  
Z P T , w ith  o r  w ith o u t  su r fa c ta n t,  fo r 3 h r, e ith e r  o n c e  
o r  o n  th re e  su ccess iv e  d ays. A s in g le  3 -h r  a p p lic a tio n  
o f  th e  lo tio n , w ith  su r fa c ta n t,  w as a lso  m a d e  o n  th e  
a b ra d e d  a b d o m in a l  sk in  o f  o n e  a n im a l. M a te r ia l  
re m a in in g  o n  th e  sk in  w as re m o v e d  a f te r  e a c h  3 -h r 
ex p o su re . A b s o rp tio n  o f  Z P T  w a s d e te rm in e d  b y  
su m m in g  th e  35S fo u n d  in  th e  u r in e , faeces a n d  c a r 
cass a f te r  6 0 -8 0  m g  o f  [ 35S ] Z P T  h a d  b e e n  a p p lie d  
to  a  10 c m 2 a re a  o f  sk in .

W h e n  Z P T  w a s  a p p lie d  o n ce , w ith  o r  w ith o u t  s u r 
fa c ta n t, to  in ta c t  sk in , th e  a b s o rp t io n  w a s  0  0 2 - 0  04% . 
T h e  a b s o rp t io n  in c re a s e d  to  0-3%  w h e n  a b ra d e d  sk in  
w as t r e a te d  w ith  Z P T  a n d  su rfa c ta n t.  W h e n  a p p lie d  
to  in ta c t  sk in  re p e a te d ly  ( th re e  tim e s)  w ith o u t  su rfa c 
ta n t ,  a b s o rp t io n  w as a g a in  lo w  (0-02% ); a f te r  re p e a te d  
a p p lic a tio n  w ith  su r fa c ta n t,  a b s o rp t io n  in c re a se d  to
0-2% . C o n c e n tra t io n s  o f  35S in  th e  b lo o d  w ere  b e lo w  

. th e  th re s h o ld  o f  d e te c t io n  (0 02  pg Z P T /g  b lo o d )  
e x ce p t fo llo w in g  r e p e a te d  a p p lic a t io n s  w ith  su r fa c ta n t  
o r  a f te r  a  s in g le  a p p lic a t io n  to  a b ra d e d  sk in . T h e  35S 
th a t  w a s  a b s o rb e d  w a s  a lm o s t  e n tire ly  e x c re te d  in  th e  
u r in e  a n d  o n ly  sm a ll f ra c tio n s  w ere  fo u n d  in  th e  
faeces o r  in  th e  tis su e s  a t  a u to p sy .

T h e  p e rc u ta n e o u s  p e n e t r a t io n  o f  Z P T  th ro u g h  th e  
sc a lp  o f  rh e su s  m o n k e y s  w as in v e s tig a te d  b y  a p p ly in g  
a  su sp e n s io n  (400 /rg /1 0  c m 2) o f  [ 14C ] Z P T  in  an  
a q u e o u s  so lu t io n  o f  t r ie th a n o la m in e  a lk y l su lp h a te  
a n d  a llo w in g  it to  d ry . T h e  a m o u n ts  o f  14C  a b so rb e d  
a n d  s u b s e q u e n tly  e x c re te d  w ere  sm a ll, a n d  w ere  s im i
la r  w h e th e r  th e  Z P T  w a s in  c o n ta c t  w ith  th e  sca lp  
fo r  3 o r  72 h r . T h e  a b s o rp t io n  o f  Z P T , c a lc u la te d  
f ro m  th e  ra d io a c t iv ity  th a t  o c c u r re d  in th e  u r in e  a n d  
faeces w a s  in  th e  ra n g e  1 -5 %  o f  th e  a p p lie d  d o se  in  
a ll fo u r t r e a te d  a n im a ls . B lo o d  c o n c e n tra t io n s  o f  14C  
w ere  g e n e ra lly  b e lo w  th e  d e te c ta b le  lim it (1 n g /g  c a l
c u la te d  a s  [ 14C ]Z P T ) .

I t  w a s  c o n c lu d e d  th a t  p e n e t r a t io n  o f  Z P T  th ro u g h  
in ta c t  p r im a te  sk in  is  v e ry  s lig h t. W h e n  th e  in te g r i ty  
o f  th e  s t r a tu m  c o rn e u m  is d is ru p te d  e ith e r  b y  a b r a 
s io n  o r  b y  re p e a te d  e x p o su re  to  c o n c e n tra te d  su rfa c 
ta n t  so lu tio n s , Z P T  a b s o rp t io n  is in c re a se d  a p p ro x i
m a te ly  ten fo ld , b u t  e v en  th e n  o n ly  lo w  levels o f  Z P T  
a re  a b so rb e d . I f  h u m a n  sk in  is  s im ila r  to  th a t  o f  m o n 
keys, w ith  re sp e c t to  Z P T  p e n e tra t io n ,  th e  a m o u n t  o f  
Z P T  a b s o rb e d  f ro m  s h a m p o o s  c o n ta in in g  p a r tic u la te

Z P T  is l ik e ly  to  b e  e x tre m e ly  sm a ll a n d  p ro b a b ly  
w ith o u t  p h y s io lo g ic a l s ign ificance .

In  th is  s tu d y  o n ly  o n e  o r  tw o  a n im a ls  w ere  u sed  
in  e ac h  g ro u p , a n d  th e  a u th o r s  n o te d  so m e  v a r ia tio n  
b e tw e e n  a n im a ls  w ith  re g a rd  to  flux ra te s  o f  r a d io a c 
tiv ity  th ro u g h  th e  sk in . T h e y  a lso  e m p h a s iz e d  th a t  
th e  o b se rv a tio n s  w ere  b a se d  o n  m e a su re m e n ts  o f  
ra d io a c tiv ity , n o t  o f  Z P T , a n d  th a t  th e  c h e m ic a l id e n 
t ity  o f  th e  la b e lle d  c o m p o u n d s  in b io lo g ic a l sa m p le s  
w as n o t  d e te rm in e d . I t is c o n c lu d e d  th a t  th e  v e ry  lo w  
levels o f  ra d io a c tiv ity  d e te rm in e d  in  m a n y  sa m p le s  
m a y  h a v e  b e e n  d u e  to  im p u ritie s , a n d  th e re fo re  all 
v a lu e s  c ite d  sh o u ld  b e  c o n s id e re d  as u p p e r  lim its  fo r 
Z P T  a b s o rp t io n .

T alc  in the ovaries

H e n d e rso n , W . J., H a m ilto n , T . C . &  G riff ith s , K .
(1979). T a lc  in  n o rm a l a n d  m a l ig n a n t  o v a r ia n  tissue . 
Lancet i, 499.

S o m e  y e a rs  a g o  it w as r e p o r te d  th a t  ta lc  h a d  b een  
fo u n d  d e e p  w ith in  a  sm a ll n u m b e r  o f  tu m o u r s  o f  th e  
o v a ry , u te r in e  cerv ix  a n d  e n d o m e tr iu m , a s  w ell a s  in 
five o f  12 “ n o rm a l” o v a r ie s  (H e n d e rs o n  et al. J. 
Obstet. Gynaec. Br. Commonw. 1971, 78 , 266). T h e  ta lc  
w a s  id en tif ie d  w ith  a n  e le c tro n -m ic ro sc o p e  m ic ro a n a 
lyser, w ith  c o m b in e d  so lid -s ta te  e n e rg y  d isp e rs iv e  
d e te c to r  a n d  c ry s ta l sp e c tro m e te rs .  T h e  a u th o r s  w ere  
c o n f id e n t th a t  th e  ta lc  c o u ld  n o t  h a v e  e n te re d  th e  
tis su e s  d u r in g  p ro c ess in g , b u t  a s  su rg e o n s ’ g lo v es a t  
th e  tim e  w ere  still so m e tim e s  c o n ta m in a te d  w ith  ta lc  
(Cited in F.C.T. 1977, 15, 87) th e y  h a v e  n o w  c o n 
d u c te d  a  fu r th e r  s tu d y  o f  o v a r ia n  tis su e  re m o v e d  w ith  
th e  u se  o f  ta lc -fre e  g loves.

T h e  tis su e  w as h a n d le d  b y  fin e  fo rce p s  o n ly , a n d  
w a s  a n a ly se d  b y  a n  o x y g e n - in c in e ra tio n  p ro c e d u re . 
T a lc  w a s  id en tif ie d  in  a ll th re e  n o rm a l o v a rie s , in 
th re e  c y stic  o v a r ie s  a n d  in  th re e  a d e n o c a rc in o m a s  
e x a m in e d , in  a m o u n ts  ra n g in g  fro m  6900  to  55,100, 
f ro m  17,400 to  24 ,300  a n d  f ro m  6400  to  24 ,500  p a r tic -  
les /g  tis su e  (w et w eigh t), re sp ec tiv e ly .

[T h e  p ro c e ss  b y  w h ic h  ta lc  re a c h e s  th e  o v a rie s  
r e m a in s  o b sc u re , s in ce  n o  ra d io a c t iv ity  w a s  fo u n d  in  
th e  o v a r ie s  o f  r a b b its  a f te r  six  d a ily  in tra v a g in a l  d o se s  
o f  3H -la b e lle d  ta lc  (P h illip s  et al. Fd Cosmet. Toxicol. 
1978, 16, 161). M o re o v e r , th e  la c k  o f  a n y  c o r re la t io n  
b e tw e e n  th e  levels p re se n t  a n d  th e  s ta te  o f  th e  o v a rie s  
in th e  a b o v e  su rv e y  (a lb e it  v e ry  lim ite d )  d o e s  n o t  su g 
g est th a t  ta lc  p la y s  a  ro le  in  o v a r ia n  c a n c e r .]

T R IS  under fire again

F u ru k a w a , M ., S ir ia n n i, S. R ., T a n , J. C . &  H u a n g ,
C . C . (1978). S is te r  c h ro m a tid  e x c h a n g e s  a n d  g ro w th  
in h ib i t io n  in d u c e d  b y  th e  flam e  r e ta r d a n t  tris(2 ,3 - 
d ib ro m o p ro p y l)  p h o s p h a te  in  C h in e se  h a m s te r  cells: 
Brief Communication. J. natn. Cancer Inst. 6 0 , 1179.

R e c e n t s tu d ie s  h a v e  sh o w n  th a t  th e  flam e  r e ta r d a n t  
t r is (2 ,3 -d ib ro m o p ro p y l)  p h o s p h a te  (T R IS ) is c a p a b le  
o f  a lte r in g  th e  size  o f  th e  D N A  m o le c u le  o b ta in e d  
fro m  h u m a n  cells (Cited in F.C.T. 1979, 17, 98). T h ese  
re su lts  h a v e  a d d e d  to  th e  to x ic o lo g ic a l ev id e n ce  th a t  
h a s  re su lte d  in  r e s tr ic tio n s  o n  T R IS  in  v a r io u s  c o u n 
trie s . F u r th e r  c o n d e m n in g  e v id e n ce  c o m e s  w ith  th e



560 Pathology— Fd Cosmet. Toxicol. Vol. 17, no. 5

p re se n t s tu d ie s  o n  th e  effects o f  th e  c o m p o u n d  o n  
cell g ro w th , c h ro m o s o m a l a b e r r a t io n s  a n d  s is te r- 
c h ro m a tid  e x c h a n g e s  (SC E ).

T h e  effect o f  T R IS  o n  cell g ro w th  w a s  d e te rm in e d  
b y  e x a m in in g  th e  a b il i ty  o f  C h in e se  h a m s te r  V 79 cells 
to  fo rm  c o lo n ie s  a f te r  e x p o su re  e ith e r  to  d ifferen t 
d o se s  o f  T R IS  (0 -2 0 0  /ig /m l) fo r  3 h r  o r  to  20 o r  40  pg 
T R IS /m l fo r  v a r io u s  p e r io d s  (0 -4 2  hr). R e su lts  in d i
c a te d  th a t  T R IS  c a u se d  a  r e d u c t io n  in  cell g ro w th  
th a t  w a s  d e p e n d e n t b o th  o n  th e  d o se  a n d  o n  th e  
d u ra t io n  o f  e x p o su re . T R IS  p ro d u c e d  h ig h ly  s ign ifi
c a n t  d o se -d e p e n d e n t in c re a se s  in  S C E  in  V 79  cells 
e ith e r  c u ltu re d  in vitro (0—2 0 jug T R IS /m l ;  3 -h r  e x p o 
su re ) o r  in  d iffu sio n  c h a m b e rs  im p la n te d  in to  m ice  
(g iven  0 -5 0 0  fig T R IS /g  b o d y  w eigh t). In  c o n tra s t ,  in 
c rea se s  o b se rv e d  in  c h ro m o s o m a l  a b e r r a t io n s  in vitro 
(0 -5 0  fig T R IS /m i;  3-, 6-, 18- o r  2 4 -h r  e x p o su re )  o r  in 
d iffu s io n  c h a m b e rs  in  m ice  (0 -1 0 0 0  fig T R IS /g  b o d y

w eig h t) w ere  n o t  s ig n ific a n t. A lso , n o  s ig n if ic a n t in 
c re a se  in  c h ro m o s o m a l  a b e r ra t io n s  w a s  o b se rv e d  in  
b o n e -m a r ro w  cells f ro m  m ice  re ce iv in g  d o se s  o f  T R IS  
(u p  to  1000 fig/g b o d y  w e ig h t) fo r  24, 48  o r  72 h r. 
S im ila rly , w h e n  h u m a n  ly m p h o id  cell lin e s  Je ff  a n d  
B 3 5 M  w ere  t r e a te d  w ith  T R IS  in  th e  sa m e  d o se s  a n d  
fo r  th e  sa m e  e x p o su re  tim e s  a s  V 79  cells in vitro, th e re  
w a s  n o  in c re a se  in  c h ro m o s o m a l  a b e r ra tio n s .

T h e  re a s o n s  fo r  th e se  c o n tra s t in g  re su lts  a re  u n 
c le a r . I t  is p o ss ib le  t h a t  th e  T R IS  b e c a m e  p a r t ia l ly  
in a c tiv a te d  in vivo a n d  a s  a  re su lt  w a s  n o t  p o te n t  
e n o u g h  to  in d u c e  c h ro m o s o m a l a b e r r a t io n s  b u t  w as 
s till su ffic ien tly  p o te n t  to  in d u c e  S C E . A lte rn a tiv e ly , it 
h a s  b e e n  su g g e s te d  th a t  th e  m e c h a n ism s  le a d in g  to  
S C E  a re  n o t  n e ce ssa rily  a s so c ia te d  w ith  th e  
m e c h a n ism s  o f  c h ro m o s o m a l a b e r ra t io n s ,  a lth o u g h  
b o th  p re su m a b ly  re su lt  f ro m  in itia l d a m a g e  to  c h ro 
m o so m a l D N A .

P A T H O L O G Y

T akin g  asb estos to  heart

C h u rg , A., W a rn o c k , M . L . &  B en sch , K. G . (1978). 
M a lig n a n t  m e so th e lio m a  a r is in g  a fte r  d ire c t  a p p li 
c a t io n  o f  a sb e s to s  a n d  fib er g lass  to  th e  p e r ic a rd iu m . 
Am. Rev. resp. Dis. 118 , 419.

W ith  th e  w id e sp re a d  u se  o f  a sb e s to s  in  in d u s try , 
t r a n s p o r t ,  b u ild in g  a n d  h o m e  a p p lia n c e s , th e  a sb e s to s  
fib re  h a s  b e c o m e  a n  im p o r ta n t  e n v iro n m e n ta l  c o n 
ta m in a n t  a n d  h a s  b e e n  fo u n d  in  th e  lu n g s  o f  p e o p le  
n o t  o c c u p a tio n a lly  e x p o se d  to  it. T h e  a s so c ia t io n  
b e tw e e n  e x p o su re  to  a sb e s to s  a n d  th e  s u b s e q u e n t d e 
v e lo p m e n t o f  p le u ra l  a n d  p e r ito n e a l  m e s o th e lio m a s  
is w ell e s ta b lish e d  a n d  th e  a b o v e -c ite d  s tu d y  r e p o r ts  
o n  a  p a tie n t  w h o , 16 y r  b e fo re  h is  d e a th  a t  th e  age  
o f  62 y r, h a d  a  m ix tu re  o f  f ib ro u s  d u s ts , m a in ly  
a sb e s to s  w ith  so m e  fib re  g lass , d u s te d  o v e r  h is  p e r i 
c a rd ia l  cav ity .

T h e  m a n  (w h o  h a d  n e v e r sm o k e d )  d e v e lo p e d  
a n g in a  p e c to r is  in  1954 a n d  3 y r  la te r  u n d e rw e n t p e ri-  
c a rd io p e x y  to  im p ro v e  th e  c o lla te ra l  c o ro n a ry  c irc u la 
t io n ;  th e  e p ic a rd ia l  su rfa ce  w a s  d u s te d  w ith  0-3 g 
a sb e s to s  (p ro b a b ly  a m p h ib o le s )  a n d  fib re  g lass. H e  
re c o v e re d  a n d , free  fro m  sy m p to m s , r e tu rn e d  to  w o rk

a s  a n  e n g in e e r  in  a  p a in t  fa c to ry , w h e re  h e  was" 
e x p o se d  to  le a d  d u s t.

B lo o d  le a d  c o n c e n tra t io n s  w ere  w ith in  n o rm a l  
lim its , b u t  in  1971 a  c h e s t film  in d ic a te d  a  la rg e  r ig h t  
p le u ra l  e ffu s io n , w h ic h  o n  a n a ly s is  sh o w e d  m a n y  
m a l ig n a n t  cells. A  la te r  c h es t film  sh o w e d  th e  h e a r t  to  
b e  e n la rg e d  a n d , a t  th o ra c o to m y , m u lt ip le  sm a ll 
tu m o u r  n o d u le s  w ere  seen  o n  th e  v iscera l a n d  p a r ie ta l  
p le u ra  a n d  d ia p h ra g m . T h e  b io p sy  f in d in g  w a s  in te r 
p re te d  a s  a  m a l ig n a n t  m e so th e lio m a , a n d  in  1972 a  
tu m o u r  w a s  t r e a te d  w ith  ra d io th e ra p y .  In  1973, a fte r 
se v e re  c h e s t  p a in  a n d  sh o r tn e s s  o f  b re a th ,  th e  p a tie n t  
d ied .

A n  a u to p s y  sh o w e d  m a n y  s u b c u ta n e o u s  m asse s  
o v e r  th e  c h e s t w all, a n  ex te n siv e  tu m o u r  m a s s  b in d in g  
th e  h e a r t ,  lu n g s  a n d  d ia p h ra g m , a n d  t r a n s p a re n t  
f ib re s  a n d  fe rru g in o u s  b o d ie s  w ith in  th e  p e r ic a rd iu m . 
E x a m in a t io n  b y  e le c tro n  m ic ro sc o p y  sh o w e d  tw o  
th ird s  o f  th e  fib res  to  b e  t r e m o lite  a n d  a n th o p h y l l ite  
a sb e s to s ;  th e  r e m a in d e r  w ere  f ib re  g lass.

T h e  a u th o r s  r e p o r t  th is  c ase  a s  th e  firs t e x a m p le  o f  
a  h u m a n  d e v e lo p in g  m e s o th e lio m a  fo llo w in g  d ire c t 
c o n ta c t  b e tw e e n  a  m e so th e lia l su rfa ce  a n d  f ib ro u s  
d u s t.

C A N C E R  R E S E A R C H

A gglutination test for bladder carcinogens

K a k iz o e , T ., K a w a c h i,  T . &  O k a d a ,  M . (1978). C o n -  
c a n a v a lin  A  a g g lu t in a t io n  o f  b la d d e r  cells o f  r a ts  
t r e a te d  w ith  b la d d e r  c a rc in o g e n s ;  a  r a p id  n e w  te s t to  
d e te c t  b la d d e r  c a rc in o g e n s . Cancer Lett. 5 , 285.

S ev e ra l r a p id  sc re e n in g  te s ts  fo r c a rc in o g e n s  h av e  
b e e n  d e v e lo p e d  (G ra sso , Fd Cosmet. Toxicol. 1977, 
15, 74) b u t  th e y  d o  n o t  d e te c t o rg a n -sp e c if ic  c a rc in o 

genesis . A  ra p id  sc ree n in g  m e th o d  fo r th e  d e te c tio n  o f  
b la d d e r  c a rc in o g e n s  h a s  n o w  b e e n  re p o r te d .

N -B u ty l-]V -(4 -h y d ro x y b u ty I)n itro sa m in e  (B B N ) a n d  
m a n y  re la te d  c o m p o u n d s  h a v e  c a rc in o g e n ic  e ffec ts in 
ra ts , o f ten  spec ifica lly  o n  th e  b la d d e r ,  a n d  a  g o o d  
c o r re la t io n  h a s  b e en  sh o w n  b e tw e e n  th e ir  c a r c in o 
g e n ic ity  to  r a ts  a n d  th e ir  m u ta g e n ic ity  (N a g a o  et al. 
Cancer Res. 1977, 3 7 , 399). P la n t  lec tin , c o n c a n a v a lin  
A (C o n  A), a g g lu tin a te s  t r a n s fo rm e d  ce lls  m o re  effec
tive ly  th a n  n o rm a l  cells in vitro, a n d  th is  is th e  b a s is  
o f  th e  m e th o d  d e sc rib e d  in th e  p a p e r  c ite d  a b o v e .
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G ro u p s  o f  five m a le  W is ta r  r a ts  w ere  a d m in is te re d  
B B N  o r  o n e  o f  th e  fo llo w in g  r e la te d  c o m p o u n d s  a t  
e q u im o la r  c o n c e n tra t io n s  in  th e ir  d r in k in g -w a te r :  
JV -b u ty l-lV -(3 -ca rb o x y lp ro p y l)n itro sam in e  (B C P N ), N- 
e th y l- iV -(4 -h y d ro x y b u ty l)n itro s a m in e  (E H B N ), N- 
b u ty l-N -(3 -h y d ro x y e th y I )n it ro s a m in e  (B H E N ), N- 
b u ty l-N - (3 -h y d ro x y p ro p y l)n itro s a m in e  (B H P N ) a n d  
N - fm -b u ty l- iV -(4 -h y d ro x y b u ty l)n itro sa m in e  (t-B B N ). 
T h e  to ta l  d o se s  a d m in is te re d  p e r  a n im a l in  e ac h  
g ro u p  w ere  110 m g  B B N , 115 m g  B C P N , 112 m g 
E H B N , 115 m g  B H E N , 101 m g  B H P N  a n d  124 m g 
t-B B N . A c o n tro l  g ro u p  o f  a n im a ls  w a s  g iv en  u n 
t r e a te d  d e io n iz e d  w a te r . A t th e  e n d  o f  th e  w eek , th e  
a n im a ls  w ere  k ille d  a n d  th e  b la d d e rs  w ere  re m o v e d , 
e v e r te d  a n d  w a sh e d  in  p h o s p h a te  b u ffe re d  sa lin e . T h e  
b la d d e r  n e c k s  w ere  lig a te d  a n d  m u c o sa l cells  w ere  
iso la te d  b y  t r e a tm e n t  w ith  e th y le n e d ia m in e te tra a c e tic  
a c id  a n d  so n ic a tio n . C e lls  f ro m  all th e  r a ts  in  a  g iven  
t r e a tm e n t  g ro u p  w e re  c o m b in e d  fo r a g g lu tin a tio n  
a ssa y s  c a r r ie d  o u t  w ith  C o n  A.

T h e re  w ere  s ig n if ic a n t in c re a se s  in  a g g lu t in a t io n  b y  
C o n  A  w ith  cells f ro m  r a ts  t r e a te d  w ith  B B N , B C P N , 
E H B N  a n d  B H E N , c o m p a re d  w ith  th e  a g g lu tin a tio n  
o f  cells fro m  c o n tro l  a n im a ls  a n d  a n im a ls  t r e a te d  w ith  
t-B B N  a n d  B H P N . B B N , B C P N  a n d  E H B N  a re  
k n o w n  b la d d e r  c a rc in o g e n s  in  ra ts , b u t  t-B B N  a n d  
B H P N  a re  n o t .  B H E N  in d u c e s  c a rc in o g e n e s is  o f  th e  
liv e r a n d  o e so p h a g u s  in  r a ts  b u t  h a s  n o t  y e t b e en  
sh o w n  to  p ro d u c e  b la d d e r  tu m o u rs ,  a l th o u g h  it h a s  
b e e n  l in k e d  w ith  th e  d e v e lo p m e n t o f  h y p e rp la s ia  in  
th e  b la d d e r  m u c o sa .

T h e  n u m b e rs  o f  la rg e  su p e rfic ia l cells  f ro m  th e  
m u c o sa l  lin in g  w e re  lo w e r  in  t r e a te d  g ro u p s  th a n  in 
th e  c o n tro ls ,  p ro b a b ly  b e c a u se  o f  th e ir  lo ss  b y  ex fo lia 
t io n  d u r in g  t r e a tm e n t.  T h e  a u th o r s  c la im  th a t  cell 
a g g lu t in a t io n  b y  C o n  A  se e m e d  to  b e  c lo se ly  re la te d  
to  th e  a p p e a ra n c e  o f  m ic ro v illi o n  th e  lu m in a l su rface . 
T h e y  r e p o r t  t h a t  p re lim in a ry  e x p e r im e n ts  d e m o n 
s tr a te  C o n  A -a g g lu tin a tio n  o f  is o la te d  m u c o s a l  cells 
f ro m  B B N -in d u c e d  b la d d e r  c a n c e rs  in  r a ts  a n d  fro m  
h u m a n  tra n s it io n a l-c e ll  b la d d e r  tu m o u r s  o b ta in e d  b y  
su rg e ry . T h e y  c o n s id e r  t h a t  th is  te c h n iq u e  c a n  b e  u se d  
b o th  fo r s c re e n in g  fo r p o te n t ia l  b la d d e r  c a rc in o g e n s  
a n d  fo r th e  e a r ly  d ia g n o s is  o f  h u m a n  b la d d e r  c a n c e r  
b y  th e  d e te c tio n  o f  p re n e o p la s tic  c h an g e s .

[ I t  is p e rh a p s  w o r th  c o m m e n tin g  a g a in  th a t  re su lts  
o f  te s ts  fo r  b la d d e r  c a rc in o g e n s  in  r o d e n ts  o ften  d o  
n o t  c o r re s p o n d  w ith  th o se  in  o th e r  e x p e r im e n ta l  a n i
m als , n o ta b ly  d o g s, a n d  a re  n o t  n e c e ssa r ily  in d ic a tiv e  
o f  c h em ica l c a rc in o g e n e s is  in  m a n  (Cited in F.C.T. 
1972, 10, 121).]

M ech an ism s o f  co-carcinogenesis

L a k o w ic z , J. R . &  H y ld e n , J. L . (1978). A sb es to s -  
m e d ia te d  m e m b ra n e  u p ta k e  o f  b e n z o [a ]p y re n e  
o b se rv e d  b y  f lu o resce n ce  sp e c tro sc o p y . Nature, Lond. 
275 , 446.

F e r r ic  o x id e  (F e 20 3) h a s  b e e n  im p lic a te d  a s  a  co- 
c a rc in o g e n  in  r e s p i r a to ry - tu m o u r  in d u c t io n  b y  b e n z o -
[a ]p y re n e  (B P), a n d  i t  h a s  b e e n  su g g e s te d  th a t  th e  
c o -c a rc in o g e n ic  effect m a y  re su lt  f ro m  in c re a se d  
re te n tio n  o f  B P  in  th e  r e s p ira to ry  t r a c t  (Cited in 
F.C.T. 1977, 15, 499). O th e r  s tu d ie s  h a v e  sh o w n  co- 
c a rc in o g e n ic  a c tiv ity  in  th e  c o m b in e d  effec ts o f  c ig a r 

e tte  sm o k in g  a n d  th e  in h a la t io n  o f  a sb e s to s  fib res 
(ibid 1970, 8, 209). In  o rd e r  to  e x a m in e  o n e  p o ss ib le  
m e c h a n ism  o f  c o -c a rc in o g e n e s is , th e  a b il i ty  o f  
a sb e s to s  a n d  silica  to  in c re a se  th e  r a te  o f  c e llu la r  
u p ta k e  o f  B P  h a s  b e e n  in v e s tig a te d  u s in g  m o d e l m e m 
b r a n e  sy s te m s  a n d  f lu o resce n ce  sp e c tro sc o p y .

P a r t ic u la te  sa m p le s  w ere  p r e p a re d  b y  m ix in g  th e  
p a r t ic u la te  w ith  a  b e n z e n e  so lu t io n  o f  B P  a n d  e v a p o r 
a tin g  th e  b e n z e n e  u n d e r  p re ssu re . F lu o re sc e n c e  e m is
s io n  s p e c tra  in d ic a te d  th a t  a sb e s to s  (in  th e  a m o s ite  
fo rm ) a d s o rb e d  m o re  B P  in  th e  m o n o m e r ic  s ta te  th a n  
d id  silica , ev en  th o u g h  th e  su rfa ce  a re a  o f  th e  a m o s ite  
w as a b o u t  60  tim e s  less th a n  th a t  o f  th e  silica . (S u r
face  a re a s  w ere  d e te rm in e d  b y  n itro g e n  a d so rp tio n .)

S in g le  b ila y e r  vesicles o f  d ip a lm ity l-L -a -p h o sp h a ti-  
d y lc h o lin e  (D P P C ) , p r e p a re d  b y  u l tr a s o n ic  i r r a d ia 
tio n , w ere  u se d  a s  a  m o d e l m e m b ra n e . E ith e r  a n  
a m o u n t  o f  p a r t ic u la te  c o n ta in in g  5 /.ig B P , o r  5 
m ic ro c ry s ta l lin e  B P , w a s  su s p e n d e d  in  10 m l buffer, 
a n d  10 m g  D P P C  in  1 m l b u ffe r  w a s  a d d e d . U p ta k e  o f  
B P  in to  th e  p h o s p h o l ip id  v esicles w a s  m o re  ra p id  
f ro m  a m o s ite -a d s o rb e d  B P  th a n  f ro m  s i l ic a -a d so rb e d  
B P . T h e  r a te  o f  u p ta k e  o f  m ic ro c ry s ta l lin e  B P  w as 
s lo w est. W h e n  a sb e s to s  o r  s ilica  w a s  a d d e d  to  B P  
m ic ro c ry s ta ls  su sp e n d e d  in  b u ffer, th e  r a te  o f  m e m 
b ra n e  u p ta k e  o f  m ic ro c ry s ta l lin e  B P  d id  n o t  in c re ase  
a n d  th e  flu o resce n ce  e m iss io n  sp e c tru m  d id  n o t  
c h a n g e . T h e re fo re  o n ly  B P  w h ic h  h a s  b e e n  a d so rb e d  
o n to  p a r tic le s  is  m o re  ra p id ly  ta k e n  u p  in to  th e  m e m 
b ra n e . T h e  r a te  o f  B P  u p ta k e  in to  p h o s p h o l ip id  vesi
c le s  in c re a se s  w ith  d e c re a s in g  su rfa ce  d e n s ity  o f  B P  
o n  th e  p a r tic u la te s .

T h e se  re su lts  in d ic a te  t h a t  a sb e s to s  a d s o rb s  B P  in  
th e  m o n o m e r ic  fo rm  a n d  is effec tive  in  tra n s fe r r in g  
it  to  m e m b ra n e s . C ry s ta llin e  B P  is o n ly  s lig h tly  so l
u b le  in  w a te r . T h e re fo re  th e  c o -c a rc in o g e n ic  effect o f  
a sb e s to s  m a y  b e  d u e , a t  le a s t in  p a r t ,  to  e n h a n c e d  
so lu b iliz a tio n , t r a n s p o r t  a n d  c e llu la r  u p ta k e  o f  B P .

Is hexachlorophene a carcinogen?

R u d a li,  G . &  A ssa , R . (1978). L ife sp a n  c a rc in o g e n ic ity  
s tu d ie s  w ith  h e x a c h lo ro p h e n e  in  m ice  a n d  ra ts . 
Cancer Lett. 5 , 325.

H e x a c h lo ro p h e n e  (H C P )  is n o w  w e ll-k n o w n  fo r  its  
effec ts o n  th e  c e n tra l  n e rv o u s  sy s te m  (Cited in F.C.T. 
1977, 15, 35 3 ; ibid 1979, 17, 410). S o m e  e v id e n ce  o f  
te ra to g e n ic ity  h a s  a lso  b e e n  o b ta in e d  in  r a ts  a n d  
r a b b i t s  (ibid 1977, 15, 355). H o w e v e r, a  lo n g - te rm  
m o u se  sk in -p a in tin g  te s t  p ro d u c e d  n o  in d ic a tio n  o f  
c a rc in o g e n ic ity  (ibid 1976, 14, 643) a n d  n e g a tiv e  
re su lts  w ere  a lso  o b ta in e d  in a n  N C I  b io a s sa y  in 
w h ic h  n o n -n e u ro to x ic  levels o f  17, 50 o r  150 p p m  
w e re  in c lu d e d  in  th e  d ie t  o f  r a ts  fo r  1 0 5 -1 0 6  w k 
(Federal Register 1978, 4 3 , 15785).

In  th e  p re s e n t  s tu d y , tw o  s t r a in s  o f  m o u se  (g ro u p s  
o f  68 C 57B 1 a n d  78 X V II I /G  m ice) w ere  g iven  
150 p p m  H C P  in  a  c o m p le te  d ie t fo r  2 y r ,  a n d  15 
S p ra g u e -D a w le y  ra ts  w ere  g iv en  50 p p m  H C P  in  a  
p ro te in -  a n d  v ita m in -d e f ic ie n t d ie t fo r  a  s im ila r  
p e r io d . H C P  (0-5 m g ) w as a lso  a d m in is te re d  d a ily  for 
20 d a y s  f ro m  p a r tu r i t io n  to  sev en  la c ta t in g  m ice , th e  
41 o ffsp rin g  o f  w h ic h  w ere  m a in ta in e d  fo r  th e ir  life
sp a n . O th e r  g ro u p s  o f  52 m ice  w ere  s im ila rly  m a in 
ta in e d  e ith e r  a f te r  re ce iv in g  th re e  sc in je c tio n s  o f  0  05,
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0  05 a n d  0-1 m g  H C P  o n  d a y s  1, 2 a n d  8 o f  life, o r  
a f te r  th e ir  b i r th  to  fem a les th a t  h a d  b e e n  in je c te d  w ith  
0-5 m g  H C P  o n  d a y s  16 a n d  18 o f  p re g n a n c y .

N o  n e u ro lo g ic a l  o r  o th e r  o b v io u s  to x ic  effects w ere 
o b se rv e d  in  a n y  o f  th ese  a n im a ls , a n d  b o d y  w e ig h ts  
a n d  life sp a n  w ere  u n a ffe c te d . T u m o u r  in c id e n ce  w as 
n o t  s ig n if ic a n tly  in c re a se d  in  a n y  g ro u p , a l th o u g h

th re e  h e p a to m a s , w h ic h  a re  v ery  ra re  in th e  X V II /G  
s t r a in  u sed , w ere  fo u n d  in  m ice  th a t  h a d  re ce iv e d  
H C P  v ia  th e  m o th e r 's  m ilk . O n e  p i tu i ta ry  a d e n o m a  
a lso  o c c u rre d  in  a  10 3 -w k -o ld  ra t,  b u t  th is  w as 
re g a rd e d  a s  o f  sp o n ta n e o u s  o rig in . I t  w a s  c o n c lu d e d  
th a t  th e  s tu d y  h a d  p ro d u c e d  n o  c o n v in c in g  e v id e n ce  
o f  c a rc in o g e n ic ity .
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LETTER TO  TH E  E D IT O R

MUTAGENICITY TESTING OF THE URINE OF RATS TREATED
WITH AMARANTH*

Sir,— S ince  B a ig u sh e v a  (Vop. Pitan. 1968, 27 , 46) fo u n d  s a rc o m a s  o f  th e  p e r ito n e u m  a n d  in te s tin e  in 
r a ts  a f te r  o ra l  in tu b a t io n  o f  a m a r a n th  p a s te , th e  d y e  h a s  b e en  re in v e s tig a te d  re p e a te d ly  in re sp e c t o f  
i ts  p o te n tia l ly  c a rc in o g e n ic  a n d  m u ta g e n ic  effects.

W ith  re g a rd  to  th e  m u ta t io n -b a s e d  in vitro tes ts , a m a r a n th  sh o w e d  n o  a c tiv ity  in  th e  S a lm o n e lla /  
m ic ro so m e  m u ta g e n ic ity  a ssa y  (e.g. L e c o in te  &  L esca , Fd Cosmet. Toxicol. 1978, 16, 89). H o w e v e r, in 
th e  f lu c tu a tio n  te s t u s in g  Salmonella typhimurium s tra in  T A 1 5 3 8  a n d  Escherichia coli W P 2  a s  tes t 
o rg a n ism , a m a r a n th  p ro v e d  p o s itiv e  (G a te h o u se , Mutation Res. 1978, 53 , 289). W ith  th e  S. typhimur
ium s t r a in s  G 4 6  a n d  T A 1 5 3 0 , th e  d y e  s im ila rly  e v o k e d  a  m u ta g e n ic  re sp o n se  in  th e  h o s t-m e d ia te d  
a ssa y , a n d  it  w a s  su g g e s te d  th a t  th is  m u ta g e n ic  re sp o n se  w as in d u c e d  by  so m e  m e ta b o li te  ( Jo in t 
F A O /W H O  E x p e r t  C o m m itte e  o n  F o o d  A d d itiv e s , W H O  F d  A dd . Ser. no . 8 (p. 15), G e n e v a , 1975). 
R a d o m s k i &  M e llin g e r  (J. Pharmac. exp. Ther. 1962, 136, 259) d e m o n s tra te d  th a t  a m a ra n th  u n d e r 
g o e s  re d u c tiv e  c le av a g e  in  th e  g u t, b y  th e  in te s tin a l flo ra , a n d  th a t  th e  re a c tio n  p ro d u c ts  a re  a b s o rb e d  
fro m  th e  in te s tin e . M u ta g e n ic ity  te s tin g  o f  a m a r a n th  sh o u ld  th e re fo re  b e  su p p le m e n te d  w ith  in vivo 
te s ts , ta k in g  a c c o u n t  o f  th e  p o ss ib le  effects o f su c h  m e ta b o lite s . T h e re fo re , we in v e s tig a te d  th e  m u ta 
g e n ic  p o te n c y  o f  u r in e  sa m p le s  fro m  r a ts  t r e a te d  w ith  a m a ra n th ,  u sin g  th e  A m es test. S ince  u r in a ry  
m e ta b o li te s  a re  fre q u e n tly  e lim in a te d  a s  g lu c u ro n id e  c o n ju g a te s , p la te s  c o n ta in in g  /1-g lu c u ro n id a s e  
w ere  a lso  ru n , w ith  a n d  w ith o u t  m ic ro so m a l a c tiv a tio n .

A m a ra n th  w a s  o b ta in e d  fro m  M e rc k  A G  (D a rm s ta d t)  a n d  ^ -g lu c u ro n id a se  ty p e  V -A  fro m  S ig m a  
(M ü n ch en ). T h e  fo llo w in g  s t r a in s  o f  S. typhimurium w ere  u se d : T A 1 0 0  a n d  T A 1 5 3 5 , w h ic h  a re  se n s i
tiv e  to  m u ta g e n s  c a u s in g  b a se -p a ir  su b s ti tu tio n s , a n d  T A 98  a n d  T A 1538 , w h ic h  a re  se n sitiv e  to  
m u ta g e n s  c a u s in g  f ram e sh if t m u ta tio n s . M a n ip u la t io n  o f  th e  te s te r  s t r a in s  a n d  p r e p a ra tio n  o f  th e  
ra t- l iv e r  h o m o g e n a te  f ra c tio n  ‘S - 9 ’ a n d  a n  ‘S -9  m ix ’ (c o n ta in in g  0-1 m l S -9  f ra c tio n /m l o f  m ix) w ere  
c a r r ie d  o u t  a s  d e sc rib e d  by  A m es et al. (Mutation Res. 1975, 31 , 347). L iv e rs  fro m  m ale  S p ra g u e -D a w - 
ley ra ts  o f  18 0 -2 0 0  g w ere  u sed , a n d  5 d a y s  b e fo re  th ey  w ere  k ille d  th e  a n im a ls  w ere  in je c te d  ip  w ith  a 
c o rn -o il  s o lu tio n  o f  A ro c lo r  1254 (200 m g /m l) to  g ive  a  d o se  o f  5 0 0 m g /k g  b o d y  w eigh t.

U r in e  w as te s te d  b o th  b y  th e  s ta n d a rd  p la te  in c o rp o ra tio n  a ssa y  d e sc rib e d  by  A m es et al. (loc. cit.) 
a n d  b y  a  m o d if ic a tio n  o f  th a t  m e th o d , u r in e  (0-1 o r  0 2  m l), te s te r  b a c te r ia  (0-1 m l), S -9  m ix  (0-5 m l, if 
re q u ire d )  a n d  /5 -g lu c u ro n id ase  (670  u n its , if r e q u ire d )  b e in g  p re - in c u b a te d  a t  30°C  fo r 2 h r  b e fo re  
a d d it io n  to  th e  to p  a g a r  a n d  p la tin g . T h e  c o n tro l  m u ta g e n s  w ere  so d iu m  a z id e  a n d  2 -a m in o f lu o re n e . 
A ll e x p e r im e n ts  w ere  re p e a te d  tw o  o r  th re e  tim e s  w ith  a n d  w ith o u t  S -9  m ix ; p la te s  w ith  /1 -g lu cu ro n i
d a se  w ere  a lso  ru n  w ith  a n d  w ith o u t  m ic ro so m a l a c tiv a tio n .

In  v iew  o f  p o ss ib le  a g e - re la te d  d ifferen ces in in te s t in a l  e n zy m e  a c tiv itie s , m a le  S p ra g u e -D a w le y  ra ts  
w e ig h in g  120 +  10 g  a n d  300 ±  20 g  w ere  u sed  in  th ese  s tu d ies . T h e  r a ts  w ere  fed a  s ta n d a rd  d ie t 
(H e r ila n -Z u c h t P e lle ts  f ro m  E g g e rsm a n n  K G , D -3 2 6 0  R in te ln ). A fte r a m a ra n th  a d m in is t r a t io n ,  th e  
a n im a ls  w ere  h o u se d  in d iv id u a lly  in  m e ta b o lism  cages. U r in e  w as c o lle c te d  in c h illed  tu b es . E a c h  o f 
th e  fo u r  e x p e r im e n ta l  g ro u p s  c o n s is te d  o f  4 - 6  a n im a ls  o f  th e  tw o  w e ig h t c lasses.

A q u e o u s  so lu t io n s  o f  a m a ra n th  w ere  a d m in is te re d  b y  s to m a c h  tu b e  to  a n im a ls  o f  g ro u p s  1 a n d  II. 
E a c h  a n im a l  o f  g ro u p  I re ce iv e d  a  s in g le  d o se  (100 m g a m a ra n th /a n im a l) ,  w h ile  th o se  o f  g ro u p  II 
re ce iv e d  tw o  d a ily  d o se s  (2 x  lO O m g /an im al). G r o u p  I I I  w as in je c te d  ip  w ith  a  s ing le  d o se  o f  200  m g 
a m a r a n th /k g  b o d y  w e ig h t) a n d  g ro u p  IV  se rv ed  as th e  u n tre a te d  c o n tro l .  T h e  u r in e  sa m p le s  fo r  th e  
p e r io d s  0 - 2 4  a n d  24-A 8 h r  a f te r  a m a ra n th  t r e a tm e n t  w ere  c o lle c te d  a n d , a f te r  s te r ile -f il tra tio n , w ere  
a s sa y e d  se p a ra te ly  b y  th e  m u ta g e n ic ity  test.

In  n o n e  o f  th e  e x p e r im e n ta l  g ro u p s  w ere  sig n s o f  in d u c e d  r e v e r ta n ts  o b se rv ed . A ll p la te  c o u n ts  w ere  
in  th e  ra n g e  o f  th e  sp o n ta n e o u s  m u ta t io n  ra te  ( 2 1 + 5  for T A  1535, 109 ±  16 fo r T A 100 , 15 +  5 fo r 
T A 1 5 3 8  a n d  33 ±  7 fo r T A 98). H ig h  m u ta t io n  r a te s  w ere  o b se rv e d  w ith  th e  p o s itiv e  c o n tro ls ,  so d iu m  
a z id e  a n d  2-a m in o f lu o re n e .

R. M ü nzner  
Institute of Biochemistry,
Federal Research Centre for Nutrition, 
Engesserstr. 20, D-7500 Karlsruhe, 
Bundesrepublik Deutschland

*Received 3 July 1979.
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A N N O U N C E M E N T

TOXICOLOGY SOCIETY FORMED IN INDIA

A g ro u p  o f  le a d in g  In d ia n  sc ie n tis ts  h a s  re c e n tly  fo rm e d  th e  S o c ie ty  o f  T o x ic o lo g y , In d ia , to  fo s te r  
th e  p ro g re s s  a n d  d e v e lo p m e n t o f  a ll  a sp e c ts  o f  to x ic o lo g y . T h o se  w ish in g  to  jo in  th e  S o c ie ty  sh o u ld  
c o n ta c t  D r . C . R. K r is h n a m u r ti ,  D ire c to r  o f  th e  In d u s tr ia l  T o x ic o lo g y  R e se a rc h  C e n tre , P o s t  B o x  80, 
L u ck n o w -2 2 6 0 0 1 , o r  D r . P . K . G u p ta ,  C o n v e n e r  o f  th e  Soc ie ty . T h e  s e c re ta r ia t  o f  th e  S o c ie ty  o f  
T o x ic o lo g y , I n d ia  is lo c a te d  a t  th e  In d u s tr ia l  T o x ic o lo g y  R e se a rc h  C e n tre .
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F O R T H C O M IN G  PA PER S

I t  is h o p e d  to  p u b lish  th e  fo llo w in g  re se a rc h  p a p e rs  a n d  o th e r  c o m m u n ic a tio n s  in  th e  n e x t issu e  o f
Food and Cosmetics Toxicology :

A n a ly sis  o f  v o la tile  /V -n itro sam in es  in a lc o h o lic  b e v e ra g es . By E . U . G o f f  a n d  D . H . F in e .
M u ta g e n ic ity  o f  C h in e se  a lc o h o lic  sp ir its . B y J. S. K . L ee  a n d  L. Y. Y. F o n g .
F o rm a tio n  d ’u n  c a n c é rig è n e , le /V -n itro so c a rb a ry l, p a r  in te ra c t io n s  e n tre  u n  in se c tic id e  d e  la sé rie  d es 

c a rb a m a te s , le c a rb a ry l,  e t le n i tr i te  d e  so d iu m  d a n s  le su c  g a s tr iq u e  d e  ra t.  P a r  M . B é ra u d ,
B. P ip y , R. D e ra c h e  e t D . G a illa rd .

L y s in o a la n in e  fo rm a tio n  in  a lk a l i- t r e a te d  p ro te in s  a n d  m o d e l p e p tid e s . By N . I. K a ra y ia n n is ,  J. T . 
M a c G re g o r  a n d  L. F . B je ld an es .

B io lo g ic a l effects o f  a lk a l i- t r e a te d  so y a  p ro te in  a n d  la c ta lb u m in  in  th e  r a t  a n d  m o u se . By N . I. 
K a ra y ia n n is ,  J. T . M a c G re g o r  a n d  L. F . B je ldanes .

A c u te  to x ic ity  o f  p a tu l in  a n d  its  in te ra c t io n  w ith  p e n ic illic  a c id  in  d o g s. By C . S. R e d d y , P . K . C h a n ,
A. W . H a y es , W . L. W illia m s  a n d  A. C ieg ler.

Q u a n t i ta t iv e  a n d  m o rp h o lo g ic a l  a sp e c ts  o f  c u ta n e o u s  i r r i ta t io n  b y  tr ic h o th e c e n e  m y c o to x in s . B y 
M . A. H a y e s  a n d  H . B. Sch iefer.

T ra n s fe r  o f  p o ly c h lo r in a te d  b ip h e n y l iso m e rs  to  th e  fo e tu ses  a n d  o ffsp rin g  o f  m ice. By Y. M a su d a , 
R. K a g a w a , H . K u ro k i ,  S. T o k u d o m e  a n d  M . K u ra tsu n e .

E ffects o f  c a d a v e r in e  o n  h is ta m in e  t r a n s p o r t  a n d  m e ta b o lism  in iso la te d  g u t se c tio n s  o f  th e  g u in e a -  
p ig. By H .-Y . P a ik  J u n g  a n d  L. F . B je ld an es .

P e rc u ta n e o u s  a b s o rp t io n  o f  d o d e c y l t r im e th y la m m o n iu m  b ro m id e , a  c a t io n ic  su rfa c ta n t,  in th e  ra t.  By 
F . G . B a r tn ik  a n d  F . W in g e n .

R e p ro d u c tio n  a n d  te ra to lo g y  s tu d ie s  o f  z in c  p y r i th io n e  a d m in is te re d  o ra lly  o r  to p ic a lly  to  r a ts  a n d  
ra b b its . B y  G . A . N o le n  a n d  T . A. D ie rc k m a n .

N e u ro lo g ic a l ,  m ic ro sc o p ic  a n d  e n z y m e -h is to c h e m ic a l a s se ssm e n t o f  z in c  p y r i th io n e  to x ic ity . B y D . R. 
S n y d e r, C . P . V. d e  Je su s , J. T o w fig h i, R. O . J a c o b y  a n d  J. H . W ed ig .

T o x ic o lo g y  s tu d ie s , II . T h e  l a b o ra to ry  a n im a l.  By J. G . F o x , P . T h ib e r t ,  D . L. A rn o ld , D . R . K re w sk i 
a n d  H . C . G ric e . (R ev iew  P a p e r )
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