
October 1978

RESEARCH SECTION
Distribution and excretion of two phthalate esters in rats, dogs and miniature pigs (G. J. 

Ikeda, P. P. Sapienza, J. L. Couvillion, T. M. Farber, C. P. Smith, P. B. Inskeep, E. M. 
Marks, F. E. Cerra and E. J. van Loon)

Short-term oral toxicity study of diethyl phthalate in the rat (D. Brown, K. R. Butterworth, 
I. F. Gaunt, P. Grasso and S. D. Gangolli)

Alteration of hepatic detoxication enzyme activity by dietary arsenic trioxide (D. J. 
Wagstaff)

Production of aflatoxins and other fluorescent metabolites by strains of Aspergillus flaws 
isolated from staple foods and their toxicity to rats (A. Angsubhakorn, N. Bhamara- 
pravati, K. Romruen, L. Phienpichit, W. Thamavit and S. Sahaphong)

Citrinin mycotoxicosis in the rat. I. Toxicology and pathology (IE. H. Jordan, W. W. 
Carlton and G. A. Sansing)

Citrinin mycotoxicosis in the rat. H. Clinicopathological observations (IE. H. Jordan, 
W. W. Carlton and G. A. Sansing)

Mycotoxicosis produced in rats by cultural products of an isolate of Aspergillus ochraceus 
(J. L. Zimmermann, IV. W. Carlton and J. Tuite)

Conversion of rubratoxin B to the carboxylic acid derivative and its effect on adenosine 
triphosphatase activity and toxicity to mice (P. D. Unger, T. D. Phillips and A. W. 
Hayes)

Inhibitory effect of capsaicin on intestina^ glucose absorption in vitro (Y. Monsereenusorn 
and T. Glinsukon)

409

415

423

427

431

441

449

463

469

Continued on inside back cover

ISSN 0015-6264

FCTXAV 16(5) 409-518 (1978)



FOOD AND COSMETICS TOXICOLOGY
An International Journal published for the British Industrial Biological Research Association

E ditor
L. Golberg, Chemical Industry Institute o f Toxicology, P.O. Box 12137, 

Research Triangle Park, North Carolina 27709, USA

A ssis ta n t E ditor
A. M. Seeley, BIBRA, Woodmansterne Road, Carshalton, Surrey

E d ito ria l B oard
R. J. L. Allen, Brentford 
R. F. Crampton, Carshalton 
J. W. Daniel, lngatestone 
P. Elias, Karlsruhe 
W. G. Flamm, Bethesda, Md

R eg iona l E ditors
G. Della Porta, Milan for Italy 
Y. Ikeda, Tokyo for Japan
H. C. Grice, Ottawa for Canada
D. L. O pd y k e , Englewood Cliffs, N.J. for USA

P. Grasso, Sunbury
P. N. Magee, Philadelphia, Penn.
J. McL. Philp, London
F. J. C. Roe, London
A. N. Worden, Huntingdon

on E d ito ria l B oard
M. Kramer, Frankfurt for Germany
H. C. Spencer, Sun City, Arizona for USA 
R. Derache, Toulouse for France
G. J. van Esch, Bilthocen for the Netherlands

El onorare A d v iso ry  B o a rd
E. Abramson, Stockholm
F. Bar, Berlin
F. Coulston, Albany, N. Y.
Sv. Dalgaard-Mikkelsen, Copenhagen 
W. B. Deichmann, Kendall, Fla 
M. J. L. Dols, The Hague 
H. Druckrey, Freiburg
O. G. Fitzhugh, Kensington, Md

W. J. Hayes, Jr., Nashville, Tenn.
H. C. Hodge, San Francisco, Calif. 
O. R. K limmer, Bonn 
A. J. Lehman, McLean, Va
C. B. Shaffer, Princeton, N.J.
R. Truhaut, Paris 
H. van Gendf.ren, Utrecht 
J. H. Weisburger, New York, N. Y. 
R. T. Williams, London

Publishing Offices
Pergamon Press Limited, Hennock Road. Marsh Barton, Exeter, Devon, EX2 8 RP, England 

Pergamon Press Inc., Maxwell House, Fairview Park, Elmsford, New York 10523, USA
Advertising Office

Pergamon Press Limited, Headington Hill Hall, Oxford 0X3 OBW, England 
Published bi-monthly 

Annual Subscription Rates (1978)
For Libraries, University Departments, Government Laboratories, Industrial and all other multiple-reader 
institutions S 148.50 (including postage and insurance).
Specially reduced rates for individuals: In the interests of maximizing the dissemination of the research 
results published in this important international journal we have established a two-tier price structure. 
Individuals, whose institution takes out a library subscription, may purchase a second or additional 
subscription for their personal use at the much reduced rate of US $30.00 per annum.
For members of BIBRA £4.

Microform Subscriptions and Back Issues
Back issues of all previously published volumes are available in the regular editions and on microfilm and 
microfiche. Current subscriptions are available on microfiche simultaneously with the paper edition and on 
microfilm on completion of the annual index at the end of the subscription year.

All subscription enquiries should be addressed to:
The Subscriptions Fulfilment Manager, Pergamon Press Limited, Headington Hill Hall, Oxford OX3 0B IF 

Copyright © 1978 Pergamon Press Limited
It is a condition of publication that manuscripts submittec to this journal have not been published and will not be simultaneously 
submitted or published elsewhere. By submitting a manuscript, the authors agree that the copyright for their article is transferred 
to the publisher if and when the article is accepted for publication. The copyright covers the exclusive rights to reproduce and 
distribute the article, including reprints, photographic reproductions, microform or any other reproductions of similar nature and 
translations. No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any 
means, electronic, electrostatic, magnetic tape, mechanical, photocopying, recording or otherwise, without permission in writing 
from the copyright holder.

U.S. Copyright Law applicable to u^ers in the L’.E.A.
The Article Fee Code on the first page of an article in this journal indicate^ the :^py'i~h4. ovnci s consent that in the U.S. A. copies 
may be made for personal or internal use provided the stater1 fe- fur jop: ins beyond tha» pe'rnitted by Section 107 or 108 of the 
United States Copyright Law is paid. The appropriate remittance . d . 'G - u d  be Vcrwarded wl:h „ copy of the first page of the article 
to the Copyright Clearance Center Inc. PO Box 765, Schenect^d" NY .2301. .fa  coae does not appear copies of the article may be 
made without charge, provided permission is obtained from the publisher. The copvright owner's consent does not extend to copying 
for general distribution, for promotion, for'creating new works or for esale. Specific written permission must be obtained from the 
publisher for such copying. In case of doubt piease contact your nearest Pergamon office.

PERGAMON PRESS LIMITED
HEADINGTON HILL HALL MAXWELL HOUSE, FAIRVIEW PARK
OXFORD OX3 OBW, ENGLAND ELMSFORD, NEW YORK 10523, USA



Ftl Cosnu’t Toxicol. Vol. 16. p. i. Pcrgamon Press. Printed in Great Britain

INFORMATION SECTION

ARTICLES OF GENERAL INTEREST*

Trichloroethylene: hepatic effects, metabolism and elimination (p. 491); A flame retardant 
doused (p. 492): Carbon disulphide: still some way to go (p. 494).

TOXICOLOGY: BIBRA ABSTRACTS AND COMMENTS*

c o lo u r in g  m a tter s : Tartrazine and the nervous system (p. 497)—  preservatives: Bacterial 
mutagens from smoked foods (p. 497)— m iscellaneous d irec t  a d d itiv es : Fate of ingested 
tartrate isomers (p. 498)—a g r ic u lt u r a l  c h em ic a ls : y-BHC on the brain (p. 498); Infertility 
from dibromochloropropane (p. 498)—processing  and  pa c k a g in g  c o n ta m in a n ts : Renal 
activity of lysinoalanine (p. 499)— the  chem ical  en v ir o n m en t : Where there’s (tobacco) 
smoke there’s cadmium (p. 499); Lead and the human kidney (p. 500); Acrolein and the 
carcinogens (p. 500); Crude effects in herring gulls (p. 501); Fate of organotin in the body 
(p. 501); The time factor in alkyltin irritancy (p. 502); 4,4'-Diaminodiphenyl ether induces 
liver tumours (p. 502); Mutagenic epichlorohydrin (p. 503); Epoxy resin sensitization versus 
molecular weight (p. 503); The fish and the flame-retardant (p. 504)— n a tu ra l  p r o d u c t s : 
More on congeners and alcohol metabolism (p. 505); Intestinal absorption of oxalate (p. 
505); Vitamin C and oxalate stones (p. 505); Food allergy (p. 506); Inhibition of bracken 
carcinogenesis (p. 506)—cosmetics, toiletries and  household  p r o d u c t s : Skin penetration 
by another pyrithione (p. 507); The light shines on bergamot (p. 507)— cancer  r esea r c h : 
Difficulties with the bladder (p. 507); Bedding down on cedar (p. 508).

* These items have been contributed by the staff of the British Industrial Biological Research Association. Comments 
on them will be welcomed and should be sent to the Assistant Editor at BIBRA.

F.C.T. 16,5— A



Fd Cosmct. Toxiiol. Vol. 16. pp. 409 413
€  Pergamon Press Lid 197X. Printed in Grcal Britain

0015-6264 7X I00I-O409SO2.00 0

Research Section

D I S T R I B U T I O N  A N D  E X C R E T I O N  O F  T W O  P H T H A L A T E  
ESTERS IN  RATS, D O G S  A N D  M I N I A T U R E  PIGS

G. J. Ikeda. P. P. Sapienza. J. L. Couvillion, T. M. Farber. C. P. Smith. P. B. Inskeep. 
E. M. Marks. F. E. Cerra and E. J. van Loon 

D iv is io n  o f  T o x ic o lo g y .  F o o d  a n d  D ru g  A d m in is tr a t io n .  W a s h in g to n . D C  2 0 2 0 4 . U S A

IR e c e iv e d  10 A p r i l  I 07X)

Abstract—Diisooctyl phthalate (DIOP) or butylglycolylbutyl phthalate (BGBP) was administered in 
the diet to male Sprague-Dawley rats, beagle dogs and miniature pigs in a dose of 50 mg/kg for 
21-28 days before oral administration of a single dose of the same compound labelled with l4C in 
the carbonyl group. The animals were killed and tissues, faeces and urine were analysed for l4C 
at various times after the dose of [ 14C]phthalate was administered. In the rat. approximately half 
of the 14C activity from labelled DIOP was excreted in the urine and half in the faeces, while radioac
tivity from this phthalate appeared predominantly in the faeces in dogs (69-80%) and in the urine 
in pigs (65-86%). The BGBP label was excreted mainly in the urine in rats (77-83%). dogs (72 75%) 
and pigs (68-89%). Extraction of the tissues for metabolites indicated that DIOP was less readily 
metabolized than BGBP by all three species. The nature of the substituent on the phthalate molecule 
appears to influence the excretion of the phthalate-ester metabolites.

IN T R O D U C T IO N

Phthalic acid esters are used extensively as plasti
cizers. Since plastics are widely used in food packag
ing, phthalate esters become food contaminants and. 
as such, are ingested by man. Studies on the distribu
tion. excretion and metabolism of phthalate esters 
have been performed in rats (Albro & Moore. 1974; 
Albro. Thomas & Fishbein. 1973; Daniel & Bratt. 
1974; Rowland. 1974; Rowland. Cottrell & Phillips. 
1977; Schulz & Rubin. 1973; Williams & Blanchfield.
1974). and distribution and excretion studies have 
been reported in trout (Melancon & Lech. 1976). Rats 
were found to excrete metabolites of di-(2 -ethylhexyl) 
phthalate rapidly, mainly in the urine, and fish have 
been reported to excrete much of the dose in the bile 
(Melancon & Lech. 1976).

In order to explore further the fate of phthalate 
esters in mammalian systems, we have examined the 
distribution and excretion of two phthalate esters, 
technical diisooctyl phthalate (DIOP) and butylglyco
lylbutyl phthalate (BGBP). in Sprague-Dawley rats, 
beagle dogs and miniature pigs.

One objective of this study was to determine 
whether a given phthalate ester would be handled 
similarly in three different mammalian systems, i.e. 
a rodent and two large species. This paper will show 
that, while the two phthalate esters are generally not 
persistent compounds, they do differ to some extent 
in their distribution and excretion within a species. 
Differences are also apparent when the same com
pound is administered to three different species.

E X P E R IM E N T A L

Chemicals. Technical DIOP was a product of 
EXXON Chemical Co., Linden. NJ. The typical 
isomer distribution of the alcohol used in the syn

thesis of the ester was 20% 3.4-dimethyl-1-hexanol. 
30% 3.5-dimethyl-1-hexanol. 30% 4,5-dimethyl-1 - 
hexanol, 15% 3- and 5-methyl-l-heptanols and 5% 
unidentified alcohols. The labelled DIOP was the 
diester of 3,5-dimethyl-l-hexanol, labelled with 14C 
(12.1 mCi/mmof) in the carbonyl group and was syn
thesized by Mallinckrodt Labeled Compounds. St. 
Louis. MO. Radiochemical purity was >98%. The 
BGBP used was Santicizer B-16. a product of Mon
santo Co., St. Louis. MO. According to the manufac
turer. a typical composition of commercial BGBP was 
92% BGBP. 5% dibutyl phthalate. 2% dibutylglvcolyl 
phthalate and 0-2% 1-butanol. [Carbonyl-14 C] BG B P 
(11-2 mCi/mmol) was synthesized by Mallinckrodt 
Labeled Compounds, and was claimed to be 98% 
radiochemically pure.

Animals and diets. Throughout the experiments, 
adult male Sprague-Dawley rats weighing 200-300 g. 
were maintained on Purina Ground Laboratory 
Chow, pure-bred male beagles, approximately 1 yr 
old and weighing 7-10 kg, were maintained on Purina 
Laboratory Canine Diet, and male miniature swine 
of the Hormel strain, 4-12 months old and weighing 
10-25 kg, were maintained on SR No. 3 Diet 
(obtained from the US Department of Agriculture. 
Agricultural Research Center. Beltsville, MD). The 
SR No. 3 diet contained 16% protein, 75% carbo
hydrate and 2-9% fat. Tap-water was available ad lib.

Dosing. All animals were pretreated orally with the 
appropriate phthalate ester, a dose of 50 mg/kg being 
added daily to the diet for 21-28 days prior to admin
istration of the radioactive dose. The animals were 
fasted overnight before administration of the radioac
tive compound. A corn-oil solution of the labelled 
phthalate, approximately 5 pCi/kg body weight, along 
with an appropriate amount of unlabelled ester to 
bring the dosage to the 50-mg/kg level was adminis
tered by gastric tubing or in a gelatin capsule. The
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latter technique, which was used in about one quarter 
of the experiments with dogs and pigs, minimized 
dosing problems.

Metabolic experiment. After receiving the radioac
tive dose, the animals were placed in individual meta
bolism cages designed to permit separate collection 
of urine and faeces. For experiments longer than 
24 hr, the animals were fed diet containing the appro
priate ester at 50 mg/kg until they were killed. Urine 
and faeces were collected at least once during each
24-hr period and at the end of the experiment.

Sample collection and analysis. Pigs and dogs were 
bled at various times after the administration of the 
I4C dose to determine the blood elimination half- 
lives. At the end of experimental period, three to six 
rats were killed by cervical dislocation and exsan
guination, while the three to five dogs and three to 
five pigs were killed by electrocution followed by im
mediate exsanguination. The various organs and tis
sues were removed, washed, blotted, weighed and pre
pared for analysis. Bile and blood samples were col
lected at autopsy.

Urine samples were assayed for 14C by counting 
in a liquid scintillation cocktail. Faeces and tissue 
samples were homogenized when necessary, and 
weighed samples were oxidized to 1 4C 0 2 in a biologi
cal sample oxidizer (Packard Model 305). Bile 
samples were also oxidized in the biological sample 
oxidizer. The dissolved 1 4 C 0 2 samples were assayed 
for radioactivity by liquid scintillation counting 
(Packard Model 3390).

In order to determine the proportion of the parent 
compound metabolized, the urine, faeces and tissue 
samples were also homogenized in chloroform-meth
anol (2:1, v/v) and extracted with 01-0-2mM- 
aqueousNaOH (pH 10). Samples of each of these 
layers were assayed for radioactivity by liquid scintil
lation counting.

Aliquots of tissue extracts and urine samples were 
pipetted into low-potassium glass vials. Chloroform- 
methanol extracts were dried after pipetting to 
remove the solvent and eliminate chemical quenching. 
Liquid scintillation cocktail, either Instagel® (Pack
ard Instrument Co., Chicago, IL) or a mixture of Tri

ton X-100 and toluene (33:67, v/v) containing 5 5 g
2,5-diphenyloxazole (PPO) and 125 mg l,4-bis-2-(4- 
methyl-5 -phenyloxazolyl)benzene (dimethylPOPOP)/ 
litre, was added to each vial; the samples were mixed 
well and counted in the liquid scintillation counter. 
Either an internal or an external standard was used 
to correct for quenching.

R E S U L T S

The excretion of 14C and the distribution of resi
dual 14C in the tissues of rats, dogs and pigs at 
various times after the adminstration of a single oral 
dose of [ 1 4 C]DIOP are presented in Tables 1, 2 and 3.. 
At 24 hr, about 85% of the dose was found in the 
urine and faeces in rats, while only about 50% of 
the dose was found in the urine and faeces of dogs 
and pigs. Radioactivity persisted in the gastrointes
tinal tract over a period of several days in all species, 
and was detected in bile samples of both dogs and 
pigs during this same period. The level of 14C in dog 
bile was approximately 25 times higher than that in 
pig bile.

The pig excreted most of the 14C from DIOP in 
the urine (65-86%). while the dog excreted most of 
the 14C in the faeces (69-80%). Excretion in the rat 
was intermediate, approximately half of the dose 
being in the urine and half in the faeces.

Some of the administered radioactivity was distri
buted to body fat in all three species. However, distri
bution of radioactivity to lipid-rich tissues such as 
the brain and the lung was minimal. Excretion of 
[ 1 4 C]DIOP was virtually complete in 4 days in rats. 
Slightly more than 4 days were required for complete 
excretion of the ester in dogs, and pigs required nearly 
2 1  days in order to excrete the ester completely.

The blood elimination half-lives of [ 1 4 C]DIOP in 
the dog and pig were F2 and 5-4 hr, respectively. On 
this basis the elimination rate of 14C in dogs was 
four to five times that in pigs, and the excretion data 
also indicated more rapid elimination in the dog than 
in the pig.

When dosed with 50mgBGBP/kg, rats excreted a 
large fraction of the administered 14C in the urine

Table 1. Distribution and excretion of radioactivity following oral administration of diisooctyl [liC^phthalate (50 mg/kg
in corn-oil solution) to male Sprague-Dawley rats

Samplet No. of rats .

Mean values* for animals killed at

4 hr 8  hr 24 hr 4 days

5 6 4 5
Liver 3-89 ± 0-21 2-00 + 0-17 ' 0-24 + 0-05 + :Fat 116 + 0-39 0-56 + 0-19 0 - 1 1  + 0 - 0 1 +
Lung 013 + 0-01 0-03 + 0-00 + +
Kidney 0-94 + 006 1-17 + 0-49 0-07 + 0-02 +
Gastro-intestinal tract 79-50 ± 5-02 65-29 + 5-83 9-56 + 3-19 +
Urine ND 13-78 + 2.22 40-64 + 4.11 57-06 + 6-67
Faeces ND 6-34 + 2-22 44-98 + 6-48 38-17 + 8-05

Recovery (% of dose)... 87-56 ± 5-70 88-50 ± 4-35 97-25 + 5-39 95-24 + 3-23

ND = Not detected
‘Values are mean percentages of the dose + SEM/whole organ or total urine or faeces, with the exception of those 

for fat, which are mean percentages of the dose + SEM/g tissue, 
tBrain, muscle and bile samples showed no radioactivity.
^Present, but in amounts too small to be estimated ( < 0  0 1 % of dose/g sample).
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T able 2. Distribution and excretion o f radioactivity following oral administration of diisooctyl ['*C]phthalate (50mg/kg
in corn-oil solution) to male beagle dogs

Sample No. of dogs..

Mean values* for animals killed at

4 hr 24 hr 4 days 2 1  days

5 4 4 4

Liver 3-62 + 0-56 0-84 + 0-27 0-05 + 0-02 0-03 + 0-00
Fat 0-44 + 0-16 0-22 + 003 0 - 0 2  + 0 - 0 2 0 - 1 2  + 0 - 0 2

Brain 0  0 2  ± 0  0 0 + t + +
Lung 014 + 003 + + +
Muscle 3-58 ± 100 0-27 + 0-13 0 31 ± 0-23 0-07 ± 0-01
Kidney 0-34 ± 0T0 0-04 + 0 00 + +
Bile 12-92 ± 3-39 6-28 + 2-64 0-29 ± 0  15 +
Gastro-intestinal tract 60-98 ± 1-28 35-41 + 10-46 0-53 + 0-22 0-06 + 0 - 0 1

Urine 9-24 + 0T0 9-44 + 2-30 23-28 + 1-84 27-77 + 7-40
Faeces ND 41-08 + 14-68 80-02 + 2-44 68-55 + 5-63

Recovery (% of dose)... 94-25 + 3-99 94-50 ± 5-12 104-75 ±2-17 96-75 + 3-17

ND = Not detected
‘Values are mean percentages of the dose ± SEM/whole organ or total urine or faeces. Fat was estimated to be 

1% of body weight.
tPresent, but in amounts too small to be estimated ( < 0  0 1 % of dose/g sample).

and approximately 1 0 % in the faeces during day 1 

(Table 4). The dose was almost completely excreted 
by day 4. When administered to dogs, three quarters 
of the radioactivity appeared in the urine in 24 hr 
(Table 5). The amounts of the dose excreted in the 
urine and faeces did not vary significantly when the 
experiment was prolonged to 21 days. The amount 
of 14C secreted in the bile declined rapidly. A small 
amount of the dose was distributed to fat, and the 
amounts distributed to lipid-rich tissues such as the 
lung and brain were not extensive. The excretion pat
tern of BGBP in pigs (Table 6 ) did not appear to 
differ from that in dogs; approximately three quarters 
of the administered radioactivity again appeared in 
the urine and the dose was virtually eliminated in 
4 days.

The blood elimination half-lives of [ 1 4 C]BGBP in 
the dog and pig were 1 - 2  and 2 2  hr, respectively.

These short half-lives agree with the results of the 
excretion studies, which indicated rapid elimination 
in the urine in both species.

Aqueous-organic solvent partitions of tissues and 
excreta were performed in order to determine the 
amount of metabolized compound that could be 
found in the samples at a given point in time. These 
results appear in Table 7. At any given time, the high
est rate of metabolism was displayed by rat tissue. 
DIOP appeared to be less readily metabolized than 
BGBP in all three species.

D IS C U S S IO N

The radioactivity from [ 1 4 C]DIOP persisted over 
a period of several days in the gastro-intestinal tract 
and bile of both dogs and pigs. This appears to indi
cate enterohepatic recycling of DIOP and/or its meta-

Table 3. Distribution and excretion of radioactivity following oral administration of diisooctyl ['*C]phthalate (50mg/kg
in corn-oil solution) to male miniature pigs

Mean values* for animals killed at

Sample No. of pigs...

4 hr 24 hr 4 days 2 1  days

4 3 5 5

Liver 1-43 + 0-16 0-41 ± 0-05 0 - 0 2  ± 0 - 0 0 + t
Fat 1-64 ± 0-46 1-45 + 0-55 0-46 ±0-12 0-30 ± 0-08
Brain + + + +
Lung 0-09 + 0-02 0-03 + 0-02 + +
Muscle 1 - 8 8  + 0 - 6 6 0-63 + 0-21 0-06 ± 0-03 0 - 2 1  ± 0  1 0

Kidney 0-43 ± 0-05 0-09 + 0-01 + f
Bile 0-73 + 0-21 0-25 ±0-13 0 - 0 1  + 0 - 0 0 +
Gastro-intestinal tract 74-73 + 3-73 47-99 ± 6-87 1-58 + 0-55 0-42 + 0-17
Urine 14-84 + 0-75 49-13 + 3-04 64-59 + 7-03 86-32 ± 5-36
Faeces ND 0-13 ± 0-12 32-14 + 6-24 13-28 + 3-66

Recovery (% of dose)... 97-68 + 4-12 101-00 + 3-06 99-08 + 3-02 105-37 + I 82

ND = Not detected
‘Values are mean percentages of the dose ± SEM/whole organ or total urine or faeces. Fat was estimated to be 

2 2 -1% of body weight.
tPresent, but in amounts too small to be estimated (<0-01% of dose/g sample).
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Table 4. Distribution and excretion o f radioactivity following oral administration of butylglycolylbutyl [ l4C]phthalate
(50 mg/kg in corn-oil solution) to male Sprague-Dawley rats

Mean values* for animals killed at

Samplet No. of rats ...

4 hr 8 hr 24 hr 4 days

4 3 4 6

Liver 1-79 ± 019 0-71 ± 0-13 0 15 ± 0-04 + Î
Fat ND 0-83 ± 0-52 0-02 + 0-00 +
Lung ND 0-08 ± 0-03 + +
Muscle ND ND ND +
Kidney ND 0-34 ± 0-05 0-03 ± 0-00 +
Gastro-intestinal tract 65 08 ± 5 03 21-23 ± 6-55 5-50 + 2-18 +
Urine 2107 + 5-86 63-33 ± 1-56 83-38 ± 4-97 76-85 + 3-23
Faeces 1-76 + 1-37 1-89 + 1-67 9-27 + 1-84 13-25 ± 1-97

Recovery (% of dose).. . 85-00 ± 5-82 88-60 ± 4-39 98-25 + 2-59 89-95 + 1-88

ND = Not detected
’ Values are mean percentages of the dose ± SEM/whole organ or total urine or faeces, with the exception of those 

for fat. which are mean percentages of the dose ± SEM/g tissue. 
tBrain. muscle and bile samples showed no radioactivity.
^Present, but in amounts too small to be estimated (<001% of dose/g sample).

bolites in these species. In contrast, the data in Tables 
5 and 6  suggest that extensive enterohepatic recycling 
does not appear to take place with BGBP. These 
observations are in line with the fact that, in all three 
species, BGBP appears to be eliminated more rapidly 
than DIOP.

The first step in the metabolism of phthalate esters 
in rats is believed to involve the hydrolysis of one 
of the alkyl chains to form a monoester (Rowland 
et al. 1977). Because of its free carboxyl group, this 
monoester can be extracted into aqueous alkali while 
the neutral diester remains in the organic phase. 
Aqueous-organic solvent extraction was thus used as 
a measure of the extent of metabolism of the phtha
late esters.

The results in Table 7 indicate that virtually all 
(96%) of the substance found in rat tissue and excreta 
4 days after administration of DIOP was in the form 
of metabolites, while in the dog and pig. only 63 and

71%. respectively, had been metabolized in 4 days. 
In all three species, most of the dose of BGBP was 
converted to metabolite(s) within a 24-hr period, and 
all of the administered compound was metabolized 
in 4 days. Apparently the structural differences in the 
ester side chains of DIOP and BGBP account for 
the difference in the rates of metabolism and excretion 
of these phthalate esters. DIOP appears to be distri
buted to a greater extent in body fat in all three 
species and retained therein for a longer period of 
time than BGBP.

Metabolism facilitates excretion of a xenobiotic 
substance. Thus it is not surprising that a large pro
portion (approximately 75%) of the radioactivity from 
an oral dose of BGBP is excreted via the urine in 
all three species within 24 hr. whereas substantial 
amounts of radioactivity (as the unmetabolized com
pound) are present in the tissues of dogs and pigs 
1 and 4 days after administration of DIOP. Here

Table 5. Distribution and excretion of radioactivity following oral administration of butylglycolylbutyl [ t,lC~]phthalate
(50 mg/kg in corn-oil solution) to male beagle dogs

Mean values* for animals killed at

Sample No. of dogs ..

4 hr 24 hr 4 days 21 days

4 4 3 3

Liver 2-91 + 0-13 0-24 + 0-03 + t 0-03 + 0-02
Fat 0-27 + 0-07 0-01 + 0-00 + +
Brain 0-03 ± 0-00 + + +
Lung 0-16 + 0-02 4* + 4 "
Muscle 3-52 + 0-32 0-56 + 0-16 + 0-04 + 0-03
Kidney 0-75 ± 0-09 0-06 + 0 00 + 4 -
Bile 6-28 ± 1-22 M3 + 0-40 0-04 + 0-01 4-
Gastro-intestinal tract 22-46 ± 2-86 4-93 + 1-46 0-06 + 0-06 4~
Urine 36-60 ± 8-62 74-24 ± 6-82 74-64 + 0-51 72-25 + 3-09
Faeces ND 17-96 + 2-97 19-25 + 4-86 21-12 + 4-92

Recovery (% of dose)... 75-78 + 4-27 99-27 + 6-44 93-98 + 5-05 93-65 ± 5-48

ND = Not detected
’ Values are mean percentages of the dose ± SEM/whole organ or total urine or faeces. Fat was estimated to be 

1% of body weight.
tPresent, but in amounts too small to be estimated (<001°' of dose/g sample).
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Table 6. Distribution and excretion of radioactivity following oral administration of butylglycolylbutyl [ ' *C~iphthalate
(50 mg/kg in corn-oil solution) to male miniature pigs

Mean values* for animals killed at

4 hr 24 hr 4 days 2 1  days

Sample No. of pigs... 3 4 3 3

Liver 113 + 003 0-33 + 0-12 4-1 +
Fat 114 + 0-88 0-35 + 0-08 0 - 2 0  + 0.08 0 09 ± 0-09
Brain 0 - 0 1  ± 0  0 0 + + +
Lung 0-14 ± 0 02 0-03 ± 0-02 + +
Muscle 3-60 + 1-46 0-65 ± 0-32 0-16 ± 0  11 0 - 1 2  ± 0 - 1 1

Kidney 0-54 + 0-21 0-16 ± 0 - 1 1 + +
Bile 0-33 + 0-14 0-06 + 0 - 0 1 + +
Gastro-intestinal tract 32-74 + 13-33 7-20 + 2-07 0-40 ± 0-25 +
Urine 54-81 + 11-43 88-62 + 3-03 69-86 ± 22-60 67-71 + 19-93
Faeces + 0-03 + 0-02 3-24 + 0-86 5-02 ± 0-84

Recovery (% of dose)... 95-27 ± 0-54 97-63 + 0-91 73-90 ± 23-35 75-00 ±21-93

‘Values are mean percentages of the dose ± SEM/whole organ or total urine 
2 2 1 % of body weight.

tPresent. but in amounts too small to be estimated (<0 01% of dose/g sample).

or faeces. Fat was estimated to be

Table 7. Percentage of water-soluble radioactivity (metabolized compound) in 
tissues and excreta of animals dosed orally with 50 mg [fi C~\phthalatelkg in 

corn-oil solution

Water-soluble radioactivity (% of total radioactivity) derived 
from

Diisooctyl [ l4 C]phthalate Butylglycolylbutyl [ 14C]-

Species

at phthalate at

4 hr 24 hr 4 days 4 hr 24 hr 4 days

Rat 40-9 85-5 96-2 63-8 98-5 99-2
Dog 40-8 52-1 63-5 81-5 94-8 98-3
Pig 30-7 55-8 71-4 72-1 817 99-2

again the nature of the ester side chain appears to 
influence excretion of the ester. It appears that BGBP, 
because of its comparatively polar side chain, is distri
buted into fat to a lesser degree and thus is more 
readily metabolized and excreted.

The observation that pigs required 21 days to 
excrete the dose of [ 1 4 C]DIOP completely, and yet 
displayed less enterohepatic recycling than dogs, is 
probably explained by the fact that the pig normally 
has a higher amount of body fat than the dog. The 
lipophilic DIOP is distributed into body fat and then 
slowly released, metabolized and excreted without 
extensive enterohepatic recycling.
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Abstract—Groups of 15 male and 15 female rats were given diets containing 0 (control), 02, 10 or 
50% diethyl phthalate (DEP) for 16 wk. Consumption of diet containing 5% DEP was associated 
with a reduction in food intake and in the rate of body-weight gain, and similar effects were seen 
in the females given 1% DEP. No statistically significant effects on water intake or on the results 
of the haematological examinations, serum-enzyme levels, urinary cell-excretion rate, renal concen
tration tests or histological examination were seen in the treated animals. However, there were increases 
at wk 16 in the relative liver weight of females at all treatment levels and of males fed the highest 
level. There were also increases in the absolute and relative weights of stomach and small intestine 
in rats of both sexes; in the females these were statistically significant at all dietary levels at wk 16.

IN T R O D U C T IO N

Phthalates are noted for their low acute toxicity 
(Lawrence, Malik, Turner, Singh & Autian, 1975) and 
are widely used in industry, particularly as plasti
cizers. The toxicity of the phthalates has recently 
come under review since they have been demon
strated in transfusion solutions stored in polyvinyl 
chloride ‘blood-storage bags’ (Guess, Jacob & Autian, 
1967) and in the tissues of patients after extensive 
blood transfusions (Jaeger & Rubin, 1970). The leach
ing of phthalates from haemodialysis equipment was 
demonstrated and its implication in the production 
of hepatitis in such patients suggested by Neergard, 
Nielson, Faurby, Christensen & Nielsen (1971). The 
danger indicated by these studies is that the phtha
lates could be administered in this way to debilitated 
patients who might be expected to be less than nor
mally resistant to such a challenge.

The main use of diethyl phthalate (DEP) as a plas
ticizer is in the production of cellulose acetate films, 
in which it may constitute up to 2 0 % of the finished 
product. In addition it is used extensively as a déna
turant for cosmetic alcohol and in hair-spray prep
arations. It is permitted in the UK as a dénaturant 
for industrial alcohol at a level of 1% for cosmetic 
use (Statutory Instrument 1952, no. 2230). In the USA 
it is permitted for a number of food-contact appli
cations, notably as a component of paper and paper- 
board in contact with aqueous and fatty foods (Sec. 
176.170, formerly 121.2526, of the Code of Federal 
Regulations) and in resinous and polymeric coatings 
(Sec. 175.320, formerly 121.2569). The percutaneous 
absorption of some phthalates has been demonstrated 
(Fassett, 1963), so that the question of systemic intoxi
cation from the cosmetic use of DEP must be con
sidered.

The in vivo metabolism of dialkyl phthalates in the 
rat following oral ingestion has been studied exten
sively (Albro & Moore, 1974; Albro, Thomas & Fish- 
bein, 1973; Williams & Blanchfield, 1975). The pat
tern of metabolism is broadly similar for all the 
members of the homologous series studied, including

the dimethyl, di-n-butyl and di-n-octyl phthalates, and 
involves hydrolysis to the monoester with subsequent 
oxidation of the remaining alkyl chain. In all the 
studies cited above, phthalic acid was found to be 
a minor metabolite, accounting generally for less than 
5% of the total urinary metabolites, although with 
dimethyl phthalate, phthalic acid accounted for 14% 
of the total. Recently this work was extended in a 
study that demonstrated the in vivo hydrolysis of 
various phthalate esters, including DEP, by hepatic 
and intestinal mucosal preparations from the rat, fer
ret and baboon (Lake, Phillips, Hodgson, Severn, 
Gangolli & Lloyd, 1976). These workers found an in
verse relationship between the length of the alkyl side 
chain and the rate of hydrolysis by the intestinal 
mucosa. The dialkyl phthalates are metabolized by 
the same route in the human small intestine as in 
the species described above (B. G. Lake, personal 
communication 1976).

DEP has been shown to be toxic to cells in culture 
systems (Calley, Autian & Guess, 1966; Fishbein & 
Albro, 1972) and to be teratogenic in the chick 
embryo (Bower, Haberman & Minton, 1970) and rat 
(Singh, Lawrence & Autian, 1972). In the rat study, 
DEP was shown to give rise to an increased incidence 
of resorptions and a dose-dependent increase in skele
tal abnormalities, but the doses used were rather high 
(one third to one tenth of the LD50).

There has recently been some criticism of the meth
odology used in some of these experiments and of 
the conclusions reached (Autian, 1973) and a need 
has been suggested for the investigation of possible 
cumulative effects of repeated small doses of DEP 
(Singh et al. 1972). The present study was initiated, 
therefore, to investigate the effect of DEP in a short
term feeding study in the rat.

EXPERIMENTAL

Materials. The DEP, obtained from BP Chemicals 
Ltd., Epsom, Surrey, conformed to the following spe
cification: density at 20'C, IT 17; boiling point, 
296 C; ester content, min. 99%; acidity as phthalic
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acid, max 0 -0 1 %; water content, max 0 -1 0 %; ash, max 
0-01%; refractive index, 1-500-1 -505.

Animals and diet. Rats of the CD strain (Sprague- 
Dawley-derived) were obtained from Charles River
U.K. Ltd., Margate, Kent, and housed in an animal 
room maintained at 21 ± 1C  with a relative humi
dity of 50-60%. They were fed Spratts Laboratory 
Diet No. 1 and allowed access to water ad lib.

Experimental design and conduct
Short-term feeding study. Groups of 15 rats of each 

sex were given diets containing 0  (control). 0 -2 , 1 0  

or 5 0% DEP for 16 wk. Additional groups of five 
rats of each sex were fed similar diets for 2  or 6  wk. 
Body weight, food intake and water intake were 
measured weekly. At the end of the appropriate feed
ing period the rats were deprived of food overnight 
and killed by exsanguination from the aorta under 
barbiturate anaesthesia. Blood samples were collected 
from the aorta for haematological examination and 
at wk 16, for serum analyses.

An autopsy was carried out during which any 
macroscopic lesions were noted and the brain, pitui
tary, thyroid, heart, liver, kidney, adrenal glands, 
spleen, gonads, stomach, small intestine and caecum 
(with and without its contents) were weighed. Samples 
of these organs and of salivary glands, trachea, lung, 
aorta, lymph nodes, thymus, urinary bladder, oeso
phagus, colon, rectum, pancreas, uterus or prostate 
and seminal vesicles, skeletal muscle, eye, harderian 
gland and sciatic nerve were preserved in 1 0 % buf
fered formalin. Paraffin-wax sections of the tissues 
were stained with haematoxylin and eosin for histolo
gical examination.

Using the blood collected at the post-mortem 
examination, the haemoglobin concentration and 
packed cell volume were measured and counts were 
made of total erythrocytes and total leucocytes. Dif
ferential leucocyte counts were performed on blood 
films prepared at wk 2 , 6  and 16 from rats fed the 
control diet or highest dietary level of DEP. Marrow 
smears were prepared and stained, but were not 
examined as there was an absence of haematological

effects. The serum collected at wk 16 was analysed 
for glutamic-pyruvic and glutamic-oxalacetic trans
aminases and for lactic dehydrogenase.

Urine collected during wk 2, 6  and 13 of the feeding 
study was examined for cells and other microscopic 
constituents and semi-quantitative tests were carried 
out for protein, glucose, ketones, bile and blood. A 
concentration test was carried out by measuring the 
volume and specific gravity of urine collected during 
a 6 -hr period of water deprivation and in a 4-hr 
period commencing after 16 hr without water. At wk 6  

and 13. a dilution test was included by making the 
same measurements on urine produced in a 2 -hr 
period following a water load of 25 ml/kg.

Paired-feeding study. Groups of six rats of each sex 
were caged individually and fed diet containing either 
0 (control) or 5-0% DEP for 112 days. Each control 
animal was from the same litter as one of the treated 
rats of the same sex. The treated rats were fed ad 
lib. and the food intake of each was recorded daily. 
Each control rat was given an amount of food equal 
to that consumed in the previous 24-hr period by 
its paired litter-mqte. Body weights were measured 
weekly.

R E S U L T S

Short-term feeding study
Rats given diets containing DEP showed no 

changes in behaviour patterns nor other clinical signs 
of toxicity. Both sexes given 5% DEP in the diet 
gained significantly less weight than the controls 
(Table 1). A reduction of body-weight gain was seen 
also in the female rats fed diet containing 1% DEP. 
In these groups lower body weights were seen 
throughout the experiment after the first 24 hr of 
treatment. A transient but statistically significant 
effect was apparent in male rats given the 1 % dietary 
level, the body weights of this group being lower than 
those of controls only from day 6  to 36. Lower body 
weights were accompanied by a decrease in food con
sumption (Table 1), which was most evident during 
the first day of the study. The mean food consump-

Table 1. Mean body weight and food and water consumption of rats fed DEP at 0-5°„ in the diet for 16 wk

Dietary
level
(%)

Body weight (g) at day
Food consumption 
(g/rat/day) at day Mean food 

consumption 
(g/rat/day)

Mean water 
intake 

(g/rat/day) 
up to day 1 1 2Of 27 56 1 1 2 1 27 56 1 1 2

0 125 356 473 599
Males

15-5 27-3 313 21-5 24-9 35-2
0 - 2 125 352 476 617 17-3 29-7 29-5 21-7 25-3 33-4
1 0 124 334* 459 575 13-8 300 25-9 2 1 - 8 24-7 31-7
5-0 124 271* 356*** , 461*** 3-2* 25-5 23-8 2 0 - 2 19-1* 34-4

0 109 225 283 358
Females

13-7 18-5 21-9 15-2 18-5 31-9
0 - 2 109 235 286 347 13-9 19-3 17-1 15-8 17-7 27-1
1 - 0 109 213* 266* 328* 11-4 16-2 19-3 14-7 16-5* 35-5
5-0 108 191*** 234*** 285*** 3-7* 16-6 16-1 14-3 151* 28-1

t  First day of feeding.
Body weights are means for groups of 15 animals, and food and water consumption figures are means for three 

cages each of five rats. Values marked with asterisks differ significantly (Student's t test for body weights and ranking 
method of Wilcoxon (1945) for food consumption) from those of the controls: *P < 0-05: ***p < 0001.
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Table 2. Results of haematological studies in rats fed DEP at 0-5% in the diet for 6 or 16 wk

Dietary No. of 
rats

examined
Hb

(g/1 0 0 ml)
PCV
(%)

RBC
(1 0 6/mm3)

Reties
(% of RBC)

Total
(1 0 3/mm3)

Leucocytes

Differential (%)

<%) N E L M

Wk 6
Male

0 5 15-5 46 6-71 0-4 5-2 13 1 85 1
1 0 5 16-6 46 7-42 — 4-7 — ___ ___ _
5-0 5 17-0 46 8-64*** 0-5 4-8 24 0 75 1

Female
0 5 15 4 46 7-23 0 - 6 5-6 1 0 1 89 0
1 0 5 14-9 45 6-89 — 5-8 — — ___ _
50 5 15-5 47 7-24 

Wk 16
0-4 7-5 5 0 95 0

Male
0 15 14-8 44 7-45 2-1 5-2 17 1 80 2
0 - 2 13 15-3 46 7-89 — 6 - 2 — ___ ___ ___

1 0 15 15-5 46 7-79 — 5-9 — ___ ___ ___

5-0 14 15-5 45 7-98 0 - 6 6 - 2 16 1 81 2

Female
0 15 15-5 44 7-15 0 - 8 3-9 12 1 8 6 1
0 - 2 15 15-4 44 7-55 — 4-3 — — — —

1 . 0 15 14-8 43 7-16 — 3-8 — — — —

50 15 15 3 43 7-09 0 - 8 4-2 14 1 83 2

Hb = Haemoglobin PCV = Packed cell volume RBC = Red blood cells 
Reties = Reticulocytes N = Neutrophils E = Eosinophils 

L = Lymphocytes M = Monocytes
Values are means for the numbers of rats indicated and that marked with asterisks differs significantly (P < 0001 

by Student’s t test) from the control value.

tion throughout the study was significantly lower 
than that of controls in rats of both sexes given 5% 
DEP in the diet and in females given 1%. The mean 
intakes of DEP over the entire study were approxi
mately 150, 770 and 3160 mg/kg/day in the males of 
the three test groups and 150, 750 and 3710mg/kg/ 
day in the females. There were no notable inter-group 
differences in water consumption at any stage of the 
study.

The erythrocyte count was significantly higher in 
male rats given 5% dietary DEP for 6  wk than in 
the corresponding controls (Table 2). This increase 
was accompanied by a haemoglobin level higher than, 
but not differing significantly from, the control value, 
but neither of these values was raised at wk 2  or 16. 
Consumption of diets containing DEP did not lead 
to significant changes in the levels of any of the serum 
enzymes studied.

There was no significant increase in urinary cell 
excretion (Table 3) in any of the DEP-treated groups 
and the male rats given 5% DEP excreted signifi
cantly fewer cells at wk 13. At wk 2, the females fed 
diet containing 5% DEP produced a slightly more 
concentrated urine after a 6 -hr period of water depri
vation than did the controls and a similar effect was 
observed in the male 5% group at wk 6 . However, 
there were no statistically significant differences 
between test and control groups after a more pro
longed period of water deprivation. During the 2-hr 
urine-dilution test at wk 6 , male rats receiving 5% 
dietary DEP excreted a significantly larger volume 
of more dilute urine than did the controls. Con
versely, female animals in the 5% group excreted a

significantly smaller volume of urine. At wk 13, the 
urine of male rats given 5% dietary DEP was signifi
cantly more concentrated than that of the controls.

The only gross abnormality found at autopsy was 
a unilaterally small testis in one rat which had 
received DEP at 0-2% in the diet. The histological 
appearance of this testis was normal. Weights of the 
brain, heart, spleen and kidneys were low in males 
and/or females fed 5% DEP for 16 wk, the differences 
from controls being statistically significant. Female 
gonads and the heart, spleen and kidneys in males 
showed similar reductions at the earlier stages. 
Stomach weights of rats receiving DEP increased at 
various times throughout the study, but were statisti
cally significant only at wk 2 in males receiving 5% 
DEP and at wk 2 and 16 in females given the same 
dietary level. The weight of the .full caecum showed 
a statistically significant rise in female rats given 5% 
DEP in the diet for 16 wk. At wk 16, no significant 
changes in the absolute weights of any organs were 
observed at dietary levels below 5%, although in the 
groups on 1% DEP values significantly (P < 0-05) 
higher than the controls were recorded for the male 
kidneys at wk 2  and female gonads at wk 6  and a 
lower pituitary weight (P < 0 05) was found in 
females at wk 2. Terminal body weights of all rats 
given 5% dietary DEP were reduced significantly, as 
was the body weight of females receiving 1% dietary 
DEP for 16 wk (Table 4).

The relative weights (Table 4) of the brain, liver, 
stomach, small intestine and full caecum were higher 
in both sexes receiving 5% DEP than in the controls. 
In addition, the relative testis weight was raised con-
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Table 3. Results of urinary cell excretion and concentrationi test in rats fed DEP at 0-5°„ in the diet for 2, fi or 13 wk

Sex and 
dietary 

level
("„)

No. of 
rats

Concentration test Dilution test 
(0 - 2  hr)

Cell
excretion
(1 0 3/hr)

Specific gravity Volume (ml)
Specific
gravity

Volume
(ml)6  hr 2 0  hr 0 - 6  hr 16-20 hr

Wk 2
Male

0 • 15 1-029 1-068 2-7 0-5 — —
1 0 5 1-032 1-079 2-3 0-3 — —
50 5 1-038 1-057 2 - 8 1-2 — —

Female
0 15 1019 1-068 2 - 2 0 - 6 — —
1 0 5 1-014 1-069 2 - 0 0 - 6 — —
5-0 5 1-037** 1-067 4-1 0 - 8 — —

Wk 6

Male
0 15 0 - 8 1-018 1-068 5-0 1 1 1-045 1-4
1 0 15 0-9 1-023 1-068 3-7 0-9 1 - 0 2 1 2-1

50 15 1-4 1-040* 1-043 4-2 1-4 1 - 0 2 0 4-5*
Female

0 15 0-9 1-019 1-066 3-1 0 - 6 1-003 80
1 0 15 0 - 8 1-013 1-067 1-7 0-7 1 004 7-2
50 15 2 - 0 1-028 1-058 2-5 0 - 6 1-007 5-5**

Wk 13
Male

0 1 2 0 - 6 1 - 0 2 2 1-058 4-6 0-7 1-004 109
0 - 2 1 2 1-6 1-023 1-061 3-8 0 - 8 1 005 9-1
1 0 11 0-4 1-025 1-071 3-8 0-9 1-005 10-4
5.0 11 0 -1*** 1-033 1-049 3-3 1-7 1-0 1 2 * 8-1

Female
0 1 2 0-4 1-029 1-052 1-9 0 - 6 1 004 6 - 8

0 - 2 1 2 0 - 2 1-026 1-077 2 - 8 0-4 1-004 7-8
1 0 12 0-7 1-027 1-077 1-9 0-3 1-005 7-2
50 12 0 - 2 1-034 1-074 2-7 0-5 1-005 6-3

Values are imeans for the numbers of rats shown. Those marked with asterisks differ significantly (Student's r test)
from the control values: *P < 0-05: **P < 0-01: ***P < 0-001.

sistently in rats given 5° 0 DEP and at wk 16 the rela- observed at the beginning than at the end of the
tive kidney weights of males and females receiving study, a pattern often associated with ani unpalatable
the 5°,, level were markedly higher than those of the diet. DEP has been shown to be irritant to mucous
controls. There were some similar findings among the membranes (Sax, 1975), but unpalatability of the diet
relative weights of other organs, notably the liver, was not solely responsible for the lower body weights
stomach and small intestine, at the lower dose levels. since in the paired-feeding study the test rats gained

Some fatty degeneration and slight vacuol.ation of significantly less weight than controls. This suggests
the liver, as well as pyelonephritis and lymphocytic that in addition to its effect on food consumption,
infiltration of the kidney were observed. These effects DEP also affects the efficiency of utilization of the
were not dose related despite the consistent effect of food.
DEP on the weight of these organs. The incidences A pattern of reduction in absolute organ weight
of other microscopic lesions were similar in the test with an increase in the relative value was seen in the
and control groups. brain, heart, spleen, kidneys, adrenal glands, gonads

Paired-feeding study
Animals given 5° 0 DEP in the diet showed a more 

pronounced loss of weight over the first day of the 
experiment than pair-fed controls (Table 5). Similarly 
the rate of weight gain was lower in test animals than 
in those receiving the control diet, although in this 
study the difference was not statistically significant 
until the final week of the study. The total food con
sumed by the animals given 5% DEP in the diet was 
greater than that consumed by the control animals.

D IS C U S S IO N

A more marked depression of food intake was

and pituitary. On the other hand, the pattern of organ 
weights seen with the liver and various parts of the 
gastro-intestinal tract was different, with normal or 
slightly increased values for the absolute weights and 
consistent increases when these weights were 
expressed relative to body weight. It is likely that 
many of these changes were a result of an alteration 
in the normal growth rate of the rats since other 
authors have observed a similar pattern of changes 
in rats maintained under conditions that retarded 
growth (Feron, de Groot, Spanjers & Til, 1973) or 
fed compounds that caused a reduction in the growth 
rate (Carpanini, Gaunt, Hardy. Gangolli, Butterworth 
& Lloyd, 1978; Gaunt, Sh'arratt, Grasso, Lansdown



Table 4. Relative organ weights o f rats fed 0-5% DEP in the diet for 2, 6 or I f> wk

Sex and 
dietary 

level 
(%)

Relative organ weights (g/100g body weight)

No. of 
rats

Caecum body
weight

(g)Brain Heart Liver Spleen Kidneys Stomach intestine Empty Full Adrenalst GonadsJ Pit u itary t Thyroid"!

Wk 2
Male

0 5 0-97 0-46 3-37 0-30 0-93 0-55 3-66 0-42 1-79 18-4 1-07 3-9 6 - 8 194
1 0 5 0-99 0-46 3.67* 0-28 0-99 0-59 3-67 0-46 1-51 20-3 1 05 3-0 7-3 193
50 5 1-23* 0-44 4-78*** 0-30 1-04* 0-84** 3-97 0-53 2-24 215 1-32** 3-7 7-5 149***

Female
0 5 115 0-42 3 63 0-27 1 0 0 0-83 3-35 0-44 1-71 33-4 61 5-4 7-8 157
1- 0 5 1 2 0 0-41 3-56 0-28 0-99 0-64 3-29 0-48 1-65 27-8 70 5-1 9-9 149
50 5 131* 0-42 4-81 *** 0-29 1-06 0 - 8 6

Wk 6
3-79** 0-49 2-14 26 1 57 4-7 10 9 134***

Male
0 5 0-55 0-33 2-56 0-18 0-76 0-39 1-89 0-27 0-74 16 2 0 - 8 6 2-9 4-8 398
1 0 5 0-55 0-34 2-94* 0 - 2 1 0 75 0-40 2  1 0 0-30 0-77 13 9 0-94 2 - 6 4-8 385
5-0 5 0-76** 0-35 3-41** 0 - 2 2 0-81 0-52* 2-57*** 0-36* 1-15* 17-5 1-23** 2 - 8 6-5** 274***

Female
0 5 0-80 0-40 2-69 0-26 0-74 0-46 2-76 0-40 1-01 28-6 55 4-2 5-5 237
1 0 5 0-84 0 41 2-93 0-26 0-70 0-48 2-58 0.45 1-34 29-9 60 4-2 6-4 231
50 5 0-97** 0-41 3-57*** 0-23 0-81 0-59***

Wk 16
2-78 0-42 1-50** 30-9 49 3-7 6 - 6 199**

Male
0 15 0-39 0-27 2 - 2 2 0-15 0-57 0-29 1 54 0  21 0-60 9-6 0 - 6 6 2-1 3-5 568
0 - 2 15 0-39 0-29 2-16 0-13 0-58 0-29 1-53 0-23 0-60 9-1 0-64 2 - 0 3-2 585
1 0 15 0-39 0-27 2-29 0-14 0-57 0-32* 1-57 0-24 0-71 9-3 0 - 6 6 2 - 2 3-5 559
5-0 15 0-50*** 0 31** 2-95*** 0-14 0-67*** 0-41*** 1 93*** 0-24 0-89*** 1 1 -2 * 0-85*** 2-5*** 4-1** 438***

Female
0 15 0-65 0-31 2-17 0-16 0-62 0-35 1-99 0-27 0-77 19-7 26 4-7 4-9 330
0 - 2 15 0-64 0-32 2-31* 0-16 0-62 0-40*** 2-23** 0-30* 0 - 8 6 19 1 27 4-5 5-0 328
1 0 15 0 - 6 8 0-33 2-35** 0-17 0-64 0-41*** 2-26* 0-29 0-89 2 0 - 2 28 4-7 5-2 304*
5-0 15 0-78*** 0-32 2-84*** 0-19** 0-69*** 0-51*** 2-47*** 0-34*** 143*** 2 2  1 28 4-4 5-8 267***

t  Relative weights of these organs are expressed in mg/lOOg body weight.
J Relative weights of female gonads are expressed in mg/lOOg body weight.
Values are the means for the numbers of rats shown and those marked with asterisks differ significantly (Student's t test) from the control values: * P < 005: ** P < 001: 

** * P <  0-001.

Short-term
 toxicity of diethyl phthalate
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Table 5. Body weight and food consumption of rats fed DEP at 5% in the diet and
of pair-fed controls

Dietary
level
(%)

Body weight (g) at day Weight
gain
(g)

Total food 
consumed 
to day 1 1 2  

(g/rat)Ot 1 2 0 42 70 1 1 2

0 97 94 208
Male

327 450 540 446 2430
5 91 83** 206 307 423 498* 415* 2464

0 85 85 160
Female

208 262 300 215 1724
5 8 8 78* 159 198 247 272* 194* 1821

t First day of feeding.
Values are means of groups of five males and six females and those marked with 

an asterisk differ significantly (ranking test of Wilcoxon. 1945) from the control 
values: *P < 005; **P < 001.

& Gangolli, 1974). However, in some groups increases 
in relative weights were observed in the absence of 
a reduction in growth rate. Thus, while the increases 
in the relative weight of the stomach and small intes
tine of females were associated with reduced growth 
rates in groups fed 5 or 1% DEP, similar weight 
changes occurred at the 0 -2 % level although the body 
weight was unaffected. Some other factor was clearly 
responsible for these alterations at the lower dose 
level. One possibility is the irritant nature of DEP 
(Calley et al., 1966; Sax, 1975) although there was 
no histological evidence to support this suggestion. 
Another possibility arises from the finding (Rowland, 
1974) that the metabolism of ano.ther phthalate ejter 
(di-(2 -ethylhexyl) phthalate) by intestijnal contents was 
increased in rats previously exposed to the ester. This 
increased metabolism was attributed to the induction 
of an esterase in the mucosal cells rather than to the 
selective growth of a microflora with esterase activity. 
Since the metabolism of DEP by the gastro-intestinal 
mucosa of various species, including the rat, has been 
demonstrated (Lake et al. 1976), the observed increase 
in relative weight of parts of the gastro-intestinal tract 
might have been due, at least in part, to esterase in
duction in the mucosal cells. In that case the in
creased weights could have been a reflection of the 
use of high doses and the consequent excessive load 
on the metabolic capacity of the mucosa. As such, 
they would not be considered to be a toxic effect. 
However, the low weights of the gastro-intestinal tract 
in the females of the two lower dose levels were prob
ably due to the fact that the pattern of growth of 
the stomach and small intestine of the female controls 
was not typical of that seen in recent studies with 
rats of the same strain. For example, there was no 
change in small intestine weight in these controls 
between wk 6  and 16 and only a very small increase 
in stomach weight, although the body weight in
creased by 40%. Consequently the weights of stomach 
and small intestine were lower than would have been 
expected at the termination of the study. If the more 
typical values for these organs in untreated rats are 
compared with the weights in the animals given the 
0 - 2  and 1 % levels in this study, little or no difference 
is observed. It is probable, therefore, that the changes 
seen in these groups were due to comparison with 
an inappropriate control and were not due to treat

ment. Furthermore, the range of the control weights 
was almost half that seen in the test values and this 
may have contributed considerably to the high degree 
of statistical significance calculated.

Caecal enlargement can be produced by a wide 
range of materials, including food colourings, deter
gents. neomycin and modified starches. Its toxicologi
cal significance is not understood, but it has been 
suggested by Butterworth. Lake. Mason & Rowland
(1975) that it may be a work hypertrophy due to an 
increase in the bulk of the intestinal contents. Leeg- 
water, de Groot & Van Kalmthout-Kuyper (1974) 
have suggested that caecal enlargement may be due 
to an increase in the osmotic activity of the intestinal 
contents causing the retention of water and an in
crease in the bulk of the gut contents. A decrease 
in the numbers of bacteria that break down dietary 
cellulose in the rat (Conrad, Watts, Iacono, Kraybill 
& Friedemann, 1958) could lead to such a change in 
osmotic activity. Administration of di-(2-ethylhexyl) 
phthalate to rats has been shown to lead to a slight 
decrease in the total numbers of bacteria in the 
stomach and small intestine and to a marked alter
ation in the bacterial spectrum, with almost complete 
loss of aerobes (Rowland, 1974). These changes could 
significantly affect the composition and therefore the 
osmotic properties of material reaching the caecum. 
It is perhaps noteworthy that in the current study 
the bulk of the increase in caecal weight was due 
to an increase in the weight of the contents.

Despite the changes in liver weight there was no 
histological evidence of damage. The significance of 
such hepatic enlargement in the absence of histologi
cal change is a contentious issue and much effort has 
been devoted to the elucidation of the mechanisms 
involved (Schulte-Hermann, 1974). Some workers 
have suggested that in order to evaluate the toxicolo
gical significance of liver enlargement it is necessary 
to examine the fine structure and to determine the 
levels of marker enzymes in various subcellular frac
tions (Feuer, Goldberg & Le Pelley, 1965; Grasso, 
Wright, Gangolli & Hendy, 1974; Weil, 1970). Cyto- 
pathological changes have been demonstrated in 
enlarged but histologically normal livers, and the con
clusion has been drawn that in the case of work 
hypertrophy there is a stimulation of processing- 
enzyme activity and an increase in the amount of
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smooth endoplasmic reticulum, whereas damaged 
livers show a reduction in the activities of aniline hy
droxylase and some other processing enzymes and in 
glucose-6 -phosphatase activity. In addition, free ribo
somes are sometimes observed.

This aspect of the biological activity of DEP has 
been studied by B. G. Lake (personal communication
1976) following the oral administration of DEP in 
corn oil to male Sprague-Dawley rats at a dosage 
of 1140mg/kg/day for 14 days. This dosage, which 
was of the same order as the intake of DTP observed 
at the 1% dietary level in the first 2 .wk of the present 
study, produced some liver enlargement, evidence of 
induction of hepatic processing enzymes (in particular 
an increase in the activity of ethylmorphine N- 
demethylase and cytochrome P-450) and no marked 
loss of either aniline-hydroxylase or glucose-6 -phos- 
phatase activity. However, there was no increase in 
smooth endoplasmic reticulum, as shown by an essen
tially unchanged value for microsomal protein, and 
there was a decrease in the activity of alcohol de
hydrogenase. Overall, this pattern of change is most 
consistent with a functional hypertrophy of the liver 
and, on this basis, it is likely that the liver enlarge
ment reported in this paper was the result of such 
hypertrophy. On this evidence there is no reason to 
assume that the enlarged liver represents an adverse 
response to DEP. However, in considering the poss
ible effects of prolonged DEP consumption in man, 
it is relevant that continued stimulation of processing 
enzymes has been shown to lead to the development 
of vitamin D-resistant rickets and macrocytic 
anaemias related to folate deficiency (Kruse, 1968; 
Richens, 1972).

The significance of an enlarged, histologically nor
mal kidney is equally open to debate. At the termina
tion of the present study the relative kidney weight 
was increased in both males and females receiving 
5% DEP in the diet, although there was no apparent 
loss of renal competence or increased incidence of 
histological change. It may be concluded from this 
study, therefore, that dietary levels of 1% DEP or 
less were without adverse effect on the kidney, 
although in the light of present knowledge the in
creased relative kidney weight seen at the 5% level 
must be considered an untoward effect of treatment. 
Kidney enlargement similar to that observed in the 
present study has also been observed in rats receiving 
di-(2-ethylhexyl) phthalate for 6  months (Gray, But- 
terworth, Gaunt, Grasso & Gangolli, 1977) and dial
kyl 79 phthalate for 90 days (Gaunt, Colley, Grasso, 
Lansdown & Gangolli, 1968) and it was concluded 
that long-term exposure to high levels of these phtha- 
lates could result in kidney damage.

In the present study consumption of DEP at a diet
ary level of 5% produced a number of untoward 
effects. At the lower levels the only consistent change 
that was thought to be due to treatment was liver 
enlargement, and it has been argued that this was 
possibly dye to a work hypertrophy. In addition, 
however, there was a reduced growth rate in female 
rats given 1% DEP, which may be considered to be 
an adverse effect. On this basis, a no-untoward-effect 
level of 0-2% (about 150 mg/kg/day) could be postu
lated. However, even at this level there was some indi
cation of an increase in liver weight and the possible

consequences to man of prolonged induction of pro
cessing enzymes cannot, therefore, be altogether dis
counted.
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ALTERATION OF HEPATIC DETOXICATION ENZYME ACTIVITY 
BY DIETARY ARSENIC TRIOXIDE

D. J. W agstaff

Epidemiology Unit. Bureau of Foods, Food and Drug Administration.
Washington. DC 20204. USA

(Receded 27 March I97X)

Abstract—The effects of dietary arsenic trioxide (As20 3) on liver detoxication enzymes were studied. 
Enzyme activity was monitored by measuring hexobarbitone sleeping time, oxidative cleavage of O-eth- 
yl-O-p-nitrophenyl phenylphosphonothioate (EPN) and O-demethylation of p-nitroanisole. in rats fed 
diets containing 0, 100. 500, 1000, 2000 or 5000 ppm As20 3 for 15 days. Hexobarbitone sleeping 
time was decreased in rats given 100 ppm As20 3 or more; the other enzyme responses were stimulated 
considerably in rats given 1000 ppm As20 3 and most of the rats given 2000 or 5000 ppm died. The 
capacity of the enzyme system to be stimulated by dietary sodium phenobarbitone was not impaired 
by As20 3.

INTRODUCTION

A rsen ic  c o m p o u n d s  h av e  lo n g  b een  u sed  as th e r a 
p e u tic  a g e n ts  a n d  p e s tic id es . T h e  u su a l, b u t  n o t  in v a r 
iab le , re su lt  o f  e x p o su re  to  c o m p o u n d s  o f  a rse n ic  is 
in h ib i t io n  o f e n zy m es  a n d  m e ta b o lic  p ro c esses  (W eb b ,
1966). E x te n siv e  s tu d ie s  h av e  b e en  m a d e  o f  th e  effects 
o f  a rse n ic  o n  e n zy m e  p ro c esses  in v o lv in g  e n erg y  p r o 
d u c tio n . C o n s id e ra b ly  less e x p e r im e n ta l  w o rk  h a s  
b e en  d o n e  o n  th e  effec ts o f  a rs e n ic  o n  th e  a c tiv ity  
o f  d e to x ic a tio n  en zy m es. If  d e to x ic a tio n  p ro c esses  
w ere  im p a ire d , th e  to x ic ity  o f  n u m e ro u s  su b s ta n c e s  
w o u ld  be  e n h a n c e d . A lth o u g h  th e re  is so m e  ev id e n ce  
th a t  u n d e r  c e r ta in  c o n d it io n s  a rse n ic  s tim u la te s  
e n zy m e  d e to x ic a tio n  p ro c e sse s  in m ic ro -o rg a n ism s  
(L egge, 1954; L egge  &  T u rn e r ,  1954; T u rn e r  &  L egge, 
1954), little  is k n o w n  a b o u t  th is  effect in m a m m a ls . 
R ib e iro  (1971) r e p o r te d  th a t  h e x o b a rb i to n e  a n a e s 
th e s ia  tim e  w as re d u c e d  in m ice  p re tre a te d  w ith  
A s20 3 b u t  th a t  ra te s  o f  h e x o b a rb i to n e  o x id a tio n  o r  
A '-d e m e th y la tio n  o f  a m in o p y r in e  w ere  n o t a lte re d  in 
liver tis su e  fro m  th ese  sa m e  m ice.

T h e  p u rp o s e  o f  th e  p re se n t  tw o -p a r t  s tu d y  w as to  
d e te rm in e  w h e th e r  A s20 3 fed to  r a ts  im p a irs  h e p a tic  
d e to x ic a tio n  e n zy m e  a c tiv ity  a n d  w h e th e r , u n d e r  
so m e  c irc u m s ta n c e s , th e re  is e n zy m e  e n h a n c e m e n t.  In  
E x p e r im e n t 1, th e  effects o f  v a r io u s  levels o f  A s20 3 
w ere  s tu d ie d . E x p e r im e n t 2 w as a  s tu d y  o f  th e  in te ra c 
tio n s  o f  A s20 3 w ith  a  d ru g  th a t  s t im u la te s  m ic ro s o 
m a l-e n z y m e  a c tiv ity , n a m e ly , so d iu m  p h e n o b a rb i to n e  
(PB).

EXPERIMENTAL

F e m a le  H o ltz m a n  ra ts  (five p e r  g ro u p )  w e ig h in g  
1 0 0 -1 1 0  g  a t  th e  s ta r t  o f  e a c h  s tu d y , w ere  u sed . E a c h  
r a t  w as h o u se d  in  a  s e p a ra te ,  s u s p e n d e d  s ta in le ss -s te e l 
cage. T h e  ra ts  w ere  fed a  se m i-p u rif ie d  b a sa l d ie t  (a  
U S P  X II  v ita m in  A  te s t d ie t fo rtif ied  w ith  0-69 p p m  
v ita m in  A a c e ta te )  ad lib. d a ily  fo r 15 d a y s . In  e x p e r i
m en t 1, p r im a ry  s ta n d a rd -g ra d e  A s20 3 (F ish e r  S c ien 
tific  C o ., P it ts b u rg h ,  PA ) w as m ix e d  in to  th e  b a sa l 
d ie t  a t 0, 100, 500, 1000, 2000  a n d  5000 p p m . T h e  
e x p e r im e n t w as p a r tia l ly  re p lic a te d  th re e  tim e s . T w o
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ra ts  fed 1000 p p m  d ied  by  d a y  7 a n d  o n e  c o n tro l  an d  
tw o  ra ts  fed 100 p p m  d ie d  d u r in g  h e x o b a rb i to n e  a n 
a e s th e s ia  so  th a t  th e re  w ere  14 c o n tro l  ra ts , 8 a t 
100 p p m , 15 a t 500 p p m  a n d  13 a t 1000 p p m . In  e x 
p e r im e n t 2, a  c o m p le te ly  r a n d o m iz e d  d e s ig n  w ith  fac- 
to r ia l ly  a r ra n g e d  tre a tm e n ts  w as u sed . S ix  g ro u p s  o f  
r a ts  w ere  fed d ie ts  c o n ta in in g ;  (1) b a sa l  d ie t a lo n e ,
(2) 500 p p m  A s20 3, (3) 1000 p p m  A s20 3. (4) 500 p p m  
PB , (5) 500 p p m  As20 3 a n d  500 p p m  P B , a n d  (6) 
1000 p p m  A s20 3 a n d  500 p p m  PB .

In  b o th  e x p e rim e n ts , th e  a c tiv ity  o f  liv e r m ic ro 
so m a l en zy m es w as a ssa y ed  b y  a n  in vivo m e th o d  
(h e x o b a rb i to n e  a n a e s th e s ia )  a n d  by  tw o  in vitro 
m e th o d s  (O -e th y l-O -p -n itro p h e n y l p h e n y lp h o s p h o n o -  
th io n a te  (E P N ) d e to x ic a t io n  a n d  O -d e m e th y la tio n  o f  
p -n itro a n iso le ) . A fte r 10 d a y s  o f  feed ing , e ac h  r a t  w as 
in je c te d  ip  w ith  90  m g  so d iu m  h e x o b a rb i to n e /k g  b o d y  
w e ig h t a n d  th e  p e r io d  o f  in a c t iv a tio n  o f  th e  r ig h tin g  
reflex w a s  re c o rd e d  a s  h e x o b a rb i to n e  s le e p in g  tim e . 
A d e c re a se  in s le ep in g  tim e  w as a c c e p te d  a s  p re s u m p 
tiv e  e v id e n ce  o f  liv e r m ic ro so m a l-e n z y m e  s t im u la tio n  
(A x e lro d , 1965). A fte r 15 d a y s  o f  feed ing , e a c h  r a t  w as 
k ille d  w ith  e th y l e th e r , th e  liver w a s  excised , a n d  a  
1 g p o r t io n  w as g ro u n d  in  a  g la ss-T e flo n  tis su e  h o m - 
o g e n iz e r  w ith  4  m l c o ld  1 T 5 % K C 1 . T h e  h o m o g e n a te  
w as c en tr ifu g e d  a t  900 0  g fo r  15 m in  a t  5°C . T h e  
s u p e rn a ta n t  flu id  w as a s sa y e d  by  th e  m e th o d  o f  
K in o sh ita ,  F ra w le y  &  D u B o is  (1966) fo r o x id a tiv e  
c le av a g e  o f  th e  in se c tic id e  E P N  a n d  O -d e m e th y la tio n  
o f  p -n itro a n iso le  (O -d em eth y la se ). T h e  p ro d u c t  in 
b o th  a ssa y s  w as p -n itro p h e n o l.

RESULTS

Experiment I: Effects of dietary arsenic trioxide
T h e  effects o f  d iffe re n t d ie ta ry  levels o f  A s20 3 a re  

su m m a r iz e d  in  F ig . 1. M ic ro so m a l-e n z y m e  a c tiv ity  
w as n o t  d e c re a se d  a t  an y  level o f  A s20 3 . O n  th e  c o n 
tra ry ,  a t  th e  1000 p p m  feed in g  level e n z y m e  a c tiv ity  
in c re a se d  sig n ific a n tly , a s  m e a su re d  b y  a ll  o f  th e  
m e th o d s  used . L iv e r w e ig h t a ls o  in c re a se d  in  th e  
g ro u p  o f  r a ts  fed th e  1000 p p m  level. T h e  m o s t  se n s i
tiv e  in d ic a to r  o f  s t im u la te d  e n zy m e  a c tiv ity  w as h e x o -
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D ie ta ry  As2 0 3 , ppm

Fig. I. Effects of dietary As20 3 of body-weight gain (O). 
liver weight (■) and liver detoxication-enzyme activities 
as indicated by hexobarbitone sleeping time (A). EPN 
detoxication (▲) and O-demethylation of g-nitroanisole (•). 
All values at 1000 ppm differed significantly from control 
values (Student’s I test. P < 0 05). At 500 ppm. body-weight 
gain and hexobarbitone sleeping time were significantly 
altered. At 100 ppm. only hexobarbitone sleeping time was 
significantly different from the control value.

b a rb ito n e  s le ep in g  tim e , w h ic h  w as s ig n if ic a n tly  
a lte re d  a t levels o f  A s 20 3 o f  100 p p m  a n d  a b o v e .

A rsen ic  to x ic ity  w as d o se -re la te d . T h e re  w ere  n o  
a rse n ic -re la te d  d e a th s  a m o n g  ra ts  fed th e  0, 100 or 
500  p p m  level o f A s20 3 . b u t a m o n g  th e  15 a n im a ls  
fed 1000 p p m  th e re  w ere  tw 'o d e a th s . F o u r  o f  th e  five 
r a ts  fed th e  2000  p p m  level d ied , a n d  a ll five ra ts  fed 
th e  5000 p p m  level d ied . T h ese  d e a th s  o c c u rre d  d u r 
in g  th e  first 7 d a y s  o f  e ac h  o f  th e  feed in g  p e rio d s . 
B o d y -w e ig h t g a in s  w ere  d e p re sse d  by  levels o f  A s20 3 
a b o v e  100 p p m . R a ts  fed a  d ie t c o n ta in in g  500 p p m  
A s20 3 g a in e d  w eigh t a t  o n ly  81°„ o f  th e  c o n tro l  ra te . 
S u rv iv o rs  a m o n g  a n im a ls  fed th e  1000 p p m  level lo st 
6%  o f  th e ir  s ta r t in g  b o d y  w e ig h t d u r in g  th e  15-day 
feed in g  p e r io d . F eed  c o n s u m p tio n  w as n o t  s ign ifi
c a n tly  a lte re d  a t 100  p p m  b u t a t  500 a n d  1000 p p m  
A s20 3 it d ro p p e d  to  80 a n d  73%  o f th e  c o n tro l ,  re 
spec tive ly . In  a d d it io n  to  d e p re sse d  b o d y -w e ig h t g a in  
a n d  d e p re sse d  feed c o n s u m p tio n ,  th e  sig n s o f  in to x i
c a t io n  in c lu d e d  ro u g h e n e d  h a ir , d ia r rh o e a  a n d  
re d u c e d  p h y s ic a l ac tiv ity .

Experiment 2: Arsenic trioxide-phenobarbitone interac
tion

R e su lts  o f  th e  A s20 3- P B  e x p e r im e n t a re  s u m m a r 
ized  in T a b le  1. W h e n  th e  As20 3 w as fed a lo n e  
(g ro u p s  2 a n d  3), th e  effects o n  e n zy m e  a c tiv ity , liver 
w e ig h t, g ro w th  a n d  feed c o n s u m p tio n  w ere  s im ila r  
to  th o se  o b se rv e d  in e x p e r im e n t 1 b u t  th e re  w ere  n o  
d e a th s  in  th is  e x p e r im e n t. A s e x p ec te d , PB  in th e  d ie t 
c a u se d  a  s ig n ific a n t in c re ase  in e n zy m e  a c tiv ity  a n d  
liv er w e ig h t (g ro u p  4. T a b le  l l. F o r  e x am p le , h e x o b a r 
b ito n e  a n a e s th e s ia  w a s  a lm o s t  o b l i te ra te d  in th e  P B - 
tre a te d  ra ts . W h e n  th e  A s , 0 3 a n d  P B  w ere  fed in 
th e  sa m e  d ie t (g ro u p s  5 a n d  6 o f  T a b le  1) th e  effect 
o n  e n zy m e  a c tiv ity  a n d  liver w e ig h t w as g re a te r  th a n  
th a t  p ro d u c e d  b y  e ith e r  s u b s ta n c e  a lo n e . H o w ev e r, 
as seen  fro m  th e  in te ra c tio n  te rm  in th e  a n a ly s is  o f  
v a r ia n c e  (T ab le  1), th e  in c re a se s  in e n zy m e  activ ity , 
liv e r w e ig h t a n d  feed c o n s u m p tio n  d u e  to  th e  c o m 
b in a t io n  o f  As20 3 a n d  P B  w ere  n o t  s ig n ific a n tly

g re a te r  th a n  th e  su m  o f th e  effects o f  th e se  a g e n ts  
fed s ing ly . O n  th e  o th e r  h a n d . P B  p a r tia l ly  c o u n te r 
a c te d  th e  w e ig h t-d e p re s sa n t  effects o f  a rsen ic . P B  a lso  
im p ro v e d  th e  a p p e a ra n c e  a n d  p h y s ic a l a c tiv ity  o f 
a rsen ic a l-fed  ra ts . T h is  p ro te c tiv e  effect o f  PB  
o c c u rre d  in  sp ite  o f  in c re a se d  feed c o n s u m p tio n  a n d  
c o n se q u e n tly  in c re a se d  a rs e n ic  d o sa g e  (c o m p a re  
g ro u p s  3. 5 a n d  6 o f  T a b le  1).

DISCUSSION

T h e  re su lts  o f  th is  s tu d y  p ro v id e  ev id e n ce  th a t  
A s , 0 3 fed to  r a ts  d o e s  n o t  im p a ir  a c tiv ity  o f  h e p a tic  
d e to x ic a tio n  e n zy m es  a n d  th a t  in so m e  c irc u m s ta n c e s  
th e re  is m o d e ra te  e n zy m e  in d u c tio n . T h e  sa m e  c o n 
c lu s io n s  c a n  be  re a c h e d  fo r th e  effects o f A s20 3 in 
r a ts  s im u lta n e o u s ly  fed PB . T h e re fo re , it is p ro b a b le  
th a t  th e  g e n e ra l  re su lts  o b se rv e d  m ay  a p p ly  in  a  v a r 
iety  o f  s itu a tio n s .

K n o w le d g e  a b o u t  th e  e ffec ts o f  A s20 3 o n  d e to x ic a 
tio n  p ro c esses  c o n tr ib u te s  to  th e  b a c k g ro u n d  in fo r 
m a tio n  e sse n tia l in e s ta b lish in g  a llo w a b le  e n v iro n 
m e n ta l levels o f  a rse n ic  a n d  d e v e lo p in g  m o re  effec tive  
th e ra p e u t ic  p ro c e d u re s  fo r a rse n ic  in to x ic a tio n . H o w 
ever. u n lim ite d  e x tra p o la t io n  o f  th e  d a ta  in  th is  r e p o r t  
w o u ld  be  u n w ise  b e ca u se  o f  th e  w id e  v a r ie ty  in  th e  
ch em ica l, p h y s ic a l a n d  b io lo g ic a l p ro p e r t ie s  o f  th e  
m a n y  k in d s  o f  a rse n ic  c o m p o u n d s .

T h e  m e c h a n ism  by w h ic h  A s20 3 a ffec ts e n zy m e  a c 
tiv ity  c a n  o n ly  be c o n je c tu re d . A n u m b e r  o f  e n zy m es  
a re  k n o w n  to  be  s t im u la te d  in vitro b y  a rse n ic  u n d e r  
c e r ta in  c o n d it io n s  (W eb b . 1966). In  th e  in ta c t  a n im a l,  
h o w ev er, th e  a rse n ic  c o m p o u n d  m a y  a c t e ith e r  d i
re c tly  o n  th e  e n zy m e  m o le c u le  o r  in d ire c tly  by  o n e  
o f  se v e ra l p ro cesses . M o s t su b s ta n c e s  o b se rv e d  to  
h av e  a  s ig n if ic a n t effect o n  m ic ro so m a l-e n z y m e  a c 
tiv ity  a re  fa t-so lu b le  to  so m e  e x te n t. H o w ev e r, it h a s  
b een  r e p o r te d  th a t  so m e  io n ic  su b s ta n c e s  re a c t  d i 
re c tly  w ith  th e  m ic ro so m a l m e m b ra n e  (K u b in sk i  &  
K a sp e r .  1971). It is n o t  k n o w n  w h e th e r  a  spec ific  re a c 
tio n  o f  a rs e n ic  w ith  th is  m e m b ra n e  ta k e s  p lace . T h e re  
is e v id e n ce  th a t  tr iv a le n t  a rse n ic  is t r a n s fo rm e d  by  
d iffe ren t sp ec ie s  to  th e  p e n ta v a le n t  fo rm  (B en ck o . 
B enes &  C ik r t.  1976) a n d  th a t  s ig n ific a n t a m o u n ts  
o f  an  o rg a n ic  a rse n ic  m e ta b o li te  a re  p ro d u c e d  (L a k so  
&  P e o p le s , 1975). M ic ro so m a l e n zy m es  m a y  b e  in 
v o lv ed  in so m e  su ch  p ro cesses . T h u s  a rse n ic  m a y  
s t im u la te  its  o w n  d e to x ic a tio n  by m ic ro so m a l 
en zy m es.

O n  th e  o th e r  h a n d , e n zy m e  e n h a n c e m e n t is p o ss 
ib ly  a  n o n -sp e c if ic  re sp o n se  to  s tre ss  in  a n  in to x ic a te d  
a n im a l. T h e  d e p re sse d  g ro w th  o f  th e  ra ts  in th e  g ro u p  
w ith  th e  g re a te s t level o f  e n zy m e  e n h a n c e m e n t 
(1000 p p m  As20 3) a p p a re n tly  s u p p o r ts  th is  th e o ry . 
H o w ev e r, tw o  fa c to rs  in d ic a te  th a t  a  g e n e ra l  s tre ss  
re sp o n se  is p ro b a b ly  n o t  th e  fu ll e x p la n a t io n  fo r 
e n zy m e  s t im u la tio n . F irs t ,  h e x o b a rb i to n e  a n a e s th e s ia  
w as s ig n if ic a n tly  a lte re d  in  so m e  r a ts  th a t  g a in e d  
w e ig h t a t  c o n tro l  ra te s  ( th o se  ra ts  fed 100 p p m  
As20 3). S e c o n d ly , th e  e n z y m e -e n h a n c in g  c a p a c ity  w as 
n o t  re d u c e d  by d im in ish in g  th e  sev e rity  o f  a rse n ic  in 
to x ic a tio n  by  c o n c u r re n t  feed in g  o f  PB . T h e  q u e s tio n  
o f  m e c h a n ism  is fu r th e r  c o m p lic a te d  by  th e  p o s s ib i
lity . a lb e it  re m o te , th a t  a  c o n ta m in a n t  o f  th e  As, 0 3 
fo rm u la t io n  c o u ld  h a v e  a ffec ted  e n zy m e  a c tiv ity .

R e g a rd le s s  o f  th e  m e c h a n ism , it is e v id e n t th a t



T a b le  1. E f fe c ts  o f  d ie ta r y  A s 20 a n d  s o d iu m  p h e n o b a r b ito n e  ( P B ) o n  a c t  ¡ c it ie s  o f  i ir e r  m ic r o s o m a l e n z y m e s ,  fe e d  c o n su m p tio n ,  g r o w th  a n d  l i t e r  w e ig h t in r a ts  in  e x p e r im e n t  I I .

Group
no.

Dietary additives
Body weight 
gain or losst 

of starting weight)
Feed eatent 

("„ of starting weight)

Liver weightt 
("„ of body 

weight)

Hexobarbital 
sleep timet 

(min)

Microsomal enzyme assays 

EPN
detoxicationt O-Demethylaset 
(/imol PNP/ (/imol PNP/ 
g liver/hr) g liver/hr)

As20 ,
(ppm)

PB
(ppm)

i 0 0 50 +  4 185 +  8 5-4 +  0-1 70 +  6 0-14 +  0-01 0-46 +  0-06
2 500 0 47 ±  3 174 +  12 5-2 +  0-2 55 +  5 0-13 +  0-02 0-45 +  0-05
3 1 0 0 0 0 - 1 1 + 7 121 +  17 5-8 +  0-2 51 +  20 0-32 +  0-06 1-08 +  0-23
4 0 500 54 ±  4 196 +  6 6-1 +  0-3 <  1 0-78 +  0-09 1-06 +  0 - 2 0
5 500 500 47  +  2 175 +  2 6-7 +  0-2 <  1 0-94 +  0-09 1-68 +  0-24
6 1 0 0 0 500 21 ± 6 160 ±  1 0 7-3 +  0-4 <  1 1-31 ±  0-11 2-19 ±  0  19

S ource  o f  v arian ce D eg ree s  o f  freedom A nalyses o f  v a rian ce  F  values
As 2 65-411** 12-332* 5-426* _ _ 12-612** 12-299**
PB i 11-459** 4-227 34-310** — 178-000** 44-919**

AsxPB 2 7-327** 1-857 1-147 - 2-736 1-772

PNP = p-Nitrophenol
* Significant at P  <  0  05.
** Significant at P  <  0  01. 
t  All values are means ± SEM.
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m a in ta in in g  d e to x ic a tio n  c a p a c ity  h a s  a  h ig h  p r io r ity  
a m o n g  b o d ily  fu n c tio n s  d u r in g  tim e s  o f  lim ited  b o d y  
g ro w th . F o r  e x am p le , e v en  th o u g h  th e  ra ts  fed A s20 3 
a t  1000 p p m  lo st w e ig h t, th e ir  m ic ro so m a l-e n z y m e  a c 
tiv ity  w a s  a b o v e  c o n tro l  v a lu e s . A lso , th e  1000  p p m  
level o f  A s 20 3 seem s n o t  to  im p a ir  th e  c a p a c ity  o f  
m ic ro so m a l e n zy m es to  b e  s t im u la te d  by PB.
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Abstract—Forty strains of Aspergillus flavus isolated from food marketed in Thailand between 1967 
and 1969 were re-isolated for toxicological characterization. Approximately 92% produced aflatoxin 
B, or aflatoxins B, and B2. In acute toxicity tests in weanling male Wistar rats, 87-5% of the orally 
intubated chloroform extracts (CEX) of the isolates caused at least one death in test groups of five 
rats, compared with 38% of the ip-administered petroleum ether-insoluble (PEI) fractions. Twenty-four 
unidentified compounds were produced in varying amounts by eighteen strains of A. flavus. These 
compounds, detected as blue and green fluorescent spots on thin-layer chromatograms, may have 
modified the toxic effect of the aflatoxins. The histopathological changes caused by the CEX and 
PEI fractions were similar, the main ones being haemorrhagic necrosis of the liver and kidney, conges
tion of pulmonary vessels and hypercellularity of the alveolar septa of the lung, hydropic degeneration 
of the cardiac muscle and lymphocytic depletion of the spleen.

INTRODUCTION

T h e  fu n g a l m e ta b o li te s  k n o w n  a s  a f la to x in s  h ave  
b e en  p ro d u c e d  o n  se v e ra l a g r ic u ltu ra l  c o m m o d itie s  
by  s tr a in s  o f  A s p e r g i l lu s  f l a v u s  a n d  A . p a r a s it ic u s , a n d  
th e  w id e  d is t r ib u t io n  o f  a f la to x in s  in  fo o d s  h a s  led  
to  c o n c e rn  a b o u t  th e ir  p o te n t ia l  h a z a rd  to  m a n  
(S h a n k , W o g a n  &  G ib so n , 1972). B e ca u se  o f o u r  in 
te re s t  in  th e  to x ic o lo g ic a l  c h a ra c te r iz a t io n  o f  fung i 
m a in ta in e d  in  th e  D e p a r tm e n t  o f  P a th o b io lo g y , 
F a c u lty  o f  S c ien ce , 4 0  s t r a in s  o f  A . f l a v u s  o rig in a lly  
c o lle c te d  f ro m  fo o d s  m a rk e te d  in  T h a i la n d  b e tw ee n  
1967 a n d  1969 (S h a n k  e t  a l. 1972) a n d  k e p t in  so il 
tu b e s  fo r a n o th e r  2 y r w ere  r e - is o la te d  a n d  sc ree n e d  
fo r  th e  p r o d u c t io n  o f  a f la to x in s  a n d  th e ir  to x ic  effects.

H e sse ltin e , S h o tw e ll, E llis  &  S tu b b le fie ld  (1966) 
r e p o r te d  th e  p ro d u c tio n  o f  a f la to x in s  o n  rice , w h e a t, 
c o rn , so y a  b e a n s  a n d  so rg h u m , a n d  c o n c lu d e d  th a t  
rice  w as th e  b e s t  s u b s tra te  fo r  a f la to x in  B , p ro d u c tio n  
w h e re a s  w h e a t  w a s  th e  b e s t  fo r  a f la to x in  G t . A  la rg e  
q u a n ti ty  o f  a f la to x in  w a s  p ro d u c e d  o n  p o lis h e d  rice  
by  S h o tw e ll, H e sse ltin e , S tu b b le f ie ld  &  S o re n so n  
(1966), a n d  th is  w as th e  s u b s tra te  c h o se n  fo r  th e  
p re se n t  s tu d y .

EXPERIMENTAT
P r e p a r a t io n  o f  f u n g i . F o r ty  s tr a in s  o f  A . f la v u s ,  k e p t 

in  so il tu b e s  fo r  2 y r, w ere  re - is o la te d  a n d  p u rif ie d

o n  P o ta to  D e x tro se  A g a r  (D ifco  L a b o ra to r ie s ,  
D e t ro it ,  M I, U SA ). Iso la te s  w ere  g ro w n  fo r  14 d a y s  
o n  200  g  a u to c la v e d  g lu tin o u s  rice  in  2 -8 -litre  F e rn -  
b a c h  f la sk s  a t  27°C . U n in o c u la te d  f la sk s  se rv ed  a s  
c o n tro ls .  T h e  fu n g a l c u ltu re s  w ere  e x tra c te d  u s in g  
750  m l c h lo ro fo rm  (a n a ly tic a l g ra d e )  in  a  1 -ga llon  
W a r in g  b le n d e r , a n d  th e  c h lo ro fo rm  e x tra c ts  w ere  
e v a p o ra te d  in  a  r o ta ry  e v a p o ra to r .  R e s id u e s  fro m  fo u r  
f la sk s  (800 g s u b s tra te )  w ere  c o lle c te d  fo r  b io lo g ic a l 
te s tin g  a n d  d e s ig n a te d  th e  c h lo ro fo rm  e x tra c t  (C E X ) 
f ra c tio n . T h e  C E X  fro m  a n o th e r  fo u r f la sk s  w a s  th e n  
p a r t i t io n e d  a g a in s t  2 0  vo ls  p e tro le u m  e th e r  (b .p . 
4 0 -7 0 °C ), k e p t  o v e rn ig h t in  th e  re fr ig e ra to r ,  c e n tr i 
fuged , a n d  e v a p o ra te d  to  d ry n e ss  in  a  s tre a m  o f 
n itro g e n , to  g ive  th e  p e tro le u m  e th e r - in s o lu b le  (P E I)  
fra c tio n .

A n a ly s i s  o f  a f la to x in s . T h e  id e n ti ty  a n d  q u a n ti ty  o f 
a f la to x in s  in  th e  P E I  f ra c tio n  w ere  d e te rm in e d  by 
th in - la y e r  c h ro m a to g ra p h y  (T L C ) w ith  o r  w ith o u t 
c le a n -u p  p ro c e d u re s . F o r  th e  c le a n -u p  s te p s , a  m o d if i
c a t io n  o f  th e  E p p le y  (1966) m e th o d  w a s  u se d : th e  
P E I  f ra c tio n  w as d isso lv e d  in  a  m in im a l a m o u n t  o f 
c h lo ro fo rm , th e  c o lu m n  w as e lu te d  w ith  h e x a n e  fo l
lo w e d  b y  d ie th y l e th e r  a n d  th e n  th e  a f la to x in s  w ere  
e lu te d  f ro m  th e  c o lu m n  w ith  c h lo ro fo rm -m e th a n o l  
(9 7 :3 , v/v) a n d  e v a p o ra te d  to  d ry n e ss . T L C  p la te s  
(silica  gel, K iese lg e l. G H R ;  0-25 m m  th ic k )  w ere  s p o t 
ted  b o th  w ith  th e  e x tra c t  sa m p le s  a n d  w ith  a  b e n ze n e
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solution of authentic aflatoxin standards (Southern 
Utilization Research and Development Laboratories. 
US Department of Agriculture. New Orleans, LA). 
The plates were then developed in chloroform-ace
tone (95:5. v/v) in an equilibrated chamber. Aflatoxins 
were identified by their R, values and their blue or 
green fluorescence under long-wave ultraviolet light 
(Chromatovue. Ultra-Violet Products. Inc.. San 
Gabriel, CA, USA) by visual comparison with the 
standards.

Biological tests. Acute toxicity tests were conducted 
on both CEX and PEI fractions. Altogether 460 
weanling male Wistar rats of our stock colony were 
used, each test group consisting of five animals. The 
PEI fractions were dissolved in dimethylsulphoxide 
(BDH Chemicals Ltd., Poole. Dorset, England), and 
were given ip. whereas the CEX fractions were admin
istered by stomach tube. All of the PEI and CEX 
doses were equivalent to 50 g of the original rice 
sample/animal. Control rats were given only dimethyl
sulphoxide ip or rice extract orally. Survivors and 
control animals were killed after 7 days and all tissues 
were fixed in 10°„ buffered formalin for histopath- 
ological examination.

R E S U L T S
Production o f aflatoxin

Of the 40 strains of A. flams studied, 37 (approxi
mately 92°0) produced aflatoxins. The amount of PEI 
fraction extracted from 800 g glutinous rice (Table 1) 
varied from 37 to 497 mg (nos 343440 and 684639. 
respectively), while the total content of aflatoxins B[ 
and B, in the crude PEI fraction varied from 0 to 
the 2784/¡g found in no. 134614. Three strains pro
duced no detectable aflatoxins, 11 strains produced 
only aflatoxin B, and 26 strains produced both B! 
and B2. Neither aflatoxin G, nor aflatoxin G 2 was 
detected in this group of A. flatus isolates, but 18 
unidentified blue and green fluorescent spots with 
various RF values were observed on the chromato
grams of 18 of the isolates (Tables 2 & 3). The greatest 
quantities of aflatoxin. 2780, 2030 and 1900 pg total 
aflatoxin B, and B,. were produced by strains no. 
134614, 473474 and 684639, respectively.

Biological tests
Rats dying during the experiment lost on average

5-10 g body weight and the survivors gained 5-10 g 
by the end of 7 days. The overall toxicity of the PEI 
fractions was lower than that of the CEX fractions. 
PEI fractions of only 15 strains being associated with 
at least one death in the test group compared with 
35 strains in the case of the CEX fractions 
(Table 4). The histopathological lesions produced by 
the CEX and PEI fractions were comparable. In the 
surviving rats, the livers generally exhibited conges
tion and fatty degeneration, with bile-duct prolifer
ation in the portal areas. In rats dying before the 
end of 1 wk, the liver always showed haemorrhagic 
necrosis, and necrosis was apparent also in the epithe
lial cells of the proximal convoluted tubules of the 
kidney. The lung parenchyma showed congestion of 
the pulmonary capillaries and hypercellularity of the 
alveolar septa, there was hydropic degeneration of the 
cardiac muscular fibres, and the spleen was congested 
and showed lymphocyte depletion.

Table 1. Aflatoxins produced by strains of Aspergillus 
flavus and determined by thin-layer chromatography of the 
petroleum ether-insoluble fraction of a chloroform extract 

of the culture

Amount of toxin formed/800g rice substrate

A. flavus 
strain no.

Crude toxin 
(mg)

Aflatoxins (pg)

B, b2 Total

115602 125 0 0 0
154689 129 0 0 0
283455 206 0 0 0
075029 65 0-3 0 0-3
453405 62 0-3 0 0-3
363465 228 H 0 11
333446 99 0-4 0 0-4
373472 117 0-5 0 0-5
393434 211 10 0 1-0
463464 98 0-4 0 0-4
183479 156 3-1 0 3-1
065061 170 15 0 15
413507 174 12 0 12
503408 170 15 0 15
323410 365 55 11 66
303442 186 36 13 49
194620 162 49 9-7 58
634653 104 31 6-2 37
543432 41 43 2-4 45
445620 130 191 34 225
144645 47 71 7-1 78
353450 39 59 14 73
015047 62 131 9-3 140
163495 195 410 68 478
293504 64 135 90 144
343440 37 78 5-2 83
383438 49 103 7-3 110
403413 78 164 20 184
313439 145 517 290 807
433485 155 554 81 635
513406 44 156 11 167
684639 497 1773 127 1900
124643 134 523 35 558
643463 211 823 74 897
045607 101 517 60 577
423431 103 527 61 588
483436 83 424 173 597
473474 220 1720 309 2029
134614 250 2364 420 2784
493489 63 595 106 701

D IS C U S S IO N

The production of only aflatoxins B! and B, by 
the group of A. flavus cultures investigated in this 
study was in line with the findings of other workers 
(Lillard. Hanlin & Lillard. 1970; Nagarajan & Bhat. 
1973; Trenk & Hartman. 1970). Eighteen compounds 
were detected by TLC as unidentified blue or green 
fluorescent spots with various RF values and were 
produced by 18 strains of A. flavus. Each strain could 
produce one. two. three or four fluorescent spots. The 
amount of aflatoxins B1 and B2 varied from 0 to 
2784 /tg/800 g substrate, levels somewhat lower than 
those reported previously (Hesseltine et al. 1966; 
Shotwell et al. 1966).

The fact that the CEX fraction was more toxic than 
the PEI fraction to the weanling Wistar rats was poss
ibly due to the removal of some other toxic constitu-
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Table 2. Relationship between aflatoxin content of the substrate and its toxicity to weanling rats

A. flatus 
strain no.

Calculated amount 
of aflatoxin administered* 

(in PEI; /ig/rat) Toxicityt
R,. values (and colourl) of other 

products separated from PEI by TLCB, b2 PEI CEX

115602 0 0 0 + + +
154689 0 0 0 0
283455 0 0 0 + 073(B) 076(B)
075029 002 0 0 + + +

005 0 0 NT
453405 002 0 0 + + + 042(B) 046(G)

005 0 0 NT
183479 0-02 0 0 + + 063(B) 066(G)
333446 003 0 0 + + +

005 0 0 NT
463464 003 0 0 0 046(G) 058(G) 066(G)
373472 004 0 0 + + +
393434 007 0 0 +
363465 008 0 + + + +
065061 0-96 0 0 + + + 009(B) 0-23(B) 026(B)
503408 0-96 0 0 + + + 045(B) 059(B)
413507 0-98 0 0 0
634653 1 95 0-39 0 + 033(G) 046(G)

300 0-60 0 NT 033(G) 046(G)
303442 2-27 0-82 0 + + +
543432 2-70 0T6 0 + + +

10-50 0-60 0 NT
194620 3-30 0-61 0 + + + 073(B)
323410 3-43 0-69 0 + + +
353450 3-68 0-86 0 + + +

1500 3-50 + + + NT
144645 4-43 0-45 0 + + +

15-00 1-50 0 NT
343440 4-80 0-30 0 + + +
383438 6-10 0-60 0 + + +

21-00 1-50 0 NT
015047 8-10 0-50 0 0 003(B) 006(G)
293504 8-90 0-60 0 + + +

21-00 1-40 + + + NT
513406 9-70 0-07 0 + + + 0 53(B) 056(G) 066(G) 076(G)

35-70 2-50 + NT 0 53(B) 056(G) 066(G) 0-76(0
403413 10-20 1-20 0 + + + 043(B) 045(G) 050(G) 070(G)

21-00 2-60 0 NT 043(B) 045(G) 050(G) 070(G)
445620 11-90 2-10 0 0
163495 25-60 4-20 + + + + 0-16(B) 063(B)
483436 26-50 10-80 0 + + + 045(B) 059(G) 0-68(G)

51-00 20-80 0 NT 045(B) 059(G) 068(G)
313439 32-20 18-00 + + + + +
045607 32-20 3-70 + + + + + + 003(B) 006(G)
124643 32-60 2-10 0 + + +
423431 32-90 3-80 + + + + + + 0-03(B) 006(G)
433485 34-60 5-10 + + + + +
493489 34-60 6-50 + + + + + +
643463 51-40 4-60 + + + + + + 053(B) 056(G) 066(G) 0-76(G)
473474 107-20 19-20 + + + + + + 042(B) 066(G)
684639 110-70 7-20 + + + + + + 045(B) 059(G) 068(G)

35-70 2-50 + + + NT 045(B) 059(G) 068(G)
134614 147-70 26-20 + + + + + +

PEI = Petroleum ether-insoluble fraction CEX = Chloroform extract NT = Not tested 
*The dose of the CEX or PEI fraction administered to each rat was generally equivalent to 50 g of the original 

rice sample, but 10 mg of the PEI fraction was given if the amount of crude toxins was inappropriate. 
tToxicity is defined by the number of rats dying from each group of five: i.e. 0—none died: H— one died: + + two

or three died; + + -I----four or all five died.
JBlue (B) or green (G) fluorescence under UV light.
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Table 3. TLC separation of products other than aflatoxins 
B,. B,. G, and G2 front the petroleum ether-insoluble frac

tion of cultures of Aspergillus flavus

R, value
Fluorescence 

under UV light No. of strains

003 Blue 3
0-06 Green 3
0-09 Blue 1
016 Blue 1
0-23 Blue 1
0-26 Blue 1
0-33 Green I
0-42 Blue 2
0-43 Blue i
0-45 Green i
0-45 Blue 3
0-46 Green 3
0-50 Green 1
0-53 Blue 2
0-56 Green 2
0-58 Green i
0-59 Blue i
0-59 Green 2
0-63 Blue 2
0-66 Green 5
0-68 Green 2
0-70 Green i
0-73 Blue 2
0-76 Green 3

In total. 18 strains gave rise to between one and four of 
these unidentified products, the number of strains associ
ated with the appearance of any one spot being indicated 
in the final column.

ents besides aflatoxins from the CEX fraction during 
the defatting process. The toxicity of the PEI fraction 
may depend not only on the amount of aflatoxins 
Bt and B2 present but also to some extent on the 
presence in the extracts of certain unidentified com
ponents.

The blue fluorescent spot of RF 0-03 combined with 
the green fluorescent spot of RF 006 seemed to 
enhance toxicity, as for example in nos 045607 and 
423431 compared with no. 124643 (Table 2). Where 
no additional compounds were detected, toxicity 
seemed to be dependent upon the sum of the afla
toxins B[ and B2 present; thus the greater toxicity 
of strain no. 313439 compared with no. 124643 may

have been due to the higher concentration of B2 in 
the former (18 ¡i g ) than in the latter (2 /ig).

Where the blue and green fluorescent spots were 
similar, e.g. in strains no. 483436 and 684639. the 
fatality rate did not appear to depend entirely upon 
the amount of aflatoxins B! and B2 The lowest level 
of aflatoxins that caused a high mortality with the 
PEI fraction was the combination of I5/ig Bj and 
4 ng B2 (strain no. 353450), whereas the higher levels 
of 51 ¡ig  B, and 21 /ig B, (no. 483436) caused no 
deaths. This might be explained by variation in the 
strains of A. flavus and the influence of other metabo
lites on the effects of aflatoxins B, and B2. Such meta
bolites. if present, could not be detected by the tech
niques used in this study.
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Table 4. Comparative toxicity of the chloroform extract and petroleum 
ether-insoluble fractions of cultures of 40 strains of Aspergillus flavus

Degree of toxicity*
Route of -------------------------------------------------

Fraction administration Non-toxic Mild Moderate Severe

CEX oral 5 3 1 31
PEI ip 25 3 2 10

*Number of strains giving rise to an extract or fraction classified, accord
ing to the number of deaths among the five rats in each group, either 
as non-toxic (no deaths) or as mildly (one death), moderately (two 
or three deaths) or severely toxic (four or five deaths).
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Abstract—In a series of four trials, citrinin was administered by the ip route as a single dose or 
in daily doses to determine its acute toxicity for the rat. The single dose LD50 (Trial I) for citrinin 
dissolved in equal parts by volume of dimethylsulphoxide and 50% ethanol was 64mg/kg body weight. 
Administration of this LD50 dose after seven daily doses of either 32 or 48 mg citrinin/kg body weight 
killed only one of 19 rats (Trial II). In Trial IV, rats were killed 3, 6, 12, 24, 36 and 48 hr after 
receiving a single ip dose of 50 mg citrinin/kg for examination of kidneys and other tissues. The principal 
gross and microscopic alterations in the citrinin-treated rats were in the kidneys. Vacuolar degeneration 
of the renal tubular epithelium found 3 hr after treatment had progressed to extensive necrosis 33 hr 
later. Necrosis was the dominant lesion 36-72 hr after treatment. Regeneration of tubular epithelium, 
characterized by an increase in the nuclear to cytoplasmic ratio and the presence of cytoplasmic baso
philia, was minimal 72 hr after treatment, but was prominent after 144 hr (Trial III).

IN T R O D U C T IO N

Citrinin is a secondary metabolite of a number of 
fungal species belonging to the genera Pénicillium 
and Aspergillus (Hetherington & Raistrick, 1931; 
Korzybski, Kowszyk-Gindefer & Kurylowicz, 1965; 
Pollock, 1947; Timonin & Rouatt, 1944). The acute 
toxicity of citrinin for rats, guinea-pigs and rabbits 
(Ambrose & DeEds, 1945 & 1946), mice (Ambrose 
& DeEds, 1946; Jordan, Carlton & Sansing, 1977), 
and dogs (Carlton, Sansing, Szczech & Tuite, 1974; 
Kitchen, Carlton & Tuite, 1977a,bl was studied. In 
each of these reports the nephrotoxic effects of citrinin 
were demonstrated. Although the specific segments 
reported to be damaged by citrinin varied, principal 
microscopic alterations in all species were limited to 
the renal tubules and consisted of necrosis and des
quamation of tubular epithelial cells, renal tubular 
dilation and the presence of protein and protein casts 
in the tubular lumen. The renal alterations induced 
by single or multiple doses of citrinin in the rat are 
reported below.

E X P E R IM E N T A L

Material. Citrinin, prepared as previously described 
by Carlton et al. (1974), was dissolved in dimethylsul
phoxide and 50% ethanol (1:1, v/v; DMSO-50% 
EtOH) for ip administration.

Animals. Sprague-Dawley rats purchased from 
Harlan Industries, Cumberland, IN, were housed in
dividually in wire-bottomed metabolism cages. Rats 
for Trials I—III weighed 40-60 g and those for Trial

* Present address: Toxicology Division, Lilly Research 
Laboratories. Division of Eli Lilly and Company. Green
field, IN 46140, USA.

IV 190-210 g. Feed and water were supplied ad lib.
Collection o f tissues. Rats found moribund during 

the experiments and survivors killed at termination 
were autopsied. A mid-sagittal section of the left kid
ney was placed in Zenker’s acetic acid fixative. The 
right kidney, heart, lungs, and liver were collected 
from each rat. In addition, the spleen, brain, urinary 
bladder, one testicle and sections of the gastrointes
tinal tract, skin and skeletal muscle were collected 
from selected rats. Tissues were fixed in neutral buf
fered 10% formalin. Fixed tissues were dehydrated, 
embedded in paraffin, sectioned at 4 or 6 pm and 
stained with Masson’s trichrome (kidneys) or a hae- 
matoxylin and eosin, for histopathological examin
ation.

Experimental design
Trial I. The single-dose LD50 of citrinin was deter

mined for rats. Groups of ten rats were administered 
single ip doses of 50-80 mg citrinin/kg body weight. 
Citrinin was mixed with solvent at various concen
trations so that the solvent dosage for each group 
was 7 ml/kg body weight. The LD50 and the upper 
and lower confidence limits (95% confidence interval) 
were calculated (Litchfield & Wilcoxon, 1949) on the 
basis of the percentages of rats dead 72 hr after treat
ment. Survivors were killed by ether overdose 72 hr 
after treatment for post-mortem examination and col
lection of tissues for histopathological examination.

Trial II. The effects of seven daily ip sub-lethal 
doses of citrinin followed by a single LD50 dose were 
studied. The daily citrinin doses were equal to either 
one half or three quarters of the single-dose LD50 
determined in Trial I. Each dose regime was adminis
tered to ten weanling male rats. The LD50 dose was 
administered 24 hr after the last sub-lethal dose. Sur
vivors were killed 72 hr after injection of the LD50

431



432 W. H. Jordan. W. W. Carlton and G. A. Sansing

dose for post-mortem examination and collection of 
tissues for histopathological examination.

Trial III. Lesions present at day 3 were compared 
with those present at day 6 after a single ip dose 
of citrinin. Twenty weanling male rats each received 
a single ip injection of solvent (DMSO-50% EtOH.
5-5 ml/kg) and 28 rats received the solvent plus 50 mg 
citrinin/kg body weight. Ten rats from each group 
were killed by ether overdose on day 3 and survivors 
were killed on day 6 after treatment, for post-mortem 
examination and collection of tissues for histopatho
logical examination. The gross and histological mor
phology of the kidneys from the two citrinin-treated 
groups and the solvent control groups were com
pared.

Trial IV. Early phases of the clinicopathological 
(see companion paper) and pathological features of 
citrinin-induced mycotoxicosis were studied. Each rat 
was given a single ip dose of the DMSO-50% EtOH 
solvent (5 ml/kg body weight) or of citrinin (50 mg/kg) 
in this solvent and placed in a wire-bottomed metabo
lism cage in which water and feed were supplied ad 
lib. Groups of rats were killed for collection of tissues
3. 6. 12. 24. 36 and 48 hr after treatment.

RESULTS

Trial I
Rats administered only the DMSO-50% EtOH sol

vent (7 ml/kg) became depressed and remained so for 
0-5 1 hr. Rats administered citrinin (50-80 mg/kg) dis
solved in DMSO-50°o EtOH became markedly 
depressed and remained so for 1-2 hr. The single-dose 
LD50 determined for citrinin administered to wean
ling male rats by the ip route was 64 mg/kg body 
weight (95% confidence interval. 57-72 mg/kg).

The predominant lesions found post mortem in
volved the kidneys. Clear fluid surrounded the kid
neys and was free in the abdominal cavity of rats 
that died 24-72 hr after treatment. The kidneys of 
these rats were pale and swollen, with pinpoint pale 
foci visible from the renal surface and numerous pale 
radiating streaks in the cortex visible in cross-section

(Fig. 1). Renal lesions were similar in eight of 21 
citrinin-treated rats killed 72 hr after treatment. The 
only significant extra-renal gross lesion was a dark- 
red discoloration of a 5- to 7-cm segment of the 
middle jejunum in 13 of 18 citrinin-treated rats that 
died within 24 hr of treatment.

Histopathologically, the pale foci seen grossly were 
areas of necrotic renal tubules, often involving several 
groups of tubules. Tubules of both the cortex and 
medulla were occasionally dilated and contained pro
tein and protein (hyaline) casts, but necrotic tubules 
were limited to the renal cortex and the outer stripe 
of the outer zone of the renal medulla. Necrosis most 
often involved straight segments (Fig. 2) and distal 
convoluted tubules, although proximal convoluted 
tubules were also damaged in markedly affected kid
neys. Regeneration of tubular epithelial cells, charac
terized by the presence of groups of cells with vesicu
lar nuclei, basophilic cytoplasm and a high nuclear 
to cytoplasmic ratio was slight.

Protein and protein casts within renal tubules, dila
tion of these tubules, and necrosis and regeneration 
of renal tubular epithelium were more frequent in 
citrinin-treated rats killed 72 hr after treatment than 
in rats that died earlier. The lesions were also more 
severe in rats killed 72 hr after treatment and receiv
ing a moderate dose (60 mg/kg) of citrinin (Table 1). 
Tubular necrosis contributed more to the severity of 
renal lesions in citrinin-treated rats than did luminal 
casts and luminal dilation. Renal lesions were not 
observed in rats that received only DMSO-50% 
EtOH.

Trial II
Rats developed a resistance to the toxic effects of 

citrinin and DMSO-EtOH solvent as a result of daily 
administration of the toxin and/or solvent. Behaviour 
following the first two to four doses of solvent and/or 
citrinin was similar to that observed in Trial 1. Sub
sequent doses resulted in depression that was less 
marked and of shorter duration. All but one rat sur
vived seven daily doses of citrinin at 32 or 48 mg/kg. 
A single LDS0 dose of citrinin on day 8 resulted in

Table 1. Renal lesion severity indices for rats found dead during the study or killed at termination 72 hr after ip administration
of a single dose of 50-80 mg citrinin/kg ( Trial I)

Manner of death

Citrinin
dose

(mg/kg)

No. ' 
of rats 

examined

Lesion severity index*

Tubular
protein

Tubular
dilation

Tubular
necrosis

Tubular
regeneration

Found dead 60 4 0-2 00 1-8 00
70 7 00 00 1-3 0-0
80 8 00 00 11 0-0

Killed 72 hr after 0 15 00 00 00 0-0
treatment 50 10 0-3 0-8 1-9 0-6

60 6 0-8 10 30 0-7
70 3 0-7 0-7 10 00
80 2 0-5 10 1-5 0-5

Total found dead and 0 15 00 00 00 0-0
killed 72 hr after 50 10 0-3 0-8 1-9 0-6
treatment 60 10 0-6 0-6 2-5 0-4

70 10 0-2 0-2 1-2 0-0
80 10 01 01 1-2 0-1

Mean of lesions, graded 0 = no change to 5 = severe.
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Table 2. Renal lesion se ve rity  indices fo r  u n treated  con tro l ra ts and ra ts given a single ip d ose  o f  citrin in  (50 m g/kg)
and k illed  3 -1 4 4  hr after treatm ent (T ria ls III  and IV )

Time after 
treatment 

(hr)

No. 
of rats 

examined

Lesion severity index*

Tubular
protein

Tubular
dilation

Tubular
necrosis

Tubular
regeneration

Trial Hit
Solvent control

72 & 144 20 00 00 00 0-0
Citrinin-treated

72 10 0-6 0-6 2-3 1-0
144 15 0-5 0-6

Trial IVÍ
0-3 2-3

Untreated control
— 13 00 00 0-0 —

Solvent control
3-48 76 0-0 00 0-0 —

Citrinin treatment
3 11 0-1 0-0 1-8 —
6 11 00 00 2-5 —
12 13 0-6 0-2 2-6 —
24 11 1-9 0-6 2-7 —
36 15 2-2 0-7 2-7 —
48 28 2-1 10 2-8 —

*Mean of lesions for the given number of animals, graded from 0 = no change to 5 = severe.
+The solvent dose was 5-5 ml/kg body weight both for solvent controls and citrinin-treated animals. 
(The solvent dose was 5 ml/kg body weight both for solvent controls and citrinin-treated animals.

the death of only one rat from the 32-mg/kg group 
and no rats from the 48-mg/kg group.

Renal lesions were similar to those described in 
Trial I. Tubular necrosis contributed most to the 
severity of lesions observed in the group primed with 
daily doses of 32 mg/kg while regeneration of tubular 
epithelium was the most prominent change observed 
in the group primed with 48 mg citrinin/kg before 
receiving the higher dose of 64 mg citrinin/kg.

Trial III
The clinical and pathological features of the toxi

cosis induced by a single ip dose of 50 mg citrinin/kg 
were like those observed in Trial I. Renal lesions were 
observed in nine of the ten citrinin-treated rats killed 
on day 3 and in 12 of the 15 rats killed on day 6. 
Differences were found between the two citrinin- 
treated groups in the types of renal lesions, as necrosis 
of the tubular epithelium was the dominant lesion 
in the kidneys of rats killed on day 3, whereas re
generation of tubular epithelium was the domi
nant change in the kidneys of rats killed on day 6 
(Table 2).

Trial IV
As observed in Trial I, citrinin-treated rats became 

markedly depressed and remained so for 1-2 hr and 
solvent control rats were depressed for 30 min to 1 hr 
after treatment.

Gross lesions were observed neither in untreated 
and solvent-control rats killed during the 48-hr study 
nor in citrinin-treated rats killed 3 hr after treatment. 
Mild to moderate ascites was found in 80% of the 
rats killed 6-48 hr after treatment. Clear fluid 
(2-10 ml) was present in the abdominal cavity and 
fluid surrounded the kidneys of these rats. Kidneys 
of rats with ascites were pale and swollen. Pinpoint

pale foci visible from the renal cortical surface were 
connected to narrow pale radiating streaks in cross- 
sections of the renal cortex. Such lesions were 
observed in 25% of the rats killed after 24 hr and 
in 50% of those killed 36 and 48 hr after treatment.

Histopathological alterations were observed only 
in citrinin-treated rats and included degeneration and 
necrosis of cortical tubular epithelium, the presence 
of protein and protein casts in tubular lumens and 
renal tubular dilation. The lesion severity index 
(Table 2) was based on the relative number of renal 
tubules affected, the proportion of rats affected, the 
percentage of cells affected, the amount of protein and 
the degree of dilation of those tubules. The mean 
grade of tubular necrosis, on the basis of 0 = no 
change to 5 = severe (complete destruction of cortical 
tubules), was 1-8 by 3 hr and 2-5 by 6 hr after treat
ment, a plateau at 2-5—2-8 being maintained from the 
latter time until the final killing at 48 hr. Renal tubu
lar dilation and the presence of protein and protein 
casts in tubules were rarely observed 3 and 6 hr after 
treatment. Tubular dilation was observed in two and 
tubular protein in eight of the 13 rats examined 12 hr 
after treatment and in the majority of the rats at 
24-28 hr after treatment. The mean gradings for the 
severity of tubular dilation and tubular protein 
24-48 hr after treatment were 0-6-10 and 1 -9—2-1 re
spectively (Table 2).

The earliest histopathological alteration of renal 
tubular epithelial cells was cytoplasmic vacuolation. 
This was followed in approximate chronological order, 
by nuclear pyknosis, condensation of cytoplasm, 
karyorrhexis, karyolysis and dissolution of cytoplasm. 
Prominent, irregularly shaped vacuoles (Fig. 3) were 
observed in the renal tubular epithelial cells in 10 
of 11 rats killed 3 hr after treatment. A few pyknotic 
nuclei were observed at this time and condensation
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o f  th e  c y to p la sm  o f  e p ith e lia l  cells w as o b se rv e d  in 
a n  o c c a s io n a l  tu b u le  o f  tw o  ra ts  k illed  3 h r  a f te r  t r e a t 
m e n t. T h e  d e g re e  o f  v a c u o la r  c h a n g e  w as g re a te r  by 
6 h r  a f te r  t r e a tm e n t  a n d . a t 12 h r. so m e  v a c u o le s  w ere  
p a r tia l ly  filled  w ith  finely  g r a n u la r  e o s in o p h il ic  m a te r 
ial. N u c le a r  p y k n o s is  w as e v id e n t in  v a c u o la te d  e p i
th e lia l cells  2 4 h r  a f te r  t r e a tm e n t  (F ig . 4). V a c u o la r  
c h a n g e  w as n o t  p ro m in e n t  in tu b u la r  e p ith e liu m  at 
36 a n d  48  h r  a f te r  tr e a tm e n t,  b u t  n e c ro s is  b e c a m e  
d o m in a n t  a n d  a ffec ted  in d iv u d u a l cells a n d  g ro u p s  
o f  tu b u la r  e p ith e lia l cells 3 6 -7 2  h r  a f te r  t r e a tm e n t.  
N e c ro tic  cells w ere  ro u n d  w ith  sm a ll d e n se  h y p e r-  
c h ro m a tic  (p y k n o tic )  n u c le i a n d  in te n se ly  re d  ( tr i 
c h ro m e  s ta in )  c y to p la sm  a n d  w ere  n o t in c o n ta c t  w ith  
a d ja c e n t n o rm a l e p ith e lia l  cells. N e c ro s is  o f  g ro u p s  
o f  tu b u la r  e p ith e lia l cells w as c h a ra c te r iz e d  by  n u c le a r  
p y k n o s is . k a ry o rrh e x is  o r  k a ry o ly s is  a n d  by lo ss  o f  
b ru s h  b o rd e r  a n d  d is s o lu t io n  o f  c y to p la sm  (F ig . 5). 
D e g e n e ra tio n  a n d  n e c ro s is  o f  e p ith e liu m  affec ted  
tu b u le s  o f  th e  c o r te x  c o rtice s , la b y r in th in e  c o r te x  an d  
th e  o u te r  s t r ip e  o f  th e  o u te r  z o n e  o f  th e  m e d u lla . 
B ased  o n  th is  d is t r ib u t io n  a n d  o th e r  a n a to m ic a l  fea 
tu re s  su c h  as d e p th  o f  b ru s h  b o rd e r  a n d  h e ig h t o f  
e p ith e lia l  ce lls  (R h o d in . 1974: R o u ille r . 1969). a ffec ted  
tu b u le s  w ere  id en tif ie d  a s  d is ta l  c o n v o lu te d  tu b u le s  
a n d  s t r a ig h t  se g m e n ts  o f  p ro x im a l a n d /o r  d is ta l 
tu b u le s .

E x tra - re n a l  les io n s  a s so c ia te d  w ith  c itr in in  a d m in is 
t r a t io n  in c lu d e d  in c re a se d  n e c ro s is  o f  in d iv id u a l  ly m 
p h o id  cells in th e  sp le en  a n d  th y m u s  a n d  in c re ased  
m ito tic  a c tiv ity  in  h e p a to c v te s  o f  c i t r in in - t r e a te d  ra ts .

D IS C U S S IO N

C itr in in  g iv en  in  o n e  to  seven  d o se s  w as n e p h ro 
to x ic  to  r a ts  a s  re v ea le d  by g ro ss  a n d  h is to p a th o lo g i-  
c a l a lte ra t io n s .  D e sp ite  d iffe ren ces  in e x p e r im e n ta l  
p ro c e d u re s , c o m p a r is o n  o f  o u r  d a ta  w ith  th a t  
r e p o r te d  b y  o th e r  in v e s tig a to rs  (A m b ro se  &  D c E d s . 
1946: C a r l to n  et al. 1974: K itc h e n  et al. 1977a .b : 
T h a c k e r .  C a r l to n  &  S a n sin g . 1977) su g g e s ts  th a t  th e  
ra t  w a s  less su sc e p tib le  to  th e  to x ic  effec ts o f  c itr in in  
th a n  th e  g u in e a -p ig . b e ag le  d o g  o r  ra b b it ,  b u t w as 
m o re  su sc e p tib le  th a n  th e  m o u se  ( J o rd a n  et al. 1977).

R a ts  b e c a m e  less su sc e p tib le  to  th e  to x ic  effects o f 
c it r in in  w h e n  g iv en  seven  d a ily  m ild ly  to x ic  d o se s  o f 
c itr in in . T h is  w as d e m o n s tr a te d  by th e  lo w  m o r ta l ity  
w 'hen th is  g ro u p  w as g iv en  a  d o se  e q u iv a le n t  to  th e  
L D 50 o n  d a y  8 o f  th e  s tu d y . S u c h  a  re sp o n se  to  
c itr in in  a d m in is t r a t io n  m a y  be  a  sp ec ie s  re sp o n se  
r a th e r  th a n  o n e  d e te rm in e d  by th e  m y c o to x in , s in ce  
th e  re sp o n se  to  m u lt ip le  d o se s  o f  c it r in in  h a s  v a rie d  
w ith  th e  sp e c ie s  te s te d . T h u s , d e c re a s in g  su sc e p tib ility  
w as o b se rv e d  in  g u in e a -p ig s  g iv en  d a ily  d o se s  o f  
c it r in in  (T h a c k e r  et al. 1977). b u t  m u lt ip le  d o se s  w ere  
a d d it iv e  in  to x ic ity  w h e n  a d m in is te re d  to  th e  h a m s te r .  
T h e  m e c h a n ism  re sp o n s ib le  fo r th e  in d u c t io n  o f  re 
s is ta n c e  to  a  le th a l d o se  by  m u lt ip le  s u b le th a l  d o se s  
o f  c it r in in  w as n o t  in v e s tig a te d  in  th e se  s tu d ie s , b u t 
m a y  b e  re la te d  to  r e -p o p u la tio n  o f  tu b u le s  b y  re s is t
a n t  cells  o r  by th e  in d u c t io n  o f  e n zy m e  sy s te m s  m o re  
e ffic ien t in  c itr in in  d e to x if ic a tio n  (O rre n iu s , 1965).

T h e  e a r lie s t o b se rv e d  h is to p a th o lo g ic a l  a l te ra t io n  
in  th e  k id n e y s  w as v a c u o la tio n  o f  t u b u la r  e p ith e lia l  
cells, w h ich  w as d e te c te d  m u c h  m o re  re a d ily  in  Z en - 
k e r ’s-fixed  th a n  in  fo rm a lin -f ix e d  tissu es. V a c u o la r

c h a n g e  6 -2 4  h r  a f te r  t r e a tm e n t  w as a c c o m p a n ie d  by 
lo ss  o f  c y to p la sm ic  e o s in o p h il ia  a n d  by n u c le a r  p y k 
n o s is  in d ic a tiv e  o f  n e cro sis . S u c h  c h a n g e s  h a v e  a lso  
b een  d e sc rib e d  in th e  k id n e y s  o f  d o g s  (C a r lto n  e t al. 
1974: K itc h e n  e t a l. 1977b) a n d  g u in e a -p ig s  (T h a c k e r  
e t  a l. 1978) t r e a te d  w ith  m u lt ip le  d o se s  o f  c itr in in . 
T h e se  s t ru c tu ra l  c h a n g e s  a re  n o n -sp e c if ic  a n d  h a v e  
b e en  d e sc rib e d  in k id n e y s  d a m a g e d  by  a  v a r ie ty  o f 
n o x io u s  a g en ts . V a c u o la tio n . th e  m o s t p ro m in e n t 
m o rp h o lo g ic a l  a l te ra t io n  o b se rv e d  3 -2 4  h r  a f te r  t r e a t 
m e n t in c it r in in - t r e a te d  ra ts , h a s  b e e n  d e sc rib e d  in 
a s so c ia t io n  w ith  h y p o k a la e m ia  (S a rk a r  &  L evine.
1975). H o w e v e r, h y p o k a la e m ia  w a s  a p p a re n tly  n o t  re 
sp o n s ib le  fo r v a c u o la tio n  in r a ts  p o iso n e d  w ith  
c itr in in , as se ru m  c o n c e n tra t io n s  o f  p o ta s s iu m  w ere  
n o t re d u c e d  b u t te n d e d  to  b e  s lig h tly  a b o v e  th o se  
o f  c o n tro l  r a ts  ( Jo rd a n ,  C a r l to n  &  S a n s in g . 1978). T h e  
c o n te n ts  o f  th e  v a c u o le s  in th e  re n a l tu b u la r  cells o f  
o u r  r a ts  w ere  n o t d e te rm in e d  p rec ise ly  as sp e c ia l 
s ta in s  w ere  n e g a tiv e  fo r g ly co g e n  a n d  lip id . H o w ev e r, 
a c c u m u la tio n  o f  flu id  in  th e  in tra c e l lu la r  c o m p a r t 
m e n ts  o f  re n a l t u b u la r  cells d u e  to  a lte re d  fu n c tio n  
o f  th e  so d iu m  p u m p  (T ru m p  &  A rs tila , 1975) m ay  
h a v e  b e en  re sp o n s ib le .

T h e  c h a n g e  fro m  e p ith e lia l v a c u o la t io n  a n d  n u c le a r  
p y k n o s is  a t  24 h r  a f te r  t r e a tm e n t  to  d is s o lu t io n  o f  
c y to p la sm  a n d  lo ss  o f  n u c le i a f te r  36  h r  w as a c c o m 
p a n ie d  by a  d r a m a tic  in c re a se  in a c tiv itie s  o f  L D H  
a n d  G O T  in th e  u r in e  ( Jo rd a n  e t  a l. 1978). n o  d o u b t  
a r is in g  fro m  th e  d a m a g e d  re n a l  tu b u la r  cells. A c tiv i
tie s  o f  u r in a ry  e n zy m es  d e c lin e d  4 2  a n d  48 h r  a f te r  
t r e a tm e n t,  c o in c id e n t w ith  s ta b il iz a tio n  o f  c e llu la r  
b re a k d o w n .

T h e  h is to lo g ic a l m o rp h o lo g y  o f  th e  k id n e y s  o f  
c i t r in in - t r e a te d  ra ts  72 h r  a f te r  t r e a tm e n t  w as very  
s im ila r  to  th a t  a f te r  48 h r  e x cep t fo r v ery  s lig h t ev i
d e n c e  o f  r e g e n e ra tio n  o f  tu b u la r  e p ith e liu m  a t 72 h r. 
T h e  p a u c ity  o f  n e c ro t ic  t u b u la r  e p ith e liu m  a n d  th e  
a b u n d a n c e  o f  r e g e n e ra tin g  e p ith e lia l  cells  144 h r  a f te r  
t r e a tm e n t  c o m p a re d  to  th e  e x te n s iv e  les io n s  o b se rv e d  
e a r l ie r  c le a rly  d e m o n s tra te d  th e  r e m a rk a b le  a b ility  o f  
re n a l  t u b u la r  e p ith e liu m  to  re c o v e r  a f te r  a  se v e re  in 
su lt. R a p id  re g e n e ra tio n  o f  th e  re n a l tu b u la r  cells m ay  
b e  re sp o n s ib le , a t lea s t in  p a r t,  fo r th e  a p p a re n t  re s is t
a n c e  o f  th e  ra t  a n d  m o u se  ( J o rd a n  e t a l. 1977) to  
m u lt ip le  d o se s  o f  c itr in in .
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Fig. 1. Cross-section of the renal cortex of a kidney from a rat that died after citrinin treatment, showing pale radiating streaks.
Fig. 2. Necrosis of tubules of cortex cortices and straight segments of tubules of labyrinthine cortex in a rat given a single ip dose 
of 50 mg citrinin/kg. Haematoxylin and eosin x 250.



Fig. 3. Cytoplasmic vacuolation in several groups of renal cortical tubular epithelial cells of a rat 3 hr after a single ip dose of 50 mg 
cilrinin kg (Trial IV). Haematoxylin and eosin x 160.
Fig. 4. Cytoplasmic vacuolation and nuclear pvknosis of renal tubular epithelium of a rat killed 34 hr after a single ip dose of 50 mg 
cilrinin kg (Trial IV). Haematoxylin and eosin x 160.
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Fig. 5. Marked renal tubular necrosis and hyaline casts in a rat killed 36 hr after a single ip dose 
of 50 mg citrinin/kg (Trial IV). Haematoxylin and eosin x 160.
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CITRININ MYCOTOXICOSIS IN THE RAT. II. 
CLINICOPATHOLOGICAL OBSERVATIONS
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Abstract—Sprague Dawlcv rats weighing about 200 g were given either a single ip dose of 50 mg 
citrinin/kg or the dimethylsulphoxide-50% ethanol vehicle alone in a volume of 5 ml/kg and several 
clinicopathological parameters were examined. Alterations found during the first 48 hr after administra
tion of citrinin were indicative of nephrosis. Concentrations of glucose and blood were increased in 
the urine of citrinin-treated rats and the concentrations were greatest 3 hr after treatment. Protein 
in the urine increased from a mean of less than 2 + in untreated rats to 3 + 48 hr after citrinin 
treatment (solvent control = 1 +). A decrease in protein concentration in the urine of solvent-control 
rats was due to diuresis induced by the dimethylsulphoxide-ethanol solvent. The mean hourly excretions 
of chloride and sodium in the urine of citrinin-treated rats were I-5-2-0 times those of solvent-control 
rats, while potassium excretion was only slightly greater (101 compared with 92 mequiv/litre) in the 
citrinin-treated than in the solvent-control rats. Activities of glutamic-oxalacetic transaminase and 
lactic dehydrogenase in the urine of citrinin-treated rats were 15-20 times those of solvent control 
rats 36 hr after treatment. The blood urea nitrogen increased to Il4mg/!00ml 48 hr after treatment, 
about five times the normal concentration. Activities of lactic dehydrogenase and glutamic-oxalacetic 
transaminase in the serum were only slightly elevated in citrinin-treated rats. Serum potassium concen
tration was elevated and serum sodium and chloride concentrations were reduced.

INTRODUCTION

C itr in in , re v ie w e d  b y  S c o tt  (1977), is a  n e p h ro to x ic  
s e c o n d a ry  m e ta b o li te  o f  a  n u m b e r  o f  fu n g a l spec ies  
b e lo n g in g  to  th e  g e n e ra  P é n ic illiu m  a n d  A sp erg illu s . 
C lin ic o p a th o lo g ic a l  fe a tu re s  o f  c i tr in in - in d u c e d  m y co - 
to x ic o s is  in  th e  b e ag le  d o g  (C a r lto n , S a n sin g , Szczech  
&  T u ite , 1974; K itc h e n , C a r l to n  &  T u ite , 1977) a n d  
in th e  p ig  (F riis , H a ss e la g e r  &  K ro g h , 1969) w ere  in 
d ic a tiv e  o f  n e p h ro s is .

T h e  to x ic o lo g ic a l a n d  h is to p a th o lo g ic a l  fe a tu re s  o f  
c itr in in  to x ic o s is  in  th e  r a t  a re  r e p o r te d  in a  c o m 
p a n io n  p a p e r  ( Jo rd a n , C a r l to n  &  S a n sin g , 1978). T h is  
p a p e r  r e p o r ts  th e  c l in ic o p a th o lo g ic a l  d a ta  o b ta in e d  
fo llo w in g  a d m in is t r a t io n  o f  c it r in in  to  ra ts .

EXPERIMENTAL

Material. C itr in in , p re p a re d  a s  p re v io u s ly  d e sc rib e d  
b y  C a r l to n  et al. (1974), w as d isso lv e d  in  d im e th y ls u l
p h o x id e -5 0 %  e th a n o l  (1 :1 , v /v ; D M S O -5 0 %  E tO H )  
fo r a d m in is t r a t io n  b y  th e  ip  ro u te .

Animals. S p ra g u e -D a w le y  r a ts  w e ig h in g  1 9 0 -2 1 0  g  
w ere  p u rc h a se d  f ro m  H a r la n  In d u s tr ie s ,  C u m b e r la n d , 
IN , a n d  w ere  h o u se d  in d iv id u a lly  in  w ire -b o t to m e d  
m e ta b o lism  cages. F e e d  a n d  w a te r  w ere  su p p lie d  ad 
lib._______________________________________________________

’ Present address: Toxicology Division, Lilly Research
Laboratories, Division of Eli Lilly and Company. Green
field, IN 46140, USA.

Design of experiment. E a r ly  p h a se s  o f  th e  p a th o lo g i 
c a l c lin ic o p a th o lo g ic a l  fe a tu re s  o f  c itr in in - in d u c e d  
m y c o to x ic o s is  w ere  s tu d ie d . T e s t r a ts  w ere  g iv en  a  
s in g le  ip  d o se  o f  50 m g  c it r in in /k g  in  a  m ix tu re  o f  
D M S O -5 0 %  E tO H  as  so lv e n t (5 m l/k g  b o d y  w eigh t). 
C o n t ro l  r a ts  w ere  g iven  o n ly  th e  so lv e n t. B o th  g ro u p s  
w ere  p la c e d  in  w ire -b o tto m e d  m e ta b o lism  c ag e s  in  
w h ic h  w a te r  a n d  feed  w ere  su p p lie d  ad lib. U r in e  fro m  
se lec ted  ra ts  w as c o lle c te d  3 a n d  6 h r  a f te r  t r e a tm e n t  
a n d  a t  6 -h r  in te rv a ls  u n t i l  th e  r a ts  w e re  k ille d  a t  o r  
b e fo re  48 h r. G ro u p s  o f  a t  lea s t ten  ra ts -w e re  k ille d  
fo r  c o lle c tio n  o f  b lo o d  a n d  tis su e s  3, 6, 12, 24, 36 
a n d  48 h r  a f te r  tre a tm e n t.  In  a d d it io n ,  w a te r  in ta k e  
a n d  u r in e  o u tp u t  w ere  r e c o rd e d  fo r  14 u n t r e a te d  c o n 
tro l,  10 s o lv e n t-c o n tro l  a n d  12 c i t r in in - t r e a te d  ra ts , 
w h ic h  w ere  a lso  k ille d  48  h r  a f te r  tr e a tm e n t.

U r in e  w as c o lle c te d  o v e r  p e r io d s  o f  3 o r  6 h r  a t  
th e  a b o v e  in te rv a ls . C o lo u r  a n d  c la r ity  w ere  o b se rv ed . 
S p ec ific  g ra v ity  w as d e te rm in e d  w ith  a  re fra c to m e te r .  
T h e  p H  o f  th e  u r in e  w a s  re c o rd e d  a n d  te s tin g  fo r 
th e  p re se n c e  o f  p ro te in , g lu co se , k e to n e s , b i liru b in , 
u ro b ilin o g e n  a n d  b lo o d  w as c a r r ie d  o u t  u s in g  d ia g 
n o s t ic  re a g e n t s tr ip s  (M u ltis tix , A m es C o ., E lk h a r t ,  
IN ). U n s ta in e d  u r in a ry  se d im e n t w as e x a m in e d  by 
lig h t m ic ro sc o p y  a fte r  c e n tr ifu g a tio n . S o d iu m  a n d  
p o ta s s iu m  c o n c e n tra t io n s  w e re  d e te rm in e d  b y  flam e  
p h o to m e try  a n d  u r in a ry  c h lo r id e  levels w ere  
m e a su re d  w ith  a  c h lo r id e  m e te r  (C o tlo v e , T r a n th a m  
&  B o w m a n , 1958). T h e  a c tiv itie s  o f  la c tic  d e h y d ro g e n - ' 
a se  (L D H ) a n d  g lu ta m ic -o x a la c e tic  t r a n s a m in a s e
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Fig. 1. Water intake of untreated control rats (----- ), solvent-control rats (........ ) and rats given a
single ip dose of 50 mg citrinin/kg (---------).

(G O T )  in  th e  u r in e  w ere  d e te rm in e d  w ith  c o m m e rc ia l 
k its  (B o e h rin g e r  M a n n h e im  C o rp o ra tio n .  N e w  Y ork). 
T h e  c h a n g e  in lig h t a b s o rb a n c e  fo r b o th  e n z y m e  re a c 
t io n s  w as re c o rd e d  o v e r a  3 -m in  p e r io d  a t 336 n m  
a n d  3CFC (B eck m an  M o d e l 25, K in e tic  S y s tem . F u l
le r to n . CA ).

B lo o d  w as c o lle c ted  fro m  th e  r ig h t v e n tr ic le  a fte r 
th e  th o ra x  h a d  b e e n  o p e n e d  u n d e r  e th e r  a n a e s th e s ia ,  
so m e  b e in g  p lac ed  in tu b e s  c o n ta in in g  p o ta s s iu m  
E D T A  a s  a n tic o a g u la n t  a n d  so m e  in  o th e r  tu b e s  
w ith o u t  a n tic o a g u la n t  to  a llo w  c lo t fo rm a tio n . A fter 
c e n tr ifu g a tio n , se ru m  w as s a m p le d  fo r  c h em ica l, e lec 
tro ly te  a n d  e n zy m e  d e te rm in a tio n s . B lo o d  u re a  
n itro g e n  (B U N ) levels w ere  d e te rm in e d  by  a  p a p e r-  
c h ro m a to g ra p h ic  te c h n iq u e  ( U ro g ra p h -W a rn e r  C h il-  
c o tt  L a b o ra to r ie s .  M o r r is  P la in s . N J). C o n c e n tra t io n s  
o f  so d iu m , p o ta s s iu m  a n d  c h lo r id e  a n d  a c tiv itie s  o f 
L D H  a n d  G O T  in  th e  s e ru m  w ere  d e te rm in e d  in th e  
sa m e  m a n n e r  as fo r th e  u rin e . T o ta l  e ry th ro c y te  a n d  
leu c o cy te  c o u n ts  w ere  m a d e  w ith  a n  e le c tro n ic  c o u n t 
in g  d ev ice  (C o u lte r  C o u n te r ,  M o d e l F n -C o u l te r  E le c 
tro n ic s  Inc., H ia le a h , FL A ). H a e m o g lo b in  c o n c e n 
t r a t io n s  w ere  d e te rm in e d  by a  c y a n m e th a e m o g lo b in

m e th o d  (C o u lte r  H a e m o g lo b in o m e te r .  C o u l te r  E lec
tro n ic s , Inc ., H ia le a h , F L A ), p a c k e d  cell v o lu m e s  
(P C V ) by  a  s ta n d a rd  m ic ro h a e m a to c r i t  m e th o d  a n d  
to ta l  p ro te in  w ith  a  re fra c to m e te r .

S ta tis t ic a l  a n a ly s is  o f  c lin ic o p a th o lo g ic a l  d a ta  w as 
c o m p le te d  (u s in g  th e  p ro g ra m m e  Statistical Package 
for the Social Sciences. 2 n d  E d .) a t th e  P u r d u e  U n iv e r 
s ity  c o m p u te r  c en tre . D iffe ren ces b e tw ee n  o b se rv e d  
m e a n s  w ere  c o n s id e re d  s ta tis t ic a lly  s ig n if ic a n t w h en  
P s /O - O l .

RESULTS

C itr in in - tr e a te d  ra ts  b e c a m e  m a rk e d ly  d e p re sse d  
a n d  re m a in e d  so  fo r 1 -2  h r  a n d  so lv e n t-c o n tro l  r a ts  
w ere  d e p re sse d  fo r 0-5-1 h r  a f te r  tr e a tm e n t.  D iu rn a l  
v a r ia t io n s  in w a te r  in ta k e  w ere  o b se rv e d  in  u n tre a te d  
a n d  so lv e n t-c o n tro l  ra ts , w h ile  w a te r  in ta k e  in 
c i t r in in - t r e a te d  ra ts  w as re la tiv e ly  c o n s ta n t  a n d  low  
(F ig . 1). O n ly  m in o r  v a r ia tio n s  w ere  o b se rv e d  in  th e  
u r in e  o u tp u t  o f  u n tre a te d  ra ts , b u t  b o th  so lv e n t-c o n 
tro l  a n d  c i t r in in - t r e a te d  ra ts  p ro d u c e d  la rg e  q u a n ti t ie s  
o f  u r in e  6 -1 8  h r  a f te r  tr e a tm e n t  (F ig . 2). A lth o u g h  it

Fig. 2. Urine output of untreated control rats (----- ), solvent-control rats (........ ) and rats given a
single ip dose of 50 mg citrinin/kg (--------- ).
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w as n o t m o n ito re d  c lose ly , fo o d  in ta k e  o f  c itr in in -  
t r e a te d  ra ts  a p p e a re d  to  b e  lo w e r th a n  th a t  o f  c o n tro l  
ra ts .

T h e  u r in e  o f  te s t r a ts  w as v ery  lig h t y e llo w  to  
m o d e ra te ly  y e llo w  w h e re a s  th e  u r in e  o f  c o n tro l  r a ts  
w as g e n e ra lly  d a rk e r  ye llow . T h e  u r in e  fro m  b o th  
g ro u p s  w as g e n e ra lly  c le a r  a n d  th e  s lig h t tu rb id i ty  
o c c a s io n a lly  fo u n d  in  sa m p le s  f ro m  c o n tro l  r a ts  w as 
d u e  to  th e  p re se n c e  o f  n u m e ro u s  c ry s ta ls . A fte r 18 h r, 
th e  u r in e  o f  c i t r in in - t r e a te d  ra ts  w a s  so m e tim e s  tu rb id  
o w in g  to  th e  p re se n c e  o f  e p ith e lia l  cells, c e llu la r  
d e b r is  a n d  o c c a s io n a l  s m o o th  o r  g ra n u la r  cas ts .

T h e  a m o u n ts  o f  u r in e  a v a ila b le  w ere  sm a ll a n d  th u s  
little  e ffo rt w as m a d e  to  q u a n tify  th e  u r in a ry  se d i
m en t. E p ith e lia l  cells  a n d  e ry th ro c y te s  w ere  p re se n t 
in th e  u r in e  o f  c i t r in in - t r e a te d  ra ts  a s  e a r ly  a s  3 h r  
a f te r  t re a tm e n t.  In c re a se d  n u m b e rs  o f  e p ith e lia l cells 
a n d  o c c a s io n a l  g r a n u la r  a n d  h y a lin e  c a s ts  a n d  d e 
c re a se d  n u m b e rs  o f  e ry th ro c y te s  w ere  o b se rv e d  in 
sa m p le s  o f  u r in e  o b ta in e d  b e tw ee n  6  a n d  48 hr.

U r in a ry  spec ific  g ra v ity  w as d e c re a se d  slig h tly  3 h r 
a f te r  t r e a tm e n t  o f  r a ts  w ith  c itr in in  a n d  6 h r  a f te r  
t r e a tm e n t  in so lv e n t-c o n tro l  ra ts . T h e  m ea n  u r in a ry  
specific  g ra v ity  o f  so lv e n t-c o n tro l  r a ts  g ra d u a lly  in 
c rea se d  to  a  v a lu e  s im ila r  to  th a t  o f  u n tre a te d  c o n tro l  
ra ts , b u t  it re m a in e d  low  in  th e  c it r in in - t r e a te d  g ro u p . 
K e to n e s , b iliru b in  a n d  u ro b ilin o g e n  w ere  n o t d e te c te d  
in  e ith e r  c o n tro l  o r  c i t r in in - t r e a te d  ra ts .

U r in a ry  p H  w as d e c re a se d  in r a ts  g iven th e  
D M S O -5 0 %  E tO H  so lv e n t a lo n e  o r  in  c o m b in a tio n  
w ith  c itr in in . T h e  re d u c t io n  w a s  a b o u t  o n e  p H  u n it  
3 h r  a f te r  t r e a tm e n t  in so lv e n t-c o n tro l  ra ts , b u t  48 h r  
a f te r  tr e a tm e n t,  th e  p H  o f  th e  u r in e  o f  s o lv e n t-c o n tro l  
r a ts  w as s im ila r  to  th a t  o f  u n t r e a te d  c o n tro l  r a ts  (7-3). 
T h e  p H  o f  th e  u r in e  o f  c i t r in in - t r e a te d  ra ts  w as 
0-7-1-2  u n its  b e lo w  th a t  o f so lv e n t-c o n tro l  r a ts

18-48  h r  a f te r  tr e a tm e n t,  b u t  th ese  d iffe ren ces  w ere  
s ta tis tic a lly  s ig n if ic a n t (P < 0-01) o n ly  a t  18 a n d  48  hr.

U r in a ry  p ro te in  c o n c e n tra t io n s  (T ab le  1) in 
c it r in in - t r e a te d  ra ts  in c re a se d  fro m  a m e a n  o f  s lig h tly  
less th a n  2 +  (b ased  o n  a  sca le  o f  0  to  4  + )  to  a  
m e a n  so m e w h a t less th a n  3 + ,  w h ile  th o se  o f  so lv e n t-  
c o n tro l  r a ts  in c re a se d  fro m  tra c e  a m o u n ts  3 h r  a f te r  
t r e a tm e n t  to  s lig h tly  o v e r  1 +  a t  48  h r. T h e  u r in a ry  
p ro te in  c o n c e n tra t io n  o f  u n tre a te d  c o n tro l  r a ts  w as 
s lig h tly  less th a n  2 +  (so lv e n t- in d u c e d  d iu re s is  a n d  
d i lu tio n  o f  p ro te in  in  u rine).

T h e  c o n c e n tra t io n  o f  g lu co se  in th e  u r in e  o f  
c i t r in in - tre a te d  ra ts  h a d  in c re a se d  by  3 h r  a f te r  t r e a t 
m en t, b u t  th e  in c re a se  w as n o t  so  g re a t  a t  6 -4 8  h r  
a s  a t  3 h r. It w as, h o w e v er, g re a te r  a t  a ll t im e s  in 
t r e a te d  th a n  in  u n tre a te d  a n d  so lv e n t-c o n tro l  r a ts ;  th e  
u r in e  sa m p le s  fro m  ra ts  o f  th e se  la t te r  g ro u p s  ra re ly  
c o n ta in e d  d e te c ta b le  g lu co se  (T a b le  1).

B lo o d  w as p re se n t  in  th e  u r in e  o f  so m e  o f  th e  u n 
t r e a te d  c o n tro l ,  s o lv e n t-c o n tro l  a n d  c i t r in in - t r e a te d  
ra ts  a t  e ac h  c o lle c tio n , b u t  w as p re se n t in g re a te r  c o n 
c e n tra t io n s  a n d  a t  a  g re a te r  fre q u e n c y  in  c itr in in -  
t r e a te d  th a n  in  c o n tro l  r a ts  (T ab le  1). T h is  d ifferen ce  
w a s  s ta tis tic a lly  s ig n if ic a n t o n ly  fo r th e  3 -h r  c o lle c 
tio n .

T h e  c o n c e n tra t io n s  o f  so d iu m , p o ta s s iu m , a n d  
c h lo r id e  in th e  u r in e  o f  r a ts  w ere  v a r ia b le  w ith in  
g ro u p s  a s  w ell a s  b e tw ee n  p r in c ip a ls  a n d  c o n tro ls  
(T ab le  2). T h e  c o n c e n tra t io n s  o f  a ll th re e  e le c tro ly te s  
w ere  s ig n if ic a n tly  (P ^  0  01) lo w e r in c it r in in - t r e a te d  
th a n  in c o n tro l  ra ts  3 6 -4 8  h r  a f te r  tre a tm e n t.

A c tiv itie s  o f  th e  e n zy m es  G O T  a n d  L D H  in  th e  
u r in e  w ere  in c re a se d  g re a tly  in r a ts  t r e a te d  w ith  
c itr in in  a s  c o m p a re d  to  so lv e n t-d o se d  c o n tro ls .  E n zy 
m ic  a c tiv ity  p e a k e d  36 h r  a f te r  tr e a tm e n t,  b u t  
r e m a in e d  h ig h  a t  th e  4 8 -h r te rm in a l  c o lle c tio n . A

Table 1. Concentrations of protein, glucose, and blood in urine collected at various times after treatment from control
and citrinin-treated rats

No. of urine samples No. of urine samples No. of urine samples 
with a protein with a glucose with a blood
concentration concentration concentration

Experimental
group

Time after 
treatment 

(hr)

Total 
no. of 

samples

index of: index of: index of:

0 tr 1 + 2 + 3 + 4 + 0 1 + 2 + 3 + 0 1 + 2 + 3 +

Untreated control 0 29 9 0 8 12 0 0 27 2 0 0 21 7 1 0
Solvent control 3 30 0 6 23 1 0 0 30 0 0 0 25 4 0 1

(DMSO- 6 43 10 15 18 0 0 0 43 0 0 0 38 2 2 1
50% EtOH. 12 31 9 8 14 0 0 0 31 0 0 0 26 4 1 0
5 ml/kg) 18 28 5 1 18 2 2 0 27 1 0 0 22 1 2 3

24 30 7 5 15 2 1 0 30 0 0 0 27 1 1 1
30 15 3 1 10 1 0 0 15 0 0 0 9 2 2 2
36 21 0 0 11 10 0 0 21 0 0 0 16 2 3 0
42 12 0 1 10 1 0 0 12 0 0 0 10 1 1 0
48 20 1 1 16 I 1 0 20 0 0 0 18 1 1 0

Citrinin-treated 3 36 1 1 18 14 2 0 4 0 3 29 3 18 7 8
(50 mg/kg) 6 62 0 6 20 29 7 0 9 7 9 37 10 35 14 3

12 41 1 0 14 16 9 1 21 11 3 6 14 19 5 3
18 35 0 1 8 9 17 0 26 3 2 4 19 15 1 0
24 36 1 1 5 6 22 1 23 7 3 3 17 17 2 0
30 20 1 0 3 2 14 0 14 3 1 2 7 12 0 1
36 32 1 0 7 2 22 0 19 4 3 6 12 18 0 2
42 22 0 0 3 3 15 1 14 3 1 4 6 11 5 0
48 29 0 1 3 2 21 2 20 3 1 5 10 13 6 0

tr = trace
F.C.T. 1 6 /5 — c
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Table 2. Concentrations of electrolytes in urine collected at various times after treatment from untreated and solvent
control, and citrinin-treated rats

Experimental
group

No. of 
animals 
tested

Time after 
treatment 

(hr)

Sodium
concentration
(mequiv/litre)

Potassium
concentration
(mequiv/litre)

Chloride
concentration
(mequiv/litre)

Untreated control 10 0 188-2 ± 31-5 267-8 ± 63-0 210-9 ± 34-9
Solvent control 30 3 23-4 + 20-4 91-4 + 37-9 24-9 ± 20-0

(DMSO-50% EtOH. 28 6 9-6 ± 14-5 99-6 ± 33 1 18-6 ± 16-2
5 ml/kg) 22 12 43-1 + 52-8 158-6 + 55-7 60-8 ± 44-4

20 18 67-6 + 56-6 185-2 + 49-8 106-7 ± 59-8
22 24 88-0 + 65-0 176-1 + 67-8 125-7 ± 72-5
15 30 131-3 + 83-2 188-8 + 92-8 140-9 + 78-7
22 36 92-3 + 58-1 179-8 + 53-0 130-7 + 67-5
12 42 132-9 + 62-9 243-7 ± 70-3 133-3 ± 43-1
17 48 137-7 ± 67-9 163-5 ± 60-2 133-1 ± 67-1

Citrinin-treated 38 3 35-2 + 27-6 90 1 + 42-1 29-4 ± 34-8
(50 mg/kg) 43 6 33-7 ± 20-3 71-6 ± 26-5 16-1 ± 14-1

38 12 31-1 + 25-7 61-3 + 28-7 20-4 ± 20-4
34 18 34-7 + 29-2 74-8 + 34-1 29-2 ± 33-0
29 24 28-4 + 20-4 90-4 + 45-3 25-4 ± 26-5
18 30 30-5 + 33-8 98-1 ± 41-6 30-9 ± 37-4
31 36 20-6 + 21-0 91-7 + 50-2 22-9 ± 25-1
23 42 21-6 + 29-6 102-1 -f- 54-6 20-8 ± 22-8
26 48 17-0 ± 16-7 95-5 + 48-4 21-0 ± 18-9

small spike of increased activities of these enzymes tion periods, but were much below those of the 
was noted 3 hr after treatment (Fig. 3). citrinin-treated rats. Differences in LDH activities in

T h e  m e a n  h o u r ly  u r in a ry  e x c re tio n  o f  p o ta s s iu m , 
c h lo r id e  a n d  so d iu m  w as re d u c e d  a n d  th e  u r in a ry  
e x c re tio n  o f  e n zy m es (G O T  a n d  L D H ) w as m a rk e d ly  
h ig h e r  in c itr in in - t r e a te d  th a n  in  so lv e n t-c o n tro l  ra ts . 
T h e  v a lu e s  w ere  b a se d  o n  c a lc u la tio n s  u s in g  u r in e  
v o lu m e s  a n d  e le c tro ly te  a n d  e n z y m ic  c o n c e n tra t io n s  
in  u r in e  sa m p le s  c o lle c te d  a t  n in e  in te rv a ls  o v e r a 
4 8 -h r  p e rio d  fro m  five c it r in in - t r e a te d  a n d  five so l- 
v e n t-c o n tro l  r a ts  (T ab le  3).

A c tiv itie s  o f  th ese  e n zy m es  w ere  a lso  in c re a se d  in 
th e  se ru m  o f  c it r in in - t r e a te d  ra ts , b u t  th e  e le v a tio n s  
in th e  se ru m  w ere  n o t  a s  g re a t  a s  th o se  fo u n d  in 
th e  u rin e . L D H  a c tiv itie s  in  s e ru m  p e a k e d  3 a n d  36 h r  
a f te r  t r e a tm e n t  (F ig. 4). L D H  a c tiv itie s  w ere  a lso  
in c re a se d  in so lv e n t-c o n tro l  r a ts  a t  th e se  sa m e  co llec-

se ru m  b e tw e e n  c it r in in - t r e a te d  a n d  so lv e n t-c o n tro l  
r a ts  w ere  s ta tis t ic a lly  s ig n if ic a n t 3, 36  a n d  48  h r  a f te r  
tre a tm e n t.  A sm a ll in c re a se  in  se ru m  G O T  a c tiv ity  
w as a ls o  n o te d  in so lv e n t-c o n tro l  r a ts  3 h r  a f te r  t r e a t 
m e n t, b u t  th e  level h a d  re tu rn e d  n e a r ly  to  p r e t r e a t 
m e n t v a lu e s  b y  th e  4 8 -h r  d e te rm in a tio n .  A s ta tis t ic a lly  
s ig n if ic a n t in c re a se  in se ru m  G O T  a c tiv ity  w a s  fo u n d  
in  c i t r in in - t r e a te d  ra ts  3 h r  a f te r  t r e a tm e n t  a n d  th e  
in c re a se d  a c tiv ity  p e rs is te d  th ro u g h o u t  th e  4 8 -h r  tr ia l  
p e r io d  (F ig . 5).

In  c i t r in in - t r e a te d  ra ts , B U N  in c re a se d  th ro u g h o u t  
th e  s tu d y  to  a  m e a n  o f  1 1 4 m g /1 0 0 m l a t  48 h r. T h e  
B U N  o f  so lv e n t-c o n tro l  r a ts  re m a in e d  re la tiv e ly  c o n 
s ta n t  a t  1 3 -2 4  m g /1 0 0  m l.

S e ru m  e le c tro ly te  c o n c e n tra t io n s  v a rie d  so m e w h a t

Fig. 3. Mean activities of lactic dehydrogenase (L D H ;---- ) and glutamic-oxalacetic transaminase
(GOT; ) in urine from rats given a single ip dose of 50 mg citrinin/kg. The shaded portion represents 
the 99% confidence interval of the means of the LDH and GOT activities of the solvent-control 
rats, including the extremes of both enzymes.
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Fig. 4. Mean activities and 99% confidence intervals of serum lactic dehydrogenase (SLDH) in rats 
given a single ip dose of 50 mg citrinin/kg. The shaded area represents the 99% confidence interval 
of the mean SLDH activities of solvent-control rats.

Table 3. Mean hourly excretion of electrolytes and enzymes 
in urine from five solvent-control and five citrinin-treated rats 

collected at nine intervals over a 48-hour period

Urinary 
electrolyte 
or enzyme

Solvent-
control

rats

Citrinin-
treated

rats

Sodium (mequiv/hr) 54-2 22-9
Potassium (mequiv/hr) 100-6 91-7
Chloride (mequiv/hr) 56-6 35-7
UGOT (mU/hr) 6-7 51-6
ULDH (mU/hr) 15 9 214-3

UGOT = Urinary glutamic-oxalacetic transaminase 
ULDH = Urinary lactic dehydrogenase

(T a b le  4) a n d  m o s t  d iffe ren ces  b e tw ee n  c itr in in -  
t r e a te d  a n d  so lv e n t-c o n tro l  r a ts  w ere  n o t  s ta tis tic a lly  
s ig n if ic a n t. H o w e v e r, se ru m  c o n c e n tra t io n s  o f  so d iu m  
a n d  c h lo r id e  w ere  g e n e ra lly  s lig h tly  lo w e r in  tre a te d  
th a n  in  c o n tro l  ra ts , a n d  se ru m  p o ta s s iu m  c o n c e n 
t r a t io n s  w ere  g e n e ra lly  h ig h e r. T h e  d ifferen ces 
b e tw ee n  t r e a te d  a n d  c o n tro l  v a lu e s  fo r se ru m  p o ta s 
s iu m  w ere  s ta tis t ic a lly  s ig n if ic a n t o n ly  a t  24  h r  a f te r  
t re a tm e n t.

T o ta l  s e ru m -p ro te in  w as m a rk e d ly  re d u c e d  (from
7-4 to  5 -6 g /1 0 0 m l)  3 h r  a f te r  t r e a tm e n t  in b o th  so l
v e n t-c o n tro l  a n d  c i t r in in - t r e a te d  ra ts . M e a n  se ru m - 
p ro te in  v a lu e s  g ra d u a l ly  in c re a s e d  a t  th e  o th e r  o b s e r 
v a tio n  p e r io d s  a n d  w ere  n e a r  p r e tr e a tm e n t  v a lu e s  a t  
th e  4 8 -h r  te rm in a l  c o lle c tio n .

M e a n  e ry th ro c y te  c o u n ts  a n d  P C V  re a d in g s  o f  so l-  
v e n t-c o n tro l  r a ts  w ere  re d u c e d  3 h r  a f te r  t r e a tm e n t  
a n d  th o se  o f  c i t r in in - t r e a te d  r a ts  w ere  s lig h tly  in 
c rea se d , b u t  th ey  w ere  n o t  s ig n if ic a n tly  d iffe re n t fro m  
p r e tr e a tm e n t  v a lu es . E ry th ro c y te  c o u n ts  a n d  P C V  
v a lu e s  o f  so lv e n t-c o n tro l  a n d  c i t r in in - t r e a te d  ra ts  
w ere  n o t  s ig n if ic a n tly  d iffe re n t f ro m  p re - t r e a tm e n t  
v a lu e s  6 h r  a f te r  tr e a tm e n t.  H a e m o g lo b in  v a lu e s  
g e n e ra lly  p a ra lle le d  th o se  fo r e ry th ro c y te s  a n d  P C V . 
T h e  o n ly  s ta tis t ic a lly  s ig n if ic a n t d iffe re n ce  b e tw ee n  
t r e a te d  ra ts  a n d  c o n tro ls  w a s  in th e  h a e m o g lo b in  c o n 
c e n tr a t io n  a f te r  3 h r. L e u c o c y te  c o u n ts  o f  c itr in in -  
t r e a te d  ra ts  te n d e d  to  b e  s lig h tly  lo w e r th a n  th o se  
o f  c o n tro l  ra ts , b u t  th e se  d iffe re n ce s  w ere  n o t  s ta t is t i 
ca lly  sig n ifican t.

DISCUSSION

A v a r ie ty  o f  c lin ic o p a th o lo g ic a l  p a r a m e te r s  w ere

Fig. 5. Mean activities and 99% confidence intervals of serum glutamic-oxalacetic transaminase (SGOT) 
in rats given a single ip dose of 50 mg citrinin/kg. The shaded area represents the 99% confidence 
interval of the mean SGOT activities of solvent-control rats.



446 W. H. Jordan. W. W. Carlton and G. A. Sansing

Table 4. Concentrations of electrolytes in serum of untreated, solvent control and citrinin-treated rats killed at various
times after treatment

Treatment

No. of 
animals 
tested

Time after 
treatment 

(hr)

Sodium
concentration/
(mequiv/litre)

Potassium
concentration/
(mequiv/litre)

Chloride
concentration/
(mequiv/litre)

Untreated control 10 0 148-2 ± 2-1 5.9 ± 0.7 95 9 ± 64
Solvent control 10 3 139-6 ± 3-6 5-1 + 0-6 96-0 ± 1-1

(DMSO-50% EtOH. 10 6 1444 ± 1-7 5-2 ± 0-6 100-2 ± 2-5
5 ml/kg) 12 12 144-6 ± 1-8 6-1 + 0-9 97-3 + 4-2

10 24 146-7 + 2-6 5-8 + 0-8 100-6 + 9-3
11 36 143-2 + 34 5-4 + 0-5 96-1 ± 4-2
22 48 144-1 ± 5-3 5-7 ± 0-5 95-7 ± 5-1

Citrinin-treated ii 3 136-3 + 5-2 5-3 + 0-5 92-5 ± 3-5
(50 mg/kg) 11 6 139-1 +4-5 5-7 + 0-8 96-5 ± 4-1

13 12 139-8 + 5-5 7-0 + 1-8 96-2 ± 4-0
10 24 141-1 + 6-4 7-8* ± 3.0 97-1 + 4-3
15 36 140-6 + 5-1 6-8 + 1-9 97-1 + 6-1
28 48 135-2 ± 11-5 7-1 + 21 91-5 ± 12-6

t  Values are means ± standard deviation for the number of animals shown.
The value marked with an asterisk differs significantly from the control (*P < 0-01).

altered in rats as early as 3 hr after a single dose 
of citrinin and these alterations persisted to a varying 
extent throughout the 48-hr study period. The most 
prominent clinicopathological changes included a rise 
in BUN concentration, increased activities of GOT 
and LDH in urine and serum, increased concen
trations of urinary glucose and protein and decreases 
in concentration and total excretion of urinary elec
trolytes. All alterations were indicative of renal 
damage. No haematological changes were observed

Most of the enzyme activity in the urine originated 
from damaged tubular epithelial cells, although some 
activity may have been contributed by erythrocytes. 
The source of the blood was not established, but 
small quantities were observed in the urine of un
treated and solvent-control as well as of citrinin- 
treated rats throughout the experiment. Enzymes 
released into the serum did not affect urinary enzyme 
activities because of their inability to cross glomerular 
membranes owing to their high molecular weight 
(Amador & Wacker. 1970).

The source of the slight increase in activity of LDH 
and of the moderate increase in activity of G O T in 
the serum was not apparent. Increased activity of 
LDH. but not GOT. was detected in the serum of 
dogs given daily doses of 10 mg citrinin/kg body 
weight (Kitchen et al. 1977) but no increase in activity 
of either G O T or LDH was observed in the serum 
of dogs given daily doses of 20 or 40 mg citrinin/kg 
body weight (Carlton et al. 1974). These differences 
in results may be due to species differences in suscep
tibility to citrinin, to differences in the solvent used 
or to differences in citrinin dosage, or they may result 
from differences in the time between treatment and 
sample collection. Increased activities of LDH and 
G O T most often arise from damage to the liver and 
muscle (Coles, 1974; Henley, Schmidt & Schmidt. 
1966), but no gross or microscopic evidence of de
generation was observed in these or other extra-renal 
tissues of our rats to explain the increased activities 
of these enzymes in the serum. It has been demon
strated that enzymes may be released from cells that 
appear morphologically intact (Henley et al. 1966;

Zierler, 1958) and such “leaky” cells could have been 
the origin of the increased activities. It is possible 
that necrosis of tubular epithelium was accompanied 
by sufficient damage to tubular basement membranes 
of rats to allow leakage of enzymes into the intersti- 
tium. to be picked up by the blood stream. This enzy
mic activity may have been augmented by inapparent 
damage to the heart or liver of citrinin-treated rats. 
Determinations of isoenzyme patterns could have 
been of value in determining the source of the in
creased activities of LDH in the serum of citrinin- 
treated rats. (Cornish, Barth & Dodson, 1970), but 
these determinations were not made.

Lunctional changes support the histological obser
vation that necrosis involved cells of the distal seg
ment of the nephron. This segment, under normal 
conditions, concentrates urine by the reabsorption of 
solute-free water, secretes potassium and hydrogen 
ions and reabsorbs small quantities of sodium, which 
escape reabsorption in the proximal portions of the 
nephron (Coles. 1974; Guyton, 1976). Damage to this 
region would result in a decreased ability to concen
trate urine, decrease in acidification of urine, impaired 
ability to maintain sodium balance with restricted 
dietary intake or excessive extrarenal losses (Kashgar- 
ian, Hayslet & Spargo, 1977) and retention of potas
sium (Coles, 1974). In both the solvent-control and 
citrinin-treated rats, the specific gravity of the urine 
was reduced and the urine was more acid, these 
changes being more marked and persistent in the 
citrinin-treated rats. The mechanism responsible for 
the increased acidity of the urine was not examined. 
This change may have been caused partly by the pres
ence of acidic citrinin in the urine, although the low 
concentrations of citrinin (highest 42 /rg/ml) reported 
in the urine of the dog (Damodaran, Ramadoss & 
Shanmugasundaram, 1973; Wang & Ting, 1950) 
would account for only a minor increase in urinary 
acidity. Damage to distal convoluted tubular epithe
lial cells may also have contributed to urinary acidity 
owing to decreased reabsorption of hydrogen ions 
(Coles, 1974). Decreased excretion of sodium and 
chloride in the urine may have been caused by de
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c re a se d  d ie ta ry  in ta k e , b u t  th e  s lig h tly  re d u c e d  c o n 
c e n tra t io n s  o f  so d iu m  a n d  c h lo r id e  a n d  th e  in c re a se d  
c o n c e n tra t io n  o f  p o ta s s iu m  in th e  se ru m  w ere  p r o b 
a b ly  th e  re su lt  o f  fa ilu re  o f  th e  n o rm a l  ac tiv e  
e x c h a n g e  o f so d iu m  fo r  p o ta s s iu m  in  th e  d a m a g e d  
d is ta l  tu b u le s  (C o les , 1974).
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Abstract—The toxicity of an isolate of Aspergillus ochraceus was examined in weanling male Sprague- 
Dawley rats fed diets containing a rice culture or fungal mat of the organism for 5 wk. The ground 
rice culture was mixed with a commercial purified diet at concentrations of 5, 7-5 and 10% and the 
fungal mat at concentrations of 1, 2 and 3%. In groups fed the rice-culture diets, weight gains were 
reduced and all the rats in the group fed the 10% diet died. Rats fed fungal-mat diets showed a 
marked reduction in weight gain, and the death rate was high (about 83%) in groups fed the 2 or 
3% diet. Gross lesions found in groups fed either type of diet included focal necrosis in the liver, 
greenish discoloration of the kidneys, gastric ulceration, ulceration of the scrotal epidermis and corneal 
opacity. Histological changes in the liver included necrosis of the epithelium of biliary ducts, periductal 
oedema, pericholangitis, periductal fibrosis and disseminated focal hepatocellular necrosis. Necrosis 
of epithelium occurred also in the extraheptic ducts and was accompanied by an interstitial pancreatitis 
in certain rats. Foci of leucocytes and macrophages were found in the dermis of the scrotum and 
in the epididymal adipose connective tissue. Ulceration of the epidermis occurred late in the sequence 
of scrotal changes. Ocular lesions comprised corneal oedema, interstitital keratitis, iridocyclitis and 
hypopyon. Renal lesions consisted of tubular necrosis and hyaline and biliary casts within convoluted 
tubules.

INTRODUCTION

A sperg illu s ochraceus has frequently been isolated 
from various foods, including heating grains (Wallace 
& Sinha, 1962), Japanese polished and unpolished rice 
(Udagawa, Ichinoe & Kurata, 1970), pepper (Chris
tensen, Fanse, Nelson, Bates & Mirocha, 1967; 
Leyendecker, 1954), pecans (Doupnik & Bell, 1971) 
and Mexican corn (Lopez & Christensen, 1967), but 
has only been isolated infrequently from US stored 
corn. A. ochraceus may elaborate several mycotoxins, 
including ochratoxin A and penicillic acid (Ciegler, 
1972; Hesseltine, Vandegraft, Fennell, Smith & Shot- 
well. 1972; Munro, Scott, Moodie & Willes, 1973; 
Natori, Sakaki, Kurata, Udagawa, Ichinoe. Saito & 
Umeda, 1970; van der Merwe, Steyn, Fourie, Scott 
& Theron, 1965) and these two mycotoxins may be 
produced singly or in combination not only by A. 
ochraceus but also by other members of the A . ochra
ceus group (Ciegler, 1972).

An isolate of A. ochraceus (Zimmermann, Carlton 
& Tuite, 1976) was found to be toxic when fed to 
mice, the hepatic lesions produced consisting of bile- 
duct necrosis, periductal inflammation and fibrosis 
and bile-duct hypertrophy and hyperplasia. Renal 
lesions comprised necrosis of the convoluted tubules 
and the presence of biliary casts within the convo
luted tubules and collecting ducts. This spectrum of 
lesions was similar to that observed in mice and rats

fed an Indiana isolate of Pénicillium  virid icatum  
(Budiarso, Carlton & Tuite, 1971; Carlton, Tuite & 
Mislivec, 1968 & 1970). This report describes the 
mycotoxicosis produced in rats by cultural products 
of an isolate of A. ochraceus.

EXPERIMENTAL

Rice cultures and fungal mats of A. och raceu s were 
prepared as previously described (Zimmermann et al.
1976) and mixed with a purified diet. Rice culture 
at dietary concentrations of 5, 7-5 and 10% and 
ground fungal mat at concentrations of 1, 2 and 3% 
were fed to groups of 12 male weanling Sprague- 
Dawley rats for a period of 5 wk. Control rats were 
fed a purified diet mixed with 10% rice treated with 
1% propionic acid. Rats were housed in individual 
stainless-steel cages in an environmentally controlled 
room with the temperature maintained between 21 
and 24°C. Water and feed were provided a d  lib. The 
rats were weighed weekly. Rats that died, those killed 
when moribund and those killed when the experi
ments were terminated after 5 wk were autopsied. The 
liver, kidney, stomach, duodenum, pancreas, spleen 
and mesenteric lymph nodes, scrotum and eye were 
fixed in 10% buffered formalin, processed for paraffin 
sectioning, and stained with haematoxylin and eosin 
for histopathological examination.
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RESULTS

C lin ica l signs

Diets containing rice culture or fungal mat were 
toxic to rats and resulted in reduced weight gains 
at all dietary concentrations and deaths in all but 
one group (Table 1). Rats fed the highest dietary con
centration of rice culture (10%) did not survive 
beyond 2 wk, although there were few or no deaths 
in the groups fed the 7-5 and 5% concentrations. A 
high death rate was observed in groups fed the fungal- 
mat diets at concentrations of 2 or 3%, but few rats 
died in the group fed the 1% diet. Weight gains were 
markedly reduced in groups fed diets containing 2 
or 3% fungal mat.

Rats fed either rice-culture or fungal-mat diets de
veloped roughened hair, became anorectic and were 
dehydrated, and several from each dietary group de
veloped grossly observable scrotal necrosis. By in
spection, the LD50 for rats fed rice culture was deter
mined to be between 7-5 and 10% and for those fed 
the fungal mat the LD50 was between 1 and 2%.

G ross p a th o lo g y

Gross lesions in rats fed either rice culture or fungal 
mat were generally restricted to focal lesions in the 
liver, greenish discoloration of the kidneys and nec
rosis of the scrotal skin. Occasionally, rats fed either 
diet developed unilateral or bilateral corneal opacity. 
Early changes in the liver were a variation in colour 
from dark red to pale tan with accentuation of the 
lobular patterns. Rats autopsied after 7-10 days of 
feeding had variably-sized green pinpoint or larger 
foci throughout the various lobes. The majority were 
just under the capsule, although a few were visible 
on the cut surface. Gastric ulceration was found in 
a few rats fed either the fungal-mat or rice-culture 
diets (Table 2). These gastric lesions ranged from pin
point craters to areas several millimeters in diameter 
within the glandular portion of the stomach. The 
mucosa surrounding the lesions was often swollen 
and was covered with considerable mucous. The 
majority of scrotal lesions occurred after 2 wk and

Table 1. Average weight gains and numbers of deaths in 
groups of 12 male rats fed a rice culture or fungal mat of 

Aspergillus ochraceus

Test material 
and

dietary level
(%)

Mean body weight (g)

Initial
Final 
(wk 5)

No. of 
deaths

Rice culture
0* 54 248 0
5 54 165 0
7.5 56 110 3
10 55 —t 12

Fungal mat
0* 52 212 0
1 57 170 1
2 55 80 10
3 58 85 10

* Control rats were fed a purified diet mixed with 10% 
rice.

t  No survivors at wk 5.

were evident initially as dark areas about the midline 
accompanied by partial alopecia. Subsequently, small 
round to elliptical lesions followed the initial oedema- 
tous phase; these were often covered by a thin reddish 
scab which later became thickened and brownish- 
black. Additional foci developed, both laterally and 
posteriorly, and with expansion and coalescence the 
entire scrotal skin became necrotic. Occasionally 
linear areas of necrosis progressed anteriorly from the 
groin towards the flank, and rarely, small necrotic 
foci were found on the medial aspects of the thigh 
and on the tailhead. The penis and penile sheath were 
free of lesions. Most rats with necrosis of the scrotal 
skin also had a variable degree of epididymal fat nec
rosis. Grossly, involvement of the testes was not 
observed.

Gross ocular alterations occurred in three rats fed 
the rice-culture diets and in four fed the fungal-mat 
diets. These changes were characterized early by 
either unilateral or bilateral loss of corneal trans
parency and later by a slight greyish opacity of the 
cornea. Corneal changes usually began after 2 wk on 
either the rice-culture or fungal-mat diet and most 
regressed within 7-10 days.

Grossly, kidneys with lesions showed a greenish 
discoloration or were enlarged and pale.

M ic ro sc o p ic  p a th o lo g y

The severity and numbers of lesions were more 
variable in rats fed the fungal-mat diets than in the 
groups fed the rice-culture diets. This variation was 
due in part to the early death of the rats fed the 
highest concentration of rice culture. The highest inci
dence and greatest severity of hepatic and renal 
lesions occurred in rats fed the two higher fungal-mat 
concentrations (Tables 3 and 4).

The earliest histological alterations in the liver con
sisted of variable numbers of mononuclear inflamma
tory cells within the portal areas and a proliferation 
of biliary epithelium, which formed short columns 
and aggregates of cells (Fig. 1). These changes 
occurred consistently in association with a necrotizing 
cholangitis characterized by flattening and necrosis 
of the epithelium of the intrahepatic bile ducts (Fig. 2). 
In some livers, the bile-duct necrosis was accom
panied by periductal oedema and infiltration of the 
oedematous tissue by inflammatory cells (Fig. 3). In 
severely affected livers, most of the portal areas con
tained necrotic bile ducts and in some portal areas 
the portal vein and hepatic artery and the surround
ing hepatic parenchyma were necrotic as well (Fig. 
4). In occasional rats fed the 3% fungal-mat diet, nec
rotic foci had coalesced to produce areas of necrosis 
that incorporated several contiguous lobules. In rats 
that survived longer than 10 days, the bile-duct epith
elium had proliferated and lined partially necrotic 
ducts, with an associated increase in fibrous connec
tive tissue in the portal areas. Frequently some bile 
ducts were occluded by tissue debris, inflammatory 
cells and proliferating fibrous tissue, producing an 
obliterative cholangitis (Fig. 5). Although not com
monly observed, mineralization was present in some 
of the larger foci of hepatocellular necrosis.

Alterations similar to those in the intrahepatic bile 
ducts were observed within the extrahepatic ducts, 
with the additional occurrence of thrombosis of the
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ly m p h a tic  vessels. T h e  e x tra h e p a t ic  d u c ts  p a ss in g  
w ith in  th e  p a n c re a s  w ere  o ften  n e c ro tic , a n d  n e c ro t iz 
in g  a n d  in f la m m a to ry  c h a n g e s  c o m m o n ly  e x te n d e d  
in to  th e  a d ja c e n t  p a n c re a t ic  tissue . T h e  se v e rity  o f  
th e  s e c o n d a ry  p a n c re a t i t is  w as re la te d  to  th e  sev e rity  
o f  th e  in v o lv e m e n t o f  th e  e x tra h e p a t ic  d u c ts . P a n c re a 
tit is  w a s  o b se rv e d  in  a ll g ro u p s , b u t  w as m o s t  severe  
in  a n im a ls  fed th e  fu n g a l-m a t d ie ts .

H e p a to c e l lu la r  a lte ra t io n s  w ere  m in im a l a n d  w ere  
s im ila r  fo r  r a ts  fed th e  r ic e -c u ltu re  o r  fu n g a l-m a t 
d ie ts . In fre q u e n tly , v a c u o la tio n  o f  h e p a to c y te s  w as 
o b se rv e d , te n d in g  to  o c c u r  m o re  c o m m o n ly  in r a ts  
th a t  h a d  b e e n  a n o re c tic  fo r  a n  e x te n d e d  p e r io d .

R e n a l le s io n s  in  r a ts  fed th e  r ic e -c u ltu re  d ie ts  w ere  
m ild  a n d  c o n s is te d  o n ly  o f h y a lin e  c a s ts  w ith in  th e  
c o r tic a l  tu b u le s . R a ts  fed th e  fu n g a l-m a t d ie ts  sh o w ed

Table 2. Macroscopic lesions observed in male rats fed a rice culture or fungal mat of Aspergillus ochraceus

No. of rats affected per group of 12

Liver Kidney Scrotum Stomach

and
dietary level Focal

Enlarged
extrahepatic Green Epididymal

Blood
in Mucosal

(%) necrosis ducts discoloration Necrosis steatitis lumen ulceration

Rice culture
5 3 1 1 10 6 0 0
7.5 9 1 4 10 7 3 1
10 10 0 0 1 1 3 0

Fungal mat
1 4 0 2 9 8 0 0
2 11 3 3 5 5 4 1
3 11 2 3 3 3 4 0

Table 3. Microscopic hepatic lesions observed in male rats fed a rice culture or fungal mat
of Aspergillus ochraceus

Test material 
and

dietary level 
(%)

No. of rats (per group of 12) affected by

Multifocal
necrosis

Necrotizing
cholangitis Pericholangitis

Extrahepatic-
duct

necrosis

Rice culture
0 0 0 0 0
5 10 10 11 2
7.5 10 10 10 4
10 9 10 8 6

Fungal mat
0 0 0 0 0
1 4 10 10 5
2 12 12 12 10
3 11 12 12 9

Table 4. Microscopic renal lesions observed in male rats fed a rice culture 
or fungal mat of Aspergillus ochraceus

Test material 
and

dietary level 
(%)

No. of rats (per group of 12) affected by

Tubular casts
---------------------------------------  Tubular
Hyaline Biliary necrosis

Rice culture
0 0 0 0
5 3 0 0
7.5 0 0 0
10 0 0 0

Fungal mat 
0 0 0 0
1 2 0 4
2 0 2 4
3 1 0 4
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tubular degeneration and necrosis (Fig. 6), hyaline 
and biliary casts within tubular lumens and the pres
ence of biliary pigment within the cytoplasm of renal 
tubules (Table 4). The glomeruli appeared normal.

Gastric lesions were found in rats fed the fungal- 
mat diets or the 5 or 7-5% rice-culture diets (Table 5). 
Gastric alterations were characterized by necrosis 
extending for about one third to two thirds of the 
depth of the mucosa. The craters contained necrotic 
leucocytes, erythrocytes, fibrin and tissue debris (Fig. 
7). In the gastric submucosa, leucocytic infiltrates 
were accompanied by fibrinoid necrosis of small 
arteries and veins. No ulceration or necrosis was 
found in the intestine.

Scrotal lesions occurred in rats fed the fungal-mat 
diets or the 5 or 7-5% rice-culture diets. They were 
not found in rats fed 10% rice culture as all these 
died within 2 wk of the start of feeding and scrotal 
alterations did not become evident macroscopically 
until later in the feeding period. The lesions in the 
grossly swollen scrota were numerous foci of leuco
cytes and macrophages or a diffuse infiltration of 
mixed inflammatory cells within the epididymal con
nective tissue (Fig. 8). Later, the overlying epithelium 
became necrotic and the dermis and subctuaneous 
adipose connective tissue contained leucocytes and 
macrophages. Frequently, the walls of arterioles and 
venules had undergone fibrinoid necrosis (Fig. 9). In 
some rats fed for a longer period, medium to large 
foci of mainly mononuclear inflammatory cells were 
found within the epididymal fat. the principal site of 
involvement being the anterior epididymal adipose 
connective tissue. The adipose tissue was infiltrated 
mainly by leucocytes and macrophages arranged in 
either irregular foci, trabeculae or bands. Often, the 
foci of leucocytes were necrotic and mineralized. In 
severely affected rats, the inflammatory exudate 
extended dorsally and laterally within the scrotal fas
cia and into the fibrous connective tissue about the 
epididymal ducts. The epididymal ducts were often 
affected by the advancing necrotizing reaction, result
ing in periductal inflammation, necrosis of duct walls 
and accumulation of inflammatory cells within the 
ductal lumina (Fig. 10). No changes were noted either

in the testicular interstitium or in the seminiferous 
tubules.

Corneal oedema was observed in some rats of all 
the test groups (Table 5). Interstitial keratitis occurred 
only in some rats fed the 2 or 3% fungal-mat diets. 
Iritis occurred in one rat fed the 7-5% rice-culture 
diet and in two fed the 3% fungal-mat diet (Table 5). 
The earliest ocular change was oedema of the corneal 
stroma and hydropic degeneration of the corneal 
epithelium. The substantia propria was thickened and 
showed only pale staining, and the lamellae were dis
rupted and separated by oedemal fluid (Fig. 11). In 
some eyes, the basal layers of the corneal epithelium 
were separated by mild intercellular oedema, while 
in those more severely affected the substantia propria 
was diffusely infiltrated by neutrophils. Neocapillary 
vascularization was an infrequent finding. Iridocyclitis 
and hypopyon accompanied the acute interstitial ker
atitis in some eyes. The exudate in the anterior 
chamber consisted on neutrophils and mononuclear 
cells with formation of small keratic precipitates. Iri
docyclitis was characterized by an accumulation of 
neutrophils within the stroma of the iris and ciliary 
body. In eyes with severe iridocyclitis, the iris was 
adherent to the lens capsule (Fig. 12).

DISCUSSION

Development of lesions in the liver of rats fed diets 
containing a rice culture or fungal mat of A. ochraceus 
followed a fairly definite pattern. Early, hypertrophy 
and hyperplasia of the bile-duct epithelium was 
accompanied by proliferation of the bile ducts. Later, 
a necrotizing cholangitis was associated with exten
sion of the necrosis into the surrounding hepatic par
enchyma, with periductal fibrosis and with stenosis 
and obliteration of the bile ducts. The hepatic lesions 
were identical to those produced in mice and rats 
by cultural products of P. viridicatum (Budiarso et 
al. 1971; Carlton et al. 1968 & 1970; McCracken, 
Carlton & Tuite, 1974c) and in mice by cultural 
products of A. ochraceus (Zimmermann et al. 1976). 
The morphological pattern of the hepatic lesions in 
rats and mice suggested that the lesion began in the

Table 5. Microscopic lesions observed in the scrotum, eye. stomach and pancreas of rats fed a rice culture or fungal
mat of Aspergillus ochraceus

No. of rats affected per group of 12

Test material 
and

dietary level
(%)

Scrotum Eye Stomach Pancreas

Epididymal
steatitis/

epididymitis
Epidermitis/
dermatitis Iritis

Corneal
oedema Keratitis Ulceration Pancreatitis

Rice culture
0 0 0 0 0 0 0 0
5 7 8 0 1 0 1 0
7.5 6 8 1 1 0 1 0
10 0 0 0 7 0 0 3

Fungal mat
0 0 0 0 0 0 0 0
I 4 8 0 1 0 3 ?
2 5 7 0 5 1 2 7
3 4 5 2 7 2 2 5
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Fig. 1. Hyperplasia of biliary epithelium resulting in the formation of short columns and aggregates 
of cells. Haematoxylin and eosin (H/E) x 228.

Fig. 2. Necrotizing cholangitis, characterized by necrosis centered about the portal triads. H/E x 88.
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Fig. 3. Necrosis of intrahepatic bile ducts accompanied bv periductal oedema and infiltration of the 
oedematous tissue with inflammatory cells. H/E x 228.

Fig. 4. Necrosis of portal structures, including bile ducts, the portal vein and hepatic artery and adjacent 
parenchyma. H/E x 228.
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Fig. 5. Occlusion of bile duct by tissue debris and inflammatory cells, accompanied by periductular 
proliferation of fibrous connective tissue. H E x 228.

Fig. 6. Renal tubular degeneration with hyaline casts and a normal glomerulus. H E x 228.
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Fig. 7. Gastric erosion containing fibrin, tissue debris and necrotic epithelium, accompanied by sub
mucosal cellulitis. H/E x 88.

Fig. 8. Infiltration of inflammatory cells into the adipose tissue of the scrotal dermis. H/E x 56.
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Fig. 9. Fibrinoid necrosis of an arteriole and phlebitis of an adjacent venule within the scrotal adipose 
connective tissue. H/E x 228.

Fig. 10. Inflammation and necrosis of the epididymal adipose tissue, accompanied by an accumulation 
of inflammatory cells within the ductal lumina. H/E x 88.
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II
Fig. 11. Corneal oedema, hydropic degeneration of the epithelium and a mild infiltration of the substan
tia propria with a mixture of inflammatory cells. H'E x 228.

Fig. 12. An iris infiltrated with inflammatory cells and adhering to the anterior lens capsule. H/F x 228.
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in tr a h e p a t ic  b ile  d u c ts  a n d  th a t  th e  n e c ro s is  o f  th e  
s u r ro u n d in g  tis su e  w a s  th e  re su lt  o f  th e  d a m a g e  to  
th e  b ilia ry  sy s te m , a llo w in g  le a k a g e  o f  b ile  o r  tox in (s) 
in to  th e  s u r ro u n d in g  h e p a t ic  p a re n c h y m a .

T h e  h e p a tic  le s io n s  o b se rv e d  in  th e se  r a ts  sh o w e d  
so m e  s im ila r ity  to  le s io n s  in d u c e d  in r a ts  by  sp o r id e s -  
m in  (R e m in g to n , S la te r , S p e c to r ,  S tra u li  &  W il
lo u g h b y , 1962). H o w e v e r, th e  p le u ra l  e ffu s io n s a n d  
a sc ite s  th a t  w ere  p ro m in e n t  f in d in g s  in  sp o r id e sm in  
p o iso n in g  w ere  n o t  seen  in  th e  r a ts  o f  th is  s tu d y . 
O th e r  h e p a to to x ic  m y c o to x in s  d o  n o t  p ro d u c e  a  n e c 
ro tiz in g  c h o la n g itis  o r  c h o la n g io h e p a ti t is  a n d  m o s t  
a re  c h a ra c te r iz e d  b y  h e p a tic  d e g e n e ra tio n  a n d  n e c 
rosis , so m e tim e s  a c c o m p a n e id  b y  b ile -d u c t h y p e r 
p las ia . S u ch  m y c o to x in s  in c lu d e  th e  a f la to x in s  
(W o g an , 1965), lu te o sk y r in  (K o b a y a s h i,  U ra g u c h i,  
S a k a i, T a ts u n o .  T s u k io k a ,  S a k a i, S a to , M iy a k e , S a ito , 
E n o m o to ,  S h ik a ta  &  Ish ik o . 1958; U ra g u c h i.  T a t 
su n o , S a k a i. T su k io k a , S a k a i,  Y o n e m itsu , I to . 
M iy a k e , S a ito , E n o m o to ,  S h ik a ta  &  Ish ik o . 1961), 
c y c lo p ia z o n ic  a c id  (P u rc h a s e , 1971), th e  e p o x y tr i-  
c h o th e c e n e s  (S a ito , E n o m o to  &  T a ts u n o ,  1969) a n d  
ru b ra to x in  A p ro d u c e d  b y  c e r ta in  s tr a in s  o f  P. rubrum 
(W o g an , E d w a rd s  &  N e w b e rn e . 1971). O c h ra to x in  A 
to x ic o s is  re su lts  in  n o n -sp e c if ic  h e p a to c e l lu la r  d e 
g e n e ra tio n  a n d  n e c ro sis . H o w e v e r, th is  p a r t ic u la r  
m y c o to x in  h a s  n o t  b e en  fo u n d  in  o u r  iso la te  o f  A. 
ochraceus. S e v e ra l sp ec ie s  o f  A sp e rg illi c a n  p ro d u c e  
s te r ig m a to c y s tin , w h ic h  c au ses  fo ca l h e p a tic  n e cro sis , 
p ro life ra t io n  o f  b ile  d u c ts ,  p e r ic h o la n g itis  a n d  h y p e r 
p la s tic  n o d u le s  (P u rc h a s e  &  v a n  d e r  W a tt ,  1969). O f  
th e  m y c o to x in s , th e n , o n ly  th e  s p o r id e sm in s  (a n d  th e  
p ig m e n ts  x a n th o m e g n in  a n d  v io m e lle in )  e lic it tis su e  
re sp o n se s  s im ila r  to  th o se  o b se rv e d  w ith  A. ochraceus 
a n d  P. viridicatum. M e ta b o l i te s  w ith  c h e m ic a l c h a ra c 
te r is tic s  c o n s is te n t  w ith  th e  sp o r id e sm in s  h a v e  n o t 
b e en  iso la te d  fro m  c u ltu re s  o f  A. ochraceus o r  P. viri
dicatum.

G a s t r ic  u lc e ra tio n  a n d  v a ry in g  d e g re e s  o f  su b m u c o 
sa l ce llu litis  w ere  p re se n t  in  so m e  o f  o u r  ra ts . N e c ro s is  
o f  th e  e p ith e liu m  o f  th e  d ig es tiv e  t r a c t  a n d , in p a r t ic u 
la r , o f  th e  c ry p t e p ith e liu m  h a s  b e e n  o b se rv e d  in ra ts  
a n d  m ice  g iv en  e x tra c ts  o f  Fusarium nivale (T a tsu n o ,
1968) a n d  w ith  th e  p u r if ie d  m y c o to x in s  n iv a le n o l 
(T a tsu n o , S a ito , E n o m o to  &  T su n o d a . 1968) a n d  
fu sa re n o n -X  (U e n o . U e n o . I ito i. T s u n o d a ,  E n o m o to  
&  O h ts u b o .  1971). U lc e ra tio n  o f  th e  in te s t in a l  m u c o sa  
a n d  n e c ro s is  o f  th e  c ry p t e p ith e liu m  w ere  n o t 
o b se rv e d  in  o u r  r a ts  fed A. ochraceus.

S c ro ta l  le s io n s  s im ila r  to  th o se  o b se rv e d  in  o u r  r a ts  
fed c u ltu ra l  p r o d u c ts  o f  A. ochraceus h a v e  b e en  d e 
sc rib e d  in  r a ts  g iv en  c u ltu ra l  p ro d u c ts  o f  iso la te s  o f 
P. viridicatum (C a r l to n  &  T u ite ,  1970; M c C ra c k e n , 
C a r l to n  &  T u ite , 1974b; R a f iq u z z a m a n , 1974). 
B u d ia rs o , C a r l to n  &  T u ite  (1970) d e sc rib e d  te s tic u la r  
les io n s  in  m ice  fed  P. viridicatum. N o  se t o f  s im ila r  
sc ro ta l  le s io n s  h a s  b e e n  r e p o r te d  in th e  r a t  as a  re su lt  
o f  e ith e r  a n  in fe c tio n  o r  a  m y co to x ico s is . S c ro ta l  
les io n s  in  o u r  r a ts  b e g a n  a n d  w ere  m o s t  sev e re  a n d  
n u m e ro u s  in th e  e p id id y m a l fa t. A t a n  e a r ly  s tag e , 
m o n o n u c le a r  cells in f il tra te d  th e  d e rm is  a n d  th e  e p id i
d y m al fa t a n d  th e se  in f il tra te s  fo rm e d  d is c re te  a c 
c u m u la tio n s  o f  leu c o c y te s  a n d  m a c ro p h a g e s  fre
q u e n tly  o r ie n te d  a b o u t  b lo o d  vessels. L a te r , b a n d s  o f 
n e c ro tic  leu c o cy te s  a n d  m a c ro p h a g e s  t ra n s se c te d  th e  
ju n c t io n  b e tw ee n  th e  d e rm is  a n d  s u b c u tis  w ith

o b l i te ra t io n  o f  la rg e  p o r t io n s  o f  th e  e p id id y m a l a d i
p o se  c o n n e c tiv e  tissu e . T h e  e p id e rm is  w as n o t  c o n s is 
te n tly  in v o lv e d  a n d  m o s t o ften  seem ed  to  b e  se c o n 
d a r ily  a ffec ted  a t  a  la te  s ta g e  o f  th e  ce llu litis . T h e  
d e v e lo p m e n t o f  le s io n s  d e e p  w ith in  th e  s c ro ta l  tissu e , 
m a n y  c e n te r in g  a b o u t  b lo o d  vessels, a n d  th e  lac k  o f  
c o n c o m ita n t  in v o lv e m e n t o f  th e  e p id e rm is  in d ic a te d  
th a t  th e  c h an g e s  w ere  th e  re su lt  o f  c ir c u la t in g  to x in (s) 
a n d  n o t  d u e  to  su rfa c e  c o n ta m in a tio n  w ith  to x ic  d ie t. 
S ev e ra l o f  th e  tr ic h o th e c e n e s , su ch  a s  d ia c e to x y sc ir -  
p e n o l, T -2  to x in , H T -2  to x in , n iv a le n o l a n d  fu sa r-  
ium -X  p ro d u c e d  b y  se v e ra l sp ec ie s  o f  F u s a r iu m  a n d  
o th e r  fu n g a l g e n e ra , a re  h ig h ly  to x ic  w h e n  a p p lie d  
to p ic a lly  to  th e  sk in  o f  ra ts , m ice  a n d  ra b b its ,  b u t 
c u ta n e o u s  le s io n s  h a v e  n o t  b e en  d e sc rib e d  fo llo w in g  
o ra l  o r  p a re n te ra l  a d m in is t r a t io n  (B a m b u rg  &  S tro n g , 
1971).

T h e  c u ta n e o u s  s c ro ta l  les io n s  in  o u r  r a ts  w e re  in 
itia lly  m u lt ip le  foci o f in f la m m a tio n  a n d  n e c ro s is  
w ith in  th e  su b c u tis , p ro g re s s in g  su b s e q u e n tly  to  e p i
d e rm a l  u lc e ra tio n . M c C ra c k e n  et al. (1974b) d e sc rib e d  
s im ila r  a lte ra t io n s  in  r a ts  fed c u ltu ra l  p ro d u c ts  o f  P. 
viridicatum a n d  su g g e s te d  th a t  th e  le s io n s  w ith in  th e  
sc ro ta l  a d ip o s e  c o n n e c tiv e  tis su e  w ere  d u e  to  so m e  
b lo o d -b o rn e  tox in (s). By se q u e n tia l  k ill in g  o f  th e  ra ts , 
M c C ra c k e n  et al. (1974b) d e m o n s tr a te d  a  d e f in ite  a s 
so c ia t io n  b e tw ee n  in f la m m a to ry  cell in f il tra t io n  a b o u t  
b lo o d  vesse ls, v a sc u la r  th ro m b o s is  a n d  e p id e rm a l n e c 
rosis . In  o u r  ra ts , th e  e p ith e liu m  o f  th e  e p id id y m a l 
d u c ts  a n d  se m in ife ro u s  tu b u le s  w a s  n o t  p r im a r ily  
a lte re d , b u t  te s tic u la r  les io n s  h a v e  b e en  re p o r te d  w ith  
a  n u m b e r  o f  o th e r  m y c o to x in s , in c lu d in g  e x tra c ts  o f
F. nivale, n iv a le n o l (U e n o  et al. 1971) a n d  n e o so la n il  
(Ish ii, S a k a i,  U e n o , T s u n o d a  &  E n o m o to ,  1971; 
U e n o . Ish ii, S a k a i, K a n a e d a ,  T s u n o d a ,  T a n a k a  &  
E n o m o to ,  1972). T h e  n e c ro tiz in g  s c ro ta l  les io n s 
a p p e a r  to  b e  a  u n iq u e  re sp o n se  o f  r a ts  to  c u ltu ra l  
p ro d u c ts  o f  A. ochraceus a n d  P. viridicatum a s  th e y  
w ere  n o t  fo u n d  in g u in e a -p ig s  (C a r l to n  &  T u ite ,  1970) 
o r  m ice  (B u d ia rso  et al. 1970) fed P . viridicatum. a n d  
h a v e  n o t  b een  d e sc rib e d  in  o th e r  m y c o to x ic  d ise ases  
in c lu d in g  th o se  c au sed  by  a f la to x in  (W o g a n , 1965), 
o c h ra to x in  A (P u rc h a s e  &  T h e ro n ,  1968), ru b ra to x in  
(W o g a n  et al. 1971) a n d  s te r ig m a to c y s tin  (v an  d e r  
W a t t  &  P u rc h a se , 1970).

O c u la r  les io n s  d e v e lo p e d  in  m o s t  r a ts  fed ric e -c u l
tu r e  o r  fu n g a l-m a t d ie ts . T h e  e a r l ie s t  a l te ra t io n  w as 
c o rn e a l  o e d e m a  a n d  th is  w a s  o ften  fo llo w ed  by in te r 
s t i t ia l  k e ra tit is  a n d  h y p o p y o n . B e ca u se  n o rm a l  h y 
d ra tio n  a n d  tra n s p a re n c y  o f  th e  c o rn e a l  s t r o m a  is 
d e p e n d e n t u p o n  th e  b a la n c e  b e tw e e n  th e  in flu x  o f  
flu id  in to  a n d  th e  a c tiv e  t r a n s p o r t  o f  flu id  o u t  o f  
th e  s t r o m a  (D ik s te in  &  M a u ric e , 1972; M ish im a  &  
H a y a k a w a , 1972) a n d  b e c a u se  th e  c o n tro l  m e c h a n 
ism  fo r th is  re s id es  in  th e  c o rn e a l  e n d o th e l iu m  (D ik 
ste in  &  M a u ric e , 1972; M ish im a  &  H a y a k a w a . 1972). 
it  seem s p o ss ib le  th a t  c irc u la t in g  to x in (s )  m ig h t be  
p re se n t  in  th e  a n te r io r  c h a m b e r , r e su ltin g  in d a m a g e  
to  th e  c o rn e a l  e n d o th e liu m . M c C ra c k e n , C a r l to n  &  
T u ite  (1974a) d e sc rib e d  s im ila r  o c u la r  le s io n s  in  ra ts  
fed c u ltu re s  o f  P . viridicatum. S ev e ra l fu n g a l e x tra c ts  
a n d  m y c o to x in s  h a v e  p ro d u c e d  c o rn e a l  o p a c ity  w hen  
a p p lie d  to p ic a lly  in to  th e  c o n ju n c tiv a l  sa c  o f  ra b b its . 
T h e se  in c lu d e  p u rif ie d  sp o r id e sm in  a n d  e x tra c ts  o f 
Pithomyces chartarum (D o n e . M o r tim e r , T a y lo r  &  
R ussell. 1961). p a tu l in  (B ro o m . B u lb rin g . C h a p m a n .
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H a m p to n ,  T h o m s o n , U n g a r , W ein  &  W o o lfe , 1944) 
a n d  d ia c e to x y sc irp e n o l (B rian , D a w k in s , G ro v e , 
H e m m in g . L o w e  & N o rr is ,  1961), b u t  n o n e  o f  th ese  
a re  k n o w n  to  p ro d u c e  o c u la r  les io n s  fo llo w in g  o ra l 
o r  p a re n te ra l  a d m in is tra t io n .

B a c te r ia  w ere  n o t  d e te c te d  in  sw a b s  fro m  th e  in te r 
io r  o f  th e  eyes o f  r a ts  fed th e  rice  c u ltu re  o r  fu n g a l 
m a t. T w o  ra ts  h a d  in f la m m a to ry  c h a n g e s  o f  th e  H a r-  
d e r ia n  g la n d  c o n s is te n t w ith  th e  c h a n g e s  d e sc rib e d  
fo r  s ia lo d a c ry o a d e n it is  o f  r a ts  c a u se d  by a  c o ro n a  
v iru s  (H u n t,  1963; Ja c o b y , B h a tt  &  J o n a s , 1975; 
J o n a s , C ra ft, B lack , B h a tt  &  H ild in g , 1969). T h ese  
H a rd e r ia n  g la n d  le s io n s  w ere  in c id e n ta l  a n d  o c c u rre d  
in  r a ts  w ith  a n d  w ith o u t les io n s  o f  th e  c o rn e a  a n d  
a n te r io r  uvea.

A to x in  h a s  n o t  b een  re c o v e re d  in  p u re  fo rm  fro m  
o u r  s t r a in  o f A. ochraceus. A n a ly se s  c a r r ie d  o u t  by 
o n e  o f  us (J.T .) in th e  D e p a r tm e n t  o f  B o ta n y  a n d  
P la n t  P a th o lo g y  h a v e  sh o w n  th e  c u ltu re s  to  b e  n e g a 
tiv e  fo r a f la to x in . o c h ra to x in  A, c itr in in  a n d  p e n ic illic  
ac id . S ta ck , E p p le y , D re ifu ss  &  P o h la n d  (1977) iso 
la te d  v io m e lle in  a n d  x a n th o m e g n in  p ig m e n ts  fro m  an  
In d ia n a  iso la te  o f  P. uiridicatum, w h ic h  p ro d u c e d  
h e p a tic  le s io n s  in m ice  a n d  ra ts  id e n tic a l to  th o se  
in d u c e d  by o u r  s t r a in  o f  A. ochraceus. T h e se  p ig 
m e n ts . x a n th o m e g n in  a n d  v io m e lle in , in c o rp o ra te d  
in to  a  p u rif ie d  d ie t a n d  fed to  m ice , p ro d u c e d  h e p a tic  
les io n s  id en tic a l to  th o se  p ro d u c e d  by  c u ltu ra l  
p ro d u c ts  o f  P. uiridicatum (C a r lto n , S ta c k  &  E p p ley ,
1976). E x p e r im e n ts  a re  c u r re n tly  b e in g  c o n d u c te d  to  
d e te rm in e  w h e th e r  th e se  p ig m e n ts  a n d  o th e rs  a re  a lso  
p re se n t in c u ltu ra l  p ro d u c ts  o f  A. ochraceus.
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Abstract—The rate of conversion of rubratoxin B to its carboxylic acid derivative upon exposure 
to aqueous solvents was exponentially related to the relative abundance of water molecules. The same 
relationship existed for the rate of decrease in inhibition of N a +- K + adenosine triphosphatase (ATPase) 
activity by rubratoxin B. when the toxin was incubated in the reaction mixture prior to addition 
of the enzyme. Inhibition of this enzyme activity by rubratoxin B was dose-dependent, with an IC50 
of 5-8 x 10_ 6 m. while the carboxylic acid derivative was much less effective, the IC50 being 
19-3 x 10“6 m. In mice, the ip LD50 of the carboxylic acid derivative dissolved in propylene glycol 
was more than twice that of the parent compound 24 hr after dosing, but beyond 24 hr there was 
little difference between the two values.

IN T R O D U C T IO N

R u b ra to x in  B (F ig . 1). a  p o te n t  m y c o to x in  p r o 
d u c e d  b y  Penicillium ruhrum. h a s  b e en  iso la te d  from  
a  v a r ie ty  o f a g r ic u ltu ra l  p ro d u c ts ,  in c lu d in g  c e re a ls  
a n d  leg u m es (B lev ins, G le n n , H a m d y , B ro d a sk y  &  
E v an s , 1969; S c o tt, 1965), p e a n u ts  (Joffe &  B o ru t, 
1966) a n d  m a iz e , b ra n  a n d  su n f lo w e r  seed s  (C a n tin i 
&  S c u rti, 1965). T h e  to x ic  effects a t t r ib u te d  to  r u b r a 
to x in  B in c lu d e  h e p a to to x ic ity  (B u rn sid e , S ip p e l, F o r -  
g acs , C a r ll ,  A tw o o d  &  D o ll, 1957), m u ta g e n ic ity  
(E v an s  &  H a rb is o n ,  1977) a n d  te ra to g e n ic ity  (H o o d , 
In n e s  &  H ay es , 1973).

F o rm a tio n  o f  a r te fa c ts  is a  p ro b le m  in  a ll th e  c h ro 
m a to g ra p h ic  te c h n iq u e s  d e v e lo p e d  fo r  th e  id e n tif ic a 
tio n  a n d  q u a n t i ta t io n  o f  r u b ra to x in  B. H a y e s  &  W il
so n  (1968) o b se rv e d  a  p o la r  a r te fa c t  in a  silica -gel 
th in - la y e r  c h ro m a to g ra p h ic  te c h n iq u e  fo r r u b ra to x in  
B. w h ile  M o ss  &  H ill (1970) o b se rv e d  th a t  c o -c h ro m a 
to g ra p h y  o f  r u b ra to x in s  A a n d  B re su lte d  in fo u r 
r a th e r  th a n  tw o  sp o ts . H a y e s  &  M c C a in  (1975) n o te d  
th a t  th e  a r te fa c t  w as e lim in a te d  w h e n  th in - la y e r  p la te s  
w ere  s p o t te d  a n d  d e v e lo p e d  in  a n  a tm o s p h e re  o f  
n itro g e n , h y d ro g e n  o r  oxygen . A p o la r  a r te fa c t  h a s  
a ls o  b een  o b se rv e d  in a  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 )  p ro c e d u re  fo r r u b ra to x in .  u s in g  
a c e to n i t r i le -w a te r -g la c ia l  a c e tic  a c id  (5 5 :4 5 :2 , by  
vol.) a s  th e  e lu t io n  so lv e n t (E n g s tro m , R ic h a rd  &  
C y sew sk i. 1977). R u b ra to x in  B b e h a v e s  a s  an  a c id  
in  a q u e o u s  so lu t io n  (M o ss , R o b in s o n  &  W o o d , 1971) 
a n d  a b s o rb a n c e  c h a ra c te r is tic  o f  c a rb o x y lic  a c id s  h a s  
b e en  d e te c te d  in th e  in fra -re d  sp e c tru m  o f  ru b ra to x in  
B (T o w n se n d , M o ss  &  P e c k , 1966). T h e  a rte fa c ts , 
th e re fo re , a lm o s t  c e r ta in ly  re su lt  fro m  h y d ro ly s is  o f  
th e  m a le ic  a n h y d r id e  r in g s  in  th e  ru b ra to x in  m o le c u le  
(M o ss, 1971).

R e ce n t re su lts  f ro m  th is  la b o ra to ry  in d ic a te d  th a t  
ru b ra to x in  B w as ra p id ly  a n d  re v e rs ib ly  c o n v e r te d  to  
th e  c a rb o x y lic  a c id  d e r iv a tiv e  u p o n  e x p o su re  to

a q u e o u s  so lv e n ts  (U n g e r  &  H a y es , 1978). C o n c u r 
re n tly  it w as n o te d  th a t  a d d it io n  o f  r u b ra to x in  B to  
a q u e o u s  re a c tio n  m ix tu re s  p r io r  to  th e  a d d it io n  o f  
e n z y m e  re su lte d  in a  lo ss  o f  in h ib i t io n  o f  N a +- K  + 
a d e n o s in e  t r ip h o s p h a ta s e  (A T P a se )  a c tiv ity . S ince  
b io lo g ic a l flu id s a re  p r im a r ily  a q u e o u s , th e  p re se n t 
w o rk  w as u n d e r ta k e n  to  s tu d y  th e  c o n v e rs io n  o f 
ru b ra to x in  B to  its  c a rb o x y lic  a c id  d e r iv a tiv e  a n d  th e  
effects o f  th e  c o n v e rs io n  o n  o n e  b io lo g ic a l sy s tem , 
A T P a se  a c tiv ity . In h ib it io n  o f  A T P a se  b y  ru b ra to x in  
B in vivo, d e m o n s tra te d  by  D e sa ia h , H a y e s  &  H o
(1977) m a y  be  a  b io c h e m ic a l m e c h a n ism  fo r th e  to x ic  
a c tio n  o f  th e  c o m p o u n d . T h e  L D 50 o f  ru b ra to x in  B 
w h e n  a d m in is te re d  ip  to  m ice  w as th e re fo re  c o m p a re d  
w ith  th a t  o f  th e  c a rb o x y lic  a c id  d e riv a tiv e .

CH3- (C H 2)5

Fig. 1. Structure of the rubratoxins; for rubratoxin 
A (C26H32O u ) R =  H, OH, and for rubratoxin B 
(C jeH joO ,,) R = O. In aqueous solution the maleic anhy
dride moieties on either side of the nine-membered ring 
equilibrate with the open form to yield a carboxylic acid 
derivative.
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E X P E R IM E N T A L

P r e p a r a t io n  o f  ru b ra to .x in  B  a n d  th e  c a r b o x y l ic  a c id  
d e r iv a tiv e .  R u b ra to x in  B w as p re p a re d  a c c o rd in g  to  
th e  p ro c e d u re  o f  H a y e s  &  W ilso n  (1968). I ts  p u r ity  
w a s  c o n firm e d  by in fra -re d  a b s o rb a n c e , H P L C , m e lt
in g  p o in t  a n d  m a ss -sp e c tra l a n a ly s is . T h e  c a rb o x y lic  
a c id  d e riv a tiv e  w as p re p a re d  by  e x p o s in g  ru b ra to x in  
B d isso lv e d  in a c e to n itr ile  (1 m g /m l)  to  20  vo ls 
d e io n iz e d  g la ss-d is tilled  w a te r  fo r 3 h r ;  th e  s o lu tio n  
w a s  th e n  freeze-d ried  a n d  th e  ly o p h iliz a te  w as used  
fo r in fra -re d  a b s o rb a n c e  sp e c tro sc o p y . A T P a se  a ssa y  
a n d  th e  L D 50 s tu d y .

In fr a - r e d  a b s o rb a n c e . M ix tu re s  o f  K B r w ith  3%  
freeze-d ried  m a te r ia l  o r  a u th e n t ic  r u b ra to x in  B w ere  
d r ie d  a t  100°C for 5 m in  p r io r  to  b e in g  p re sse d  in to  
p e lle ts  fo r th e  d e te rm in a tio n  o f  in fra -re d  a b s o rb a n c e  
sp e c tra .

H ig h -p r e s s u r e  l iq u id  c h r o m a to g r a p h y .  R e v erse -p h a se  
H P L C  w as c a rr ie d  o u t  a s  p re v io u s ly  d e sc rib e d  (U n g e r 
&  H ay es . 1978). S e p a ra tio n  o f  ru b ra to x in  B fro m  th e  
c a rb o x y lic  a c id  d e r iv a tiv e  w as a ch iev e d  u s in g  a  p - 
B o n d a p a k  C l 8 c o lu m n  (W a te rs  A sso c ia te s . In c .. M il
fo rd , M A ) w ith  d e te c tio n  a t  254  nm . V o lu m e s  o f  50  pi 
a c e to n itr ile  c o n ta in in g  50  p g  o f  r u b ra to x in  B w ere  
m ix ed  w ith  50, 100, 150 o r  200  p i  g la s s-d is tilled  
d e io n iz e d  w a te r  to  g ive  2-88 x  104, 5-76 x  104,
8-63 x  104 a n d  11-51 x  104 m o l w a te r  /m o l r u b r a 
to x in  B. re sp ec tiv e ly . F o r  e a c h  o f  th ese  m ix tu re s , a li 
q u o ts  c o n ta in in g  1 p g  ru b ra to x in  B w ere  in je c te d  a t 
tim e d  in te rv a ls  o f  a p p ro x im a te ly  3-5 m in  a n d  th e  
a re a s  o f th e  p e a k s  o f  r u b ra to x in  B w ere  m e a su re d .

A T P a s e  s tu d ie s .  T w o  A T P a se  p re p a ra tio n s ,  a 
m ic ro so m a l f ra c tio n  iso la te d  fro m  m o u se  b ra in  as 
p re v io u s ly  d e sc rib e d  (P h illip s  &  H ay es . 1977) a n d  a  
h ig h ly  specific  N a  + - K + A T P a se  fro m  p ig -c e re b ra l

c o r te x  m ic ro so m e s  (S ig m a  C h e m ic a l C o .. St. L o u is , 
M O ) w ere  u sed . T h e  fo rm e r  w as u se d  to  e x a m in e  th e  
effects o f  ru b ra to x in  B a n d  its  c a rb o x y lic  a c id  d e r iv a 
tive  o n  N a +- K + A T P a se  a n d  b a sa l  M g ++ A T P a se  
(o lig o m y c in -sen s itiv e  a n d  - in se n s itiv e  c o m p o n e n ts ) ,  
a n d  th e  la tte r , w h ic h  w as d e v o id  o f  M g ++ A T P a se , 
to  d e te rm in e  th e  effects o f  ru b ra to x in  B o n  N a +- K  + 
A T P a se  a f te r  p re - in c u b a t io n  o f  th e  to x in  in  th e  re a c 
tio n  m ix tu re  in  th e  a b se n c e  o f  e n zy m e . A 1-m l re a c 
tio n  m ix tu re  c o n ta in e d  5 -0m M -A T P , 5 0 m M - M g + + , 
1 0 0 m M -N a + . 2 0 m M -K +, 1 3 5 m M -im id a z o le .H C l (p H
7-5) a n d  50 p g  e n zy m e  p ro te in . In  th e  m o u se -b ra in  
A T P a se  e x p e r im e n ts , ru b ra to x in  B, th e  c a rb o x y lic  
ac id  d e r iv a tiv e  o f  ru b ra to x in  B. a  p ro p y le n e  g ly co l 
c o n tro l  (so lv en t veh ic le , 1 p i) a n d  re a g e n t a n d  e n z y m e  
b la n k s  w ere  in c u b a te d  s im u lta n e o u s ly  a t  3 7 °C  fo r 
10 m in  p r io r  to  in it ia t io n  o f  th e  re a c tio n  w ith  A T P . 
T h e  re a c tio n  w a s  s to p p e d  a f te r  10 m in  by  a d d it io n  
o f  tr ic h lo ro a c e t ic  a c id  (T C A ) a t a  fin a l c o n c e n tra t io n  
o f  5%  w /v. A T P  h y d ro ly s is  w a s  lin e a r  w ith  b o th  
e n zy m e  p re p a ra tio n s  u n d e r  th e  e x p e r im e n ta l  c o n d i
t io n s  u sed . A T P a se  a c tiv itie s  w ere  m e a su re d  by  th e  
e n d p o in t  p h o s p h a te  a n a ly s is , a s  p re v io u s ly  d e sc rib e d  
(L o w ry  &  L o p ez . 1946). A s ta n d a rd  in o rg a n ic  p h o s 
p h a te  c u rv e  w as p re p a re d  fo r e ac h  e x p e r im e n t a n d  
e x tra p o la te d  v a lu e s  w ere  u se d  to  c a lc u la te  sp ec ific  a c 
tiv ity  (p m o l P i/m g  p ro te in /h r ) .  P ro te in  w as d e te r 
m in e d  by  th e  m e th o d  o f  L o w ry . R o se b ro u g h . F a r r  
&  R a n d a ll  (1951) u s in g  b o v in e  se ru m  a lb u m in  a s  th e  
s ta n d a rd .

In  th e  p re - in c u b a tio n  s tu d y . 1 0  p i p ro p y le n e  g ly co l 
c o n ta in in g  ru b ra to x in  B (1 0 -1 2 0  x  1 0 ~ 6 m in  fin a l 
c o n c e n tra t io n )  w as d e liv e re d , u s in g  a  H a m il to n  m ic 
ro lite r  sy rin g e , to  th e  s id e  o f  a  te s t- tu b e  c o n ta in in g  
th e  in c u b a t io n  m ix tu re  lac k in g  o n ly  th e  en zy m e. T h e  
h y d ro ly s is  r e a c tio n  w as in it ia te d  a t  t im e d  in te rv a ls
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Fig. 2. Infra-red spectra of (above) rubratoxin B and (below) its carboxylic acid derivative in KBr discs.
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Retention, min

Fig. 3. HPLC chromatogram of a 3-pl aliquot of a mixture 
of 50 pg rubratoxin B in 50 pi acetonitrile and 100 pi water 
after incubation for 32 min.

a fte r  m ix in g  by  a d d it io n  o f  e n zy m e . T h e  re a c tio n  w as 
te rm in a te d  a fte r  10 m in  a n d  th e n  a ssa y ed  fo r in o r 
g a n ic  p h o s p h a te  a s  d e sc rib e d  a b o v e .

LDS0 study. G ro u p s  o f  five m a le  IC R  m ice  (2 0 -3 0  g ; 
C h a r le s  R iver, W ilm in g to n , M A ) w ere  in je c te d  ip  w ith  
a  p ro p y le n e  g ly co l s o lu t io n  o f  a u th e n t ic  ru b ra to x in  
B o r  its c a rb o x y lic  a c id  d e r iv a tiv e  in  s in g le  d o se s  o f  
0-36, 0-72, 1 41, 2-82 a n d  5 -6 4 m g /k g , se ria lly  d ilu te d  
so  th a t  e a c h  a n im a l rece iv ed  th e  s a m e  v o lu m e  o f  so l
v en t veh ic le . T h is  v o lu m e  o f  p ro p y le n e  g lyco l w as in 
je c te d  ip  in to  five a d d it io n a l  a n im a ls  w h ic h  se rv ed  
as c o n tro ls .

RESULTS

T h e  in fra -re d  a b s o rb a n c e  s p e c tra  o b ta in e d  fro m  
r u b ra to x in  B (u p p e r  tra c in g )  a n d  its  c a rb o x y lic  a c id  
d e r iv a tiv e  ( lo w e r t ra c in g )  a re  c o m p a re d  in F ig . 2. L ess 
a b s o rb a n c e  is in d ic a te d  in th e  in fra -re d  sp e c tru m  o f  
th e  c a rb o x y lic  a c id  d e r iv a tiv e  a t  1790 a n d  1860 c m -1 
in d ic a tin g  a  d e c re a se  in th e  q u a n ti ty  o f  a n h y d r id e  
p re se n t. In c re a se d  a b s o rb a n c e  o f  th e  sp e c tru m  o f  th e

c a rb o x y lic  a c id  d e r iv a tiv e  a t  1 7 1 0 c m -1  in d ic a te s  th e  
p re se n c e  o f  c a rb o x y lic  a c id  fu n c tio n a l  g ro u p s . T h e  
b ro a d  a b s o rb a n c e  b a n d  b e tw ee n  3000  a n d  3725 cm  -  1 
c o u ld  b e  d u e  to  p o ly m e ric  O H  a s s o c ia t io n  o f  th e  c a r 
b o x y lic  a c id  d e r iv a tiv e . T h e  p re sen c e  o f  so m e  a b s o r 
b a n c e  o f  th e  a u th e n t ic  c o m p o u n d  a t  1 7 1 0 c m -1  is 
p ro b a b ly  d u e  to  a n h y d r id e  h y d ro ly s is  c a u s e d  by 
a tm o s p h e r ic  h u m id ity .

I t  w as p o ss ib le  to  fo llow  th e  c o n v e rs io n  o f  r u b r a 
to x in  B d ire c tly  by H P L C , s in ce  in th e  re v e rse -p h a se  
c h ro m a to g ra p h y  sy s te m  th e  c a rb o x y lic  a c id  d e r iv a tiv e  
e lu te d  a t  58 sec  c o m p a re d  to  175 sec  fo r th e  p a re n t  
c o m p o u n d  (F ig . 3). T h e  lo ss in  U V  a b s o rb a n c e  a t 
254 n m  u p o n  c o n v e rs io n  o f  ru b ra to x in  B to  th e  c a r 
b o x y lic  a c id  d e r iv a tiv e  w as th e  re su lt  o f  th e  o p e n in g  
o f  th e  d is u b s t i tu te d  m a le ic  a n h y d r id e  rings. T h e  
c u rv e s  in F ig . 4  sh o w  th a t  lo ss o f  U V  a b s o rb a n c e  
o f  ru b ra to x in  B u p o n  e x p o su re  to  w a te r  fo llow ed  
f ir s t-o rd e r  k in e tic s  a n d  w as b ip h a s ic  w ith  re sp e c t to  
tim e . T h e  s lo w  (/?) p h a se  o f  th e  c u rv e s  p ro b a b ly

Fig. 4. Semi-log plot of rubratoxin B absorbance at 
254 nm against time of exposure to water in a proportion 
of 2-88 x 104 (O), 5-76 x 10“ (•), 8-63 x I04 (A) or 
11-51 x 104 (▲) mol H ,0 /m o l rubratoxin B. Absorb
ance of the rubratoxin B peak of 1 pg rubratoxin B stan
dard was taken as 100%. The points in the absorbance 
curves are means of values fitted to y =  ae3* +  be,f/ 
(0-96 sc r  s: 0-998).

Table I. E ffec ts  o f  ru b ra to x in  B  a nd  its ca rb o xy lic  d eriva tive  on N a ' - K  * and M y  A T P a s e  a c tiv itie s  in vitro

Specific activity (pmol P,/mg enzyme protein/hr) of mouse-brain microsomal fraction in the presence of

Rubratoxin B Carboxylic acid derivative

Concn of 
toxin

(10- 6 M)
N a * -K +
ATPaset

M g' + ATPase
N a f- K +
ATPase:)

M g+ + ATPase

OS OI OS OI

0() 42-5 ±  1-2 5-2 +  1-1 16-8 ±  1-7 42-5 ±  1-2 5-2 ±  1-1 16-8 ±  1-7
1-0 38-3 +  1-5 4-2 + 2-0 16-5 +  0-8 41-0 + 0-6 5-4 + 2-1 17-1 ±  2-3
2-0 34-4 + 2-0* 3-6 +  1-0 16-0 + 2-1 39-9 +  3-1 5-1 ±  1-3 16-5 ±  1-8
4-0 27-6 +  2-1* 3-1 +  1-3 15-6 + 2-0 38-3 ±  1-2 5-6 + 1-2 16-7 ±  1-7
6-0 18-7 + 1-5* 2-6 +  1-3* 15-1 +  1-1 34-0 ±  1-7* 5-0 +  2-3 17-0 ±  1-0
10-0 7-7 +  0-9* 1-0 ±  1-5* 12-6 + 1-5* 31-8 ±  2-3* 4-3 + 1-7 16-0 ±  2-1

OS =  Oligomycin-sensitive ATPase OI = Oligomycin-insensitive ATPase 
tLinear regression analysis indicates r =  0-99.
I Li near regression analysis indicates r =  0-974.
¡¡Control: propylene glycol (1 pi) without rubratoxin B or carboxylic acid derivative.
Values are means ±  SEM for two independent replicates each assayed in triplicate. Those marked with an asterisk 

differ significantly (P  <  0-05 by Student’s r test) from the corresponding propylene glycol-treated control value.

F.C.T. 16 5 — D
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Fig. 5. Semi-log plot of first-order rate constants (K) of 
fast phase of curves shown in Fig. 4 against mol H20/mol 
rubratoxin B.

re p re se n ts  e q u il ib ra t io n  b e tw e e n  th e  o p e n  a n d  c lo sed  
r in g  fo rm s, b ia se d  s lig h tly  in fa v o u r  o f  th e  o p e n  fo rm . 
T h e  c u rv es  w ere  fe a th e re d  to  d e te rm in e  th e  t ru e  a 
(s lo p e  o f  th e  fast p h ase ) a n d  a  ra te  c o n s ta n t  K w as 
c a lc u la te d  fo r e a c h  c u rv e . W h e n  th e  K v a lu e s  w ere  
p lo tte d  s e m i- lo g a rith m ic a lly  a g a in s t th e  n u m b e r  o f  
m o le s  o f  w a te r  d iv id e d  by  th e  n u m b e r  o f  m o le s  o f  
r u b ra to x in  B a d d e d  (m ol H 20 / m o l  r u b ra to x in  B), a 
s t r a ig h t  lin e  re su lte d  (r  >  0-999) w ith  a  s lo p e  o f  
1 0 0 4  x 1 0“ 5 (F ig . 5). T h is  fin d in g  in d ic a te d  an  
e x p o n e n tia l  re la t io n s h ip  b e tw e e n  th e  r a te  o f  c o n v e r 
s io n  o f  ru b ra to x in  B to  th e  c a rb o x y lic  ac id  d e riv a tiv e  
in th e  fast p h a se  o f  th e  re a c tio n  a n d  th e  re la tiv e  a b u n 
d a n c e  o f  w a te r  m o le c u le s .

In h ib it io n  o f  m o u se -b ra in  m ic ro so m a l N a +- K  + 
A T P a se  by  ru b ra to x in  B a n d  th e  c a rb o x y lic  a c id  d e 
riv a tiv e  w as lin e a r  th ro u g h  a  c o n c e n tra t io n  ra n g e  o f  
0 -1 0  x 1 0 - 6 m  (T ab le  1). T h e  c o n c e n tr a t io n  o f  r u b r a 
to x in  B re su ltin g  in  50%  in h ib i t io n  o f  N a +- K  + 
A T P a se  ( IC 50) w as 5-8 x 1 0 ~ 6 m , w h e re a s  th e  I C 50 
fo r th e  c a rb o x y lic  a c id  d e r iv a tiv e  w as m o re  th a n  th re e  
tim e s  a s  g re a t  (19-3 x 1 0 ~ 6 m ). T h e  d a ta  in T a b le  1 
a ls o  in d ic a te  th a t  th e  b a sa l  M g ++  A T P a se  a c tiv ity  
w as in h ib ite d  by  ru b ra to x in  B (th e  o lig o m y c in -se n s it-  
ive  p o r t io n  m o re  th a n  th e  o lig o m y c in -in se n sitiv e ) . 
H o w e v e r, th e  c a rb o x y lic  ac id  d e r iv a tiv e  a t  c o n c e n 
t r a t io n s  u p  to  10 x 1 0 ~6 m sh o w e d  n o  s ig n ific a n t

Fig. 6 . Semi-log plot of percentage inhibition of Na + -K + 
ATPase activity by rubratoxin B in reaction mixtures con
taining 0-463 x 103 (O), 0-926 x 103 (•), 1-852 x 103 (A) 
or 5-555 x 103 (▲) mol H2 0/mol rubratoxin B after incu
bation in the mixture for 5-60 sec prior to addition of 
enzyme. Values represent the means of triplicate assays, 
with r = 0-962 (O), 0-722 (•), 0-847 (A) and 0-899 (A).

(mol H20/m ol rubratoxin B I x l O3
Fig. 7. Semi-log plot of first-order rate constants ( K )  of 
curves shown in Fig. 6  against mol HjO/mol rubratoxin B.

effects o n  e ith e r  th e  o lig o m y c in -se n s itiv e  o r  - in se n s it
ive M g ++ A T P a se  a c tiv itie s  su g g e s tin g  c o m p le te  loss 
o f  to x ic ity  to  th e se  e n zy m e  c o m p o n e n ts  (T a b le  1).

In h ib it io n  o f  N a +- K + A T P a se  a c tiv ity  b y  r u b r a 
to x in  B w as in d e p e n d e n t o f  p re - in c u b a t io n  tim e  w h en  
e n zy m e  w as p re se n t  in  th e  re a c tio n  m ix tu re  p r io r  to  
to x in  a d d it io n . H o w ev e r, in c u b a t io n  o f  r u b ra to x in  B 
in th e  re a c tio n  m ix tu re  p r io r  to  e n zy m e  a d d it io n  
re su lte d  in  a  ra p id  tim e -d e p e n d e n t r e d u c t io n  o f  in h i
b itio n  (F ig . 6). T h e  lo ss o f  in h ib i t io n  o f  N a +- K  + 
A T P a se  a c tiv ity  fo llo w ed  m o n o p h a s ic  f ir s t-o rd e r  k in 
e tic s  to  60  sec. W h e n  th e  f ir s t-o rd e r  ra te  c o n s ta n ts  
(K ) o f  e a c h  c u rv e  w ere  p lo tte d  se m i- lo g a rith m ic a lly  
a g a in s t  th e  n u m b e r  o f  m o le s  o f  w a te r  in  th e  in c u b a 
tio n  m ix tu re  d iv id e d  by  th e  n u m b e r  o f  m o le s  o f 
ru b ra to x in  B a d d e d  (m ol H 20 / m o l  ru b ra to x in  B). a  
c u rv e  re su lte d  (r =  0-85) w ith  a  s lo p e  o f  2-098 x 10 ~4 
(F ig . 7).

T h e  ip  L D 50 v a lu e s  o f  r u b ra to x in  B a n d  th e  c a r 
b o x y lic  a c id  d e r iv a tiv e  in  m ice  w ere  c a lc u la te d  
a c c o rd in g  to  th e  M ille r  a n d  T a in te r  m o d if ic a tio n  o f  
th e  m e th o d  o f  L itc h fie ld  &  W ilc o x o n  (1949). As 
sh o w n  in  F ig . 8, th e  L D 50 o f  th e  c a rb o x y lic  a c id  d e 
riv a tiv e  w a s  m a rk e d ly  th e  g re a te r  o f  th e  tw o  24  h r  
a f te r  d o s in g , b u t  b y  48 h r  th e  tw o  L D 50 v a lu e s  h a d  
c o n v e rg e d  to  th e  p o in t  o f  o v e r la p p in g  s ta n d a rd  
e rro rs .

DISCUSSION

T h e  d e c re a se  in in h ib i t io n  o f  N a +- K + A T P a se  a c 
tiv ity  w ith  e x p o su re  o f  ru b ra to x in  B to  th e  a q u e o u s  
in c u b a t io n  m ix tu re  p r io r  to  a d d it io n  o f  e n zy m e  
(F ig . 6) w a s  p ro b a b ly  th e  re su lt  o f  r a p id  c o n v e rs io n

Fig. 8 . LD50  values (means + SEM) of rubratoxin B (A) 
and its carboxylic acid derivatives (A) calculated 24-132 hr 
after dosing.
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o f  th e  to x in  to  its  c a rb o x y lic  a c id  d e r iv a tiv e  (F ig . 4), 
w h ic h  h a s  a  m u c h  w e a k e r  in h ib ito ry  effect o n  th e  
e n z y m e  (T ab le  1). C o m p a r is o n  o f  th e  c u rv es  in  F ig s  
5 a n d  7 in d ic a te s  th a t  th e  ra te s  o f  re a c tio n  fo r b o th  
c o n v e rs io n  o f  r u b ra to x in  B u p o n  e x p o su re  to  w a te r  
a n d  lo ss  o f  its  c a p a c ity  to  in h ib it  N a +- K + A T P a se  
in  a q u e o u s  re a c tio n  m ix tu re s  w ere  e x p o n e n tia l ly  
re la te d  to  th e  re la tiv e  a b u n d a n c e  o f  w a te r  m o le c u le s .

T h e  d a ta  in  T a b le  1 in d ic a te  e ith e r  th a t  th e  c a r 
b o x y lic  a c id  d e r iv a tiv e  o f  ru b ra to x in  B h a s  so m e  
affin ity  fo r  N a +- K + A T P a se  (re su ltin g  in  a  d e g ree  
o f  in h ib i t io n  a p p ro x im a te ly  o n e - th ird  o f  th a t  o f  th e  
p a re n t  c o m p o u n d )  o r  th a t  u p o n  a d d it io n  o f  th e  c a r 
b o x y lic  a c id  d e r iv a tiv e  to  th e  in c u b a t io n  m ix tu re , 
e q u il ib ra t io n  w ith  th e  r in g  fo rm  o ccu rs , re su ltin g  in 
c o n v e rs io n  o f  th e  c a rb o x y lic  a c id  d e r iv a tiv e  b a c k  to  
th e  p a re n t  fo rm , w h ic h  is th e n  c a p a b le  o f  in h ib it in g  
th e  en zy m e. T h e  fa c t th a t  fo rm a tio n  o f  th e  c a rb o x y lic  
a c id  d e r iv a tiv e  h a s  b e e n  sh o w n  to  be  a  re v e rs ib le  
re a c tio n  (U n g e r  &  H a y es , 1978) te n d s  to  s u p p o r t  th e  
la t te r  view . F u r th e rm o re ,  th e  g ro ss  a lte ra t io n  in s te r ic  
c o n f ig u ra tio n  c a u s e d  b y  th e  o p e n in g  o f  th e  a n h y d r id e  
r in g s  m a k e s  it u n lik e ly  th a t  th e  tw o  fo rm s  w o u ld  re a c t 
w ith  th e  e n zy m e  in  th e  sa m e  w ay.

T h e  to x ic i ty  d a ta  p re se n te d  in  F ig . 8 a lso  te n d  to  
s u p p o r t  a  s lo w  e q u il ib ra t io n  b e tw e e n  th e  tw o  fo rm s 
in  th e  p la s m a  o f  th e  w h o le  a n im a l,  re su ltin g  in  a  c o n 
v e rg en ce  o f  L D 50 v a lu e s  b y  48 h r. S ince  th e  c a r 
b o x y lic  a c id  fo rm  is fa r  m o re  p o la r  th a n  th e  p a re n t  
fo rm , it  is like ly  to  b e  m o re  ra p id ly  e x c re te d  in  th e  
u r in e  b e c a u se  it w ill b e  less re a d ily  re a b s o rb e d  in  th e  
re n a l  tu b u le s . M o re o v e r , h a v in g  a  m u c h  lo w e r l ip id -  
w a te r  p a r t i t io n  co effic ien t th a n  th e  p a r e n t  c o m p o u n d , 
th e  c a rb o x y lic  a c id  d e r iv a tiv e  w o u ld  b e  less free  to  
c ro ss  th e  cell m e m b ra n e  to  e x p ress  its  to x ic  p o te n tia l .  
R o se  &  M o ss  (1970) h a v e  sh o w n  th a t  o p e n in g  th e  
m a le ic  a n h y d r id e  r in g s  o f  ru b ra to x in  B by N a +-sa lt 
fo rm a tio n  re su lte d  in  a  q u a d ru p lin g  o f  th e  ip  L D 50 
fo r m ice . T h e  d e c re a se  in  to x ic ity  o f  th e  c a rb o x y lic  
a c id  d e r iv a tiv e  seen  24 h r  a f te r  d o s in g  in  th e  p re se n t 
s tu d y  w as th e re fo re  p ro b a b ly  d u e  b o th  to  th e  re m o v a l 
o f  to x ic  fu n c tio n a l  g ro u p s  in  th e  c o n v e rs io n  a n d  to  
th e  fact th a t  th e  d e r iv a tiv e  c o u ld  c ro ss  th e  lip id  b a r 
r ie r  o f  cell m e m b ra n e s  less re a d ily  th a n  th e  p a re n t  
to x in .
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INHIBITORY EFFECT OF CAPSAICIN ON INTESTINAL 
GLUCOSE ABSORPTION IN VITRO

Y. M onsereenusorn  a n d  T . G linsukon

D e p a r t m e n t  o f  P h y s i o l o g y .  F a c u l t y  o f  S c i e n c e , M a h i d o l  U n iv e r s i t y .  R a m a  V I  R d .  B a n g k o k  4 . T h a i l a n d

( R e c e i v e d  2 7  F e b r u a r y  1978)

Abstract—The effects of capsaicin and a crude extract of Capsicum on intestinal glucose absorption 
have been studied in  v i t r o . Glucose absorption in the rat jejunum was slightly stimulated by capsaicin 
in a concentration of 7-Omg/lOOml but was inhibited by concentrations of 14 0 or 210 mg/100 ml, 
in 30-min incubations. Similar inhibitory effects on glucose absorption were demonstrated in the ham
ster jejunum and in intestinal preparations from either species treated with a crude extract of Capsicum 
in Krebs-Henseleit-HCOj buffer. However, addition of ATP (100 p u )  to the mucosal side of a capsaicin- 
treated preparation restored the level of glucose absorption to the control value. A reduction in the 
ATP content of the intestinal mucosa observed in the capsaicin-treated jejunum of both rats (by 171%) 
and hamsters (by 36-30;,) offers a possible explanation for the inhibitory effect of capsaicin on glucose 
absorption. The results also suggest that higher concentrations of capsaicin may reduce the ATP content 
of the intestinal mucosa and thus inhibit intestinal glucose transport, partly by inhibiting the production 
of mitochondrial ATP.

IN T R O D U C T I O N

C a p s ic u m  is a n  im p o r ta n t  sp ice  w h ic h  is c o n su m e d  
in  m a n y  p a r ts  o f  th e  w o rld . I t  is o n e  o f  th e  m a in  
c o m p o n e n ts  o f  c u r ry  a n d  is b e lie v ed  to  b e  o n e  o f 
m a n y  fa c to rs  c a u s in g  g a s tro - in te s t in a l  d is tu rb a n c e s  
(M c D o n a ld , A n d e rso n  &  H a s h im o to ,  1967). I t  h a s  
b een  sh o w n  to  in c re a s e  a c id ity , b lo o d  flow . D N A  c o n 
te n t  a n d  e x fo lia tio n  in  th e  s to m a c h  (D esa i, V e n u g o p a -  
lan  &  A n tia , 1973; K e tu s in h , D h o r r a n in ta  &  Ju e n g -  
ja r e o n ,  1966; K o la ta t  &  C h u n g c h a ro e n ,  1972). Its  
m a in  c o m p o n e n t ,  c a p sa ic in , p la y s  a n  im p o r ta n t  ro le  
in  its  p h y s io lo g ic a l a n d  p h a rm a c o lo g ic a l  effects o n  
th e  s e n so ry  a n d  c a rd io v a s c u la r  sy s te m s (T o d a , U su i, 
N is h o n o  &  F u j iw a ra , 1972; T o h , L ee  &  K ia n g , 1955; 
W e b b -P e p p o le , B re n d e r  &  S h e p h e rd , 1972). Lee 
(1963) s tu d ie d  so m e  p a th o lo g ic a l  c h a n g e s  in  v a r io u s  
o rg a n s  o f  r a b b its  fed h ig h  d ie ta ry  levels o f  red  p e p p e r  
in lo n g - te rm  e x p e r im e n ts  a n d  sh o w e d  th a t  h ig h -fa t 
d ie ts  s u p p le m e n te d  w ith  re d  p e p p e r  in c re a se d  th e  to x 
ic ity  o f  c a p sa ic in . M o re  re ce n tly , N o p a n i ta y a  (1973) 
r e p o r te d  th a t  r a ts  fed a  lo w -p ro te in  d ie t  c o n ta in in g  
c a p sa ic in  sh o w e d  v ery  p o o r  g ro w th  a n d  fa t a b s o r p 
t io n , fin d in g s  th a t  c o r re la te d  w ell w ith  th e  p a th o lo g ic a l  
c h a n g e s  o b se rv e d  in  th e  a b s o rp t iv e  cells o f  th e  d u o 
d e n u m  (N o p a n i ta y a ,  1974; N o p a n i ta y a  &  N y e , 1974).

O n  th e  b a s is  o f  th e  s c a n ty  d a ta  a v a ila b le  fo r  th e  
effect o f  c a p s a ic in  o n  th e  a b s o rp t io n  o f  n u tr ie n ts ,  th e  
s tu d y  d e sc rib e d  h e re  w as u n d e r ta k e n  to  in v es tig a te  
th e  a b n o rm a li t ie s  o f  in te s t in a l  g lu co se  a b s o rp t io n  th a t  
m a y  b e  d ire c tly  r e la te d  to  th e  g ro w th  o f  e x p e r im e n ta l  
a n im a ls  a n d  m an .

EXPERIMENTAL

M a t e r i a l s .  S y n th e tic  c a p s a ic in  (8-m ethyl-./V -vanil- 
ly l-6-n o n e n a m id e ;  m o l w t 305-4) w as o b ta in e d  fro m  
S ig m a  C h e m ic a l C o ., St. L o u is , M O . A c ru d e  e x tra c t 
o f  C a p s ic u m  w as p re p a re d  b y  b o ilin g  a  su sp e n s io n  
o f  10 g g ro u n d  re d  p e p p e r  (C a p s i c u m  m i n i m u m  L.) in

100 m l K re b s -H e n s e le i t -H C O ^  b u ffer fo r 5 m in . A fte r 
b o ilin g , th e  so lu t io n  w as im m e d ia te ly  filte red  th ro u g h  
p a p e r  a n d  th e  f iltra te  w as c o o le d  to  ro o m  te m p e r 
a tu re . G lu c o s ta t  re a g e n ts  w ere  p u rc h a se d  fro m  W o r th 
in g to n  B io ch e m ic a l C o rp ., F re e h o ld , N J . A ll o th e r  
c h e m ic a ls  w ere  re a g e n t g ra d e .

A n i m a l s .  A d u lt m a le  F is c h e r-d e r iv e d  a lb in o  ra ts  
(2 5 0 -2 7 5  g) a n d  m a le  S y ria n  g o ld e n  h a m s te r s  
(1 0 0 -1 2 0  g), o b ta in e d  fro m  th e  A n im a l P ro d u c t io n  
C e n te r  o f  th e  F a c u lty  o f  S c ience , M a h id o l  U n iv e rs ity , 
w ere  c a g e d  in  g ro u p s  o f  five a n d  g iv en  r a t  pe lle ts , 
u n til  th e  tim e  o f  th e  e x p e r im e n t, a n d  w a te r  a d  l ib .

P h y s i o l o g i c a l  a n d  b i o c h e m i c a l  m e t h o d s .  T h e  a n im a ls  
w ere  s tu n n e d  a n d  d e c a p ita te d , a n d  a  12-cm  se g m en t 
o f  u p p e r  je ju n u m , b e g in n in g  fro m  th e  l ig a m e n t o f  
T re itz  ( su sp e n so ry  m u sc le  o f  th e  d u o d e n u m ), w as 
ex cised  a n d  re m o v e d . T h e  je ju n u m  w as g e n tly  flu sh ed  
w ith  0-9%  sa lin e  a n d  e v e r te d  (W ilso n  &  W isem an , 
1954). E a c h  s a c  (3 cm ) w as filled w ith  0-5 m l 7-5 mM- 
g lu co se  in  K re b s -H e n s e le i t -H C O j"  b u ffe r  (300— 
310m osM ) a t p H  7-4 a n d  th e n  im m e rse d  in  10 m l
7-5 m M -glucose  w ith  o r  w ith o u t c a p s a ic in  o r  c ru d e  
C a p s ic u m  e x tra c t  in  K r e b s - H e n s e le i t - H C O j  b u ffer 
c o n ta in e d  in a  5 0 -m l E r le n m e y e r  flask . T h e  in c u b a te d  
so lu t io n  w as a e ra te d  w ith  0 2- C 0 2, 9 5 :5  v /v , a n d  
m a in ta in e d  a t  37°C  in a  s h a k in g  w a te r -b a th  fo r 30 
o r  60 m in . A fter in c u b a tio n , th e  sa c s  w ere  re m o v e d , 
b lo tte d  a n d  w eig h ed  b e fo re  a n d  a fte r re m o v a l o f  th e  
se ro sa l c o n te n t .  T h e  g lu co se  c o n c e n tr a t io n s  o n  b o th  
th e  m u c o s a l  a n d  se ro sa l s id es  w ere  d e te rm in e d  by  th e  
g lu c o se -o x id a se  m e th o d  (S a lo m a n  &  J o h n s o n .  1959).

In te s t in a l  m u c o s a l  A T P  w as e x tra c te d  b y  th e  
m e th o d  o f  D ie tr ic h  &  F r ie d la n d  (1959). T h e  te c h n iq u e  
in v o lv e d  d e n a tu ra t io n  o f  th e  in te s t in a l  m u c o s a  by  
p la c in g  th e  w h o le  in te s t in e  in ice -co ld  3%  p e rc h lo r ic  
a c id  fo r 5 m in  a n d  th e n  b lo tt in g . T h e  d e n a tu re d  
m u c o s a  w as g e n tly  sc ra p e d  o ff w ith  a  c o ld  sp a tu la . 
T h e  sc ra p e d  m u c o s a  w as th e n  w eig h ed  a n d  h o m o g e n 
ized  in 10 m l 3%  p e rc h lo r ic  a c id , a n d  th e  h o m o g e n a te  
w as c e n tr ifu g e d  a t  3 0 0 0 re v /m in  fo r  10 m in . T h e
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s u p e rn a ta n t  w as n e u tra liz e d  w ith  2 n -K O H  a n d  
a llo w e d  to  p re c ip ita te  fo r 3 0  m in . th e  n e u tra liz e d  
s u p e rn a ta n t  b e in g  o b ta in e d  by  c e n tr ifu g in g  a t 
3 0 0 0 re v /m in  fo r 10 m in . T h e  A T P  c o n te n t  w as d e te r 
m in e d  by th e  F ire fly  lu c ife ra se  m e th o d  (S tre c h le r  &  
M c E lro y . 1957).

RESULTS

T h e  effec ts o f  c a p sa ic in  o n  g lu co se  a b s o rp t io n  in 
e v e rte d  sa c s  o f  th e  ra t  a n d  h a m s te r  je ju n u m  a re  su m 
m a riz e d  in T a b le  I. T h e  d a ta  in d ic a te  th a t  c a p sa ic in  
in h ib its  th e  a c tiv e  t r a n s p o r t  o f  g lu co se . A lth o u g h  g lu 
c o se  a b s o rp t io n  in th e  ra t  je ju n u m  w as slig h tly  s t im u 
la te d  by a  c o n c e n tra t io n  o f  7-0 m g /1 0 0  m l a n d  w as 
v ir tu a lly  u n a ffec ted  by a  c o n c e n tr a t io n  o f  10-5 m g / 
100 m l. it w as s ig n ifican tly  in h ib ite d  by  th e  p re sen c e  
o f  h ig h e r  c o n c e n tra t io n s ,  w ith  1 4 0  a n d  210  m g  c a p 
s a ic in /100 m l c a u s in g  re d u c t io n s  o f  22 5 a n d  30-3% 
resp ec tiv e ly . T h e  1 4 0  m g / 100 m l c o n c e n tr a t io n  h ad  
a n  ev en  g re a te r  in h ib ito ry  effect o n  g lu co se  a b s o r p 
t io n  in  th e  h a m s te r  je ju n u m , re d u c t io n s  o f  29-6 a n d  
37-7%  b e in g  re c o rd e d  in 30- a n d  6 0 -m in  in c u b a tio n s , 
resp ec tiv e ly .

T h e  in h ib ito ry  effect o f  th e  c ru d e  e x tra c t  o f  C a p s i
c u m  o n  g lu c o se  a b s o rp t io n  u n d e r  s im ila r  c o n d it io n s  
is sh o w n  in T a b le  2. In  th e  ra t  je ju n u m , th e  d e g ree  
o f  in h ib it io n  sh o w e d  little  d iffe ren ce  b e tw ee n  th e  30- 
a n d  6 0 -m in  in c u b a t io n s  (27 5 a n d  29-2%  resp ec tiv e ly ) 
w h ile  in  th e  h a m s te r  tis su e , w h ic h  w as m o re  sen sitiv e  
th a n  th e  r a t  je ju n u m  to  th e  e n te ro to x ic  effect o f  th e  
c ru d e  e x tra c t ,  th e  m a x im a l effect (43-7%  in h ib it io n )  
w as re c o rd e d  a f te r  th e  3 0 -m in  in c u b a tio n .

T h e  re la t io n s h ip  b e tw ee n  p e rc e n ta g e  in h ib it io n  g lu 
c o se  a b s o rp t io n  a n d  th e  in c u b a t io n  tim e  is sh o w n  in 
F ig . 1 fo r  th e  ra t  je ju n u m . C a p sa ic in  in  a  c o n c e n 
t r a t io n  o f l4 -0 m g /1 0 0 m l  c a u se d  so m e  in h ib it io n  o f 
g lu co se  a b s o rp t io n  in  a  15-m in  in c u b a tio n , a n d  th e  
su b s e q u e n t in c re a se  w ith  tim e  w as lin e a r  (r =  0-9947). 
th e  d e g ree  o f  in h ib it io n  a fte r  in c u b a t io n  fo r 30. 45 
a n d  60 m in  b e in g  20-9. 34-3 a n d  48-2% . re sp ec tiv e ly .

T a b le  3 sh o w s th e  r e la tio n s h ip  b e tw ee n  g lu co se  
a b s o rp t io n  a n d  th e  m u c o sa l c o n te n t  o f  A T P . M u c o sa l

A T P  w as 17-1% lo w e r th a n  th e  c o n tro l  v a lu e  in ra t 
je ju n u m  a f te r  in c u b a t io n  fo r 60 m in  in 7-5 m M -giucose 
w ith  14-0 m g  c a p sa ic in /1 0 0  m l in K re b s -H e n se le i t-  
H C O 3 buffer, w h e re a s  g lu co se  a b s o rp t io n  d e c re a se d  
by  36-1 %. T h e  d e c re a se  in m u c o sa l A T P  w as even  
g re a te r  (a t 36-3% ) in  th e  h a m s te r  je ju n u m , b u t th e  
d iffe ren ce  b e tw een  th e  tw o  sp ec ie s  in th e  fall in  g lu 
c o se  a b s o rp t io n  w as m u c h  less m a rk e d . H o w ev e r, 
a d d it io n  o f  A T P  ( 1 0 0 /j m ) to  th e  bu ffered  7-5 m vi-g lu- 
co se  c o n ta in in g  c a p sa ic in  a t  a  level o f  14 0  m g /1 0 0  m l 
in c o n ta c t  w ith  th e  m u c o sa l s id e  o f  th e  r a t  je ju n u m  
re s to re d  th e  g lu co se  c o n c e n tra t io n  o n  th e  se ro sa l side. 
N o  fu r th e r  in c re a se  in g lu co se  a b s o rp t io n  w as 
o b se rv e d  w h en  th e  c o n c e n tra t io n  o f  a d d e d  A T P  w as 
d o u b le d . W ith  th e  r e s to r a t io n  o f  th e  se ro sa l  g lu co se  
c o n c e n tra t io n ,  fo llo w in g  th e  a d d it io n  o f  d iffe re n t 
a m o u n ts  o f  A T P  to  th e  m u c o sa l s id e  o f  c a p sa ic in -  
tre a te d  je ju n u m , th e  A T P  c o n te n t  in th e  m u c o sa  a ls o  
r e tu rn e d  to  n o rm a l  levels. In  th e  h a m s te r  je ju n u m , 
a d d it io n  o f  A T P  (100 o r  200 j /m ) to  th e  m u c o sa l s id e  
o f  c a p s a ic in - tre a te d  h a m s te r  je ju n u m  p a r tia l ly  
r e s to re d  g lu co se  a b s o rp t io n  ( to  25-9 a n d  23-0%  in h ib i
t io n . re sp ec tiv e ly ), w h ile  th e  m u c o sa l A T P  w as in 
c rea se d  to  levels o f  10-4 a n d  35-1%  o f  th e  c o n tro l  
figure, re sp ec tiv e ly .

DISCUSSION

T h e  re su lts  p re se n te d  h e re  c le a rly  sh o w  th a t  in te s 
t in a l  g lu co se  a b s o rp t io n  is in h ib ite d  c a p s a ic in  a t a n d  
a b o v e  c o n c e n tra t io n s  o f  14-0 m g /1 0 0  m l in  b o th  th e  
ra t a n d  h a m s te r .  T h e  e x te n t o f  th e  in h ib i t io n  d e p e n d s  
u p o n  th e  c a p sa ic in  c o n c e n tra t io n  a n d  th e  in c u b a t io n  
tim e , th e  r e la tio n s h ip  b e tw ee n  th e  la t te r  fa c to r  a n d  
in h ib it io n  o f  g lu co se  a b s o rp t io n  b e in g  lin e a r. T h ese  
fin d in g s  o n  th e  in h ib it io n  o f  g lu co se  a b s o rp t io n  a re  
in g o o d  a g re e m e n t w ith  th e  re su lts  o f  o u r  in vivo 
s tu d y , in w h ic h  14-0 m g  c a p sa ic in /1 0 0  m l in h ib ite d  
g lu co se  t r a n s p o r t  fro m  th e  lu m e n  (Y. M o n se re e n u -  
so rn  a n d  T . G lin s u k o n . u n p u b lis h e d  d a ta ) .

G lu c o se  is k n o w n  to  b e  a c tiv e ly  t r a n s p o r te d  in  th e  
in te s t in a l  m u c o s a l  cells. M a tth e w s  &  S m y th  (1960) 
a n d  S m y th  (1961) su g g e ste d  th a t  th e  a c tiv e  t r a n s p o r t

Table 1. E f f e c t  o f  c a p s a ic in  o n  g l u c o s e  a b s o r p t io n  in  e v e r t e d  s a c s  o f  r a t  a n d  h a m s t e r  j e j u n u m  
in c u b a te d  in  K r e b s - H e n s e l e i t - H C 0 3 b u f f e r  ( p H  7-4). c o n t a in in g  7-5 m s t - g lu c o s e  a n d  w i t h  o r  

w i t h o u t  c a p s a ic in ,  a t  3 7  C  f o r  311 m in .

Species

Capsaicin
concn

(mg/ 1 0 0  ml)
No. of - 

animals

Final glucose concn 
(mg/ 1 0 0  ml) Inhibition ( —) 

or stimulation ( + )J 
(%)Serosat Mu cosa+

Rat 0 2 0 187 + 19 102 + 3
7-0 1 0 210 + 31 116 + 11 + 12-3
10 5 15 183 + 12 99 + 3 - 2-1
14 0 1 2 145 ± 3 92 + 5 -  22-5*
2 1 0 8 131 ± 21 100 ± 5 -3 0  3**

Hamster 0 4 406 +17 90 + 3 —
14 0 4 286 + 4 103 + 4 -29-6**
os 7 621 + 28 78 + 6 —
14-OS 8 387 + 28 8 3 + 4 -37-7**

t Values are means ±SEM.
+ The degree of inhibition or stimulation is derived from a comparison of the test and 

control concentrations on the serosal side, significant values (Student's t test) being indi
cated by asterisks: * P  <  0-05: * * P  <  0-005.

((Incubation for 60min.
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Table 2. G lu c o s e  a b s o r p t io n  in  e v e r t e d  s a c s  o f  r a t  a n d  h a m s t e r  j e j u n u m ,  i n c u b a te d  a t  3 7 CC  
in  K r e b s - H e n s e l e i t - H C O } b u f f e r  [ p H  7-4) c o n t a in in g  7-5 m M - g lu c o s e  a n d  w i t h  o r  w i t h o u t  c r u d e

C a p s i c u m  e x t r a c t

Species

Crude
extractf

(ml)
No. of 

animals
Incubation 
time (min)

Final glucose concn 
(mg/ 1 0 0  ml)

Inhibition!;
(%)Serosa* Mucosaj

Rat 0 1 0 30 189 ± 5 105 + 4 —

1 0 1 0 30 137 + 8 123 + 14 27-5*
0 8 60 240 + 20 80 + 5 —

1 0 8 60 170 ± 11 83 ± 3 2 9 .2 ***
Hamster 0 4 30 415 + 7 92 + 3 —

1 0 4 30 228 + 8 1 2 0  + 2 43-7**
0 1 0 60 610 ± 2 2 77 ± 6 —

1 0 1 0 60 412 ± 30 114 ± 8 32-5***

t  The crude extract contained 5-26 mg capsaicin/100 ml, as determined by the method of 
Karawya, Bulbaa. Girgis & Youssef (1967).

I  Values are means + SEM.
$ The degree of inhibition is derived from a comparison of the test and control concentrations 

on the serosal side, significant values (Student’s t test) being indicated by asterisks: 
* P  <  0-05; **P < 0005; * * * P  <  0001.

o f g lu co se  a c ro ss  in te s t in a l  m u c o s a l  cells  ta k e s  p lace  
in  tw o  stages. In  s ta g e  I, p h lo rh iz in  a b o lish e s  th e  
m u c o sa l  t r a n s p o r t  a t  a  c o n c e n tra t io n  th a t  s till p e rm its  
c o n s id e ra b le  m e ta b o lism  o f  g lu co se  d e r iv e d  fro m  th e  
se ro sa l flu id  (P a rso n s , S m y th  &  T a y lo r .  1958). In  c o n 
tra s t.  d in it ro p h e n o l  a n d  a n o x ia  a b o lish  g lu co se  t r a n s 
p o r t  fro m  th e  se ro sa l side , w h ile  s till p e rm it tin g  th e  
e n try  o f  g lu c o se  in to  th e  m u c o s a l  ce lls  fro m  th e  m u c o 
sa l side , in  w h a t is k n o w n  a s  s ta g e  II. T h u s , s ta g e  
I I  o f  th e  a c tiv e  t r a n s p o r t  o f  g lu co se  is d e p e n d e n t  u p o n  
m e ta b o lic  en erg y . A c c o rd in g  to  th is  h y p o th e s is , c a p 
sa ic in  m a y  b e  c la ss ified  a s  a  s e c o n d -s ta g e  in h ib ito r ,  
s in ce  it d e c re ases  th e  m u c o s a l  A T P  c o n te n t ,  w ith  c o n 
se q u e n t in h ib i t io n  o f  in te s t in a l  g lu c o se  t r a n s p o r t ,  a n d  
a d d it io n  o f  1 00 /rM -A T P  to  th e  m u c o sa l  s id e  s ign ifi
c a n tly  re v e rse s  th e  c a p s a ic in -d e p re s s io n  o f  th e  g lu co se  
c o n c e n tr a t io n  o n  th e  se ro sa l side . T h e  fact th a t  n o  
g re a te r  r e s to r a t io n  o f  th is  g lu c o se  c o n c e n tra t io n  w as 
b ro u g h t  a b o u t  b y  a d d it io n  o f  200  /tm-A T P  is p ro b a b ly  
d u e  to  a n  in a b ility  o f  th e  in te s t in a l  m u c o s a l  cells to  
in c re a se  th e ir  u p ta k e  o f  e x o g e n o u s  A T P  w ith  in c re a s 
in g  c o n c e n tr a t io n  a b o v e  a  m a x im u m  level o f  100/tM  
(C h a u d ry . S a y e ed  &  B au e , 1976) a n d  to  th e  s p o n 
ta n e o u s  d e g ra d a tio n  o f  so m e  e x o g e n o u s  A T P  in in 
vitro r a t- in te s t in a l  p r e p a ra t io n s  (B ro n k  &  L eese.
1973). T h e  in h ib i to ry  effect o f  c a p sa ic in  o n  g lu co se  
a b s o rp t io n  m a y  reflect a  r e d u c t io n  in  m u c o s a l  A T P  
e ith e r  th ro u g h  a n  in c re a se  in in tra c e l lu la r  A T P  h y 
d ro ly s is . le a d in g  to  im p a ire d  c e llu la r  fu n c tio n , o r  
th ro u g h  a  d e c re a se  in  A T P  lib e ra te d  fro m  a n  e n e rg y 
g e n e ra tin g  sy s tem . T h e  la t te r  is a  p o ss ib le  m e c h a n ism , 
s in ce  c a p sa ic in  h a s  b e e n  sh o w n  to  in h ib it  A T P  p r o 
d u c tio n  in iso la te d  ra t- l iv e r  m ito c h o n d r ia  (C h u d a -  
p o n g se  &  J a n th a s o o t .  1976). T h e se  a u th o r s  su g g est 
th a t  c a p sa ic in  h a s  tw o  s ite s  o f  a c t io n  o n  th e  e n erg y  
tra n s fe r  p a th w a y  o f  m ito c h o n d r ia .  O n e  is th e  p h o s 
p h o ry la t io n  m e c h a n ism  a n d  th e  o th e r  a p p e a rs  to  in 
v o lve  c e r ta in  e n e rg y -c o n se rv in g  re a c tio n s  a b o v e  th e  
s ite  o f  a c tio n  o f  d in it ro p h e n o l.  M o re o v e r , s ince  
N a +- K + A T P a se  is k n o w n  to  p lay  a  p a r t  in  th e  
ac tiv e  t r a n s p o r t  o f  g lu co se  (F u jita . O h ta .  K a w a i. M a t-  
su i &  N a k a o ,  1972). in te rfe re n c e  w ith  th e  a c tiv ity  o f 
th is  e n zy m e  m a y  a lte r  g lu co se  a b s o rp t io n .  In  fact, it

w as fo u n d  th a t  c a p sa ic in  d e p re sse d  d in it ro p h e n o l-  
a c tiv a te d  A T P a se  a c tiv ity  in  iso la te d  ra t- l iv e r  m ito 
c h o n d r ia  (C h u d a p o n g se  &  J a n th a s o o t,  1976). T h e re 
fore, it is su g g e s te d  th a t  c a p sa ic in  m a y  in h ib it  
N a +- K + A T P a se  a c tiv ity  in  th e  in te s t in a l  m u c o sa l 
cells  a n d  th a t  th is  m a y  in tu rn  re d u c e  g lu co se  a b s o r p 
t io n . H o w e v e r, th e  a c tio n  o f  c a p sa ic in  o n  N a +- K T  
A T P a se  a c tiv ity  in th e  in te s t in a l  m u c o sa l  ce lls  is 
u n d e r  in v e s tig a tio n  in th is  la b o ra to ry .

In  th e  h a m s te r  je ju n u m , th e  in h ib ito ry  effect o f  g lu 
c o se  a b s o rp t io n  by  c a p sa ic in  is q u ite  d iffe re n t fro m  
th a t  fo u n d  in th e  r a t  a f te r  a d d it io n  o f  e x o g e n o u s  A T P . 
It w as fo u n d  th a t  th e  m u c o sa l A T P  c o n te n t  w as 
m a rk e d ly  in c re a se d  ( to  35%  a b o v e  th e  c o n tro l  v a lue)

Fig. 1. Relation between incubation time and percentage 
inhibition of glucose absorption in everted sacs of rat 
jejunum incubated in 7 5 mM-glucose with or without 
14 0 mg capsaicin 100 ml Krebs-Henseleit-HCOj buffer 
(pH 7-4) at 37 C. Regression analyses were calculated 
according to Walpole & Myers (1972). the regression line 
equation being Y =  -13-68 ± 106 A'. The numbers of 
animals used are indicated in brackets. NS = Not signifi
cant.
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Table 3. E ffect iff add ition  o f  A T P  on  g lucose absorp tion  in everted  sacs o) rat and ham ster je ju n u m  incubated  a t 37 C  
in K rebs  H e n se le it-H C O ,  buffer (p H  7-41 con ta in ing  7-3 m M -glucose and w ith or w ithout 14 0  m y ca p sa ic in /1 00  m l

Species

Treatment on mucosal side

No. of 
animals

Decrease ( - )  or 
increase ( + ) in 
mucosal ATPt 

("„)

Final glucose concn 
(mg/100ml)

Inhibition^
(°„)

Capsaicin 
(m g/100 ml)

ATP
(/1M) Serosa* Mucosa j

Rat 0 0 10 _ 216 +  22 7 9 + 4 —

. 140 0 6 -  171* 138 ±  20 90 ±  8 36-1*
100 12 -8 -4 198 ±  14 76 ±  5 8-3
200 12 -4 -8 203 ±  10 88 ±  5 6-0

Hamster 0 0 8 — 625 + 28 77 + 6 —

140 0 8 -36-3*** 378 ±  28 83 ±  4 39-5***
100 1 1 + 10-4 463 + 14 76 + 2 25-9**
200 1 1 + 35-1* 481 + 36 80 + 2 23-0**

+ Percentage change in mucosal ATP was calculated from control values of 1 -60 ±  018 and 1-46 ±  0-14/imol/g wet 
weight of tissue for the rat and hamster, respectively.

J: Values are means + SEM.
$The degree of inhibition is derived from a comparison of the test and control concentrations on the serosal side. 

Significant values (Student's t test) are indicated by asterisks: *P  <  0-05; **P  <  001; ***P < 0005.

b u t  th e  g lu co se  c o n c e n tra t io n  o n  th e  se ro sa l s id e  w as 
n o t even re s to re d  to  th e  c o n tro l  v a lu e . T h is  f in d in g  
in d ic a te s  a  p ro b a b le  d e c re a se  in  th e  a b il i ty  o f  th e  in 
te s tin a l m u c o s a l  cells  to  h y d ro ly se  in tra c e l lu la r  A T P . 
C a p sa ic in  p ro b a b ly  in h ib its  th e  N a +- K  + A T P a se  a c 
tiv ity  a n d  in tu rn  leav es a n  in c re a se d  m u c o sa l A T P  
c o n te n t .  F u r th e rm o re .  N a " - K + A T P a se  a c tiv ity  w as 
s ig n ifican tly  d e c re a se d  in th e  je ju n a l  m u c o s a  tre a te d  
in vitro w ith  1 4 0  m g  c a p sa ic in /1 0 0  m l (Y. M o n se r-  
e e n u s o rn  a n d  T . G lin su k o n . u n p u b lis h e d  d a ta ) . T h is  
s u p p o r ts  th e  su p p o s it io n  th a t  c a p sa ic in  in h ib its  
N a +- K ^  A T P a se  ac tiv ity .

A s im ila r  in h ib ito ry  effect o n  g lu co se  a b s o rp t io n  
w a s  o b se rv e d  w ith  th e  c ru d e  e x tra c t  o f  C a p s ic u m , 
a lth o u g h  th e  e x te n t  o f  th e  re sp o n se  d iffered  w ith  in c u 
b a tio n  tim e  a n d  th e  sp ec ie s  o f  a n im a l used . H o w ev er, 
th is  in h ib it io n  o f  g lu co se  a b s o rp t io n  w a s  e ffec ted  w ith  
c ru d e  e x tra c t  c o n ta in in g  c a p sa ic in  in a  c o n c e n tra t io n  
o f  o n ly  5 -2 6 m g /I 0 0 m l  (T a b le  2). A t th is  c o n c e n 
tra t io n .  p u re  c a p sa ic in  w o u ld  n o t  in h ib it  g lu co se  
a b s o rp t io n  a n d  m ig h t ev en  b r in g  a b o u t  a  s ligh t s t im u 
la tio n . as w as sh o w n  w ith  th e  c o n c e n tr a t io n  o f  7 0  m g  
p u re  c a p s a ic in /100 m l. T h ese  fin d in g s  su g g est th a t  
o th e r  c o m p o u n d s  p re se n t in th e  c ru d e  e x tra c t  m ay 
re in fo rc e  th e  e n te ro to x ic ity  o f  c ap sa ic in .

T h e  re su lts  p re se n te d  in th is  s tu d y  th u s  in d ic a te  
th a t  c a p sa ic in , a p u n g e n t a g e n t o f  C a p s ic u m , in h ib its  
g lu co se  a b s o rp t io n  w h en  it is in d ire c t  c o n ta c t  w ith  
m a m m a lia n  sm a ll in te s t in e  in vitro. It is n o t  yet 
k n o w n  w h e th e r  a  s im ila r  in h ib it io n  m a y  o c c u r  in m a n  
w h en  c a p sa ic in  is in g es ted . H o w ev e r, sh o u ld  th e re  be 
su c h  an  in h ib ito ry  effect o n  th e  a c tiv e  t r a n s p o r t  o f  
g lu c o se  o r  p o ss ib ly  o f  a m in o  a c id s , th e  c o n se q u e n c e s  
a re  lik e ly  to  b e  s ig n if ic a n t, e sp ecia lly  in p e o p le  w h o  
a re  o n  a  m a rg in a l  d iet.
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EFFECTS OF LOW LEVELS OF BUTYLATED 
HYDROXYTOLUENE ON THE PROTHROMBIN 

INDEX OF MALE RATS

O . Takahashi and K. H iraga

D epartm en t o f  T o x ico lo g y . T o k y o  M etro p o lita n  R esearch  L a b o ra to ry  o f  P ub lic  H ea lth . T o kyo  160. Ja p a n

(R ece ived  12 A p r il 1978)

Summary—Butylated hydroxytoluene (BHT) was administered in the diet to groups of five male rats 
at concentrations of 0 0085. 0 017. 0 033. 0 065. 013. 0-25 and 0-50% for I or 4 wk. A significant decrease 
in the prothrombin index was observed at wk 1 in each group of rats fed BHT levels of 0017%  
or more and this effect was still apparent at wk 4 in the group given 0-50% BHT.

Introduction

B u ty la te d  h y d ro x y to lu e n e  (B H T ) is a  h in d e re d  
p h e n o lic  a n t io x id a n t  w id e ly  u se d  in  fo o d  p ro d u c ts  
a n d  in  r u b b e r  a n d  p e tro le u m  ch em ica ls . W e h av e  
r e p o r te d  th e  in d u c t io n  o f  h a e m o r rh a g ic  d e a th  in  ra ts  
by d ie ta ry  B H T  (T a k a h a s h i &  H ira g a , 1978), a n d  
a lth o u g h  th e  d e ta i le d  m e c h a n ism  o f  th is  p h e n o m e n o n  
is u n k n o w n , h y p o p ro th ro m b in a e m ia  a p p e a re d  to  b e  
an  im p o r ta n t  fa c to r  in  th is  h a e m o rrh a g e .

W e  th e re fo re  a t te m p te d  to  s tu d y  th e  p ro th ro m b in -  
d e c re a s in g  effect o f  lo w  levels o f  B H T  a n d  to  e v a lu a te  
th e  sa fe ty  o f  B H T  a s  a  fo o d  a n t io x id a n t  in  re la tio n  
to  its  h a e m o r rh a g ic  effects.

Experimental

M a le  S p ra g u e -D a w le y  ra ts , o b ta in e d  w h en  4  w k 
o ld  f ro m  C L E A , T o k y o , w ere  fed a  la b o ra to ry  ra tio n  
(C L E A  C E -2 ) fo r  2 w k  a n d  th e n  c a g e d  in  g ro u p s  o f  
five in a  c o n d it io n e d  ro o m  a t  25 +  1 °C  a n d  50 ±  5%  
re la tiv e  h u m id ity . T h e se  g ro u p s  w ere  fed e ith e r  p o w 
d e re d  C L E A  C E -2  a lo n e  o r  th is  b a sa l  d ie t c o n ta in in g  
B H T  (from  T o k y o  K a se i K o g y o  C o.) a t  a  level o f  
0  0085 , 0  017. 0  033, 0 0 6 5 .  0 1 3 .  0-25 o r  0-50%  fo r 1 
o r  4  w k. T h e  c o m p o s it io n  o f  th e  d ie t a n d  o th e r  d e ta ils  
o f  p ro c e d u re  w ere  th e  sa m e  a s  th o se  d e sc rib e d  by 
T a k a h a s h i  &  H ira g a  (1978).

D u r in g  th e  e x p e r im e n ta l  p e r io d , fo o d  c o n s u m p tio n  
a n d  b o d y  w e ig h ts  w ere  re c o rd e d  a n d  B H T  in ta k e s  
w ere  c a lc u la te d . P r o th r o m b in  t im e  w a s  e s t im a te d  a t 
th e  e n d  o f  e a c h  fe ed in g  p e r io d  by  th e  o n e -s ta g e  
m e th o d  o f  Q u ic k , S ta n le y -B ro w n  &  B a n c ro f t (1935) 
a n d  te rm in a l  liv e r w e ig h ts  w ere  d e te rm in e d . T h e  p ro 
th ro m b in  in d ex  w as d e r iv e d  b y  a  p re v io u s ly  d e sc rib e d  
fo rm u la  (T a k a h a s h i &  H ira g a , 1978).

Results

In itia l a n d  te rm in a l  b o d y  w e ig h ts  a n d  th e  g ro w th  
ra te s  fo r  th e  e ig h t  g ro u p s  a re  sh o w n  in  T a b le  1. T h e  
m e a n  d a ily  in ta k e s  o f  B H T . c a lc u la te d  fro m  fo o d  in 

ta k e s  a n d  b o d y  w e ig h ts  re c o rd e d  o n  d a y  4  fo r  th e  
g ro u p s  fed fo r  1 w k  a n d  o n  d a y  19 fo r th o s e  fed fo r 
4  w k, a re  a ls o  sh o w n  in  T a b le  1.

A fte r 1 w k e ac h  g ro u p  o f  r a ts  o n  a  d ie ta ry  level 
o f  B H T  e q u a l to  o r  e x ce ed in g  0  0 17%  h a d  a  s ig n ifi
c a n tly  d e c re a se d  p ro th ro m b in  in d ex , w h ile  a t  4  w k 
o n ly  th e  g ro u p  c o n su m in g  0-50%  B H T  sh o w e d  a  d e 
c rea se  in  th is  in d ex  (T ab le  2). A s ig n if ic a n t in c re a se  
in re la tiv e  liv e r w e ig h t w as o b se rv e d  in  th e  g ro u p s  
rece iv in g  0 1 3  o r  0  50%  B H T  fo r  1 w k a n d  0  5 0 %  B H T  
fo r 4  w k (T a b le  2). T h e  fac t th a t  th e  d iffe ren ce  
b e tw ee n  th e  m e a n  liver w e ig h t fo r  th e  c o n tro ls  a n d  
fo r th e  g ro u p  t r e a te d  w ith  th e  in te rv e n in g  d o se  o f  
B H T  (0-25% ) lac k ed  s ta tis t ic a l  s ig n if ic a n ce  m a y  be  
a t t r ib u ta b le  to  th e  w id e  sp re a d  o f  liv e r w e ig h ts  in 
th e  five r a ts  o f  th e  la t te r  g ro u p ;  a n  in e x p lic a b ly  low  
w e ig h t in  o n e  a n im a l led to  a  s ta n d a r d  d e v ia tio n  o f  
0-80 fo r  th is  g ro u p  c o m p a re d  w ith  0  0 8 4  fo r th e  c o n 
tro l g ro u p .

Discussion

H y p o p ro th ro m b in a e m ia ,  w h ic h  a p p e a re d  to  p la y  a  
c e n tra l  ro le  in  th e  fa ta l h a e m o r rh a g e  in d u c e d  b y  B H T  
in  a n  e a r l ie r  s tu d y  in r a ts  (T a k a h a s h i &  H ira g a , 1978). 
w as o b se rv e d  a t  th e  e n d  o f  w k  1 ev en  w ith  a  m ean  
level o f  in g e s tio n  o f  o n ly  14-7 m g  B H T /k g /d a y .  b u t 
th e  effect w as tr a n s ie n t  a n d  n o t  h a e m o rrh a g ic . T h e  
h a e m o r rh a g ic  d e a th s  p re v io u s ly  r e p o r te d  o c c u rre d  
a f te r  B H T  feed in g  h a d  b e e n  in  p ro g re s s  fo r  10 d a y s  
o r  m o re , d e p e n d in g  o n  th e  d o se  (T a k a h a s h i &  H ira g a .
1978); th e re fo re , a  p e rs is te n t  d e c re a se  in  th e  p r o 
th ro m b in  in d ex  o f  r a ts  g iv en  a  d a ily  d o se  a b o v e  a b o u t  
2 0 0  m g /k g  su g g e sts  th a t  th is  level o f  B H T  is th e  m in i
m u m  d o se  fo r in d u c tio n  o f  h a e m o r rh a g e  a fte r  an  
a p p r o p r ia te  la te n t  p e rio d .

T h e  effects o f  B H T  o n  liv er w e ig h t h a v e  been  
re p o r te d  b y  m a n y  a u th o r s  a n d  th e  e n la rg e m e n t o f  
th e  liv e r h a s  b een  d e sc rib e d  a s  a  p h y s io lo g ic a l c h a n g e  
a s so c ia te d  w ith  a n  in c re a se  in d ru g -m e ta b o liz in g  
e n zy m es  (B o th am . C o n n in g . H ay es . L itch fie ld  &  
M c E llig o tt .  1970: G a u n t .  F e u e r. F a irw e a th e r  &  G il-
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Table 1. M ea n  b ody  w eigh ts  and  fo o d  in ta ke  o f  ra ts  f e d  d ie ts  con ta in ing  0 -0085-0 '50%
B H  T fo r  I or 4 w k

Dietary-
level

Body wei 
‘ (g)

ght
Body-weight

gain
C„)

Mean
food intake 
(g/rat/day)

Mean
BHT intake 
(mg/kg/day)Initial Final

0 212 257
W k 1

21 25-9
0-0085 216 269 25 21-8 7-54
0-017 220 272 24 21-7 14-7
0-033 223 272 23 26-0 34-1
0-065 223 272 22 24-2 62-5
0-13 224 269 20 24-7 129
0-25 226 270 19 22-4 227
0-50 228 263 15 25-9 529

0 217 373
W k 4

72 28-6
0-0085 218 392 80 27-5 6-73
0.017 220 394 79 27-1 13-4
0-033 221 392 78 31-5 29-9
0-065 221 390 76 28-3 52-9
0-13 223 380 71 25-0 96-0
0-25 224 369 65 31-0 230
0-50 224 375 67 21-8 326

Values are means for groups of five rats.

b e rt, 1965: G ilb e r t  &  G o lb e rg , 1965). T h e  d e c re a se  
in th e  p ro th ro m b in  in d ex  w as a  m o re  se n sitiv e  re 
sp o n se  th a n  liv er e n la rg e m e n t,  b u t  lik e  th e  in c re ase  
in liver w e ig h t it h a d  r e tu rn e d  to  n o rm a l  by w k 4 
in a n im a ls  g iv en  d ie ta ry  levels o f  B H T  b e lo w  0-50° 0. 
T h e re  seem  to  b e  tw o  p o ss ib le  e x p la n a t io n s  fo r th is  
se q u e n c e  o f  e v en ts . E ith e r  th e  d e c re a se  in  th e  p r o 
th ro m b in  in d ex  o f  r a ts  g iv en  low  levels o f  B H T  is 
a n  u n d e fin e d  a d a p t iv e  c h a n g e  re la te d  to  th e  in d u c t io n  
o f  h e p a tic  m ic ro so m a l e n zy m es  o r  it m a y  d e p e n d  on  
th e  p ro d u c tio n  o f  m e ta b o li te s  th a t  in d u c e  h y p o p ro -  
th ro m b in a e m ia ,  th e  c o n c e n tra t io n s  o f  su ch  m e ta b o 
lite s  b e in g  h ig h e r  d u r in g  w k  1, b e c a u se  o f  a  lo w  level 
o f  in d u c tio n  o f  th e  d e to x ic a tin g  en zy m es , a n d  su b se 

q u e n tly  b e in g  d e c re a se d  by  ra p id  d e to x ic a tio n  a s so c i
a te d  w ith  a d a p t iv e  c h a n g e s  in  h e p a t ic  fu n c tio n . In  
a n y  e v en t, h y p o p ro th ro m b in a e m ia  m u s t b e  c o n 
s id e red  a  to x ic  re sp o n se  b e c a u se  th e re  is n o  e v id e n ce  
to  s u p p o r t  a  te le o lo g ic a l e x p la n a tio n , even  if su c h  an  
e x p la n a t io n  is a c c e p te d  fo r th e  in d u c t io n  o f  d ru g -  
m e ta b o liz in g  en zy m es. A lth o u g h  h a e m o r rh a g e  in 
d u c e d  by  B H T  is p re v e n te d  w ith  d ie ta ry  su p p le m e n ts  
o f  v ita m in  K  a n d  th e  sa fe ty  o f  B H T  in  r e la t io n  to  
h a e m o r rh a g e  c a n n o t  b e  e v a lu a te d  o n  th e  b a s is  o f  d a ta  
o n ly  f ro m  r a t  e x p e r im e n ts , b e ca u se  o f  th e  sp ec ie s  d if
fe ren ce  in  th is  B H T  effect (O . T a k a h a s h i,  u n p u b lis h e d  
d a ta  1977). it is n o ta b le  th a t  th e  m in im u m  d a ily  in 
ta k e  th a t  c a u se d  s ig n ific a n t h y p o p ro th ro m b in a e m ia

Table 2. M ean  pro throm bin  in d ex  and rela tive  liver w eigh t o f  ra ts  f e d  d ie ts  con ta in ing  0 -0 0 8 5 -0 5 0 °  0
B H T  f o r  I or 4 w k

Dietary
level
(%)

Values after 1 wk Values after 4 wk

Prothrombin
index

C o )

Relative 
liver weight 

(g/100g body weight)

Prothrombin
index

( ° o )

Relative 
liver weight 

(g/lOOg body weight)

0 100 6-07 100 4-94
0-0085 90-5 6-12 97-9 4-68
0-017 85-9* 5-92 100 5-15
0-033 82-2* 6-23 98-4 5-35
0-065 78-4** 6-15 95-9 508
0-13 80-9** 6-69*** 105-6 5-25
0-25 84-4* 6-89 814 5-04
0-50 73-8** 7-46*** 78-9** 6-21***

All values are means for groups of five rats and those marked with asterisks differ significantly (Student's
t test) from the appropriate control values: *P < 0-05; **P < 001: ***p < 0-001.
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a t  w k  1 w as a b o u t  14-7 m g /k g , a  d o se  less th a n  100 
tim e s  th e  a c c e p ta b le  d a ily  in ta k e  fo r m a n  re c o m 
m e n d e d  by  th e  J o 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  (1976).
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Sum m ary— The successful execution of any toxicological programme is mainly dependent upon the 
competence and diligence of the technical staff working with the animals, A special aptitude for handling 
and a willingness to care for animals is an inherent trait of these individuals. Their educational back
ground and training are more sophisticated and their experience and responsibilities should be more 
exacting today than ever before, since technological advances have allowed toxicological research to 
monitor changes at the molecular level. New management procedures should be adopted to attract 
and retain such highly trained and motivated individuals.

Introduction

At th e  p re se n t t im e , le g is la tio n  in  th e  U n ite d  S ta te s  
a n d  C a n a d a  im p o ses  o n  m a n u fa c tu re r s  th e  re sp o n s i
b ility  fo r  d e m o n s tr a t in g  sa tis fa c to r i ly  th a t  a  c h em ica l 
is 'sa fe ' a n d  e fficac io u s fo r its  in te n d e d  use. T o  co m p ly  
w ith  th is  leg is la tio n , a  to x ic ity  te s tin g  p ro g ra m m e  is 
in it ia te d  u n d e r  th e  d ire c tio n  o f  th e  m a n u fa c tu re r .  
S u ita b le  g u id e lin e s  ex ist fo r la b o ra to r ie s  c o n d u c tin g  
to x ic o lo g ic a l re s e a rc h  p ro g ra m m e s  (F o o d  a n d  D ru g  
A d m in is tra t io n , 1971: F r ie d m a n , 1970; H a g a n , 1959; 
H e a lth  a n d  W elfa re  C a n a d a ,  1975; S h u b ik , 1970; 
S o n ta g , P a g e  &  Saflfiotti, 1976), a n d  it h a d  b e en  
a ssu m e d  th a t  a ll la b o ra to r ie s  w ere  u s in g  a p p ro p r ia te  
e x p e r im e n ta l p ro c e d u re s  in  th e ir  to x ic ity  te s tin g  p r o 
g ra m m e s , b u t  th e  U S  F o o d  a n d  D ru g  A d m in is tr a t io n  
(F D A ) h a s  re c e n tly  q u e s tio n e d  th e  m a n n e r  in  w h ich  
so m e  la b o ra to r ie s  h a v e  c o n d u c te d  th e ir  to x ic ity  te s ts  
(Federal Register, 1976). T h e  F D A  a n d  o th e r  U S  
g o v e rn m e n ta l  a g en c ie s  h a v e  th e re fo re  p ro p o se d  very  
d e ta i le d  s ta n d a rd  o p e ra t in g  p ro c e d u re s  fo r la b o r a 
to r ie s  c o n d u c t in g  to x ic o lo g ic a l te s tin g . T h e  p ro p o se d  
le g is la tio n  e n c o m p a sse s  G o o d  L a b o ra to ry  P ra c tic e s . 
W h e th e r  th is  le g is la tio n  w ill re c o g n iz e  th e  in h e re n t 
d ifferences b e tw e e n  th e  ty p e s  o f  to x ic o lo g ic a l te s ts  
c o n d u c te d  in  a c a d e m ic , c o n tra c t ,  a n d  re se a rc h  a n d  
d e v e lo p m e n t la b o ra to r ie s  re m a in s  to  b e  seen .

S ince  m a n y  p ra c tic e s  in  th e  d e s ig n  a n d  c o n d u c t  o f 
v a r io u s  to x ic ity  te s ts  a re  p o o r ly  d e fin e d , it is o u r  in 
te n tio n  to  c o n s id e r  th is  p ro b le m , p a y in g  p a r t ic u la r  
a t te n tio n  to  th e  lo g is tic s , m a n a g e m e n t  a n d  c o n tro l  
o f  a  to x ic o lo g ic a l re s e a rc h  o r  sa fe ty  a sse ssm e n t p r o 
g ra m m e . T h is  p a p e r ,  th e  firs t o f  a  se ries , w ill c o n s id e r

th e  s u p p o r t  staff. S u b s e q u e n t p a p e rs  will b e  c o n 
c e rn e d  w ith  su c h  to p ic s  as th e  w ay s o f  d if fe re n tia tin g  
b e tw e e n  d ise a se  a n d  to x ic  re sp o n se , c o n d u c t in g  a  
c lin ica l e x a m in a t io n  a n d  u s in g  c lin ica l te s ts  a s  d ia g 
n o s tic  a id s  a n d  th e  m e a n s  by  w h ic h  th e  to x ic o lo g is t 
o b ta in s  a  'h e a l th y ' a n im a l.

P r io r  to  th e  1970s, m o n ito r in g  a n im a ls  d u r in g  a 
to x ic ity  te s t c o n s is te d  e sse n tia lly  o f  o b ta in in g  d a ta  o n  
b o d y  w e ig h t a n d  feed  c o n s u m p tio n  a n d  assess in g , in 
a  very  su p e rfic ia l m a n n e r , th e  g e n e ra l h e a l th  o f  th e  
a n im a l. T h e  in tro d u c t io n  o f  t r a in in g  in  la b o ra to ry  
a n im a l sc ien ce  a n d  m e d ic in e , a n d  th e  re c o g n i tio n  o f  
th e  p a r t ic u la r  d ie ta ry  a n d  h o u s in g  re q u ire m e n ts  o f  
l a b o ra to ry  a n im a ls  h a s  p ro d u c e d  a  h e a l th ie r  re se a rc h  
a n im a l a n d  p o ss ib ly  m o re  v a lid  re su lts  t h a n  w ere  p r e 
v io u sly  a tta in a b le .  T h is , in  c o n ju n c t io n  w ith  th e  te c h 
n o lo g ic a l d e v e lo p m e n ts  th a t  h a v e  re su lte d  in  c o m m o n  
u sa g e  o f  su c h  in v e s tig a tio n a l  to o ls  as r a d io iso to p e s , 
se n s itiv e  a n d  a c c u ra te  c h ro m a to g ra p h ic  p ro c e d u re s  
a n d  th e  e le c tro n  m ic ro sc o p e , h a s  g re a tly  e x te n d e d  th e  
to x ic o lo g is t’s a b ility  to  a s c e r ta in  c h a n g e s  a t  th e  m o l
e c u la r  level. T o x ic o lo g ic a l re s e a rc h  n o w  re q u ire s  a  
m u lt id is c ip lin a ry  te a m  a p p ro a c h .  T h e  m in im a l c o re  
te a m  d e s ig n in g  su c h  e x p e r im e n ts  in c lu d e s  th e  to x ic o 
lo g is t, p a th o lo g is t  a n d  s ta t is t ic ia n  a n d  a  la b o ra to ry  
a n im a l sp e c ia lis t. D e p e n d in g  u p o n  th e  c o m p le x ity  o f  
th e  p ro je c t  a n d  w h a t is k n o w n  a b o u t  th e  te s t m a te ria l,  
a  b io c h e m is t,  e p id e m io lo g is t, c lin ica l c h e m is t, a n a ly t i 
ca l c h e m is t, k in e tic is t , h a e m a to lo g is t,  n u tr i t io n is t ,  
m ic ro b io lo g is t  a n d /o r  c o m p u te r  p ro g ra m m e r  m ay  
c o n tr ib u te  to  a  to x ic o lo g ic a l  s tu d y . A n  a n a ly tic a l  
l a b o ra to ry  is a lso  a n  in h e re n t  p a r t  o f  a n y  to x ic ity  
te s t, to  a s c e r ta in  th e  p u r i ty  o f  th e  te s t c o m p o u n d  a n d
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its s ta b il i ty  b o th  d u r in g  s to ra g e  a n d  w h e n  m ix ed  w ith  
th e  v eh ic le  (food , w a te r  o r  so lv e n t)  fo r a d m in is t r a t io n .

T h e  q u a li ty  o f  an y  to x ic o lo g y  p ro g ra m m e  u n d e r 
ta k e n  by a  m u ltid is c ip lin a ry  te a m  is d e p e n d e n t u p o n  
th e  w e ak e st c o m p o n e n t o f  th e  te a m . U se  o f  s o p h is t i 
c a te d  te c h n ic a l a n d  a n a ly tic a l  e q u ip m e n t fo r m o n i to r 
in g  v a r io u s  b io lo g ic a l a n d  c h em ica l p a ra m e te rs  h as 
in c re a se d  th e  p o ss ib ility  o f  d e te c tin g  s u b tle  effects. 
H o w ev e r, e m p h a s is  o n  te c h n o lo g y  o f  th is  k in d  has, 
a t tim e s , b e en  a t th e  e x p e n se  o f  p ro v is io n s  fo r th e  
m a in te n a n c e  o f  h e a lth y  a n im a ls . S uccessfu l m a in 
te n a n c e  a n d  m o n ito r in g  o f  a n im a l h e a lth  is d e p e n d e n t 
u p o n  th e  c o m p e te n c e  a n d  d ilig e n ce  o f  th e  tec h n ic a l 
s ta ff  w o rk in g  w ith  th e  a n im a ls . T h e  lo n g e r  th e  s tu d y , 
th e  g re a te r  is th e  re q u ire m e n t fo r a  c o m p e te n t  staff. 
A l th o u g h  th is  a r tic le  w ill d isc u ss  v a r io u s  a sp e c ts  o f  
m a t te r s  c o n c e rn in g  th e  te c h n ic a l  s u p p o r t  staff, th e ir  
fo rm a l e d u c a tio n , p ra c tic a l  e x p erien ce , t r a in in g  r e 
q u ire m e n ts ,  re sp o n s ib ilit ie s  a n d  m a n a g e m e n t, th e  
p r im e  e m p h a s is  will be  u p o n  th e  te c h n ic a l s ta ff w o rk 
in g  w ith  th e  a n im a ls . T h e  fo llo w in g  c o n s id e ra tio n s  
a re  b a se d  p r im a rily  o n  a  p ro g ra m m e  th a t  h as ev o lv ed  
o v e r  a  n u m b e r  o f  y e a rs  a n d  h as b e e n  su ccessfu l in 
o u r  la b o ra to r ie s .  W h ile  o th e r  la b o ra to r ie s  m ay  h ave  
d iffe ren t, b u t s till s a tis fa c to ry , p ro g ra m m e s , th e  b a s ic  
c o n c e p ts  o u tlin e d  h e re  sh o u ld  be  a p p lic a b le  to  a  v a r 
iety o f  p ro g ra m m e s  o f  to x ic o lo g ic a l re se a rc h  o r  safety  
te s tin g .

Animal technicians
T h e  k n o w le d g e  re q u ire d  o f  th e  a n im a l te c h n ic ia n  

in an y  to x ic ity  te s tin g  p ro g ra m m e  d e p e n d s  u p o n  th e  
ty p e  o f  re se a rc h  u n d e r ta k e n .  F o r  th e  p u rp o s e  o f  th is  
d isc u ss io n , th e  a n im a l te c h n ic ia n s  w ill b e  c lass ified  
a c c o rd in g  to  th e  A m e ric a n  a n d  C a n a d ia n  A sso c i
a tio n s  fo r L a b o ra to ry  A n im a l S c ien ce  (A A L A S  a n d  
C A L A S , re sp ec tiv e ly ), b u t  th e  spec ific  q u a lif ic a tio n s  
a n d  d u tie s , e x c lu d in g  c e r tif ic a tio n  re q u ire m e n ts ,  for 
e ac h  g ra d e  o f  a n im a l te c h n ic ia n  a re  th o se  a ss ig n e d  
by  th e  a u th o rs .

T h e  L a b o ra to ry  A n im a l T e c h n ic ia n  (L A T ) is p r i 
m arily  re sp o n s ib le  fo r th e  h u s b a n d ry  a sp e c ts  o f  a n i
m a l c a re . T h e  S e n io r  L a b o ra to ry  A n im a l T e c h n ic ia n  
(S L A T ) is in v o lv e d  w ith  th e  d a y - to -d a y  c are , h a n d lin g  
a n d  h e a lth  m o n ito r in g  o f  th e  a n im a l c o lo n y . T h e  
M a s te r  L a b o ra to ry  A n im a l T e c h n ic ia n  (M L A T ) 
su p e rv ise s  th e  o th e r  te c h n ic ia n s , a n d  c o n su lts  d a ily  
w ith  th e  p ro je c t sc ie n tis t  a n d  re g u la r ly  w ith  th e  v e te r 
in a r ia n  in  c h a rg e  o f  th e  a n im a l c o lo n y . In  effect, th e  
M L A T  m o n ito r s  th e  d a y - to -d a y  p ro g re s s  o f  th e  
a ss ig n e d  e x p e rim e n ts .

T h e  e sse n tia l a t t r ib u te s  fo r an y  a n im a l te c h n ic ia n  
in c lu d e  a  sp e c ia l a p t i tu d e  fo r h a n d lin g  a n d  a  w illin g 
ness to  c a re  fo r a n im a ls . S u c h  in d iv id u a ls  a re  n e ce ss
a ry  fo r th e  m a in te n a n c e  o f  th e  d e s ire d  s ta n d a rd s  o f  
h u s b a n d ry  w ith in  a n  a n im a l co lo n y . T h e  jo b  m u s t 
b e  su ffic ien tly  a t t r a c t iv e  to  th e  te c h n ic ia n  to  e n su re  
a  m in im a l tu rn o v e r  o f  p e rso n n e l. A t ta in m e n t o f  su c h  
a  g o a l re q u ire s  th a t  a  c a re e r  d e v e lo p m e n t p ro g ra m m e
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b e  a v a ila b le  to  h e lp  e n su re  th a t  th e  j o b  is b o th  s t im u 
la tin g  a n d  re w a rd in g  (H o lm e s  &  S m ith , 1977; N eil 
&  L ay n e , 1976).

Laboratory Animal Technician (LAT)
T h e  m in im a l e d u c a tio n a l  r e q u ire m e n ts  fo r th is  

p o s i t io n  in  m o s t to x ic o lo g y  o r  sa fe ty  e v a lu a tio n  
la b o ra to r ie s  is a  h ig h -sc h o o l d ip lo m a . S o m e  fac ilitie s 
h av e  less s tr in g e n t re q u ire m e n ts  b u t e n c o u ra g e  th e  
a t ta in m e n t  o f  a  h ig h -sc h o o l d ip lo m a  w h ile  th e  te c h 
n ic ia n  is o n  th e  jo b .

T h e  L A T  is re q u ire d  to  p e rfo rm  d u tie s  c o n c e rn e d  
w ith  th e  g e n e ra l care , b re e d in g  an d  m a in te n a n c e  o f  
a  w id e  v a r ie ty  o f  la b o ra to ry  a n im a ls , a n d  w ill 
u n d e rg o  a  tr a in in g  p ro g ra m m e , w h ich  in c lu d e s ;

(i) th e  h a n d lin g  a n d /o r  r e s tra in in g  o f  v a r io u s  
la b o ra to ry  a n im a l sp ec ie s ;
(ii) in s tru c tio n  in  th e  p rin c ip le , p ra c tic e  a n d  
re sp o n s ib ilit ie s  o f  a  b a r r ie r -m a in ta in e d  a n im a l 
c o lo n y ;
(iii) g e n e ra l tra in in g  c o n c e rn in g  th e  n u tr i t io n a l  
re q u ire m e n t o f  v a r io u s  sp ec ies;
(iv) th e  p ro p e r  c le a n in g  a n d /o r  sa n itiz in g  o f  th e  
a n im a l ro o m s , cages, w a te r  b o ttle s  a n d  re la te d  
fac ilitie s, fo llo w in g  e s ta b lish e d  p ro c e d u re s  a n d  
sc h e d u le s ;
(v) th e  o p e ra t io n  o f  e q u ip m e n t u se d  to  sa n itiz e  
a n im a l cag es a n d  w a te r  b o ttle s ;
(vi) th e  fo llo w in g  o f  safety  p re c a u tio n s  d u r in g  th e  
p e r fo rm a n c e  o f  th e  a b o v e  re sp o n s ib ilit ie s .

S o m e  p e rso n n e l w ill c a r ry  o u t  th e  a b o v e  d u tie s  in 
a  sa tis fa c to ry  m a n n e r  b u t  d o  n o t d e s ire  an y  g re a te r  
jo b  re sp o n s ib ility  o r  fu r th e r  tra in in g . O th e r  in d iv i
d u a ls  a re  m o re  c o n c e rn e d  w ith  c a re e r  d e v e lo p m e n t 
a n d  w illing ly  u n d e r ta k e  a d d it io n a l  t r a in in g  w ith  th e  
h o p e  o f  a tta in in g  a  m o re  c h a lle n g in g  p o s it io n . H o w 
ever, m o s t te c h n ic ia n s  find  th is  j o b  b o r in g  a n d  m ay  
b e c o m e  c a re le ss  in  c a rry in g  o u t th e ir  d u tie s . O n e  
m a n a g e m e n t p ra c tic e  u tilize d  to  re d u c e  th e  in c id e n ce  
o f  b o re d o m , is to  a ss ig n  in  a n  a rb i t r a ry  w ay  a p p ro x i 
m a te ly  75%  o f  th e  L A T ’s tim e  fo r th e  a b o v e  d u tie s , 
th e  re m a in in g  tim e  b e in g  sp e n t o n  im p ro v in g  th e  
L A T ’s te c h n ic a l sk ills  th ro u g h  a n  in te rn a l  tra in in g  
p ro g ra m m e .

C e r tif ic a tio n  o f  a  L A T  by  A A L A S  o r  C A L A S  
re q u ire s  a  y e a r ’s ex p e rien c e  as a  fu ll-tim e  e m p lo y e e  
in a n  a n im a l fac ility  p ro v id in g  th e  a b o v e  tra in in g .

Senior Laboratory Technician (SLAT)
T h e  m in im a l e d u c a tio n a l  p re re q u is i te  fo r th is  g ra d e  

is a  h ig h -sc h o o l d ip lo m a . C e r tif ic a tio n  as a  S L A T  
re q u ire s  th a t  a n  in d iv id u a l h o ld s  a  L A T  c e r t if ic a tio n  
a n d  h as a t least 3 y e a rs  e x p e r ie n c e  as a  fu ll-tim e  a n i
m a l te c h n ic ia n  in  a n  a n im a l fac ility  o fferin g  a p p ro v e d  
e x p e r ie n c e  in a n im a l c a re  a n d  use. S u c h  in d iv id u a ls  
a re  o ften  re q u ire d  to  u n d e rg o  t r a in in g  d u r in g  o ff-d u ty  
h o u rs . B o th  A A L A S * a n d  C A L A S t h a v e  e d u c a tio n a l  
g u id a n c e  p a c k a g e s  a v a ila b le  fo r a n im a l-c a re  p e r s o n 
nel. T h e  p a c k a g e s  c o n ta in  t r a in in g  m a n u a ls ,  s lid es , 
c a sse tte s , spec ific  re fe ren ces  to  l i te ra tu re  a n d  a d 
d i tio n a l  a p p lie d  h a n d -o u t  m a te r ia l  th a t  is s u i ta b le  a n d  
c o n te m p o ra ry .  A d d itio n a lly , m a n y  co lleg es a n d  te c h 
n ica l in s t itu t io n s  n o w  offer c o u rse s  in  L a b o r a to r y  
A n im a l C a re .

T h e  re sp o n s ib ilit ie s  o f  th e  S L A T  in c lu d e :
(i) m o n ito r in g  th e  a n im a ls  h e a l th  o n  a  d a ily  basis
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a n d  p e r fo rm in g  p e r fu n c to ry  c lin ica l e x a m in 
a tio n s :
(ii) re c o rd in g  th e  b o d y -w e ig h t a n d  fe e d -c o n su m p 
t io n  d a ta  a n d  a s c e r ta in in g  th a t  th e  c o rre c t d ie t 
is fed ;
(iii) k e e p in g  a  d a ily  lo g  b o o k  fo r r e c o rd in g  e n 
v iro n m e n ta l  v a r ia b le s  ( te m p e ra tu re  a n d  h u m i
d ity ) a n d  o b se rv a tio n s  c o n c e rn in g  an y  a n im a ls  
th a t  r e q u ire  a d d it io n a l  h e a l th  m o n ito r in g ;
(iv) id e n tif ic a tio n  o f  e a c h  a n im a l w ith  a  u n iq u e  
a n d  p e rm a n e n t ly  a t ta c h e d  c o d e , su c h  as a  ta t to o ,  
e a r  tag , to e  s lip , e a r  p u n c h  o r  n eck  c h a in  (see 
N ew , 1977) a n d  th e  m a in te n a n c e  o f  a p p ro p r ia te  
re c o rd s ;
(v) sp ec ia l d u tie s , w h ic h  m a y  in c lu d e  a d m in is t r a 
t io n  o f  te s t c h em ica ls , e x a m in a t io n  fo r p a ra s i te  
o v a , c o lle c tio n  o f  b lo o d , u r in e  o r  tis su e  sa m p le s , 
u se  o f  m e ta b o lic  cages, d ia g n o s in g  p re g n a n c y , 
a n d  a s s is tin g  w ith  a u to p s ie s  an d  th e  p r e p a ra tio n  
o f  q u a li ty -c o n tro lle d  d ie ts  a c c o rd in g  to  p rec ise  
fo rm u la tio n s .

T h e  in -h o u se  t r a in in g  o f  th e  S L A T  is p r im a rily  
u n d e r  th e  su p e rv is io n  o f  th e  M a s te r  L a b o ra to ry  A n i
m a l T e c h n ic ia n , b u t  o c c a s io n a lly  it m a y  in v o lv e  th e  
u se  o f  a p p ro p r ia te  a r tic le s  fro m  th e  sc ien tific  l i te ra 
tu re , lec tu re s  o n  w o rk - re la te d  su b je c ts  a n d  p o ss ib ly  
sp e c ia l in s t ru c t io n s  c o n c e rn in g  d a ta -g a th e r in g  fo r 
e le c tro n ic  p ro c ess in g .

Master Laboratory Animal Technician (MLAT)
M a n y  in s t itu te s  r e q u ire  th is  in d iv id u a l to  h a v e  a  

B a c h e lo r  o f  S c ien ce  d e g re e  in  B io lo g y  o r  to  h a v e  c o m 
p le te d  su ccessfu lly  a  2- o r  3 -y e a r  c o u rse  in  a n im a l 
c a re  a n d  te c h n o lo g y  a t a  c o m m u n ity  co lleg e  o r  te c h 
n ica l in s t itu te .  F o r  C A L A S  o r  A A L A S  c e rtif ic a tio n , 
th is  in d iv id u a l  m u s t  h a v e  a  S L A T  certif ic a te , w ith  a p 
p ro x im a te ly  3 -6  y e a rs  o f  fu ll-tim e  e m p lo y m e n t in 
la b o ra to ry  a n im a l te c h n o lo g y , d e p e n d in g  u p o n  e d u 
c a tio n . T h e  c a n d id a te  fo r c e r tif ic a tio n  m u s t h a v e  a 
c o m p re h e n s iv e  a n d  d e ta ile d  k n o w le d g e  o f  la b o ra to ry  
a n im a l c a re , fac ilitie s, e q u ip m e n t d es ig n , a d m in is t r a 
t io n  a n d  th e  e x p e r im e n ta l  rise  o f  la b o ra to ry  a n im a ls .

T h e  re sp o n s ib ilit ie s  o f  th e  M L A T  in c lu d e :
(i) su p e rv is in g  te c h n ic ia n s , d e te rm in in g  th e ir  
w o rk  lo a d s  a n d  o v e rse e in g  th e  q u a li ty  o f  th e ir  
w o rk ;
(ii) a s s is tin g  in  th e  d e v e lo p m e n t o f  e x p e r im e n ta l 
p ro to c o ls  w ith  th e  p ro je c t  sc ie n tis t;
(iii) m o n ito r in g  th e  h e a l th  o f  th e  te s t a n im a ls , 
te n ta tiv e ly  d ia g n o s in g  d ise a se  c o n d it io n s  an d  
c o n su ltin g  w ith  th e  v e te r in a r ia n  a b o u t  d ise ased  
a n im a ls ;
(iv) c o n d u c t in g  d e ta i le d  c lin ica l e x a m in a tio n s  an d  
a ss is tin g  th e  p a th o lo g is t  w ith  a u to p s ie s ;
(v) c o - o rd in a tin g  th e  lo g is tic s  n e c e ssa ry  fo r th e  
p a th o lo g ic a l,  c lin ica l c h e m is try  a n d  b io c h e m ic a l 
r e q u ire m e n ts  d u r in g  a  s tu d y ;
(vi) p ro v id in g  p a r t  o f  th e  in -h o u se  t r a in in g  fo r 
th e  L A T s a n d  S L A T s:
(vii) h a v in g  th e  a b ility  to  ‘t r o u b le - s h o o t ’ l a b o r a 
to ry  e q u ip m e n t a n d  to  o b ta in  th e  n e ce ssa ry  a s 
s is ta n c e  fo r its  re p a ir :
(viii) a s s is t in g  in  th e  p r e p a r a t io n  o f  p ro g re s s  o r  
final r e p o r ts  a n d  v e rify in g  th e  d a ta .

D e p e n d in g  u p o n  th e  re q u ire m e n ts  o f  th e  r e se a rc h

facility , a  t r a in in g  p ro g ra m m e  fo r M L A T s c o u ld  b e  
s t ru c tu re d  as fo llo w s:

(i) L e c tu re  p r o g r a m m e s : L e c tu re s  a n d  in s t ru c t io n  
in  g ro ss  a n d  m ic ro sc o p ic  a n a to m y , p h y s io lo g y , 
n u tr i t io n ,  c lin ica l c h e m is try  a n d  b a s ic  la b o ra to ry  
p a th o lo g y  o f  th e  c o m m o n  la b o ra to ry  sp ec ie s  m ay  
b e  o ffered  o n  a  c o n tin u in g  sc h e d u le . I n  o u r  p r o 
g ra m m e , p a r t ic u la r  a t te n tio n  is g iv en  in  th e s e  se s
s io n s  to  th e  d ise a se  c o n d it io n s  c o m m o n ly  
e n c o u n te re d  in  o u r  la b o ra to ry .  E x a m p le s  o f  th e  
ty p e  o f  le c tu re  su b je c ts  c o v e re d  in c lu d e  c o n s id e r 
a t io n  o f  in f la m m a to ry  a n d  d e g e n e ra tiv e  lesions, 
th e  g ro w th  a n d  d is t in g u ish in g  c h a ra c te r is tic s  o f  
a  tu m o u r ,  th e  c o m m o n  la b o ra to ry  p a ra s i te s  a n d  
th e ir  c o n tro l ,  a n d  b a s ic  c o n s id e ra tio n s  o f  b a c 
te r ia l  a n d  v iru s  d ise ases . A d d it io n a l  le c tu re s  a re  
c o n c e rn e d  w ith  th e  a n im a l’s e n v iro n m e n t, p a r 
t ic u la r ly  th e  m ic ro -e n v iro n m e n t, a n d  w ith  th e  
w ays in  w h ich  a lte ra t io n s  in  th e  e n v iro n m e n t  c an  
in flu e n ce  a n  a n im a l p h y s io lo g ic a lly , le a d in g  to  
c h a n g e s  in re sp o n se  to  v a r io u s  m ic ro b ia l  a n d  tes t 
c h e m ic a ls  (F o x , 1978). O c c a s io n a lly , a  specific  
re fre sh e r  c o u rse  m a y  b e  re q u ire d , fo r e x am p le , 
o n  th e  p r e p a ra tio n  o f  so lu t io n s  w h e n  a  s tu d y  
e n ta i ls  th e  fre q u e n t p r e p a ra t io n  o f  d o s in g  s o lu 
tio n s  o r  re ag e n ts .
(ii) R e a d in g  a n d  te c h n ic a l s e m in a rs :  T h e se  c o n 
s is t o f  a ss ig n e d  re a d in g  o f  se lec te d  c h a p te r s  fro m  
b o o k s  a n d  jo u rn a ls  o n  l a b o ra to ry  a n im a l c a re  
a n d  d isease , to x ic o lo g y  a n d  p a th o lo g y . A sa m p le  
o f  su c h  b o o k s  is g iv en  in  th e  a p p e n d e d  b ib lio g ra 
p h y . T h e  re a d in g  a s s ig n m e n ts  a re  c o -o rd in a te d  
w ith  p e r io d ic  te c h n ic a lly -o r ie n ta te d  se m in a rs  in 
w h ic h  s e n io r  te c h n ic ia n s  a re  e x p e c te d  to  p a r t ic i 
p a te  e ith e r  as sp e a k e rs  o r  d isc u ssa n ts .
(iii) S p ec ia l in s t ru c t io n :  T h is  t r a in in g  in v o lv es  th e  
use  o f  b a s ic  o r  sp e c ia l c lin ica l d ia g n o s tic  e q u ip 
m e n t su c h  as th e  s te th o s c o p e , o p h th a lm o s c o p e ,  
s lit lam p , s p h y g m o m a n o m e te r  a n d  th e rm o m e te r .  
T h e  M L A T  a lso  b e c o m e s  fa m ilia r  w ith  d ia g n o s 
tic  p ro c e d u re s  th a t  r e q u ire  m a n ip u la t io n  o f  th e  
a n im a l to  d e te c t  v isc e ra l o r  su b c u ta n e o u s  
tu m o u rs .

In  v iew  o f  th e  a m o u n t  o f  d a ta  th a t  c a n  b e  g e n e ra te d  
d u r in g  a  to x ic ity  s tu d y  e v en  as s h o r t  as 90  d ay s, it 
is a lm o s t  im p e ra tiv e  th a t  so m e  ty p e  o f  e le c tro n ic  d a ta  
p ro c e ss in g  b e  u sed . T h e  M L A T  is th e  p e r s o n  p r im a r 
ily re sp o n s ib le  fo r g a th e r in g  a n d  a u th e n t ic a t in g  th e  
d a ta ,  a n d  c o n se q u e n tly  re q u ire s  a  b a s ic  u n d e r s ta n d in g  
o f  a  c o m p u te r  sy s tem . I n  a d d it io n ,  th e  M L A T  m ay  
h a v e  to  se rv e  as a  b a c k -u p  o p e r a to r  w h e n  d a ta  m u s t 
b e  p ro c e sse d  w ith in  a  2 4 -h r  p e r io d , a s  w h e n  b o d y -  
w e ig h t a n d  fo o d -c o n s u m p tio n  d a ta  se rv e  a s  a  c o m 
p o n e n t  in  th e  o v e ra ll  c lin ica l a sse ssm e n t o f  th e  a n im a l 
(A rn o ld , C h a rb o n n e a u ,  Z a w id z k a  &  G ric e , 1978). 
S o m e  o th e r  m a n a g e r ia l  c o n s id e ra tio n s  a re  a p p lic a b le  
to  a ll a n im a l te c h n ic ia n s :

(i) T o  m in im iz e  th e  p o ss ib ility  o f  s p re a d in g  d is 
e ase  th ro u g h o u t  a n  a n im a l c o lo n y , a n im a l te c h 
n ic ia n s  sh o u ld  b e  a ss ig n e d  to  a  m in im u m  
n u m b e r  o f  s tu d ie s . M o re o v e r , in  o rd e r  to  a v o id  
u n d u e  s tre ss  to  th e  a n im a ls , it is p re fe ra b le  th a t  
a n im a l te c h n ic ia n s  b e  a ss ig n e d  to  a  s tu d y  fo r  its  
d u r a t io n  o r  fo r a  s ig n if ic a n t p a r t  o f  it, so  th a t  
th e  a n im a ls  b e c o m e  a c c u s to m e d  to  o n e  in d iv i-  ' 
d u a l.  T h e  te c h n ic ia n  a lso  b e c o m e s  fa m ilia r  w ith
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th e  a n im a ls ’ b e h a v io u ra l  p a tte rn s  a n d  th e re fo re  
eas ily  re co g n ize s  c h an g e s  th a t  c o u ld  s ign ify  im 
p a irm e n t  o f  a n  a n im a l’s h e a lth . H o w ev e r, th is  
m ay  be  a n  im p ra c tic a l p ro c e d u re  fo r m o n k ey s , 
w h o  o c c a s io n a lly  b e co m e  so  ‘a c c u s to m e d ’ to  o n e  
te c h n ic ia n  th a t  th ey  b e c o m e  c o m p le te ly  u n re s 
p o n s iv e  to  a n o th e r  in d iv id u a l (J. T ru e lo v e , p e r 
so n a l  c o m m u n ic a tio n  1977).
(ii) P r io r  to  th e  s ta r t in g  o f  a  s tu d y , it is im p e ra 
tiv e  th a t  a ll th e  a n im a l te c h n ic ia n s  fully  u n d e r 
s ta n d  its o b je c tiv e  a n d  s ig n if ic a n ce  a n d  th e ir  re s 
p o n s ib ilit ie s  a n d  ro le  as a  m e m b e r  o f  th e  tea m . 
In  a d d it io n , e x p ec te d  b e h a v io u ra l  o r  c lin ica l 
c h a n g e s  sh o u ld  b e  d isc u sse d . T h e  te c h n ic ia n s  
m u s t b e  c o g n iz a n t o f  sa fe ty  p re c a u tio n s , for 
e x am p le , w h en  h a n d lin g  ra d io iso to p e s  o r  c a r 
c in o g e n ic  c h em ica ls . A te c h n ic ia n  m ay  n o t fully 
a p p re c ia te  th e  n eed  to  u se  p ro te c tiv e  e q u ip m e n t 
o r  c lo th in g  fo r su c h  ro u t in e  ta s k s  as d isp o sa l  o f  
c o n ta m in a te d  b e d d in g  m a te ria ls ,  w h ich  m a y  n o t 
c o n s titu te  a n  im m e d ia te ly  re c o g n iz a b le  h e a lth  
h a z a rd .
(iii) A ny s tu d y  la s tin g  se v e ra l m o n th s  w ill be  
a ffec ted  by  v a c a tio n  sc h e d u le s  an d  sick  leave. 
T h e re fo re , su ffic ien t s u p p o r t  s ta ff  m u s t b e  a v a il
a b le  to  co v e r th ese  e v e n tu a litie s . T h is  is effi
c ie n tly  a c c o m p lish e d  if th e  te m p o ra ry  re p la c e 
m e n t h as p r io r  k n o w le d g e  o f  th e  o n -g o in g  s tu d y  
a n d  re q u ire s  o n ly  a  b r ie f  o r ie n ta t io n  to  fulfil th e  
e x p ec te d  d u tie s .
(iv) D u r in g  an y  lo n g - te rm  s tu d y , th e  lo ss o f  a n i
m a ls  b e fo re  p a th o lo g ic a l  e x a m in a t io n  as a  re su lt 
o f  a u to ly s is  c a n  be  re d u c e d  d ra s t ic a lly  w ith  a  d ili
g e n t h e a l th -m o n ito r in g  p ro g ra m m e  (A rn o ld  er al.
1978). S o m e  re se a rc h  facilities r e q u ire  a  p a th o lo 
g ist to  b e  o n  ca ll d u r in g  n o rm a l o ff-d u ty  h o u rs , 
b u t  it h a s  b e e n  o u r  p o licy  to  t r a in  ev ery  a n im a l 
te c h n ic ia n  to  p re p a re  a n im a ls  fo r a  su b s e q u e n t 
a u to p s y . T h ey  a re  ta u g h t  th e  p ro p e r  p ro c e d u re s  
o f  k illin g , e v is c e ra tio n , b r a in  a n d  p i tu i ta ry  g lan d  
e x c isio n , a n d  s to ra g e  o f  tis su e s  in  s u ita b le  fix a
tiv es fo r e x a m in a t io n  by a  p a th o lo g is t.

Veterinary service personnel
T h e  v e te r in a r ia n  e n su re s  th a t  o n ly  h e a lth y  a n d  s u i t 

ab le  a n im a ls  a re  u sed  fo r e x p e r im e n ta tio n . H e /sh e  
d ia g n o se s  th e  d ise a se  o f  la b o ra to ry  a n im a ls , p e rfo rm s  
o r  su p e rv ise s  c lin ica l tes ts , p re sc rib e s  m e d ic a tio n , 
d e ta i ls  th e  d o s in g  sc h e d u le , d isp e n se s  p h a rm a c e u tic a ls  
a n d  p ro v id e s  v e te r in a ry  su rv e illa n c e  o f  a ll re se a rc h  
a c tiv itie s  w ith in  th e  a n im a l c o lo n y . T h e  v e te r in a r ia n  
a ssis ts  in  th e  d e v e lo p m e n t o f  new  a n im a l m o d e ls  for 
re se a rc h  p u rp o se s  a n d  p a r tic ip a te s  in  th e  m a n a g e 
m e n t o f  a n im a l c a re .

V e te r in a ry  te c h n ic ia n s , w h o  h av e  rece iv ed  
a d v a n c e d  t r a in in g  in  v e te r in a ry  te c h n ic a l se rv ices a t 
v a r io u s  A g r ic u ltu ra l  C o lle g e s  in  th e  U S A  o r  C o lleg es 
o f  T e c h n o lo g y  in  C a n a d a ,  ass is t th e  v e te r in a r ia n . 
T h e y  h a v e  rece iv ed  t r a in in g  in  h is to lo g y , m ic ro 
b io lo g y . h a e m a to lo g y , b a c te r io lo g y , c lin ica l c h em is try  
a n d  a n im a l h u s b a n d ry  a n d  a re  re sp o n s ib le  fo r th e  
d a ily  tr e a tm e n t,  c a re  a n d  su rv e illa n c e  o f  an  a n im a l 
a f te r  th e  v e te r in a r ia n  h a s  g iv en  h is d ia g n o s is  a n d  p re 
s c r ib e d  a  t r e a tm e n t  sc h e d u le . T h e se  in d iv id u a ls  c a n  
p ro v id e  ro u t in e  su rg ic a l se rv ices su c h  as th e  in s ta l la 

t io n  o f  in d w e llin g  c a th e te rs  o r  c a n n u la t io n  o f  b ile  
d u c ts .

T h e  n e ed  fo r a n  in d iv id u a l w ith  th is  ty p e  o f  tra in in g  
o ften  d e p e n d s  u p o n  th e  s ize  o f  th e  a n im a l c o lo n y  an d  
ty p e  o f  re se a rc h  p ro g ra m m e .

Organizational considerations

Facility usage
A to x ic o lo g is t’s re q u ire m e n t fo r a n im a l h o u s in g , 

h u s b a n d ry  p e rso n n e l, sp e c ia l d ie ts  a n d  o th e r  fac ilitie s 
is u su a lly  o f  a  cyclic  n a tu re . W ith  th e  in c re a s in g  c o st 
o f  la b o u r , e q u ip m e n t a n d  facilities, m a n y  in s t itu t io n s  
h a v e  c e n tra liz e d  a ll o f  th e  a n im a l c a re  fac ilitie s  u n d e r  
th e  c o n tro l  o f  o n e  in d iv id u a l, d e s ig n a te d  m a n a g e r  o f  
th e  A n im a l C a re  U n it ,  in  o rd e r  to  u tilize  re so u rc e s  
m o re  e ffic ien tly . By c o -o rd in a tin g  all p e n d in g  re se a rc h  
p ro g ra m m e s  th ro u g h  th is  m a n a g e r , th e  A n im a l C a re  
U n it  can , in th e o ry , p ro v id e  a  ta i lo r -m a d e  se rv ice  fo r 
ev ery  re se a rc h e r ’s re q u ire m e n ts .  C o n se q u e n tly , th is  
in d iv id u a l m u s t h a v e  a p p ro p r ia te  m a n a g e r ia l  e x p e r i
e n ce  to  fu n c tio n  effectively  a n d  e ffic ien tly , if th e  
d e s ire d  o b jec tiv e s  a re  to  be  a tta in e d .

Career development
S o m e  ty p e  o f  c a re e r  d e v e lo p m e n t p ro g ra m m e  is 

r e q u ire d  if h ig h ly  t r a in e d  a n d  m o tiv a te d  in d iv id u a ls  
a re  to  b e c o m e  a n im a l te c h n ic ia n s . T h e  im p le m e n 
ta t io n  o f  a  c a re e r  d e v e lo p m e n t p ro g ra m m e  w ith in  a n  
A n im a l C a re  U n it re q u ire s  a  g re a t d e a l o f  t im e  a n d  
th o u g h t.  A lth o u g h  a  d e ta ile d  c o n s id e ra tio n  o f  th is  
q u e s tio n  is b e y o n d  th e  sc o p e  o f  th is  p a p e r ,  so m e  o f  
th e  b a s ic  c o m p o n e n ts  o f  su c h  a sy s te m  in c lu d e :

(i) th e  e s ta b lish m e n t o f  g ra d e s  o r  levels o f  a n im a l 
te c h n ic ia n s , w ith  d e fin ed  re q u ire m e n ts  re la tin g  to  
e d u c a tio n  a n d  e x p e rien c e  fo r e ac h  g ra d e :
(ii) a  d e fin itiv e  p ro c e d u re  to  b e  fo llo w ed  an d  
spec ific  r e q u ire m e n ts  fo r a n  in d iv id u a l to  p r o 
g ress  w ith in  a n d  b e tw e e n  g ra d e s ;
(iii) a  m e a n s  o f  e s ta b lish in g  th a t  an  in d iv id u a l 
a sp ir in g  to  ach iev e  th e  n ex t g ra d e  c a n  p e rfo rm  
spec ific  fu n c tio n s  in  a  s a t is fa c to ry  m a n n e r  an d  
a  m e c h a n ism  for a n  in d iv id u a l to  p ro g re s s  w ith in  
a  g ra d e  p r io r  to  th e  a ch ie v e m e n t o f  th e  next 
g ra d e ;
(iv) so m e  ty p e  o f  c o m p e t it io n  fo r filling  a  se n io r  
p o s i t io n  th a t  b e c o m e s  v a c a n t,  s in ce  th e  m o re  
s e n io r  g ra d e s  m ay  re q u ire  th a t  a n  in d iv id u a l 
o c cu p ies  a  spec ific  jo b ;
(v) so m e  a rra n g e m e n t w h e reb y  a n  in d iv id u a l’s 
w illin g n ess to  u n d e rg o  e x tra m u ra l  jo b - re la te d  
t r a in in g  c o u ld  b e  p a r tia l ly  su b s id iz e d  a n d  be 
a c c o rd e d  so m e  e x tra  w e ig h t in  an  a p p lic a t io n  for 
a n  a d v a n c e m e n t.

Other technical personnel
T h e  ty p e s  o f  te c h n ic a l e x p e rtise  th a t  m a y  b e  

re q u ire d  in  a  m a jo r  to x ic o lo g ic a l te s tin g  p ro g ra m m e  
in c lu d e  h is to lo g y , h a e m a to lo g y , c lin ica l c h e m is try , 
m ic ro b io lo g y , a n a ly tic a l o r  o rg a n ic  c h e m is try  a n d  
b io c h e m is try . T h e ir  c o m p ila t io n  u n d e r  o n e  h e a d in g  
is n o t a n  a t te m p t  to  d im in ish  th e ir  c o n tr ib u t io n  to  
an y  to x ic o lo g ic a l e v a lu a tio n , b u t  s in ce  th e  r e q u ir e 
m en t fo r su c h  se rv ices w ill v a ry  b e tw e e n  s tu d ie s , th e re  
m ay  n o t b e  su ffic ien t ju s t if ic a t io n  to  h a v e  su c h  in d iv i
d u a ls  o n  th e  p e rm a n e n t  staff. In  m o s t  in s ta n c e s , c o n 
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t r a c t  la b o ra to r ie s  a re  a v a ila b le  to  fulfil su c h  re q u ire 
m e n ts  a n d  to  p ro v id e  e x p e r tis e  o n  a n  ‘as n e e d e d ’ 
basis .

Types of records for a toxicity study

Log books
A d a ily  lo g  b o o k  is k e p t in  e ac h  a n im a l ro o m , for 

r e c o rd in g  th e  fo llo w in g  ty p es  o f  in fo rm a t io n :
(i) T e m p e ra tu re  a n d  h u m id i ty :  A lth o u g h  it is 
id ea l to  re c o rd  su c h  in fo rm a t io n  w ith  se n sitiv e  
e q u ip m e n t o n  a  c o n tin u o u s  2 4 -h o u r  b a s is , a  
m in im u m  o f  tw o  o b se rv a tio n s  a  d a y  sh o u ld  be  
m a d e  a t a p p ro x im a te ly  th e  sa m e  tim e s  e a c h  d ay . 
S u c h  d a ta  m a y  p ro v id e  a n  e x p la n a t io n  fo r a  
s u d d e n  c h a n g e  in  b e h a v io u r  o r  in  fo o d  a n d  w a te r  
c o n su m p tio n .
(ii) E q u ip m e n t m a in te n a n c e  lo g : A sc h e d u le d  list 
is p ro v id e d  fo r p re v e n tiv e  m a in te n a n c e  a n d  th e  
p ro c e d u re  to  b e  fo llo w ed  in  an y  case  o f  e q u ip 
m e n t m a lfu n c tio n . A d e s c r ip t io n  o f  a ll e q u ip m e n t 
m a lfu n c tio n s , th e  c o rre c tiv e  a c tio n  t a k e n  a n d  th e  
le n g th  o f  tim e  th e  e q u ip m e n t w as n o t o p e ra tiv e  
a re  e n te re d  in  th e  d a ily  lo g  b o o k . A ny  c h an g e s  
th a t  a re  o b se rv e d  in  th e  te s t a n im a ls  a n d  c a n  
b e  a tt r ib u te d  to  e n v iro n m e n ta l  c h a n g e  re su ltin g  
fro m  e q u ip m e n t m a lfu n c tio n  a re  a lso  n o te d .
(iii) C lin ic a l o b s e rv a t io n s :  A ny  d e v ia tio n  fro m  
th e  n o rm a l  b e h a v io u ra l  p a t te rn  is re c o rd e d  (b o th  
in  th e  lo g  b o o k  a n d  o n  th e  c lin ica l sh ee t) a n d  
a  n o te  is m a d e  th a t  th e  a n im a l re q u ire s  a d d i 
t io n a l  m o n ito r in g .
(iv) M o r ta l i ty :  T h e  id e n tif ic a tio n  n u m b e r  o f  an y  
a n im a l d y in g  d u r in g  th e  d a y  a n d  its  d isp o s it io n  
is re c o rd e d .
(v) In te n s iv e  C a re  U n it  ( IC U ): O n e  a sp e c t o f  
h e a lth  m o n ito r in g  d u r in g  a  c h ro n ic  feed in g  s tu d y  
m a y  in v o lv e  th e  u se  o f  a n  IC U  (A rn o ld  et al.
1978). B o d y  w e ig h t a n d  feed c o n s u m p tio n  o f  a n i
m a ls  h o u se d  w ith in  th e  IC U  a re  re c o rd e d  d a ily  
in  th e  lo g  b o o k  r a th e r  th a n  o n  th e  c lin ica l sh e e t.

Clinical sheets
A n  in d iv id u a l  c lin ica l sh e e t fo r e a c h  a n im a l is u se 

ful d u r in g  a  s u b a c u te  o r  c h ro n ic  feed in g  s tu d y  for 
re c o rd in g  th e  re su lts  o f  a ll c lin ica l e x a m in a tio n s  o r  
o rg a n  fu n c tio n  tes ts . T h e  sh e e t c a n  b e  u sed  to  d e d u c e  
a n  a p p ro x im a te  la te n t  p e r io d  w h e n  a  g ro ss ly  o b se rv e d  
tis su e  m a ss  is h is to lo g ic a lly  d ia g n o s e d  a s  a  tu m o u r ,  
to  c o r re la te  c h e m ic a l o b s e rv a t io n s  w ith  th e  p a th o lo 
g is t 's  fin d in g s  a t  a u to p s y  a n d  to  c o r re la te  su c h  d a ta  
w ith  th e  m ic ro sc o p ic  e v a lu a t io n  o f  tis su e s  fo r a  final 
d ia g n o s is .

T h e  c lin ica l sh e e t c a n  b e  q u i te  s im p le . T h e  h e a d in g  
c o n ta in s  th e  s tu d y  n u m b e r  a n d  th e  a n im a l’s id e n tif i
c a t io n  code, sex  a n d  d ie ta ry  t r e a tm e n t.  T h e  re m a in d e r  
o f  th e  sh e e t is b la n k  in itia lly : a ll e n tr ie s  s ta r t  w ith  
th e  d a te , lis t th e  o b se rv a tio n s  m a d e  a n d  c o n c lu d e  
w ith  th e  in itia ls  o f  th e  in d iv id u a l  m a k in g  th e  o b s e rv a 
tio n . W h e n  a n  a n im a l d ie s  o r  is k ille d , th e  d a te , c lin i
cal f in d in g s , b o d y  w e ig h t a n d  fo o d  c o n s u m p tio n  a re  
re co rd e d .

Pathology sheets
T h ese  c o n ta in  in fo rm a t io n  c o n c e rn in g  th e  g ro ss  

o b se rv a tio n s  m a d e  a t  a u to p s y  as w ell a s  th e  m ic ro 
sc o p ic  fin d in g s .

Body weight/feed consumption data
P e rio d ic ity  fo r d e te rm in in g  b o d y  w e ig h t a n d  

feed c o n s u m p tio n  v a ry  fro m  1 to  4  w eek s in  a  
c h ro n ic  feed in g  s tu d y . T h e s e  d e te rm in a tio n s  a re  tim e - 
c o n su m in g  a n d  co stly . O f  th e  m a n y  c o m p u te r-b a se d  
d a ta  a c q u is i t io n  a n d  re tr ie v a l  sy s te m s a v a ila b le , th e  
o n e  r e p o r te d  by  M u n ro , C h a rb o n n e a u  &  W illes 
(1972) c o m b in e s  b o d y  w e ig h t, feed c o n s u m p tio n  an d  
c lin ica l f in d in g s . T h is  in fo rm a tio n  is th e n  u se d  to  
a ssess  th e  a n im a l’s h e a lth  s ta tu s  o n  a  w eek ly  b a s is  
(A rn o ld  et al. 1978). A m o re  c o m p le x  c o m p u te r  
re c o rd -k e e p in g  sy s te m  fo r la rg e  ro d e n t  c o lo n ie s  h as 
b e e n  d e sc rib e d  b y  K a lb a c h , M c C a llu m , K o n v ic k a  &  
H o lla n d  (1977). F o r  a  d isc u ss io n  c o n c e rn in g  th e  
m a in te n a n c e  o f  re s e a rc h -d a ta  in te g r ity  in h e re n t  in  th e  
u se  o f  a u to m a te d  in fo rm a t io n  sy s te m s see  C ra n m e r , 
L aw re n c e , K o n v ic k a , T a y lo r  &  H e rr ic k  (1976).

Clinical tests
In  a  su b a c u te  s tu d y  it is c o m m o n  p ra c tic e  to  

e x a m in e  v a r io u s  h a e m a to lo g ic a l  p a ra m e te r s  a n d  to  
u se  a u to m a te d  e q u ip m e n t to  s tu d y  n u m e ro u s  se ru m  
e n zy m es  a n d  e le m e n ta l c o m p o n e n ts  o f  b lo o d  a n d  
u rin e . T h ese  fin d in g s  m a y  h e lp  to  e lu c id a te  th e  h is to -  
c h em ica l m e c h a n ism  o f  to x ic ity  o r  to  e s ta b lish  th e  
d o sa g e  levels fo r a  c h ro n ic  s tu d y . H o w ev e r, s ince  
m a n y  c lin ica l te s ts  a re  in v as iv e  in n a tu r e  a n d  c o n s t i 
tu te  a  s tre ss  o n  th e  a n im a l,  th is  m a y  c o m p ro m ise  th e  
o b je c tiv e  o f  a  c h ro n ic  s tu d y . T h e  ju d ic io u s  u se  o f  h a e 
m a to lo g ic a l  a n d  c lin ica l c h e m is try  te s ts  is e n c o u ra g e d , 
p ro v id e d  th e re  is su ffic ien t b io lo g ic a l ju s t if ic a tio n , b u t 
th e  a v a ila b ili ty  o f  s o p h is t ic a te d  e q u ip m e n t d o e s  n o t 
c o n s t i tu te  su c h  ju s t if ic a tio n .

Neurological sheets
T h e  n e u ro lo g ic a l  a sse ssm e n t o f  l a b o ra to ry  a n im a ls  

will p ro b a b ly  n ev er re a c h  th e  d e g re e  o f  p re c is io n  th a t  
is p o ss ib le  in  m a n . H o w e v e r, b o o k s  a re  a v a ila b le  
d e ta i lin g  m e th o d s  fo r th e  n e u ro lo g ic a l a sse ssm e n t o f  
so m e  o f  th e  la rg e r  l a b o ra to ry  a n im a ls  su c h  as th e  
d o g  (H o e r le in , 1971; M c G ra th ,  1960). W ith  v ery  lit t le  
e ffo rt, m a n y  o f  th e se  p ro c e d u re s  c a n  b e  a d a p te d  fo r 
u se  w ith  ro d e n ts .  T h e  d ilig e n t a n im a l te c h n ic ia n  w ith  
a d e q u a te  e x p e rien c e  c a n  o f te n  d e te rm in e  th e  c au se  
o f  p a ra ly s is , a b n o rm a l  p o s tu re  o r  o th e r  n e rv e -re la te d  
c h an g e s  by  c o r re la t in g  th e  n e u ro lo g ic a l  a sse ssm e n t 
w ith  o b se rv a tio n s  a t a u to p s y  a n d  h is to p a th o lo g ic a l  
fin d in g s .

Conclusions
In  su m m a ry , th e  m o tiv a tio n  a n d  c a p a b il i tie s  o f  th e  

s u p p o r t  p e rso n n e l h a v e  a  s ig n if ic a n t effect u p o n  th e  
su ccess o f  an y  to x ic o lo g ic a l re s e a rc h  p ro g ra m m e . 
A lth o u g h  se v e ra l sc ien tific  d isc ip lin es  a re  u su a lly  in 
v o lv ed  in  a n y  to x ic ity  s tu d y , th e  te c h n ic ia n s  w o rk in g  
d ire c tly  w ith  th e  a n im a ls  h a v e  a  m a jo r  re sp o n s ib ility , 
esp ec ia lly  in  a  c h ro n ic  s tu d y . T h e  e d u c a tio n a l  r e q u ire 
m e n ts  a n d  e x p e r ie n c e  o f  su c h  in d iv id u a ls  a re  m o re  
e x a c tin g  to d a y  b e c a u se  o f  a d v a n c in g  te c h n o lo g y  a n d  
th e  p re se n t  s ta n d a rd s  fo r to x ic o lo g ic a l te s tin g . A n  a b i 
lity  to  a t t r a c t ,  r e ta in  a n d  m a n a g e  su c h  p e rso n n e l is 
as im p o r ta n t  to  th e  to x ic o lo g is t  a s  th e  k n o w le d g e  o f  
th e  sc ien tific  d isc ip lin e  itself. T h e  c o re  te a m  d e s ig n in g  
an y  to x ic ity  s tu d y  sh o u ld  in c lu d e  a  l a b o ra to ry  a n im a l 
sp e c ia lis t, a n d  th e  e ffic ien t u t il iz a t io n  o f  m a n p o w e r
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a n d  re so u rc e s  h a s  e n c o u ra g e d  th e  e s ta b lish m e n t o f  
a n  A n im a l C a re  U n it  to  c o -o rd in a te  a ll s tu d ie s  so  
th a t  p e rso n n e l a n d  fac ility  re q u ire m e n ts  c a n  b e  a p 
p ro p r ia te ly  ta i lo re d  fo r e ach  s tu d y . T h e  re a liz a tio n  
o f  th e se  o b jec tiv e s  c a n n o t  b e  se rv ed  by d e sc r ib in g  an y  
o n e  p a r t ic u la r  p ro g ra m m e , b u t  u n less  it h as o n e  
a lre a d y , e ac h  in s t itu t io n  sh o u ld  c o n s id e r  th e  im p le 
m e n ta tio n  o f  su c h  a  p ro g ra m m e , ta i lo re d  to  its  o w n  
p re v a ilin g  c o n d it io n s , as a  s te p  to w a rd s  u p g ra d in g  its 
to x ic o lo g ic a l tes tin g .
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BOOK REVIEWS

Trace Substances and Health. A Handbook, Part I.
E d ite d  by  P . M . N e w b e rn e . M a rc e l  D e k k e r , In c ., N e w  
Y o rk , 1976. p p . ix +  398. Sw .fr. 120.00.

T h e  sc o p e  o f  th is  to x ic o lo g ic a l  h a n d b o o k  is b ro a d  
b u t  n o t  c o m p re h e n s iv e , c o n c e n tra t in g  o n  e n te ro -  
to x in s , m y c o to x in s , p e s tic id es , fo o d  c h em ica ls  a n d  
a d d itiv es , a n d  t r a c e  e le m en ts . T h e re  is n o  m e n tio n  
o f  m a n y  o th e r  im p o r ta n t  su b je c t a re a s , su c h  as in d u s 
tr ia l  h a z a rd s  o r  c o sm e tic s ; in d ee d  th e  d iv is io n s  w ith in  
th e  b o o k  te n d  to  r e s tr ic t  c o v e ra g e  a lm o s t e n tire ly  to  
fo o d . P e rh a p s  th e  g a p s  w ill b e  filled by  su b s e q u e n t 
p a r ts , s in ce  th is  is P a r t  I, b u t  th e re  a re  n o  c lu es to  
th e  p o ss ib le  c o n te n t  o f  fu tu re  in s ta lm e n ts .

E a c h  o f  th e  c h a p te r s  w as c o n tr ib u te d  b y  a  d iffe ren t 
e x p e r t in  th e  p a r t ic u la r  field . C h a p te r  1 o n  e n te ro -  
to x in -m e d ia te d  d ise a se  c o n c e n tra te s  o n  s ix  o f  th e  
m o s t  im p o r ta n t  e n te ro to x in -p ro d u c in g  b a c te r ia  a n d  
c o m p a re s  th e  to x ic i ty  o f  th e s e  a n d  o th e r  b a c te r ia l  
to x in s . T h e  to x ig e n ic  m o u ld s  a n d  th e  c h e m ic a l g ro u p s  
o f  to x in s  th a t  th e y  p ro d u c e  a re  g iv en  s e p a ra te  t r e a t 
m e n t in  th e  se c o n d  c h a p te r .  A su rp r is in g ly  th o ro u g h  
c o v e ra g e  o f  th e  v a s t g ro u p  o f  c h e m ic a l p e s tic id es  
fo rm s th e  n e x t c h a p te r .  As w ell as th e  b io lo g ic a l 
effects o f  c e r ta in  p e s tic id es , th e ir  in te ra c tio n s  an d  
a n a ly s is  a re  c o v e re d . T h e  fin a l s e c tio n  o f  th is  c h a p te r  
d e sc rib e s  th e  d ia g n o s is  a n d  t r e a tm e n t  o f  v a r io u s  
fo rm s o f  p e s tic id e  p o iso n in g . C h a p te r  4  e n c o m p a sse s  
th e  w h o le  field  o f  fo o d  c h em ica ls  a n d  fo o d  a d d itiv es , 
b u t  d e ta i le d  c o v e ra g e  is n e ce ssa rily  lim ite d  to  a  few 
specific  c o m p o u n d s , su c h  as m o n o so d iu m  g lu ta m a te , 
b ro m in a te d  v e g e ta b le  o ils , c a r ra g e e n a n  a n d  a m a r 
a n th . T h e  la s t c h a p te r  g ives in d iv id u a l  t r e a tm e n t  to  
14 o f  th e  m o re  to x ic  tra c e  e le m en ts . T h e  effects o f  
a  d e fic ien cy  o f  th e se  e le m e n ts  is in c lu d e d , a lo n g  w ith  
th e  to x ic  effects o f  excesses.

E a c h  c h a p te r  is th o ro u g h ly  se g m e n te d  in to  se c tio n s  
a n d  su b se c tio n s , a t th e  e x p e n se  o f  re a d a b il i ty  in  
p laces . T h e  n u m b e r in g  o f  th e  se c tio n s  a lso  seem s d e s 
tin e d  to  c o n fu se  a n y o n e  c a su a lly  d e lv in g  in to  th ese  
p a g es . T h e  c h a p te r s  o n  m y c o to x in s  a n d  p e s tic id es  a re  
w e ll-p ro v id e d  w ith  c h e m ic a l d ia g ra m s  b u t  th e re  a re  
few  o th e r  i l lu s t r a tio n s  in th e  b o o k . H o w e v e r, re fe r
e n ce  lis ts  a re  v ery  th o ro u g h , to ta l l in g  o v e r 1200 
c ita tio n s .

T h is  b o o k  w ill p ro b a b ly  b e  m o s t  v a lu a b le  to  th e  
s tu d e n t  o r  n o n -sp e c ia lis t , as a  te x tb o o k  o r  h a n d b o o k , 
r a th e r  t h a n  to  to x ic o lo g is ts .

Residue Reviews: Residues of Pesticides and Other 
Contaminants in the Total Environment. V ol. 63. 
E d ite d  by  F . A. G u n th e r .  S p r in g e r-V e rla g , N e w  Y o rk ,
1976. p p . v ii +  193. S 16-80.
Residue Reviews: Residues of Pesticides and Other 
Contaminants in the Total Environment. V ol. 64. 
E d ite d  b y  F . A. G u n th e r .  S p r in g e r-V e rla g , N e w  Y o rk ,
1976. p p . ix +  142. $16-80.

Residue Reviews: Residues of Pesticides and Other 
Contaminants in the Total Environment. V ol. 65. 
E d ite d  by  F . A. G u n th e r .  S p r in g e r-V e rla g , N e w  Y o rk , 
1976. p p . v iii +  103. $16 00.

O n e  o f  th e  m a jo r  F A O /W H O  p ro je c ts  in  th e  field 
o f  d a ta  a s s im ila tio n  a n d  e x p e r t a sse ssm e n t b e g a n  in 
1963 w ith  th e  firs t J o in t  M e e tin g  o f  th e  F A O  W o rk 
in g  P a r ty  o f  E x p e r ts  o n  P e s tic id e  R e sid u es  a n d  th e  
W H O  E x p e r t C o m m itte e  o n  P e s tic id e  R esid u es . S ince  
th e n , th e  g ro u p  h a s  issued  a fte r  e a c h  a n n u a l  m e e tin g  
a  r e p o r t  o f  its  c o n c lu s io n s  a n d  re c o m m e n d a tio n s ,  fo l
lo w e d  b y  a  s e p a ra te ly  p u b lish e d  c o lle c tio n  o f  m o n o 
g ra p h s  p re se n tin g  a  c o m p re h e n s iv e  su rv e y  o f  e ac h  o f  
th e  p e s tic id es  d iscu ssed .

A su m m a ry  o f  th e  p r in c ip a l  d a ta  a n d  c o n c lu s io n s  
o n  th e  c a rb a m a te  a n d  o rg a n o p h o s p h o ru s  p es tic id es  
c o n s id e re d  a t  th e  m ee tin g s  h e ld  b e tw e e n  1963 a n d  
1974 is p re se n te d  in  th e  firs t c h a p te r  o f  V o lu m e  63 
o f  ‘R e s id u e  R ev iew s’. T h is  is th e  se c o n d  su c h  rev iew , 
th e  first h a v in g  c o v e re d  th e  o rg a n o c h lo r in e  p e s tic id es  
d e a lt  w ith  d u r in g  th e  sa m e  m ee tin g s . T h e  a u th o r  is 
w ell q u a lif ied  to  p re se n t  th is  m a te r ia l,  h a v in g  b e en  
a  m e m b e r  o f  th e  J o in t  M e e tin g  S e c re ta r ia t  fo r a  
n u m b e r  o f  y ears . H e  m a k e s  c le a r  th e  c r i te r ia  o n  w h ic h  
th e  to x ic o lo g ic a l e v a lu a tio n s  o f  th e se  c a rb a m a te  a n d  
o rg a n o p h o s p h o ru s  p e s tic id es  w ere  b a se d , b e fo re  p r o 
v id in g  a  lis t o f  th e  spec ific  m a te r ia ls  fo r w h ic h  a n  
A D I h a d  b e e n  e s ta b lish e d  by  1974. S h o r t  to x ic o lo g i
c a l su m m a rie s  th e n  o u tlin e , fo r e a c h  p e s tic id e , th e  
m a in  c o n c lu s io n s  a n d  c o m m e n ts  a n d  th e  a v a ila b le  
to x ic ity  d a ta  a n d  p ro v id e  b r ie f  n o te s  o n  u ses, fo rm u la 
t io n s  a n d  re s id u e s  in  fo o d s. A lto g e th e r  th is  c o n s titu te s  
a  u sefu l g u id e , p e rm it tin g  a  q u ic k e r  a sse ssm e n t o f  th e  
p o s i t io n  th a n  c a n  b e  d e riv e d  fro m  th e  d e ta i le d  re p o r ts  
issu e d  a n n u a lly .

T h e  se c o n d  c o n tr ib u t io n  to  th is  v o lu m e  is a  m u c h  
m o re  re s tr ic te d  a n d  d e ta ile d  d e s c r ip t io n  o f  a  s in g le  
c o m p o u n d — th e  in sec tic id e , K e lev a n . T h e  e th y l e s te r  
o f  a  p o ly c h lo r in a te d  a licy clic  c a rb o x y lic  ac id , K e lev a n  
is in  fact a  re a c tio n  p ro d u c t  o f  th e  p e rh a p s  m o re  
w ide ly  k n o w n  K e p o n e  w ith  e th y l la e v u lin a te . T h is  
su rv e y  o f  its uses, fo rm u la tio n s , in se c tic id a l p o te n tia l ,  
m a m m a lia n  to x ic ity , e n v iro n m e n ta l  b e h a v io u r , re s i
d u e s  o n  a g r ic u ltu ra l  p ro d u c ts  a n d  c u r re n t  to le ra n c e s  
a n d  w a itin g  tim e s  (in  G e rm a n y )  c o n c lu d e s  t h a t  K e le 
v a n  is n o t  c o m p a ra b le  w ith  th e  p e rs is te n t  c h lo r in a te d  
h y d ro c a rb o n  in se c tic id es  in  re sp e c t e ith e r  o f  its to x i
c ity  o r  o f  its  p e rs is te n c e  in  so ils , p la n ts  a n d  a n im a ls .

F in a lly , a  len g th y  p a p e r ,  o c c u p y in g  o v e r h a lf  o f  th e  
b o o k  d isc u sse s  th e  m ass  s p e c tra  o f  o rg a n o p h o s p h o ru s  
e s te rs  a n d  th e ir  d e riv a tiv e s . L ib e ra lly  p ro v id e d  w ith  
fo rm u la e  a n d  r e p ro d u c t io n s  o f  th e  m ass  s p e c tra  o f  
o v e r 50 o rg a n o p h o s p h o ru s  c o m p o u n d s , th is  rev iew  
p re se n ts  a  w e a lth  o f  d a ta ,  b a c k e d  b y  a  lis t o f  m o re  
th a n  170 re fe ren ces.

P e s tic id e  a n a ly s is  also , fe a tu re d  in V o lu m e  64, in 
th is  case  in  r e la t io n  to  th e  g e n e ra l p ro b le m  o f  re s i
d u e s . In  p a r tic u la r ,  th e  re a so n s  fo r o rg a n iz in g
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c o lla b o ra t iv e  s tu d ie s  a n d  th e  w ay s in  w h ic h  th is  m ay  
b e  effec ted  a re  c o n s id e re d . S o m e  o f  th e  m o re  re ce n t 
re su lts  o f  c o lla b o ra t io n  a re  d e sc rib e d  in  a  fa ir a m o u n t  
o f  d e ta il  a n d  th e  im p o r ta n c e  o f  s o u n d  a n a ly tic a l  
b a c k in g  fo r th e  in te rn a t io n a l  to le ra n c e s  n o w  b e in g  
e s ta b lish e d  is s tre sse d .

A n o th e r  c o n tr ib u t io n  in V o lu m e  64 p re se n ts  a  to p ic  
o f  m a jo r  in te re s t to  m a n y  to x ic o lo g is ts . I t d e a ls  n o t 
o n ly  w ith  n itro s a m in e s  in fo o d stu ffs , as th e  t it le  
in d ic a te s , b u t a lso  w ith  th e  n i tro s a m in e  p re c u rso rs  
p re se n t  in  th e  e n v iro n m e n t a n d  th e  p o ss ib le  fo rm a 
t io n  o f  n itro s a m in e s  in vivo. W h ile  w r it te n  b a s ica lly  
from  th e  c h em ica l s ta n d p o in t ,  th e  re v ie w  is n o t 
w e ig h te d  u n d u ly  in  fa v o u r  o f  a n a ly tic a l  a sp e c ts . I t 
e x am in es  a lso  th e  ro le  o f  n i tr a te  a n d  n i tr i te  in  m ea t 
c u rin g , id en tifies  th e  p ro b le m  o f  b o tu lism  a n d  s u m 
m arize s  th e  c h e m ic a l a n d  b io lo g ic a l p ro p e r t ie s  o f  
N -n itro sa m in e s , b e fo re  c o n s id e r in g  th e  o c c u rre n c e  
a n d  in te ra c t io n  o f  p re c u rso rs  in  th e  e n v iro n m e n t an d  
th e  a c tu a l  id e n tif ic a tio n  o f  n itro s a m in e s  in  specific  
fo o d s. T h e  a u th o r  d o es  s tre ss  th e  im p o r ta n c e  o f  
fu r th e r  im p ro v e m e n ts  in  a n a ly tic a l  te c h n iq u e s  an d  
m o re  c o m p a ra tiv e  te s tin g  o f  d iffe re n t m e th o d s , a n d  
he  p o in ts  o u t  th e  n e cessity  fo r fu r th e r  s tu d ie s  o n  th e  
su b s ta n c e s  th a t  c a ta ly se  o r  in h ib it  th e  n i tr o s a t io n  re a c 
tio n . H e  a lso  e x h o r ts  fo o d  te c h n o lo g is ts  to  c o n tin u e  
th e  s e a rc h  fo r a l te rn a tiv e  w ay s o f  p re se rv in g  fo o d .

As h a s  b e e n  th e  case  w ith  a  few  e a r l ie r  v o lu m e s  
in  th is  series , n u m b e r  65 is in  th e  fo rm  o f  a  m o n o 
g ra p h . T h e  su b je c t in  th is  in s ta n c e  is th e  a c tio n  o f  
t r ia z in e  h e rb ic id e s  o n  th e  p h y s io lo g y  o f  p la n ts . T h is  
is a  w id e -ra n g in g  a n d  d e ta i le d  l i te ra tu re  su rv ey , 
b a c k e d  by  o v e r 700 re fe ren ces  a n d  d e m o n s tr a t in g  th e  
effects o f  th e  t r ia z in e s  o n  p ro c esses  c o n n e c te d  d ire c tly  
o r  in d ire c tly  w ith  p h o to sy n th e s is  a n d  w ith  o th e r  
e n e rg y -d e p e n d e n t re a c tio n s . A t te n t io n  is a lso  d ra w n  
to  so m e  o f  th e  q u e s tio n s  th a t  r e m a in  u n a n sw e re d  in 
th is  field .

Residue Reviews: Residues of Pesticides and Other 
Contaminants in the Total Environment. V ol. 66. 
E d ite d  by  F . A. G u n th e r .  S p r in g e r-V e rla g , N e w  Y o rk ,
1977. p p . v iii +  212. $22-80.

T h e  th ird ,  a n d  p re su m a b ly  fina l, re v ie w  in  th e  u se 
ful se ries  su m m a r iz in g  th e  c o n c lu s io n s  a n d  re c o m 
m e n d a t io n s  a r is in g  fro m  th e  jo in t  d e lib e ra tio n s  o f  th e  
F A O  W o rk in g  P a r ty  o f  E x p e r ts  o n  P e s tic id e  R esid u es 
a n d  th e  W H O  E x p e r t C o m m itte e  o n  P e s tic id e  R e si
d u e  is fe a tu re d  in  V o lu m e  66 o f  Residue Reviews. 
P re se n te d  a re  to x ic o lo g ic a l d a ta  a n d  e v a lu a tio n s  from  
th e  ‘J o in t  M e e tin g s ’ o f  19 6 3 -7 5  fo r e le v en  re la tiv e ly  
sm a ll g ro u p s  o f  p estic id es , th e  o rg a n o c h lo r in e , c a rb a 
m a te  a n d  o rg a n o p h o s p h o ru s  g ro u p s  h a v in g  b e en  
d e a lt  w ith  e a rlie r . R e le v a n t v iew s o f  o th e r  in te r 
n a tio n a l  e x p e r t g ro u p s  fo rm ed  u n d e r  th e  a u sp ice s  o f  
IA R C  a n d  W H O  a re  a lso  c o n s id e re d . R e a d e rs  a re  
re fe rre d  to  th e  a p p ro p r ia te  F A O , W H O  a n d  IA R C  
re p o r ts  fo r th e  o r ig in a l  so u rc e s  o f  th e  in fo rm a tio n  
c ited , a  p ro c e d u re  th a t  re s tr ic ts  th e  lis t o f  re fe ren ces 
to  w o rk a b le  p ro p o r t io n s .  A m o n g  th e  m a te ria ls  
c o v e re d  a re  so m e  b ip y r id il iu m  c o m p o u n d s , d i th io c a r -  
b a m a te s , c h lo ro n i t ro b e n z e n e  d e r iv a tiv e s , d in it ro -  
p h e n o ls , d ip h e n y ls , iso in d o le  d e riv a tiv e s , p y re th ro id s  
a n d  o rg a n ic  c o m p o u n d s  o f  m e rc u ry  a n d  tin . M a n y

w h o  a re  n o t s tr ic tly  w o rk e rs  in  p e s tic id e  to x ic o lo g y , 
th e  g ro u p  to  w h ic h  th e se  rev iew s w ere  d ire c te d , will 
b e  g ra te fu l fo r th is  g u id e  to  a  lo t o f  u se fu l in fo rm a 
tio n .

T h e  im p o r ta n c e  o f  p o ly c h lo r in a te d  b ip h e n y ls  
(P C B s) as p e rs is te n t  a n d  w id e sp re a d  e n v iro n m e n ta l  
c o n ta m in a n ts  h as b e e n  c le a rly  re c o g n iz e d  in  re ce n t 
y ears , b u t  w o rk  h a s  b e e n  h a m p e re d  by  a n a ly tic a l  
p ro b le m s , p a r tic u la r ly  in  th e  s e p a ra t io n  o f  P C B s  
fro m  o th e r  c h lo r in a te d  h y d ro c a rb o n  c o n ta m in a n ts .  
A n o th e r  c o n tr ib u t io n  in  th is  v o lu m e  p re se n ts  th e  case  
fo r u s in g  h ig h -p re s su re  l iq u id  c h ro m a to g ra p h y  a n d  
f la m e -io n iz a tio n  o r  e le c tro n -c a p tu re  d e te c tio n , t o 
g e th e r  w ith  re ce n tly  d e v e lo p e d  m in ic o m p u te r  fa c ili
ties, fo r th e  q u a li ta t iv e  a n d  q u a n ti ta t iv e  a n a ly s is  o f  
P C B s. In  sp ite  o f  a  m u ltip lic ity  o f  p e rh a p s  u n a v o id 
a b le  a b b re v ia tio n s , th is  re m a in s  a  v ery  r e a d a b le  
a c c o u n t o f  a  p ro b le m  a n d  th e  p ro sp e c ts  fo r o v e r 
c o m in g  it.

A n o th e r  a n a ly tic a l  c o n tr ib u t io n  c o n s id e rs  th e  
m e th o d s  a v a ila b le  fo r th e  a n a ly s is  o f  o r g a n o t in  c o m 
p o u n d s , p a r tic u la r ly  th e  re s id u es  o f  o rg a n o tin  p e s t i 
c ides. F in a lly  tw o  len g th y  l i te ra tu re  rev iew s d e a l w ith  
q u e s tio n s  o f  m a jo r  re le v an c e  to  th e  e c o lo g ic a l im p a c t 
o f  p e s tic id es  in  g e n e ra l. T h e  firs t su m m a riz e s  s tu d ie s  
c a r r ie d  o u t  o v e r th e  la s t 30 y e a rs  o r  so  o n  th e  effects 
o f  p e s tic id es  o n  a lg a l c o lo n ie s , w h ic h  a re  a p p a re n tly  
n o t  o n ly  h ig h ly  su sc e p tib le  to  h e rb ic id e s  b u t  a re  a lso  
a ffec ted  by  in se c tic id es  a n d  fu n g ic id es . T h e  se c o n d  
p re se n ts  a  2 0 -y e a r  su rv e y  o f  w o rk  o n  th e  c a p a c ity  
o f  a n a e ro b ic  m ic ro -o rg a n ism s  in  a  v a r ie ty  o f  e c o 
sy s te m s to  m e ta b o liz e  d iffe ren t ty p es  o f  o rg a n ic  p e s t i 
c ides, o n  th e  id e n tif ic a tio n  o f  th e  m e ta b o li te s  a n d  o n  
th e  re s is ta n c e  o f  m a n y  c o m p o u n d s  to  su c h  d e g r a d a 
t io n . B o th  rev iew s su g g est lines a lo n g  w h ic h  m u c h  
fu r th e r  w o rk  n eed s  to  b e  d ire c te d .

Protein Crosslinking: Biochemical and Molecular 
Aspects/Protein Crosslinking: Nutritional and Medical 
Consequences. E d ite d  by  M . F r ie d m a n . A d v a n ce s  in  
E x p e r im e n ta l  M e d ic in e  a n d  B io logy , V o lu m e s  86A 
a n d  86B. P le n u m  P re ss , N e w  Y o rk , 1977. p p . 
xx +  760 &  xx +  740. $59-50 p e r  v o lu m e .

T h is  m o n u m e n ta l  w o rk  re c o rd s  th e  p ro c e e d in g s  o f  
a  S y m p o s iu m  o n  P ro te in  C ro s s lin k in g  h e ld  in  S a n  
F ra n c is c o , C a lifo rn ia , fro m  30 A u g u s t to  3 S e p te m b e r  
1976. T o  th e  m a te r ia l  th u s  d e riv e d  h a v e  b e e n  a d d e d  
v a r io u s  in v ite d  c o n tr ib u t io n s .  As a  re su lt, th e  tw o  
v o lu m e s  c o n s t i tu te  a  d e ta ile d  a c c o u n t o f  a  su b je c t 
th a t  h a s  n e v e r b e fo re  b e e n  c o v e re d  sp ec ifica lly , b u t  
th a t  h as e m e rg ed  in  re ce n t y e a rs  as o n e  o f  th e  m o re  
c ritic a l a re a s  in  th e  fields o f  n u t r i t io n  a n d  b io c h e m 
istry . T h e  d iv is io n  o f  th e  tw o  v o lu m e s  u n d e r  re v ie w  
in to  b io c h e m ic a l a n d  m o le c u la r  a sp e c ts , a n d  n u t r i 
t io n a l  a n d  m e d ic a l c o n se q u e n c e s , is a  h a p p y  th o u g h t  
b e c a u se  it s e p a ra te s  v ery  c le a rly  th e  b a s ic  re s e a rc h  
c o n s id e ra tio n s  fro m  th e  p ra c tic a l  a sp e c ts  o f  g re a t  
im m e d ia te  im p o r ta n c e  a n d  s ig n ifican ce .

T h ro u g h o u t  b o th  v o lu m e s, o n e  is s t ru c k  b y  th e  
v ery  b ro a d  ra n g e  o f  c o v erag e , w h ic h  in c lu d e s  b o th  
p la n t  a n d  a n im a l sy s tem s. I f  an y  e x a m p le  w ere  n e ed e d  
o f  th e  p o w er, fo rce  a n d  a c h ie v e m e n ts  o f  in te rd is c ip lin 
a ry  re se a rc h , th ese  tw o  v o lu m e s  p ro v id e  th e  ev id e n ce  
in  a m p le  m e a su re . T h ey  a re  w e ll-e d ite d  a n d  w ell-
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in d ex e d  w o rk s  a n d  a re  a  s t r ik in g  e x a m p le  o f  a  felici
to u s  p u b l ic a tio n  p o licy  w h ic h  h a s  c o n tr ib u te d  m an y  
usefu l v o lu m e s  in  sp e c ia liz ed  su b je c ts  o f  w id e  g e n e ra l 
in te re s t.

Membrane Toxicity. Advances in Experimental Medi
cine and Biology. V ol. 84. E d ite d  by  M . W . M ille r 
a n d  A. E . S h a m o o . P le n u m  P u b lish in g  C o rp ., N ew  
Y o rk , 1977. p p . xiv +  553. $54 00.

T h is  b o o k  c o n ta in s  th e  p ro c e e d in g s  o f  th e  N in th  
A n n u a l R o c h e s te r  I n te rn a t io n a l  C o n fe re n c e  o n  
E n v iro n m e n ta l  T o x ic ity  h e ld  d u r in g  M a y  1976 in 
R o c h es te r, N Y . T h e  v o lu m e  c o n s is ts  o f  23 p a p e rs  o n  
five to p ic s , to g e th e r  w ith  th e  d isc u ss io n s  a n d  c o m 
m e n ts  o f  th e  p a r tic ip a n ts .

T h e  firs t s e c tio n , o n  x e n o b io tic s  a n d  m e m b ra n e  
t r a n s p o r t ,  d e a ls  w ith  v a r io u s  a sp e c ts  o f  th is  su b je c t, 
in c lu d in g  th e  effects o f  o u a b a in ,  p -c h lo ro m e rc u r ib e n -  
z o a te  a n d  a  s tilb e n e  d e r iv a tiv e  o n  th e  in te s t in a l  t r a n s 
p o r t  o f  g lu co se , a m in o  ac id s  a n d  so d iu m , th e  in 
flu en ce  o f  h eav y  m e ta ls  o n  io n  p e rm e a b il ity  in  th e  
lu n g , a n d  th e  m e m b ra n e  t r a n s p o r t  o f  a n tifo la te  d ru g s  
in  n o rm a l  a n d  m a l ig n a n t  cells. T h e  se c o n d  se c tio n  
c o n s is ts  o f  five p a p e rs  c o n c e rn e d  w ith  th e  m o d if ic a 
t io n  o f  m e m b ra n e  fu n c tio n  by  to x ic  c o m p o u n d s . T h is  
in c lu d e s  a n  ex ce lle n t p a p e r  o n  th e  m o rp h o lo g ic a l  an d  
b io c h e m ic a l c h a n g e s  p ro d u c e d  in  th e  liv e r by  c a rb o n  
te tra c h lo r id e , a n d  a lso  o n e  o n  m e m b ra n e  d a m a g e  in 
r a d ia t io n - in d u c e d  cel! n e c ro s is . T h e  th ird  sec tio n , 
d e a lin g  w ith  c e llu la r  re sp o n se s  to  to x in s , c o n ta in s  a  
p a p e r  o n  th e  to x ic  effects o f  s ilic a  o n  m a c ro p h a g e s  
a n d  T - ly m p h o c y te s  a n d  o th e r s  o n  th e  c h an g e s  in 
m e m b ra n e  p e rm e a b il ity  p ro d u c e d  by  lec tin s, io n o -  
p h o re s  a n d  p e n ic illin . T h e  p a p e rs  in  th e  fo u r th  a n d  
fifth  se c tio n s  a re  c o n c e rn e d  w ith  th e  u se  o f  m o le c u la r  
p ro b e s  fo r in v e s tig a tin g  m e m b ra n e  c o n fo rm a tio n  a n d  
fu n c tio n , a n d  th e  in te r a c t io n  o f  c o m p o u n d s  w ith  
re c e p to r  s ite s  o n  m e m b ra n e s .

T h is  c o lle c tio n  o f  p a p e rs  w ill d o u b tle s s  b e  usefu l 
to  w o rk e rs  th o ro u g h ly  fa m ilia r  w ith  th e  su b je c t b u t  
it c o u ld  b e  o f  o n ly  v e ry  lim ite d  v a lu e  to  th e  g e n e ra l 
re a d e r  new  to  th is  sp e c ia liz e d  field.

Directory of On-going Research in Cancer Epidemio
logy 1977. E d ite d  by  C . S. M u ir  a n d  G . W a g n e r. 
IA R C  Scien tific  P u b l ic a t io n s  n o . 17. In te rn a tio n a l  
A gency  for R e se a rc h  o n  C a n c e r ,  L y o n , 1977. p p . 
xi +  599. Sw .fr. 25-00 (a v a ila b le  in  th e  U K  th ro u g h  
H M S O ).

T h e  la te s t  d ire c to ry  o f  c a n c e r  e p id e m io lo g y  s tu d ie s  
r e p o r ts  o n  908 as ye t u n p u b lis h e d  p ro je c ts , a  c o n 
s id e ra b le  e s c a la t io n  o n  th e  c o n te n ts  o f  th e  1976 e d i
t io n .  P ro je c ts  a re  lis te d  a c c o rd in g  to  th e ir  c o u n try  
o f  o r ig in  a n d  e n c o m p a ss  a  to ta l  o f  70 c o u n tr ie s .  T h e  
p r o p o r t io n  o f  s tu d ie s  c o m in g  fro m  d e v e lo p in g  c o u n 
tr ie s  h a s  in c re a se d , a l th o u g h  E u ro p e , N o r th  A m e ric a  
a n d  A u s tra l ia  s till p la y  th e  m a jo r  ro le .

T h e  c o n te n t  o f  th e  d ire c to ry  re flec ts  a n  in c re a se d  
in te re s t in  sp ec ific  in d u s tr ia l  h a z a rd s  (e.g. v in y l c h lo r 
ide). E ffo rts a re  a lso  fo c u sed  chiefly  o n  c a n c e rs  o f  
o rg a n s  su ch  as th e  lu n g , b re a s t  a n d  u te ru s , w hile  r e la 
tive ly  little  a t t e n t io n  is g iv en  to  o th e r  c o m m o n

can c e rs , su c h  as th o se  o f  th e  p a n c re a s  a n d  p ro s ta te  
g lan d .

A n  in tro d u c t io n  e x p la in s  th e  w o rk in g s  o f  th e  c le a r 
in g  h o u se  fo r “o n g o in g  re se a rc h  in  c a n c e r  e p id e m io 
lo g y ” a n d  th e  use  o f  th e  d ire c to ry . In  a d d it io n  to  
th e  m a in  lis t g iv in g  d e ta ils  o f  e a c h  p ro je c t,  in d iv id u a l 
s tu d ie s  c a n  b e  tra c e d  by  m e a n s  o f  in d ex e s  b a se d  o n  
p r in c ip a l  in v e s tig a to rs  a n d  c o lla b o ra to r s ,  c a n c e r  sites, 
a e tio lo g ic a l fa c to rs  a n d  o th e r  re le v a n t te rm s  o r  key  
w o rd s , ty p e s  o f  s tu d y  (e.g. im m u n o lo g y , re tro sp e c tiv e )  
a n d  th e  c o u n try  in  w h ich  th e  s tu d y  is b e in g  c o n 
d u c te d . P o p u la tio n -b a s e d  c a n c e r  re g is tr ie s  a re  a lso  
lis ted .

U n d o u b te d ly  th e  c o n tin u a tio n  o f  th is  c o m p re h e n 
sive  d ire c to ry  is in v a lu a b le  to  th o se  in v o lv e d  in  th e  
field  o f  c a n c e r  e p id e m io lo g y .

IARC Monographs on the Evaluation of the Carcino
genic Risk of Chemicals to Man. Some Miscellaneous 
Pharmaceutical Substances. V ol. 13. IA R C  W o rk in g  
G ro u p . I n te rn a tio n a l  A gency  fo r R e se a rc h  o n  C a n ce r, 
L y o n , 1977. p p . 255 Sw .fr. 30-00.

T h e  th ir te e n th  se t o f  m o n o g ra p h s  in  th is  se ries  is 
d e v o te d  to  th e  e v a lu a tio n , fo r th e  firs t t im e , o f  a  g ro u p  
o f  e s ta b lish e d  d ru g s  (22 in  all). I t  is w o r th  re p e a tin g  
th a t  th e se  m o n o g ra p h s  su m m a r iz e  th e  e v id e n ce  for 
th e  c a rc in o g e n ic ity  o f  in d iv id u a l c h em ica ls , b u t  m a k e  
n o  re c o m m e n d a tio n s  c o n c e rn in g  p re v e n tiv e  m ea su re s  
o r  leg is la tio n , s ince  th e se  m a t te r s  d e p e n d  o n  r i s k -  
b e n e fit  e v a lu a tio n .

O n e  o f  th e  s tre n g th s  o f  th e se  IA R C  m o n o g ra p h s  
h a s  b e e n  th e  fully  c o m p re h e n s iv e  c u m u la tiv e  in d ex  
p re se n te d  in  e a c h  v o lu m e  a n d  lis tin g  a lp h a b e tic a lly  
a ll c o m p o u n d s  c o n s id e re d  to  d a te , to g e th e r  w ith  
a p p r o p r ia te  sy n o n y m s. I t  is th e re fo re  a  l it t le  d is a p 
p o in tin g  to  n o te  th a t  e lev en  o f  th e  d ru g s  c o n s id e re d  
b y  th e  W o rk in g  G ro u p  a t th e ir  th ir te e n th  se ss io n  
w ere  d is re g a rd e d , o n  th e  g ro u n d s  th a t  “ a v a ila b le  d a ta  
w ere  in a d e q u a te ” . T h e se  d ru g s  w ere  ace ty lsa lic y c lic  
ac id , a m o b a rb ita l ,  c h lo rp ro m a z in e , d ip h e n y lth io h y -  
d a n to in ,  L S D , n itro x o lin e , p e n to b a r b i ta l  so d iu m , 
p re d n is o n e , p y ra z in a m id e , r ifa m p ic in  a n d  s p iro n o la c 
to n e . I t  is to  b e  h o p e d  th a t  so m e  m e n t io n  w ill be  
m a d e  o f  su c h  c o m p o u n d s  in  th e  c u m u la tiv e  in d ex  o f  
fu tu re  v o lu m e s.

As in  p re v io u s  m o n o g ra p h s  in  th e  se ries , v e ry  lit t le  
g u id a n c e  is g iv en  o n  th e  s ig n ifican ce  o f  th e  a n im a l 
d a ta  p re se n te d . E ith e r  th e  l im ita t io n s  o f  e x is tin g  in fo r 
m a t io n  p re c lu d e d  an y  e v a lu a t io n  o f  c a rc in o g e n ic  risk , 
as w as th e  case  w ith  a c r if la v in iu m  c h lo r id e , c h lo ro 
q u in e , 8 -h y d ro x y q u in o lin e  a n d  p h e n y lb u ta z o n e , o r  
e v id e n ce  su g g e stiv e  o f  c a rc in o g e n ic ity  h a s  b e e n  c ited . 
F o r  th re e  o f  th e  c o m p o u n d s  e v a lu a te d , n a m e ly  oxy- 
m e th o lo n e , p h e n a c e tin  a n d  p h e n y to in , h u m a n  d a ta  
su g g e s te d  th a t  a n  in c re a se d  r isk  o f  c a n c e r  m ig h t b e  
a s so c ia te d  w ith  a d m in is t r a t io n  o f  th e  d ru g . O n ly  in 
th e  case  o f  p h e n y to in , h o w ev er, w as it p o ss ib le  to  
c o n f irm  so m e  o f  th ese  effects by  re c o u rse  to  d a ta  
g e n e ra te d  in  a n im a l e x p e r im e n ts . T h e  fo llo w in g  c o m 
p o u n d s  w ere  c a rc in o g e n ic  in  a t lea s t o n e  a n im a l 
sp e c ie s : a u ro th io g lu c o s e , o x a z e p a m , d i th ra n o l  (a 
tu m o u r  p ro m o te r ) ,  e th io n a m id e , h y c a n th o n e  m e sy 
la te . m e tro n id a z o le , n ir id a z o le . p h é n o b a rb i ta l  so d iu m , 
p h e n y to in , p ro n e ta lo l  h y d ro c h lo r id e  a n d  p y r im e th a 
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m in e . In  a ll th ese  cases, e x ce p t m e tro n id a z o le , n ir id a -  
z o le  a n d  p h é n o b a rb i ta l  so d iu m , fo r w h ic h  c o lla te ra l  
d a ta  w ere  o b ta in e d  in  h a m s te rs  o r  ra ts , th e  o n ly  ev i
d e n c e  o f  c a rc in o g e n ic ity  w as g e n e ra te d  in m o u se  
s tu d ie s . E v en  so , n o  m e n tio n  is m a d e  by th e  W o rk in g  
G ro u p  o f  re se rv a tio n s  th a t  h a v e  b e e n  e x p ressed  in 
so m e  q u a r te r s  a b o u t  th e  v a lu e  o f  th e  m o u se  as a 
sp ec ie s  fo r c a rc in o g e n ic ity  tes tin g .

Side Effects of Drugs Annual 2—1978. A Worldwide 
Yearly Survey of New Data and Trends. E d ite d  by 
M . N . G . D u k e s . E x c e rp ta  M e d ica , A m ste rd a m . 1978. 
p p . xix +  450. Dfl. 110-00.

T h e  a p p e a ra n c e  o f  th e  se c o n d  a n n u a l su rv e y  o f  th e  
a d v e rse  effects o f  d ru g s  p re se n ts  th e  o p p o r tu n ity  for 
a  few a d d it io n a l  c o m m e n ts  o n  th is  a m b itio u s  a n d  far- 
re a c h in g  p ro je c t.  T h e  v o lu m e  n a m e d  a b o v e , like  its 
p re d e c e s so r  p u b lish e d  in 1977*, c o m p le m e n ts  V o lu m e  
V III o f  th e  w e ll-k n o w n  Meyler's Side Effects of Drugs 
p u b lish e d  in 1975 (Cited in F.C.T. 1977, 15, 241). 
W h ile  re v ised  e d itio n s  o f  th e  la t te r ,  p ro v id in g  a n  o v e r 
a ll rev iew  o f  th e  g e n e ra l s i tu a t io n  re la tin g  to  th e  
a d v e rse  effects a n d  in te ra c tio n s  o f  d ru g s , a re  ex p ec te d  
to  a p p e a r  a b o u t  ev ery  3 -4  y e a rs , th e  a n n u a l v o lu m e s  
a re  in te n d e d  to  g ive  a  d e ta i le d  a n d  c ritic a l a c c o u n t 
o f  re le v a n t new  in fo rm a tio n  th a t  h a s  a p p e a re d  w ith in  
a  sp ec ified  tim e . T h e  first ‘A n n u a l’ c o v e re d  th e  field 
fro m  J a n u a ry  1975, w h e n  th e  c o v e ra g e  o f  ‘M e y le r 
V IIE  te rm in a te d ,  to  31 Ju ly  1976. T h e  se c o n d  c o v e re d  
th e  p e r io d  fro m  1 A u g u s t 1976 to  31 Ju ly  1977, an d  
it is in te n d e d  th a t  v o lu m e s  fo r su c c e e d in g  y e a rs  will 
p re se n t in fo rm a t io n  a p p e a r in g  o v e r th is  ra n g e  o f  
m o n th s . T h e  d e a d lin e  is n o t rig id , h o w ev er, a n d  la te r  
p a p e rs  will b e  in c lu d e d  w h e re  p o ss ib le .

T h e  th re e  in d ex es  fo llo w  th e  sa m e  usefu l p a tte rn  
in  all th re e  b o o k s , g u id in g  re a d e rs  to  th e  c o n te n ts  
via th e  n a m e s  o f  d ru g s  o r  g ro u p s  o f  c o m p o u n d s , th e ir  
sy n o n y m s  o r  th e  ty p es  o f  s id e  effect p ro d u c e d . T h e  
c h a p te rs  in to  w h ic h  th e  tex t is d iv id e d  a re  la rg e ly  
th e  sa m e  in  b o th  A n n u a ls , a n d  re a d e rs  fa m ilia r  w ith  
th e  1977 e d it io n  will h av e  n o  d ifficu lty  in  fin d in g  th e ir  
w ay  a ro u n d  its su c c esso r, s in ce  th e  c h a p te r s  a re  
a r ra n g e d  a n d  n u m b e re d  in  th e  sa m e  w ay  in  b o th  
v o lu m e s. T w o  n ew  c o n tr ib u t io n s — o n  lith iu m  c o m 
p o u n d s  a n d  o n  d ru g s  u sed  in  th e  m a n a g e m e n t o f  g a ll
s to n e s — h a v e  b e e n  a d d e d  in  1978, h o w e v er. T h e  h e lp 
ful sy s te m  o f  c o d in g  re fe ren ces  to  in d ic a te  th e  ty p e  
o r  e x te n t o f  th e  in fo rm a t io n  p ro v id e d  (d e ta ile d  review , 
b r ie f  o r  d e ta i le d  o r ig in a l c lin ica l e v id e n ce  a n d  so  on ) 
h as b e e n  c o n tin u e d  in  th e  la te s t v o lu m e . M o re o v e r , 
th e  c u m u la tiv e  in d e x in g  o f  th e  A n n u a ls  o v e r e ac h  
4 -y e a r  p e r io d , a t th e  e n d  o f  w h ic h  a  re v ised  e d itio n  
o f  ‘M e y le r ’ is sc h e d u le d  to  a p p e a r ,  m e a n s  th a t  all th e  
in fo rm a tio n  in c lu d e d  o n  a  g iv en  to p ic  c a n  b e  tra c e d  
fro m  o n ly  tw o  in d ex e s— th o se  in  th e  m o s t re ce n t e d i
t io n  o f  ‘M e y le r’ a n d  in  th e  la te s t  A n n u a l.

A lto g e th e r  m u c h  th o u g h t  a b o u t  th e  p ra c tic a lit ie s  
o f  th e ir  use  seem s to  h av e  g o n e  in to  th ese  c o m p ila 
tio n s , as w ell as a  g re a t d e a l o f  in fo rm a tio n .

* S id e  E ffec ts  o f  D rugs A n n u a l 1— 1977. A W orldw ide  
Y early  S u rvey  o f  N ew  D ata and Trends. Edited by 
M. N. G. Dukes. Excerpta Medica, Amsterdam, 1977. 
pp. xvii + 420. Dfl. 100 00.

A Dictionary of Life Sciences. E d ite d  by  E. A. M a r tin . 
M a c m illa n  P re ss  L td ., L o n d o n , 1976. p p . 374. £5-95.

Elsevier’s Dictionary of Food Science and Technology.
C o m p ile d  by I. D . M o r to n  a n d  C . M o r to n .  E lsev ie r 
Sc ien tific  P u b lish in g  C o m p a n y , A m ste rd a m , 1977. p p . 
207. D .fl 73-00.

T o x ic o lo g y  is n o  re sp e c te r  o f  d isc ip lin es . N o t  o n ly  
a re  th o se  in v o lv e d  d ire c tly  in  to x ic o lo g ic a l re se a rc h  
o r  c o n su lta n c y  o b lig e d  to  v iew  th e ir  p ro b le m s  fro m  
se v e ra l d iffe re n t sc ien tific  an g le s, b u t  th ey  m u s t  be  
p re p a re d  to  u n d e rs ta n d  a n d  ta k e  in to  a c c o u n t th e  
te c h n o lo g ic a l  b a c k g ro u n d  to  m a n y  o f  th e ir  in v e s tig a 
t io n s . O n  th e  o th e r  s id e  o f  th e  co in , th e  in d u s tr ia l  
c h em is t o r  te c h n o lo g is t c o n c e rn e d  w ith  th e  sa fe ty  o f  
p ro d u c ts  o r  w o rk e rs  will in ev itab ly  b e c o m e  in v o lv e d  
w ith  b io lo g ic a l s tu d ie s  a n d  th e ir  te rm in o lo g y . A d d  to  
th is  th e  in te rn a t io n a l  c o n n e x io n s  c o m m o n  to  an y  
sc ien ce  a n d  d ic t io n a r ie s  o f  o n e  s o r t  a n d  a n o th e r  a re  
likely  to  c o m e  in to  th e ir  ow n.

T w o  o f  th e  m o re  re ce n t o f  a  lo n g  lin e  o f  su c h  p u b l i 
c a tio n s  a re  n a m e d  a b o v e . T h e  first e n c o m p a sse s  th e  
m a jo r  a sp e c ts  o f  b o ta n y  a n d  z o o lo g y , from  a n a to m y  
an d  p h y s io lo g y  to  g en e tics  a n d  e co lo g y , to g e th e r  w ith  
so m e  b io c h e m is try , e n d o c r in o lo g y , a n im a l b e h a v io u r  
a n d  o th e r  m o re  sp e c ia liz ed  b ra n c h e s  o f  a n im a l a n d  
p la n t  s tu d y . T h e  te rm in o lo g y  o f  th e  a p p lie d  b io lo g ic a l 
sc iences, su c h  as m ed ic in e  a n d  to x ic o lo g y , is la rg e ly  
e x c lu d e d ; th e  se e k e r o f  g ra n u lo m a , s a rc o m a , L D 50 
a n d  H e in z  b o d ies , m u s t, q u ite  rig h tly , lo o k  e lsew h ere , 
b u t e n d o p la sm ic  re tic u lu m , o x id a tiv e  p h o s p h o ry la 
tio n , h y p e rp la s ia  a n d  a u to p h a g y  a re  th e re , a n d  w ith in  
its c h o se n  field  th e  b o o k  p re se n ts  a  se t o f  g e n e ra lly  
c le a r  d e fin itio n s . T h ese  a re  b a c k e d  in  m a n y  cases by 
e x p la n a to ry  d ia g ra m s  a n d  fo rm u la e , a n d  in  e ach  
e x p la n a t io n  th e  e x is ten ce  o f  a  s e p a ra te  e n try  fo r any  
o f  th e  te rm s  u sed  is c lea rly  in d ic a te d .

O b v io u s ly  th e  sp ec ia lis t m a y  d isa g re e  w ith  so m e  
a sp e c ts  o f  th e  se le c tio n  o r  w ith  th e  e x te n t o r  c o n te n t  
o f  in d iv id u a l i te m s— b u t  th e  b o o k  is n o t  in te n d e d  for 
h im . D e sig n e d  for s tu d e n ts ,  te a c h e rs  a n d  sc ien ce  
jo u rn a l is ts ,  a m o n g  o th e rs , it c o n ta in s  m u c h  th a t  c o u ld  
be  usefu l to  th e  ‘n o n -b io lo g ic a l te c h n o lo g is t’ w h o  
n eed s  to  fo llow  th e  te rm in o lo g y  o f  th e  m a n y  b ra n c h e s  
o f  b io lo g y  o n  w h ic h  to x ic o lo g y  im p in g e s . T o  th o s e  
o b lig e d  to  e m b a rk  o n  su c h  u n fa m ilia r  seas (p e rh a p s  
th e  “v a r ie g a te d  sc ie n tis ts ’’ n a m e d  in  a  re c e n t 
a d v e r tis e m e n t)  th is  d ic t io n a ry  c a n  h a rd ly  fail to  b e  
helpfu l.

T h e  c o m p ile rs  o f  th e  se c o n d  b o o k  n a m e d  h a v e  p r o 
v id ed  th e  F re n c h , S p a n ish  a n d  G e rm a n  e q u iv a le n ts  
fo r a  w ide  v a r ie ty  o f  n o u n s  a n d  so m e  v e rb s  u se d  in 
th e  fo o d  a n d  fo o d -p ro c e ss in g  in d u s tr ie s .  T h e  a r ra n g e 
m e n t is s im p le . T h e  first s e c tio n  c o n s is ts  o f  a n  a lp h a 
b e tic a l lis t o f  2087 E n g lish  w o rd s , e ac h  n u m b e re d  an d  
a c c o m p a n ie d  b y  th e  e q u iv a le n t  te rm s  in  th e  o th e r  
th re e  lan g u a g es , w h ile  in th e  fo llo w in g  F re n c h , 
S p a n ish  a n d  G e rm a n  se c tio n s  e a c h  a lp h a b e tic a lly  
lis ted  w o rd  c a rr ie s  a  n u m b e r  re la tin g  it to  th e  E n g lish  
a n d  o th e r  e q u iv a le n ts  to  b e  fo u n d  in  th e  first se c tio n . 
F in a lly , fo r g o o d  m e a su re , an y  L a tin  te rm s a p p e a r in g  
in  th e  first (E n g lish ) s e c tio n  a re  listed , w ith  th e  re le 
v a n t n u m b e rs . W h ile  m a n y  o f  th e  te rm s in c lu d e d  a re  
n o  d o u b t  to  b e  fo u n d  in g o o d  F re n c h , G e r m a n  o r  
S p a n ish  c h em ica l o r  e v en  g e n e ra l d ic t io n a r ie s ,  th e re
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a re  n u m e ro u s  o th e r s  th a t  w o u ld  b e  d ifficu lt to  find , 
o r  m ig h t well b e  in a d e q u a te ly  tra n s la te d ,  e lsew here .
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ARTICLES OF GENERAL INTEREST

T R I C H L O R O E T H Y L E N E :  H E P A T IC  E F F E C T S , M E T A B O L IS M  A N D  E L IM IN A T IO N

T h e  p o te n t ia l  to x ic ity  o f  t r ic h lo ro e th y le n e  (T R I) in 
in d u s tr ia l  s i tu a t io n s  is w ell k n o w n , a s  is th e  im p o r 
ta n c e  o f  in h a la t io n  a s  a  ro u te  o f  e n try  in to  th e  b o d y . 
S ev e ra l s tu d ie s  in  m a n  h a v e  id en tif ie d  tr ic h lo ro e th -  
a n o l (T C E ) a n d  tr ic h lo ro a c e t ic  a c id  (T C A ) a s  m a jo r  
m e ta b o li te s  (Cited in F.C.T. 1973, 11, 1154) a n d  
c h lo ra l  h y d ra te  a s  a  tr a n s ie n t  in te rm e d ia te  in th e  
m e ta b o lic  p ro c e ss  (ibid 1976, 14, 158). T C E  h a s  b een  
w id e ly  re g a rd e d  a s  th e  m e ta b o li te  re sp o n s ib le  fo r  th e  
to x ic  effects o f  T R I  (ibid 1974, 12, 163). V a r io u s  
a tte m p ts  h a v e  b een  m a d e  to  re la te  levels o f  T R I  e x p o 
su re  to  e lim in a t io n  ra te s  to  p ro v id e  a  b as is  fo r  th e  
m o n ito r in g  a n d  c o n tro l  o f  o c c u p a tio n a l  e x p o su re , a n d  
m e th o d s  su g g e s te d  fo r e s t im a tin g  levels o f  e x p o su re  
h av e  in c lu d e d  th e  s im u lta n e o u s  d e te rm in a tio n  o f  th e  
in d iv id u a l m e ta b o li te s  o f  T R I in  th e  b lo o d , u s in g  a  
g a s -c h ro m a to g ra p h ic  m ic ro te c h n iq u e  (ibid 1973, 11, 
1154), a n d  th e  d e te rm in a tio n  o f  r e s p ira to ry  e lim in 
a tio n  ra te s  ( ibid 1975, 13, 591).

N e v e r th e le ss , th e  re la tio n s h ip  b e tw ee n  th e  d e g ree  
o f  e x p o su re  a n d  th e  e x c re tio n  o f  th e  so lv e n t a n d  its 
m e ta b o li te s  h a s  re m a in e d  d ifficu lt to  define. In  an  
a t te m p t  to  c la rify  th e  s i tu a tio n , F e rn a n d e z  et al. (Br. 
J. ind. Med. 1977, 3 4 , 43) h a v e  s tu d ie d  th e  a b s o rp t io n ,  
d is t r ib u t io n  a n d  e lim in a t io n  o f  T R I  a n d  th e  k in e tic s  
o f  th e  fo rm a t io n  a n d  e x c re tio n  o f its  m e ta b o li te s  by 
m e a n s  o f  a  m a th e m a tic a l  m o d e l. T h e  re su lts  in d ic a te  
th a t  b o th  p o s t-e x p o su re  b re a th  d e c a y  c u rv es  a n d  u r i
n a ry  e lim in a tio n  c u rv es  o f  T C E  a n d  T C A  se rv e  to  
m o n ito r  t im e -w e ig h te d  a v e ra g e  e x p o su re s , b u t w h ile  
u r in a ry  e x c re tio n  o f  T C E  re fle c te d  th e  m o s t  re ce n t 
e x p o su re , th a t  o f  T C A  w as re la te d  to  th e  a v e ra g e  
e x p o su re  o f  p re c e d in g  d ay s. P u lm o n a ry  e lim in a tio n  
s tu d ie s  d u r in g  s in g le  o r  r e p e a te d  e x p o su re s  sh o w ed  
a  lin e a r  r e la tio n s h ip  b e tw e e n  th e  a lv e o la r  c o n c e n 
t r a t io n  o f  T R I  a b o u t  15 h o u rs  a f te r  c e s sa tio n  o f  e x p o 
su re  a n d  th e  a m o u n t  o f  th e  so lv e n t d e p o s ite d  in  fa tty  
tissues. T h u s  u n d e r  in d u s tr ia l  c o n d it io n s , th e  c h o ice  
o f  m o n ito r in g  te s t m u s t  d e p e n d  o n  th e  ty p e  o f  e x p o 
su re  a n d  th e  in fo rm a t io n  re q u ire d , w h ile  th e  t im in g  
o f  s a m p le  c o lle c tio n s  m u s t  b e  d e te rm in e d  by  th e  k in 
e tics  o f  e lim in a t io n  o f  th e  se lec te d  in d ic a to r .

S a to  et al. (ibid 1977, 3 4 , 56) a ls o  re so r te d  to  m a th e 
m a tic a l  m o d e ls , e s t im a tin g  th e  r a te  c o n s ta n ts  fo r  T R I  
a b s o rp t io n ,  d is t r ib u t io n ,  e x c re tio n  a n d  m e ta b o lism  
fro m  th e  tim e -c o u rse  d a ta  o f  th e  so lv e n t c o n c e n 
t r a t io n  in  b lo o d  o r  f ro m  th e  u r in a ry  e x c re tio n  o f  its  
m e ta b o lite s .  U s in g  d a ta  fro m  a n  e x p o su re  te s t in 
w h ic h  fo u r  m en  in h a le d  100 p p m  T R I  fo r  4  h o u rs , 
b o th  th e  m o d e l fo r  th e  b lo o d -c o n c e n tra t io n  d a ta  a n d  
th a t  fo r u r in a ry  e x c re tio n  w ere  fo u n d  to  give g o o d  
e s tim a te s  o f  th e  a c tu a l  r a te  c o n s ta n ts  fo r th e  t ra n s fe r  
o f  T R I  in  th e  b o d y . T C A  a c c o u n te d  fo r  a b o u t  20%  
o f  th e  to ta l  t r ic h lo ro  c o m p o u n d s  e x c re te d  in  th e  u r in e  
a f te r  th is  s in g le  e x p o su re , a n d  T C E  fo r th e  rest, b u t

a s  T C A  w as sh o w n  to  h a v e  a  lo n g e r  b io lo g ic a l ha lf- 
life th a n  T C E , it  is like ly  to  a c c o u n t  fo r  a  g re a te r  
p ro p o r t io n  o f  th e  u r in a ry  m e ta b o li te s  a f te r  c h ro n ic  
e x p o su re  to  T R I.

R e la tin g  th e  h e p a to to x ic ity  o f  T R I  to  its  m e ta b o 
lism , M o s le n  et al. (Biochem. Pharmac. 1977, 26 , 369) 
fo u n d  th a t  r a ts  a n a e s th e tiz e d  fo r  2 h o u r s  w ith  1% 
T R I  d e v e lo p e d  a c u te  liv e r in ju ry  if th ey  w ere  p r e 
t r e a te d  w ith  m ix e d -fu n c tio n  o x id a se  in d u c e rs , in c lu d 
in g  p h e n o b a rb i to n e ,  A ro c lo r  1254, h e x a c h lo ro b e n -  
zene , 3 -m e th y lc h o la n th re n e  a n d  p re g n e n o lo n e -1 6 -a -  
c a rb o n i tr i le ,  b u t  n o t  if th e y  rece iv ed  sp iro n o la c to n e  
o r  o n ly  th e  in d u c e r  veh ic le . P h e n o b a rb i to n e  a n d  
A ro c lo r  1254 w ere  th e  in d u c e rs  a s so c ia te d  w ith  th e  
m o s t  sev e re  liv e r in ju ry , th e  m o rp h o lo g ic a l  c h a n g e s  
b e in g  a c c o m p a n ie d  by  a  m a rk e d  e le c tro ly te  d is tu r b 
a n c e  a n d  a  m o re  th a n  2 0 -fo ld  rise  in  s e ru m - tra n s 
a m in a se  levels. T h e  la t te r  r ise  w as d ire c tly  p r o p o r 
t io n a l  to  th e  p ro lo n g a t io n  o f  re c o v e ry  fro m  th e  a n a e s 
th e s ia  a n d  th e  e n h a n c e d  e x c re tio n  o f  m e ta b o lite s . 
F u r th e r  s tu d ie s  c o n f irm e d  a  d ire c t  c o r re la t io n  
b e tw ee n  th e  m e a n  c o n te n t  o f  c y to c h ro m e  P -4 5 0  a t 
th e  s ta r t  o f  th e  T R I  e x p o su re  a n d  th e  e x te n t o f  liver 
in ju ry , as ju d g e d  b y  th e  se ru m -tra n sa m in a se  level, 
p ro lo n g a t io n  o f  re co v e ry  tim e  a f te r  a n a e s th e s ia  a n d  
e n h a n c e m e n t o f  u r in a ry  e x c re tio n  o f  t r ic h lo r in a te d  
m e ta b o lite s .  In  a n o th e r  s tu d y , M o s le n  et al. (Res. 
Commun. chem. Path. Pharmac. 1977, 16, 109) sh o w e d  
th a t  in  fa s ted  r a ts  e x p o se d  to  1% T R I  fo r 2 h o u rs  
a f te r  p re m e d ic a tio n  w ith  p h e n o b a rb i to n e ,  c y to c h ro m e  
P -4 5 0  a n d  c y to c h ro m e  b5 w e re  d e c re a se d  a fte r  th e  
first h o u r  o f  T R I  e x p o su re , a n d  N A D H -c y to c h ro m e  
c re d u c ta s e  w a s  in c re a se d  th re e fo ld  a f te r  8 h o u rs . In  
c o n tr a s t  to  c o n tro l  a n im a ls , in  w h ic h  h e p a t ic  g lu ta 
th io n e  (G S H ) re m a in e d  c o n s ta n t  d u r in g  e x p o su re  to  
T R I  b u t  ro se  la te r, liv e r G S H  w as re d u c e d  in  p h e n o -  
b a rb ito n e - t r e a te d  a n im a ls  d u r in g  T R I  e x p o su re  a n d  
re b o u n d e d  la te r, th e  m a x im a l d e c re a se  o c c u rr in g  in 
th e  m ic ro so m a l fra c tio n . F e e d in g  r a ts  in c re a se s  h e p a 
tic  G S H  levels, c o m p a re d  w ith  th e  fa s tin g  s itu a tio n , 
w i th o u t  in  itse lf  a ffec tin g  th e  c a p a c ity  fo r m ix e d -fu n c 
t io n  o x id a se  a c tiv ity . In  fed ra ts  e x p o se d  to  T R I, 
a n a e s th e s ia - re c o v e ry  tim e  w a s  s h o r te r  a n d  liv e r in ju ry  
w as less sev e re  th a n  in  fa s ted  a n im a ls  s im ila rly  
e x p o se d  to  T R I , a lth o u g h  u r in a ry  e x c re tio n  o f  t r i 
c h lo r in a te d  m e ta b o li te s  o v e r th e  n ex t 24 h o u rs  w as s im i
la r  to  o r  s lig h tly  m o re  th a n  th a t  in th e  fa s ted  a n im a ls . 
T h is  w o rk  th u s  p ro v id e s  so m e  s u p p o r t  fo r th e  view  
th a t  th e  h e p a to to x ic ity  o f T R I m ay  d e r iv e  fro m  in a d e 
q u a te  d e to x if ic a tio n  o f  its  re ac tiv e  in te rm e d ia te s .

I t h a s  b e en  su g g e ste d  th a t  th e  h e p a tic  tu m o u rs  
r e p o r te d  in m ice  g iven  o ra l  d o se s  o f  T R I  (Food 
Chemical News 1975, 17 (15), 36) m ay  b e  a t t r ib u ta b le  
to  a n  e p o x id e  in te rm e d ia te  (Cited in F.C.T. 1977, 15, 
85). I n c u b a t io n  o f  T R I w ith  s t r a in s  o f  Escherichia coli
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d e m o n s tra te d  n o  m u ta g e n ic  a c tiv ity , b u t th e  in c o r 
p o ra tio n  o f  a  m e ta b o liz in g  m ic ro so m a l-e n z v m e  p re p 
a r a t io n  in to  th e  in c u b a t io n  sy s tem  re su lte d  in so m e  
in c re ase  in th e  m u ta t io n  ra te  (ibid 1977. 15. 85). T h e  
N a t io n a l  C a n c e r  In s t i tu te  s tu d ie s  m e n tio n e d  a b o v e  
d e m o n s tra te d  a  c a rc in o g e n ic  effect in m ice  b u t n o t 
in ra ts  tre a te d  o ra lly  w ith  T R I (U S  D e p a r tm e n t  o f  
H e a lth . E d u c a tio n , a n d  W e lfa re ; N a t io n a l  C a n c e r  In 
s t i tu te ;  C a rc in o g e n e s is  B io assa y  o f  T r ic h lo ro e th y le n e ;  
C a rc in o g e n e s is  T ech . R ep . Ser. no . 2, W a s h in g to n . 
D C ). N e v e rth e le ss , V a n  D u u rc n  &  B a n erjee  (Cancer 
Res. 1976. 36 , 2419) h av e  sh o w n  th a t  w h en  m ic ro so m 
a l p r e p a ra tio n s  from  ra t  liver w ere  in c u b a te d  w ith  
l4C -la b e lle d  T R I. th e  labe l b e c a m e  c o v a le n tly  b o u n d  
to  m ic ro so m a l p ro te in . B in d in g  w a s  d e c re a se d  by in 
c u b a t io n  w ith  7 .8 -b e n z o fla v o n e  a n d  b lo ck e d  c o m 
p le te ly  by S K F -5 2 5 A . tw o  k n o w n  in h ib i to r s  o f  m ix ed - 
fu n c tio n  o x id ases , a n d  w as e n h a n c e d  by p re tre a tm e n t  
o f  th e  ra ts  w ith  p h e n o b a rb i to n e .  T h e  a d d it io n  o f
3 .3 .3 - tr ic h lo ro p ro p e n e  o x id e , a  p o w e rfu l e p o x id e -  
h v d ra ta se  in h ib ito r ,  to  th e  in c u b a t io n  sy s te m  m a r k 
e d ly  e n h a n c e d  th e  b in d in g  o f  T R I  to  m ic ro so m a l p ro 
te in . b u t  p ro te in  b in d in g  w as d im in ish e d  by  a d d it io n  
o f  u re a , G S H . l -m e th y i-2 -m e rc a p to im id a z o le  o r  m er- 
c a p to e th a n o l  to  th e  sy s tem . T h ese  re su lts  in d ic a te  th a t  
a n  e p o x id e  o r  re la te d  e le c tro p h ilic  in te rm e d ia te  is in 
v o lv ed  in th e  b in d in g  o f  T R I to  m ic ro so m a l p ro te in s  
in  th e  ra t liver.

U e h le k e  et al. (Arch. Tox. 1977. 3 7 . 951 h a v e  p r o 
v id ed  sp e c tra l ev id e n ce  fo r th e  fo rm a tio n  o f  an  e p o x 
ide. 2 .2 .3 - tr ic h lo ro -o x ira n e . d u r in g  th e  m ic ro so m a l 
m e ta b o lism  o f  T R I. A e ro b ic  in c u b a t io n  o f  T R I  w ith  
ra b b it- l iv e r  m ic ro so m e s  a n d  N A D P H  p ro d u c e d  a  
m e ta b o li te  w ith  a  d iffe ren ce  a b s o rp t io n  p e a k  a t 
4 5 1 -4 5 2  nm . A s im ila r  p e a k  w as o b se rv e d  w hen
2.2 .3 - t r ic h lo ro -o x ira n e  w as a d d e d  to  m ic ro so m a l 
p re p a ra tio n s ,  a n d  w as a t t r ib u te d  to  r e a r ra n g e m e n t  o f  
th e  e p o x id e  to  d ic h lo ro a c e ty l  c h lo r id e , w h ich  p ro 
d u c es  an  a b s o rp t io n  c h a n g e  in th e  re g io n  o f  452  nm . 
T h e  d iffe ren ce  a b s o rp t io n  p ro d u c e d  by th e  la t te r  c o m 
p o u n d . h o w e v er, w as o n ly  so m e  2 0 °o o f  th a t  p ro d u c e d

by th e  e p o x id e  in a  c o m p a ra b le  c o n c e n tra t io n .  T h e  
T R I e p o x id e  c a n  be  re a r ra n g e d  e ith e r  to  d ic h lo ro a c e 
tyl c h lo r id e  o r  to  c h lo ra l,  th e  fo rm e r  c o n v e rs io n  b e in g  
fa v o u re d  by n u c le o p h ilic  a g e n ts , su c h  as te r t ia ry  
a m in e s , a n d  th e  la t te r  by e le c tro p h ilic  c o m p o u n d s , 
in c lu d in g  L ew is ac id s. H e n sc h le r  el al. (ibid 1977, 37 , 
233) su g g est th a t  w h ile  a  L ew is a c id - ty p e  c a ta ly tic  
re a r ra n g e m e n t to  th e  n o n re a c tiv e  c h lo ra l  h y d ra te  
seem s likely  to  o c c u r  in th e  m a m m a lia n  liv e r cell, 
th is  r e a c tio n  m ay  n o t n e ce ssa rily  p re d o m in a te  in 
m ic ro -o rg a n ism s  used  as te s te r  s t r a in s  in  in vitro 
m u ta g e n ic ity  assay s.

T h e se  a u th o r s  (loc. cit.) a lso  p o in t  o u t  th a t  te c h 
n ic a l-g ra d e  T R I  c o n ta in s  se v e ra l im p u ritie s  a n d  a d d i 
tives. in c lu d in g  a n tio x id a n ts  w h ich  a re  e sse n tia l fo r 
th e  s ta b il iz a tio n  o f  T R I  u sed  a s  a  d e g re a s in g  a g en t. 
T h ese  c o n ta m in a n ts  m a y  h a v e  s ig n ific a n t b io lo g ic a l 
a c tiv ity . G a s  c h ro m a to g ra p h y  a n d  m ass  sp e c tro m e try  
o f  a  sa m p le  o f  T R I  u n d e rg o in g  c a rc in o g e n ic ity  te s tin g  
id en tif ie d  c o n ta m in a n ts  a c c o u n tin g  fo r  0 6 5 %  o f  th e  
sa m p le . T h e  su sp e c te d  m u ta g e n s /c a rc in o g e n s  a m o n g  
th ese , e p ic h lo ro h y d r in , 1 ,2 -e p o x y b u tan e  a n d  d i is o 
b u ty le n e . w ere  te s te d  fo r m u ta g e n ic ity  in Salmonella 
typhimurium T A 100 . T h e  first tw o  c o m p o u n d s  d e m o n 
s tra te d  h ig h  m u ta g e n ic  a c tiv ity , w h ile  th a t  o f  th e  th ird  
w as low . In  th e  sa m e  tes t sy s tem , c a rb o n  t e t r a 
c h lo r id e , c h lo ro fo rm  a n d  l . I . i - t r i c h lo r o e th a n e .  w h ich  
w ere  a ls o  p re se n t in th e  T R I  sa m p le  in c o n c e n tra t io n s  
o f  0  0 1 - 0  0 5 %  (w /w ), p ro v e d  in a c tiv e , ev en  in  th e  p re s 
e n ce  o f  r a t- l iv e r  m ic ro so m e s . It seem s p o ss ib le , th e re 
fo re. th a t  th e  c a rc in o g e n ic  effect o f  so m e  sa m p le s  o f  
te c h n ic a l T R I  m a y  be  a t t r ib u ta b le ,  p a r tly  if n o t  ex 
c lusive ly . to  th e ir  c o n te n t  o f  a d d e d  ep o x id e s . N o t  a ll 
sa m p le s  o f  even  te c h n ic a l-g ra d e  T R I  a re  tre a te d  w ith  
e p o x id e s , b u t th e  p o ss ib le  im p o r ta n c e  o f  th is  fa c to r , 
it is su g g e ste d , rece ives so m e  s u p p o r t  fro m  th e  fact 
th a t  th e  T R I  a n a ly s is  w as c a r r ie d  o u t o n  th e  m a te r ia l  
th a t  in d u c e d  h e p a tic  c a rc in o m a s  n o t  in r a ts  b u t  o n ly  
in m ice, a  spec ies  in w h ic h  th e  a c tiv ity  o f  e p o x id e  
h v d ra ta s e  is c o m p a ra tiv e ly  low.

[P . C o o p e r— B IB R A ]

A F L A M E  R E T A R D A N T  D O U S E D

T h e  a c c id e n ta l c o n ta m in a tio n  o f  fo d d e r  w ith  a  h ex a- 
b ro m in a te d  b ip h e n y l (H B B ) se v e ra l y e a rs  a g o  w as fo l
low ed  by d e a th s , s t i l lb ir th s  a n d  h ig h  a b o r t io n  ra te s  
in th e  M ic h ig a n  c a tt le  g iv en  th e  feed (Food Chemical 
News 1974. 16 (10), 34). P o ly b ro m in a te d  b ip h e n y ls  
(P B B s) h a v e  b e e n  sh o w n  to  b e  e x c re te d  in  c o w s ' m ilk  
(Cited in F.C.T. 1977. 15, 157) a n d  to  h a v e  m a rk e d  
effects o n  th e  m a m m a lia n  liver (ibid 1976. 14, 64 8 ; 
ibid 1978. 16. 74 &  195). D u r in g  th e  M ic h ig a n  o u t 
b re a k . n e u ro lo g ic a l, m u sc u la r  a n d  g a s tro - in te s t in a l  
d is tu rb a n c e s  a m o n g  m e m b e rs  o f  th e  lo ca l p o p u la t io n  
w ere  a tt r ib u te d  to  e x p o su re  to  PB B . b u t th e  a s so c i
a tio n  w as n o t p ro v e n  (Food Chemical News 1974, 18 
(43). 32).

B efo re  th is  m a jo r  d is a s te r  b ro u g h t  th e  to x ic ity  o f  
th e  P B B s in to  th e  p u b lic  eye. th e  in c re a s in g  d e m a n d  
fo r flam e r e ta rd a n ts  fo r tex tile s  a n d  th e  p o te n t ia l

v a lu e  o f  sev e ra l P B B  c o m p o u n d s  fo r f la m e p ro o f in g  
c e r ta in  ty p es  o f  fib re  h a d  p ro m p te d  a  n u m b e r  o f  to x i
c o lo g ic a l p ro g ra m m e s  d e s ig n e d  to  in v e s tig a te  th e  
p o ss ib le  in d u s tr ia l ,  c o n su m e r  a n d  e n v iro n m e n ta l  
h a z a rd s  a s so c ia te d  w ith  spec ific  c o m p o u n d s  in  th is  
g ro u p . T h e  d a ta  g e n e ra te d  by o n e  su c h  p ro g ra m m e  
b e fo re  d e v e lo p m e n t w o rk  o n  th e  c o m p o u n d s  w a s  te r 
m in a te d  h a v e  re ce n tly  b e e n  p u b lish e d  (W a r itz  et al. 
Am. ind. Hyg. Ass. J. 1977. 38 , 307). T h e  s tu d ie s  
re p o r te d  w ere  c o n c e rn e d  w ith  a n  o c ta b ro m in a te d  
b ip h e n y l (O B B ) a n d  to  a  lim ite d  e x te n t w ith  a n  H B B . 
T h e  te c h n ic a l sa m p le  o f  O B B  te s te d  is s ta te d  to  h a v e  
c o n ta in e d  1% h e p ta b ro m o b ip h e n y l,  60%  n o n a b ro m o -  
b ip h e n y l a n d  6%  d e c a b ro m o b ip h e n y l  a n d  o n ly  33%  
o f  th e  o c ta b ro m in a te d  c o m p o u n d .

In  th e  a c u te  e x p e r im e n ts , th e  a p p ro x im a te  le th a l 
d o se  o f  th is  O B B  in  m ale  ra ts  e x ceed ed  17 g /k g . L iver
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e n la rg e m e n t w a s  seen  w ith  s in g le  d o se s  o f  3 -4 g /k g  
o r  m o re . In  a  2 8 -d a y  feed in g  s tu d y , r a ts  fed
1 -1 0 0 0  p p m  O B B  in th e  d ie t sh o w e d  n o  c h a n g e s  in 
w e ig h t g a in , fo o d  c o n s u m p tio n  o r  fo o d  effic iency, a n d  
th e re  w a s  n o  e v id e n ce  o f  c lin ica l to x ic ity . T h e re  w as 
a  s lig h t in c re a se  in  liv e r w e ig h ts  a t  feed  levels o f  100 
a n d  1000 p p m . In  th e se  tw o  g ro u p s  th e  h e p a to c y te s  
w ere  m a rk e d ly  e n la rg e d  a f te r  th e  first 2 w eek s o f  
tr e a tm e n t,  a n d  th e  h e p a to c e l lu la r  h y p e r tro p h y  w as 
a c c o m p a n ie d  by  d isp la c e m e n t o f  b a so p h ilic  c y to p la s 
m ic  g ra n u le s  to w a rd s  th e  cell p e r ip h e ry , th e  a p p e a r 
a n c e  o f  la m in a te d  c y to p la sm ic  in c lu s io n s , fo a m y  o r  
v e s ic u la r  a l te ra t io n  o f  th e  p e r in u c le a r  c y to p la sm  a n d  
d e p le tio n  o f  h e p a to c e l lu la r  g ly co g en , a ll th ese  c h a n g e s  
b e in g  a p p a re n t  m a in ly  in  th e  c e n tr i lo b u la r  zone.

R a b b its  g iv en  a  2 4 -h o u r  sk in  a p p lic a t io n  o f  a  35%  
(w /v) O B B  p a s te  in  o il sh o w e d  n o  to x ic  s igns, w h e rea s  
a p p lic a t io n  o f  th e  sa m e  c o n c e n tra t io n  o f  H B B  c au sed  
le th a rg y  a n d  lo ss  o f  w e ig h t in  th e  re c o v e ry  p e rio d . 
O B B  a p p lic a t io n s  p ro d u c e d  n o  g ro ss  p a th o lo g ic a l  
c h an g e s , b u t  fo llo w in g  H B B  a p p lic a tio n  in a  d o se  o f  
5 o r  lO g /k g . n e c ro tic  foci o c c u r re d  in th e  liver, a n d  
fa t s to re s  w ere  d e p le te d . In ta c t  r a b b it  sk in  to  w h ich  
1 o r  0 1  g  O B B /k g  w as a p p lie d  in  c o rn  o il u n d e r  
o c c lu s io n  fo r 6 h o u rs  o n  5 d a y s  in  e ac h  o f  2 w eeks 
sh o w ed  m ild  e ry th e m a  a n d  ro u g h n e ss . A p p lied  as a  
50%  s lu r ry  in  p ro p y le n e  g lyco l to  in ta c t  g u in e a -p ig  
sk in  th re e  tim e s  w eek ly  fo r 3 w eeks , o r  b y  in tra d e rm a l  
in je c tio n  o f  a  1% (w /v) s o lu tio n  in d im e th y ls u lp h o x id e  
o n  e a c h  o f  fo u r success ive  w eeks, O B B  in d u c e d  n o  
se n s itiz a tio n . P o ly e s te r  fa b ric  c o n ta in in g  6%  O B B  
a p p lie d  to  h u m a n  sk in  w as n e ith e r  i r r i ta n t  n o r  se n s i
tiz ing . N o  effect o n  th e  c o rn e a  o r  ir is  w as ev id e n t 
a f te r  in tro d u c t io n  o f  100 m g  O B B  in to  th e  c o n ju n c 
tiv a l sa c  o f  th e  ra b b it ,  b u t  u n less  th e  c o m p o u n d  w as 
w a sh e d  o u t  w ith in  20  se c o n d s , it c a u se d  m ild  c o n ju n c 
tiv a l re d n e ss  a n d  sw e llin g  a n d  a  c o p io u s  d isc h a rg e , 
a ll o f  w h ic h  d is a p p e a re d  w ith in  4  h o u rs .

E x p o su re  o f  r a ts  to  0-96 m g  O B B  d u s t / l i t r e  fo r 4 
h o u rs  w as n o t  le th a l, c a u se d  n o  s ig n if ic a n t in c re ase  
in  re la tiv e  liv e r w e ig h t, a n d  p ro d u c e d  n o  m ic ro sc o p i
ca lly  d e te c ta b le  liv e r le s io n s w ith in  7 d ay s. F u m e s  
fro m  a b o u t  30 g O B B  h e a te d  to  350°C  k ille d  o n e  o f  
six r a ts  w ith in  24  h o u rs ;  th e  d e n se  fu m es p ro d u c e d  
a  tim e -w e ig h te d  a tm o s p h e r ic  c o n c e n tr a t io n  o f  b ro -  
m in a te d  m a te r ia l  e q u iv a le n t  to  1 4 0 0 /rg  B r/litre . R a ts  
e x p o se d  to  th e  fu m es p ro d u c e d  by  h e a tin g  O B B  a t 
290CC  fo r 4  h o u rs  d a ily  fo r 10 c o n se c u tiv e  d a y s  su f
fe red  n o  a d v e rse  r e a c tio n s  e ith e r  d u r in g  e x p o su re  o r  
fo r 7 d a y s  th e re a f te r . N o  h is to p a th o lo g ic a l  effects 
w ere  seen  in  th e  a n im a ls  e x p o se d  to  fu m es a t  e ith e r  
te m p e ra tu re , b u t  th e re  w as so m e  in c re a se  in  re la tiv e  
liver w e ig h t in  b o th  g ro u p s .

R a ts  fed 100, 1000 o r  10,000 p p m  O B B  in  th e  d ie t 
o n  d a y s  6 -1 5  o f  g e s ta t io n  sh o w e d  n o  s ig n if ic a n t 
c h an g e s  in  th e  r e p ro d u c t io n  in d ices  a n d  n o  c le a r  ev i
d e n ce  o f  a n y  te ra to g e n ic  effect. S in g le  in s ta n c e s  o f  
g a s tro sc h is is  (fissu re  o f  th e  a b d o m in a l  w a ll w ith  p r o 
t ru d in g  v iscera ) a n d  o f  g e n e ra liz e d  o e d e m a  o f  th e  s u b 
c u ta n e o u s  c o n n e c tiv e  tis su e  a m o n g  th e  fo e tu ses  
e x p o se d  to  th e  10,000- a n d  1 0 0 0 -p p m  levels o f  O B B  
m ay  h a v e  b e e n  fo r tu ito u s . O B B  w as t r a n s fe r re d  to  
th e  fo e tu s , b u t  its  p re se n c e  a n d  c o n c e n tr a t io n  in 
b lo o d  o r  o rg a n s  w as n o t  in v e s tig a te d  fu rth e r .

A n a ly s is  o f  sa m p le s  o f  liver, fa t a n d  m u sc le  fro m  
ra ts  k ille d  a t  in te rv a ls  d u r in g  a n d  a f te r  th e  t r e a tm e n t

p e r io d  in th e  2 8 -d a y  feed in g  s tu d y  re v ea le d  a  sign ifi
c a n t  in c re a se  in b ro m id e  c o n te n t  in a ll th re e  tissues, 
a n d  p a r t ic u la r ly  in th e  fat a n d  liver, ev en  in th e  g ro u p  
fed th e  10-ppm  d ie ta ry  level. A s in th e  liv e r a n d  fat 
o f  th e  d a m s  in th e  te ra to g e n ic ity  s tu d y , th e  levels o f  
b ro m id e  v a rie d  d ire c tly  w ith  th e  d ie ta ry  level o f  O B B . 
S im ila rly , in  a n  in h a la tio n  s tu d y  in c lu d e d  in th e  sa m e  
p ro g ra m m e , e x p o su re  o f  r a ts  to  a p p ro x im a te ly  3-5 p g  
O B B /litre  a ir  fo r  23 h o u rs  ev e ry  d a y  fo r 15 w eeks 
h a d  n o  d e te c ta b le  c lin ica l o r  p a th o lo g ic a l  effects b u t  
c a u se d  a  s ig n ific a n t rise  in  th e  levels o f  b ro m id e  in 
th e  fat a n d  liver, a lth o u g h  n o t, in th is  case , in th e  
m u sc le  tissue . T h e se  in d ic a tio n s  o f  th e  like ly  a c c u m u 
la tio n  o f  O B B  o r  its  b re a k d o w n  p ro d u c ts  in d e p o t 
fa t, c o m b in e d  w ith  th e  d ifficu lty  o f  p ro te c tin g  w o rk e rs  
a d e q u a te ly  a n d  th e  p ro b a b le  e n v iro n m e n ta l  effec ts o f  
th e  m a te r ia l  a re  re p o r te d  by W a r itz  et al. (loc. cit.) 
to  h a v e  b e en  im p o r ta n t  fa c to rs  in  th e  a sse ssm e n t o f  
O B B  as  u n su ita b le  fo r la rg e -sc a le  u se  as a  flam e  r e ta r 
d a n t  fo r tex tiles.

In  te s ts  o n  th e  r a b b it  e a r , a  P B B  c o n ta in in g  p re 
d o m in a n t ly  H B B  (F ire m a s te r  F F -1 ) p ro d u c e d  c h lo r -  
a c n e  (K im b ro u g h  et al. Lancet 1977, I I , 602). In  ra ts  
g iv en  th e  sa m e  m a te r ia l  in a  s in g le  d o se  o f  1 g /k g  
by  g av ag e , fem ales sh o w e d  m e a n  b lo o d  c o n c e n 
t r a t io n s  o f  2-9 p p m  H B B  a fte r  300 d a y s  a n d  2-92 p p m  
a f te r  4 2 0  d a y s ;  m a le s  sh o w e d  m e a n s  o f  0-94 a n d  1 -34 
H B B , re sp ec tiv e ly , a f te r  th e  sa m e  p e r io d s . T h e  m e a n  
to x ic  effect o f  H B B  w as o n  th e  liver, w h e re  lip id  a c 
c u m u la tio n  w as p ro n o u n c e d  in m a le s  2. 6 a n d  10 
m o n th s  a f te r  d o sin g , a n d  u r o p o rp h y r in  a c c u m u la te d  
in fem ales. U n d e r  lig h t m ic ro sc o p y , th e  livers o f  th e  
d o se d  ra ts  sh o w e d  e n la rg e d  h e p a to c y te s  w ith  fo a m y  
o r  v a c u o la te d  c y to p la sm , g e n e ra l p le o m o rp h ism  a n d  
b ro w n -p ig m e n t a c c u m u la tio n s  in  th e  m a c ro p h a g e s  
a n d  K u p ffe r  cells. Iso la te d  liv er cells sh o w e d  in te r 
s ti t ia l  fib ro s is  a n d  n ecro sis , p a r t ic u la r ly  in fem ales. 
S m a ll n e o p la s t ic  n o d u le s , a s  d e fin e d  by  K im b ro u g h  
et al. (J. natn. Cancer Inst. 1975, 5 5 , 1453), w ere  seen  
in  th e  live rs  fro m  a b o u t  h a lf  o f  th e  r a ts  k ille d  10 
o r  14 m o n th s  a f te r  H B B  tre a tm e n t,  th e  fem a les a g a in  
b e in g  m o s t  c o m m o n ly  a ffec ted . T h u s  it a p p e a rs  th a t  
H B B  is very  s low ly  e lim in a te d  fro m  th e  ra t,  a n d  th a t  
th e  p e rs is te n t  liver les io n s  it p ro d u c e s  m a y  p ro g re s s  
to  n e o p la s ia . K im b ro u g h  et al. (1977, loc. cit.) p o in t  
o u t ,  h o w ev er, th a t  th is  p ro lo n g e d  re te n tio n  m ay  be  
d u e  e ith e r  to  e n te ro h e p a t ic  c irc u la t io n  o r  to  th e  r a t ’s 
in a b ility  to  ex cre te  PB B s. M o re o v e r , it h a s  ye t to  be 
e s ta b lish e d  w h e th e r  e n te ro h e p a t ic  re c irc u la tio n  o f  
P B B s o c cu rs  in m a n , w h e th e r  P B B s a re  to x ic  to  th e  
h u m a n  liv er a t  b lo o d  levels th a t  a re  effec tive  in  th e  
ra t,  a n d  w h e th e r  th e y  a re  m e ta b o liz e d  in a  s im ila r  
fa sh io n  in r a ts  a n d  m an . O n  th e  b as is  o f  a n im a l 
o b se rv a tio n s , h ig h  e x p o su re s  o f  m a n  to  P B B s sh o u ld  
p ro m p t  a  se a rc h  fo r h e p a t ic  p o rp h y r ia ,  a n d  m o re  
re se a rc h  is n e e d e d  to  d e te rm in e  w h e th e r  a  c o n ta m i
n a n t  o r  a n y  spec ific  iso m e r  p re se n t  in  a  P B B  m ix tu re  
is p r im a r ily  re sp o n s ib le  fo r th e  to x ic  effects o b se rv e d  
in  a n im a ls  (K im b ro u g h  et al. 1977, loc. cit.).

In  a  s tu d y  o f  th e  effect o f  a  P B B  m ix tu re  o n  h e p a tic  
a n d  m a m m a ry  e n zy m e  a c tiv itie s  in la c ta t in g  ra ts . 
D e n t  et al. (Life Sci. 1977. 2 0 , 2075) fed a  P B B  c o n 
ta in in g  70%  H B B  (F ire m a s te r  B P -6 ) to  fem a le  ra ts  
a t  a  d ie ta ry  level o f  50 p p m  fro m  d a y  8 o f g e s ta tio n  
to  d a y  14 a f te r  p a r tu r i t io n .  T h e  g ro w th  ra te  o f  th e  
d a m s  w as n o t  affec ted  by  th e  t r e a tm e n t,  b u t  th e  live r-
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to -b o d y  w e ig h t r a tio s  in c re a se d  sig n ifican tly . In  th e  
liver, m ic ro so m a l p ro te in  w a s  in c re a se d  a n d  m ic ro 
so m a l a ry lh y d ro c a rb o n  h y d ro x y la se  (A H H ) a n d  e p o x 
ide  h y d ra ta s e  (E H ) a c tiv itie s  w ere  in c re a se d  by 980 
a n d  230% , re sp ec tiv e ly . M a m m a ry  g la n d  A H H  a n d  
E H  a c tiv itie s  a lso  c h a n g e d  sig n ifican tly , th e  fo rm e r  
in c re a s in g  b y  200%  a n d  th e  la t te r  fa llin g  by  50% . T h e  
r a t io  o f  m a m m a ry  w e ig h t to  b o d y  w e ig h t a n d  th e  
q u a n ti ty  o f  m a m m a ry  p ro te in  d id  n o t  a l te r  s ign ifi
can tly .

T h e  full im p lic a tio n s  o f  th ese  e n zy m e  c h a n g e s  c a n 
n o t  b e  c le a rly  d e fin ed  a t  p re sen t. H o w ev e r, it is likely  
th a t  a n  a l te ra t io n  in  th e  re la tiv e  a c tiv itie s  o f  A H H  
a n d  E H  c o u ld  affect th e  a m o u n t  o f a  re a c tiv e  in te r 
m e d ia te  a v a ila b le  to  in it ia te  a  to x ic  re sp o n se , s ince  
A H H  a c tiv ity  is c re d ite d  w ith  th e  fo rm a tio n  o f  re a c 
tiv e  e le c tro p h ilic  in te rm e d ia te s  fro m  c e r ta in  re la tiv e ly  
in e r t p re c u rso rs ,  w h ile  E H  c o n v e r ts  th ese  a re n e  o x id es 
to  less re a c tiv e  c o m p o u n d s . T h e  c h a n g e s  d e m o n 
s tra te d  in th e  m a m m a ry -g la n d  e n zy m es  c o u ld , th e re 
fo re. h a v e  im p o r ta n t  re p e rc u ss io n s  w ith  re g a rd  to  
fo re ig n -c o m p o u n d  a c tiv a tio n  a n d  d e a c tiv a tio n , n o t 
o n ly  in  th e  t r e a te d  d a m s  b u t  a lso  in  th e ir  su c k lin g  
pu p s.

T h e re  is a p p a re n tly  so m e  te n d e n c y  fo r a n y  c u r re n t  
p ro b le m s  o n  M ic h ig a n  d a iry  fa rm s to  be  a t t r ib u te d  
to  th e  a f te rm a th  o f  th e  1973 c o n ta m in a tio n  o f feed 
w ith  PB B . In  a n  a t te m p t  to  c o n tr ib u te  so m e  facts 
to  th e  in e v ita b le  d e b a te s  o n  th is  q u e s tio n . M o o rh e a d  
et al. (J. Am. vet. Med. Ass. 1977. 170. 307) a d m in is 
te re d  a  c o m m e rc ia l  P B B  m ix tu re  (F ire m a s te r  B P -6 ) 
to  th re e  g ro u p s  o f  six p re g n a n t h e ife rs  in c a ily  d o se s  
o f  0-25. 250  o r  25 .000 m g  (e q u iv a le n t in itia lly  to  a b o u t 
0 0 0 6 , 0  65 a n d  67 m g /k g  b o d y  w e ig h t d ay ) fo r 60 d a y s  
o r  u n til  th e  a n im a ls  b e c a m e  m o r ib u n d . In  th e  g ro u p  
rece iv in g  th e  h ig h es t d o se , a n o re x ia , excessive  lach ry - 
m a t io n  a n d  sa liv a tio n , d ia r rh o e a ,  e m a c ia tio n , d e h y d 
ra tio n . d e p re ss io n  a n d  a b o r t io n  o c c u rre d , a n d  th e  a n i
m a ls  h a d  to  be  k illed  fo r a u to p s y  a f te r  3 3 -6 6  d a y s  
o n  th e  te s t d ie t. In  th e  g ro u p s  re ce iv in g  0  25 m g  o r  
250  m g  P B B  d a ily , n o  to x ic  s ig n s  d e v e lo p e d  a n d  n o  
a d v e rse  effects w ere  d e te c te d  a t  a u to p s y  by  g ro ss  o r  
h is to p a th o lo g ic a l  e x a m in a tio n .

In  th e  m ax im a lly  e x p o se d  heifers, se ru m  g lu ta m ic -  
o x a la c e tic  tra n s a m in a s e  a n d  la c ta te  d e h y d ro g e n a se  
ro se  to  a  p e a k  a t a b o u t th e  tim e  o f  fo e ta l d e a th  o r

a b o r t io n ,  a n d  w ere  th u s  o f  l it t le  d ia g n o s tic  va lue . 
S im ila rly , b lo o d -u re a  n itro g e n  v a lu es b e g a n  to  rise  
o n ly  a fte r  a b o u t  d a y  15 a n d  w ere  o f  lit t le  h e lp  in 
th e  e a rly  d ia g n o s is  o f  k id n ey  d a m a g e , a lth o u g h  
M o o rh e a d  et al. (loc. cit.) su g g e st th a t  th e se  v a lu es 
m ay  b e  u sefu l as a  sc re e n in g  p ro c e d u re  to  d e te rm in e  
w h e th e r  c a tt le  h a v e  b e e n  e x p o se d  to  to x ic  q u a n ti t ie s  
o f  th is  P B B  m ix tu re . T e rm in a l  u r in e  a n a ly se s  re v ea le d  
a  s lig h t d r o p  in spec ific  g ra v ity  a n d  p H . a n d  so m e  
p ro te in u r ia .  S lig h t in c re ases  in  s e ru m -b il i ru b in  v a lu e s  
re flec ted  g a ll-b la d d e r  c h an g e s  a n d  m in im a l h e p a to c e l
lu la r  d a m a g e  d e te c te d  a t  a u to p s y . T h e  m a in  c h a n g e s  
d e m o n s tra te d  a t th a t  s ta g e , in  a d d it io n  to  g a ll-b la d d e r  
h y p e rp la s ia  a n d  cy stic  d i la ta t io n  o f  th e  m u c o u s  
g la n d s  in  th e  la m in a  p ro p r ia ,  w ere  e x tre m e  d i la ta t io n  
o f  th e  c o lle c tin g  d u c ts  an d  tu b u le s  o f  th e  k id n ey , w ith  
e p ith e lia l d e g e n e ra tiv e  c h an g e s  in v o lv in g  c lo u d y  
sw ellin g , h y d ro p ic  d e g e n e ra tio n  a n d  s e p a ra t io n  fro m  
th e  b a se m e n t m e m b ra n e . I n  a d d it io n , h y p e rk e ra to s is  
w as a p p a re n t  in  th e  eyelid s, w ith  a c c u m u la tio n s  o f  
k e ra t in  in  h a ir  fo llic les o f  th e  e p id e rm is  a n d  s q u a 
m o u s  m e ta p la s ia  w ith  k e ra t in  cy sts  in th e  ta r s a l  
g lan d s .

T h e  d o se s  o f  P B B  g iv en  to  th e  th re e  g ro u p s  in th is  
s tu d y  w ere  th o se  c a lc u la te d  to  ach iev e  b o d y -fa t c o n 
c e n tra t io n s  o f  P B B  ra n g in g  a p p ro x im a te ly  fro m  th e  
c u r re n t  F D A  to le ra n c e  o f  0  3 p p m  (c a lc u la te d  o n  fat) 
to  th e  h ig h  levels th a t  re su lte d  in itia lly  fro m  th e  c o n 
ta m in a t io n  in c id e n t. W h ile  th e  n o n -sp e c if ic  c lin ica l 
sig n s (a n o re x ia , d e h y d ra t io n ,  excessive  la c h ry m a tio n . 
s a l iv a tio n  a n d  d ia r rh o e a )  o b se rv e d  in th e  c a ttle  g iven  
th e  h ig h e s t level o f  tre a tm e n t  w ere  r e p o r te d  a lso  
a m o n g  th e  a n im a ls  a c c id e n ta lly  c o n ta m in a te d  in 
M ic h ig a n , eyelid  h y p e rk e ra to s is  a n d  h is to p a th o lo g ic a l  
c h a n g e s  in th e  re n a l  tu b u le s  a n d  g a ll b la d d e r  h av e  
n o t  b een  c o n s is te n tly  re p o r te d , a lth o u g h  th ey  m ay  
h a v e  b een  p re se n t in th e  a n im a ls  in itia lly  c o n ta m i
n a te d . In  view o f  th e  fin d in g s  o f  th is  s tu d y , th e  
a u th o r s  o f  th e  r e p o r t  su g g est th a t  th e  a d v e rse  effects 
c u r re n tly  b e in g  re p o r te d  a m o n g  M ic h ig a n  c a ttle , in 
so m e  c ases  in  th o se  w ith  tis su e  re s id u e s  o f  P B B  well 
b e lo w  th e  F D A  g u id e lin e , m ay  in fact be a  re flec tio n  
o f  v e ry  d iffe re n t fa c to rs , su c h  a s  n u tr i t io n a l  d e fic ie n 
cies o r  in d ig e n o u s  m ic ro b ia l o r  p a ra s i t ic  in fec tio n s .

[P . C o o p e r— B IB R A ]

C A R B O N  D I S U L P H I D E :  S T IL L  S O M E  W A Y  T O  G O

T h e  m e c h a n ism  o r  m e c h a n ism s  re sp o n s ib le  fo r th e  
w id e -ra n g in g  to x ic  a c tio n  o f  c a rb o n  d isu lp h id e  (C S 2) 
a re  still in d o u b t ,  in sp ite  o f  a n  im p re ss iv e  v o lu m e  
o f  re sea rc h . W h a t  is n o t in  d o u b t ,  u n fo r tu n a te ly , is 
th e  s ig n if ic a n t c o n tr ib u t io n  th e  m a te r ia l  h a s  m a d e  
o v e r  th e  y e a rs  to  th e  i ll-h e a lth  a n d  m o r ta l ity  o f  
w o rk e rs  in v o lv e d  in  th e  p ro d u c tio n  o f  v iscose  ra y o n . 
W h ils t c o n d it io n s  in th is  in d u s try  h a v e  b e e n  m a rk e d ly  
im p ro v e d  s in c e  th e  w ar, it is s till u n c e r ta in  w h e th e r  
‘sa fe ’ in d u s tr ia l  l im its  h av e  y e t e v o lv ed . D a ta  from  
th e  m o re  re c e n t e p id e m io lo g ic a l s tu d ie s  o n  C S 2, su m 
m a r iz e d  in  th is  rev iew , su g g est th a t  fu r th e r  im p ro v e 
m e n ts  m a y  b e  necessa ry .

T h e  re su lts  o f  a  p ro sp e c tiv e  su rvey  a t  th e  F in n ish  
In s t i tu te  o f  O c c u p a t io n a l  H e a lth  o f  343 w o rk e rs  in 
a  v isc o se -ra y o n  p la n t  o v e r th e  p e r io d  1 967-72  w ere  
b riefly  su m m a r iz e d  in  o u r  la s t rev iew  o n  C S 2 (P o tte r .  
Fd Cosmet. Toxicol. 1977. 15. 243). In  a n  e x te n s io n  
o f  th is  s tu d y , th e  t im e  o f  o b se rv a tio n  h a s  b e en  in 
c rea se d  to  8 y ears , a n d  n o w  c o v e rs  th e  p e r io d  u p  
to  1975 (H e rn b e rg  et al. Scand. J. Work. em ir. Filth 
1976. 2. 2 7 ; Nurminen, Int. J. Epidemiol. 1976. 5. 179). 
T h o s e  w o rk e rs  w ith  a  h is to ry  o f  e x p o su re  to  C S 2 w ere  
s till tw ice  a s  likely  to  d ie  fro m  c o ro n a ry  h e a r t  d ise a se  
th a n  w ere  a m a tc h e d  c o n tro l  g ro u p .  E ven  e x c lu d in g  
h e a r t  d ise ase  a s  a  c a u se  o f  d e a th , th e re  w as a  2 -y e a r
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difference in the life expectancy of the two groups 
for the age interval 25-54 years. Since 1972. condi
tions within the plant have been improved to give 
atmospheric concentrations of CS2 below 10 ppm. 
During the period 1972-75. no excess mortality 
occurred in the group with a history of industrial 
exposure to CS2. but only 19°0 of the original sample 
of 343 workers were still in daily occupational contact 
with the solvent. In 1972, 53% of the original sample 
were still working with CS2.

The same group of Finnish epidemiologists has col
laborated with Japanese counterparts to study further 
the effect of CS2 on the heart (Tolonen et al. Int. 
Archs occup. envir. Hlth 1976. 37. 249). In this com
bined investigation, two groups of exposed workers, 
one Finnish (237 men) and the other Japanese (417 
men) were compared with a roughly equal number 
of controls of the same nationality. Factory condi
tions were comparable in the Finnish and Japanese 
rayon plants, atmospheric concentrations of CS2 de
creasing from the 20-60 ppm of the 1950s down to
5-10 ppm in the 1970s. There were no significant dif
ferences in the incidence of electrocardiogram abnor
malities within the exposed as compared to the unex
posed groups. Whilst the prevalence of angina pec
toris and the blood pressure of the Japanese men 
exposed to CS2 did not differ markedly from those 
of unexposed controls, the Finnish exposed workers 
did experience anginal pains more frequently and 
have significantly higher diastolic and systolic blood 
pressures than their controls.

As regards the toxic effect of CS2 on the heart, 
the results obtained at the Finnish Institute are 
reassuring. Conditions currently found in the Finnish 
viscose-rayon industry seem to have resulted in a sig
nificant reduction in the hazards of the workplace. 
The small number of individuals still subject to the 
toxin, together with the lack of sensitivity of mortality 
rates as an indicator of health mean that the encour
aging results require confirmation. Signs of cardiac 
toxicity were still observed in the Finnish workers 
although admittedly not in the Japanese: neither 
group had been exposed regularly to CS2 levels in 
excess of 30 ppm since 1960. Therefore, it is certainly 
not possible at present to state that regular exposures 
to low levels of CS2 are without hazard.

Previously epidemiological studies of workers in 
the Japanese viscose-rayon industry have indicated 
that chronic exposure to CS2 may produce micro
scopic aneurysms in the retina. As many as 31% of 
a workforce subjected to poor working conditions 
were shown by Sugimoto et al. (ibid 1976. 37. 1) to 
be affected. The same investigators have also studied 
the condition of the retina in 214 workers (drawn 
from 11 plants with widely differing conditions) over 
a 5-year period (idem, ibid 1976. 37. 233). Their ori
ginal sample included 58 cases of retinopathy. The 
area affected increased in 23% of the group exposed 
to CS2 throughout the period of the experiment, 
whereas only 13% of the group removed from the 
working environment sometime during the 5 years 
suffered a similar change. No deterioration was 
observed in any worker with a total history of expo
sure to CS2 of less than 10 years. Complete or partial 
improvement in the condition of the retina occurred 
in only 1-5% of the exposed group but in 11-3% of

the 'removed group", and improvements were noted 
even in individuals who had left the workplace after 
a long history of CS2 exposure (exceeding 10 years). 
Previously epidemiology conducted in both Japan 
(Cited in F.C.T. 1973 11, 151) and Italy (Ferrero. 
Medna Lav. 1969. 60, 38) has incriminated CS2 as 
a possible cause of diabetes: abnormalities of the 
retina are sometimes associated with a disturbed glu
cose metabolism. Although in the study described 
above higher blood-glucose levels were noted in 
workers with retinopathy, no correlation between 
retinopathy and diabetes was found.

The earliest reports of the industrial hazards associ
ated with CS2 appeared before the last war and fea
tured almost exclusively neurotoxic effects of varying 
severity. Peripheral neuropathy has continued to be 
observed in workers involved in the production of 
viscose rayon and thus exposed to average CS2 levels 
below 30 ppm (Seppalainen et al. Work Envir. Hlth 
1972. 9, 71). Electrophysiological examination of the 
peripheral nerves of a group of 118 male workers who 
had a history of 1-27 years (median 15 years) expo
sure to CS2 was undertaken by Seppalainen & 
Tolonen (ibid 1974. II, 145). The members of this 
group, drawn from the workers being monitored by 
Hemberg et al. (loc. cit.) for mortality from heart 
attacks, were involved in both viscose-film and rayon- 
filament manufacture. In both cases, the plant-room 
concentrations of CS2 had seldom exceeded 30 ppm 
since the 1960s. It was found that 48% of the exposed 
group, compared with 24% of a control group of 100 
men. had polyneuropathy (P < 0001). defined by 
Seppalainen & Tolonen (loc. cit.) as a pathologically 
reduced conduction velocity in two or more nerves 
(eight nerves being measured for each subject). The 
motor nerves in the arms and legs were affected by 
CS2 exposure, although the neuropathy was more 
pronounced in the legs. As cessation of exposure did 
not lead to any noticeable increase in the velocity 
of nerve conduction, even in individuals who had not 
worked with CS2 for 10-15 years, the observed sub- 
clinical polyneuropathy was probably irreversible. In 
a further electroencephalographic examination. 2 1  of 
the group of 54 exposed workers compared with six 
of the 50 controls had abnormalities in their electro
encephalograms.

Vasilescu (Revue Roum. Neurol. 1972. 9, 63) also 
demonstrated that the conduction velocity of the peri
pheral motor nerves was significantly reduced in sub
jects with chronic CS2 poisoning, even at an early 
stage of neuropathy when only subjective symptoms 
were present. Whilst Seppalainen & Tolonen (loc. cit.) 
only reported effects on the motor nerves. Vasilescu 
(Eur. Neurol. 1976. 14. 447) noted that the conduction 
velocity of the sensory fibres of the arms and legs 
was also affected by CS2. Indeed he considered that 
the electrophysiology of the sensory nerves provided 
the more sensitive measure of the health of the peri
pheral nervous system. In a group of 81 individuals 
suffering from CS2 poisoning, he found the most sig
nificant reduction in conduction velocity in the 30 
patients with objective signs of poisoning, such as 
glove hypoaesthesia. However, even in 21 patients 
with only subjective symptoms of poisoning and 
motor-nerve conduction velocity within normal 
limits, the conductivity of the sensory nerve fibres in
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both the arms and legs was significantly reduced, es
pecially in the distal segments. In the study of Sep- 
palainen & Tolonen (loc. cit.), the sensory nerves of 
the arm were unaffected by CS2 exposure; those of 
the leg were not examined. The data of Vasilescu 
(1976, loc. cit.) suggested, therefore, that a diagnosis 
of polyneuropathy could always be made in the sub- 
clinical stage. His results, while correlating the sever
ity of the clinical picture with the electrophysiology 
of the nerves, also indicated that the polyneuropathy 
elicited by CS2 was due to a dying-back lesion, 
changes in conductivity occurring first in the terminal 
segment of the long nerves possibly as a result of 
axonal degeneration.

The TLV for CS2 in workroom atmospheres is now 
set at 20 ppm in the UK and USA. On the basis 
of the results outlined above, it seems that regular 
occupational exposure to this level of CS2 may still 
pose a threat to the health of a workforce. Certainly 
the present standards of industrial hygiene in Finnish, 
Hungarian and Japanese viscose-rayon plants have 
not prevented the development of either neurotoxi
city, possibly irreversible in nature, or eye lesions in 
a number of exposed workers.

[J. Hopkins—BIBRA]
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TOXICOLOGY: BIBRA ABSTRACTS AND COMMENTS

COLOURING MATTERS

3321. Tartrazine and the nervoi)s system

Sobotka, T. J., Brodie, R. E. & Spaid, S. L. (1977). 
Tartrazine and the developing pervous system of rats. 
J. Toxicol, envir. Hlth 2. 1211.

Organic colouring agents are amongst the additives 
accused, rather equivocally, of being responsible for 
the hyperkinetic behavioural syndrome in children 
(Cited in F.C.T. 1977, 15, 357). Tartrazine has also 
been implicated in cases of food allergy (ibid 1973, 
11, 685).

Pregnant rats were started on a diet containing 1 
or 2% tartrazine from day 7 of gestation. After wean
ing, the offspring were maintained for the remainder 
of 3 months on the diet givep to their dams, and 
were then tested for righting reflex, neuromotor cling
ing ability, auditory startle response, placing response 
and general motor activity. The dams were tested for 
changes in motor activity immediately after the pups 
were weaned.

Tartrazine did not affect maternal body weight, 
although there was a transiently increased consump
tion of tartrazine-containing diets over control diet 
during wk 1 , and no changes ip maternal motor ac

tivity were apparent after the pups were weaned ( 2 1  

days after birth). Average litter size, birth weights and 
survival rate at wk 3 did not differ between test and 
control groups, but both male and female pups had 
significantly reduced body weights after taking the 
tartrazine diets. This effect reached a nadir of 13-14% 
reduction 2 1  days after birth in males, but in females 
was only significant at 36 and 93 days of age. Abso
lute weights of brain and adrenals of the pups at 
weaning were unchanged by the treatment, but 
thymus weight was significantly depressed. Increased 
relative brain and adrenal weights reflected the 
reduced body weights in the males. The red blood 
cell counts and haemoglobin concentrations were 
slightly elevated in the group on 2% tartrazine. No 
effects of tartrazine on neuromotor function were 
observed in the postnatal period, except that the 
clinging ability of female pups was slightly increased 
on days 4-8. The age at which the eyes opened was 
unaltered.

Brain chemistry, as depicted by the regional distri
bution of protein, cholesterol and DNA, and the 
motor activity of weanlings were not affected by tar
trazine exposure.

PRESERVATIVES

3322. Bacterial mutagens from »moked foods
Nagao. M., Honda, M„ Seino, y., Yahagi. T. & Sugi- 
mura, T. (1977). Mutagenicities of smoke condensates 
and the charred surface of fish qnd meat. Cancer Lett. 
2, 221.

For many years an association has been alleged 
between a high consumption of smoked foods and 
stomach cancer (Cited in F.C.f. 1970, 8 , 244). One 
fact frequently mentioned in support of this conten
tion is that a major dietary soqrce of the potent car
cinogen benzo[a]pyrene is smoked fish and meat (ibid 
1972, 10, 571).

Condensates of smoke collected during the broiling 
of fish and extracts from charred fish and meat have 
been examined for mutagenic activity in Salmonella 
typhimurium strains TA100 and TA98, both in simple 
culture and in the presence of the metabolizing S-9 
fraction of rat-liver homogenate. The dimethylsul- 
phoxide (DMSO) extracts of srrjoke condensates from 
broiled herring (Clupea pallasj) and mackerel pike 
(Cololabis saira) were mutagerpe in both strains in 
the presence of S-9 fraction, aqd that from mackerel

pike showed fairly strong mutagenic activity without
S-9 activation. The smoke condensate of sardine was 
mutagenic in TA98 after activation but its mutageni
city in TA100 was very weak. DMSO extracts of the 
charred skin of sardine and horse mackerel (Tra- 
churus japonicus) were strongly mutagenic for TA98 
in the presence of S-9 fraction. DMSO extracts of 
smoke condensate from charcoal-broiled beefsteak 
were weakly mutagenic towards TA98 but not TA100 
both with and without activation, and an extract of 
charred meat was also mutagenic towards TA98, this 
mutagenicity being enhanced by metabolic activation. 
The benzo[a]pyrene equivalents calculated from the 
mutagenicities of both smoke condensates and 
charred fish and meat extracts were much higher than 
might have been expected from estimates of their 
actual benzo[a]pyrene contents, being 132 ^g for 
smoke from lOOg of sardine, 358 /zg for charred sar
dine surface and 855 pg for 190 g of beefsteak surface. 
The active mutagenic agent in these tests thus 
requires further investigation, as does the question of 
whether this activity is paralleled by carcinogenic ac
tivity in more sophisticated studies.

F .C .T . 16 5—F 497
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MISCELLANEOUS DIRECT ADDITIVES

3323. Fate of ingested tartrate isomers
Lewis, J. D. (1977). Comparison of the distribution 
of L( + ) and DL-forms of tartaric acid in the rat. 
Acta pharmac. tox. 41, Suppl. I, 144.

Tartaric acid, often in the form of its sodium salt, 
is added to a variety of foods, including soft drinks, 
confectionery and bakery products. While L-tartaric 
acid occurs widely in nature, the usual commercial 
processes of synthesis yield the racemic (dl-) form.

In rats treated on seven successive days with 
14C-labelled l( +  )- or DL-tartrate in an oral dose of
2-73 mg/kg, radioactivity was present mainly in the 
gastro-intestinal tract, kidneys, liver and the inorganic 
bone matrix 3 hr after the last dose. In the kidney, 
activity derived from DL-tartrate was associated with 
‘granular’ material in the cortex and medulla, whereas 
that derived from L( + )-tartrate appeared to be evenly 
distributed throughout the cortex. The radioactive 
granular material remained in the kidneys 24, 48 and

192 hr after the final administration of DL-tartrate, but 
no renal radioactivity remained at these times after 
the last dose of L( + )-tartrate. In other body tissues, 
radioactivity from both isomers showed a parallel 
pattern of decline, and in inorganic bone, activity 
remained 192 hr after the last doses.

Renal retention of radioactivity was probably attri
butable to the precipitation of poorly soluble calcium 
DL-tartrate in the tubules, the more soluble calcium 
L( + )-tartrate being removed rapidly. Similarly, 
plasma radioactivity diminished more rapidly after 
the dose of l( + )-tartrate than after that of DL-isomer, 
and 6-24 hr after the final dose the radioactivity in 
bone was about twice as great for dl- as for l( +  ̂ tar
trate.

It follows that in feeding tests with tartrates, results 
obtained with the naturally occurring laevo form 
should not be used as an indication of acceptable 
levels of intake of the racemic synthetic optical 
isomer.

AGRICULTURAL CHEMICALS

3324. -BHC on the brain

Solomon, L. M., West, D. P„ FitzlofT, J. F. & Becker, 
A. M. (1977). Gamma benzene hexachloride in 
guinea-pig brain after topical application. J. invest. 
Derm. 6 8 , 310.

Gamma-benzene hexachloride (lindane; y-BHC) 
undergoes significant absorption through the skin 
after topical application, individual variations in the 
degree of absorption being wide (Cited in F.C.T. 1975, 
13, 477). Its toxicity for the central nervous system 
(ibid 1969, 7, 515) may be particularly significant, 
since, as the present study shows, the commercially 
available form of y-BHC is concentrated in the brain 
tissue of guinea-pigs after topical application.

Newborn and 2-month-old guinea-pigs were given 
applications of 20 mg y-BHC as a 1% commercial 
lotion. The lotion was applied uniformly to skin from 
which the hair had been closely clipped, and the 
amount of y-BHC in blood and brain tissue 24 hr 
later was estimated by gas-liquid chromatography. 
Other animals were given a second application 24 hr 
after the first, and a third group received yet another 
application after a further 24 hr. Concentrations of 
y-BHC in blood and brain increased with the number 
of applications of the lotion. In the newborns, blood 
concentrations rose from 0-43 to 081 pg/m\ and brain 
concentrations from 4-5 to 15-6 pg/g after the first and 
third applications, respectively. In the 2-month-old 
animals, the corresponding figures were 0 - 1 2  and 
0-57 pg/m\ and 2-6 and 8-3 pg/g. Differences in the 
results for newborn and for adult guinea-pigs were 
not significant. Concentrations of y-BHC in brain tis
sue were 12-28 times those in the blood.

3325. Infertility from dibromochloropropane

Whorton, D., Krauss, R. M., Marshall, S. & Milby,

T. H. (1977). Infertility in male pesticide workers. Lan
cet II, 1259.

Testicular degeneration was the most striking 
pathological feature in rats exposed to 1 2  ppm atmos
pheric l,2-dibromo-3-chloropropane (DBCP) for up 
to 92 days (Torkelson et al. Toxic, appl. Pharmac.
1961, 3, 545). More recently, DBCP has been shown 
to induce stomach cancer in rats and mice (Cited in 
F.C.T. 1975, 13, 144) and mutations in bacteria (ibid 
1976, 14, 505). Severe restrictions have been imposed 
in the United States on its handling and use, following 
the discovery of infertility in exposed workers (Food 
Chemical News 1977, 19 (26), 26). Details of these 
human reproductive effects have now been published.

In the agricultural chemical division of a Califor
nian factory, where DBCP had been formulated since
1962, there were 25 non-vasectomized male 
employees. Sperm counts were found to be normal 
(>40 million) in 11, between 10 and 30 million in 
three and not more than 1 million in the remaining 
11. Lengths of exposure were strikingly related to 
sperm count, being below 3 months in the first group,
1-3 yr in the second and at least 3 yr (on average 
8  yr) in the third. Only two of the last group were 
not azoospermic, and both of these displayed greatly 
reduced sperm motility and increases in abnormal 
forms. This group also demonstrated significant in
creases in serum levels of follicle-stimulating hormone 
and luteinizing hormone, but testosterone levels were 
unchanged. Testicular biopsies revealed loss of sper
matogonia, with no evidence of inflammation or 
severe fibrosis.

Apart from their reduced sperm count the inter
mediate group appeared unaffected, as did the three 
female employees, and no other major abnormalities 
were detected in any group. DBCP levels measured 
in early 1977 were 0-4 ppm as a daily average, well 
above the TLV of 1 ppb now proposed (Federal 
Register 1978, 42, 57266).
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3326. Renal activity of lysinoalanine

Arnaud, M. J„ Bracco, I., Magnenat, E. & Finot, 
P. A. (1977). Distribution of lysinoalanine by whole 
body autoradiography and cellular localization in the 
kidney, Acta pharmac. tox. 41, 138.
Struthers, B. J., Dahlgren. R. R. & Hopkins, D. T.
(1977). Biological effects of feeding graded levels of 
alkali treated soybean protein containing lysino
alanine (Nf-2-(carboxyethyl-L-lysine) in Sprague- 
Dawley and Wistar rats. J. Nutr. 107, 1190.

Lysinoalanine (LAL) occurs in protein foodstuffs 
after alkali treatment. When fed to weanling rats it 
has been found to induce nuclear enlargement and 
other changes in the renal tubular cells (Woodard et 
al. Fd Cosmet. Toxicol. 1977, 15, 117), the nuclear 
enlargement being limited almost entirely to the outer 
edge of the medulla. The first paper cited above de
scribes the administration of LAL labelled with 
L-[U-1 4 C]lysine to Sprague-Dawley rats by stomach 
tube or iv injection. Radioactivity was concentrated 
in the inner portion of the kidney cortex. A similar

distribution was seen in the hamster and the mouse, 
but not in the quail. Autoradiographs from one rat 
given [4,5-3 H]lysine-labelled LAL by mouth and 
examined 24 hr later showed a correlation between 
the distribution of radioactivity in kidney sections 
and the location of the cells liable to develop karyo- 
megaly in animals given LAL over a prolonged 
period.

The second paper explores the dose-response aspect 
of LAL and demonstrates a difference between the 
responses of Sprague-Dawley and Wistar rats. Wean
ling rats of both strains fed a dietary level of 30% 
alkali-treated soya-bean protein containing 1% LAL 
developed renal calcification, which was not seen in 
controls, but the effect was twice as severe in the Wis
tar rats. On the other hand, marked renal-cell cyto- 
megaly was observed only in the Sprague-Dawley 
rats fed the 30% diet. The addition of LAL-containing 
protein to the diet at a level of 30% reduced feed 
efficiency and weight gain in both strains, but lower 
levels (5, 10 and 20%) did not. The dietary LAL- 
treated protein had no effect on blood urea nitrogen, 
creatinine or renal y-glutamyl transpeptidase.

THE CHEMICAL ENVIRONMENT

3327. Where there’s (tobacco) smoke there’s cadmium
Ostergaard, K. (1977). The concentration of cadmium 
in renal tissue from smokers and non-smokers. Acta 
med. scand. 202, 193.

We made passing reference recently to the tendency 
for cadmium derived from cigarettes to accumulate 
in smokers with chronic obstructive lung disease 
(Cited in F.C.T. 1978, 16, 289). The paper cited 
above looks further into the question of the increased 
intake and accumulation of cadmium by smokers.

The kidneys constitute the main site of cadmium 
accumulation in man, showing a gradual rise from 
birth, when they contain virtually none, to a peak 
at about 40-50 yr, when the level may exceed 2mg/g 
renal-tissue ash. Concentrations of cadmium were 
determined, therefore, in autopsy tissues from a serie« 
of smokers and non-smokers. The 61 subjects studied 
were all aged between 45 and 65 yr and the records 
available included blood-pressure data as well as in
formation on smoking habits.

Analysis of the renal tissues by atomic absorption 
spectrophotometry showed mean cadmium concen
trations (expressed per g ash) of 953 pg in the 19 non- 
smokers and 1920 pg in the 42 smokers. The figure 
for smokers of pipes, cigars and cheroots (1494 pg/g) 
did not differ significantly from that for non-smokers 
but the concentrations in cigarette smokers were over 
twice as high as those in non-smokers, averaging 
about 2300 pg. This difference was apparent in the 
data for both normotensive and hypertensive indivi
duals, although the levels in all the hypertensive 
patients were much lower than in the other groups 
(747 and 1643 pg/g in the hypertensive non-smokers 
and smokers, respectively, compared with 1269 and 
2885 pg/g in the corresponding normotensive groups),

a probable reflection of a skew distribution resulting 
from the apparent interrelation between renal cad
mium and blood pressure.

On the basis of a number of other analytical 
studies, it has been estimated that cigarette smokers 
inhale OT-O-2 pg cadmium/cigarette. Absorption of 
cadmium from the lungs is assumed to be in the
25-50% range, giving an absorption of 0-5-2 pg from 
20 cigarettes. The estimated daily absorption of cad
mium from food (0-5-1-5/jg) may thus be approxi
mately doubled by the smoking of 2 0  cigarettes/day.

3328. Hazards of cobalt and cigarette smoke

Wehner, A. P., Busch, R. H., Olson, R. J. & Craig, D. K.
(1977). Chronic inhalation of cobalt oxide and cigar
ette smoke by hamsters. Am. ind. Hyg. Ass. J. 38, 
338.

The toxicity of cobalt as an industrial air pollutant 
is still controversial. Asthma and related allergic 
symptoms as well as progressive interstitial fibrosis 
of the lungs have been reported among tool makers 
engaged in milling heavy metals (Cited in F.C.T. 1972, 
10, 269). The metal dust in the working area con
tained up to 0-3% cobalt and 1% tungsten. Coates 
& Watson (Ann. intern. Med. 1971, 75, 709) named 
cobalt as the probable offending agent, and experi
mental work in the miniature pig supported this view 
(Cited in F.C.T. 1976, 14, 72). The above-cited study 
examines the chronic inhalation of cobalt oxide and 
cigarette smoke by hamsters in order to define more 
clearly the role of cobalt as a potential toxic and car
cinogenic agent.

A group of 102 male Syrian golden hamsters 
received whole-body exposures to a respirable aerosol
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of cobalt oxide (CoO). 7 hr, day, 5 days/wk for the 
duration of their natural lifespan. Half of these ani
mals were also exposed to cigarette smoke for 1 0 -min 
periods twice before and once after each dust expo
sure. A further group of 51 hamsters, which received 
daily three smoke exposures and a 7-hr sham dust 
exposure, served as smoke controls. Sham dust expo
sures consisted of keeping the animals under the 
exposure conditions for 7 hr day without introducing 
the CoO aerosol. The final control group of 51 ham
sters received daily three sham smoke exposures and 
one 7-hr sham dust exposure.

Emphysema was apparent in the lungs of the ham
sters that died during the study following exposure 
to CoO. The severity of the emphysema increased 
with increasing survival time, leading to the formation 
of large confluent cavities formed from numerous rup
tured alveoli. In addition, hyperplasia and hypertro
phy of the alveolar lining cells became apparent, mac
rophages increased in number throughout the lungs, 
and lymphocytes and plasma cells infiltrated alveolar 
septa and accumulated in foci adjacent to bronchial 
and vessel walls. Hyperplasia of the epithelia of the 
bronchi and bronchioles was apparent early in the 
experiment and increased in severity, while cells lining 
the alveoli tended to become cuboidal and ciliated 
(alveolar bronchiolization). These changes were often 
focal and adjacent to small airways. Slight diffuse sep
tal fibrosis was generally present in hamsters exposed 
to CoO for 15 months or longer. Development and 
the types of changes in the group exposed to CoO 
plus smoke were very similar to those in the group 
given CoO plus sham smoke exposures, except for 
a highly significant increase in laryngeal lesions 
among the smoke-exposed hamsters.

It was concluded that CoO exposure caused pneu
moconiosis but did not affect either the incidence of 
other effects or the lifespan of the hamsters. The CoO 
did not exert any carcinogenic effect. In contrast, the 
cigarette smoke affected neither the incidence nor 
degree of pneumoconiosis but significantly increased 
the incidence of certain other lesions, including 
tumours, and reduced the mean body weights. Life
spans were significantly longer in the smoke-exposed 
groups.

3329. Lead and the human kidney

Inglis. J. A.. Henderson, D. A. & Emmerson. B. T.
(1978). The pathology and pathogenesis of chronic 
lead nephropathy occurring in Queensland. J. Path. 
124, 65.

Considerable effort has been spent in Queensland 
on identifying the renal lesions caused by lead in man. 
In this part of Australia, lead poisoning from lead- 
containing paint was common between 1890 and 1930 
and a relatively high incidence of renal disease among 
young people in the same area, compared with that 
in the rest of the country, led to suspicions that some 
of this chronic renal disease might be a sequel to 
childhood lead poisoning. Several investigations 
designed to establish the type of renal injury caused 
by lead were therefore undertaken and the lead con
tent of the bones of patients with renal lesions was 
determined.

The lesion prevalent in Queensland presented as

a chronic nephritis, which could not be placed in any 
of the established categories of chronic renal disease. 
Among people who died of this type of unclassifiable 
renal lesion the mean lead content of the skull bones 
was 8  mg/lOOg bone, whereas in those who died from 
chronic renal lesions of identifiable aetiology the 
mean lead content of the skull was 2 mg/TOO g. a level 
similar to that in patients without any renal disease. 
The high lead levels in the skull bones provided a 
clear indication of excessive lead absorption in child
hood.

The chronic renal lesion induced by lead was stud
ied carefully in a series of 53 cases. These cases could 
be clearly differentiated into two groups according 
to the amount of fibrosis in the kidneys. Macroscopi- 
cally, the kidneys showing moderate or severe fibrosis 
were severely but symmetrically contracted. The sur
face was granular without large scars, cysts were often 
visible and the pyramids were small but well pre
served. The cortical tissue was diminished in these 
kidneys and the cortico-medullary demarcation was 
lost. The less fibrotic kidneys were also severely con
tracted and had a very thin cortex, but they were 
free from cysts and the cortico-medullary demarca
tion and cortical vascular markings were preserved. 
Microscopic examination showed that a large propor
tion of the glomeruli had disappeared without trace 
in both groups, but most extensively in those showing 
severe fibrosis. This finding was the most character
istic feature of the disease. Some of the remaining 
glomeruli were enlarged and a proportion were sur
rounded by fibrous tissue or showed signs of adhe
sions between the glomerular tuft and Bowman's cap
sule. The tubules were either dilated or atrophic. The 
dilated tubules conformed to the appearance associ
ated with compensatory hypertrophy and were sur
rounded by small amounts of fibrous tissue. The atro
phic tubules w'ere in areas of dense fibrosis: they were 
also occasionally dilated and contained eosinophilic 
material. Moderate or severe fibrosis was accom
panied by thickening of the interlobular and larger 
vessels.

The principal distinguishing features of this type 
of renal iesion were, therefore, the preservation of the 
pyramids and the complete disappearance of many 
of the glomeruli. The latter condition is only seen 
in cases of long-standing chronic glomerulonephritis.

[These renal changes may well provide the basis 
for the hypertension observed in man in some cases 
of chronic lead poisoning. The production of a 
degenerative renal lesion in man is in strong contrast 
to the situation in the rat. In that species, chronic 
administration of lead in fairly high doses induces 
a proliferative lesion which is generally accepted as 
neoplastic. Another major difference in the renal re
sponse of man and the rat to lead intoxication is that 
in man the prime target seems to be the glomerulus, 
whereas in the rat the renal tubules are the first struc
tures affected, displaying inclusions in both cytoplasm 
and nucleus ( C i te d  in F .C .T . 1973. 11. 919).]

3330. Acrolein and the carcinogens
Feron. V. J. & Kruysse. A. (1977). Effects of exposure 
to acrolein vapor in hamsters simultaneously treated 
with benzo[u]pyrene or diethylnitrosamine. J. Toxi
col. envir. Hlth 3, 379.
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Acrolein is widely used in industry. It is a highly 
reactive unsaturated aldehyde and has been shown 
to be present in relatively high concentrations 
(8-2/rg/40ml puff) in the vapour-phase of cigarette 
smoke (Newsome et at. Tob. Sci. 1965, 9, 102). The 
present study was undertaken because of the possible 
importance of saturated and unsaturated aldehydes 
in cigarette smoke for the genesis of pulmonary 
cancer. It has been speculated that if acrolein does 
play a part in the carcinogenic process induced by 
tobacco in mammals, its role may be mediated 
through action on nucleic acid polymerases (Cited in 
F.C.T. 1974, 12, 578).

Groups of Syrian golden hamsters were evenly dis
tributed within two inhalation chambers, one 
chamber for air exposure and the other for exposure 
to 4 0 ppm (9-2 mg/m3) acrolein, 7 hr/day, 5 days/wk 
for a period of 52 wk. Four of the five groups of ani
mals in each chamber were treated either with an 
intratracheal instillation of benzo[a]pyrene (BP) 
weekly at one of two dose levels (0-2 ml of either 0T75 
or 0-35% BP in 0-9% NaCl), with an sc injection of 
0-2 ml 0 0675% N-nitrosodiethylamine (NDEA) in 
0-9% NaCl once every 3 wk, or with weekly sc injec
tions of the vehicle, while the fifth group was given 
no treatment apart from the inhalation exposure. At 
the end of the 52-wk treatment period, three animals 
of each sex from each of the groups not treated with 
BP or NDEA were taken from each chamber, killed 
and extensively examined. The remaining hamsters 
were killed after 81 wk and examined only for changes 
in the respiratory tract.

Exposure to acrolein caused abnormal behaviour, 
slight growth retardation, slight increases in haemo
globin content and packed cell volume (in females), 
increases in relative lung weight (in females) and rela
tive brain weight, a decrease in relative liver weight 
(in females), and rhinitis accompanied by hyper- and 
metaplasia of the epithelium in the nasal cavity. Res
piratory tumours found in both males and females 
treated with BP or NDEA were of the type usually 
seen in hamsters following administration of these 
carcinogens.

There was no evidence of any carcinogenic activity 
due to acrolein. However, a co-carcinogenic effect of 
acrolein on BP carcinogenesis in the respiratory tract 
was indicated by (1 ) a slightly increased incidence of 
respiratory-tract tumours in acrolein-exposed males 
and females given the lower BP dose, compared with 
air-exposed animals of this BP group, (2) a slightly 
higher incidence and shorter latent period of respira
tory-tract tumours in acrolein-exposed females given 
the higher BP dose than in air-exposed females given 
the same BP dose level, and (3) the occurrence of 
a few more malignant tumours of the respiratory tract 
after treatment with BP and acrolein than after BP 
treatment alone. However, in males given the higher 
dose of BP neither the incidence of respiratory-tract 
tumours nor their latent period was affected by acro
lein exposure.

The enhancing effects of acrolein on BP carcino
genesis were therefore considered to be doubtful and 
inconsistent. Since, in addition, there were no signifi
cant differences in the incidence, site or type of 
NDEA-induced respiratory tumours between control 
and acrolein-exposed animals, it was concluded that

acrolein could not be identified as a co-factor in res
piratory-tract carcinogenesis.

3331. Crude effects in herring gulls

Miller, D. S„ Peakall, D. B. & «inter. W. B. (1978). 
Ingestion of crude oil: sublethal effects in herring gull 
chicks. Science, N.Y. 199, 315.

The hazards of a liberal coating of crude oil on 
the surface of sea and shore birds are well known, 
as are the efforts that are made and the skills that 
have been developed to clean up at least some of 
the birds afflicted in this way and return them to 
their natural habitat. However, it appears that there 
is a relatively low rate of survival among birds that 
have been freed from oil and released, even among 
those that seem to be quite healthy. This suggests 
that a delayed toxic effect may be involved, and 
several studies have been undertaken, particularly in 
connection with the effect of crude oil on plasma 
osmoregulation. This process is clearly of vital impor
tance to marine birds and can also be demonstrated 
in many coastal birds kept in a simulated marine en
vironment. Basically, it is effected by excess salt 
absorbed from the intestine being excreted through 
the nasal glands.

Miller et at. (loc. cit.) found that herring-gull chicks 
maintained on sea-water and whole unsalted herring 
and given a single 0-2-ml oral dose of Kuwait or the 
heavier South Louisiana crude oil showed some im
pairment of plasma osmoregulatory capacity and ces
sation of growth, although they ate more food than 
controls achieving a daily weight gain of about 3%. 
When killed 8-9 days after dosing, the birds given 
the heavier crude showed marked pathological 
changes in the intestine, mainly oedema and cytoplas
mic disruption of the epithelial cells, which contained 
many lipid droplets. Some evidence of similar but less 
severe effects was seen in the birds given Kuwait 
crude, but studies in vitro showed impairment of 
nutrient uptake in intestinal slices only from gulls 
given the heavier crude.

The effects on osmoregulation were seen in both 
treated groups, but were less severe in birds given 
the Kuwait oil. In both the intestine and nasal glands, 
the activities of the adenosine triphosphatase enzymes 
apparently involved in sodium and potassium trans
port were reduced by the oil treatment, and while 
this was compensated to some extent in the nasal 
gland by tissue hypertrophy, the findings paralleled 
the observed rises in plasma-sodium levels. The oil 
also caused hypertrophy of the adrenal gland and of 
hepatic tissue, the latter effect being accompanied by 
induction of the microsomal mixed-function oxidase 
system.

The dose used in this study was considered to be 
“environmentally realistic” and the findings suggest 
that while ingestion of such amounts (with contami
nated food or water or during preening, for example) 
is not lethal, it may reduce a bird’s capacity for long
term survival in the face of other stresses frequently 
encountered at sea.

3332. Fate of organotin in the body

Brown, R. A., Nazario. C. M., de Tirado, R. S„ Cas- 
trillon, J. & Agard, E. T. (1977). A comparison of
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the half-life of inorganic and organic tin in the mouse. 
Envir. Res. 13, 56.

Increasing interest in the use of slow-release formu
lations of organotin compounds as antifoulants, mol- 
luscicides and schistosomiasis-control agents brings 
to the fore the question of the ecological impact of 
alkyltins and their long-term toxicity in animals. Pre
vious studies in rats, principally on triethyltin, have 
demonstrated that some compounds of this type in
terfere with oxidative phosphorylation in rat-liver 
mitochondria (Cited in F.C.T. 1976, 14, 648) and 
cause oedema of the white matter of the central ner
vous system (ibid 1978, 16, 363). The relatively low 
toxicity of inorganic tin is attributable to its low level 
of absorption following oral administration and to 
its rapid turnover in the tissues (ibid 1975, 13, 399). 
The extent of biological conversion of organotin to 
the inorganic form is thus, as with mercury, an impor
tant factor in the possible environmental impact of 
the proposed slow-release formulations on all levels 
of the ecosystem.

In a study of this question at the mammalian level, 
Swiss mice were given a single injection of 0T2mg 
ll3Sn labelled bis(tributyltin) oxide (TBTO) or of 
" 3Sn-labelled stannous chloride (05 ml of a solution 
containing 10“ 8 g Sn/ml). Some of the latter group 
were given a further injection. 6  days later, containing 
80 ng unlabelled stannous chloride. Whole-body 
radioactivity counts in the animals injected with 
ll3Sn were not affected by subsequent injection of 
unlabelled tin. Following the inorganic injection, the 
effective half-life of " 3Sn was found to be 25 days, 
and that of its decay product, indium-113m, 21 days. 
After injection of TBTO, the initial whole-body radio
activity decreased rapidly, but it slowed after about 
1 0  days to a rate similar to that recorded after the 
inorganic U3Sn injection.

The findings are interpreted as an indication that 
organotin may be converted into inorganic tin in the 
body. Alternatively, a small fraction of the dose of 
TBTO may become bound in an organ where its 
turnover is relatively slow. The clearance rate of Sn 
in either form does not appear to depend upon the 
quantity injected. From the effective half-life (the 
result of the combination of biological and physical 
decay) demonstrated in this study, the biological half- 
life of ll3Sn was calculated to be 29 days. Overall, 
the results suggest that the long-term accumulation 
of organotin is probably not a problem in mammals.

3333. The time factor in alkyltin irritancy
Middleton, M. C. & Pratt, I. (1977). Skin water con
tent as a quantitative index of the vascular and histo
logic changes produced in rat skin by di-n-butyltin 
and tri-n-butyltin. J. invest. Derm. 6 8 , 379.

Another problem that has arisen in connection with 
alkyltin compounds is their irritant effect on the skin 
and other tissues. A dibutyltin dilaurate stabilizer 
present in PVC implants caused severe tissue reac
tions in 2-4 days in the subcutaneous tissues of the 
rat and in rabbit muscle (Cited in F.C.T. 1966, 4, 117) 
and both di-n-butyltin (DBT) and tri-n-butyltin (TBT) 
are known irritants of human and animal skin 
(Barnes & Stoner. Br. J. ind. Med. 1958, 15. 15; Lyle, 
ibid 1958, 15, 193). Three vascular changes produced

in rat skin by these compounds were therefore studied 
in a search for a representative and quantitative 
measure of the overall vascular response.

Applications of 67 nmol DBT/'cm2 to the dorsal 
skin of rats produced slight local changes including 
minor increases in vascular permeability and in the 
water content of the tissue and some erythema. The 
same dose of TBT caused greater changes, including 
cellular necrosis, marked increases in vascular per
meability and tissue water and a more rapid and 
severe development of erythema. Similar relatively 
severe changes were seen after application of 
335 nmol DBT/cm2. Maximal increases in all three 
parameters (vascular permeability, oedema and eryth
ema) were seen 2-3 hr after application of 67 nmol 
TBT/cm2. but with 335 nmol DBT/cm2 permeability 
reached its peak at 3 hr and erythema at 12 hr, while 
oedema was high between 12 and 48 hr. The latter 
findings suggest that these three effects are not di
rectly related. The more rapid responses to TBT 
probably reflected the compound’s penetration of the 
skin via the hair follicles, around which the earliest 
damage was localized.

In spite of the differences in timing, each of the 
three vascular parameters gave the same ranking 
order for the three test solutions. The change in the 
water content of the skin is the parameter most useful 
for quantitative assessment, however, and provided 
a time course of the response is determined, it may 
provide a useful measure of the vascular changes and 
the corresponding cellular injury produced by skin 
irritants.
3334. 4,4'-DiaminodiphenyI ether induces liver tumours
Steinhoff, D. (1977). Cancerogene Wirkung von 
4,4'-Diamino-diphenylather bei Ratten. Naturwissen- 
schaften 64, 394.

Rats injected sc with 3,3'-dichloro-4,4'-diaminodi- 
phenyl ether have been shown to develop multiple 
lesions of the epithelium of the auditory canal and deep 
ceruminal gland, lesions that may progress into 
papillary and squamous-cell carcinomas (Cited in 
F.C.T. 1975, 13, 589). The related 4,4'-diaminodi- 
phenyl ether (DADPE) has demonstrated nephrotoxi
city and hepatotoxicity after oral or subcutaneous ad
ministration, and has been suspected of weak carcino
genicity without any identification of a specific target 
organ. Further data regarding its carcinogenic capa
city are now reported.

Chemically pure DADPE was injected sc in saline 
solution into Wistar rats in the maximum acceptable 
dose (100-300 mg/kg) once weekly. By day 670, 
several tumours had appeared. Treated rats, given a 
total dose of 14-4 g DADPE/kg. had a mean lifespan 
of 860 days, compared with 907 days in saline-injected 
controls. The incidence of death from malignant 
tumours was 55% in treated rats and 26% in controls, 
the corresponding figures for benign tumours being 
55 and 20%. Malignant liver tumours, multiple in 
three of the 40 animals, appeared in 25% of the 
treated group, and benign liver tumours, multiple in 
11 cases, occurred in 30%; no liver tumours were 
found in the control rats. The hepatotoxicity of 
DADPE was also demonstrated in the other treated 
rats, in which evidence of liver necrosis and cirrhosis 
was found.



The chemical environment 503

3335. Mutagenic epichlorohydrin

Kucerova, M.. Polivkova, Z., Sram, R. & Matousek,
V. (1976). Mutagenic effect of epichlorohydrin. I. Test
ing on human lymphocytes in vitro in comparison 
with TEPA. Mutation Res. 34, 271.

Sram, R. J., Cerna, M. & Kucerova, M. (1976). The 
genetic risk of epichlorhydrin as related to the occu
pational exposure. Biol. Zbl. 95, 451.

Kucerova, M., Zhurkov, V. S., Polivkova, Z. & 
Ivanova, J. E. (1977). Mutagenic effect of epichloro
hydrin. II. Analysis of chromosomal aberrations in 
lymphocytes of persons occupationally exposed to 
epichlorohydrin. Mutation Res. 48, 355.

Epichlorohydrin (ECHH) is widely used as a sol
vent for resins, gums, cellulose esters, paints and lac
quers and as a raw material in the manufacture of 
epoxy resins (see below). Mutagenic effects of ECHH 
have been described in a number of organisms, in
cluding Neurospora crassa (Westergard, Experientia 
1957, 13, 224) and Escherichia coli (Strauss & Okubo, 
J. Bact. 1960, 79, 464), although Epstein et al. (Toxic, 
appl. Pharmac. 1972, 23, 288) obtained negative results 
in the mouse dominant lethal assay. Because of the 
occupational risks involved, Kucerova and her co
workers investigated the possibility of mutagenic 
effects of ECHH on human chromosomes. Their 
study was divided into two parts covering the muta
genic effects of ECHH on human lymphocytes in vitro 
and observations on the peripheral lymphocytes of 
occupationally exposed workers. In addition, workers 
of the same group made a separate study using a 
battery of mutagenicity tests.

The effects of ECHH on human lymphocytes in 
vitro were compared with those of tris-( 1-aziridinyl)- 
phosphine oxide (TEPA), which has previously been 
demonstrated to be a strong mutagen. Solutions of 
TEPA and ECHH were added to 56-hr cultures of 
human lymphocytes for the last 24 hr. ECHH was 
added in 0-9% saline-DMSO (1:1) to give final con
centrations of 1 0 - 0 - 0 0 0 0 1  pM in the medium, the same 
concentrations being used for TEPA. Controls were 
used both with and without DMSO. A significant 
dose-dependent increase in aberrations was evident 
after exposure to either compound, but TEPA was 
much more powerful than ECHH, particularly at high 
concentrations. Of the four types of aberration 
observed, chromatid and chromosomal breaks were 
commonest, while chromatid exchanges were rare and 
chromosomal exchanges were extremely rare. These 
results were in agreement with previously published 
data on ECHH. This study also entailed an investiga
tion of the effects of adding the mutagen to the cul
ture medium at different stages. The ECHH or TEPA, 
in the most effective concentrations, was added to the 
medium either for 1 hr at the start of cultivation, for 
1 hr between the 24th and 25th hr of cultivation or 
for the last 24 hr of cultivation. It was found that 
in the first two cases (involving exposure of cells only 
in the G 0 or the Gj and early S phases) only insignifi
cant increases in the number of impaired chromo
somes occurred, whereas when either of the mutagens 
was added for the last 24 hr, there were very signifi
cant increases in the number of cells affected.

a whole battery of tests was applied to ECHH. Muta-
In a separate study by workers of the same group, 

genic activity of ECHH was demonstrated in Sal
monella typhimurium using strains G46 and TA100 
without metabolic activation. ECHH increased the 
frequency of back mutations in a host-mediated assay 
with S. typhimurium and chromosomal aberrations 
were detected by mouse bone-marrow analysis as well 
as in human peripheral lymphocytes exposed in vitro. 
A dose-effect relationship was observed particularly 
in the mouse bone-marrow tests. However, in agree
ment with the findings of Epstein et al. (loc. cit.) no 
changes were found in a dominant lethal test. The 
results of the mouse bone-marrow test were used to 
estimate the risk to workers occupationally exposed 
to an average of 0-5 mg/m3 for 6 -hr periods. These 
calculations predicted an increase in aberrations to
2-2-5 times the control rate in the course of 1 yr, a 
rise considered by the authors to be below the maxi
mum admissible risk.

This estimate was considerably above the increase 
actually found by the group in a further study focus
ing on chromosomal changes in the peripheral lym
phocytes of occupationally exposed workers. Blood 
samples from 35 workers (aged 23-54 yr) were taken 
at three stages. The first samples (control) were taken 
just before work started at a new chemical plant pro
ducing ECHH. The second and third samples were 
taken after exposure for 1 and 2 yr respectively. 
Workers were exposed to high doses of ECHH, 
0-5-5 0 mg/m3, averaging above the Czechoslovakian 
maximum acceptable concentration but well below 
the TLV of 20 mg/m3. The percentage of aberrant 
peripheral lymphocytes found in the first sample was 
1 -37, a level previously found to occur spontaneously. 
After 1 yr the frequency rose significantly to 1-91% 
and a further statistically significant increase to 2-69% 
had occurred by the end of yr 2. In common with 
the in vitro study, the changes were mainly chromatid 
and chromosomal breaks, rather than exchanges. 
Although there has been criticism of this method as 
a means of testing weak mutagens, the authors believe 
that it is reliable when the correct techniques are 
used with adequate controls, and when the subjects 
“are not concurrently exposed to a combination of 
other suspected or known mutagens”.

3336. Epoxy resin sensitization versus molecular weight
Thorgeirsson, A. & Fregert, S. (1977). Allergenicity 
of epoxy resins in the guinea pig. Acta derm.-vener., 
Stockh. 57, 253.

Epoxy resins and their hardeners rank among the 
sensitizers most commonly responsible for cases of 
contact allergy (Cited in F.C.T. 1974, 12, 582), but 
it seems that little information is available on the sig
nificance of the molecular weight of these resins in 
relation to their sensitizing capacity. The most com
mon type of epoxy resin, the diglycidyl ether-Bis- 
phenol A type, is a reaction product of epichlorohyd
rin and 2,2-bis-(p-hydroxyphenyl)propane. The mol
ecular weight can therefore vary between 340 and 
more than 10,000, molecular weights below 908 giving 
liquid or semi-solid resins. The marketed resins, such 
as those used with one exception in this study, are
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mixtures, identified by average molecular weight (mol 
wt) but not by the distribution of resins of differing 
molecular size.

The study used the well-known guinea-pig maximi
zation test (Magnusson & Kligman, J . invest. Derm. 
1969, 52, 268) comprising intradermal injection fol
lowed after 1 wk by topical application and after a 
further 2 wk by a 24-hr occluded-patch test. Equimo
lar concentrations of six resins of the diglycidyl ether- 
Bisphenol A type (mol wt 340-1850) dissolved in ace
tone (or methyl ethyl ketone for the mol wt-1850 
sample) were tested on groups of 2 0  animals.

The isolated resin of lowest possible molecular 
weight (340) and the mixed resin of mol wt 350 sensit
ized all 2 0  guinea-pigs tested, while with rising mol 
wt of the resin the numbers sensitized per group de
creased to 17 (mol wt 480), 11 (900), 6  (1280) and 
0 (1850). Bisphenol A alone failed to induce sensitiza
tion in 15 guinea-pigs, but epichlorohydrin alone 
sensitized 9 of 15. Sensitization to a resin did not 
involve cross sensitization to bisphenol A or epi
chlorohydrin. Cross-sensitization to the three resins 
of lower mol wt was observed in most animals, irres
pective of the resin used for sensitization, but the 
cross-sensitization rate was low with the higher resins.

This suggests that the sensitization capacity may 
be a property only of the individual compounds of 
lowest molecular weight, which could be present, for 
example, in the mol wt-1850 resin in sufficient quan
tity to induce sensitivity on intradermal injection but 
not to elicit a reaction to epicutaneous challenge. 
Further study of this hypothesis must await the isola
tion of other individual resins, only that of molecular 
weight 340 being available so far.

3337. The fish and the flame-retardant

Maylin, G. A.. Henion, J. D.. Hicks. L. J.. Leibovitz, 
L.. Ahrens. V. D., Gilbert. M. & Lisk, D. J. (1977). 
Toxicity to fish of flame retardant fabrics immersed 
in their water. Part I. Bull. env. contain. & Toxicol. 
(U.S.) 17, 499.
Eldefrawi, A. T., Mansour. N. A., Brattsten. L. B., 
Ahrens, V. D. & Lisk. D. J. (1977). Further toxicologic 
studies with commercial and candidate flame retar
dant chemicals. Part 11. Bull. env. contam. & Toxicol. 
(U.S.) 17, 720.

In no consumer-product area is the conflict 
between risk and benefit more immediately apparent 
than in the development of flame-retarding treatments 
for fabrics, and few would envy the authorities the 
task of weighing the possibility of reducing the severe 
or fatal burning of children, for example, against the 
less clearly defined possibility that those children 
might, in the long term, be affected adversely as a 
result of absorbing through their skin the chemicals 
used to make their nightwear flame-proof. Effects of 
these chemicals on other sectors of the environment 
have also to be considered. Details of extensive toxi
city studies undertaken on one type of flame-retar
dant are reviewed elsewhere in this issue (p. 492) 
and some time ago we noted a report that certain 
organophosphorus compounds, which could be

leached from treated fabrics during laundering, were 
toxic to goldfish at concentrations of 1 ppm (ibid 
1976, 14, 512). Further studies now serve to fill in 
some of the details of this particular hazard.

In the first paper cited above, samples of fabrics 
treated with mixed cyclic phosphonates (Antiblaze 
19), an oligomeric vinyl phosphonate (Fyrol 76), 
/V-methyloldimethyl phosphonopropionamide (Py- 
rovatex CP), tris-(2,3-dibromopropyl) phosphate 
(TDBPP) or tetrakis-(hydroxymethyl)phosphonium 
hydroxide (THPOH) were immersed in water con
taining goldfish (a 7 in. x 15 in. sample in 20 litres 
water containing six fish). TDBPP consistently killed 
the fish within 24-168 hr, death being preceded by 
hyperactivity, colour fading, anorexia, bulging of eyes, 
head and body, extension of scales, disorientation, 
sluggishness, rapid gill movement and air-seeking. 
The maintenance of fish in water to which 1 ppm 
TDBPP had been added induced similar effects, some 
of which were characteristic of anticholinesterase in
toxication. Histopathological examination showed 
subcutaneous and intramuscular oedema, with focal 
necrosis in liver and kidney. TDBPP-finished fabrics 
that had been laundered affected the fish less rapidly 
when immersed in the water. The toxicity of TDBPP 
is not due to its hydrolysis to 2,3-dibromopropanol, 
since exposure of goldfish to 1 ppm of this compound 
for 7 days had no observable effect. Analysis of the 
water in which they were immersed indicated that, 
when unlaundered, the treated polyester fabric 
released 75-140 ^g TDBPP/in2 in 24 hr. The retar
dant subsequently lost HBr and may have been hyd
rolysed or photoiytically degraded to 2 -bromo-2 -pro- 
penyl-bis-(2,3-dibromopropyl) phosphate, the possible 
piscicide. The predominantly ceilulosic fabrics carry
ing the other flame-retardant chemicals were not toxic 
to the fish over the 7-day immersion period, probably 
because of chemical bonding between the agent and 
the fabric.

The second paper cited reports further on the 
results of adding flame-retarding agents directly to 
water containing goldfish. The compounds tested 
were Antiblaze 19, monomeric chloroethyl phos
phonates with high-boiling phosphonates (Antiblaze 
78), tris-(/?-chloroethyl) phosphate (Fyrol CEF), 
tris-(dichloropropyl) phosphate (Fyrol FR-2), Fyrol 
76, tri-(o-cresol) phosphate (Phosflex 179-C), mixtures 
of triaryl phosphate esters containing halogen (Phos
flex 300 and Phosflex 400). Pyrovatex CP, TDBPP 
and THPOH. Signs of toxicity and deaths among the 
fish were noted as a function of time. Notable toxicity 
was seen with Fyrol FR-2, Phosflex 300 and 400, 
TDBPP and THPOH, with sluggish and disorien
tated swimming preceding death. In tests using the 
electric organ of Torpedo ocellata, the electric ray, 
these compounds and Fyrol CEF showed some ace
tylcholinesterase-inhibiting capacity, and in micro
somal preparations from the armyworm (Spodoptera 
eridania), THPOH almost totally inhibited p-chloro- 
N-methylaniline N-demethylase: Fyrol CEF and 
FR-2, and TDBPP were fairly potent and Fyrol 76 
and Pyrovatex CF were almost inactive in this re
spect. Ingestion of the agents by houseflies caused few 
deaths, except when the synergist piperonyl butoxide 
was also added to the food.
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3338. More on congeners and alcohol metabolism

Auty. R. M. & Branch, R. A. (1977): Pharmacokinetics 
and pharmacodynamics of ethanol, whiskey, and eth
anol with n-propyl. n-butyl. and iso-amyl alcohols. 
Clin. Pharmac. Ther. 22, 242.

Congeners present in alcoholic beverages may 
affect ethanol elimination, but the significance of any 
such effect for the moderate drinker is uncertain 
(Cited in F.C.T. 1977. 15, 653). A study of the in
fluence of the three predominant congeners, «-pro
panol, «-butanol and isoamyl alcohol, on the pharma
cokinetics of ethanol in six normal men, all moderate 
drinkers, throws some light on this problem.

In a randomized double-blind, crossover trial, each 
drink (ethanol alone, whiskey or a mixture of ethanol 
with the three higher alcohols) was equivalent to 1 g 
ethanol/kg body weight, diluted to 600 ml with 
orange juice and consumed at a constant rate over 
20 min. Blood samples were taken and reaction times 
and electroencephalograms (EEGs) were recorded 
before the dose, at 2 0 -min intervals after the dose 
for 2 hr and then at 30-min intervals for 3 hr. All three 
drinks produced similar plasma-ethanol concen
trations eventually, but the peak was reached more 
slowly after whiskey ingestion (mean 83 min) than 
after ethanol alone (63 min), and was even more 
delayed (97 min) after the ethanol-higher alcohol mix
ture, in which the concentration of the congeners was 
about twice that in the whiskey. The terminal phase 
of ethanol elimination was consistent with exponen
tial decay in all the studies, the half-life being longer 
after the ethanol-higher alcohol mixture than after 
ethanol or whiskey. Reaction time was prolonged by 
each treatment, reaching a peak after about 2  hr and 
returning to normal within 5 hr. but deterioration in 
performance 2  hr after whiskey was less than that 
after the ethanol-higher alcohol mixture than after 
ethanol or whiskey. Reaction time was prolonged by 
anol concentrations when data for the full 5-hr period 
after alcohol administration were considered, the in
crease in reaction time correlated positively with plas
ma-ethanol concentration during the linear phase of 
ethanol elimination after ethanol alone and after the 
ethanol-higher alcohol mixture. Alpha activity 
(8-14 Hz) in the EEG was reduced by all drinks, with 
a maximum fall in mean dominant frequency 2-5 hr 
after the start of drinking. Subjects could not dis
tinguish between the three beverages, and their reports 
of the severity of effects were unrelated to the type 
of drink consumed. There was no evidence suggesting 
that whiskey has unique effects not produced by eth
anol alone.

3339. Intestinal absorption of oxalate

Madorsky, M. L. & Finlayson, B. (1977). Oxalate 
absorption from intestinal segments of rats. Imestve 
Urol. 14, 274.

Oxalate is ingested in many foods, particularly 
spinach, rhubarb, parsley and tea. and its excretion, 
together with that of calcium, is important in relation

to the formation of calculi in the kidney and urinary 
bladder (Cited in F.C.T. 1969. 7, 395). Accordingly 
the rate at which dietary oxalate is absorbed, to aug
ment the body burden of endogenous oxalic acid (see 
below), is also significant. Isolated intestinal segments 
of the jejunum, ileum and colon of rats were examined 
at intervals from 5 to 60 min after intraluminal injec
tion of 1 4C-labelled oxalate solution in saline. The 
initial absorption of oxalate was rapid, at 6-50 „/min. 
but decreased after 5 min to about 0-6o„/min. Absorp
tion was greatest in the jejunum and least in the 
colon. A rapid initial influx of water into the gut 
lumen may have been a response to the “noxious 
effect” of oxalate on tissue, since the experimental 
challenge solutions were nearly iso-osmolar with 
plasma. The abrupt reduction of oxalate absorption 
after about 5 min suggests that oxalate may inhibit 
its own absorption.

Oxalate absorption was also studied with solutions 
of [ 14'C]oxa!ate containing a 4 m M  'concentration of 
calcium chloride, magnesium chloride or sodium oxa
late. No difference in the apparent rate of [ 1 4C]oxa- 
late transfer was produced by addition of these salts, 
except in the jejunum, where absorption was acceler
ated by magnesium chloride. It is calculated that at 
least 8 -6 °,, of a challenge dose of oxalate should be 
absorbed from the small bowel during normal food 
transit. Since the addition of magnesium failed to de
crease [ 1 4C]oxalate absorption in the rat model, it 
is unlikely that supplementation of the diet with mag
nesium in attempts to alleviate or prevent the forma
tion of calcium oxalate calculi can be justified on the' 
grounds that it reduces oxalate absorption: any effec
tive contribution of magnesium to the treatment of 
oxalate stone disease in man seems to require some 
other explanation.

3340. Vitamin C and oxalate stones

Du Bruyn, D. B„ De Klerk, W. A. & Liebenberg,
N.v.d.W. (1977). High dietary ascorbic acid levels and 
oxalate crystallization in soft tissues of baboons. S. 
Afr. med. J. 52, 861.

Oxalic acid is one of the end-products of ascorbic 
acid (AA) metabolism, and this has led to fears that 
the ingestion of massive amounts of this vitamin 
could lead to the formation of kidney or bladder 
stones. In the rats given large daily injections of AA 
there was a sevenfold increase in the weight of calculi 
formed round a lead ball inserted in the bladder, and 
the amount of oxalic acid in the deposit was more 
than doubled (Cited in F.C.T. 1967, 5, 111). In 
man, a single dose of 6  g AA produced a significant 
increase in tfie urinary content of microcrystals 60/jm 
or more in diameter (von Sengbusch & Timmermann, 
Urol. int. 1957, 5, 218). There have also been brief 
reports of two men who passed urinary stones after 
taking either 2gfAA daily for 2 wk (Briggs, Lancet 
1973, ii, 1439) or 1 g daily for several months (Roth 
& Breitenfield, J. Am. med. Ass. 1977, 237, 768), oxa
late excretion in the latter case being approximately 
halved when AA supplements were withdrawn.

Captive baboons require considerable AA supple

F.C.T. 16 5 — G
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mentation (about 2 0  mg/kg/day) to maintain the 
serum-AA levels of 1 -0—1 -5 mg/100 ml found in free- 
living animals, and they were therefore chosen for a 
study of possible oxalate-crystal formation from AA. 
Semi-synthetic diets containing 200 or 2500 mg 
AA/lOOg dry ration, equivalent to a daily dose levels 
of about 80 or lOOOmg/kg. respectively, were fed for 
20 months. These diets produced average serum-AA 
levels of 1-76 and 2-2 mg/100 ml, respectively. The 
baboons ate well and remained in excellent condition 
throughout, and on autopsy there was nc gross or 
microscopic evidence of oxalate crystals in the kidney, 
bladder or other organs examined. Calcium oxalate 
crystals found in the kidneys of a female free-living 
baboon (McConnell et al. O nders tepoor t  J. vet. Res. 
1974, 41, 97) were therefore thought likely to have 
originated from oxalic acid present in plants eaten 
in the wild.

3341. Food allergy

Finn, R. & Cohen, H. N. (1978). “Food allergy": fact 
or fiction? Lancet I, 426.

Disorders such as skin rashes or gastro-intestinal 
problems, caused by altered immunological mechan
isms, are accepted as one of the consequences of food 
allergy. Some authors claim that these are not the 
only effects of an ‘altered reactivity’ to food, and that 
complaints such as headache, palpitations, vomiting, 
panic attacks and anxiety may also be caused by par
ticular constituents of the diet. This broader concept 
of ‘food allergy' is not widely accepted within the 
medical profession, presumably because objective evi
dence is difficult to obtain.

Six case reports of patients with clearly docu
mented evidence of signs and symptoms related to 
the intake of specific items of food have been recorded 
in the paper cited above. Three of these had objective 
signs of disease. One (case 1) complained of palpi
tations and dyspnoea, another (case 3) had had large 
and painful aphthous ulcers since infancy and case 
5 had suffered from nausea and vomiting since child
hood. Case 1 regularly drank vast quantities of tea, 
and during clinical investigations gastric intubation 
of tea, coffee or tomato juice, but not of water, pro
voked an acceleration of the heart rate. Intragastric 
administration of tea on five occasions provoked a 
bout of vomiting each time in case 5, while in case 
3 withdrawal of potato, coffee and chocolate from 
the diet led to a complete healing of the ulcers. 
Enquiries revealed the rather strange fact that for 
most of her life this patient had eaten raw potato 
almost daily!

Case 2 had complained of severe headaches over 
many years, but thorough neurological investigations 
were negative. He was, however, a heavy coffee 
drinker (more than 2 0  cups/day) and when he stopped 
taking coffee, his headaches and other symptoms dis
appeared. In case 4 tea was responsible for severe 
recurrent pain, simulating renal colic, in the right side 
of the abdomen. An acceleration of the heart rate 
and abdominal pain occurred within 24 hr of each 
of five intragastric administrations of tea bu: not after 
water, and after he stopped drinking tea the pain did 
not recur. Alcohol ingestion appeared to have a simi

lar effect in this patient. Case 6  developed symptoms 
of panic, lethargy, depression and faintness in the 
course of treatment for severe hypertension. His high 
blood pressure was found to be due to renal-artery 
stenosis and when this was treated surgically the 
hypertension was cured, but his other symptoms 
remained. It was found that he was a heavy coffee 
and tea drinker and when this habit was broken his 
mental problems disappeared.

[In the past, food additives have often been blamed 
for skin or gastro-intestinal disturbances, accom
panied in some instances by effects not unlike some 
of those mentioned above. It seems, however, that 
it is as important to look carefully into the types of 
food and drink ingested by people with such com
plaints as it is to investigate their encounters with 
specific food additives, since the former may be as 
likely as the latter to be implicated in the problem.]

3342. Inhibition of bracken carcinogenesis
Pamukcu, A. M.. Yalqiner, S. & Bryan, G. T. (1977). 
Inhibition of carcinogenic effect of bracken fern (P te r - 
idium aquilinum) by various chemicals. Cancer. N .Y .  
40, 2450.

Bracken is frequently among the plant population 
of all but the best of pasture-lands. Unfortunately it 
must carry the can for a high incidence of bladder 
tumours in cattle (C ited  in F.C.T. 1970, 8 , 85) and 
of both intestinal and bladder tumours in sheep (ibid  
1966, 4, 358; Harburrt & Leaver, Aust. vet. J. 1969. 
45, 473). Previous work has attempted to trace the 
carcinogenic components of bracken; shikimic acid 
produces neoplasms of the gastric mucosa in mice 
(C i ted  in F .C .T. 1975, 13, 405) and incorporation of 
tannin in the cholesterol increases the incidence of 
bladder tumours in rats implanted with cholesterol 
pellets (ibid 1976. 14, 651). Attention seems now to 
be turning to the possible inhibitors of bracken car
cinogenesis.

Pamukcu et al. (cited above) tested the effects of 
ten different dietary regimes on tumour formation in 
rats. Groups 1-5 were given basic diet and dried 
bracken in the ratio 2 : 1 , with the addition (per gram 
of diet) of 5 mg butylated hydroxyanisole (BHA; 
group 2), 5 mg disulfiram (group 3), 20 mg calcium 
chloride (CaCl2: group 4) or 50 mg cross-linked poly
vinylpyrrolidone (PVP: group 5). Groups 6-10 fol
lowed the same pattern, but in all cases the mixture 
of basic diet with bracken fern was replaced by basic 
diet alone. There were no intestinal or bladder 
tumours in any of the control groups not receiving 
bracken, in sharp contrast to animals in groups 1-5. 
In group 1, 100°o of rats had intestinal tumours but 
this was reduced significantly by BHA, disulfiram and 
CaCl2, although not PVP. Urinary bladder tumours 
were present in 73° 0 of rats given basic diet with 
bracken. This percentage was reduced to 17-4 or 18°0. 
respectively, in animals given CaCl2 or PVP, 
although no significant change was brought about by 
either BHA or disulfiram. Thus PVP inhibits brack
en-induced carcinogenesis in the bladder but not the 
intestine, whereas CaCl2 acts at both sites. Previous 
studies, such as that by Dollahite & Camp (Am. J. 
vet. Res. 1962, 23, 1271), have indicated that both
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compounds have the capacity to absorb or precipitate 
tannin and other flavonoid compounds present in 
bracken. Another possibility is that PVP and CaCI2 

form insoluble complexes with the carcinogenic sub
stance in bracken and inhibit its absorption. BHA 
and disulfiram both suppress the capacity of bracken

to induce tumours in the intestine but not in the blad
der. The mechanism of this inhibitory action is not 
known but it seems possible that it is similar for the 
two compounds. The antioxidant properties of BHA, 
in particular, may be significant, as may be the capa
city of disulfiram to inhibit certain enzymes.

COSMETICS, TOILETRIES AND HOUSEHOLD PRODUCTS

3343. Skin penetration by another pyrithione
Wedig, J. H., Feldmann, R. J. & Maibach. H. I. (1977). 
Percutaneous penetration of the magnesium sulfate 
adduct of dipyrithione in man. Toxic , appl. Pltarmac.  
41, 1.

The broad antimicrobial and antifungal spectrum 
of pyridine-2 -thiol-l-oxide (pyrithione) is valuable to 
microbiologists and cosmetic chemists. The percu
taneous absorption of sodium pyrithione has been 
shown to be low in rats and monkeys (C ited  in F.C .T.  
1970, 8, 147) and dermal toxicity studies on zinc pyr
ithione have shown no adverse effects in rats and rab
bits (ibid 1966. 4, 554; ibid 1976, 14, 366). The magne
sium sulphate adduct of 2 ,2 '-dithiobis-(pyridine-l- 
oxide) (MDS) also has antimicrobial properties, as 
well as being usefully soluble in polar and non-polar 
solvents, and its percutaneous penetration has now 
been studied.

Urinary excretion of MDS after application of a 
methanolic solution providing 4, 12 or 40pg/cm2 to 
an area of about lT4cm 2 on the forearm, forehead 
or scalp of adult volunteers was used as a measure 
of percutaneous absorption. The application was 
allowed to remain for 8  hr, and urine samples were 
taken for 5 days. MDS labelled with 14C was used 
as marker. Urinary excretion was corrected on the 
basis of measurements of the urinary recovery of 
small iv doses of MDS,

No untoward effects were observed in any subjects 
receiving an iv or dermal dose of [ 1 4C]MDS. After 
iv injection, the excretion of MDS in urine followed 
a biphasic exponential course indicating some tissue 
binding or plasma storage, and enterohepatic circula
tion was indicated by the appearance of radioactivity 
in the faeces. After dermal application there was no 
indication that MDS was subject to enterohepatic 
cycling. Skin penetration of MDS from all test areas 
tended to increase with increasing concentration of 
the solution, and was greater for the forehead and 
scalp than for the forearm. The percentages of the 
dose excreted in the urine over the first 1 2 0  hr after 
treatment were 2-7-3-2% for the forearm, llT-15-3% 
for the forehead and 6-2-13-2°„ for the scalp. 
Although not directly comparable, these results are 
of the same order as the earlier results with sodium 
pyrithione in rats and monkeys.

3344. The light shines on bergamot

Zaynoun, S. T., Johnson, B. E. & Frain-Bell. W.

(1977). A study of oil of bergamot and its importance 
as a phototoxic agent. I. Characterization and quanti
fication of the photoactive component. Br. J. Derm.  
96, 475.

The phototoxic effect of oil of bergamot (C itrus ber-  
y a m ia ), which is a frequent component of perfumes, 
has been ascribed to the presence of the furocoumarin 
bergapten (5-methoxypsoralen; 5-MOP) at a concen
tration greater than 0-001% (C ited  in F .C .T . 1971, 9, 
604).

Further testing of various samples of bergamot oil 
for phototoxicity, using C andida  a lbicans as the test 
organism and by patch-testing on normal volunteers, 
has involved a comparison with solutions of pure
5-MOP and xanthotoxin (8 -methoxypsoralen;
8 -MOP). Three samples of bergamot oil were assayed 
for 5-MOP by thin-layer chromatography (TLC) fol
lowed by solvent extraction and measurement of the 
absorbance at 310 nm. Two samples contained 0-31 
and 0-29 g 5-MOP/100 g while the third contained no
5-MOP at all.

TLC fractions were plated on Sabouraud dextrose- 
agar seeded with C. albicans and exposed to ‘black 
light’, and were also applied in open photopatch tests 
on fair-skinned volunteers. Similar patch tests were 
carried out on ethanolic solutions of the bergamot 
oil containing 0-31 g 5-MOP/100g and with various 
ethanolic dilutions of pure 5-MOP and 8 -MOP for 
comparison. The sample of oil that contained no de
tectable 5-MOP proved to be inactive in photopatch 
tests and, of the TLC fractions of the other two 
samples, only the 5-MOP fractions inhibited growth 
of C. albicans and gave a positive result in photopatch 
tests. In the tests on the bergamot oil containing
5-MOP and on pure 5-MOP in ethanol, the level 
of positive photopatch test results correlated with the 
concentration of 5-MOP in the solutions. A 63% posi
tive level of photopatch results was produced by solu
tions of 2-5 mg pure 5-MOP/100ml and of 10 ml of 
the active bergamot oil sample/lOOml (the latter solu
tion containing 2-7 mg 5-MOP/100 ml). These results 
demonstrate the importance of using a bergamot oil 
of known 5-MOP content for photopatch testing to 
ensure the presence of the active component and 
avoid false negative results. The findings also support 
previous indications that 5-MOP is the only signifi
cant phototoxic agent in bergamot oil, but in contrast 
to some other reports, pure 8 -MOP was only slightly 
more active than 5-MOP in these experiments on 
human skin.
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3345. Difficulties with the bladder

Brill, E. (1977). The role of dog bladder mucosa in 
the /V-oxidation of arylamines. Res. Commun. chem. 
Path. Pharmac. 16, 73.

The bladders of the dog and man show some simi
larity in their susceptibility to a number of car
cinogens, notably 2-naphthylamine and 4-diphenyl- 
amine. Whilst the biochemical interaction between 
arylamines and the bladder of the dog is therefore 
obviously worthy of study, some of the difficulties this 
presents are illustrated by the present investigation, 
involving 2-naphthylamine and 4-diphenylamine, 
which are bladder carcinogens in the dog. 2 -fluorenyI- 
amine and 3-dibenzofuranylamine, which are bladder 
carcinogens in the rat, and 1-naphthylamine, which 
shows only very weak, if any. carcinogenic activity 
in the dog bladder.

Each of these compounds, in 1 ftM concentration, 
was incubated with an intact bladder of a dog or 
with isolated bladder mucosa. An attempt was made 
to measure the extent of their oxidation to the JV-hyd- 
roxylated derivative both by gas chromatography and 
indirectly using the ability of the /V-hydroxyarylamine 
to oxidize the haemoglobin of dog erythrocytes. Con
trol experiments demonstrated the feasibility of the 
latter method; up to 48% oxidation of the haemo
globin occurred in incubation mixtures in which the 
arylamine was replaced by OT /rM-N-hydroxyaryl- 
amine. On the evidence of ferrihaemoglobin produc
tion, the intact bladder induced only a very limited 
degree of hydroxylation of any arylamine; the isolated 
mucosa exhibited even lower activity, typically about 
half that of the intact bladder.

Oxidation of the arylamine could not be confirmed 
by gas chromatography. Moreover, the concentration 
of N-hydroxyarylamine in the control experiments 
was shown to decrease significantly with incubation 
time, suggesting that it was either decomposing or 
binding irreversibly to the bladder mucosa. The 
superiority of an ‘erythrocyte' detection system was 
therefore presumably due to the continual reaction 
of the newly formed hydroxylated derivative with hae
moglobin.

In order to overcome the apparently low activity 
of the limited amount of tissue obtained from a single 
bladder, each arylamine was incubated with micro- 
somes from the mucosa obtained from a large number 
of dog bladders. The microsomes were isolated after 
the bladder tissues had been first minced and then 
powdered under liquid nitrogen, an experimental 
technique which, when applied to dog livers, pro

duced a metabolically active microsomal fraction. 
Although control experiments showed that both 
the haemoglobin-oxidation and chromatographic 
methods were capable of detecting N-hydroxyaryl- 
amine, no oxidation product could be detected in any 
incubation mixture containing dog-bladder micro
somes.

N-Hydroxyarylamines have been detected in the 
urine of dogs receiving arylamines orally, but the 
results of this study suggest that the bladder plays 
only a minor role in the formation of these presumed 
proximate carcinogens. Unpublished in vitro studies 
by the author cited above are said to show that the 
liver may be the organ mainly responsible for the 
activation of carcinogenic arylamines in the dog.

3346. Bedding down on cedar

Vlahakis, G. (1977). Possible carcinogenic effects of 
cedar shavings in bedding of C3H-A” fB mice. J. natn. 
Cancer Inst. 58, 149.

A high incidence of mammary and liver cancer in 
some batches of mice of the C3H-A" and C3H-AvyfB 
strains has been attributed to the use of shavings of 
eastern red cedar wood in bedding material with the 
aim of controlling ectoparasites (Cited in F.C.T. 1976, 
14, 65). The findings of this latest paper indicate that, 
in the C3H-A“ fB strain at least, the use of cedar- 
wood bedding material did not contribute to the high 
cancer rate.

Mating and breeding of mice of the C3H-Av>fB 
strain were carried out on bedding of mixed-pine saw
dust or on bedding of pine to which red cedar shav
ings had been added. Females of both groups were 
maintained after the end of breeding on the same type 
of bedding as before and examined regularly for 
mammary tumours. Among the females on mixed 
pine bedding, mammary tumours occurred in 87% 
and were detectable after an average of 16 months 
(range 12-22 months). In those on cedar bedding the 
incidence was 82%, the tumours being detectable after 
an average of 17 months (range 10-22 months). The 
differences between the two groups were not statisti
cally significant. Both groups developed type A and 
type B adenocarcinomas and adenoacanthomas. At 
death, all the animals on either type of bedding had 
hepatomas, which were almost always multiple.

In attempts to identify other possible reasons for 
the high tumour incidence in these mice, testing of 
the diet for oestrogenic activity gave essentially nega
tive results and no other significant environmental 
factor was demonstrated.
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LETTERS TO THE EDITOR

A NEW APPROACH TO INVESTIGATING THE 
GENETIC TOXICITY OF PROCESSED FOODS

Sir,—Growing dissatisfaction with the standard whole-animal toxicological tests, on the grounds 
of insensitivity and expense, has led to the development of a variety of short-term test systems 
for mutagenicity and carcinogenicity (see, for example, Kilbey et  al. H andbook  o f  M u ta g en ic i ty  T es t  
Procedures, Elsevier Scientific Publishing Co., Amsterdam, 1977). These tests have been developed 
for use with pure chemical substances and often involve the treatment of cultured organisms such 
as bacteria or mammalian cells. In most cases, therefore, it is a problem to utilize these systems 
for detecting mutagenic activity in foodstuffs because of the latter’s physical nature and composition. 
The problem is greater if the nature and properties of the mutagens that may be present are unknown. 
The treatment of food with ionizing radiation, the process of interest to the International Food 
Irradiation Project, gives rise to complex chemical changes which are dependent on food composition 
and irradiation conditions (see, for example, Elias & Cohen (Editors), Radiation  C hem is try  o f  M a jo r  
F ood Components , Elsevier Scientific Publishing Co., Amsterdam, 1977). In this case it is clearly 
most practical to test the foodstuffs per se. We have concentrated, therefore, on developing a method 
for reducing food to a form that can be tested directly in in vitro  systems and have chosen cultured 
mammalian cells as our first test organisms.

We have attempted to develop a technique that parallels, as closely as possible, the normal process 
of digestion, the guiding principles of this endeavour being as follows:

(1) Since the properties of possible mutagens in the food are unknown, nothing should be 
lost during preparation. Extraction methods are always selective and for this reason have not 
been used. Although compounds may be destroyed during digestion and lose mutagenic activity, 
this will probably also occur in vivo, if the conditions in vi tro  are comparable.
(2) It is possible that alteration of macromolecules during irradiation could result in the release 
of active species only on the breakdown of the macromolecule during digestion.
(3) The test material should be diluted as little as possible, either with water or added materials, 
to effect maximum exposure of the test organisms.

A wide variety of foodstuffs was obtained untreated and then y-irradiated at suitable doses. Control 
samples were not irradiated. Where appropriate, the food was cooked in a pressure cooker until 
judged to be edible. Each food sample was subjected to a digestion procedure decided upon after 
considerable experimentation, the efficacy of each variation being judged by measuring the produc
tion of soluble matter of low molecular weight (dry weight of ultrafiltrate) and estimating glucose, 
maltose, amino acids, glycerol and fatty acids by standard methods. The food was homogenized 
in distilled water to give a concentration of 50-200 mg/ml dry weight and the homogenate was 
acidified to pH 2-0 with 10 N-hydrochloric acid. To each 100 ml of homogenate, 300 mg of three-times 
crystallized, lyophilized swine pepsin (2500 Anson units/mg) was added, and after incubation for 
4 hr with shaking at 37CC, the pH was adjusted to 7-5 with 5 N-NaOH, and 1 g crystalline swine 
pancreatin and 50 mg sodium taurocholate were added. Incubation was continued for a further 
6  hr. During both incubation periods, the pH was monitored continuously and adjusted when necess
ary. Only general precautions (e.g. the use of sterile glassware solutions and materials) were taken 
to prevent further contamination of the digest by micro-organisms, particularly in view of the use 
of low-pH pepsin digestion as the initial step. This point will be investigated more thoroughly 
in the definitive experiments to be reported later. After digestion, the mixture was centrifuged at 
3000 g and the supernatant was filtered through a Pellicon ultrafiltration membrane with a nominal 
molecular weight cut-off of 1000. The osmotic pressure of the ultrafiltrate was measured using the 
depression of the freezing point of water.

The cell line used to test the ultrafiltrates was the CHO-Kr BH4  Chinese hamster ovary, line 
of Hsie (O’Neill et  al. M u ta t io n  Res. 1977, 45, 91). Following treatment, measurements of cell survival, 
mutation frequency and chromosomal aberrations were made according to published protocols (Hsu 
et  al. ibid 1977, 45, 233; O’Neill et  al. loc c i t .: Stetka & Wolff, M u ta t io n  Res. 1976, 41, 343). In 
some experiments, an S9 rat-liver fraction (Ames et  al. Proc. natn. Acad. Sci. U.S.A. 1973, 70, 2281) 
was added to the cultures during treatment to simulate liver metabolism.

With some foodstuffs, such as green vegetables and fruits, digestion had little effect on the amount 
of material of low molecular weight, but in the case of fish, chicken, potatoes and other protein- 
or carbohydrate-rich foods, the effect was very marked. In most cases, about 80% of solid material 
passed the ultrafilter after digestion.

When the osmotic pressure of the ultrafiltrates was adjusted to be close to that of normal culture 
media (A°C approximately 0-7), the digests were found to have no adverse effects on cells incubated
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in them for 2-4 hr. The ultimate aim of our work, however, was to obtain cell growth in the 
digests, so that exposure would be maximal and the products of digestion would be incorporated 
into the cells in large quantities. To achieve this, it was found necessary to supplement the digests, 
a process that necessarily diluted the contribution of the food to the medium. This supplementation 
was minimized by combining different types of food, such as fish plus potato, to give a more 
balanced product. In this way we have obtained digests that required only the addition of some 
salts to give very extensive cell growth, comparable to that obtained with standard culture media.

Cells treated in these ways have been used successfully for mutation and chromosome studies 
and the results of these tests will be reported later. The methods are still at an early stage of 
development but the results have been sufficiently encouraging to suggest that this approach may 
be useful not only in our own field of food irradiation but also in the study of other food-processing 
methods. In addition, the method might be a useful adjunct to the study of the effects of food 
additives and contaminants where an indirect effect through reaction with food components is poss
ible. or where digestion might affect the activity of the chemical.

The full details of this work, with the results of the tests on various sub-mammalian systems, 
will be published later.

B. J. Phillips and P. S. Elias, 
International Food Irradiation Project, 
Postfach 3640, D-7500 Karlsruhe. 
Bundesrepuhlik Deutschland
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CARCINOGENIC RISK ESTIMATION FOR CHLOROFORM:
AN ALTERNATIVE TO EPA’S PROCEDURES

Sir,—The Environmental Protection Agency (EPA) has proposed an amendment to the National 
Interim Primary Drinking Water Regulations as part of the Safe Drinking Water Act. The amend
ment proposed by EPA would establish a Maximum Contaminant Level for chloroform (and other 
trihalomethanes) of 01 ppm. The Agency indicates in its proposal that this action is necessary because 
it is felt that the concentrations of chloroform known to exist in drinking-water constitute an appreci
able cancer risk to man (Federal Register 1978, 43, 5755).

The magnitude of the cancer risk from chloroform has been estimated by the EPA from data 
generated at the National Cancer Institute (Report on the Carcinogenesis Bioassay of Chloroform. 
Bethesda, MD, 1976). In this study, long-term administration of chloroform at very high doses 
was found to produce tumours in laboratory rodents. However, there is reason to believe that 
the risk extrapolation performed by EPA seriously overestimates the actual potential of chloroform 
to induce cancer in man. There are two major reasons why this particular risk estimate is probably 
inaccurate. First, the EPA has failed to consider important data concerning the mechanisms through 
which chloroform exerts its toxicity. This has led to a major error in making species/species extrapo
lations of carcinogenic risk. Secondly, the NCI study was carried out with very high doses of chloro
form. At slightly lower doses, the relative carcinogenicity of chloroform falls sharply. This suggests 
that there may be detoxification mechanisms which effectively protect the animals until they are 
overwhelmed by very large doses. Detailed discussion of these two points follows. In view of the 
enormous economic impact of regulations such as these, it is imperative that the risk estimation 
be performed as accurately as possible so that the risk'benefit ratio can be properly considered.

Species/species extrapolation for chloroform toxicity
The Carcinogen Assessment Group of EPA performs risk extrapolations under the assumption 

that the carcinogenic process does not have a threshold. Since it is impossible to prove or disprove 
this point experimentally, further argument is futile and we will proceed without resolving this 
question. The risk extrapolation from animals to man involves two steps.

(A) First, the excess cancer incidence (if statistically different from the control) is empirically 
fitted to a mathematical model relating dose and response. The most commonly used models are:

(i) Linear P = fid
(ii) ‘One hit’ P = 1 -  e“-,d

where P is the fractional incidence of excess tumours, d is the average daily dose in mg/kg, and 
/? is a dimensionless parameter to be estimated from the experimental data.

(B) Next a species correction factor is applied to p. This has been chosen to be the cube root 
of the ratio of the body weights (i.e. adjustment on a dose/unit surface area). Assuming an average 
weight of 30 g for mice, 500 g for rats and 70 kg for man, this translates as a 13-3-fold increase 
for a mouse-to-man extrapolation and a 5-19-fold increase for a rat-to-man extrapolation. Finally 
the risk to man is calculated by substituting the human dose into the equation. The net result 
is that man is always considered to be more sensitive to a carcinogen than the small animal species.

This type of species/species extrapolation was developed by Rail (Envir. Res. 1960, 2, 360) for 
application to a group of 18 antineoplastic agents. These chemicals produce direct cytotoxicity and, 
according to the author “.. .  are generally not involved in the variable drug metabolizing systems . . .”.

In the case of chloroform, however, metabolism plays a different role in toxicity. This is because 
the toxicity of chloroform is apparently not due to the parent molecule itself, but rather to the 
production of reactive metabolite(s) which bind covalently to tissue proteins (Brodie et al. Proc. 
natn. Acad. Sci. 1971, 68, 160: Ilett et al. ExpI mol. Path. 1973, 19, 215: Reid, Proc. Fifth Int. 
Congr. Pharmac., San Francisco, CA, 1973: Reid & Krishna, Expl mol. Path. 1973, 18, 80; Reid 
et al. Am. Rev. resp. Dis. 1973, 107, 539). Chloroform thus appears to belong to a class of chemicals 
that require metabolic activation for toxicity. Consequently, any species variation in the capacity 
to metabolize chloroform should dramatically affect the oncogenicity of this compound.

In order to assess the relative importance of these factors, we have attempted to predict the 
carcinogenicity of chloroform to rats on the basis of the tumour incidence observed in mice (NCI, 
loc. cit.). Since rats were also tested in the NCI study of chloroform the observed incidence of 
rat tumours can serve to indicate the validity of the predictions.

First, we used the interspecies extrapolation procedure of the EPA (procedure A). The rats in 
the NCI study had a mean body weight of approximately 500 g, while the mice had a mean body 
weight of approximately 30 g. The cube root of the body-weight ratio (500/30) is 2-55. The rats 
should be more sensitive to chloroform by this factor. That is, a dose of chloroform that produced 
10°o tumours in a group of mice should produce 25-5°„ tumours in a group of rats.

Secondly, we have attempted to predict carcinogenicity from the relative rates of production 
of the toxic chloroform metabolite (procedure B). Several investigators have-studied the metabolism 
of chloroform in rats and mice and concluded that mice metabolize chloroform more rapidly than 
do rats. The most complete studies are those of Brown et al. (Xenohiotica 1974. 4, 151). who adminis
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tered a 60-mg/kg dose of chloroform orally to rats, squirrel monkeys and three strains of mice. 
They recovered very little unmetabolized chloroform from the mice (Table 1). In the rat, three 
times as much unmetabolized chloroform was recovered, while in the monkey, 13 times as much 
unaltered chloroform was exhaled. Fry et al. (Archs int. Pharmacodyn. Ther. 1972, 196, 98) adminis
tered chloroform to human volunteers and found that 17-66% of the material was exhaled un
changed. However, the human data may be somewhat misleading. The dose of chloroform used 
in man (7 mg/kg) was much lower than that given to the animals. Consequently, the relative amount 
of chloroform that would be metabolized at higher doses may have been overestimated.

Table 1. Interspecies comparisons: chloroform

Species

Oral
dose

(mg/kg)

CHClj excreted 
unchanged 
(°„ of dose)

Mouse 60 6*
Rat 60 20*
Monkey 60 78*
Man c.l 17-661

*Brown et al. Xenohiotica 1974, 4, 151. 
tFry et al. Archs int. Pharmacodyn. Thér. 1972. 

196, 98.

Although it is obviously difficult to make quantitative predictions from this type of metabolic 
data, it is clear that procedure B (relative metabolic capacity) leads to the opposite prediction 
from that given by the EPA procedure (A). Since the mouse metabolizes chloroform most rapidly, 
and presumably produces more of the toxic metabolite, it should be more sensitive to chloroform 
than the rat. Therefore, the interspecies correction factor is used in reverse in this case.

The results of these predictions may be summarized as follows:
(1) Predicted from EPA’s surface

area model (Rail, loc. cit.)
(2) Predicted by metabolic

rates (Brown et al. loc. cit.)
(3) Observed in NCI

bioassay (NCI, loc. cit.)

Rat > Mouse 
(2-55-fold) 
Mouse > Rat 
(2-55-fold) 
Mouse > Rat 
(4-2-fold)

For the purpose of evaluating the actual carcinogenicity in the two species, the /? parameter is 
estimated for the most sensitive sex in the NCI bioassay according to the one hit model. The 
relative sensitivity is then approximated for low doses as the ratio of the two )S values. Clearly 
procedure B is a better predictor than procedure A, for the actual tumour incidence is 4-2-fold 
higher in the mouse at equivalent doses of chloroform. Thus the application of the EPA technique 
for interspecies extrapolation has produced an error of 10-7-fold in estimating the sensitivity of 
the rat from the mouse data.

It is also noteworthy that éxtrapolation of these data to man with these two procedures gives 
very different results. The EPA procedure (procedure A) produces human risk estimates that are 
inconsistent. The mouse data predict a human risk 11-fold higher than the rat-data prediction. 
In contrast, with procedure B, the two risk estimations agree very well. Risk predicted, from the 
mouse data is only 1 -6 -fold higher than risk predicted from the rat data.

Based on these considerations we would consider man to be the least sensitive of the three species 
to the carcinogenic action of chloroform. This estimate is based on the data of Fry et al. (loc. 
cit.) as well as on the general principle that man normally metabolizes materials much more slowly 
than the small laboratory animals (Weiss et al. Int. J. din. Pharmac. 1977, 15, 572). Although the. 
absolute magnitude of the risk is dependent upon the particular mathematical model employed 
in step A. incorrect application of the ‘species correction factor’ causes an increase of more than- 
two orders of magnitude in the estimated risk to man. Instead of an excess cancer risk “...o n  
the order of 10 4 -10-5. ..."  (EPA, Statement of the Basis and Purpose for an Amendment to 
the National Interim Primary Drinking Water Standards on Trihalomethanés: Office of Water 
Supply Criteria and Standards Division, Washington, DC, 1978), we feel that the risk cannot be 
higher than about 1% of this figure.

In addition to chloroform, there are many other instances where the relative carcinogenicity of 
chemicals correlates well with their rate of activation to a reactive species. For instance, vinylidene 
chloride (VDC) is metabolized more extensively in the mouse than in the rat (McKenna et al. 
Envir. Hlth Perspect. 1977, 21, 99). Tumours have been observed in mice exposed to VDC (Maltoni, 
ibid 1977, 21, 1) while studies in rats have failed to reveal a discernible oncogenic response (Maltoni, 
loc. cit.: Rampy et al. Envir. Hlth Perspect. 1977, 21, 33; Viola & Caputo, Cancerogenicity Studies 
on Vinylidene Chloride: paper presented at NIEHS Conference on Comparative Metabolism and
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Toxicity of Vinyl Chloride Related Compounds. Bethesda. MD, 2-4 May 1977). Similarly 2- 
acetaminofluorene is metabolized to a reactive electrophile and the carcinogenicity of this material 
correlates well with the relative abundance of enzymes to carry out this activation in various 
species (Miller. Report to Conference on Environmental Carcinogenesis, Michigan State University, 
East Lansing, MI, 22-23 May 1978). Trichloroethylene is carcinogenic in B6C3F1 mice but not in 
Osborne-Mendel rats (NCI. Report on the Carcinogenesis Bioassay of Trichloroethylene. Bethesda. 
MD, 1976). This correlates well with the greater capacity of mouse microsomes to catalyse incorpor
ation of trichloroethylene metabolites into DNA (Banerjee & Van Duuren. Cancer Res. 1978, 3 8 , 776).

High dose/low dose extrapolations
For most risk estimations it is customary to extrapolate from high doses, where experimentally 

observable rates of tumour induction exist, to doses in the environment several orders of magnitude 
lower. For instance, the doses of chloroform used in the NCI study (Report on the Carcinogenesis 
Bioassay of Chloroform, Bethesda, MD, 1976) are about 100,000 fold higher than the Maximum 
Contaminant Level proposed by the EPA. This raises important questions about the validity of 
such extrapolations.

There are many instances where toxicity (and presumably also carcinogenicity) increases dispropor
tionately once the normal detoxification mechanisms are overwhelmed. An example of this type 
of behaviour is the work recently reported by McKenna et al. (loc. cit.) for VDC. It has been 
postulated that VDC is metabolized in the body to a reactive electrophile which reacts with either 
endogenous glutathione (detoxification) or various macromolecules (toxic action). In the rat, gluta
thione is depleted by exposure to high levels of VDC (Jaeger et al. Expl mol. Path. 1974, 20 , 187). 
Furthermore, fasting the rats prior to VDC exposure further depleted the glutathione and dramati
cally increased the hepatotoxicity of VDC. More importantly, McKenna et al. (loc. cit.) noted a 
sudden disproportionate increase in macromolecular binding of VDC metabolites as glutathione 
was depleted by more than 30%. These observations are particularly important in view of the fact 
that chloroform is also known to deplete glutathione, and that chloroform toxicity can be anta
gonized by administration of cysteine, a glutathione precursor (Docks & Krishna, Expl mol. Path. 
1976, 24 , 13).

The validity of using high doses of chloroform to predict the effects of low doses may be tested 
by examining the data of the NCI (Report on the Carcinogenesis Bioassay of Chloroform. Bethesda. 
MD, 1976) and of Roe (Preliminary Report of Long Term Tests of Chloroform in Rats, Mice 
and Dogs, personal communication, 1976). Data from the highest dose group will be used to estimate 
the parameters for the one hit model and the linear model. Tumour incidence for lower doses 
will then be predicted and compared to observed incidence rates. Because of the different spontaneous 
tumour rates for the various studies, the most logical way to compare results from the studies 
is through excess tumours calculated from Abbott’s correction:

P =* excess

P -  P1 i r e a tm e n t  1 conlri

1 — P1 1 c o n tro l

Thus our models will be:

= /?x (linear model)
Pe*ce,s = 1 -  e_,lx (one hit model)

Upper 95% confidence limits are also calculated for the observed number of tumours. These 
are exact confidence intervals when there is no spontaneous background rate (i.e. when Abbott’s 
correction is not necessary) or when the observed frequency rate in the treated group is zero. For 
non-zero frequencies with non-zero spontaneous rates the confidence interval is calculated using 
the normal approximation to the binomial distribution and using the appropriate standard deviation 
for a ratio from the Taylor series expansion of the ratio.

The predictions, as well as the actually observed incidences, are listed in Table 2. Neither the 
linear model nor the one hit model adequately predict the tumour incidence below 2 0 0  mg chloro- 
form/kg. In most cases, even the upper 95% confidence interval for the observed tumour rates 
is below fhe predicted values. For instance, the NCI male mice given 138mg/kg would be predicted 
to have 24 times more tumours than were actually observed. The tumour incidences observed 
by Roe (loc. cit.) in mice exposed to 60 mg/kg or less are even further from the predicted values 
(Table 2). Since Roe utilized four different strains of mice, and none of these results are well described 
by the model, the failure of the extrapolation is probably due to a deficiency in the model rather 
than to strain differences. However the only definitive procedure to establish the dose-dependency 
of the carcinogenic effect of chloroform is for the NCI to repeat the carcinogen bioassay over 
a wider range of doses. Until this has been done, there will be a great deal of uncertainty about 
the lower end of the dose-response curve.

Experience with human exposure to chloroform also appears to be inconsistent with EPA's risk 
assessment. For example, a study of British workers in a confectionery factory indicated chronic 
exposure (up to 10 years) to concentrations of 50-125 ppm chloroform vapours (Challen et al. Br. 
J. ind. Med. 1958, 15, 243). If we assume that the two routes of exposure (oral and inhalation)
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Table 2. Predicted and observed incidences of excess liver tumours in chloroform-
treated mice

Predicted tumours (%) Observed tumours

Strain
Dose

(mg/kg) Linear* One hitt
Incidence

<%)

Upper 95% 
confidence 

interval

B6C3F1 277
Males

92
138 46 72 30 47

C57B1 60 20 42 0 6
CBA 60 20 42 0 2
CF/1 60 20 42 2 (NS) 13
ICI 60 20 42 7 (NS)Î 18

17 6 14 8 (NS) 20

B6C3F1 477
Females

95
238 47 78 80 91

ICI 60 12 31 0 8
17 3 10 0 8

NS = Observed tumour incidence not significantly different from control incidence 
*P =  1 — e <° °°s> 1 2 xJo 'O  fo r  maies and i _  e -< o -o o 6 2 s for fema]es
tP  = 000332 x dose for males and 000199 x dose for females, 
t  A 22% incidence of excess kidney tumours seen in this strain was significantly 

different from that in the controls.

are essentially equivalent, these workers would be predicted to have a lifetime cancer risk of 20-40% 
in the group exposed for a mean of 5-4 years (EPA one hit model, NCI female mouse data with 
surface area correction). These exposures were documented 20 years ago, so that even with a long 
latency period, increased cancer incidence should be demonstrable if the EPA risk estimation is 
valid. Similar reports exist from the chemical industry (Bomski et al. Arch. Gewerbepath. Gewerbehvg. 
1967, 24, 127; Lehman & Schmidt-Kehl, Arch. Hyg. 1936, 116, 131). However, to date, no epidemi
ology study convincingly links industrial exposure to chloroform with an increased cancer risk.

In summary, there are several reasons for believing that the current EPA risk estimation for 
chloroform -is seriously in error. We feel that definitive studies of the metabolism of chloroform 
in various species must be carried out in order to allow a rational species/species extrapolation 
to be performed. Furthermore, there is evidence of a sudden change in the shape of the chloroform 
dose-response curve below 200 mg/kg. A complete experiment to evaluate the carcinogenicity of 
chloroform at lower doses must be carried out before high dose/low dose extrapolations can be 
performed. A study of the pharmacokinetics of chloroform in the selected species would be valuable 
in selecting appropriate doses for this study.

There is good evidence that there are two classes of carcinogens. One class appears to produce 
its effect directly (e.g. /i-propiolactone) and for these agents, at least when given orally, it may 
be appropriate to apply surface-area correction factors (procedure A). Compounds in the second 
class require metabolic activation before they become carcinogenic (e.g. 2-acetylaminofluorene). In 
this case, the relative rate of metabolic activation appears to be the most reliable means of making 
interspecies extrapolation of carcinogenic risk. Consequently, we strongly suggest that the NCI 
develop an appropriate technique for distinguishing between these two classes of carcinogens and 
that EPA then apply appropriate species/species extrapolation techniques before proposing any 
regulations based on risk assessment.

R. H. Reitz and P. J. Gehring, 
Toxicology Research Laboratory,
1803 Building, Dow Chemical Company, 
and
C. N. Park,
C.R. Mathematical Applications Group, 
1707 Building, Dow Chemical Company. 
Midland, MI 48640, USA
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MEETING ANNOUNCEMENTS

FACTORS IN CARCINOGENESIS

The Second Conference on Inorganic and Nutritional Aspects of Cancer, organized by the Inter
national Association of Bioinorganic Scientists, will be held at La Jolla, California, on Tuesday, 
2 January to Friday, 5 January 1979. The topics to be discussed will include metal carcinogenesis, 
cancer epidemiology, theoretical aspects of carcinogenesis, occupational cancers, trace minerals and 
cancer prevention.

Further information and application forms may be obtained from Dr. G. N. Schrauzer, IABS 
Cancer Conference, Department of Chemistry, University of California, San Diego Revelle College, 
La Jolla, CA 92037, USA (telephone no. (714) 452-4463).

CONSULTANT’S COURSE AT UNIVERSITY OF CALIFORNIA HOSPITAL

The Seventh Annual Consultant’s Course will be held at the University of California Medical 
Center, San Francisco, on Tuesday, 6  March through Friday, 9 March, terminating on 10 March 
with the semi-annual meeting of the San Francisco Dermatologic Society at the Medical Center. 
The faculty largely consists of members of the Department of Dermatology. Major guest lectureships 
include the Frank Allende and Ingram lectureships. Further information may be obtained from: 
Extended Programs in Medical Education, University of California, San Francisco, CA 94143, USA 
(telephone no. (415) 666-4251).
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FORTHCOMING PAPERS

It is hoped to publish the following research papers in the next issue of Food and Cosmetics Toxi
cology :

Short-term toxicity study of sorbitan monolaurate (Span 20) in rats. By B. R. Cater, K. R. Butter- 
worth, I. F. Gaunt, J. Hooson, P. Grasso and S. D. Gangolli.

Long-term toxicity study of sorbitan monostearate (Span 60) in mice. By R. J. Hendy, K. R. Butter- 
worth, I. F. Gaunt, I. S. Kiss and P. Grasso.

Short-term toxicity study of sorbitan mono-oleate (Span 80) in rats. By A. J. Ingram, K. R. Butter- 
worth, I. F. Gaunt, P. Grasso and S. D. Gangolli.

Transfer of polychlorinated biphenyls from mothers to foetuses and infants. By Y. Masuda, 
R. Kagawa, H. Kuroki, M. Kuratsune, T. Yoshimura, I. Taki, M. Kusuda, F. Yamashita and 
M. Hayashi.

Teratogenicity of acrylonitrile given to rats by gavage or by inhalation. By F. J. Murray, 
B. A. Schwetz, K. D. Nitschke, J. A. John, J. M. Norris and P. J. Gehring.

Disposition of zinc pyrithione in the rat. By J. H. Wedig, R. A. Wentworth, M. A. Gallo, J. G. Babish 
and J. D. Henion.

Effect of nitrilotriacetate (NTA) on cation balance in the rat. By R. L. Anderson and R. L. Kanerva.
Hypercalcinuria and crystalluria during ingestion of dietary nitrilotriacetate. By R. L. Anderson 

and R. L. Kanerva.
Inflammation expérimentale et taux protéique alimentaire chez des rats intoxiqués subehroniquement 

au nabame. Par A. Périquet et R. Derache.
The effect of L-tryptophan and certain other amino acids on liver nitrosodimethylamine demethylase 

activity. By R. P. Evarts and M. H. Mostafa. (Short Paper)
A synergistic effect of nitrosodimethylamine on sterigmatocystin carcinogenesis in rats. By K. Terao, 

T. Aikawa and K. Kera. (Short Paper)
Reorganization of the UK total diet study for monitoring minor constituents of food. By D. H. Buss 

and D. G. Lindsay. (Short Paper)
T-2 toxin mycotoxicosis in the guinea-pig. By D. B. DeNicola, A. H. Rebar, W. W. Carlton and 

B. Yagen. (Short Paper)
Induction of duodenal serotonin production by dietary sodium selenite and aflatoxin B,. By 

J. H. Lalor, T. D. Kimbrough and G. C. Llewellyn. (Short Paper)
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FOOD AND COSMETICS TOXICOLOGY

Instructions to Authors
General. Authors from the United Kingdom should send Original Papers and Reviews to the Assistant 
Editor. All other papers and reviews should be sent to the appropriate Regional Editor. All ‘Letters to the 
Editor’ should be sent to the Editor and must be signed before they can be considered for publication.

Submission of a paper to the Editor will be held to imply that it reports unpublished original research, 
that it is not under consideration for publication elsewhere and that if accepted for the Journal, Food and 
Cosmetics Toxicology, it will not be published again, either in English or in any other language, without the 
consent of the Editor.

Forms of Papers Submitted for Publication. Papers should be headed with the title of the paper, the surnames 
and initials of the authors and the names and addresses of the institutions where the work was done. A 
shortened version of the title not exceeding 45 letters and spaces, to serve as a running title, should be 
supplied.

In general the text should be subdivided as follows: (a) Summary: brief and self-contained, not exceeding 
3 % of length of paper (b) Introductory paragraphs (c) Experimental (d) Results, presented as concisely as 
possible (e) Discussion (if any) and general conclusions (f) Acknowledgements and (g) References. Each sub
division should commence on a separate sheet. Manuscripts should be typewritten on one side o f the paper 
and double spaced. At least two copies should be supplied (one original and one, or preferably two, carbon 
copies). Papers will be accepted in English, French and German.

References. These should be listed on a separate page, in alphabetical order and arranged as follows: 
author’s name and initials, year, title of the journal [abbreviated according to the rules adopted in the 
World List o f Scientific Periodicals 1963, 4th Ed., Butterworth & Co. (Publishers) Ltd. London], volume, 
first page number:

e.g. Hickman, J. R., McLean, D. L. A. & Ley, F. J. (1964). Rat feeding studies on wheat treated with 
gamma-radiation. 1. Reproduction. Fd Cosmet. Toxicol. 2, 15.

References to books should include the author’s name followed by initials, year, title of book, edition, 
appropriate page number, publisher and place of publication: 

e.g. Dow, E. & Moruzzi, G. (1958). The Physiology and Pathology of the Cerebellum. 1st Ed., p. 422. The 
University of Minnesota Press, Minneapolis.

The names of all the authors of papers to be cited should be given when reference is first made in the text. 
In cases where there are more than two authors subsequent citations should give the first-named author 
followed by the words et al. :

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 11 'n 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 ■  □  •  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.

Printed in Great Britain by A. Wheaton & Co. Ltd., Exeter
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Aims and Scope

The Journal provides a wide-ranging service of general articles and abstracts on food and cosmetics toxi
cology. The Journal is primarily intended for the use of food scientists and technologists, manufacturers 
and administrators who neither read nor have access to the medical, pharmacological or toxicological 
literature. In addition, the journal will constitute a medium for the publication of reviews and original 
articles relating to the fields of interest covered by the British Industrial Biological Research Association.

Some other Pergamon Journals which may interest readers of Food and Cosmetics Toxicology:

Annals o f Occupational Hygiene 

Archives o f Oral Biology 

Atmospheric Environment 

Biochemical Pharmacology 

Chronic Diseases 

Life Sciences

European Journal o f  Cancer 

Health Physics 

Journal o f Aerosol Science 

Journal o f Neurochemistry 

Toxic on

Each journal has an individual Information and Index Leaflet giving full details. Write now for any leaflet 
that interests you.
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