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Obituary

Dr. J. M. Barnes

The loss of one of the world’s leading toxicologists is a cause for sorrow, especially 
at a time when such scientific distinction, coupled with objectivity, is in short supply. 
The late John Barnes was an outstanding scientist; but he was much more, a well- 
balanced, thoroughly honest, unpretentious and sincere man, for whom there was uni
versal respect and admiration in the world of toxicology.

My own acquaintance with him goes back to the early days of the Experimental 
Pathology Club, where his keen and inquiring mind provided the stimulus for excellent 
discussions. I still recall the meeting devoted to alkyltin compounds, and the heated 
debate on the issue of the carcinogenicity of iron dextran. John Barnes was a model 
of scientific objectivity and integrity on these as on all other occasions.

When BIBRA was founded, Dr. Barnes was in a key position, as one of the appointees 
of the D.S.I.R. on the Council and by far the most experienced toxicologist serving 
in that capacity. He proved to be a tower of strength, paving the way for the acquisition 
of the site at Carshalton, providing space in his Unit for the embryonic Biochemistry 
Section of BIBRA’s research activities, and affording help and encouragement as a 
member of the Research Policy Co-ordinating Committee. Despite his important role 
in BIBRA’s affairs, he remained diffident and unobtrusive, permitting the fledgling As
sociation to pursue its own policy, while attempting to ease its inevitable growing pains.

When BIBRA’s laboratories were finally erected and occupied, we really began to 
appreciate our good fortune in having such congenial, friendly and helpful neighbours 
in the MRC Toxicology Unit. John Barnes left no stone unturned to assist us. The 
excellent Toxicology Library was accessible to us, as was the cafeteria. Far more than 
material facilities, the scientific stimulus provided by him, and by his colleagues, was 
a tremendous boon. Not only were individuals ever co-operative, but the seminars held 
at the MRC Unit provided excellent scientific fare. When Food and Cosmetics Toxicology 
was launched, he gave it all his support, and was a member of the Editorial Board 
for some years. He continued his help to the end.

I shall leave it to others to recount the many scientific achievements which have 
brought distinction and world-wide recognition to John Barnes and to the MRC Toxi
cology Unit. Here it would be appropriate to record, on behalf of my former colleagues 
at BIBRA and myself, our sympathy to his family and his fellow members of the MRC 
Unit, as well as our condolences to the public that he served so long and so well.

Leon Golberg
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Research Section

INDUCTION OF NEUROGENIC AND LYMPHOID NEOPLASMS 
BY THE FEEDING OF THRESHOLD LEVELS OF 

METHYL- AND ETHYLNITROSOUREA 
PRECURSORS TO ADULT RATS

A. K oestner an d  R. H . D enunc.er*
D e p a r tm e n t  o f  V e te r in a ry  P a th o b io lo g y , T h e  O h io  S ta te  U n iv e r s i ty , C o lu m b u s , O h io  4 3 2 1 0 , U S A

and

W. W echsler

M a x - P la n c k  I n s t i t u t  fü r  G e h irn fo r s c h u n g , K ö ln ,  B u n d e s r e p u b lik  D e u tsc h la n d  

(R e c e iv e d  4 M a y  1 9 7 5 )

Abstract—Marginally low doses of harmless precursors of methyl- and ethylnitrosourea (MNU and 
ENU) added to the food and drinking-water of Sprague-Dawley rats resulted in tumours of the nervous 
system in 15-45% of the animals, depending upon the dose of methyl- or ethylurea (MU or EU) 
added to the drinking-water. The sodium nitrite was kept constant at a level of 0-3% in the food 
pellets to maintain an optimal ratio for combination with MU or EU, since a d  lib . feeding did not 
ensure the simultaneous presence of both the nitrite and the alkylurea in the stomach. With the highest 
dose of 0-03% MU there was also a 25% increase in lymphomas. Except for a diffuse spongioblastoma 
and an orbital neurinoma of the optic nerve, all the neurogenic neoplasms observed were similar to 
those previously produced with MNU or ENU in the same strain of rat. The hazard of possible 
consumption of harmless precursors and the intragastric synthesis of potent nitrosourea carcinogens 
will have to be considered in any programme of cancer prevention.

IN T R O D U C T IO N

T h e rem arkab le ca rc in o g en ic  an d  particu larly  the  
n eu ro -o n co g en ic  effects o f  m eth y ln itro so u rea  (M N U )  
an d  e th y ln itrosou rea  (E N U ) in rats (100%  tum ou r  
p ro d u ctio n  w ith  o p tim a l d oses) has prom p ted  
n u m erou s in v estig a tio n s d esign ed  to  determ ine p o ss
ib le  hu m an  exp osu re  to  th ese  c o m p o u n d s or  their  
precursors. W hile  it is easy  to  a v o id  u n protected  
exp osu re  to  M N U  an d  E N U  in ch em ica l laboratories, 
it is m ore  difficu lt to  a v o id  co n ta c t w ith  harm less  
precursors, if  they are ava ilab le  in the im m ed iate  e n 
v iron m en t an d  their tran sform ation  in to  active  car
c in o g en s occu rs under natural c o n d itio n s . I f  it w ere  
p o ssib le  to  estab lish  that a  w id e  range o f  naturally  
occu rrin g  p recu rsors o f  n itrosou reas w ere cap ab le  o f  
tu m ou r p ro d u ctio n  in a n im als fo llo w in g  their intra
gastr ic  transform ation  in to  carcin ogen s, the  p o ss ib i
lity  o f  hu m an  exp osu re  w o u ld  have to  be considered .

Sander (1970) su cceed ed  in p rod u cin g  m align an t  
tu m ou rs in rats by oral a p p lica tio n  o f  (V.A'-dim ethy- 
lurea an d  nitrite  an d  estab lish ed  the form ation  o f  
dim eth y ln itrosou rea  from  precursor su b stan ces under  
the influence o f  gastric  acid . M irv ish  &  C hu (1973) 
su b stan tia ted  th is find in g by d em o n stra tin g  by ch em i
ca l an alysis the form ation  o f  n itrosou rea  in the  s to 
m ach. Several in vestigators h ave p rod u ced  tu m ou rs  
in rats by feed ing relatively  h igh  d o ses  o f  M N U  pre
cursors to  y o u n g  adu lt a n im als (M irvish . G reen b latt

’ Present address: Battelle-Columbus Laboratories, 505
King Avenue, Columbus, Ohio 43201.

&  C h ou d ari K o m m in en i, 1972; Sander, 1970; Sander  
&  B iirkle, 1969). L ow  d o ses  o f  five different am ines  
w ith  n itrate or  n itro so a m in o  acid s an d  n itr ites failed  
to  ind uce tu m ou rs in rats (G arcia  &  L izinsky , 1973). 
T h e  p u rp ose  o f  th is in vestiga tion  w a s to  test the  
n eu ro -o n co g en ic  effect o f  th resh old  leve ls  o f  M N U  
an d  E N U  precursors in  S p ra g u e-D a w ley  rats o f  the  
C D  strain.

E X P E R IM E N T A L

S p ecific-path ogen -free S p ra g u e-D a w ley  rats (C D )  
w ere d iv id ed  w h en  30  days o ld  in to  four experim en ta l 
an d  three co n tro l groups, a s  in d ica ted  in  T ab le  1. 
E xperim ental a n im als w ere g iven  a cu stom -p rep ared  
diet o f  P u rin a  L ab C h o w  5010C  co n ta in in g  0-3% 
(w /w ) sod iu m  nitrite, an d  drink in g-w ater  co n ta in in g  
m eth ylu rea  (M U ) or ethy lurea  (E U ) d isso lv ed  at c o n 
cen tra tion s o f  0-03 or  0-01% (w/v). C o n tro l rats 
received either regular P urin a  L ab C h o w  5 0 10C and  
0-03% alkylurea or the n itrite  d iet an d  tap-w ater. A ll 
d iets  w ere provided  ad lib. 'The rats w ere h o u sed  ind i
v idu ally , observed  d aily  for signs o f  n eo p la sia  and  
w eigh ed  w eek ly  for the du ration  o f  the experim ent.

A ll rats w ere au to p sied  sh ortly  after their sp o n 
ta n eo u s death  or  after they w ere k illed  w h en  m o r i
bund. A ll surviving a n im a ls w ere k illed  after a  2-yr  
treatm ent period . T h e brain, sp in a l, co rd  a n d  m ajor  
peripheral nerves w ere exam in ed  for m a croscop ica lly
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Table I. E x p e r im e n ta l  d e s ig n  in d ic a tin g  d o s e  le v e ls  o f M N U  
a n d  E N U  p r e c u r so r s

Concn (%) in drinking-water
Dietary 

concn of 
N aN 02 

(%)Group* MU EU

A
Experim ental groups

003 — 0-3
B 0-01 0-3
C — 0-03 0-3
D — 001 0-3

E
C ontrol groups

0-3
F 003 — —
G — 003 —

M U =  Methylurea E U  =  Ethylurea 
N a N 0 2 =  Sodium nitrite

*Each experimental group consisted o f  ten males and ten 
females and each control group of five males and five 
females.

detectab le  n eop lasm s. T h e  tissu es w ere fixed  in n eu 
tral buffered 10% form alin , and serial b lo ck s o f  the  
brain an d  all gro ss lesion s, in clu d in g  les io n s  from  
non -n eu ral organs, w ere em b ed d ed  in  paraffin, sec
tio n ed  at 6 /um and sta ined  w ith  h a em a to x y lin  and  
eosin . W ild er’s reticu lum  sta in  and M a sso n ’s tri
ch rom e sta in  w ere used  to  d istin gu ish  b etw een  n eu ro
ectod erm al an d  m esen ch ym al c o m p o n en ts  o f  
neu rogen ic  tum ou rs. Brain  sec tio n s prepared from  
serial b lo c k s  w ere exam in ed  m icroscop ica lly  for sm all 
n eo p la sm s (m icrotum ours) n o t detectab le  o n  gross  
exam in ation .

RESULTS

Incidence and location of tumours and survival time 

T u m o u rs o f  the  n ervou s system  w ere found on ly  
in rats in  grou p s A , B  and C, receiv ing 0-03 or  0-01%  
M U  or 0 0 3 %  E U  in the drink ing-w ater c o n c o m i
tantly  w ith  0-3% so d iu m  nitrite  in the so lid  food  
(T ab le 2). T u m o u rs o f  the nervou s system  d eve lop ed  
in 45%  o f  the an im als receiv ing the higher d o se  o f  
M U , an d  in 20% o f  th o se  receiv ing  the  higher d ose  
o f  E U  an d  in 15% o f  th o se  o n  the lo w  d ose  o f  M U ,  
but n o n e  occu rred  in th e  rats receiv in g  the low  d ose

o f  E U  or in any a n im als receiv ing n itrite  a lo n e  or  
the a lk y lu reas a lone. In ad d ition , 25%  o f  the group  
o n  the high d o se  o f  M U  had m align an t lym p h om as  
or leu kaem ia . L ym p h oid  n eo p la sia  d id  n o t occu r in  
grou p s B (0-01% M U  and nitrite) or C  (0-03% E U  
and nitrite) but w as d em onstrated  in o n e  an im al in 
each  o f  the grou p s D  (0-01% E U  +  nitrite) a n d  E, 
F  and G  (controls).

T h e  incid en ce o f  n on -n eu rogen ic  tu m ou rs increased  
w ith  the survival tim e and, w ith  the ex cep tio n  o f  the  
lym p h o m a  in cid en ce, w a s unrelated  to  the treatm ent 
w ith  the carc in ogen ic  precursors. S in ce  the survival 
tim e w a s genera lly  longer  in the con tro ls , they had  
a higher in cid en ce o f  n o n -n eu ro g en ic  tum ou rs. G ro u p  
A w as an ex cep tio n  because  o f  the  treatm ent-rela ted  
lym p h om as. T h e  n o n -n eu ro g en ic  tu m ou rs m o st fre
q u en tly  represented  w ere m am m ary tu m ou rs (m ostly  
fibroadenom as), affecting in the variou s grou p s 6 0 -  
100% o f  the  fem ales a s w ell a s an  o c ca s io n a l m ale. 
A n other frequently occu rrin g  tu m ou r w a s th e  c h ro 
m o p h o b e  a d en o m a  o f  the p itu itary g land , the inci
d ence ranging from  15 to 55% w ith  n o  in d ica tio n  o f  
treatm ent dep en d en ce (e.g. 15% in the grou p  o n  the  
high d o se  o f  M U  an d  nitrite an d  55% in  the con tro l 
group). M a n y  pitu itary a d en o m a s reached  rem arkable  
dim en sion s. O n e  a d en o m a  m easured  3 x  2 x  2 cm  
an d  o ccu p ied  som e 66% o f  the base  o f  the  brain, c o m 
pressing  central p o rtio n s o f  the brain, particu larly  the  
h yp oth a lam u s (F ig . 1). Such  n eo p la sm s w ere p leo m o r
phic, w ith  a h igh  rate o f  m ito sis  but little  invasion .

Classification o f tumours o f the nervous system
T h e  c lassifica tion  o f  neu rogen ic  tu m ou rs is su m 

m arized in T ab le  3: T w elve  o f  the tu m ou rs occu rred  
in the central an d  five in the peripheral n ervou s sy s
tem . E leven  o f  the  form er tu m ou rs occu rred  in the  
brain an d  o n e  in the sp in al cord . T hree o f  the five 
n eurinom as in v o lv ed  the sp in al ro o ts  an d  tw o  in 
vo lved  cran ial nerves (one the tr igem in al an d  o n e  the  
o p tic  nerve).

Tumours of the central nervous system
T h e m ixed  g lio m a s and o lig o d en d r o g lio m a s an d  

the g lio sa rco m a  w ere prefentially  loca ted  in the peri
ventricular zo n es o f  the lateral ventricles and the su b 
cortica l w h ite  m atter o f  the cerebral hem ispheres. 
E arly n eo p la stic  pro liferation  con sisted  a lm o st exclu s-

Table 2. T u m o u r  in c id e n c e  in r a ts  fo l lo w in g  fe e d in g  o f  M N U  a n d  E N U  p rec u rso rs

No. of rats* with

Non-neurogenic tumours
Neurogenic Mean Percentage Percentage of
tumours in Leukaemia survival of rats with rats with

or time neurogenic non-neurogenic
roup CNS PNS lymphoma Pituitary Mammary Others (days) tumours tumours

A 5 4 5 3 6 10 460 + 138 45 90
B 3 — — 8 8 7 590 + 102 15 75
C 3 1 — 5 7 5 627 + 76 20 55
D — — 1 11 10 2 597 + 123 — 90
E — — 1 4 3 6 661 + 60 — 80
F — — 1 5 3 2 612 + 125 — 80
G — 1 4 4 2 665 ± 67 — 90

No. of rats affected out of the total of 20 in each experiment group (A-D) and ten in each control group (E-G)



Fig. 1. Pituitary adenoma in rat of group A,

Facing p .  606



Fig. 2. Ependymoma of lateral ventricle In rat of group A, showing the ventricle packed with 
neoplastic cells which show characteristic line-up and a tendency to rosette formation (ependymal 
lining arrowed). Haematoxylin and eosin x315.

Fig. 3 Diffuse periventricular spongioblastoma of basal ganglia and hemispheres in rat of group 
B, depicting spread of spindeloid cells along nerve tracts. Haematoxylin and eosin x l25 .

Fig. 4. Differentiated neurinomas of the spinal nerve root (at T9) in a rat of group A. Haematoxylin 
and eosin x315.

Fig. 5. Malignant lymphoma infiltrating the meninges of a rat from group A. Haematoxylin and 
eosin x315.
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Table 3. C la ss if ic a tio n  o f  th e  n e u ro g e n ic  tu m o u r s  in d u c e d  in  
r a ts  b y  a d m in is tr a t io n  o f  M N U  a n d  E N U  p r e c u r so r s

Incidence of 
specific tumour

In group

Diagnosis A B C Total

Mixed glioma 3* — 2 5
Oligodendroglioma 1* — 1 2
Spongioblastoma — 1 — i
Glio-ependymoma 1 — — i
Ependymoma 1 1 — 2
Gliosarcoma — 1 — 1
Neurinoma 4 — 1 5

Total.. .10 3 4 17

*A mixed glioma and the oligodendroglioma in Group A 
occurred in the same animal.

ively  o f  n eo p la stic  o lig o d en d ro cy tes. T h e  p red om i
nan t cell typ es in the m ixed  g lio m a s w ere neop lastic  
o lig o d en d ro cy tes  an d  astrocytes. T h e  astrocytic  cell 
p o p u la tio n  w a s u sually  in terspersed a m o n g  the m ore  
n u m erou s sm aller o lig o d en d ro g lio m a  cells. T he  
tu m ou r ce lls  in th ese  cases w ere m od erate ly  w ell d if
ferentiated. w ith  a  lo w  m ito tic  index. T h e g lio sarcom a  
occu rred  in the sp inal cord  an d  w a s the o n ly  cord  
tu m ou r ob served  in th is study. T h e  tu m ou r w as  
h igh ly  in vasive  an d  on ly  m arginal strips o f  un invaded  
sp in al cord  w ere recogn ized  in cross section s. T h e  
pred om in an t cell typ es w ere a sp in d le  cell and  a 
plu m p , p leo m o rp h ic  g lia l cell. T h e sp in d le cell, w h ich  
form ed criss-crossin g , som ew h at p a lisad in g  cell bu n 
dles, p rod u ced  som e co lla g en  and reticu lin  fibres. T he  
g lia l cell type w as larger than  the sp in d le  cell and  
h ad  a  round  to  sligh tly  ov a l vesicu lar nucleus. T here  
w a s n o  sp ecific  arran gem ent o f  these cells but they  
m o st c lo se ly  resem bled  n eo p la stic  astrocytes. T h e  tw o  
ep en d y m o m a s an d  th e  g lio ep en d y m o n a  occu rred  in 
lateral ventr ic les an d  projected  in to  the ventricular  
lu m en  (F ig. 2). T h e  ce lls  lin ed  up  in cord s an d  rosettes  
an d  w ere m od erate ly  w ell d ifferentiated . T h e m ito tic  
index w as low . T h e  g lio m a to u s p ortion  o f  the g lioe-  
p en d ym om a co n sisted  o f  o lig o d en d ro g lio m a  cells.

O n e  brain  tu m ou r occurred  in the m id lin e  and  
exten ded  a lo n g  the sep tu m  p e lu c id u m  b ilaterally  in to  
the lim b ic  system . T h e  tu m ou r exten d ed  up to  the  
third ventric le  an d  spread a lo n g  nerve tracks from  
the  th a lam u s in to  the basal gan glia  (Fig. 3). T h e n e o 
p lastic  cells w ere sh ort sp in d le -sh ap ed  cells arranged  
rather d en sely  in a  stream lined  fash ion . A t the m ar
gin , ind iv idu al an d  sm all grou p s o f  these cells spread  
across the tu m ou r border into  the w ell-preserved  
brain p arenchym a, seem in gly  overgrow in g  the loca l 
neurons. T h is  tu m ou r  w a s d ia g n o sed  as a diffuse 
sp o n g io b la sto m a .

Tumours o f the peripheral nervous system
T h e three neu r in om as o f  the sp in a l nerve ro o ts  and  

tw o  n eu rin om as o f  cran ia l nerves w ere w ell differen
tiated  n eu r in om as (Fig. 4) sim ilar to  th o se  produced  
in rats by M N U  (D en linger. K o estn er  &  Sw enberg, 
1973). A ll perip heral-nerve n eu rin om as arose  from  
th orac ic  nerve roots, w h ile  o n e  o f  th e  cran ial-nerve

n eu rin om as arose  from  the trigem inal nerve and the  
other from  the o p tic  nerve w ith in  th e  left orbit, invad
ing and partially  d estroy in g  the  eye.

Lymphoma-leukaemia complex
O f the n in e  n eo p la sm s in  th is category , five w ere  

d ia g n o sed  as m align an t ly m p h o m a s an d  four as m ye
lo g en o u s leu kaem ias. O n e  m align an t lym p h o m a  in 
vaded the m en in ges (F ig. 5).

Survival period
T h e average survival tim es o f  the rats in the variou s  

experim en ta l an d  con tro l grou p s are listed  in T ab le  
2. T h e  a n im als in G ro u p  A (h igh -d ose  M U  and  
sod iu m  nitrite) had a shorter average survival tim e  
prim arily because  o f  the h igh  in cid en ces o f  leu kaem ia  
an d  brain tum ou rs, w h ich  u sually  resu lted  in death  
before the term ination  o f  the exp erim en t (2 yr). T he  
average survival tim e o f  a n im als w ith  n eu rogen ic  
tu m ou rs w a s 532 days (range, 3 6 3 -6 9 1 ) w h ile  the  
average survival tim e in the three co n tro l grou p s w ith  
no n eu rogen ic  tum ou rs w as 646 days (range, 2 7 6 -7 1 4  
days).

DISCUSSION
T h e  exp erim en ts describ ed  in th is report d em o n 

strate th at repeated co n su m p tio n  o f  lo w  d o ses  o f  
harm less precursors o f  M N U  a n d  E N U  are capab le  
o f  ind ucin g  in adu lt S p ra g u e-D a w ley  rats tum ou rs  
o f  the nervou s system  com p arab le  w ith  th ose  p ro 
d u ced  by d irect a d m in istra tion  o f  n itrosou rea  c o m 
pou nd s. In d u ction  o f  neu rogen ic  an d  lym p h oid  
tu m ou rs in group  A w a s interpreted as b ein g  the 
result o f  in vivo syn th esis o f  M N U  an d  E N U , since  
n o n e  o f  the precursors (M U , E U  or so d iu m  nitrite) 
adm in istered  a lo n e  resulted in tu m ou rs o f  the nervous  
system .

A d m in istra tion  o f  M U  an d  nitrite resulted in a  
higher incid en ce o f  n eu rogen ic  tu m ou rs than  
a d m in istra tion  o f  E U  an d  nitrite at the sam e dose  
levels. E ven the low er d o se  o f  M U  (0-01%) produ ced  
neu rogen ic  tu m ou rs in 15% o f  the rats, w h ile  o n ly  
20%  o f  th e  rats ex p o sed  to  the h igh  d o se  o f  E U  and  
sod iu m  nitrite  (0 03%) an d  n on e  o f  the gro u p  o n  the  
low  d o se  o f  E U  d ev e lo p ed  neu rogen ic  neop lasm s. T he  
low er incid en ce o f  tu m ou rs ind uced  w ith  the ethyl 
com p ared  w ith  the m eth yl co m p o u n d  w a s co n sisten t  
w ith  the low er n eu ro -o n co g en ic  cap ac ity  o f  E N U  in 
adult rats. A c id -ca ta lysed  ch em ica l n itrosa tion  o f  E U  
is app arently  low er than n itrosa tion  o f  M U  (M irvish  
&  C hu, 1973; M o n te sa n o  &  M a g ee . 1971). T h resh o ld  
valu es o f  tum ou r in d u ction  w ith  E N U  precursors  
appear to  lie a b o v e  the low  d o se  (001% ), w h ile  the  
th resh old  level o f  the M N U  precursors is b elow  the 
low  d o se  used  in these experim ents.

N o  a ttem p t w a s m ade to  ensure the sim u lta n eo u s  
in gestion  o f  M U  or E U  an d  nitrite. A lth o u g h  tw o  
d o ses  o f  M U  and E U  w ere used , the  sod iu m  nitrite  
co n ten t o f  the food  p ellets w a s k ep t c o n sta n t a t 0-3% 
to  a v o id  lim iting  the ava ilab ility  o f  n itrite  for the  in- 
tragastric  syn th esis o f  M N U  and E N U .

T h e  tu m ou r typ es and their lo ca liza tio n  in the ner
vou s system  corresp on d  in general to  th o se  reported  
for adu lt rats treated w ith  M N U  (D ruckrey, Ivan k o-  
vic  &  P reussm ann , 1965; Janisch  &  Schreiber, 1969; 
K oestn er, Sw en berg &  W echsler. 1972; Sw enberg,
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K o estn er  &  W echsler. 1972: W cchsler. K lc ihues. M at- 
su m o to . Z iilch . Ivan k ovic. PEeussm ann &  D ruckrey.
1969). T here w ere differences, how ever, the m ost strik
ing  b ein g  the occu rren ce o f  three cerebral ep en d y
m o m a s in the precursor-treated  rats. E p en d ym om as  
are extrem ely  rare in M N U -tr ea tc d  rats, but are fre
q u en tly  en cou n tered  in the sp inal cord o f  rats exposed  
transp lacenta lly  to E N U . O th er tum ou rs n o t e n co u n 
tered prev iou sly  w ere the diffuse sp o n g io b la sto m a  
an d  the orbita l neurinom a o f  the o p tic  nerve.

T h e g lio m a s and n eu rin om as induced  w ith  the pre
cursors w ere sim ilar to  th ose  induced  w ith  M N U  
(Sw enberg et al. 1972). O f  the extraneural tum ours, 
o n ly  lym p h om as and leu k aem ias had a sign ificantly  
higher incid en ce in the grou p  on  nitrite and the h igh 
est M U  d o se  level than in the o th er  groups. O n e  lym 
p h om a in vo lved  the cerebral m eninges. A ll o ther  
extraneural tum ou rs, such as th ose  o f  the pituitary, 
m am m ary gland  and kidney, m ust be con sid ered  u n 
related to  the treatm ent, since they corresp on d ed  in 
lo ca tio n  and incid en ce to  the sp o n ta n eo u s tum ours  
foun d  in C D  rats o f  com p arab le  age.

F eed in g  or gastric  a d m in istra tion  o f  E U  and  
sod iu m  nitrite  to  pregnant rats has a lso  been reported  
by several in vestigators (Ivan k ov ic  &  Preussm ann . 
1970; O ssk e, H a r/o k  &  Schneider. 1972; R am adan  
&  W echsler, 1975). A ll su cceed ed  in p rod u cin g  n eu ro
gen ic  tu m ou rs in the offspring, sim ilar to those  
reported  prev iou sly  w ith  transp lacenta l a p p lica tio n  o f  
E N U  (D ruckrey et al. 1965: K oestner. Sw en berg &  
W echsler. 1971; K oestn er  et al. 1972; W ech sler  et al. 
1969).

O ur experim en ts further su b stan tia te  reports by 
oth ers that M N U  and E N U  arc readily syn thesized  
in vivo from  precursors under the influence o f  gastric  
acid . T h ey  are then ab sorb ed  an d  carried to  the ner
v o u s system  and oth er  target organ s as intact m o le 
cu les and transform ed into  a ctive  carc in ogen s by 
sp o n ta n eo u s c leavage o f  the a lkyl an d  a cv l radicals 
w ith in  the su scep tib le  target cells.

F low  d o  th ese  findings relate to  hum an neoplasm s?  
T here is a t present no in d ica tion  that n itrosoureas  
are a etio lo g ica lly  a ssocia ted  w ith  hum an cancer, but 
since these su b stan ces arc cap ab le  o f  produ cin g  
tum ours, inclu d ing  those  o f  the nervou s system , in 
variou s an im al species, m an ca n n o t be excluded . T his 
report d em on stra tes that m in im al oral d o ses  or  harm 
less precursors o f  n itrosam id es are cap ab le  o f  ind uc
ing n eo p la sm s in rats. T h e  nitrite level used w as a p 
proxim ately  15 tim es the m axim al am oun t perm itted  
by the F D A  (F o o d  and D ru g  A d m in istration  o f  the 
U S A ) for hum an c o n su m p tio n  and w as 1 0 -30  tim es 
the  level needed  on  a 1:1 m olar basis for com b in ation  
w ith alkylureas. T he nitrite d o se  co u ld  have been  
reduced 1 0 -3 0  tim es if the m eth od  o f  adm in istration  
had been intragastric in tub ation , w h ich  w o u ld  have  
ensured  the sim u lta n eo u s presence in the sto m a ch  o f  
b o th  sod iu m  nitrite an d  m ethylurea. In that case, the 
nitrite level w ou ld  have been b elow  the standard level 
perm itted  as a food  ad d itive  by F D A  regu lations. In 
a d d itio n  to the nitrite co n su m ed  as a food  add itive, 
m an is ex p o sed  to  nitrates w h ich  m ay be reduced  
to  nitrites by bacteria, esp ec ia lly  w h en  the acid ity  o f  
the sto m a ch  is reduced.

F ortu n ately . M U  a n d  E U  are not k n ow n  to  occur  
in food  or  elsew here in nature, but at least 15 other

ureas occu r in variou s natural products, an d  m any  
drugs an d  herbicides con ta in  urea grou p s (Sander.
1971). U r e id e sa r e  form ed by the hyd rolytic  de-im id a-  
tion  o f  q u in id in e -co m p o u n d s ca ta lysed  by bacterial 
en zym es or by carb am oyla tion  o f  prim ary am ines. 
Secondary  a m in es occur u b iq u itou sly  in nature in the  
protein  m etab o lism  o f  p lants, an im als and m icro 
organ ism s (Sander. 1971), w h ile  su lphanylurca. n itro- 
furazone and ph en ylurcas are w id ely  used as herbi
cides. It m ust, therefore, be con sid ered  p o ssib le  that 
co n su m p tio n  o f  su ch  precursors w ith  n itrite  c o n sti
tutes a hazard for m an and further stu d ies sh ou ld  
be d irected  tow ards the clarification  o f  th ese  p ro
blem s.
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STU D IES O N  TH E M ETA BOLISM  O F  D IM ETH Y LN ITR O SA M IN E 
IN  TH E RAT. II. TH E EFFECTS O F  PH EN O BA R BITO N E 

A N D  20-M ETH Y LCH O LA N TH REN E O N  TH E 
IN VI TRO  A N D  I N VIVO  M ETABOLISM  

A N D  ACUTE TO X ICITY  O F  D IM ETH Y LN ITR O SA M IN E 
IN  Y O U N G  A N D  M ATURE RATS

J. C . P h il l ip s , C h r is t in e  E. H e a d in g , B. G . L a k e , S. D . G a n g o l l i and A. G . L l o y d

B r it is h  In d u s tr ia l  B io lo g ic a l  R e s e a r c h  A s s o c ia t io n ,  W o o d m a n s te r n e  R o a d . C a rs h a lto n , S u r r e y , S M 5  4 D S ,
E n g la n d

(R e c e iv e d  21 N o v e m b e r  1974)

A bstract—Following ip administration of l4C-labeIled dimethylnitrosarr.ine (DMN) to rats. 14CO, 
excretion was found to proceed approximately twice as fast in the young animal as in the mature rat 
of either sex. In contrast, the hepatic DMN demethylase activity and a number of biochemical para
meters of the microsomal mixed-function oxidase system were similar in both age groups. Pretreatment 
with phenobarbitone or 20-methylcholanthrene increased hepatic DMN demethylase activity and other 
parameters of microsomal enzymes in both groups of rats, but did not alter the 14CO, excretion 
rates significantly in the intact animals, except in mature females. Neither did SKF 525-A. a microsomal- 
enzyme inhibitor, affect this in v iv o  index of DMN metabolism. Parallel studies on aminopyrine revealed 
an in v itr o  and in  v iv o  induction of metabolism in rats pretreated with phenobarbitone. while SKF 
525-A markedly inhibited 14C 0 2 excretion from [ 14C]aminopyrine administered to rats. Acute toxicity 
studies showed that whereas phenobarbitone afforded some protection in mature female rats but not 
in young males. 20-methylcholanthrene treatment rendered both groups more susceptible to DMN 
toxicity. These results are discussed in terms of the role of hepatic DMN demethylase in determining 
the in v iv o  metabolism and acute toxicity of DMN in the rat.

INTRODUCTION

It is generally  recogn ized  th at d im eth y ln itrosam in e  
(D M N ) requires b io lo g ica l activ a tio n  to  exert its 
h ep a to to x ic  an d  carc in ogen ic  effects in a  w ide variety  
o f  m am m alian  sp ecies, in c lu d in g  the rat (M agee &  
B arnes, 1967). T h e  liver h as been  sh o w n  to  be the  
organ princip a lly  in vo lved  in the m eta b o lism  o f  
D M N  and its even tu a l excretion  as C 0 2 (K necht, 
1966; M agee  &  V andekar. 1958) and in vitro stu d ies  
have ind icated  that the  p o stu la ted  m eta b o lic  d egrad a
tio n  o f  D M N  via a d ém éth y la tio n  step  to  m o n o m eth -  
yln itrosam in e  (the p u ta tive  u n stab le  tox ic  interm e
diate) and form ald eh yde occu rs in the h ep atic  e n d o 
p lasm ic  reticu lum  (M agee &  L ee, 1963). T he enzym e  
m ed ia tin g  th is process, D M N  d em eth y lase , w h ich  
requires m o lecu la r  o x y g en  and N A D P H . h as been  
con sid ered  to  be a sso cia ted  w ith  the m icrosom al 
m ixed -fu n ction  o x id a se  system  d ep en d en t o n  the hae- 
m op rotein . cy to ch ro m e P -4 5 0  (B rouw ers &  E m m elot, 
1960; M izrah i &  E m m elo t, 1962; O m ura. Sato . 
C oop er . R o sen th a l &  E stab rook . 1965).

T here is, how ever, little in form ation  correlatin g  the  
h ep atic  D M N  d em eth y lase  activ ity  w ith  the m e ta b o 
lism  o f  D M N  to  C O , in th e  in tact an im al. M eta b o lic  
stu d ies o n  [ 14C ]D M N  had  sh o w n  that the 14C 0 2 
ex cretio n  rate from  th e y o u n g  an im al w as a lm ost  
tw ice  th a t in the m ature rat (P h illip s. L ake. H ead in g , 
G a n g o lli  &  L loyd . 1975).

In th is paper w e  present ou r find in gs on  the  hepatic  
D M N  dem eth y lase  activ ity  and a nu m ber o f  b io 
ch em ica l param eters o f  the  m icro so m a l m ixed -fu n c
tio n  o x id ase  system  in the liver o f  y o u n g  an d  m ature  
rats o f  b o th  sexes, and  ad d ition a lly  the effects o f  
p h en ob arb iton e  and 20-m eth y lch o lan th ren e  pretreat
m ent o n  th ese  in vitro and in vivo ind ices o f  D M N  
m etab o lism . R esu lts are a lso  inclu ded  o f  parallel in
v estiga tion s in to  the effect o f  p h en ob arb iton e  pre
treatm ent on  the m etab o lism  o f  14C -lab elled  a m in o 
pyrine, a  m o d e l c o m p o u n d  m eta b o lized  by the  h ep a 
tic m icro so m a l m ixed -fu n ction  o x id a se  system , and  
o f  S K F  525-A , a k n ow n  in h ib itor  o f  m icro so m a l 
en zym es (A nders &  M annerin g , 1966), o n  the in vivo 
m etab o lism  o f  D M N  and am inopyrine . A d d ition ally , 
the acute  tox ic ity  o f  D M N , assessed  as the L D 50. 
has been determ ined  in rats treated w ith  p h en ob arb i
to n e  or  w ith  20 -m eth y lch o lan th ren e. A prelim inary  
co m m u n ica tio n  c n  part o f  th is w ork  has appeared  
(L ake. H ead in g . P h illip s. G a n g o lli &  L loyd . 1974b).

e x p e r im e n t a l

Chemicals. P h en o b a rb ito n e  sod iu m  w as ob ta in ed  
from  B ritish  D ru g  H o u ses  Ltd., P o o le . D o rse t, and  
2 0-m eth y lch o lan th ren e  from  E astm an  K o d a k  Ltd., 
K irby. L iverp oo l, w h ile  2 -d ie th y la m in o eth y l 2,2- 
d ip h en ylva lerate  h yd roch lorid e  (S K F  525-A ) w as a
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gift from  Sm ith, K lin e  and French  Ltd.. W elw yn  
G ard en  C ity. H erts. D M N , pu rchased  from  R alph N . 
E m an u el Ltd.. W em bley. M id d lesex , and 14C -labclled  
D M N . prepared from  [ I4C ]d im eth y la m in e  by the  
m eth o d  o f  D u tto n  &  H eath  (1956). w ere analysed  by  
the gas-liqu id  ch rom atograp h ic  m eth od  o f  Palfram an. 
M c N a b  &  C rosb y  (1973) and found to  be 99%  pure. 
[D im e th y la m in e -14C ]a m in o p y rin e  (specific activ ity
9-6 m C i/m m ol) and sod iu m  [ 14C ]fo rm a te  (specific  
activ ity  6L 3 m C i/m m o l) w ere o b ta in ed  from  the 
R ad ioch em ica l C entre. A m ersham . Bucks.

Animals and treatment. W istar a lb in o  rats o f  both  
sexes ob ta in ed  from  Scien tific  A gribusin ess C o n su l
tants (In ternational) Ltd.. O cco ld . Suffolk , w ere used  
in these studies. T h e y o u n g  (5-w k -o ld ) anim als  
w eigh ed  100 g  and the 16-w k-old  m ature fem ale and  
m ale rats w eigh ed  210 and 300  g  respectively. T he  
an im als w ere a llow ed  free access to  Spiller's L ab ora
tory Sm all A n im al D iet (N o . 1) and w ater and were  
h ou sed  at 20  ±  1 C .  G ro u p s o f  rats received  daily  ip  
in jection s o f  a 0-9% (w /v) N a C l so lu tio n  o f  ph en ob arb i-  
to n e  sod iu m  (100 m g /k g  b od y  w eight) or 20-m eth yl-  
ch olan th ren e (20 m g /k g  b od y  w eight), d isso lved  in 
corn  oil. for 4  days. C orresp on d in g  con tro l an im als  
w ere sim ilarly  treated w ith  0-9% (w /v) N a C l so lu tio n  
or corn  o il in d o ses o f  5 m l k g  b o d y  w eight.

In v iv o  investigations

Rate o f ' 4C 0 2 excretion. A n im als treated  ip either  
w ith  [ 14C ]D M N  (5 m g/kg). [ l4C ]a m in o p y rin e  (15-6 
m g/k g) or  [ I4C ]form ate  (9-2 m g/k g) w ere placed  in 
'M etabow F  cages an d  the 14C O , in the respired air 
w as m easured at in tervals by the m eth o d  previou sly  
described  (P h illip s et al. 1975). T h e m axim um  rate 
o f  14C O , excretion  occurred 1-5-3 hr after 
[ 14C ]D M N  or [ l4C ]form ate  adm in istra tion  and 2 -4  
hr after [ 14C ]a m in o p y rin e  treatm ent.

Acute toxicity study. T h e L D 50 o f  D M N  w as ca lcu 
lated by the m eth od  o f  W eil (1952) in y o u n g  m ale  
and m ature fem ale rats an d  in grou p s o f  a n im als pre

treated w ith  p h en ob arb iton e  or 20 -m eth y lch o lan -  
threne. D ea th s  w ere recorded for 10 days after d o sin g  
w ith  D M N .

In v itro  investigations
T h ese  stu d ies w ere carried ou t on  livers o b ta in ed  

from  rats k illed  by cervical d islo ca tio n . T h e tissu e  w as  
h o m o g en ized  in 4  vo ls  0-154 m-K C I so lu tio n  c o n ta in 
ing 50 m M  T ris (pH  7-4). and the p o stm ito ch o n d r ia l 
and m icro so m a l fractions w ere separated  by differen
tial cen trifugation  at 10.000 g (av.) for 20  m in  and
105.000 g  (av.) for 60  m in respectively . M icro so m a l 
protein  w as m easured  a cco rd in g  to  L ow ry. R o se-  
brough. Farr &  R an dall (1951) and the  c y to ch ro m e  
P -450  co n ten t by the m eth o d  o f  O m u ra &  S a to  
(1964). D M N  d em eth ylase  activ ity  w as determ ined  by  
the m eth od  p rev iou sly  describ ed  (Lake, H ead in g , 
P hillip s. G a n g o lli &  L loyd . 1974a). A lso  assayed  w ere  
eth y lm orp h in e  N -d em eth y la se  (H oltzm an . G ram . 
G ig o n  &  G illette . 1968) and an ilin e  4 -h yd roxy lase  
(N ak an ish i. M asam ura. T su k ad a  &  M atsum u ra,
1971).

RESLLTS

Hepatic D M N  demethylase and in v iv o  metabolism o f  
DMN

L ivers o b ta in ed  from  y o u n g  and m ature rats o f  
both  sexes w ere exam in ed  for D M N  dem eth y lase  a cti
v ity  and a lso  for a num ber o f  param eters o f  th e  m ic
rosom al m ixed -fu n ction  o x id a se  system . T h e results 
(T able 1) sh ow ed  that the levels o f  D M N  dem eth y lase  
activ ity  in all four grou p s w ere sim ilar. A d d ition a lly , 
it w a s found that the relative liver w eights, m icro so 
m al p ro te in  and cy toch rom e P -450  co n ten ts and an i
line 4 -h yd roxy lase  activ ities w ere com p arab le  in all 
the  anim als. T h e h ep atic  eth y lm orp h in e  iV -dem ethy- 
lase activ ity  w as sign ificantly  higher in m ale rats than  
in fem ales, a finding in agreem ent w ith  the ob serva
tio n s o f  S ladek  &  M an n erin g  (1969).

Table 1. H e p a tic  D M  Y d e m e th y la s e  a c t iv i ty ,  s o m e  p a r a m e te r s  o f  th e  liv e r  m ic ro s o m a l m ix e d - fu n c t io n  o x id a s e  s y s te m  
a n d  14C 0, e x c r e t io n  r a te s  fo l lo w in g  ip  a d m in is tr a t io n  o f  ' 4 C -Ia h e lle d  D M N  o r  fo r m a te  in y o u n g  a n d  m a tu r e  r a ts

Values for rats aged

5 vvk 16 wk

Parameter Male Female Male Female

Relative liver weight 
(g/100 g body weight) 3-9 ± 0-2 4-0 + 04 3-9 + 0-2 3-9 + 04

Microsomal protein 
(mg g liver) 30-4 +1-3 36-8 + 0-06 33-2 + 2-2 32-9 +  14

Cytochrome P-450 
(AE/'g liver) 2-0 + 04 2-3 + 0-1 2-1 + 0-2 1-4 + 0-1

DMN demethylase 
(/¡mol/hr/g liver) 2-2 + 0-1 1-3 + 0-04 1-6 + 0-2 1-5 +  0-2

Ethylmorphine V-demethylase 
(/imol hr g liver) 14-6 + 0-7 9-8 + 0-6 17-4 + 1-4 84 + 0-5

Aniline 4-hydroxylase 
(/imol hr g liver) 1-4 ±  04 1-4 + 0-04 1-8 + 04 1-8 +  0-1

I4COi excretion rate 
(% dose/hr) from

[ 14C]dimethylnitrosamine 30-0 + 3-7 33-1 + 3-5 14-0 + 1-4 17-0 + 2-3
[ 14C]formatc 23-7 ±  0-2 23-6 ±1-1

Values are expressed as the mean + SEM for groups of three (14C 0 2 excretion rate) or six (other parameters).
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In con trast to  the observed  sim ilarity  in the hepatic  
D M N  d em eth y lase  activ ity  in y o u n g  and m ature rats, 
the results o f  ou r p rev iou sly  reported  stu d ies on  the  
in v iv o  m eta b o lism  o f  D M N  (P h illip s e t  al. 1975) 
sh o w ed  th at the rate o f  14C 0 2 excretion  fo llow in g  
adm in istra tion  o f  [ I4C ]D M N  to  the y o u n g  rats w as  
a lm o st tw ice  that foun d  in the o lder anim als. O n  the 
other han d, th e  14C 0 2 excretion  rates from  [ l4C ]for-  
m ate adm in istered  to  y o u n g  m ale and m ature fem ale  
rats w ere sim ilar (T able 1). P relim inary experim en ts  
usin g  [ 14C ] form ald eh yde gave sim ilar results, in 
agreem ent w ith  the findings o f  N e e ly  (1964). In su b 
sequ en t w ork, [ 14C ]fo rm a te  w as used  for ease  o f  
han dling  and stan d ard ization  o f  the d o ses  ad m in is
tered.

E ffe c ts  o f  p h e n o b a rb ito n e  a n d  2 0 -m e th y lc h o la n th re n e  
p r e tr e a tm e n ts

S tu d ie s  in v itro. P h en o b a rb ito n e  pretreatm ent in
d u ced  the  h ep atic  D M N  d em eth y lase  activ ity  in 
y o u n g  and m ature an im als o f  bo th  sexes (T able 2) 
and a lso  increased  the relative liver w eight and the 
other  param eters o f  the m ixed -fu n ction  o x id ase  sys
tem  exam in ed  in the treated  rats. H ow ever , the ind uc
tive  effect on  the  D M N  d em eth y lase  activ ity  w as not

as m arked as the increases in the cy toch rom e P -450  
con ten t and eth y lm orp h in e  N -d em eth y lase  activity.

Sim ilarly, a n im als treated w ith  20 -m eth y lch o la n 
threne sh ow ed  an in d u ction  in the levels o f  hepatic  
D M N  dem eth y lase  activ ity  in both  the y o u n g  and  
m ature grou p s (T able 3). T his co m p o u n d  a lso  
en h an ced  the relative liver w eight, cy to ch ro m e P -450  
co n ten t and anilin e 4 -n yd roxy lase  activ ity . T h e ethyl- 
m orp h in e iV -dem ethylase activ ity  rem ained  u n 
changed  in the trea tec  fem ale rats and w as depressed  
in the m ale  an im als, as sh ow n  prev iou sly  by Sladek  
&  M an n erin g  (1969).

S tu d ie s  in v ivo . T h e  effects o f  p h en ob arb iton e  and  
20-m eth ylch olan th ren e pretreatm ents on  the 14C 0 2 
excretion  rate fo llo w in g  the adm in istra tion  o f  
[ 14C ]D M N  to  rats are sh ow n  in T ab le  4. P h en ob arb i
to n e  treatm ent d id  n o t alter the rate o f  14C 0 2 excre
tion  sign ifican tly  in y o u n g  an im als or in the m ature  
m ale rat, but in the treated m ature fem ale rat the 
l4C 0 2 excretion  rate w as increased  to  175% o f  the  
corresp on d in g  co n tro l value. T here w as n o  sign ificant 
ch an ge in th e  rate o f  14C O , excretion  in 20-m eth yl-  
cholanthrene-treated  rats in any o f  the four groups. 
Parallel stu d ies co n d u cted  o n  the  14C 0 2 excretion  
rate from  [ 14C ]a m in o p y rin e  adm in istered  to  you n g

Table 2. Effect of phenobarbitone pretreatment on hepatic DMN demethylase activity 
and some indices of the liver microsomal mixed-function oxidase system in the rat

Values (expressed as % of control value)
for rats aged

5 wk 16 wk

Parameter Male Female Male Female

Relative liver weight 138*** 130*** 128** 227**
Microsomal protein 138*** 1 2 2 *** 1 2 2 * 117**
Cytochrome P-450 390*** 2 9 j*** 34g*** 200***
DMN demethylase 250*** 185*** 2 i 2 *** 173*
Ethylmorphine /V-demethylase 531*** 49^*** 340*** 353***
Aniline 4-hydroxylase 235*** 257*** 244*** 133*

Values are means for groups of six rats and all differ significantly (Student’s t test)
from the control value, as indicated by asterisks: *P < 0-05: **P < 0-01 ;
***P <  0-001.

Table 3. Effect of 20-methylcholanthrene treatment on hepatic DMN demethylase acti-
vity and some indices of the liver microsomal mixed-oxidase system in the rat

Values (expressed as % of control value)
for rats aged

5 wk 16 wk

Parameter Male Female Male Female

Relative liver weight j 2 9 *** 120** 128** 105
Microsomal protein 104 119** 106 104
Cytochrome P-450 250*** 230*** 158*** 186***
DMN demethylase j 22**% 173* 133* 141*
Ethylmorphine .V-demethylase 79-3** 96-4 72-6** 93-4
Aniline 4-hydroxylase j 3g*** 157** 100 129*

Values are means for groups of six rats and those marked with asterisks differ signifi
cantly (Student’s t test) from the control value: *P <  0-05: **P <  0-01: ***P < 
0-001.
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Table 4. Effect of phenoharhitone ami 20-methylcholanthrene pretreatments on the in vivo metabolism of DMN and the
effect of phenoharhitone on the metabolism of aminopyrine

Rate of 14C 0 2 excretion (% 
in

, of dose of labelled compound/hr) 
rats aged

5 wk 16 wk

Treatment Male Female Male Female

[ l4C]DMN preceded by
0-9% Saline (control) 30-0 + 3-7 33-1 + 3-5 14-0 + 1-4 17-0 + 2-3
Phenobarbitone 26-9 + 2-4 33-6 + 5-1 16-1 + 2-2 29-8 ±  0-9**
Corn oil (control) 20-9 + 2-8 304 + 0-9 24-4 + 3-1 21-3 + 1-2
20-Methylcholanthrene 26-5 + 2-8 24-8 + 6-5 25-5 +  1-6 23-4 + 1-9

[ 14C]Aminopyrine preceded by
0-9% Saline (control) 
Phenobarbitone

16-5 + 0-45 
19-3 ±  0-15*** —

Values arc means for groups of four rats and those marked with asterisks differ significantly (Student's t test) from 
the control value: **P < 001; * * * p  < 0001.

Fig. 1. Rate of excretion of l4CO, following the 
administration of [ 14C]aminopyrme to young male rats 
(■) and to animals pretreated with SKF 525-A (□). Each 
point represents the mean for three animals.

m ale rats treated w ith  p h en ob arb iton e  sh o w ed  a  sig 
n ificant increase to  115% com pared  w ith  co n tro l a n i
m als (T able 4). F urtherm ore the h ep atic  am in op yrin e  
N -d em eth y la se  activ ity  w as increased  to  a p p ro x i
m ately  200%  o f  the con tro l level.

E ffec t o f  S K F  5 2 5 -A  on th e  in v iv o  m e ta b o lism  o f  
D M N  a n d  a m in o p y r in e

T h e adm in istra tion  o f  S K F  525-A  (50 m g /k g  b od y  
w eight) 1 hr before the ip in jection  o f  [ 14C ]a m in o p y r-  
ine to  rats m arkedly  inh ib ited  the in itia l rate o f  
14C 0 2 excretion  to  20% o f  that in the untreated  
group  (F ig  1). F low ever. th is d o se  o f  S K F  525-A  p r o 
du ced  n o  sign ificant ch an ge in th e  rate o f  14C 0 2 
excretion  from  [ 14C ]D M N -tr e a te d  rats. A t a  higher  
d o se  level (200 m g/k g) S K F  525-A  cau sed  so m e  m e a 
sure o f  in h ib ition  an d  the 14C 0 2 excretion  rate w as  
85% o f  that o f  the untreated  con tro l.

E ffec t o f  e n z y m e  in d u c tio n  on  a c u te  to x i c i t y  o f  D M N

T h e  acu te  to x ic ity  o f  D M N . assessed  as th e  L D 50, 
w as determ ined  in y o u n g  m ale  and m atu re fem ale

Table 5. LD5a of DMN in young male and mature female rats and in animals pretreated 
with phenoharhitone or 20-methylcholanthrene

Pretreatment
LD50

(mg DMN/kg body weight)

09% Saline (control) 
Phenobarbitone 
Corn oil (control) 
20-Methylcholanthrene

Males aged 5 wk
71-0 (63-6 -  78-7) 
63-2 (54-2 -  73-7) 
608 (50-9 -  72-6) 
42-8* (39-1 -  46-7)

0-9% Saline (control) 
Phenobarbitone 
Corn oil (control) 
20-Methylcholanthrene

Females aged 16 wk
608 (509 -  72-5) 
781* (66-9 -  89-9) 
67-9 (56-9 -  81-1) 
40-9* (36-7 -  45-6)

To determine the LD50 under each set of conditions, DMN was administered in 
logarithmically graded doses to four groups of five rats. Values are given with 
95% confidence limits in parentheses, and those marked with an asterisk differ 
significantly (P <  0-05 by Student’s f test) from the corresponding control value.
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rats and in an im als pretreated w ith  p h en ob arb iton e  
or 20 -m eth ylch olan thren e. T h e resu lts (T able 5) d id  
n o t reveal an y  sign ifican t d ifference in the L D 5n o f  
D M N  betw een  the y o u n g  and m ature an im al. P h e n o 
b arb iton e pretreatm ent reduced the acute  toxicity  o f  
D M N  in the m ature fem ale rat. w h ile  n o  ch an ge w as  
observed  in the y o u n g  m ale. A n im als pretreated w ith  
20-m eth y lch o lan th ren e w ere foun d  to  be m ore su scep 
tib le  to  the acu te  to x ic ity  o f  D M N , the L D 50 values  
in the treated rats b ein g  sign ifican tly  low er than those  
in the  co n tro l groups.

DISCUSSION

T h e  m ech an ism  p ostu la ted  by D ruckrey. Schild- 
bach, Schm ahl. P reussm ann  &  Iva n k o v ic  (1963) for 
th e  m am m alian  m etab o lism  o f  n itrosam in es has 
found general acceptan ce. A ccord in g  to  this schem e. 
D M N  is m eta b o lized  prim arily in the liver, by the  
m icrosom al m ixed -fu n ction  ox idase . D M N  dem eth y-  
lase, to  m o n o m eth y ln itro sa m in e  and form aldehyde. 
T h e un stab le  m o n o m eth y l c o m p o u n d  is th ou gh t to  
d eco m p o se  read ily  to  d ia zo m eth a n e  or carb on ium  
ions, the  p u ta tive  a lk y la tin g  sp ecies, and  the form al
d eh yd e  is further ox id ized  to  C 0 2. C learly, central 
to  th is h y p o th esis  is the role  o f  h epatic  D M N  dem eth - 
ylase  in m eta b o liz in g  D M N  in the body. T h u s the 
activ ity  o f  th is en zym e, m easured  in term s o f  the for
m ald eh yd e  produ ced , sh ou ld  reflect the in t iro m eta 
b o lism  o f  D M N  m ore accu rate ly  than  d o e s  the  
14C O , excretion  rate.

T h e resu lts o f  ou r stu d ies o n  the rela tion sh ip  
betw een  these tw o  ind ices o f  D M N  m etab o lism  in 
the rat revealed  m arked differences. W hereas the  
14C O , excretion  rate from  y o u n g  an im als treated  
w ith  labelled  D M N  w as a lm ost tw ice that foun d  in 
m ature rats o f  b o th  sexes, th e  levels o f  h epatic  D M N  
d em eth y lase  activ ity  w ere sim ilar in b o th  age  groups. 
F urtherm ore, it w as found that the 14C O , excretion  
rate from  [ 14C ]form ate  or [ 14C ]fo rm a ld eh y d e  in the  
y o u n g  rat w a s com p arab le  to  that in the m ature a n i
m al.

In  the ev a lu a tio n  o f  th ese  findings, the I4C O ,  
excretion  rate m erits further con sid eration  as an  index  
o f  D M N  m etab o lism . O ur earlier results (P h illip s el 
al. 1975) sh ow ed , in agreem en t w ith  th o se  reported  
by H eath  (1962). that the a ccu m u la tio n  o f  respired  
l4C O , p roceed ed  w ith  the  d ec lin e  in the c o n 
cen tration  o f  labelled  D M N  in the c ircu latin g  b lo o d  
o f  the rat. H ow ever, the m eta b o lic  p rocesses involved  
in  the o x id a tio n  o f  form ald eh yde to  C 0 2 are com p lex  
an d  ill-defined. T h e m ed ia tio n  o f  form aldehyde  
d eh yd rogen ase  (Strittm atter &  B all. 1955) and for
m ate  d eh yd rogen ase  (M ath ew s &  V en n eslan d , 1950) 
an d  the  p o ssib le  p articip ation  o f  p ero x iso m a l cata lase  
(de D u ve. 1969) have been in vok ed  in the  b iotransfor
m a tio n  o f  form ald eh yde v ia form ate to  C O , in the 
m am m alian  system . N o tw ith sta n d in g  the com p lex ities  
o f  the in term ediate en zym e reaction s involved , a n a lo 
g o u s stu d ies o n  the  m eta b o lism  o f  m eth a n o l in the  
rat h ave estab lish ed  that th e  o x id a tiv e  p rocesses  
m ed ia tin g  the b iotran sform ation  o f  form ald eh yde to  
C O , w ere n o t ra te-lim iting  w ith  respect to  the m eta 
b o lism  o f  the a lco h o l, and  further, that the 14C O ,  
excretion  rate w as a valid  index o f  the overa ll m eta 

b olism  o f  labelled  m eth a n o l in the w h o le  an im al 
(M annerin g. V an H arken . M arkar. T ep h ly . W atk in s  
&  G o o d m a n . 1969; T eph ly . P arks &  M annerin g. 
1964). T h e  c lo se  parallelism  in certain  a sp ects o f  the  
m etab o lic  fate o f  m eth a n o l and o f  D M N  in the rat 
therefore ind icates that the fo rm a ld eh y d e-to -C O , 
pathw ay w as not a  rate-lim iting  factor in th e  in vivo 
m etab o lism  o f  D M N .

In the light o f  th ese  ob servation s, our  
d em on stra tion s, o n  the o n e  hand, o f  a 14C O , excre
tion  rate in y o u n g  an im als tw ice that in m ature rats 
and . o n  the other, o f  a sim ilarity  in the levels o f  hepa
tic  D M N  d em eth ylase  activ ity  in the tw o  age groups, 
suggest that the  ob served  d iscrep ancy  in th ese  tw'O 
ind ices o f  D M N  m etab o lism  w as n o t exp licab le  in 
term s o f  this h ep atic  en zym e activ ity  b ein g  a rate- 
lim itin g  step  in the overall m etab o lism  o f  D M N  in 
the w h o le  an im al. T h u s the key role  o f  th is enzym e  
in m ed iatin g  and d eterm in in g  the in vivo m eta b o lic  
transform ation  o f  D M N  a lo n g  th e  p o stu la ted  degra- 
d ative  path w ay b ecom es q u estion ab le . A  co n sid er
a tio n  o f  factors sueh as the relative liver w eigh t, m ic
rosom al protein  and cy to ch ro m e P -4 5 0  con ten ts, 
lik ely  to  influence the in vivo cap acity  o f  hepatic  
D M N  d em eth ylase  activ ity  in the tw o  a g e  grou p s did  
not show’ any m arked differences. T h ese  and the  other  
b ioch em ica l param eters o f  the  h epatic  m ixed -function  
o x id a se  system  exam in ed  w ere com p arab le  in both  
the y o u n g  and m ature rat. a finding in agreem ent  
w ith that reported bv B asu. D ick ero n  &  Parke
(1971).

Further ev id en ce  su p p ortin g  the co n c lu sio n  that 
the in vivo m etab o lism  o f  D M N  w as not ascribable  
so le ly  to  the m ed ia tion  o f  the m icrosom al d em eth y
lase en zym e associa ted  w ith  the m ixed -fu n ction  o x i
dase  system  w as o b ta in ed  from  the stu d ies o n  the  
effects o f  the tw o  inducers and o n e  in h ib itor  o f  m icro
som al en zym es on the rate o f  m eta b o lism  o f  D M N  
in the tw o  age groups o f  rats. O ur resu lts o n  p h en o 
barb iton e- and 20-m eth vlch olan th ren e-treated  rats, 
sh o w in g  an ind uctive  effect on  the h ep atic  D M N  
dem eth y lase  activ ity  w ith  n o  sign ifican t ch an ge in the 
l4C O , excretion  rates, are com p arab le  w ith  the find
ings o f  M cL ean  &  D a y  (1974). w h o  described  a s im i
lar lack o f  correlation  betw een  the  h epatic  D M N  
dem eth y lase  activ ity  and the rate o f  D M N  disap pear
a n ce  from  the p lasm a in rats treated w ith  ph en ob arb i
to n e  an d  b en z c [a ]p y re n e . E qually  sign ifican t w as the  
find in g that S K F  525-A . an inh ib itor  o f  m icrosom al-  
en zym e activ ity , d id  not exert a m easurable in fluence  
o n  the l4C O , excretion  rate after [ 14C ]D M N  
adm in istra tion  to  rats.

In contrast to  these results, stu d ies o n  am inopyrine. 
a  m o d e l substrate o f  th e  h ep atic  m icro so m a l m ixed -  
fun ction  o x id ase  system , sh ow ed  that p h en ob arb iton e  
treatm ent n o t on ly  induced  pred ictab ly  the h epatic  
am in op yrin e  dem eth y lase  activ ity  but a lso  increased  
the rate o f  14C O , excretion  from  lab elled  am in op yr
ine adm in istered  to  rats. T h is  in vivo inductive effect 
agrees w ith  the findings reported b o th  in the rat and  
in m an (H ep ner &  V esell. 1974; L auterburg &  
Bircher. 19731. Furtherm ore. S K F  525-A  m arkedly  in
h ib ited  the ir vivo m etab o lism  o f  am in op yrin e  in the  
rat.

In the stu d ies on  the acu te  tox ic ity  o f  D M N . the  
m easure o f  pro tection  afforded by p h en ob arb iton e
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treatm ent in m ature fem ale rats (in w hich, excep 
tion ally . an ind uction  o f  in vivo m etab olism  w as  
observed) but no t in y o u n g  m ales, and the finding  
that 20 -m eth y lch o lan th ren e pretreatm ent rendered  
both  y o u n g  m ale and m ature fem ale rats m ore sen si
tive  to  the acu te  tox ic ity  o f  D M N  are results as eq u i
voca l as th o se  ob ta in ed  by M cL ean  & V erschuuren  
(1965) in their stu dy o n  the protective  effects o f  
p h en ob arb iton e  and D D T  in the y o u n g  rat. T hese  
findings stress the lim itation s en cou n tered  in p rov id 
ing an ad eq u ate  and m ean ingfu l interpretation  o f  the 
relation sh ip  betw een  the m etab o lism  o f  D M N  and  
the tox icity  o f  the co m p o u n d  in term s o f  the level 
o f  hepatic  D M N  dcm eth v lase  activ ity  and o f  factors 
in fluencin g the m icrosom al m ixed -fu n ction  ox id ase  
system  in the rat.

Prelim inary in vestiga tion s in to  the  p o ssib le  in
vo lvem en t o f  a lternative m eta b o lic  p ath w ays have  
sh ow n  that the m etab o lic  d egrad ation  o f  D M N  to  
form aldehyde by rat-liver preparation s in vo lved  a 
m u ltico m p o n en t enzym ic  p rocess (L ake et al. 1974a) 
and further that the in vivo m etab o lism  o f  D M N  in 
the rat w a s profoun dly  inh ib ited  by p yrazo le  and 3- 
am ino-1 .2 .4 -triazo le . c o m p o u n d s kn ow n  to  interfere 
w ith  a lco h o l m etab o lism  (P h illip s. H ead in g . Lake. 
G a n g o lli &  L loyd . 1974). T h ese  and related findings  
lend support to  the h yp oth esis  that the m etab o lism  
o f  D M N  m ay in volve  the form ation  o f  hydroxylated  
in term ediates w h ich  act a s  su bstrates for a lco h o l 
d eh yd rogen ase  and cata lase  (Schocntal. 1973). T his  
m ay be a n a lo g o u s to  the s itu a tion  w ith  long-chain  
alk y ln itrosam in es (B lattm ann &  P reussm ann . 1973). 
T he results o f  stu d ies d irected tow ard s the e lu cid ation  
o f  th is prob lem  w ill co n stitu te  the subject o f  su b 
sequ en t p u b lications.
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SAFETY EVALUATION OF YEAST GROWN ON HYDROCARBONS.
IV. TWO-YEAR FEEDING AND MULTIGENERATION 

STUDY IN RATS WITH YEAST GROWN 
ON PURE n-PARAFFINS*
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Abstract—Yeast grown on pure »-paraffins was fed at dietary levels of 10. 20 or 30% to groups of 
30 male and 30 female rats in a 2-yr study and to groups of ten male and 20 female rats in a 
reproduction study over three generations. Each study included two control groups, one on feed similar 
to the yeast diets but with soya-bean meal substituted for the yeast, and the other on the Institute’s 
stock diet. In the 2-yr study, the feeding of the yeast had no adverse effect on mortality, rate of 
body-weight gain, haematology, urine composition or kidney-function tests. The activities of glutamic- 
oxalacetic transaminase and alkaline phosphatase in the serum of yeast-fed rats were relatively high 
but within the normal range. The feeding of the yeast did not affect the incidence or severity of 
histopathological changes nor the type and incidence of tumours. The multigcneration study revealed 
no effects on fertility, the number of young or the growth and mortality of the young during lactation. 
In a 90-day study on rats from the third generation, no changes attributable to yeast-feeding were 
apparent in any of the parameters investigated. It was concluded that the type of yeast examined 
did not exert a harmful effect in rats at dietary levels up to 30%.

IN TRO D U C TIO N

T h e  present w orld -w id e  sh ortage o f  food  has 
greatly  stim ulated  research in to  the d ev e lo p m en t o f  
industria l p rocesses for the p rod u ction  o f  proteins. 
A large num ber o f  industries is en gaged  in d eve lop in g  
p roced ures for the m a ss p ro d u ctio n  o f  protein  b y  the 
grow th  o f  var iou s k in d s o f  m icro -organ ism s o n  a  var
iety o f  substrates. T h e  o il co m p a n ies have based  their  
efforts m ain ly  o n  the ferm entation  o f  h yd rocarb on s  
or their d erivatives by yeasts or  bacteria.

T h e B ritish  P etro leu m  C om p an y  Ltd. has d eve l
op ed  tw o  p rocesses for yeast p rod u ction  by fer
m en ta tion  o f  paraffins. O n e  p ro cess uses, as a feed
stock , th e  p etro leu m  fraction, gas o il (b o ilin g  range  
2 5 0 -4 0 0 =C). w h ich  c o n ta in s  10-15%  o f  C 15- C 30 »- 
paraffins, w h ile  in the  o th er  process, prev iou sly  p u ri
fied »-paraffins are used as the  substrate. T h e gas  
o il p rocess requires a p u rification  step  co n sistin g  o f  
exh au stive  so lv en t ex traction  o f  the yeast harvested , 
to  e lim inate  residual substrate. In the case o f  cu ltiv a 
tion  on  purified  a lkan es, the substrate is a lm o st c o m 
p letely  m eta b o lized  b y  the yeast. B ecau se o f  th is and  
a lso  b ecau se  o f  the pu rity  o f  the  substrate, n o  so lven t  
treatm ent is necessary. A s a  result o f  the final purifica
tion , th e  yeast p rod u ced  by the gas o il p rocess has 
a con sid erab ly  low er  lip id  co n ten t (c. 1-5% against  
c. 9-0%) an d  a  sligh tly  higher p rote in  co n ten t (c. 68%  
again st c. 63%) than the yeast grow n  o n  pure »-paraf
fins.

T h e yeasts o b ta in ed  by each  o f  th ese  tw o  processes  
have been  su bm itted  to  lon g-term  safety eva lu ation  
stu d ies in laboratory  an im als. F eed in g  stu d ies in rats

These studies were carried out in co-operation with the 
British Petroleum Company Ltd.. London.

for a 1-yr period  have been reported  in th is jou rn a l 
(de G ro o t, T il &  F eron , 1970a,b). T h e resu lts o b ta in ed  
w ith  yeast grow n  o n  gas o il in a 2-yr feed ing and  
m u ltigen eration  stu dy in rats h ave a lso  been  sum m ar
ized in th is jou rn a l (de G ro o t, T il &  F eron , 1971). 
T h e present paper d ea ls w ith  a sim ilar stu d y  c o n 
du cted  w ith  yeast grow n o n  pure »-alkanes.

EXPERIM ENTAL

Materials. T h e yeast w as p rov id ed  b y  the B ritish  
P etro leu m  C om p an y  Ltd. It w a s m anufactured  in the  
p ilo t p lant o f  the B io lo g ica l R esearch  D iv is io n . B P  
R efinery Ltd., G ran gem ou th , S co tlan d , accord in g  to  
the »-paraffin process, w h ich  has been describ ed  e lse
w here (B ennett, H on d erm arck  &  T od d , 1969). D u rin g  
the 2-yr experim en ta l period , six  b atch es o f  paraffin- 
yeast w ere used in su ccession , h avin g  been  stored  at 
room  tem perature. T h e m ateria l c o n ta in ed  4-2-7-8%  
m oisture , 60-0-65-0%  crude prote in  (N  x  6-25), 6 -4 -  
100%  lip ids, 5-5-6-4%  ash , 0-010-0-030%  ca lc iu m  and
1-3-1-6% ph osp h oru s. P rote in  q u a lity  a ssa y s in rats 
sh o w ed  a  true d igestib ility  o f  8 8 -9 3 , a  net prote in  
u tiliza tion  o f  5 7 -6 4  an d  a p rote in  effic iency ratio o f
1-80-2-21 (standardized w ith  a casein  va lu e  o f  2-50). 
B y su p p lem en ta tion  w ith  m eth ion in e  the net p ro te in  
u tiliza tio n  w a s raised to  7 5 -9 2  an d  the  p rote in  effi
c ien cy  ratio  to  2-93-3-23.

Animals. W ean lin g  rats o f  b o th  sexes from  the Insti
tute's c o lo n y  (W istar-orig in ) w ere ran d om ly  bred and  
kept under co n v en tio n a l co n d itio n s . T h ey  w ere  
h o u sed  in a  r o o m  k ep t a t 24~26°C , w ith  a  relative  
hu m id ity  o f  50-60% .

Diets. T h e yeast w as incorp orated  in to  the d iets  
at levels o f  0  (control), 10, 20  an d  30% , m ain ly  at
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the exp en se  o f  soya-b ean  o il m eal in the basal diet. 
In view  o f  the u n u su ally  high protein  level in these  
d iets (c. 27%). the In stitu te’s stock  diet w'as used as 
a n  ad d ition a l con tro l. T h e p ercentage co m p o sitio n  o f  
the d iets and the analytica l data have been given  
before (de G ro o t, e t  a l. 1970b). F resh  batches w ere  
m ade every 2 -3  w k  and stored  at r o o m  tem perature.

E x p e r im e n ta l d es ig n  a n d  co n d u c t

L o n g -te r m  fe e d in g  s tu d y . E ach o f  the d iets w as fed 
to  35 m ales and 35 fem ales caged  in groups o f  five 
for 2 yr. D ie ts  and tap-w ater w ere offered a d  lib . A 
regular check  w as m ade on  the general c o n d itio n  and  
behaviou r o f  the anim als. In dividual b od y  w eights  
w ere recorded b iw eekly  in the first 12 w k and on ce  
every 4  w k thereafter. F o o d  c o n su m p tio n  o f  groups  
o f  ten rats w as m easured  at in tervals during periods  
o f  2 wk.

A t w k 13. 26, 39. 52, 78 and 102, b lo o d  w as c o l
lected  from  the tail-tip  o f  ten ra ts/sex /grou p  and  
exam in ed  for g lu co se  an d  urea-n itrogen  an d  for hae- 
m ato log ica l va lu es com p risin g  h a em o g lo b in  content, 
packed cell vo lu m e an d  co u n ts o f  eryth rocytes, total 
leu co cy tes an d  the ind ividual types o f  leu cocytes. 
Serum  activ ities o f  g lu ta m ic-p v ru v ic  transam inase, 
g lu ta m ic-o x a la ce tic  transam inase  and a lka lin e  p h o s
ph atase  w ere determ ined  in b lo o d  sam p les from  the 
orbita l p lexu s o f  ten ra ts/sex /g ro u p  at w k 52 and 104. 
U rin e analyses, inclu d ing  app earance. pH . g lucose, 
protein , o ccu lt b lo o d , k e to n es  and m icroscop y  o f  the 
se d im e n t w ere carried o u t on  p o o led  sam p les from  
ten ra ts/sex /grou p  at wk 13. 26, 39. 52. 78 and 104. 
A t the sam e stages, k id ney fun ction  w a s tested  in ten 
ra ts/sex /grou p  by m easuring ph en ol-red  excretion , 
specific gravity  and g lu ta m ic -o x a la ce tic  transam inase  
in the urine.

A t w k 53, ten ra ts/sex /grou p  w ere sacrificed for in
terim  ob servation s on  organ  w e ig h ts and p ath o log ica l  
changes. A t w k 104. all su rv ivors w ere k illed  by d eca
p itation . D u rin g  a u top sy , an exam in ation  w as m ade  
for any m a cro sco p ic  ab n orm ality  and the m ajor  
organ s w ere w eigh ed . Sam p les o f  these organs, a var
iety o f  o th er  organ s an d  an y  oth er  tissue that 
appeared  to  be ab n orm al w ere taken  and fixed in 
10% buffered form alin. R ats that d ied  during the  
stu dy  an d  th o se  k illed  w h en  m orib und  w ere a lso  
au top sied , but tissu e  sam p les w ere preserved o n ly  if 
au to ly sis  w a s n o t to o  advan ced . A ll tissu es w ere p ro
cessed  in the usual w ay  for paraffin em b ed d in g  and  
section s w ere sta ined  w ith  h aem atoxy lin  and eosin . 
and w ith  ad d ition a l sta in s w h ere appropriate. B one- 
m arrow  sm ears from  at least ten  ra ts/sex /grou p  w ere  
air-dried and sta ined  w ith  M ay-G riin w ald -G iem sa . 
T h e fo llo w in g  tissu es from  a ll rats o f  th e  tw o  co n tro l 
grou p s and o f  the grou p  fed 30% yeast w ere exam ined  
m icroscop ica lly : heart, k idneys, liver, spleen, brain  
(three sites), gonad s, pituitary, thyroid , parathyroids, 
adrenals, thym us, lung, trachea, sa livary glands, gas
tr o in te s tin a l tract (six sites), pancreas, urinary b lad
der, sk eleta l m uscle , sp inal cord , fem oral nerve, skin, 
b on e-m arrow  (sm ear an d  section  o f  sternum ), axillary  
and m esen teric  lym ph nod es, exorb ita l lachrym al 
glan d  and aorta. T h e m am m ary gland , uterus, p ro s
tate, testis, sem inal vesicle  and c o a g u la tin g  g land  
w ere a lso  exam in ed  in the app rop riate  sex.

R e p ro d u c tio n  s tu d y . W ean lin g  rats (50  m ales and  
100 fem ales) w ere d iv ided  into  five grou p s o f  ten  
m ales and 20 fem ales to  co n stitu te  th e  parent gener
a tion  (P  =  F 0). T h e five diets (as used  in the 2-yr  
study) and tap-w ater w ere p rovid ed  a d  lib . B ody  
w eig h ts w ere recorded o n ce  every 2 w k  until w k  12. 
A t w k 12 and 20. all rats w ere m ated  in grou p s o f  
five m ales and ten fem ales on the sam e diet, to  p ro
duce tw o  su ccessive  litters ( F la and F , b respectively). 
After a m atin g  period  o f  3 w k, the fem ales w ere caged  
ind iv idu ally  until after the litters had  been  w eaned. 
T h e num bers o f  pu p s in each litter an d  the total 
w eigh t o f  each  litter w ere recorded at days 1, 10 and  
20. L itters c o n ta in in g  m ore than  eight s ib lin gs w ere  
random ly  cu lled  to eight on  day 1. A ll the you n g  
o f  the F la litters w ere discarded  at w ean ing . W hen  
the F lb litters reached w ean ing , ten m ales and 20  
fem ales o f  each  diet grou p  w ere se lected  from  as m any  
different litters a s p ossib le  and fed on  the sam e diet 
as their parents. T h e procedure describ ed  for the F 0- 
gen eration  w as fo llow ed  w ith  the F lb an im als to  p ro 
duce rats o f  the F 2a and F 2b generation . T h is  p ro 
ced ure w a s repeated  w ith  the F 2b offspring to  ob ta in  
F 3a and F 3b litters. After they had w ean ed  their  
secon d  litters, the m oth ers w ere k illed  and each  uterus 
w a s treated w ith  am m on iu m  su lp h ide so lu tio n  for 
sta in in g  an d  the co u n tin g  o f  im p lan tation  sites.

W h en  the F , b generation  w as w ean ed , ten ra ts/sex / 
grou p  w ere se lected  from  ten different litters and kept 
on  the app rop riate  d iet for 9 0  days. In dividual body  
w eig h ts w ere recorded w eekly. T h e  food  co n su m p tio n  
o f  each  grou p  w a s m easured  during w k  1 -4  an d  11- 
12. H a em a to lo g ica l va lues w ere recorded  at w k 12. 
K id n ey-fu n ction  tests and urine ex a m in a tio n s w ere  
m ade at w k  13. T hereafter the rats w ere k illed  by  
decap ita tion  and b lo o d  w as co llected  for m easu re
m en t o f  serum  enzym es, total prote in  an d  albu m in . 
A t a u top sy , the rats w ere exam in ed  grossly  an d  ten  
different organ s from  each rat w ere w eighed . A w ide  
range o f  organ s and tissu es w as fixed in form alin . 
D eta iled  h isto lo g ica l exam in ation  w as carried o u t on

Table 1. Cumulative mortality of rats fed yeast at dietary 
levels of 0-30" „ for 2 yr

Dietary
level
(%)

Initial 
size of 
groupr

Total number of deaths at wk

36 48 60 72 84 96 104

a t 35 0
Males

0 0 3 7 8 10
os 35 0 0 1 2 4 6 7
10 35 0 0 1 2 3 3 4
20 35 0 1 I 2 3 3 7
30 35 0 0 0 0 2 4 7

0 Ì 35 0
Females

0 0 0 3 4 9
os 35 1 1 1 1 2 4 5
10 35 0 0 1 3 3 5 7
20 35 0 0 0 1 2 2 2*
30 35 0 0 0 1 1 4 7

tAfter 12 months ten males and ten females of each group 
were killed for pathological examination. 

iSoya control.
(¡Stock diet control.
The value marked with an asterisk differs significantly (y1 

test) from the control group on the soya diet: *P < 005.
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Table 2. Mean values of body weight and food consumption for rats fed yeast at dietary
levels of (i-30% for 2 yr

Dietary Body weight (g) at wk Food consumption (g/rat/day) during wk 
l e v e l -----------------------------------------------------------------------------------------------
(%) 52 76 88 104 60 +  61 72 + 73 88 +  89 96 + 97

Ot 418 461 472 465
Males

16-0 15-0 16-7 16-8
0Î 437* 474 496 489 17-3 16-2 15-2 15-9
10 424 468 473 477 16-9 16-4 16-7 16-7
20 413 445 455 441 14-9 14-7 16-1 15-7
30 418 461 464 467 15-8 17-9 16-1 17-6

Ot 244 270 284 293
Females

12-2 13-6 13 6 13-3
ot 259* 290 299 312 11-8 10-9 13-2 12-4
10 248 294* 312* 327 12-7 12-6 12-5 15-0
20 246 280 295 328 10-9 11-9 12-0 12-5
30 252 282 299 307 11-0 111 12-7 12-7

+Soya control. 
tStock diet control.
Values are the means for groups of 25 rats. Those marked with an asterisk differ signifi

cantly (Student’s t test) from controls on the soya diet: *P <  0 05.

Table 3. Terminal haematological values in rats fed yeast at dietary levels of 0-30% for 2 yr

Leucocytes
Sex and -------------------------------------------------
dietary Differential (%)

level Hb HC RBC Total ---------------------------------
(%) (g/100 ml) (%) (10'Vmm3) (103/mm3) L N E M

Males
ot 13-9 46-3 7-1 13-2 72-7 24-5 2-6 0-2
ot 14-5 48-7 7-5 12-2 78-4 18-5 3-1 0-0
10 14-2 47-5 7-4 14-7 71-3 24-6 4-1 0-0
20 14-2 47-6 7-4 13-0 72-0 24-9 3-1 0-0
30 13-3 45-1 6-8 13-5 71-3 26-2 2-4 0-1

Females
Ot 13-6 45-1 6-4 12-1 73-3 24-9 1-8 0-0
ot 14-2 45-2 6-1 14-9 71-4 24-0 4-6 0-0
10 14-1 45-6 6-5 11-9 73-7 25-2 1-1 0-0
20 14-3 47-1 6-8 111 78-7 19-4 1-9 0-0
30 14-0 45-3 6-4 10-6 71-3 25-4 3-3 0-0

Hb = Haemoglobin HC = Haematocrit RBC =  Red blooc cells L = Lymphocytes 
N = Neutrophils E = Eosinophils M — Monocytes

tSoya control.
JStock diet control.
Values are the means for groups of ten rats. None of the above values nor those determined 

at wk 78 differed significantly from the control values.

all rats fed the 30% yeast d iet or  the soya  contro l 
diet. M icro sco p ic  ex a m in a tio n  o f  the rats fed stock  
d iet or  d iets w ith  10 or 20% yeast w a s restricted to  
the liver an d  thyroid .

RESULTS

L o n g - te r m  fe e d in g  s tu d y

G e n e ra l c o n d itio n  a n d  m o r ta l i ty . N o  ab n orm alities  
w ere seen  in the app earance or b ehaviou r o f  the rats. 
T h e general c o n d itio n  o f  the rats rem ained  g o o d  dur
in g  the first 72 w k. T hereafter sym p tom s o f  agein g  
d ev e lo p ed  in m an y  an im als and m orta lity  increased  
rapidly. T h e to ta l num ber o f  d ea th s varied  co n sid er 
ab ly  a m o n g  the groups, b o th  in  m ales an d  fem ales,

but there w as n o  correla tion  betw een  th e  survival rate 
an d  the d ietary level o f  yeast (T ab le 1). A u to p sie s  o f  
rats th a t d ied  or w ere k illed  in e x tr e m is  generally  
revealed  p u lm on ary  in fections, n eo p la sia s or  o ther  
p a th o lo g ica l p ro cesses c o m m o n ly  a sso c ia ted  w ith  
ageing.

G r o w th  a n d  f o o d  in ta k e . M ea n  b o d y  w e ig h ts and  
food  intake figures during yr 2 are sh ow n  in T able  
2. R esu lts o b ta in ed  during yr 1 h ave a lready been  
pu b lish ed  (de G ro o t e t a l. 1970b). B o d y  w eigh ts o f  
the m ale  rats fed yeast d ie ts  w ere sim ilar to th ose  
o f  the co n tro ls  o n  the so y a  diet, bu t w ere sligh tly  
low er than  th ose  o f  the stock -d ie t contro ls . F em a les  
fed yeast d iets w ere sligh tly  heavier than  con tro l 
fem ales o n  the  so y a  d iet but w ere a b o u t as h eavy  
as those  on  the sto ck  diet. T h e fo o d -in ta k e  figures
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Table 4. Terminal blood chemistry of rats fed yeast at dietary levels of 0-30% for 2 yr

Dietary
level
(%)

Blood
sugar

(mg/100 ml)
BUN

(mg/100 ml)

SGPT 
(/«nol / 

litre/min)

SGOT
(/¡mol/

litre/min)
SAP

(BLU)
TSP

(g/100 ml)

Albumin,/
globulin

ratio

Ot 77 9-8
Males

42 131 4-8 66 1-32
oi 71 9-8 38 124 3-8 6-5 1-52
10 74 11-6 55** 137 6-6** 6-9 1-02
20 76 10-8 51 138 6-9* 6-7 1-17
30 75 13-4 53* 121 6-6* 6-5 1-19

0t 79 14-8
Females

40 143 5-7 7-1 1-39
oi 71 13-3 35 130 3-8** 7-3 1-85
10 74 13-5 48 145 4-3* 6-8 1-87
20 77 12-1 51** 147 5-7 7-3 2-39
30 75 12-3 48* 141 4-9 7-0 1-86

BUN = Blood urea nitrogen SGPT = Serum glutamic-pyruvic transaminase SGOT = Serum glutamic-oxalacetic trans
aminase SAP = Serum alkaline phosphatase TSP = Total serum protein (biuret) BLU = Bessey-Lowry units 
tSoya control. 
jStock diet control.
Values are the means for groups of 15 rats. Those marked with asterisks differ significantly (Student’s t test) from 

controls on the soya diet: *P <  0-05; **P < 001.

sh ow ed  consid erab le  differences bo th  betw een  groups  
an d  betw een  different stages, but co n sisten t grou p  dif
ferences d id  n o t occur.

H a e m a to lo g y . T h e  resu lts o f  the  h a em ato log ica l in 
vestiga tion s o f  sam p les co llec ted  at six  different stages  
during the 2-yr period  d id  not reveal an y  treatm ent- 
related differences b etw een  test an d  co n tro l anim als. 
T ab le  3 sh o w s results for w k 102.

C lin ic a l c h e m is tr y . Slightly  increased  S G P T -v a lu es  
w ere found in both  sexes o f  all the grou p s fed yeast

Table 5. Terminal urine analyses of rats fed yeast at dietary 
levels of 0-30% for 2 yr

Dietary
level
(%)

Phenol-red 
excretion 

(% after 1 hr)
Specific
gravity!

GOT
activity!

O)
Males

68-3 1-0537 16 4
oil 58-3 1-0575 16-1
10 65-4 1-0503 12-6
20 61-7 1-0585 13-7
30 61-0 1-0581 14-4

Oi)
Females

78-4 1-0649 13-2
Oil 70-6 1-0702 15-2
10 72-6 1-0541 15-6
20 74-5 1-0681 15-2
30 68-6 1-0616 15-9

tMeasured in urine samples collected during the last 16 
hr of a 24-hr period of deprivation of food and water.

^Glutamic-oxalacetic transaminase activity expressed in 
Reitman-Frankel units.

SSoya control.
¡Stock diet control.
Values are the means for groups of ten rats. None of the 

values differed significantly (Wilcoxon test) from the con
trols on the soya diet. Values at wk 78 similarly showed 
no significant differences from the soya controls with 
the exception of that for phenol-red excretion in males 
on the 20°/o yeast diet (37-9 v. 52T% in controls; 
P < 0 05).

(T able 4) an d  S A P -va lu es w ere increased  in yeast-fed  
m ales. T here w as. how ever, n o  trend tow ards higher  
valu es w ith  increasing levels o f  yeast. T herefore these  
findings are n o t attrib uted  to  the in gestion  o f  the 
yeast. O ther  c lin ical b lo o d  findings sh ow ed  n o  sign ifi
can t differences a m o n g  the groups.

U rin e  e x a m in a tio n s . T h e  c o m p o sit io n  o f  p o o led  
urine sam p les co llec ted  at the different stages sh ow ed  
no ch an ges a ttrib utab le  to  the feed ing o f  the yeast. 
T h e resu lts o f  the k id n ey-fu n ction  tests (T able 5) w ere  
w ith in  the range o f  va lues considered  norm al for the  
strain o f  rat.

O rg a n  w e ig h ts . T h e org a n -to -b o d y  w eigh t ratios  
(T able 6) sh o w ed  low er va lues for the ovaries o f  the  
grou p s o n  yeast d iets than for th ose  o f  the so y a  c o n 
trol group , but such differences w ere n o t app arent 
betw een  the test grou p s an d  the grou p  on  the sto ck  
diet. S om e o ther  sign ificant decreases in organ  
w eigh ts in the yeast grou p s w ere con sid ered  to  be  
ch an ce  effects because  they d id  n o t occur in  the group  
o n  the highest d ose  level.

P a th o lo g ic a l  o b se rv a tio n s . T here w ere n o  n o ta b le  
gross p a th o lo g ica l ch an ges that cou ld  be related to  
the yeast treatm ent. T h e  m an y  les ion s present in m o st  
o f  the o ld  an im als w ere recogn ized  as th ose  c o m 
m o n ly  a sso cia ted  w ith  the process o f  ageing. T h e  
organ s m o st frequently affected w ere the kidney, liver  
and lun g  in both  sexes an d  the lachrym al g lan d  o f  
m ales. T h e  incid en ce o f  n o n -n eo p la stic  h isto p a th o lo -  
gical ch an ges in the grou p  on  the h igh est treatm ent 
level and in th e  tw o  co n tro l grou p s is sh ow n  in T ab le
7. T here w ere n o  in d ica tion s that the feed ing o f  the  
yeast had  influenced the incid en ce or severity  o f  the  
les io n s observed .

T h e incid en ce o f  h isto lo g ica lly  confirm ed n e o 
p lasm s is tabu lated  in T ab le  8. T h e to ta l num ber o f  
tu m ou rs ob served  in th is stu dy w as relatively  lo w  for 
the strain  o f  rat used. T h e m ost c o m m o n  tum ours  
en cou n tered  w ere p h a eo ch ro m o cy to m a  in the adrenals, 
lym phoreticu lar  lung tum ou rs and fib road en om as o f  
the m am m ary gland. T h ese  and oth er  typ es o f  n eo 
p lasia  occurred  in a random  m anner w ith  n o  appar-
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Tabic 7. Non-neoplastic histopathological changes in rats fed yeast at dietary levels of 0 or 30% for 2 vr

No. of rats affected

Males Females

Histopathological
findings

Diet.. .
No. of rats 

examined...

Soya Stock
30%
yeast Soya Stock

30%
yeast

21 25 23 22 24 23

Kidney
Nephrosis 13 11 9 2 4 4
Calcareous deposits 1 0 1 6 2 4
Parasite in pelvis 0 0 1 0 0 0
Cortical cyst 0 0 1 0 0 0
Cortical infarct 0 0 1 0 0 0
Unilateral hydronephrosis 0 1 1 0 1 0

Liver
Vacuolization of hcpatocytes 4 5 1 1 0 1

0Necrosis 0 1 0 0 1
Bile-duct proliferation 4 3 4 4 1 1
Pericholangitis 2 3 2 2 2 1
Peliosis-likc change 0 0 0 0 2 1
Hepatitis 1 0 0 3 0 1

0Hyperplastic nodule 1 0 1 0 0
Lung

Chronic respiratory disease* 12 11 11 14 18 12
Grey-spot disease 2 3 1 2 2 1
Calcification of arteries 8 6 4 0 4 1

Pancreas
Transformation of exocrine acinar

cells into duct-like structures 5 2 3 0 0 0
Hyperplastic islet 1 0 0 0 0 0

Thyroid
Diffuse proliferation of light cells 5 4 3 4 3 1
Ultimobranchial remnants 2 4 1 2 1 1

Heart
Focal myocarditis 3 3 6 0 2 0
Endocarditis 2 2 0 0 0 0

Sublingual salivary gland
Metaplasia of excretory ducts 3 6 3 2 7 4

Exorbital lachrymal gland
Prosoplasia of glandular epithelium

into Harderian type acini 8 10 6 0 0 0
Urinary bladder

Trichosomoidcs parasite 6 11 3 2 3 0
Proteinaceous plug 0 2 2 0 0 0

Adrenal
Haemorrhagic cyst in cortex 3 1 0 2 2 3
Cortical focal fatty change 1 1 0 2 0 0

Pituitary
Colloid in pars distalis 1 1 3 0 0 0

Uterus
Endometritis/'pyometra 2 9 4

Testis
Atrophy
Calcification of arteries

5
0

11
0

6
1

*Lungs containing lymphoreticular tumours are excluded.

ent relationsh ip  betw een  num ber, lo ca tio n  or type o f  
tum ou r an d  d iet co m p o sitio n .

R e p ro d u c tio n  s tu d y

T he b o d y  w eigh ts o f  the parent rats in su ccessive  
gen eration s w ere genera lly  s ligh tly  higher in the  
grou p s o n  the yeast d iets than in those  in the soya  
co n tro l group , but w ere sim ilar to  th ose  o f  the c o n 
trols o n  the stock  diet. D a ta  su m m ariz in g  the repro
d u ctio n  and lactation  perform ances o f  the F 0 , F ,  and

F 2 gen eration s are sh ow n  in T ab le  9. Y east feeding  
had n o  effect o n  fertility, the num ber or w eight o f  
the y o u n g  born, or  the ga in  in b od y  w eigh t o f  the  
you n g  during the lactation  period . P rew ean in g  m o rta 
lity  sh ow ed  consid erab le  variation  both  a m o n g  
grou p s and a m o n g  different generations. R elatively  
high  m orta lity  occu rred  in the 30% -yeast grou p  w hen  
the secon d  litters o f  the F ,  gen eration  w ere reared. 
N o  increased m orta lity  w as n oticed  in the litters o f  
th is group , how ever, after an y  o f  the  p rev iou s or fol
lo w in g  m atings. T h e  ratio  betw een  the num ber o f  im 
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p la n ta tio n  sites and the  num ber o f  pu p s born  (re
so rp tio n  q u otien t) in the variou s grou p s w as on ly  
sligh tly  a b o v e  1 -0, in d icatin g  un iform ly lo w  m orta lity  
in u tero .

In the 3 m o n th s du rin g  w h ich  the rats from  the 
F 3b gen eration  w ere observed , grow th  an d  fo o d  in 
take w ere norm al, w h ile  in both  sexes the food  effi
ciencies o f  the grou p s o n  the yeast d iets w ere sligh tly  
m ore favourable than  th ose  o f  the tw o  con tro l groups.

H a em a to lo g ica l and b ioch em ica l va lu es co llected  at  
w k  12-13  w ere com parab le  w ith  th o se  foun d  in c o n 
trols, except for a sligh tly  increased  a lk a lin e  p h o sp h a 
tase activ ity  in the serum  o f  m ales in  the 30% -yeast  
group. T erm inal k id n ey-fu n ction  tests an d  urine exa
m in ation s an d  the org a n -to -b o d y  w eigh t ra tio s o f  ten  
different organ s w ere w ith in  norm al lim its. G ro ss and  
m icroscop ic  exam in ation s revealed n o  yeast-related  
p a th o lo g ica l changes.

Table 8. Incidence and type of tumours in rats fed yeast at dietary levels of 0 or 30% for 2 yr

No. of rats affected

Males Females

Soya Stock
30%
Yeast Soya Stock

30%
Yeast

No. of rats
Site and type 

of tumour
examined. . . .  

No. of rats with 
tumours. . . .

21

13

25

14

23

17

22

15

24

16

23

16

Lung
Malignant lymphoreticular tumour 5 5 2 0 4 5
Adenoma 0 1 1 0 0 0
Epidermoid carcinoma 0 1 0 0 0 0

Thyroid
Light cell adenoma

small (hyperplasia?) 0 0 2 2 4 2
medium-sized 1 0 0 0 1 0
large 1 0 1 0 0 0

Anaplastic carcinoma 1 0 0 0 0 0
Pituitary

Adenoma
small (hyperplasia?) 0 0 1 0 0 0
medium-sized 0 0 1 2 1 1
large 0 0 1 0 2 0

Carcinoma 0 1 0 0 0 0
Adrenal

Phaeochromocytoma
small (hyperplasia?) 4 2 4 0 0 0
medium-sized 4 5 2 1 0 0
large 1 0 5 0 0 0

Mammary gland
Fibroadenoma 0 0 0 4 6 2
Adenoma 0 0 1 3 1 2
Cystadenoma 0 0 0 0 1 2
Squamous-cell carcinoma 0 0 0 0 1 0

Liver
Mesenchymal tumour 0 0 1 0 0 0

Abdomen
Lymphoreticular tumour 1 0 0 3 0 0
Malignant mesenchymal tumour 0 1 0 0 0 0

Spleen
Haemangioma 0 0 1 0 0 0

Brain
Meningioma 1 0 0 0 0 0
Oligodendroglioma 0 0 1 0 0 0
Oligodendroblastoma 0 0 1 0 0 0

Subcutis
Fibroma 1 0 0 0 0 0
Sarcoma 0 1 0 1 0 0

Salivary gland
Carcinoma 0 0 1 0 0 0

Forestomach
Papilloma 0 1 0 0 0 0

Ovary
Granulosa-cel! tumour 

Leukaemia 2 2 1
0
2

u
0

1
1

Total number of primary tumours . . . 23 20 28 18 21 16
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Table 9. Reproduction data of F0-F 3 generations of rats fed yeast at dietary levels of 0-3(f/„

Dietary
level
(%)

Percentage 
of females 
with litter*

Average 
no. of rats 

litter at 
birth

Mean body weight (g) 
of young at day

Percentage of young 
dead at day

Resorption
quotient-!-1 10 20 10 20

F0, First mating
o i 95 9-5 6-7 20-1 36-5 3-4 3-4
OS 100 10-7 6-5 20-6 38-3 2-6 2-6
10 100 9-8 6-6 20-6 37-1 0 0
20 95 9-3 6-8 20-4 39-2 2-1 2-1
30 95 9-8 6-7 19-2 35-5 0 2-1

I'o- Second mating
0Î 100 9-9 6-3 19-8 38-9 0 0 1-08
« 100 11-3 6-2 21-8 39-8 2-1 2-1 1-07
10 100 110 5-9 19-3 38-6 2-6 2-6 1-07
20 100 10-6 5-9 18-6 38-2 2-8 3-5 1-08
30 80 116 6-2 20-5 40-7 4-0 4-0 1-10

F lt„ First mating
Oi 100 91 6-3 18-7 35-1 0 0
OS 90 10-6 6-3 200 39-4 6-8 6-8
10 100 9-6 6-3 17-9 35-8 6-3 6-3
20 100 9-7 6-2 17-6 34-2 5-8 7-1
30 9 5 11-3 6-1 18-3 35-7 4-1 4-1

Ft*. Second mating
0i 100 9-1 6-2 19-2 40-3 2-3 3-8 1-08
OS 95 12-0 6-4 20-6 41-8 0-7 0-7 1-02
10 100 9-5 6-4 18-6 39-2 6-4 7-1 1-03
20 100 9-7 6-4 18-8 40-1 4-4 6-1 1-03
30 95 11-4 6-4 18-7 39-5 12-5 17-8 1-02

F'2j, First mating
0i 95 9-1 6-5 18-2 34-6 0 0-7
OS 100 10-8 6-3 19-6 37-3 5-0 5-0
10 100 10-3 6-4 18.1 33-6 1-3 1-3
20 100 8-9 6-5 19-0 36-7 0 0
30 100 9-3 6-4 19-4 36-3 0-7 2-0

F y,. Second mating
Oi 100 11-1 6-4 18-3 27-1 3-2 9-6 1-10
OS 100 13-0 6-1 20-0 39-6 2-5 2-5 1 04
10 100 10-9 6-2 17-8 36-0 0-7 0-7 1-05
20 90 10-1 6-5 19 8 40-5 2-3 3-1 1-07
30 95 109 6-3 18-7 37-3 3-0 6-8 1-10

*No. of females mated in each group was 19 or 20. 
tNo. of implantation sites/no. of young born.
JSoya control.
¡¡Stock diet control.

DISCUSSIO N
T h e feed ing o f  the yeast a t d ietary levels up to 30%  

for 2 yr d id  not result in any sign ificantly  adverse  
effects on  b od y-w eigh t gain  and food  efficiency, m orta 
lity, haem ato logy , serum  chem istry, urinary cell excre
tion . renal function or rep rod uction  and lacta tion  per
form ance. or in any o f  the criteria app lied  to  the 
offspring w h en  the sam e d iets w ere fed over  three 
gen eration s o f  rats. M ale  and fem ale rats from  the 
F 3b generation  w ere co n tin u ed  o n  their d iets to p ro 
duce further generations, but w ith  o n ly  o n e  m ating  
in each  generation . A t present 16 su ccessive  g en e
ration s have been reared w ith o u t an y  im pairm ent o f  
rep rod u ction  or lactation  perform ance.

T h e  h isto lo g ica l ch an ges ob served  in the 2-yr study  
w ere co n sisten t w ith  th ose  exp ected  in agein g  rats. 
T he incidence, type and severity o f  the liver lesion s  
observed  d id  n o t accou n t for the som ew h at raised  
activ ities o f  a lka lin e  p h osp h atase  in the serum  o f  rats 
fed yeast diets.

M o st o f  the tu m ou rs found in rats fed 30% yeast 
a lso  occu rred  w ith  a sim ilar incid en ce in co n tro l rats 
an d  cou ld  not be attributed  to  treatm ent. S om e types 
o f  tum ou r found in on ly  o n e  rat fed on  a y ea st-co n 
ta in ing  diet an d  not in con tro ls have been  foun d  o c c a 
sion a lly  in rats o f  ou r strain in p rev iou s studies. 
T herefore the p a th o lo g ica l ch an ges ob served  w ere  
con sid ered  to  be sp on tan eou s, age-d ep en d en t and u n 
related to  the in gestion  o f  the yeast.

T h e results o f  the present 2-yr feed ing an d  repro
d u ction  stu d ies co n d u cted  w ith  a yeast grow n  o n  pure  
«-paraffins confirm  the lack  o f  tox ic  effects foun d  in  
a  p rev iou s 1 -yr stu dy usin g the sam e yeast an d  the  
sam e d iets (de G ro o t et al. 1970b). T h ey  are a lso  in  
agreem ent w ith  the results o f  sim ilar stu d ies c o n 
du cted  p rev iou sly  w ith  a  different yeast p rod u ced  by 
the gas o il p rocess (de G ro o t et al. 1971). A m ajor  
difference in c o m p o sit io n  betw een  the tw o  types o f  
yeast is the con sid erab ly  higher lip id  co n te n t o f  the  
yeast exam in ed  in the present stu d ies (8-2 against
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1 -2%). T h e lip id s o f  m icro -organ ism s gro w n  o n  hyd ro
carb ons m ay co n ta in  od d -n u m b ered  fatty acid s in 
a m ou n ts con sid erab ly  higher than  th ose  norm ally  
found in fo o d s an d  feeds (B ird &  M o lten , 1972). U n 
even  fatty acid s are broken  d ow n  in the sam e  
sequence as even fatty acids, except that they yield  
a term inal unit o f  p rop ion yl C oA . rather than acetyl 
C oA . P ro p io n y l C oA  can  be con verted  to  succinyl 
C o A  w h ich  m ay enter the citric ac id  cycle  (G reen  
&  A llm an , 1968). N ea r ly  33%  o f  the lip id s present 
in the type o f  yeast used in th is stu dy w ere found  
to  con sist o f  o d d -ch a in  fatty acid s, m ain ly  C , 5:o and  
C |7:i w ith  a sm all p rop ortion  o f  C ,,.,,, C ]5:1 and  
C , 7:o- Y east d ie ts  w ith  a ca lcu lated  dietary level o f  
08 %  od d -ch a in  fatty acid s w ere n o t a sso cia ted  w ith  
any un favourab le  effect in the present long-term  
studies. T h is  agrees w ith  the lack o f  tox icity  in sh o rt
term  stu d ies in rats fed d iets c o n ta in in g  c. 10% od d  
fatty ac id s (V a n lta llie  &  K h ach ad u rian , 1969; Saxena, 
V end elm ans-S tarrenb urg  &  V ies, 1972).

T h e level o f  residual paraffin in the yeast exam in ed  
averaged  nearly  0-5%. A lth o u g h  a sm all part o f  
ingested  paraffin is absorb ed , n o  adverse effects w ere  
noticeab le . T h is  is co n sisten t w ith  the to x ico lo g ica l 
eva lu ation  o f  food -grad e m ineral o il by the Joint  
F A O A V H O  E xpert C om m ittee  o n  F o o d  A d d itives
(1970).

T h ese  stu d ies have thus p rovid ed  n o  ev id en ce  that 
the type o f  yeast exam in ed  h as an y  harm ful p o ten tia l 
w h en  fed to  rats a t d ietary levels up  to  30% for 2-yr 
an d  over  three generations.
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Abstract—Groups of pregnant albino mice and rats were treated by gavage with doses up to 714 
mg lead acetate/kg or 10 mg tetraethyllead (TEL)/kg. The compounds were administered daily during 
the period of rapid organogenesis (days 5-15 of pregnancy for mice and days 6-16 for rats). Maternal 
toxicity was observed and foetal resorption and general retardation of development were encountered 
at the higher dosage levels. Neither lead compound caused any congenital malformations. Foetuses 
derived from lead-exposed females were examined grossly and for internal structural and skeletal devel
opment but no teratogenic response was evident, even at dose levels at which frank signs of maternal 
toxicity were observed. It is concluded that lead, as the acetate or as tetraethyllead, is not teratogenic 
to the mouse or rat.

IN T R O D U C T IO N
E xposure o f  the pregnant hu m an  fem ale to  high  

levels o f  lead  h as ap p aren tly  resu lted  in ab ortion  
(T aussig, 1936; W ilso n , 1966). It has been  d e m o n 
strated  th at lead  crosses th e  h u m an  p lacen ta  in cases  
o f  h igh -level exp osu re  (Barltrop, 1968). T h e  ev a lu a 
tio n  o f  tera togen ic  p o ten tia l in  an im al m o d e ls  has 
received  a  great d ea l o f  a tten tion . In  ham sters, the  
in jection  o f  lead  sa lts p rod u ced  ch an ges in the sacral 
and, to  a  less m arked  degree, the  ta il vertebrae w ith 
o u t an y  increase in foetal m o rta lity  (F erm  &  C ar
penter, 1967). N o  ev id en ce  for a  teratogen ic  response  
in co w s (Shupe, B inns, Jam es, &  K eeler, 1967) or  
sh eep  (Jam es, L azar &  B inn s, 1966) has been  
reported. In the rabbit, the  feed in g o f  up to  546 ppm  
lead th rou gh ou t g esta tio n  w as fou n d  to  be both  non -  
teratogen ic  and n o n -em b ry o to x ic  (Jessup, 1967). T he  
sam e w orkers fou n d  n o  lead -in d u ced  a ltera tion s in 
rats ex p o sed  to  up  to  1000 pp m  lead  (as lead  acetate) 
in  a  th ree-generation  rep rod u ction  stu dy (Jessup, 
1969). M cC la in  &  B eck er (1972) treated rats w ith  
tetraethyllead  (TEL) at d o ses  up  to  30  m g /k g  for short 
period s du rin g  g esta tio n  a n d  fou n d  d elayed  o ss ifica 
tio n  a n d  genera l retardation  o f  grow th . N o  specific  
tera to log ica l find in gs w ere n o ted  in th at stu dy and  
the o b serv a tio n s referred to  w ere seen  o n ly  in m ater
nal a n im als th at exh ib ited  severe o rgan o lead  tox ic ity  
an d  w ere severely  deb ilita ted . S in gle iv d o ses  o f  lead  
nitrate w ere fou n d  to  cross the  p lacen ta  an d  w ere  
em b ry o to x ic  bu t n o t tera togen ic  to  th e  rat (M cC la in  
&  B ecker, 1975).

In  th is experim ent, lead  aceta te  an d  T E L  w ere ev a 
lu ated  to  determ ine their  tera to log ica l p o ten tia l at 
m axim ally  to lera ted  d o ses  in tw o  rodent sp ecies, the  
m o u se  an d  the rat. D o s e s  w ere ad m in istered  o ver  the  
entire p eriod  o f  rapid o rg a n o g en esis  in bo th  species.

E X P E R IM E N T A L

Materials. L ead  a ceta te  (certified A C S grade) w as  
o b ta in ed  from  J. T. B aker C h em ica l C o., P hillip sburg,

N . J., an d  T E L  (98% pure) w a s su p p lied  by the H o u s
ton  C h em ica l C o., F reeport, T exas.

Animals and diet. T h e an im als u sed  w ere C D -I  ran
d om -b red  a lb in o  m ice  a n d  C O B S  random -b red  
a lb in o  rats im pregnated  at the C h arles R iver B reeding  
L aboratories, W ilm in gton , M ass. T h e  day  o f  sperm 
p o sitiv e  vag inal exam in ation  w a s design ated  g esta tio n  
day 0  and the an im als w ere sh ip ped  to  th ese  lab ora
tories o n  that day. F o r  acu te  stu d ies, non -p regn an t  
rod en ts o f  the sam e age w ere o b ta in ed  from  the sam e  
supplier. A ll an im als w ere h ou sed  in d iv id u a lly  in 
h an gin g  sta in less-stee l rodent cages an d  w ere m a in 
ta ined  o n  a standard p elleted  feed, o b ta in ed  from  R al- 
ston -P u rin a , St. L ouis, M o ., an d  w ater p rov id ed  ad 
lib.

Experimental design. F em ale  a n im als w ere d iv ided  
in to  grou p s o f  20  a n d  w ere treated w ith  the  test c o m 
p o u n d s by ora l in tub ation . L ead  aceta te  w a s g iven  
as an a q u eo u s so lu tio n  and T E L  as a so lu tio n  in 
corn  oil. C on cu rren tly  m ain ta in ed  co n tro l anim als  
w ere treated  w ith  either d istilled  w ater o n  corn  oil 
in v o lu m es eq u iva len t to  th ose  received  by the  a n i
m als o n  the h igh est d o se  level. M ice  w ere treated  
from  g esta tio n  day 5 to  15 an d  rats from  day  6 to  
16.

P relim inary  acu te  range-finding stu d ies w ere c o n 
du cted  in  m ice  an d  rats to  determ ine to lerab le  doses. 
Sin gle graded  oral d o ses  o f  each  m ateria l w ere g iven  
to  grou p s o f  ten  a n im als an d  14-day L D 50 va lues  
w ere ca lcu la ted  (L itch field  &  W ilc o x o n , 1949). D o se  
levels se lected  for use in the tera to lo g ica l stu d y  w ere
O, 7T 4, 71-4 an d  714 m g lead  a ceta te /k g  b o d y  w eigh t  
an d  0, 0  01, 0 1 ,  1-0 and 10 m g T E L /k g  b o d y  w eigh t  
for b o th  species. B ecau se  o f  the to x ic ity  ob served  at 
the h igh est d o se  levels (714 m g lead  aceta te /k g  and  
10 m g T E L /kg), treatm ent a t these leve ls  w a s d isc o n 
tinued  after three daily  d oses . A n im als w ere w eigh ed  
d aily  to  facilita te  accu rate  d o s in g  o n  a  m g /k g  basis.

A n im a ls w ere k illed  by cervical d is lo c a tio n  ju st  
before natural delivery (day 18 for m ice  a n d  day  20  
for rats) an d  the uterine h orn s w ere exam in ed  for im 
p la n ta tio n  sites, resorp tion  sites and v iab le  foetuses.
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Table 1. Ac ute oral toxicity of tetraethyllead

Species
Dose

(mg/kg) No. dead/no. tested
Reactions

(onset-duration, hr)

Mouse 35-12 0/10 None
52-67 2 10 Hypoactivity (6-24)
79-01 10/10 Hypoactivity (6-until death) 

Tremors (5-24 or until death) 
Hypoactivity (2-until death)

118-5 10/10 Tremors (3-12 or until death) 
Clonic convulsions (2-3 to 5)

Rat 35-12 1/10 None
52-67 5/10 Hypoactivity (6-24)
79-01 10/10 Hypoactivity (6-until death)

Tremors (5-24 or until death)
Clonic convulsions (2-5 or until death)

A co m p lete  external ex a m in a tio n  o f  each  foetu s w as  
con d u cted  and , fo llo w in g  rem oval o f  excess a m n io tic  
fluid, each w as w eighed . F o etu ses w ere d iv ided  into  
tw o  equal grou p s (random ly assign ed  in each litter) 
for eva lu ation  o f  skeleta l d ev e lo p m en t (H urley, 1965) 
or o f  internal d eve lop m en t (W ilson , 1966).

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

In acu te  tox icity  studies. L D 50 va lues for lead  ace 
tate in both  rats and m ice w ere greater than  2 g/kg. 
In b o th  species, d o ses  o f  600  m g /k g  or m ore resulted  
in hyp oactiv ity , the  degree an d  d u ration  being p ro
p ortional to  the dose. L D 50 va lues for T E L  were  
65 ±  3-5 m g/k g  for m ice and 53 +  8 m g /k g  for 
rats (T able 1). Schroeder. A very &  C ross (1972) found  
the oral L D 5P o f  T E L  in rats to  be 1 4 1 8  m g /k g  using  
peanu t o il as the vehicle . T h e  reason  for th is differ
en ce  is no t clear, but va lues in the stu dy described  
here are based  o n  grou p s o f  ten rather than four a n i
m als. Further, the steep  resp on se  seen in the w ork  
o f  Schroeder et al. (0 /4  d ea th s a t 13-0 m g /k g  and 4 /4  
deaths a t 16-9 m g/k g) m ay ind icate  a m ore genetica lly  
h o m o g en eo u s test m od el. M cC la in  &  B ecker (1972) 
en cou n tered  little  m aternal m orta lity  a t a d o se  level 
o f  30 m g  T E L /k g , a finding in line w ith  the results 
reported  here.

A n im als g iven  up to  0 1 0  m g T E L /k g  or  71-4 m g  
lead  aceta te /k g  sh ow ed  n o  ev id en ce  o f  a  p h arm aco-  
tox ic  response to  the ch em ica ls and d isp layed  norm al 
w eigh t ga in s during pregnancy. F em ale  m ice treated  
w ith  1-0 m g  T E L /k g  ga ined  25% less w eigh t during  
g esta tio n  than  d id  the contro ls , a n d  the response  w as  
m ore n o ticea b le  in rats (w ith a w eigh t gain  70% less 
than that o f  the contro ls). B oth  sp ecies d isp layed  
h yp oactiv ity . trem ors and c o n v u lsio n s a lo n g  w ith  
severe b od y-w eigh t lo ss  after three daily  d o ses  o f  10 
m g T E L /k g , an d  su b seq u en t d o s in g  w a s d iscon tin u ed . 
T reatm en t o f  rats an d  m ice w ith  714 m g  lead  a ceta te /  
k g resulted in h yp oactiv ity . severe d iarrh oea and  
sharply reduced b od y  w eights, forcing d iscon tin u ation  
o f  treatm ent after three doses.

R ep rod u ctive  param eters, inclu d ing  the num ber o f  
fem ales exam in ed  an d  the num bers o f  im p lan ta tion  
sites, resorp tion  sites, foetu ses and terata ob served  are 
presented  in T ab les 2 (m ice) and 3 (rats). T h e  num ber  
o f  pregnancies w a s sharply reduced w ith  10 m g  T E L /  
k g an d  w ith  714 m g lead  acetate /k g . In b o th  species, 
m an y  fem ales in these grou p s w ere ob served  to  be  
full o f  brow n fluid w ith o u t any trace o f  foetal tissues  
or rem nants thereof.

A n increase in foetal resorp tion  occu rred  in both  
sp ecies w ith  exp osu re  to  1 0  m g T E L /k g  or  714 m g  
lead  a ceta te /k g . the num ber o f  foetu ses b ein g  corres-

Table 2. Reproduction and teratological data for mice exposed to lead compounds during gestation

Dose of
No. of pregnant 

females 
examined

No. of

Treatment
Compound

(mg/kg)
Lead

(mg/kg)
Implantation

sites*
Resorption

sites* Foetuses*
Abnormal
foetusest

Water — — 16 195 (12-2) 7 (0-4) 188 (11-8) 1 (0-5)
(control)

Corn oil — . — 16 186 (116) 12(0-8) 174 (10-9) 2 (11)
(control)

TEL 0-01 0-006 15 187 (12-5) 11 (0-7) 176 (11-7) 0
0-10 0-064 20 256 (12-8) 18 (0-9) 238 (11-9) 3 (13)
100 0-64 15 185 (12-3) 32 (2-1) 153 (10-2) 0

Lead acetate
10-0 6-40 5 58 (11-6) 8 (1-6) 50 (10-0) 0
7-14 3-90 11 152 (13-8) 9 (0-8) 143 (13-0) 0
71-4 39-0 16 215 (13-4) 12 (0-7) 203 (12-7) 0
714-0 390-0 3 38 (12-7) 7 (2-3) 31 (10-3) 1 (3-2)

*Figures in parentheses refer to mean/female. 
tFigures in parentheses refer to percentage of total foetuses.
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Table 3. Reproduction and teratological data for rats exposed to lead compounds during gestation

Dose of No. of
----------------------  No. of pregnant ----------------------------------------

Treatment
Compound

(mg/kg)
Lead

(mg/kg)
females

examined
Implantation

sites*
Resorption

sites* Foetuses*
Abnormal
foetusest

Water ----- . — 19 241 (12-7) 17 (0 -6) 224 (11-8) 1 (0-4)
(control)

Corn oil — — 16 196 (12-2) 12 (0 -8) 184 (11-5) 2 (1-0 )
(control)

TEL 00 1 0-006 15 188 (12-5) .0 (0-7) 178 (11-9) I (0-5)
0T0 0-064 20 256 (12-8) 18 (0-9) 238 (11-9) 1 (0-4)
1 00 0-64 16 205 (12-8) 37 (2-3) 168 (10-5) 0
10-0 6-40 7 77(11-0) 8 ( 1-2 ) 69 (9-9) 0

Lead acetate 7-14 3-90 19 258(13-6) 15(0-8) 243(12-8) 2 (0 -8)
71-4 39-0 16 214(13-4) 13(0-8) 201 (12-6 ) 0
714-0 390-0 3 46(11-5) 10(2-5) 36 (9-0) 0

* Figures in parentheses refer to mean/female. 
tFigures in parentheses refer to percentage of total foetuses.

pondingly reduced in these groups. No increase in 
foetal resorption nor decrease in viable foetuses was 
observed at dose levels up to 0T0 mg TEL/kg or 
71-4 mg lead acetate/kg.

No evidence for a teratogenic response to lead was 
obtained from the gross examination of mice from 
the lead-treated groups. Three of 362 control foetuses 
(0-8%) displayed external anomalies, consisting of one 
exencephaly, one runt and one cleft palate. Three 
abnormal young, all displaying torsion of the rear 
limbs, were recovered from one litter in the group 
on 0T0 mg TEL/kg. One foetus in the group on 714 
mg lead acetate/kg displayed exencephaly. All other 
foetuses were grossly normal. Internal evaluation 
revealed no significant structural deviations in the 
lead-exposed mouse foetuses. Skeletal examination 
revealed slight delays in ossification in foetuses re
covered from females exposed to either 1 or 10 mg 
TEL/kg or to 714 mg lead acetate/kg. No specific 
skeletal anomalies were detected in any of the ani
mals. Supernumerary ribs and incomplete or non- 
ossified sternal sections were observed in all groups, 
including the controls, with the same relative fre
quency.

In the rat study, three grossly abnormal foetuses 
were recovered from the 408 foetuses from the control

group, one displaying severe stunting, one anophthal
mia and one cleft palate. Among the lead-treated 
groups, one foetus in the group on 0-01 mg TEL/kg 
was non-viable, one in the group on 0T0 mg TEL/kg 
had malrotation of a hind limb, and two foetuses in 
the group given 7 14 mg lead acetate/kg were non- 
viable. All other foetuses were grossly normal, indicat
ing the lack of a teratogenic response. As was the 
case in mice, no internal structural deviations were 
seen in the lead-treated rats. Retarded skeletal devel
opment (general lack of ossification) was observed in 
increased numbers of offspring of females exposed to 
either 10 mg TEL/kg or 714 mg lead acetate/kg. Foe
tuses obtained from dams exposed to 1 0 mg TEL/kg 
or less or to 71-4 mg lead acetate/kg or less showed 
normal skeletal development. In these groups, inci
dental findings, such as incomplete ossification of the 
sternum and supernumerary ribs, were observed with 
the same relative frequency as in the control groups. 
There were no specific skeletal abnormalities that 
could be correlated with exposure to lead.

Growth of foetuses (Table 4). as indicated by ter
minal body weights, was reduced in both species 
among animals exposed to 1-0 mg TEL/kg or more 
and 714 mg lead acetate/kg.

It is concluded that no teratogenic response is pro-

Table 4. Body weights o f foetuses recovered from lead-treated dams

Treatment

Dose of
Mean foetal weight (g)

Mouse Rat
Compound

(mg/kg)
Lead

(mg/kg) Male Female Male Female

Water (Control) — — IT 1-0 4-3 4-2
Corn oil (Control) --- . — 1-1 IT 4-1 4-0
TEL 0-01 0-006 IT 1-1 4-3 4-3

0-10 0-064 1-0 1-0 4-1 4-1
1-00 0-64 0 -8* 0 -8* 3-8* 3-6*
10-0 6-40 0-4* 0-4* 3-2* 3-0*

Lead acetate 7-14 3-90 IT 1-1 4-1 4-1
71-4 39-0 IT 1-0 4-0 4-1
714-0 390-0 0-7* 0 -6* 3-2* 3-2*

Figures marked with an asterisk differ significantly (*P < 0-05) from the corresponding control values.
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duced in rats and mice following in  u te r o  exposure 
to maximally tolerated doses of either lead acetate 
or TEL. Embryotoxicity is observed at levels that 
result in severe maternal toxicity.
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Abstract—Various possibilities were studied for administering vinyl chloride monomer (VCM) orally 
to rats. Upon storage, solutions of VCM in soya-bean oil appeared to be stable with respect to 
their VCM content and the fatty acid composition of the oil. In addition no oligomers of vinyl chloride 
or reaction products of VCM with components of the oil were detected. Stomach intubation of such 
solutions was considered an acceptable method of oral administration of VCM to rats in short-term 
toxicity studies. Within a period of 4 hr following intragastric intubation of VCM in soya-bean oil 
(300 mg VCM/kg body weight), over 92% of the VCM administered was recovered from the gases 
excreted (mainly exhaled?) by the animals. Eructation did not appear tc be involved in the excretion 
of VCM.

VCM dissolved in soya-bean oil was administered by gavage to male and female rats at levels 
of 0 (controls), 30. 100 and 300 mg/kg body weight, once daily on 6 days/wk for a period of 13 
wk. Several haematological, biochemical and organ weight values differed to a statistically significant 
degree from those of the controls, but these differences were considered to have only minor, if any, 
toxicological significance. A slight increase in liver-to-body weight ratio occurred in males and females 
on the highest dose level. This increase was not accompanied by liver damage, as was evident from 
histological examination, enzyme histochemistry and electron microscopy. The no-effect level in this 
90-day study was conservatively placed at 30 mg VCM/kg body weight, but was probably higher 
since the effects occurring at 100 and 300 mg/kg body weight were of doubtful toxicological significance.

Indications were obtained that the feeding of rats on diets containing polyvinyl chloride (PVC) 
powder with a high VCM content is a more practical method for the long-term oral exposure of 
rats to VCM than is stomach intubation of VCM in oil. VCM was almost completely released from 
PVC powder during passage through the digestive tract.

INTRODUCTION

Vinyl chloride monomer (VCM) is used in the 
manufacture of the resin, polyvinyl chloride (PVC). 
Industrial exposure to VCM has been associated with 
several disorders, including acro-osteolysis (Dinman, 
Cook, Whitehouse, Magnuson & Ditcheck, 1971; 
Harris & Adams, 1967; Lange, Jiihe, Stein & Velt- 
man, 1974; Markowitz. McDonald, Fethiere & 
Kerzner. 1972) and non-malignant liver diseases 
(Kramer & Mutchler. 1972; Marsteller, Lelbach, 
Miiller. Jiihe. Lange. Rohner & Veltman. 1973; Suciu, 
Drejman & Valaskai. 1967) and. only recently, also 
with angiosarcoma of the liver (Block, 1974; Creech 
& Johnson. 1974; Lee & Harry, 1974) and tumours 
of the brain and lungs (Monson, Peters & Johnson,
1974). Degenerative changes in the liver, kidneys, 
bone and brain were detected in rats and rabbits fol
lowing exposure to VCM inhalation (Basalaev. Vazin 
& Kochetkov. 1972; Jaeger, Reynolds. Conolly, 
Moslen, Szabo & Murphy, 1974; Torkelson, Oyen & 
Rowe, 1961; Viola, 1970). Moreover, VCM inhalation 
was found to induce tumours in both rats and mice 
(Maltoni & Lefemine, 1974; Viola, Bigotti & Caputo, 
1971).

*This study was sponsored by a group of co-operating 
European industries, including Verband Kunststoffer
zeugende Industrie e.V. (Federal Republic of Germany). 
Shell Nederland Chemie. Dutch State Mines. Akzo Zout 
Chemie Nederland B.V. and Dow Chemical Europe S.A.

Certain formulations of PVC are used widely as 
food-packaging materials. Residual VCM present in 
the extruded polymeric product was shown to be 
liable to migration into PVC-packed foods and drinks, 
especially distilled spirits (Randolph. 1973). Since no 
data on the oral toxicity of VCM appeared to be 
available, studies were initiated to examine the sub
acute toxic properties of this compound when admin
istered orally to rats. Oral administration is greatly 
hampered by the fact that VCM is a gas at room 
temperature (b.p. c.-13-8°C) and therefore preliminary 
experiments were carried out to find an acceptable 
way of administering the compound orally to rats.

Administration in the drinking-water was consi
dered in this respect but was rejected because of the 
rather poor solubility of VCM in water (Hardie, 1964) 
and, more significantly, because of the difficulties to 
be expected in handling the solutions and in estimat
ing the quantities of VCM actually ingested by the 
animals.

As VCM is lipophilic, we investigated the possibi
lity of administering VCM as a solution in edible oil 
either by gastric intubation or by incorporation into 
the diet. Another possibility studied was the addition 
to the diet of a PVC powder containing an unusually 
high concentration of VCM.

The present report describes tentative experiments 
on the oral administration of VCM and presents 
some observations on the fate of VCM in rats. In 
addition, the results are given of a subacute toxicity

i s h .
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study in rats given VCM dissolved in soya-bean oil 
by gavage for 13 wk.

e x p e r i m e n t a l

Materials. VCM. obtained from Akzo Zout Che- 
mie. Rotterdam. The Netherlands, in pressurized 
stainless-steel cylinders, had the following specifica
tion: M = 62-50; m.p. = —153-8 C; b.p. = 
—13-37 C; density = 0-9106: n„ = 1-3700. PVC 
powder, specially prepared to contain approximately 
1800 ppm VCM. was supplied by Shell Nederland 
Chemie. Pernis. The Netherlands, in closed steel 
barrels.

Animals and diets. Male and female Wistar-dcrived 
rats from the Institute’s colony were used. The Insti
tute’s stock diet and tap-water were offered ad lib.

Solutions o f  VCM in soya-bean oil. These were pre
pared either by bubbling VCM gas through the oil 
or by injecting liquid VCM into the oil. The stability 
of the solutions with regard to their VCM content 
was tested in storage experiments under various con
ditions either by weighing the vessels containing the 
solutions or by gas chromatography. For each gas- 
chromatographic determination. 1 g VCM-containing 
oil was mixed with 10 ml /V.N-dimethylacetamide 
containing toluene as an internal standard. The mix
ture (1 /.A) was injected on a glass column (length
2 m. i.d. 3 mm) filled with 10°o DC 200 on Gas 
Chrom Q. 100-200 mesh. The temperature was 90°C.

The VCM solutions were also examined for poly
merization products of VCM and for reaction prod
ucts of VCM with unsaturated fatty acid moieties 
of the oil. The presence of oligomers of VCM was 
checked by injecting 1 /¡I of a mixture of 1 ml oil 
and 10 ml p-xylene or A'./V-dimethylacetamide 
directly on to two different gas chromatographic 
columns and comparing the chromatograms with 
those obtained from pure soya-bean oil diluted and 
chromatographed in the same way. The column used 
for the oil diluted with p-xylene was: length 2 m. i.d.
3 mm. filled with Porapak Q. 80-100 mesh, tempera
ture 230 C. For the oil diluted with N,A'-dimethylace- 
tamide the DC 200 column mentioned above was 
used.

The fatty acid composition of the solutions in soya
bean oil was determined according to the IUPAC 
(Oils and Fat Section) methods 2D 19 (preparation of 
methyl esters) and 2D25 (gas chromatography of fatty 
methyl esters).

VC M  in the diet. The possibility of administering 
VCM to rats in the diet was studied by mixing the 
diet with a solution of VCM in soya-bean oil. with 
liquid VCM (in a closed vessel) or with PVC powder 
containing a high level of VCM*. PVC powder was 
used either as obtained from Shell (containing about 
1800 ppm VCM) or after raising its VCM content 
to approximately 4000 ppm by mixing the powder 
with a calculated amount of liquid VCM in a closed

‘ Attempts were made unsuccessfully to encapsulate VCM 
in malto-dextrin (type Snowflake 01902. Corn Products 
Company. ‘Sas van Gent’ B.V. Nederland), by freeze- 
or oven-drying of emulsions of soya-bean oil containing 
10% VCM in an aqueous solution of malto-dextrin and 
sodium caseinate (emulsifier).

steel barrel. The stability of the diets with respect to 
their VCM content was examined by storing the 
diets in open glass vessels at room temperature and 
determining their VCM content at regular intervals by 
gas chromatograph), in the first two cases by the 
method described above and in the case of the diet- 
incorporated PVC powder by mixing 5 g of the diet 
with 20 ml tetrahydrofuran. precipitating the PVC by 
adding 10 ml water, and injecting 1 /tl of the superna
tant on to a glass gas-chromatographic column 
(length 2 m, i.d. 3 mm) filled with Porapak Q 80-100 
mesh (column temperature. 230:C. carrier 50 ml 
nitrogen/min, detection by FID).

Fate o f  VCM  in oil administered orally or ip to rats. 
To study the fate of VCM after oral or ip adminis
tration to rats, four separate experiments were carried 
out.

(1) 1 ml of a 7-2% solution of VCM in soya-bean 
oil was given by gavage to each of two rats (body 
weight 240 g. dose level 300 mg/kg), which were 
placed immediately after treatment in a glass ex
posure cylinder normally used for inhalation toxi
city studies. The cylinder was connected with a 
trapping system consisting of a drying tube, a 
trapping device containing diethyl ether and an 
air pump with a capacity of 1 litre/7-5 min. The 
trapping device was cooled in a Dewar flask con
taining a mixture of alcohol and dry ice. Every
7-5 min the trap was replaced by a fresh one and 
each time the amount of VCM in the ether was 
determined gas chromatographically.
(2) The experiment described under (1) was 
repeated with two other rats, in each of which 
the oesophagus was ligated under anaesthesia 
immediately after intubation of the VCM 
solution.
(3) Two rats were each injected ip with 1 ml of 
the VCM solution in oil.
(4) The VCM content was determined in blood 
obtained at intervals from the tip of the tail of 
one rat intubated intragastrically with 1 ml of 
a 10% VCM solution in soya-bean oil. For the 
VCM determination, 0T ml blood was extracted 
with 1 ml ether, and 5 //I ether extract was in
jected on a gas-chromatographic column (glass, 
length 2 m, i.d. 3 mm) filled with Porapak Q 
80-100 mesh (column temperature, 230°C, carrier 
50 ml nitrogen/min, detection by FID).

Subacute toxicity study o f  VCM  administered in oil 
by gavage to rats. Solutions of 0. 10, 3-3 and 10% 
VCM in soya-bean oil were administered by stomach 
tube to groups of 15 male and 15 female weanling 
rats. The mean initial body weights were 44 g for 
both males and females. The rats in the various 
groups received approximate doses of VCM of 0. 30. 
100 or 300 mg/kg body weight daily on 6 days/wk 
for a period of 13 wk. The doses were adapted to 
the mean body weights once every week. The animals 
were housed in wire-screen cages in groups of three 
in an air-conditioned inhalation chamber (tempera
ture 22-24°C, relative humidity 60%).

Individual body weights were recorded weekly. The 
food intake of each group was measured in wk 1-4 
and in wk 11 and 12. Haematological indices (blood 
clotting time, haemoglobin content, packed cell vol-



Oral toxicity of vinyl chloride 635

ume and counts of erythrocytes and total and differ
ential leucocytes) and biochemical blood values 
(sugar, urea nitrogen, total serum protein, serum 
albumin and activities of glutamic-oxalacetic trans
aminase (GOT), glutamic-pyruvic transaminase (GPT) 
and alkaline phosphatase) were recorded terminally 
in ten males and ten females of each group. Kidney 
function (specific gravity and activity of GOT in the 
urine) was examined in wk 13 in ten males and ten 
females of the control and top-dose group. Also in 
wk 13. urine examinations, including appearance, pH. 
glucose, protein, occult blood, ketones and micro
scopic constituents, were conducted upon pooled 
urine samples from ten males and ten females of 
each group.

In wk 14 all rats were killed by decapitation and 
examined for gross changes. The heart, kidneys, liver, 
spleen, brain, gonads, thymus, thyroid and adrenals 
were weighed. Samples of these and a range of other 
organs were preserved in 10% buffered formalin. De
tailed microscopic examination was performed on all 
rats of the high-dose group and on the controls. 
Paraffin sections stained with haematoxylin-eosin 
were prepared from the weighed organs and from the 
lungs, salivary glands, trachea, thoracic aorta, skeletal 
muscle, axillary and mesenteric lymph nodes, ceru
minous glands, pancreas, urinary bladder, sternum 
with bone marrow, prostate, epididymis, uterus, 
mammary glands, oesophagus, fore and glandular sto
mach, duodenum, ileum, caecum and colon. In rats 
given the other dose levels, only the liver was exam
ined microscopically.

The following histochemical enzyme determina
tions were carried out* on cryostat sections of liver 
specimens (frozen in isopentane at — 70°C) from five 
males and five females of each group: alkaline phos
phatase (Gomori, 1939), acid phosphatase (Barka & 
Anderson. 1963; Gomori, 1939) and adenosine mono
phosphatase, adenosine triphosphatase and glucose-6- 
phosphatase (Wachstein & Meisel, 1957).

For electron microscopy, small pieces of liver (1 
mm3) from one male and one female control rat and 
from two males and two females from each test group 
were fixed in 1% osmium tetroxide buffered with 0T 
M-sodium cacodylate (pH 7-4) for 2 hr at 4°C. The 
cubes were dehydrated in alcohol and embedded in 
Epon resin. Sections (1 /am ) were cut and stained with 
toluidine blue for light microscopy. Selected areas 
were cut on an LKB ultramicrotome and ultrathin 
sections were stained with uranyl acetate and lead 
citrate and examined in a AEI EM6B electron micro- 
scopet.

RESULTS

S ta b i l i ty  o f  V C M  s o lu t io n s  in s o y a -b e a n  o il

When solutions of VCM in soya-bean oil were 
stored in open vials at room temperature, their VCM 
content diminished at a fairly low rate. For example.

*By Dr. R. Kroes of the Laboratory of Pathology of the 
National Institute of Public Health, Bilthoven, The 
Netherlands.

fThe ultrastructural studies on the liver were carried out 
by Mr. R. Hendy and Mr. M. Wright of the British 
Industrial Biological Research Association, Carshalton, 
England.

Table I. Fatty acid composition of pure and I’ CM-contain- 
ing soya-bean oils after storage at 37 C for a period of 8 

days

Fatty acid content (%) of

Fatty acid Pure oil Oil containing 10% VCM

Myristic 0-2 0-2
Palmitic 10-9 11-0
Stearic 3-6 3-8
Oleic 22-8 22-7
Linoleic 55-8 55-8
Linolenic 6-7 6-6

a 5-6% VCM solution had lost only 10% of its VCM 
after 1 hr, 16% after 4 hr and 29% after 8 hr. A 0-5% 
solution appeared to lose 25% of its VCM after a 
storage period of 24 hr, 50% after 4 days and 80% 
after 8 days.

Comparison of the chromatograms of a 10% VCM 
solution in soya-bean oil stored in a closed vial for 
a period of 8 days at 37°C with those of pure soya
bean oil did not reveal any evidence of the formation 
of vinyl chloride oligomers or other reaction products 
of VCM with oil compounds during the storage of 
the VCM solutions. Neither was the fatty acid com
position of soya-bean oil significantly altered by 
VCM present in the oil for a prolonged period of 
time (Table 1).

V C M  in th e  d ie t

A large part of the VCM evaporated during the 
mixing of a VCM solution in soya-bean oil with the 
stock diet (Fig. 11 and during storage of this diet in

Fig. 1. Stability of VCM content of stock diet during stor
age at room temperature in open vessels, following mixing 
of the diet with soya-bean oil containing 3% VCM (9:1, 
w/w) in an open vessel (O), with soya-bean oil and liquid 
VCM (9:1:0-05, by weight) in a closed steel barrel (•) 
or with PVC containing 0-44% VCM (9:1, w/w) (■); f 
indicates end of mixing period. The VCM determinations 
were carried out by gas-chromatography, using the method 
described on p. 63A
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Fig. 2. Recovery of VCM from the atmosphere surround
ing rats following administration of a dose of 300 mg 
VCM/kg body weight (as a 7-2% VCM solution in soya
bean oil) either by stomach tube to rats with an open 
(O) or ligated (■) oesophagus or by ip injection (•). A 
l-/d aliquot of the ether used for trapping the VCM in 
the atmosphere was injected on to a glass gas-chromato- 
graphic column (length 2 m, i.d. 3 mm) filled with Porapak 
Q 80-100 mesh (column temperature 230°C. carrier 50 
ml nitrogen/min. detection by FID).

an open vial the VCM content decreased to an unde
tectable level iti a period of 1 hr. The rate of decrease 
of the VCM content of the diet was slightly lower 
following mixing of the diet with liquid VCM in 
a closed vessel (Fig. 1).

When PVC powder was stored at room tempera
ture in an open vial, its VCM content decreased rela
tively slowly. For example, an initial VCM content 
of 1850 ppm decreased to 750 ppm after a storage 
period of 6 hr and to 85 ppm after 70 hr of storage. 
PVC powder spread in a very thin layer on plates 
in a drying oven at 50:C lost its VCM completely 
(VCM content less than 0 3 ppm) within a period of
2-4 hr but when larger amounts of PVC (e.g. 50 kg)

were to be freed from VCM, it appeared necessary 
to keep the powder (in layers of 4-6 cm thick) in 
a vacuum oven at 60 C for a period of at least 60 
hr.

A 9:1 mixture of stock diet and PVC powder con
taining a high level of VCM (e.g. 4400 ppm) lost VCM 
at a fairly slow rate when stored at room temperature 
in animal feeders. Such a diet still contained approxi
mately 60% of the initial amount of VCM after a 
storage period of 4 hr (Fig. 1). The stability of the 
diet as to its VCM content was slightly improved 
(by roughly 10%) when the PVC powder was mixed 
with a 1% aqueous solution of guar gum or pregela
tinized starch before addition to the diet.

When rats were fed a diet containing 10% PVC 
powder with a VCM content of 1850 ppm for a 
period of 2 days (receiving a fresh portion of the diet 
at 17-00 hr on days 1 and 2 and being killed the 
next morning at 09 00 hr), the VCM level of the con
tents of the colon and rectum was found to be vir
tually nil, indicating that VCM was released almost 
completely from the PVC powder during its passage 
through the digestive tract.

F a te  o f  V C M  g iv e n  in o il  b y  g a v a g e  o r  ip  in je c tio n

Within 4 hr of the oral or ip administration of 
VCM at a dose level of 300 mg/kg body weight, over 
92% of the administered VCM was recovered from 
the atmosphere surrounding the animals (Fig. 2). The 
VCM recovery curves were not significantly in
fluenced by the way in which the compound was 
administered, which suggests in te r  a lia  that belching 
of VCM did not play a significant role in the excre
tion of the compound by rats. VCM was detectable 
in the tail blood only 2 min after intragastric intuba
tion of a VCM solution in soya-bean oil. The VCM 
content of the blood reached its maximum (1-9 /rg/ml) 
about 10 min after dosing and decreased to an unde
tectable level in the next 40 min.

Table 2. Mean results of administering 0-300 mg VCM/kg body weight/day to rats by gavage on 6 days/wk for 13 
wfc, showing differences o f possible toxicological significance between test and control animals

Values for males given VCM in doses Values for females given VCM in doses 
(mg/kg) of (mg/kg) of

Parameter affected 0 30 100 300 0 30 100 300

Total leucocytes (103/mm3) 18-5 18-8 17-0 16-5 17-3 17-6 14-6* 14-8*
Blood sugar (mg/100 ml) 88 84 78** 77** 89 88 7 4*** 79**
Serum: GOT (R-Fu) •228 217 224 201* 227 212 212 200

GPT (R-Fu) 53 49 48 45* 42 38 38 39
Urinary GOT (R-Fu) 
Liver weight (g/100 g

30 NE NE 22* 16 NE NE 18

body weight)
Adrenal weight (g/100 g

3-51 3-60 3-74 3-76* 3-32 3-34 3-51 3.7 I***

body weight)
Foci of hyperbasophilic

00158 0-0147 0-0143 0-0133* 0-0247 0-0241 0-0239 0-0244

hepatocytest 0 0 1 1 0 0 1 1
RER in liver cells Normal NE NE Ht Normal NE NE Ht

GOT = Glutamic-oxalacetic transaminase GPT = Glutamic-pyruvic transaminase R-Fu = Reitman-Frankel units 
NE = Not examined RER = Rough endoplasmic reticulum Ht = Flypertrophic 

+No. of rats affected/group.
Values are the means of at least ten rats, except for the electron-microscope observations on the liver which were 

made on one control and two test animals. Those marked with asterisks differ significantly (Wilcoxon’s test) from 
those of the controls: *P < 005; **P < 001: ***p < 0001.
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The gavagc administration of VCM solutions in 
soya-bean oil at levels up to 300 mg/kg body weight 
did not cause any noticeable changes in appearance 
or behaviour, body-weight gain or food intake. The 
total number of white blood cells and the sugar con
tent of the blood were slightly decreased by the inter
mediate and high dose levels (Table 2). The activities 
of serum GOT and GPT and of urinary GOT were 
decreased in males given the top dose (Table 2). There 
were no other significant changes in the haematologi- 
cal or biochemical indices and no treatment-related 
alterations were observed in the microscopic consti
tuents of the urine.

The relative weight of the liver in males and females 
showed a tendency to increase with increasing doses 
of VCM but the difference from the controls was sta
tistically significant only at the highest dose level 
(Table 2). In addition a dose-related decrease in the 
relative weight of the adrenals occurred in males, the 
difference from the controls being statistically signifi
cant again only in the high-dose group. The other 
organ weights recorded were closely comparable in 
all groups.

Minimal histological changes in the liver, seen as 
one or a few foci of 40-70 hyperbasophilic hepato- 
cytes, occurred in some rats of the intermediate and 
high-dose groups (Table 2). The hyperbasophilic foci 
were not accompanied by architectural liver changes. 
Randomly distributed histopathological changes un
related to treatment included small accumulations of 
reticulo-endothclial cells in the liver, focal tubular 
nephrosis, a slight degree of nephrocalcinosis. para
sites (Tricliosomoides crassicauda) in the renal pelvis 
and urinary bladder, early signs of chronic respiratory 
disease in the lungs, granulomatous pneumonic foci, 
medial hypertrophy of medium-sized pulmonary 
arteries, ‘morphological' activation of the thyroid 
gland, focal myocarditis, transformation of pancreatic 
acini into duct-like structures, ‘squamous’ metaplasia 
of the epithelium lining excretory ducts of the sub
lingual salivary gland and slight prostatitis.

The histochemical studies of liver enzymes failed 
to reveal any difference between test and control ani
mals either in the concentrations or distribution pat
terns of the various enzymes examined.

Electron microscopic examination of the liver 
showed hypertrophy of the endoplasmic reticulum in 
hepatocytes of animals given the highest dose. No 
difference from controls was observed with respect 
to other liver-cell constituents, and the capillary endo
thelial cells and the Kupffer cells were ultrastructur- 
ally indistinguishable from those of the controls.

Toxicity o f  1 CAÍ administered in oil by stomach tube
to rats

DISCISSION

Since solutions of VCM in soya-bean oil appeared 
to be stable when stored in closed vials for a pro
longed period of time, they were considered suitable 
for the oral administration of VCM in toxicity studies 
in rats. However, the feeding of such VCM solutions 
in the diet was regarded as inadequate because the 
diet was found to lose its VCM in a very short time. 
Stomach intubation turned out to be an acceptable

alternative, especially as there was no experimental 
evidence that eructation was involved in the excretion 
of VCM by the rats. Moreover, since the level of 
VCM in the blooc reached its maximum within only 
10 min of gastric intubation and by far the greater 
part of the administered VCM was recovered from 
the gases excretec (mainly exhaled?) within 4 hr. it 
was apparent that VCM given by gavage was readily 
absorbed from the gastro-intestinal tract.

From the toxicity study in which VCM was 
administered by stomach intubation, it appeared that 
several haematological and biochemical indices (white 
blood-cell counts, blood-sugar content and activities 
of serum GOT and GPT and urinary GOT) were 
lower to a statistically significant degree in the groups 
given the intermediate and high doses, or just in the 
group given the highest dose, than in the controls. 
In all cases, however, the values in the test groups 
were within the normal range and. moreover, the 
values obtained for the control animals were in
variably very close to the upper limit of normality. 
Therefore, these differences between test and control 
animals were considered of minor, if any, toxicologi
cal significance.

Exposures to atmospheres containing VCM have 
been reported to result in malignant and non-malig- 
nant liver changes in several animal species and in 
man (Block, 1974; Falk. Creech. Heath. Johnson & 
Key, 1974; Kramer & Mutchler. 1972; Lange et al. 
1974; Makk, Creech. Whelan & Johnson. 1974; Mal- 
toni & Lefemine. .974; Marsteller et al. 1973; Torkel- 
son et al. 1961; Viola et al. 1971). In the present ex
periment on the oral toxicity of VCM, a significant 
increase in liver-to-body weight ratio found at the 
highest dose level in both males and females may also 
have been indicative of a toxic effect of VCM on the 
liver. This suggestion was not clearly supported, 
however, by the histological liver changes observed 
(foci of hyperbasophilic hepatocytes), which were 
found only in a few rats on the two higher dose levels 
and which were very slight in degree and not necess
arily related to treatment. In addition, the histochemi
cal enzyme studies failed to produce evidence of any 
effect of VCM on the liver, while the hypertrophy 
of the rough endoplasmic reticulum found in hepato
cytes of top-dose animals without other ultrastruc- 
tural changes was probably a non-specific reaction 
not necessarily indicative of a toxic response. The 
absence of liver damage in the present study may be 
related to the relatively short duration of the exper
iment and the short daily exposure of the rats to 
VCM.

At the highest dose level, a statistically significant 
depression of the relative weights of the adrenals com
pared with the controls was seen in males. This de
crease was due. at least in part, to the relatively heavy 
adrenals of the control animals (the adrenal-to-body 
weight ratio for rats of the strain and age used being 
on average 00138 g/100 g); it did not occur at all 
in females and was not accompanied by histological 
changes in the adrenals. The decrease, therefore, was 
not considered tc be an effect of toxicological impor
tance.

Though special attention was paid to the micro
scopic appearance of the ceruminous glands (Zym- 
bal’s glands), which are known to be target organs
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of VCM administered by inhalation (Maltoni & Lefe- 
mine, 1974), no histopathological changes could be 
detected at this site.

From this oral toxicity study, the no-toxic-effect 
level may be placed at 30 mg VCM/kg body weight, 
but it may be higher, as the effects noticed at the 
100- and 300-mg/kg dosage levels were considered of 
doubtful toxicological significance.

Although daily administration of VCM in oil by 
gavage seems to be acceptable also for long-term 
studies, the method has several disadvantages. These 
include technical problems inherent in the daily intu
bation of a large number of rats for a prolonged 
period, the daily exposure of the test animals to a 
very large amount of VCM for a relatively short time 
and the difficulty of interpreting the toxicological sig
nificance of possible gastric lesions. Observations de
scribed in the present report indicate that the feeding 
of rats on diets containing PVC powder with a high 
VCM content is a more practical way of administer
ing the test compound orally than is stomach intuba
tion and is, moreover, unencumbered by the above 
problems. It may be argued that even when rats are 
provided daily with a fresh portion of feed, the loss 
of VCM from the diet is considerable (about 80%) 
over a 24-hr period. This difficulty can be obviated, 
however, by training the rats to eat their daily portion 
of diet within a period of 2-4 hr, a procedure which 
is still a much more realistic way of administering 
VCM than is stomach intubation. In addition, shor
tening the feeding period has the advantage of reduc
ing automatically the period during which rats are 
unavoidably exposed to VCM evaporating from the 
test diets.

Starting with PVC powder containing 4000 ppm 
VCM, a maximal level of PVC in the diet of 10% 
and a (pessimistically) estimated average 50% loss of 
VCM from the diet before ingestion, VCM can be 
administered in this way at a maximum dietary level 
of 200 ppm, which is equivalent to 10 mg VCM/kg 
body weight/day. This level is very high when com
pared with the likely oral daily intake by man in Eur
ope, estimated to be less than 0-0017 mg/kg body 
weight (van Esch & van Logten, 1975), but is rela
tively low compared with the 300 mg VCM/kg body 
weight (given daily to rats by gavage), which merely 
induced effects of questionable toxicological impor
tance. A 2-yr chronic toxicity/carcinogenicity study 
in rats receiving VCM in either soya-bean oil by 
gavage (one very high level) or in PVC powder incor
porated into the diet (three much lower levels) is cur
rently in progress.
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Abstract—Oesophageal cancer is the commonest form of cancer occurring in the Transkei. South 
Africa. In an attempt to identify carcinogens contributing to this high incidence, food collected from 
gardens belonging to families in which a member had developed oesophageal cancer was fed to BD 
IX rats from conception until death. One group was fed a diet consisting of maize, beans and a 
salt mixture while the second group received a full Transkei diet consisting of the same ingredients 
with the addition of imifino (Solatium nigrum and Sonchus oleraceus). The latter group developed severe 
liver lesions (characterized by bile-duct proliferation and hyperplastic nodules) and epithelial-cell dyspla
sia of the oesophagus. This group also suffered from an increased incidence of tumours of various 
types. It proved impossible to breed successfully from rats on the full Transkei diet. The liver lesions 
were exacerbated by supplying distillate, collected when the diets were dried, to the rats as drinking- 
water. The effect of the distillate was probably not due to the presence of nitrosamines. The possibility 
that the full Transkei diet was producing these effects indirectly by the interaction of nitrites and 
secondary amines in the stomach was tested by the addition of sodium nitrite to the diets but this 
did not induce liver lesions. These results suggest the diet collected from the Transkei contains toxic 
factors which produce liver and oesophageal lesions and an increased incidence of cancer in rats. 
These same factors may also contribute to the high incidence of oesopht.geal and liver cancer occurring 
in man in the Transkei.

INTRODUCTION

Before 1950 oesophageal cancer was considered to 
be a very rare disease among the Bantu of South 
Africa (Oettle, 1964). but since then reports have indi
cated an increase in the incidence of the disease (Bur
rell, 1957; Higginson, 1951). This increase, although 
occurring over much of Southern Africa, was particu
larly evident in the eastern Cape Province (Burrell.
1957). which includes the Transkei where there was 
a fivefold increase in hospital cases over a 15-yr 
period (Rose, 1965). As a result, oesophageal cancer 
is now the commonest neoplasm in the Transkei and 
elsewhere in Southern Africa (Oettle, 1964).

Further evidence for an increase in oesophageal 
cancer and for the present high incidence is provided 
by the records of mine hospitals, which serve a popu
lation comprising mainly short-term migrant 
labourers originating from many different areas of 
Southern Africa. There was an increase in the number 
of cases observed between 1937 and 1963 (Oettle. 
1964) and 13% of all cancers reported during the 
period from 1964-1968 were oesophageal cancer 
(Robertson, Harington & Bradshaw, 1971). A further 
noteworthy finding from the latter survey is that the 
crude incidence rate of oesophageal cancer (16-2/ 
100.000/yr) was much higher in the Bantu miners 
from the Transkei than from other areas in Southern 
Africa and that liver cancer, with a crude incidence 
rate of 11 -6/100.000/yr. was also relatively common 
in the Transkei Bantu.

‘ Present address: Central Toxicology Laboratory. Imper
ial Chemical Industries Limited. Alderley Park. Nr Mac
clesfield. Cheshire. SK10 4TJ. England

A feature of great significance concerning oeso
phageal cancer in Southern Africa is its distribution, 
which is characterized by variations in incidence dif
fering by a factor of as much as 200 (Oettle, 1964). 
Variations may aiso occur between different localities 
within individual areas of high incidence, as was 
observed in the Transkei (Burrell. 1969; Rose. 1965). 
Recent figures show that the age-standardized rate 
for males in the Transkei varies from 10/100,000/yr 
to over 130/100,000/yr (Rose, 1965 & 1973).

Burrell (1957) noticed this marked variation in the 
incidence and distribution of the disease in the Trans
kei at an early stage in his investigations and 
arranged for a geological survey of this part of South 
Africa to be undertaken (Marais & Drewes, 1962). 
This survey revealed that the incidence was greater 
in people living in areas where the soil was derived 
from Beaufort sediments than where it was derived 
from dolomite. This was particularly evident in the 
district of Butterworth. which has the highest inci
dence of oesophageal cancer in the Transkei; here 
only 18% of cases reported in the survey occurred 
in people living on dolomitic soils which cover 45% 
of the surface area of the district.

In a study of the gardens in this district, it was 
found that those belonging to families in which one 
or more members had suffered or were suffering from 
oesophageal cancer were less productive than were 
the gardens of tumour-free families (Burrell. Roach 
& Shadwell, 1966). It was also noticed that many of 
the plants grown in the gardens of cancer sufferers 
showed signs of mineral deficiencies, which were 
shown by means of diagnostic leaf injections to be 
due to deficiencies of molybdenum, iron, copper and
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zinc. Because of the dearly marked distinction 
between these two types of garden, the deficient 
gardens were termed 'cancer gardens'. A deficiency 
of trace elements, particularly of molybdenum, can 
influence the metabolism of plants and it was sug
gested that the high nitrate content of molybdenum- 
deficient plants and the interference with reduction 
of nitrite, which is dependent on trace elements, could 
lead to the production of nitrosamines in the plant 
(Burrell el al. 1966). This observation was followed 
by an assay of crops and plants from this area for 
nitrosamine content. One of the first plants assayed 
was the fruit of Solatium incanum, which is used by 
the local population to curdle milk, and this was 
found to contain small amounts of dimethylnitrosa- 
mine (du Plessis. Nunn & Roach. 1969).

Apart from these studies there have been few direct 
attempts to identify the aetiological agents that may 
contribute to the high incidence of the disease. One 
recent epidemiological approach suggested that fer
mented beverages may be implicated (Cook. 1971). 
One disadvantage of this type of approach is, of 
course, that it can only show whether there is or is 
not an association between the cancer incidence and 
the occurrence of a particular agent. No direct proof 
can be forthcoming. The problem may be further 
complicated by the wide variation in social and die
tary habits between different ethnic groups in different 
countries and by the fact that a cancer may be caused 
by more than one agent.

In this paper we describe, as an alternative 
approach, a more direct method to determine whether 
any carcinogen(s) were being ingested during a certain 
period of time by the exposed population in a high- 
incidence area for oesophageal cancer in the Transkei. 
which has a population of 1-7 million and an area 
of 16,440 square miles. A preliminary report of part 
of this work has already been presented (Purchase 
& Joubert, 1971). Before this work was undertaken 
the following points were considered:

(a) Restriction of the search for the aetiological 
agent to a small geographical area would increase 
the possibility of determining that a single car
cinogen or combination of carcinogens was oper
ating (Purchase, 1968).
(b) Available evidence suggested that the occur
rence of oesophageal cancer was related to the 
soil ('cancer gardens’) and that the edible plants 
growing in this soil could be the intermediate 
vehicle by which the carcinogenic influence was 
transmitted to the population (Burrell et al.
1966) .
(c) As the nature of the carcinogen was unknown, 
a test relatively non-specific in terms of chemical 
properties was required. A biological test com
plied with this requirement and the BD IX strain 
of rat. which is susceptible to experimentally in
duced oesophageal carcinogenesis but does not 
under normal conditions develop this form of 
cancer (H. Druckrey, personal communication
1967) , was considered to be an ideal test animal.
(d) It was acknowledged that extrapolation of 
results from animal tests to the human situation 
is difficult.
(e) It was recognized that the induction period of 
most forms of human neoplasia probably spans

many years, that the habits of people change and 
that the specific carcinogen(s) may no longer have 
been present in the food of the exposed population 
at the time of our experiment. However, the local 
habit of a fairly stable population living in a small 
locality and eating predominantly traditional, 
home-grown food increased the chances that the 
carcinogen was still present in that restricted en
vironment.

EXPERIMENTAL

Animals and maintenance. Black rats of the BD IX 
strain (Druckrey. 1971), which had been inbred for 
over 100 brother-sister generations, were obtained 
from Professor H. Druckrey. Freiburg, West Ger
many. They were housed two to a cage for the first 
6 months of the experiment (until May 1968) and 
thereafter singly in an air-conditioned room main
tained at 24°C. with a minimum relative humidity 
of 50%, illuminated with fluorescent lights for 12 hr/ 
day and situated at the Frerc Hospital, East London, 
approximately 80 miles from the Kentani district near 
Butterworth in the Transkei, where the food was col
lected.

Food samples. As far as possible, food was collected 
from 'cancer gardens'. Attempts to buy food directly 
from the families cultivating these gardens were un
successful. mainly because they were loth to part with 
any personal belonging which might become the 
means by which an evil spell could be cast on them. 
It is the custom in the area to take maize to local 
millers for milling into meal. With the co-operation 
of one of the millers it was thus possible to collect 
food originating from 'cancer gardens’. Maize and 
beans collected in this way were stored in metal stor
age bins, insect infestation being controlled by the 
locally common technique of placing a few ml of car
bon disulphide in an open container on top of the 
food.

During the 1968/69 growing season, crops were 
poor because of low and irregular rainfall, which 
occurs predominantly during the warmer months of 
the year (October-April). Difficulty was encountered 
in the collection of sufficient food from ‘cancer gar
dens’ and some was therefore obtained also from 
neighbours of the families mentioned above. All sam
ples were obtained, however, in the Kentani district, 
which has one of the highest incidence rates of oeso
phageal cancer in the Transkei. the rates standardized 
for world population and age being 94/100,000/yr for 
males and 48/100.000/yr for females (E.F. Rose, per
sonal communication 1972).

Maize, the staple diet in the area, and locally pro
duced beans formed the diet of most of the rats in 
the experiment. The maize was a mixture of yellow 
and white varieties and the beans were brown Haricot 
beans. In addition, various green vegetables or imifino 
were collected and fed to some of the rats. This imifino 
is used by the local population to augment the diet 
and comprises numerous species of plants, many of 
them growing in the wild state. In the experiments, 
however, two plants, umsoho (Solatium nigrum) and 
irwabe (Sonchus oleraceus). were used exclusively.
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These were collected fresh when they were available 
to the local population (from September to May) and 
were stored at 4~C until used, maximum storage being 
2 days. Samples of each batch of maize used were 
analysed for aflatoxin and sterigmatocystin content.

Diet preparation. The animals were fed one of the 
following three basic diets, with numbers in paren
theses indicating parts by weight:

Diet A (Transkei maize and beans diet) consisted 
of maize (64). beans (32) and salt mixture* (4). The 
maize and beans were mixed in the correct pro
portion and milled in a hammer mill. The resul
tant meal was cooked with water as a stiff por
ridge in an iron pot for 20 min by a method typi
cal of that used in the Transkei. As the porridge 
was inconvenient for feeding to the rats, it was 
dried in a forced draught oven at ±50°C and 
remilled to a fine meal before use. The salt mix
ture was added after remilling.
Diet B (full Transkei diet) consisted of maize, 
beans and salt mixture as in A (85) and a 1:1 
mixture of imijino and maize (15). Leaves, and 
fruit when present, were picked from the fresh 
imijino and mixed with an equal weight of maize 
meal. The whole mixture was cooked in water 
for 20 min and dried and milled as described 
above.
Diet C (supplemented full Transkei diet) was a 
mixture of diet B (74). milk powder (25) and vita
min mixture (1). The vitamin mixture contained 
Vitamin K (5-0 mg), thiamine hydrochloride 
(11-2 mg), riboflavine (25 0 mg). Ca pantothenate 
(600 mg), vitamin B12 (015 mg), biotin (2-0 mg), 
pyridoxine HC1 (12-1 mg), inositol (5 0 g). choline 
chloride (5-0 g). ascorbic acid (0-5 g). i -tocopherol 
(250 pg). vitamin A acetate (15.000 IU). vitamin 
D3 (5000 IU) and dextrin to lOOg.

In one experiment (no. 2) water evaporated and 
collected during the drying of the food in the forced- 
draught oven was given to the rats as drinking-water. 
This distillate was collected through a double-coil 
water-cooled condenser to which a suction pump was 
attached to increase recovery. It was estimated that 
70-75% of the water was actually recovered. The 
water collected from the preparation of all diets was 
pooled and stored at 4°C until used.

Animal experiments
The general plan of these experiments is summar

ized in Table 1.
Experiment I. This was planned as a multi-gene

ration study. Eight male and 14 female rats originat
ing from Germany were given diet B for 8 days before 
mating. Between matings the males were kept on the 
standard rat ration fed in our laboratories. The 
females received diet C from day 15 of gestation until 
the offspring were weaned when 3-4 wk old. From 
weaning, 21 males and 19 females from the first mat
ing were fed diet B (group 1). while those derived 
from the second and third matings (24 males and 16

*The salt mixture contained (in g) C aC03 (610). K-,HP04 
(696), CaHPO„ (688), Na2H P 04 .12H ,0 (358); M gS04. 
7 H ,0  (246). NaCl (234). Ca lactate (154). Fe citrate 
(59-8), KI (1-6). M nS04 .2H ,0  (0-615), CuS04 .5H ,0  
(0-563) and ZnCl, (0-523).

females) were placed on diet A (group 2). Feeding 
of these diets was continued until the rats died. A 
third group (1A) consisted of 16 males and 20 females 
bred from locally produced BD IX rats, which had 
received diet C throughout gestation. They were given 
the same diet as their parents for 307 days during 
which attempts were made to breed from them, and 
subsequently were placed on diet B until day 781. 
when the 16 survivors were killed.

Experiment 2. This was started approximately 1 yr 
after the commencement of experiment 1. The young 
of locally bred BD IX parents, which had received 
diet C during gestation, were divided into two groups. 
One of these (group 1B), comprising 11 males and 
eight females, received diet B plus the distillate as 
drinking-water, while group 2B, comprising nine 
males and ten females, received diet A plus the distil
late as drinking-water. One sample of distillate was 
taken for nitrosamine analysis by gas chromat
ography and polarography. Surviving rats (one in 
group IB and two in group 2B) were killed on day 
829. The animals in groups 1 and 2 (experiment 1) 
served as controls for this experiment.

Experiment 3 . Weanling male BD IX rats, bred in 
our laboratory in Pretoria and flown to the labora
tory in East London, were divided into four groups 
of ten rats. These were fed either a diet consisting 
of 85% (by weight) standard rat ration and 15% im- 
ifinojmaize mixture prepared as described above 
(group 3). standard rat ration containing 05% sodium 
nitrite (group 4). diet B containing 0-5% sodium 
nitrite (group 5) cr diet A containing 05% sodium 
nitrite (group 6).

Pathological examinations
Due to unforeseen circumstances, all surviving rats 

had to be killed on 28 June 1971. The animals killed, 
and those that died during the experiments were 
autopsied and the oesophagus, stomach, liver, spleen, 
kidney, pancreas, heart, lung and any other macrosco- 
pically abnormal organ or tissue were placed in 10% 
buffered formalin. Sections 5 pm thick were cut for 
histological exam.nation after appropriate prep
aration and were stained with haematoxylin and eosin 
and. where necessary, with Masson’s trichrome, 
Gomori’s reticulin. periodic acid-Schiff and other spe
cial stains.

RESULTS

Experiment I

The patterns of mortality in the animals in groups
1. 1A and 2 are given in Fig. 1. The rats in group
1. receiving diet B (the full Transkei diet), survived 
for a shorter time (mean 610 days) than did those 
on diet A. the Transkei maize and beans diet (group
2. mean 691 days). During the late spring and winter 
of 1968 (from about day 200 to day 350) the rats 
in groups 1 and 2 were unthrifty, with dull coats and 
scabby skin lesions. The following year during the 
same season these clinical signs were more advanced 
and. in addition, alopecia, haemorrhages into the eye. 
xerophthalmia and even blindness occurred in some 
of them. The rats in group 1 were more severely 
affected than those in group 2. The basic hepatic
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Fig. 1. Time of death of individual rats in group 1 (diet 
B). group 2 (diet A) and group 1A (diet C for 307 days). 
Arrows indicate (A) first sign of pigment deposition in 
groups I and 2. (B) first sign of marked bile-duct prolifer
ation in group 1. (C| first sign of bile-duct adenoma in 
group 2 and (D) killing of survivors. The rats marked with 
figures had the following tumours: (1) anaplastic sarcoma, 
abdomen: (2) hacmangioendothelioma, abdomen: (3) fibro
sarcoma. bladder; (4) bronchial carcinoma: (5) adenosarco- 
ma. subcutaneous: (6 ) fibrosarcoma, rectum: (7) anaplastic 
sarcoma, subcutaneous: (8 ) reticulum-cell sarcoma, sto
mach: (9) adenoma, adrenal: (10) plasmacytoma, liver and 
kidney: (ID fibrosarcoma, subcutaneous; (12) adenoma, 
subcutaneous: (13) adenoma, adrenal in one rat: (14) hy
perplastic nodules in the liver.

lesions observed in individuals in groups 1 and 2 also 
differed.

A meaningful average survival time for the animals 
in group 1A could not be calculated because those 
surviving to day 781 had to be killed. Until then, 
the mortality pattern in these rats, which received diet 
C (full Transkei diet supplemented with milk powder 
and vitamins) for 307 days followed by diet B for 
the remainder of the period, was similar to that of 
the other two groups in this experiment (Fig. 1), 
although the feeding did not run concurrently.

The mean body weights of group 1 rats were lower 
than those of group 2 up to wk 15, slightly higher 
from wk 20 to wk 80 and slightly lower thereafter.

In none of the food samples analysed was aflatoxin 
or sterigmatocystin found.

Group 1 pathology . Marked macroscopic evidence 
of liver damage was noted for the first time in the 
rat that died on day 751, and the livers of most ani
mals dying later showed similar changes. Macroscopi- 
cally the livers were yellow, with roughened surfaces. 
These changes were associated with ascites. Histologi
cally. however, lesions were apparent in the livers of 
rats dying at an earlier stage and the liver changes 
in all the animals in this group were classified into 
three categories according to their severity, which 
could, in most cases, be correlated with the length 
of treatment.

The first four rats that died had few significant liver 
lesions (category 1). The liver of the fifth rat that died 
(on day 359) (Fig. 1. arrow A) and those of seven 
of the next 13 rats that died showed the presence 
of small foci of proliferating cells in the bile-duct 
epithelium (category 2). These, although distributed 
throughout the liver lobule, tended to be more preva
lent in the periportal areas and consisted of relatively

compact groups of cells, some of which were arranged 
in a circular pattern with or without a primitive 
lumen, while other? had a more definite ductular con
figuration. These cells were considered to be similar 
to 'oval cells’ or proliferating bile-duct cells (Grisham 
& Hartroft. 1961). Hepatocellular pleomorphism was 
present, particularly in one case. In addition, cells 
laden with pigment were present in the livers of many 
of these animals and in those dying later. These cells 
were mainly present either in the centre of lobules 
or in association with portal tracts of proliferating 
bile-duct cells. The pigment was yellowish-brown in 
sections stained with haematoxylin and eosin, brown 
with periodic acid-Schiff and Masson’s trichrome 
stains, and was positive for fat in frozen sections 
stained with Oil Red O and for iron after staining 
with Prussian blue, but was negative with Turnbull’s 
blue. It w'as considered to be of a ceroid type.

Liver lesions classified in the third category W'ere 
first encountered ir the rat that died on day 600 (Fig. 
1. arrow B) and were seen in varying and usually 
progressive degrees in 17 of the 23 animals dying 
later. The milder of these lesions resembled those in 
category 2. but we-e larger and more frequent, while 
the most severe lesions seen in seven of the 17 con
sisted primarily of an extensive intralobular prolifer
ation of bile-duct epithelial cells, which in many parts 
had replaced up to some 60-70°,, of parenchymal ele
ments (Figs 3 & 4). These hyperplastic cells were gath
ered in parts into relatively compact masses sup
ported by delicate connective-tissue fibres, in parts 
into structures resembling primitive bile ducts with 
or without lumina and in other areas into focal accu
mulations of well-developed ducts frequently exhibit
ing cystic dilation of the lumina (Fig. 5). The latter 
change was. however, not as common as the former 
two. In eight of the livers showing the most severe 
changes and in one of the others in category 3. hyper
plastic nodules of hepatocytes were present (Fig. 6). 
These varied in size and, in four of the livers particu
larly. the nodules were numerous and the cells com
prising them appeared primitive.

In the livers of many rats in this group, as well 
as in those of animals in other groups, evidence of 
hepatocellular degeneration was present, notably fatty- 
infiltration. particularly in the centrilobular areas, 
single-cell necrosis and. in a few cases, even more 
extensive necrosis. These more acute degenerative 
changes were cons;dered non-specific and. in at least 
some of the cases, were related to a pneumonia which 
was present in many of the animals.

While no evidence of frank neoplasia occurred in 
the livers, various neoplasms were encountered in 
other organs in seven rats in this group (Fig. 1). The 
number of tumours seen in this group was greater 
than that seen in group 2 and the difference was sta
tistically significant when tested by a modification of 
the life table techn.que. which takes into account dif
ferences in mortality pattern (Peto. 1974). There was 
no evidence that tumours were restricted to certain 
litters, as the seven tumours in group 1 occurred in 
five of the seven Inters that made up the group. Ad
ditional lesions were nephrocalcinosis in many ani
mals. deposition of ceroid pigment in the lungs and 
spleens of a few. and pericarditis, epicarditis and abs
cesses in various organs of single rats.
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Group 2 pathology. The liver lesions in these rats 
were less severe than those in the preceding group. 
Macroscopically visible liver lesions were seen in only 
four rats (all of which died after more than 920 days) 
and ascites occurred in two of these. Histologically, 
deposition of ceroid pigment within the cytoplasm of 
cells in the centrilobular areas of the liver was first 
observed after about the same time as those in group 
1 (see arrow A. Fig. 1). The most outstanding lesion 
was again a proliferation of bile-duct epithelial cells 
(Figs 7 & 8). It was first encountered to a mild degree 
in the animal that died on day 436 (Fig. 1, arrow 
C). and was present in 29 of the remaining 30 rats: 
in general, the longer the animal survived the larger 
and more frequent were the lesions, although all were 
much less severe than the advanced lesions in group 
1. In contrast to the relatively widespread hyperplasia 
of this cell type in the liver lobules of rats in category 
3 in the former group, the change in these animals 
was circumscribed and. with few exceptions, was con
fined to the periportal regions. Another distinction 
was that the proliferating cells were all arranged in 
a well-defined ductular pattern, the more advanced 
lesion resembling a small bile-duct adenoma. Only 
in very rare instances did a duct or the ducts in a 
group show cystic dilation. Some contained inspis
sated bile. Two neoplasms, a reticulum-cell sarcoma 
of the stomach and an adenoma of one adrenal cor
tex, were observed in the animals dying on days 649 
and 725. respectively (Fig. 1). Several of the rats suf
fered from lesions such as myocardial fibrosis and 
acanthoma of the stomach. The incidence of other 
changes in the lungs, livers and kidneys of these ani
mals was similar to that in the preceding group.

Group 1 A pathology. In this group, foci of bile-duct 
cell hyperplasia within the liver lobules were first seen 
in the liver of the rat that died on day 422. This 
lesion was present in 28 of the 32 animals surviving 
beyond this point and. although it was never as exten
sive or as aggressive as those in category 3 in group 
1, it resembled the change in this group more than 
that in group 2 and it was unfortunate that the rats 
surviving to day 781 had to be killed. The hyperplas
tic change was not confined to any particular area 
in the liver lobule and the involved cells tended for 
the most part to be arranged into well-defined ducts 
occurring singly or in relatively small groups. In 
many of the animals surviving beyond day 557. the 
odd focus of these primitive intralobular bile ducts 
had become cystic and some of these small cysts were 
visible macroscopically. Tumours were encountered 
in four of the rats (Fig. 1).

This group of animals was the second generation 
of a planned multigeneration study, the experiment 
having been commenced during their gestation and 
approximately 17 months after that of group 1. How
ever. although the animals were mated regularly dur
ing the initial period of 307 days when their diet was 
supplemented, their breeding performance was ex
tremely poor. Very few of the females conceived and 
none of the offspring was reared.

Oesophageal lesions in experim ent I . Detailed oeso
phageal examinations revealed mild, subtle changes 
which appeared to follow a temporal sequence and 
which differed in the two main groups. Although 
exceptions occurred, there was a predominant pat

tern. At 100-300 days, there was ballooning degene
ration and nuclear pycnosis in the oesophageal basal 
epithelial cells of group 1 animals: in group 2 animals 
there was vacuolation. particularly of the nuclei in 
these cells. At 300-500 days, the epithelium was thin
ner in group 1 than in group 2 rats and there were 
occasional areas of mild dysplasia, interspersed with 
cells with pycnotic nuclei; pycnosis of the basal epith
elial cell nuclei was frequent and at times severe in 
group 2 animals and cytoplasmic ballooning degene
ration was common. Between 500 and 700 days, 
group 1 animals showed some thickening of the epith
elium with disarrangement of basal-cell replication in
dicated by mild hyperchromasia. anaplasia and dys
plasia; nuclear pycnosis was still common. The epith
elium in group 2 animals was thin and the basal cells 
were sparse. Most animals in group 1 died by day 
900. From day 700 to termination, the epithelium of 
some rats was thickened with hyperkeratosis, para
keratosis and dysplasia and there was basal-cell hyper
plasia with foci of cellular infiltration in the lamina 
propria. Two rats had small papillomas in the distal 
third of the oesophagus, causing obstruction and 
moderate distension of the proximal portion. The 
epithelia of group 2 rats showed some thickening but 
the changes were milder than those seen in group 
1. Very few alterations were noted before day 550 
in group 1A. After this time the changes seen in 
groups 1 and 2. such as parakeratosis and hyperkera
tosis. were seen. In the 16 survivors killed on day 
781 all the changes, including anaplasia and dysplasia, 
were common.

E xperim ent 2

The mean survival times (Table 1) of the animals 
in groups IB and 2B (331 and 694 days, respectively) 
were much shorter than those in Experiment 1. in 
which no animals received distillate. Many of the rats 
in group 2B, however, died from pneumonia during 
one relatively short period (Fig. 2).

Group 1 B  pathology . The autopsies on the rats in 
group 1B revealed macroscopic signs of liver damage 
similar to those observed in group 1. Microscopically, 
too, the hepatic lesions were similar, except that the 
intralobular bile-duct epithelial-cell hyperplasia was 
generally more aggressive and the lesions were more 
advanced, those of all the rats resembling the changes

A

Fig. 2. Times of death of individual rats in group IB (diet 
B plus distillate! and group 2B (diet A plus distillate!. Ar
rows indicate (A) first sign of bile-duct hyperplasia in 
group IB. (B) first sign of bile-duct hyperplasia in group 
2B and (C| killing of survivors. Rats numbered 1. 2 and 
3 had hyperplastic liver nodules.



Fig. 3. Liver lesion in a rat dying after 799 days on diet B, showing extensive bile-duct proliferation. 
Haematoxylin and eosin x  50.

Fig. 4. Liver lesion in a rat fed for 774 days on diet B, with proliferation of bile-duct cells, many of 
which are arranged around a lumen. Haematoxylin and eosin x 125.
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Fig. 5. Cystic dilation of bile ducts in a rat fed for 831 days on diet B. Haematoxylin and eosin X25.

Fig. 6 . The edge of a hyperplastic nodule compressing abnormal live rparenchyma in the rat fed diet 
B for 799 days. Reticulin X 50.



Fig. 7. Liver from a rat on diet A for 747 days, showing dark-staining pigmented cells in the centri- 
lobular area and proliferating bile ducts in the immediate periportal area. Haematoxylin and eosin X 50.

Fig. 8 . A small area of bile-duct proliferation in the liver of a rat fed on diet A for 649 days. Haemat
oxylin and eosin x 160.
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Fig. 9. Liver from a rat in group 1B that died after 283 days on diet B and distillate, showing aggressive 
bile-duct proliferation. Haematoxylin and eosin x 125.

Fig. 10. Liver of a rat in group 1B that died after 353 days on diet B and distillate, showing extensive 
bile-duct proliferation and a focal hyperplastic area. Haematoxylin and eosin x 50.
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in category 3 of group 1 (Figs 9 & 10). No hepatic 
or extrahepatic neoplasms were encountered, but 
nodules of hepatocellular hyperplasia were seen in 
four rats (Fig. 2). Only one of the 19 animals in this 
group survived to day 829. when it was killed. 
Changes observed in other organs were not regarded 
as being of any significance.

G ro u p  2 B  p a th o lo g y . Only two animals in this 
group had macroscopic signs of liver disease. Histolo
gically, intralobular and particularly periportal pro
liferation of bile ducts occurred in the livers of 13 
of the 19 rats, and although the appearance of the 
individual liver lesions resembled those of group 2. 
they were less extensive than the latter and were con
siderably smaller and of more benign appearance 
than those of group IB. From the nature of these 
lesions it is apparent that none of the animals in 
group 2B had died from hepatic failure or had even 
suffered to any extent as a result of damage to this 
organ. Two of the animals survived to day 829 and 
had to be killed. Deposition of ceroid pigment was 
a common finding. No extrahepatic lesions consi
dered to be of significance to the experiment were 
observed.

O e s o p h a g e a l le s io n s  in e x p e r im e n t  2 . Few animals 
survived beyond 400 days. Up to this time the lesions 
already seen in groups 1 and 2, particularly the tend
ency to anaplasia, were well advanced in group IB. 
The lesions in group 2B were less severe.

D is t i l la te  a n a ly s e s . The sample of distillate analysed 
for nitrosamine content by gas chromatography was 
found to contain no traces of low-molecular-weight 
nitrosamines (J. R. Nunn, personal communication
1970). Similarly, polarography failed to reveal the 
presence of nitrosamines, although there was some 
evidence of a low concentration (0-35 ppm) of alkyl 
nitrate in the distillate (C. L. Walters, personal com
munication 1970).

E x p e r im e n t  3

The mortality pattern in this experiment is indi
cated in Table 1. Although, again, surviving rats had 
to be killed on day 474, this only affected 19 of the 
20 rats in groups 3 and 4, and one in group 5. the 
remainder in groups 5 and 6 having died spon
taneously before this time. With the exception of a 
sweat-gland adenoma in one animal in group 3. no 
lesions of possible relevance to this experiment were 
observed in the animals. No oesophageal lesions of 
the type seen in the previous experiments were seen.

D ISCU SSIO N

The prospective end point of these experiments was 
the induction of oesophageal carcinoma in the rats. 
This was not achieved, although a considerable 
degree of epithelial-cell atypia and dysplasia of the 
oesophagus was encountered in the rats in exper
iments 1 and 2. This lesion, although mild, was much 
more marked than any seen in rats of this strain 
maintained on a standard laboratory diet or in the 
rats in experiment 3. It may have been associated 
with the syndrome in which lesions of the skin and 
eyes occurred, although no seasonal variation in the 
oesophageal lesion corresponding to the seasonal 
nature of the clinical syndrome was seen. Thus it

seems more likely :hat it was caused by toxic factors 
in the diet.

The most dramatic lesions in these rats were the 
liver lesions that occurred in groups 1 and IB. The 
earliest was a proliferation of cells resembling primi
tive bile-duct epithelial cells within the liver lobule. 
This was accompanied by mild degenerative changes 
in the hepatocytes and culminated in the development 
of nodules of hepatocellular hyperplasia in eight ani
mals in group 1 and four in group IB. These lesions 
are considered to be caused by the full Transkei diet, 
because the only liver lesions seen in group 2 animals, 
receiving Transkei maize and beans, were a much 
milder bile-duct proliferation and a deposition of cer
oid. It seems unlikely, therefore, that the advanced 
liver lesions were due to a dietary deficiency, a view 
confirmed by the absence of any protective effect by 
protein and vitamin supplementation in group 1A. 
The latter finding also suggests that the lesions were 
produced by toxin(s) in the full Transkei diet. The 
presence of toxins would explain the poor breeding 
performance of group 1A rats and the higher morta
lity in group 1. The incidence of tumours was signifi
cantly higher in group 1 than in group 2, a difference 
accentuated when adjustment for mortality was intro
duced. The incidence in the three groups receiving 
the full Transkei diet (12 tumours in 95 rats) was 
considerably higher than that in those receiving 
Transkei maize and beans (two tumours in 59 ani
mals), despite the longer survival times in the latter 
groups. There is no strictly comparable tumour-inci
dence data for BD IX rats, although experiments with 
this strain using other diets have yielded a higher 
total tumour incidence but a lower incidence of 
malignant tumours than was recorded in group 1 (S. 
.1. van Rensburg and I. F. H. Purchase, unpublished 
observations 1973). The higher incidence of tumours 
in group 1 was not associated with marked differences 
in body weight between the two groups and is thus 
unlikely to have been due to a lower food intake by 
group 2. Neither was there evidence that the higher 
tumour incidence was related to any increase in sus
ceptibility in individual litters. It appears, therefore, 
that the higher tumour yield in group 1 represents 
a real increase in the tumour incidence.

In animals receiving Transkei diets there were three 
distinct toxic responses. The mildest was the bile-duct 
proliferation and ceroid deposition in the liver and 
the slight oesophageal changes in group 2. More 
extensive bile-duct proliferation with subsequent de
velopment of hepatocellular hyperplastic nodules 
represented a more severe intoxication. Finally the 
increased tumour yield suggested a third toxic effect. 
The two latter effects were associated with more 
severe oesophageal lesions in group 1 and IB. In
creasing doses of the same toxin may have been in
volved in the production of these responses. However, 
as group 1 was receiving the same dietary ingredients, 
with the addition of im ifin o , as group 2. it seems more 
likely that at least two toxins were present. One toxin, 
producing the mild oesophageal and bile-duct lesions, 
could have been acting in both groups. A second 
toxin, associated with the incorporation of im ifin o  
into the diet (and oossibly enhanced by the mild toxin 
mentioned above), produced the more severe oeso
phageal and liver lesions and may also be the car
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cinogen in the full Transkei diet. The exact nature 
of the toxin was not determined, although no afla- 
toxin or sterigmatocystin. both hepatocarcinogenic 
myocotoxins (Newberne & Butler, 1969; Purchase & 
van der Watt. 1970). were detected in the diet. Other 
mycotoxins or. as was suggested by Burrell e t  al. 
(1966). nitrosamincs or toxins unique to im ifin o  could 
be responsible.

The liver lesions observed in this experiment are 
not unique. Several carcinogens are known to pro
duce an 'oval' cell or bile-duct proliferation which 
progresses to neoplasia; among these are 3'-methyl-4- 
dimethylaminoazobenzene. 4'-fluoro-4-dimethyla- 
minoazobenzene (Price. Harman. Miller & Miller. 
1952), 2-acetylaminofluorene and ethionine (Farber, 
1956). The presence of ‘oval’ cells is not unique to 
carcinogens, as 2-aminochrysene and trichloroethy
lene induce a similar response (Farber, 1956). The 
progression to regenerative or hyperplastic nodules 
may. however, indicate that the response is to a car
cinogen.

The suggestion by Burrell and his colleagues that 
nitrosamincs resulting from metabolic abnormalities 
induced in plants by molybdenum deficiency could 
be responsible for the high incidence of cancer, led 
to the second series of experiments. Nitrosamines, 
particularly those with a low molecular weight, are 
volatile and can form azeotropes with water. The pro
cess by which the diets were dried, with temperatures 
of 50: in a forced-draught oven, could have reduced 
drastically the nitrosamine levels in the diets. The use 
of the distillate as the drinking-water of the rats 
accentuated the lethal and hepatotoxic effects of the 
full Transkei diet but not of the maize and beans 
diet. This effect was unfortunately complicated by 
simultaneous mortality in group 1 (between 750 and 
850 days. i.e. 20 November 1969 to 7 March 1970) 
and group IB receiving distillate (between 217 and 
290 days. i.e. 24 October 1969 to 5 January 1970). 
There is therefore a possibility of a seasonal effect 
acting through the diet but unconnected with the dis
tillate. Analysis of a single sample of the distillate 
by gas chromatography and polarography failed to 
detect nitrosamines. This observation is not consi
dered unequivocal because it was made on a single 
sample which had to be stored for some time in tran
sit before analysis. A low concentration of alkyl 
nitrate was detected, however, by polarography.

The reason for the enhancement of the liver lesions 
by the distillate is not clear. The possibility that it 
could be due to the interaction in the stomach of 
nitrite or nitrate from the distillate with secondary 
amines from the food (Sander. Schweinsberg & Menz.
1968) was investigated in the third experiment. In ex
periments 1 and 2. slight bile-duct cell hyperplasia 
was seen in group 1 and pronounced hyperplasia in 
group IB by 124 and 208 days, respectively. The rats 
in groups 2 and 2B developed the earliest bile-duct 
lesions at 436 and 683 days respectively. The absence 
of the slightest bile-duct proliferation in any of the 
rats receiving 0-5% sodium nitrite in the diet suggests 
that interaction with amines did not occur. Animals 
on Transkei diets were, however, more susceptible to 
the toxic effects of sodium nitrite than animals on 
normal rat ration. In another experiment, where 
O-l“;, sodium nitrite was fed to BD IX rats for 267

days (when the experiment had to be terminated), 
there was no effect on mortality or on the develop
ment of liver lesions.

Oesophageal carcinoma was not produced in BD 
IX rats by the Transkei diets, but a carcinogen, which 
produced a variety of tumours and possibly a pro
gressive liver lesion, was certainly present in the food. 
This type of observation is difficult to extrapolate to 
man. even though the diet and the dietary preparation 
technique were similar to those used in the Transkei. 
Some carcinogens have varying organ specificity, 
which depends on the route of administration and 
the species of animal used. Thus /Tnaphthylamine is 
a bladder carcinogen in man and in the dog. although 
it produces only liver tumours in rats (Hueper, 1961). 
The significance of the findings in this experiment 
may be that the carcinogen present in the food is 
responsible for oesophageal cancer in man and a var
iety of tumours and liver disease in rats. Alternatively, 
the liver lesions may reflect the presence of a hepato
toxic carcinogen which is also active in man, produc
ing the high level of liver cancer in the population. 
A third alternative is that the carcinogen in the diet 
was responsible in the rat for the liver lesions and 
the tumour response, while in man it is responsible 
for both liver and oesophageal cancer. Unfortunately 
no detailed epidemiology capable of identifying a geo
graphical coincidence of these two tumours in the 
Transkei is available. In as far as the whole of South
ern Africa is concerned, liver and oesophageal cancer 
do not usually occur in high incidence in the same 
area (Robertson et al. 1971). If a single carcinogen 
is responsible for both cancers, other factors may be 
operating, which influence the site of the cancer.

The precise nature of the carcinogen and the factors 
that contribute to the effects of Transkei diets on rats 
are undergoing further investigation.
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Abstract—A simple radiometric assay for ornithine carbamoyltransferase (EC 2.1.3.3) in serum is de
scribed in detail. The method utilizes 14CO, released from [ 14C-ureido]-L-citrulline by arsenolysis 
as a measure of enzyme activity. The 14CO, is entrapped in base and measured directly by liquid 
scintillation spectrometry. Ornithine carbamoyltransferase in serum was found to be stable for at least 
2 wk when stored frozen. Significant inhibition of enzyme activity by endogenous compounds was 
not apparent. Linear relationships were demonstrated between l4CO, formation and the length (time) 
of incubation and also between 14CO, formation and enzyme concentration. The assay was found 
to be a relatively sensitive method for detecting liver damage.

INTRODUCTION

Ornithine carbamoyltransferase (EC 2.1.3.3; OCT) 
is located primarily in the liver (Jones, Anderson, 
Anderson & Hodes, 1961) and the appearance of sub
stantial amounts of OCT in serum indicates hepatic 
dysfunction or damage (Tegeris, Smalley, Earl & 
Curtis, 1969). Because of its localization in the liver 
and its potential in identifying the liver as the 
damaged organ, this enzyme has recently received 
attention as an index of liver damage in toxicological 
studies (Korsrud. Grice. Kuiper, Goodman. Knipfel 
& McLaughlan, 1973; Tegeris e t  a l. 1969). Despite 
the fact that OCT in serum has been used to detect 
liver damage, there is no study describing the kinetic 
parameters of this enzyme in serum, to make toxico
logists using this assay aware of the limitations within 
which they are working.

OCT activity may be measured directly by follow
ing the appearance of citrulline (reaction 1, Fig. 1), 
or indirectly by arsenolysis (reaction 2, Fig. 1) in 
which the enzyme catalyses the reverse reaction of 
citrulline to NH3, CO, and ornithine (Krebs, Eggles
ton & Knivett. 1955). OCT measurement is most sen
sitive when l4C 02 is the index of enzyme activity, 
and in this study the arsenolysis reaction was used 
to determine OCT activity in serum. The method of 
assay is similar to that described by Korsrud e t  a l. 
(1973). in which trapped 14C 02 is counted directly 
by liquid scintillation instead of being precipitated 
with Ba(OH), before 14C measurement (Reichard & 
Reichard, 1958).

It is the purpose of this paper to describe in detail 
the technique used for this assay and to describe the 
kinetics of OCT in serum from rats that were sub
jected to liver damage by CC14.

EXPERIMENTAL

with CC14. a treatment known to produce liver 
damage and elevate OCT levels (Tegeris e t a l. 1969). 
For most of the experiments reported here, groups 
of five male Cox CD albino rats were given a single 
injection of 0-5 ml CCl4/kg body weight in corn oil. 
Following injection, the rats were allowed food (Pur
ina Rat Chow) and water a d  lib . except in the 12 
hr prior to blocd withdrawal. The animals were 
anaesthetized and exsanguinated from the vena cava 
24 hr after injection. Sera were pooled and used im
mediately or frozen. Five groups each of four rats 
were used to correlate the sensitivity of the OCT 
assay to the degree of liver damage. The serum sam
ples from these animals were not pooled.

O C T  a s s a y  p ro c e d u re . [ l4C-Ureido]-L-citrulline 
with a specific act:vitv of 0-1 mCi/mmol was obtained 
from Amersham-Searle Corp., Mass. It contained 
[14C]urea as a contaminant, corrections for which 
were made by determining the urea content with 
urease or by removing the [14C]urea by the method 
of Hall. Johnson & Cohen (I960). The final specific 
radioactivity of citrulline in all cases was 0 0227 p C i /  
/tmol (50,000 dpm//tmol). The final citrulline con
centration in all flasks was 10 /rmol/ml in 0T m - 
sodium arsenate buffer (pH 6-7). The reaction prod
uct, 14CO,, was trapped in T5 M-NaOH and counted 
in a mixture of 0 01% 1.4-bis-(2-(4-methyl-5-phenvlox- 
azolyljbenzene) and 0-8% 2.5-diphenyloxazole in 
toluene-ethanol (1:1, v/v) to which Cab-O-Sil (34 g/ 
litre) was added.

Reactions were carried out in duplicate in 25-ml 
reaction flasks (Kantes Glass Co.. Illinois, no. 882300) 
which were capped with a one-hole rubber septum

Carbamoyl phosphate 
+ V 

Onithine ►citrulline (2 )

OCT
Arsenate

►ornithine + CO2  + NH3

A n im a ls  a n d  d o s in g . In order to obtain sera contain
ing appreciable levels of OCT, rats were injected ip

Fig. 1. Reactions catalysed by ornithine carbamoyltrans
ferase.

I.C .T. 13/6—D
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stopper (Kontes Glass Co., no. 882310). In the hole, 
a propylene cup. l x  1-5 cm. was mounted by a
5-8 cm support rod (Kontes Glass Co., no 882310). 
Figure 2 is a photograph of the assembled assay unit. 
To prepare the centerwell-stopper units the support 
rod was inserted into the one-holed serum stopper 
so that the top of the centerwell was approximately 
1-5 cm below the rubber stopper. The completed cen
terwell-stopper may be conveniently set in a rack 
designed for holding 85 x 15 mm serological tubes. 
Once the appropriate number of centerwell-stopper 
units was assembled, the centerwells were filled with 
0-2 ml of 1-5 N-NaOH. This was easily accomplished 
from a 1-0 ml syringe fitted with a 20-gauge (1-5 in.) 
needle. During the filling of the centerwell, it was 
critical that no NaOH was allowed to come into con
tact with the outer portion of the cup; if this did 
occur, that centerwell had to be discarded. An alter
native trapping solution, hyamine hydroxide 
(McDonald. Speeg & Campbell. 1972). may be prefer
able because of its higher viscosity.

After the centerwells had been prepared, the flasks 
were charged with 2-0 ml citrulline-arsenate buffer 
and the reactions were started with 0 4 ml serum (final 
flask volume. 2-4 ml). The entire aliquot of serum was 
added at 30-60 sec intervals to begin the reaction 
and the flask was swirled to ensure good initial mix
ing. The flask was then placed on a flat surface and 
the centerwell-stopper unit was carefully inserted 
to avoid spilling the NaOH. Once the rubber stopper 
was in place the upraised margin of the stopper was 
turned down so that a good seal was maintained (Fig. 
2). The flask was incubated in a gently shaking water- 
bath at 30°C.

After 24 hr. the shaker was turned off and the 
enzyme reaction was stopped by injecting 1 ml 5n- 
H2S04 through the serum stopper from a syringe fit
ted with a 20-gauge (1-5 in.) needle. After the needle 
had entered the flask, the syringe was tilted slightly 
so that the acid did not touch the centerwell. The 
flasks were shaken for an additional hour to volatilize 
the 14C 02 following injection of the acid. Previous

Fig. 3. Reaction rate of OCT.

Fig. 4. Effect of varying amounts of enzyme (OCT) on 
l4C02 generation.

experiments by McDonald e t  a l. (1972) and data 
generated by ourselves (unpublished) indicated that 
100% of the 14C 02 was quantitatively recovered 
within 15 min.

The centerwell was then pulled to within 1 cm of 
the stopper, and the stopper was removed by a slight 
twisting motion. Condensation was wiped off the cen
terwell which was separated from the supporting rod 
with scissors. The entire centerwell was dropped into 
a scintillation vial and shaken with the scintillation 
fluid, and the radioactivity was measured by a liquid 
scintillation spectrometer. A control flask (all com
ponents minus serum) was run and the resultant 
background radioactivity was subtracted from the 
values obtained for the experimental flasks.

The apparatus and basic procedure described were 
used to determine the effects of reaction time, enzyme 
concentration, serum storage and inhibitors on the 
results obtained and to relate changes in OCT levels 
to known conditions of liver damage induced by 
CC14.

R E S U LT S

M e a s u r e m e n t  a n d  r e a c t io n  r a te

In order to demonstrate the relationship between 
I4C 02 formation and time, enzymic reactions were 
stopped with acid after 4. 8. 12 and 24 hr and the 
entrapped l4CO, was measured. The formation of 
14C 02 from [14C-ureido]-L-citrulline as a function of 
time (Fig. 3) indicates a linear relationship.

In flu e n c e  o f  e n z y m e  c o n c e n tr a t io n

Flasks were prepared as described except that the 
volume of serum added was 0-2, 0-4. 06 or 08 ml. 
Citrulline concentration and specific radioactivity 
were adjusted so that both remained constant with 
the different volumes of serum. Figure 4 shows the 
results of increasing enzyme concentration on l4C02 
formation. A linear relationship was again demon
strated over the range studied.



Fig. 2. Assembled OCT assay unit showing (A) upraised margin cf rubber septum stopper, 
(B) supporting rod of polypropylene centerwell, (C) polypropylene centerwell and (D) lowered margin 
of rubber septum stopper.
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S ta b i l i ty  s tu d ie s

Since a toxicology laboratory may not be able to 
perform an assay immediately, it is of value to know 
whether the enzyme is stable for a reasonable period 
of time. Serum was stored in a freezer, therefore, at 
— 5°C in 2-ml aliquots and assayed on alternate days 
over a period of 2 wk. These assays indicated no loss 
in OCT activity in this period (day 0, 77,000 dpm 
I4CO2/0-4ml; day 14, 78,200 dpm 14CO2/0-4ml).

I n h ib i to r  s tu d ie s

Krebs e t  a l. (1955) have shown that ornithine and 
phosphate inhibit the arsenolysis of citrulline. Both 
of these compounds are found in serum, and since 
ornithine is also a reaction product, serum was dia
lysed to determine whether any compound was pres
ent in sufficient concentration to inhibit the reaction. 
Dialysis was performed with a Bio-Fiber 50 mem
brane (Bio-Rad Laboratories, Richmond, Cal.) with 
10 ml serum outside the fibres and the dialysate, 
double-distilled water, inside the fibres. Dialysis was 
allowed to proceed for 30 min at a flow rate of 3 
ml/min. The assay results obtained were 1-6 /¿mol 
14CO2/0-4 ml undialysed serum compared with 1-3 
f im o l following dialysis.

S e n s i t i v i t y  o f  th e  a s s a y  f o r  d e te c t io n  o f  l iv e r  d a m a g e

The ability of this assay to detect changes in OCT 
levels in response to liver damage was established by 
injecting rats ip with CC14 in graded doses and assay
ing the serum for enzyme activity. The doses of CC14 
used and the serum activity of OCT expressed both 
as dpm 14CO2/0-4 ml serum and as ¿¿mol C 02/litre 
serum/24 hr are given in Table 1. OCT activity in 
the serum was evident at all levels of CC14 injection.

Table 1. Detection of CCl^-induced liver damage by the 
assay of OCT in rat serum

Dose of 
CC14

(pl/kg body 
weight)

14CO, produced

dpm/04 ml 
serum

/¿mol/24 hr/litre 
serum

0-0* 104 4 (O'6-6-0)
37-5 650 26 (8 0-62-0)
75-0 1478 59 (10-8-106-0)
1500 11,275 360 (160-0-460-0)
3000 33,308 1350 (620-0-3200-0)

’'Control animals were given corn oil ip.
Values are means for groups of four animals. Numbers 

in parenthesis indicate the range.

DISCUSSION

The 24-hr incubation period used for the assay of 
OCT in the majority of experiments was convenient 
and the results in Fig. 3 indicate that the slope is 
linear within this period. Therefore, a 24-hr incuba
tion or one of shorter duration is recommended. 
Further flexibility may be added to the assay in the 
selection of the amount of serum used, since Fig. 4 
indicates that there is linearity up to 08 ml. It appears 
that the radioactivity liberated is directly propor
tional to the OCT activity in the serum. For this rea

son the sensitivity of the assay can be increased by 
the use of larger serum samples or, conversely, if only 
a small amount of sample is available it may still 
be utilized. In addition to the above kinetic para
meters, the enzyme is stable during storage for at 
least 2 wk and no inhibitors are present in serum 
in high enough concentration to affect the enzyme 
activity substantially.

For an enzyme that appears in the serum to be 
useful in the detection of organ damage or disease, 
it must show significant increases in activity even 
when the damage is minimal. The data in Table 1 
indicate a significant increase of OCT activity with 
injection of CC14 in doses known to produce minimal 
amounts of liver damage (Grice, Barth, Cornish, Fos
ter & Gray. 1971). Histological examination of liver 
tissue stained with haematoxylin-eosin showed no 
distinctive liver damage with 37-5 g l CCl4/kg body 
weight, even though there was a sixfold increase in 
OCT activity in the serum. Histological damage was 
noted at all higher levels of CC14. In addition, there 
appeared to be a graded response of OCT to increas
ing levels of CC14, more enzyme being lost from the 
cells and appearing in the serum with higher doses 
of injected CC14 Therefore measurement of OCT 
activity in the serum is a sensitive index of liver 
damage and may be of practical use in the toxicology 
laboratory.
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JELLIED CURED-MEAT PRODUCTS

W. F iddler, J. I. F einberg. J. W. P ensabene, A. C. W illiams and 
C. J. Dooley

E astern  R eg io n a l R esearch  C enter* . P hiladelphia . P ennsylvan ia  19118. U S A  

(R ece ived  16 A p ril 1975)

Summary—Dimethylnitrosamine was found in eight of ten samples of commercial souse and similar 
gelatin-containing cured-meat products at levels ranging from 3 to 63 /ig/kg. One of the samples 
was also found to contain 19 p g  nitrosopyrrolidine/kg. There appeared to be no correlation between 
residual levels of sodium nitrite and the nitrosamine concentration. The nitrosamines were determined 
quantitatively by gas-liquid chromatography (glc) using an alkali flame ionization detector and the 
analyses were confirmed by glc-high resolution mass spectrometry.

Introduction
A paucity of information is available on the pres

ence of nitrosamines in the human diet. Accumulation 
of such data is important so that the contribution 
of nitrosamines to human health hazards can be 
assessed properly. Several volatile nitrosamines, par
ticularly dimethylnitrosamine (DMNA) and nitroso- 
pyrrolidine (NPy). have been confirmed by mass spec
trometry in a variety of cured-meat products (Crosby. 
Foreman. Palframan & Sawyer. 1972; Fazio. White, 
Dusold & Howard, 1973; Fazio, White & Howard, 
1971; Panalaks, Iyengar, Donaldson, Miles & Sen. 
1974; Sen, 1972; Sen. Donaldson, Iyengar & Pana
laks, T. 1973: Wasserman, Fiddler, Doerr. Osman 
& Dooley. 1972). For the most part, the positive sam
ples occurred in a random fashion and contained p g j  
kg (ppb) concentrations of nitrosamines.

Prior to the finding of NPy in fried bacon (Crosby 
e t  a l. 1972; Fazio e t  a l. 1973; Sen e t  a t. 1973), it had 
been suggested that the pyrolysis of protein and the 
cooking of protein food might produce free amino 
acids, such as prolinc, hydroxyproline and arginine 
and nitrosatable secondary amines, such as pyrroli
dine and piperidine (Lijinsky & Epstein, 1970). Bills, 
Hildrum, Scanlan & Libbey (1973) and Pensabene, 
Fiddler, Gates. Fagan & Wasserman (1974) reported 
that NPy was formed in model systems from the 
decarboxylation of nitrosoproline at temperatures 
used for frying. Recently, workers in our laboratory 
identified nitrosoproline in uncooked bacon (Kushnir, 
Feinberg, Pensabene, Piotrowski, Fiddler & Wasser
man, 1975). In addition, we found NPy in the adipose 
tissue but not in the lean tissue of fried bacon. As 
a result, we have suggested that collagen may be re
sponsible for NPy formation in fried bacon (Fiddler, 
Pensabene. Fagan, Thorne. Piotrowski & Wasserman.
1974). Huxel, Scanlan & Libbey (1974) produced 
NPy from samples of buffered collagen (from bovine

‘ Agricultural Research Service. US Department of Agricul
ture.

achilles tendon) and NaN02 at temperatures of 120- 
195°C in a model system. Collagen, the major consti
tuent of skin, tendon and connective tissues, contains 
large concentrations of glycine, proline and hydroxy
proline and is the most abundant mammalian protein 
(Bodwell & McClain, 1971). Gelatin is commonly pre
pared by the alkaline treatment of collagen (Fysh,
1958). Gelatin, therefore, may serve as a source of 
nitrosatable proline, and the product may convert to 
NPy under certain conditions.

There are a number of meat products made with 
gelatin and cured non-skeletal and organ meats. This 
paper reports a limited survey designed to determine 
the presence of volatile nitrosamines in such products.

Experimental
Seven samples of souse, two of blood and tongue 

and one of head cheese, produced by seven different 
manufacturers, were purchased in local retail outlets. 
Details of the ingredients and processing and storage 
conditions of these samples were unknown.

These samples were analysed for six volatile nitro
samines, namely DMNA, methylethylnitrosamine, 
diethylnitrosaminnitrosopiperidine, NPy and nitro- 
somorpholine. Concentrations as low as 0-5 /¡g/kg 
could be detected and 3 p g  nitrosamine/kg could be 
confirmed by mass spectrometry. Only DMNA and 
NPy were confirmed by matching the gas-liquid 
chromatographic (glc) retention times with those of 
authentic nitrosamines and by peak-matching the 
exact masses of the nitrosamine parent ions, m/e 
74 0480 and 100-06366. respectively, using perfluoro- 
kerosene as an internal standard. The procedures for 
the isolation, separation, detection and confirmation 
of volatile nitrosamines, including information 
regarding recoveries from spiked samples, glc and 
glc-high resolution mass spectrometric conditions 
have been published elsewhere (Fiddler e t  a l. 1974; 
Kushnir e t  a l. 1975; Pensabene e t  a l. 1974).
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Precaution should be exercised in the handling of 
nitrosamines, since they arc potential carcinogens.

Results and Discussion
The results of the nitrosamine survey are shown 

in Table 1. DMNA was confirmed in six of the seven 
samples of souse and in both samples of blood and 
tongue in concentrations ranging from 3 to 63 /tg/kg. 
The presence of NPy (19 /tg/kg) in one sample of 
souse was confirmed by mass spectrometry. The 
sample of head cheese contained no detectable nitro
samine. Residual nitrite varied in the samples from 
no detectable amount to 135 /ig/kg, but there 
appeared to be no correlation between residual 
NaN02 content and the DMNA concentration 
found.

Table 1. Nitrosamines in souse anil similar products

Content of 
nitrosamines* 

Residual (/'g/kg)
NaNO,

Type No. (mg/kg) DMNA NPy

Souse 1 12 26 19
2 118 63 ND .
3 39 3 ND
4 4 5 ND
5 3 6 ND
6 27 6 ND

• 7 ND ND ND
Blood and 1 5 45 ND

tongue 2 135 7 ND
Head cheese 1 15 ND ND

DMNA =  Dimethylnitrosamine ND =  None detected 
NPy = Nitrosopyrrolidinc 

‘ Identity confirmed by mass spectrometry.

In a general method for the preparation of souse, 
non-skeletal meats previously cured with nitrite or 
nitrite-nitrate are ground through a 1-in. plate and 
then mixed with gelatin, broth, vinegar and spices. 
The mixture is heated to 74°C (165°F), poured into 
moulds and chilled to solidify (Kramlich, Pearson & 
Tauber, 1973). This temperature is considerably lower 
than the 185°C (365°F) optimum temperature 
reported for the decarboxylation of nitrosoproline to 
NPy (Pensabene e t  a l. 1974).

Lecithin (Möhler & Hallermayer, 1973; Pensabene, 
Fiddler, Doerr, Lakritz & Wasserman, 1975) and its 
decomposition products (Pensabene e t  a l. 1975) have 
been shown to form DMNA when reacted with nitrite 
in model systems. Since non-skeletal tissues may con
tain higher concentrations of lecithin than does skele
tal tissue (Dugan, 1971), the former may be a source 
of DMNA.

The nitrite available for nitrosamine formation 
could arise from the initial cooking of the cured non- 
skeletal meats; the broth resulting from the tenderiz
ing process may be used in the preparation of souse.

Currently our laboratory is investigating the source 
of DMNA in products containing gelatin. While the 
jellied products described in this paper constitute only 
a very small portion of the total production of cured

meats in the United States, they may play a more 
important dietary role elsewhere.
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The curing of meat is today based in part upon 
the art as practised through aeons of time and per
haps to a far greater extent upon sound scientific 
principles developed since about the turn of the cen
tury. It is the purpose of this review to describe briefly 
the early curing of meat, reaching deep into antiquity, 
to review curing practices from colonial to modern 
times, to outline the basic studies elucidating the use 
of nitrite, to discuss the studies leading to current 
regulations governing the use of nitrate and nitrite 
and to describe current practice in the industry. This 
discussion is not intended as a reference work on the 
actual curing of meat but rather as a survey of the 
chain of events leading to industry practice in the 
use of nitrate and nitrite.

The origin of the use of nitrate in the curing of 
meat is lost in history, but it is certain that the preser
vation of meat with salt preceded the intentional use 
of nitrate by many centuries.

The preservation of cooked meats and fish in 
sesame oil in jars was practised as early as 3000 BC 
in Mesopotamia. Early Summerians enjoyed dried 
salted meat and fish as part of their diet. Indeed, salt 
was considered a dietary essential by the ancient 
Babylonians. Salt was in common use in the ancient 
Jewish Kingdom as early as 1600BC because of its 
availability from the salt-rich Dead Sea. The tech
nology of sea-salt production was also known by at 
least 1200 BC by the Chinese, who early made salt 
from drilled wells (Jensen, 1953 & 1954).

It appears that meat preservation was first prac
tised in the saline deserts of Hither Asia and in coas
tal areas. Desert salts contained nitrates and borax 
as impurities. However, the reddening effect of 
nitrates was not mentioned until late Roman times.

Thus, saltpetre, or ‘nitre’, was gathered in ancient 
China and India long before the Christian era. Wall 
saltpetre (Ca(N03)2), found as an efflorescence on the 
walls of caves and stables, was used by the ancient 
peoples in the curing of meat. This form of nitrate 
is formed by nitrifying bacteria (Jensen, 1954). It is 
reasonable to suggest that desert and wall salts, 
because of their nitrate contaminants, yielded cured

‘Presented at the Meeting of the USDA Expert Panel on 
Nitrites and Nitrosamines, Washington, D.C., 19 June 
1974.

meats that were distinctive not only in colour but 
also in flavour.

Early Phoenicians from the Eastern edge of the 
Mediterranean were a seafaring people who traded 
salt-fish, among other things, as early as 1200BC 
(Batterson & Boddic, 1972). In Europe the salt mines 
of Austria flourished in trade with their neighbours 
in the early Iron Age (900 BC). The ancient Greeks 
freely used salt in the preservation of fish prior to 
500 BC and “manufactured” salt in “salt gardens” 
(Jensen, 1954).

The Romans learned the use of salt from the 
Greeks and cured pork and fish extensively. Salt was 
apparently in scarce supply, as judged by the ety
mology of the word ‘salary’ {so la r iu m  or allowance 
of salt). By the time of Homer (900 BC), the curing 
of meat with salt and by smoking were old practices. 
The Romans learnt how to pickle various kinds of 
meat, and the pickle contained other ingredients in 
addition to salt. They established a trade for these 
products in the Roman Empire (Jensen, 1954).

Cato (234-149 BC) gave excellent directions for the 
dry-curing of hams, a process which included an 
overhaul, rubbing with oil, smoking and again rub
bing with’ a mixture of oil and vinegar. Columella 
(1st century AD) also gives detailed directions for the 
dry-curing of pork. Interestingly enough, toasted salt 
was recommended for dry-curing in a hot climate. 
One can only speculate on the purpose of the toast
ing—was it to destroy micro-organisms or to con
vert some of the nitrate to nitrite (assuming that 
nitrate was a natural contaminant of the salt)? The 
use of salt and saltpetre in meat curing was common
place in mediaeval times, and the effect of saltpetre 
on colour was ■ recognized. Gradually, sweet pickle 
and sugar cures evolved as sugar became available, 
although the use of honey in curing had been prac
tised for a long time.

Edward Smith wrote in 1873: “The oldest and best 
known preserving agent is salt, with or without salt
petre”. He ascribed the preserving action of salt to 
“its power of attracting moisture, and by thus extract
ing fluid to harden the tissues”. Smith described the 
common methods of curing as: “Simply rubbing the 
surface of the meat with salt, or immersing the meat 
in a strong solution of salt with the addition of salt
petre; and in order that they may be effectual, it is 
necessary that the meat to be salted should be of
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a newly killed animal”, Smith cautioned: “Meat thus 
prepared by salt atone loses its colour, but when salt
petre is added the flesh becomes of a reddish colour 
throughout, provided the action be sufficiently pro
longed”. The brine solution recommended was “made 
of 41b. of salt and 1/4 lb. of saltpetre in 6 pints of 
water”. The concentration of saltpetre in this formula 
was a hefty 2-38% or 23,800 ppm. The National Provi- 
sioner in its “Handbook” of 1894, gave the following 
pickle formula for 100 lb of hams packed in regular 
tierces: 7-66 lb salt, 2 lb sugar and 0-33 lb (3333 ppm, 
assuming complete absorption) saltpetre and water to 
make an 80 degree pickle (National Provisioner, 
1952).

Salt and saltpetre were commonly used in South 
America at and before this time in converting dried 
strips of flesh into a product called “charqui”. Amaz
ingly enough, a crude apparatus was described in 
1854 for infusing a curing solution throughout the 
arterial system of a freshly slaughtered bullock 
(Smith, 1873). The curing solution was described as 
a preserving material composed of water, saltpetre 
and salt, with or without flavouring matter. An early 
reference to saltpetre in curing is in the Farmer’s 
Register of 1835 (Cited from R e d  H o t  N e w s , 1968). 
Saltpetre was claimed to impart to bacon a juiciness 
and flavour that nothing else could supply. Saltpetre, 
in the dry-curing method alluded to, was used in 
“rather stinted” quantities. Actually, about 0-5 lb 
(5000 ppm) saltpetre was used for each 1001b meat. 
A great preservative power was attributed to salt
petre.

In the 19th century, meat curing was an art 
managed by the rule of thumb. A fledgling packing 
industry had burgeoned into a major industry, with 
methods that were antiquated by today’s standards. 
An “expert”, who jealously guarded the secrets kept 
in his little black book or under lock and key, pre
sided over the curing department. But science was 
on the move. Chemists were starting to penetrate 
other industries and to apply reason and scientific 
method to problems that had been viewed with emo
tion. The first chemists joined the larger packing 
houses 10 years before the close of the 19th century. 
“One by one, exact methods of procedure and control 
were worked out until at the present time spoilage 
of meats in cure has been reduced to an almost neg
ligible quantity” (Richardson, 1907). Even today, 
some spoilage of meat can be expected with the 
ancient long, dry-cure method.

Toward the end of the 19th century, various 
methods of curing meat were in common use. Dry 
cure, wet or pickle cures and combinations of the 
two were'in existence. The practice of pumping meats 
probably started in the early 1890s (National Provi
sioner, 1952). Before the use of a perforated needle, 
it was customary to pack saltpetre and salt into an 
incision in the shank of a ham with a round stick.

Significant changes in meat curing had occurred 
by the 19th century: wet or pickle curing had become 
established, rudimentary vascular pumping of curing 
fluids had emerged, the perforated pumping needle 
had appeared, saltpetre was firmly entrenched in cur
ing formulae, science and technology and quality con
trol became an integral part of the packing industry, 
the mechanism of microbial conversion of nitrate to

nitrite was understood and the development of cured 
colour was ascribed to nitrite. The meat-packing in
dustry had arrived and “grown of age”.

Various meat-curing mixtures were used in the 
1920s. Most mixtures contained salt, sugar and salt
petre. Tomhave reported in 1925 a most interesting 
recipe for Smithfield hams: ‘The hams are placed in 
a large tray of fine salt, then the flesh surface is sprin
kled with finely ground saltpetre until they are as 
white as though covered by a moderate frost, or, to 
be more exact, use four or six ounces of the powdered 
saltpetre to each one hundred pounds of green hams”. 
The hams were then packed in salt for 3 days, over
hauled, retained in pack for 1 day per pound of ham, 
washed and partially dried, finely ground pepper was 
rubbed on the surface, and then they were smoked 
for 30-40 days.

Tomhave (1925) also suggested a combination dry 
and wet method of sugar-curing ham, bacon and 
tongues: dry cure with salt for 8-10 days, then cure 
4001b meat in a pickle made of 51b brown sugar 
and “a small handful of saltpetre”, a tablespoon of 
ginger and 121b salt. A 75-dcgree cover pickle was 
recommended and, for the handyman, these words 
of advice were given: “Drop a fresh egg into the 
pickle; if the egg floats almost submerged, the brine 
is of the proper strength”. Others in this country had 
often used a potato as a measure of the strength of 
the pickle.

When nitrite p e r  s e  was first used in curing meat 
is unknown. Many old recipes for curing stressed the 
use of a small amount of Sal Prunella to acquire a 
good colour in the meat. Sal Prunella is prepared 
from a fused mixture of nitrate and sulphur. Thus, 
it probably contains some nitrite. The US Dispensa
tory of 1847 gives directions for preparing Sal 
Prunella and cites an earlier French pharmacopoeia 
(Tauber, 1972).

The advent of nitrite in curing was presaged by 
the classical studies of a handful of scientists. 
Polenske, in 1891, reported finding nitrite in cured 
meat and curing pickle. He correctly concluded that 
the source of nitrite was the bacterial reduction of 
nitrate. Close on the heels of this discovery, Lehman 
in 1899 and Kisskalt in 1899, demonstrated that the 
typical colour of cured meats was due to nitrite and 
not to nitrate. Haldane (1901) was interested in the 
colouring matter responsible for the redness of 
cooked, cured meats. He demonstrated the formation 
of nitrosohaemoglobin by the addition of nitrite to 
haemoglobin. Haldane further demonstrated the 
breakdown of nitrosohaemoglobin to nitrosohae- 
mochromogen and identified the latter as being re
sponsible for the red colour of cooked meat. Hoag- 
land (1908) confirmed Haldane’s work by a series of 
studies with haemoglobin, cured meats and sausages. 
He explained the reduction of nitrate to nitrite, ni
trous acid and nitric oxide (the intermediate) by either 
bacterial or enzyme action or both. He indicated that 
the colour of uncooked meats cured with saltpetre 
was due to nitrosohaemoglobin, and the colour of 
cooked meats to nitrosohaemochromogen. The 
colour change during cooking was described as the 
breakdown of the pigment “into the two constitu- 
tents: hematin, the colouring group, and the proteid”.

Recognizing the significance of nitrite in curing,
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Glage, of Germany, recommended in 1909 the use 
of partially reduced nitrate (by dry heat) in curing. 
Shortly after (1913-1915) proprietary curing mixtures 
containing nitrite were marketed in Germany and 
Europe and, in 1917, a US patent was issued to 
Doran on the use of nitrite in curing.

An understanding of the basic chemistry and reac
tions involved in the colour of cured meat and of 
the role of micro-organisms in reducing nitrate to 
nitrite led to studies in this country on the use of 
nitrite in curing. Up to this time, unsatisfactory or 
irregular colour development and spoilage of meats 
during the curing process were unexplainable and pla
gued the industry. The variability in the bacterial 
reduction of nitrate to nitrite in pickles was especially 
noted in new establishments. The adjustment of pH 
and bacterial ‘seeding’ of the pickle appeared helpful, 
although the growth of an undesirable flora in pickle 
resulted in failure. The increase in nitrite con
centration in a nitrate pickle as a result of bacterial 
reduction is illustrated by the data of Kerr, Marsh, 
Schroeder & Boyer (1926). The concentration of 
nitrite increased from 3-6 ppm on the first day to 
33 ppm at 15 days and to 887 ppm at 65 days. A 
solution to this problem of variability in the nitrite 
content of pickle, with its resultant product variabi
lity, was the direct addition of a closely controlled 
amount of nitrite to either pickle or product.

Permission for the direct use of nitrite by a meat 
processor, under Federal inspection, was first given 
on 19 January 1923 by the Bureau of Animal Industry 
of the United States Department of Agriculture. The 
first and subsequent series of experiments were closely 
supervised by Bureau inspectors (Kerr e t  a l. 1926).

Authorization of the first experiment in which 
nitrite was used carried the stipulation that the meat 
would be destroyed if it contained excessive amounts 
of nitrites or was otherwise unwholesome or unfit to 
eat. Kerr e t  a l. (1926) had previously determined the 
nitrite content of 54 samples of various cured meats, 
which were typical of a nitrate cure, such as ham, 
corned beef and bacon. Of the samples analysed, 14 
exceeded 200ppm nitrite (average, 485 ppm; range, 
208-960 ppm). These data indicated that the nitrite 
content of meat cured by the processes of the time 
(nitrate only) yielded extremely variable and, at times, 
high levels of nitrite in the product.

In the first experiment, 92 pieces of meat weighing 
1142 lb were cured in pickle containing approximately 
2000 ppm sodium nitrite. A further 94 pieces of bacon 
weighing 12701b were dry-cured with nitrite. The con
trols consisted of similar products cured with the 
usual amounts of nitrate. Analysis of the hams indi
cated an average nitrite content of 42-150 ppm in 
nitrite-cured hams. The maximum nitrite content of 
any part of the ham was 200 ppm. Nitrate-cured hams 
had a maximum nitrite content of 45 ppm nitrite. The 
flavour and quality of the nitrite-cured meats were 
equal to those cured by the traditional process, and 
judges were unable to distinguish meats cured by 
either method.

Quickly, other experiments were authorized at the 
original establishment and elsewhere and, on the basis 
of the first experiment, 200 ppm nitrite was placed 
as a tentative limit on the nitrite content of the 
finished meats. Experiments were conducted in a total

of 17 establishments ranging in size from the largest 
to the smallest. All types of products were cured, in
cluding items such as shoulders, loins, tongues, hams, 
bacon and corned and dried beef. The experiments 
lasted for 2 years and 8 months and the quantity of 
meat cured was on a commercial scale. Thus, results 
of these full-scale operations were directly applicable 
to commercial meat curing.

Experiments in which nitrite was added to sausage 
demonstrated that the curing period could be mater
ially shortened, an observation similar to that noted 
with cuts of meat such as ham and bacon. The studies 
indicated “that 1/4 oz. (156 ppm) or less of sodium 
nitrite is sufficient to fix the color in 100 lb. of sausage 
meat”. Typical nitrite values in frankfurters, bologna, 
luncheon meat and minced luncheon meat ranged 
from 40-150 ppm. On the basis of these studies, Kerr 
e t  a l. (1926) concluded:

(1) “From one-fourth to 1 oz. of sodium nitrite 
is sufficient to fix the color in 1001b, the exact 
quantity depending on the meat to be cured and 
process to be employed.”
(2) “Meats cured with sodium nitrite need con
tain no more nitrites than meats cured with 
nitrates, and are free from the unconverted 
nitrates regularly present in nitrate-cured meats.”
(3) A shortening of the customary curing period 
may be obtained by the use of nitrite.

On the basis of the results obtained in these exper
iments, the use of sodium nitrite in meat-curing in 
Federally inspected establishments was formally auth
orized by the USDA in 1925 (United States Depart
ment of Agriculture, 1926). The 19 October authoriza
tion by the Bureau of Animal Industry stated:

“Extended experiments have demonstrated that 
successful curing may be accomplished by the 
addition of as small a quantity as one-fourth of 
an ounce of sodium nitrite to each 100 pounds 
of meat; therefore, pending further ruling by the 
Bureau the finished product shall not contain 
sodium nitrite in excess of 200 parts per million.”

Regulations issued in 1970 under the Meat Inspec
tion Regulations, USDA Consumer and Marketing 
Service (Federal Register 1970, 35, 15590) permitted 
the addition of sodium or potassium nitrate at 7 lb 
to 100 gall, pickle, 3-5 oz to 1001b meat in dry cure, 
or 2-75 oz to 100 lb chopped meat. Sodium or potas
sium nitrite was permitted at 21b to 100 gall, pickle 
at the 10% level of pump, 1 oz to 1001b meat in dry 
cure, or 0-25 oz to 1001b chopped meat and/or meat 
by-product. The use of nitrites, nitrates or combina
tions thereof could not result in more than 200 ppm 
nitrite in the finished product.

The composition of curing formulae used in the 
meat-packing industry immediately after the BAI 
order of 1925 permitring the use of nitrite is not pre
cisely known. However, Mohler reported in 1930 that 
54% of the packers were using sodium nitrate, 17% 
sodium nitrite and 33% mixed pump pickles.

In 1936, Mighton, of the Institute of American 
Meat Packers, determined the amount of nitrate and 
nitrite in cured meats obtained at retail (Table 1). 
He was especially interested in the effect of the 
Federal limitation of 200 ppm nitrite upon the pro-
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Table 1. The nitrate and nitrite contents o f cured meats obtained at retail in 1936

Levels (ppm) of

Nitrite Nitrate
No. of

Meat product samples Average Range Average Range

Smoked hams 6 52 7-145 360 120-610
Picnics 6 54 9-136 160 trace-310
Boiled hams 10 59 11-87 370 30-910
Canned spiced hams 6 17 5-55 700 100-1030
Canned corned beef 6 3 3-5 200 160-270
Pork butts 6 86 31-232 330 100-680
Frankfurters 6 84 55-146 710 570-880
Bologna 6 61 44-86 380 30-790
Raw bacon 6 13 4-22 1400 700-2100
Fried bacon 6 19 4-58 3900 2400-4800

Data from Mighton (1936).

Table 2. S u rv ey  o f  cured  m ea ts  in 1937 to  de term ine  n itra te  and  n itr ite  concen tra tions

Levels (ppm) of

Nitrite Nitrate
No. of

Meat product brands Average Range Average Range

Hams 5 80. 34-184 600 100-1200
Bacon 5 16 11-29 1200 300-1900
Hams, boiled 5 49 31-63 700 300-1100
Beef, corned 5 75 1-216 1700 500-3000
Bologna 6 100 87-118 210 10-590
Frankfurters 15 54 20-94 815 460-1170
Bolosna 5 72 60-114 650 100-1020
Frankfurters 12 69 42-116 815 460-1090
Frankfurters 8 102 13-195 513 100-1090

Data from Lewis (1937).

Table 3. N itr ite  co n ten t o f  cured  m ea t p roduc ts ana lysed  b y  U S D A  M I P  L a b o ra 
to ry , Chicago, 111, in 1970

Meat product No. of samples

Nitrite level (ppm) 

Range Average

Beef brisket 12 0-10 3
Smoked hams 8 0-120 53
Smoked picnics 8 0-100 46
Pork belly 3 50-100 75
Bacon 6 5-125 43
Pork jowls 3 50-75 67
Beef tongue 7 0-20 8
Meat loaves 16 0-65 19
Frankfurters 21 0-90 21
Bologna 11 0-50 19
Knockwurst 7 0-60 38
Polish sausage 7 0-60 14

Data from American Meat Institute Foundation (1971).

ducts sampled. Mighton concluded: “The most sig
nificant thing brought out by this current survey of 
cured meats is the growing mildness of the cure and 
the low content of nitrite of soda”. A scant 10 years 
earlier, Kerr e t  a l. (1926) had reported on the rela

tively high level and variability of nitrite in cured pro
ducts made by the old nitrate process.

Lewi^ also of the Institute of American Meat 
Packers, reported in 1937 an analytical survey of 
American cured meats as a measure of industry prac-



Nitrate and nitrite in meats 659

Table 4. T h e  n itr ite  a n d  n itra te  co n ten t o f  cured  m ea t p ro d u c ts  an a lysed  b y  th e  A M I  L a b o ra to ry , Chicago,
III., in 1970

Meat product

Levels (ppm) of

Nitrite Nitrate

No. of
samples Range Average

No. of 
samples Range Average

Polish ham 6 10-24 17 6 155-215 173
Ham 16 6-480 54 3 . 300-700 399
Bacon 22 1-272 60 14 0-310 78
Picnics 4 2-5-22 10 — —

Bologna 5 43-92 56 1 — 170
Frankfurters 3 0-120 78 — — —

Data from American Meat Institute Foundation (1971).

tice and considered how well they came within the 
BAI order of 1925 permitting the use of nitrite (Table 
2). He concluded that the data were typical for com
mercially cured meats of that era, and that cured 
meats were well within the regulatory limit of 
200 ppm nitrite.

Early in 1970, there was considerable interest in 
this country and worldwide, especially in Europe, in 
the amounts of nitrite in various cured-meat products. 
Because of this interest, data on the residual levels 
of nitrite were obtained that year by the American 
Meat Institute Foundation from the USD A Meat In
spection Program Laboratory and the American 
Meat Institute Laboratory, both located in Chicago,
111. Data on the nitrite content of various cured-meat 
products analysed during 1970 by the Chicago MIP 
laboratory are given in Table 3 (American Meat In
stitute Foundation, 1971); similar data obtained from 
the American Meat Institute Laboratory appear in 
Table 4 (id em  1971). Although the data are limited, 
the results of these two 1970 surveys indicated that 
the average nitrite content of commercially cured 
meats was low and was far less than that permitted 
by Federal regulations.

American Meat Institute Foundation workers 
(Kolari & Aunan, 1972) again surveyed the amounts 
of nitrite in selected cured-meat products in 1972 
(Tables 5 & 6). In this survey, analytical data for shelf- 
stable and pasteurized meat products (Table 5) were 
obtained from a firm in the meat industry. The data 
in Table 6 were obtained from another firm, data 
being pooled from five of its plants between 
December 1971 and June 1972. In these studies, the 
products were analysed for nitrite 1-2 days after pro
duction.

Average nitrite levels reported by industry in 1972 
for shelf-stable, pasteurized (Table 5) and other cured- 
meat products (Table 6) were again far below those 
permitted by Federal regulations. The amounts of 
nitrite used in producing the various products were 
determined from actual processing calculations (Table 
5) or from amounts permitted by Federal regulations 
(Table 6).

Because of the interest in amounts of nitrite and/or 
nitrate used by meat processors, the ranges of these 
materials used in 1970 in smoked cured meats were 
surveyed by the American Meat Institute Foundation 
(1971) and by the American Meat Institute in 1974

Table 5. C a lcu la ted  inpu t, range and average n itr ite  co n ten ts  o f  se lec ted  she lf-s tab le  and  p a steu r
ized  m ea t p roduc ts in 1972

Calculated 
input (ppm)

No. of 
samples

Nitrite level (ppm)

Meat product Range Average

Shelf-stable
Lunch meat 144 20 13-61 48

144 30 32-65 47
Vienna sausage

(packed in meat broth) 124 33 6-16 8
Canned ham 172 34 3-37 11
Pasteurized

Bulk lunch meat 144 30 13-172 45
144 33 13-180 28
144 30 32-102 45
144 31 1̂ -128 43

Canned ham 172 34 17-130 62
172 32 26-128 54
111 34 18-55 34

Data from Kolari & Aunan (1972).
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Table 6. N itr ite  con cen tration  in se lec ted  cured m eat p rodu cts reported  
b y  in du stry in 1972

Meat product*

Nitrite levels (ppm)

samples Average Range

Frankfurters 34 38-2 15-80
Cold cuts (Bolo sausage) 23 35 5 0-76
Bacon 128 95-7 24-170
Smoked ham 56 47-6 16-100
Other smoked meats 18 79-4 19-115
Canned hams 93 55-8 0-160
Miscellaneous 83 48-5 0-178

‘Comminuted products manufactured with a theoretical input of 
156 ppm'nitrite; others prepared with a maximum of 200 ppm nitrite. 

Data from Kolari & Aunan (1972).

Table 7. C om parison  o f  the range o f  input o f  n itra te  and n itrite  in 1970 and 1974

Meat product

Levels of input (ppm)

Nitrate Nitrite

1970 1974 1970 1974

Canned refrigerated meats 0-1150 0-558 50-190 104-200
Canned shelf-stable meats 0-1150 0 50-170 77-200
Frankfurters NA 0 NA 100-156
Other perishable cured meats 0-1140 0-100 78-156 100-200
Fermented sausage 0-1328 0-625 56-156 90-156
Semi-dry sausage 0-1328 0-625 56-156 56-156
Bacon 0-200 0 78-200 120-200
Other pumped primal meats NA 0 NA 115-200
Country style ham 0-2200 0-2184 0-185 0-156
Other dry cured primal meats 0-2200 0-2184 0-185 0-156
Canned sterile cured meats 0-125 0 88-190 120-200

NA = Not available
Data from the American Meat Institute Foundation (1971) and the American Meat Institute 

(unpublished data, 1974).

(unpublished data). The data were obtained from the 
major meat-pack ina firms and are summarized in 
Table 7.

In 1970, approximately 50% of the processors sur
veyed reported that they were not using nitrate in 
curing shelf-stable meats, such as canned hams. In 
1974, all of the manufacturers surveyed had discon
tinued the use of nitrate in these products. A similar 
trend was noted for refrigerated canned meats and 
other perishable cured meats. In 1970, about 33% of 
the processors surveyed indicated that they had eli
minated the use of nitrate in these products, com
pared with 78% in 1974. By 1974, nitrate was eli
minated from cured bacon, other pumped primal 
meats, canned sterile meats and frankfurters. In addi
tion to the marked decline in the number of surveyed 
companies using nitrate in the various product cate
gories, a marked decline was also apparent between 
1970 and 1974 in the highest amount of nitrate added 
to a given product by any one company. For example, 
the -highest concentration of nitrate used decreased

from 1150 to 558 ppm for canned refrigerated meats, 
from 1150 to Oppm for canned shelf-stable meats, 
from 1140 to 100 ppm for other perishable meats, and 
from 1328 to 625 ppm for fermented and semi-dry 
sausages. On the other hand, only minor differences 
were noted between 1970 and 1974 in the amounts 
of nitrite added to the various meat products. The 
highest levels added were consistent with the amounts 
permitted under Federal regulations.
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Evaluation of Certain Food Additives. Eighteenth 
Report of the Joint FAO/WHO Expert Committee 
on Food Additives. Tech. Rep. Ser. Wld Hlth Org. 
1974, no. 557. pp. 37. Sw. fr. 5*. (Also issued as F .A .O .  
N u tr .  M t g  R e p . S e r . no. 54).
Toxicological Evaluation of Some Food Colours. 
Enzymes. Flavour Enhancers. Thickening Agents, and 
Certain Other Food Additives. Joint FAO/WHO 
Expert Committee on Food Additives. WHO/Food 
Add./74.6, Geneva, 1975. pp. 204. Sw. fr. 13*. (Also 
issued as F .A .O . N u tr .  M t g  R e p . S e r . no 55).

These two publications are the result of a meeting 
of the Expert Committee held in Rome on 4-13 June 
1974.

The first of the reports notes a new decision by 
the Committee that the acceptable daily intake (ADI) 
should, as a general rule, include the amounts of a 
substance naturally present in food, although some 
exceptions would be permissible. In the light of this 
change of policy, the ADIs previously allocated for 
ascorbic acid and benzoic acid will now include the 
small amounts naturally present, and the position 
with regard to nitrates, where natural levels contri
bute significantly to the total intake, will be reviewed 
in the near future. The Committee decided to use the 
term “ADI not specified” in place of the previous 
“ADI not limited” and to provide a detailed definition 
of this term in a footnote each time it appears. In 
the case of substances causing only a low incidence 
of hypersensitivity, or only minor reactions. ADIs 
would be established, but the Committee hoped that 
such hazards could be minimized by the appropriate 
labelling of foods containing such additives.

* Obtainable in the United Kingdom through HMSO.

The Committee also considered the question of spec
ifications, and noted that in many cases it might be 
possible to lower the limits for arsenic, lead and heavy 
metals through the application of current technology 
and good manufacturing practice. Attention was 
drawn to the possibility that chromium and/or zinc 
residues may occur in food colourings, in the manu
facture of which certain oxidizing and/or reducing 
agents are employed, and maximum levels of 20 mg/ 
kg for chromium and 200mg/kg for zinc were recom
mended, with a limit of 40mg/kg for other heavy 
metals. For aromatic amines, the general limit of 
0-02% proposed at an earlier meeting was retained 
until further information on the nature and levels of 
these contaminants could be obtained.

The additives evaluated fell into the general cate
gories of flavouring substances and enhancers, colour
ings, food enzymes, thickening agents and a miscel
laneous group. In most cases a maximum ADI was 
recommended, while in some only a temporary ac
ceptance was given and in others no ADI was speci
fied because the Committee considered that the total 
daily intake resulting from the necessary levels of use 
and the background levels in food represented no 
hazard to health. No ADI was allocated for a number 
of additives because the data provided were inade
quate for a satisfactory evaluation. Monographs on 
the toxicology of most of these additives are included 
in the second of the publications cited above.

In addition, the Committee prepared new specifica
tions for many of these additives, or revised existing 
specifications, and specifications were also prepared 
or revised for a further 22 compounds not considered 
from the toxicological viewpoint. These will form the 
subject of a separate publication.
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B O O K  R E V IE W S

Residue Reviews. Residues of Pesticides and Other 
Contaminants in the Total Environment. Vol. 51. 
Edited by F. A. Gunther. Springer-Verlag, Berlin, 
1974. pp. ix + 189. DM 48-90.

The opening chapters of this volume of R e s id u e  
R e v ie w s  are concerned with diazinon (0,0-diethyl 0- 
(2-isopropyl-4-methy-6-pyrimidinyl) phosphorothio- 
ate), a broad-spectrum insecticide effective against 
a variety of fruit, vegetable and soil pests including 
locusts, caterpillars, beetles, maggots, flies and aphids. 
Formulations of diazinon include wettable powders, 
emulsifiable solutions and aerosol sprays. Procedures 
for the analysis of these are presented in the first 
chapter, together with the procedures for the analysis 
of the technical-grade product, and for the determina
tion of ‘pure’ diazinon by titration or gas chromat
ography. In addition, extraction and clean-up pro
cedures for residue analyses are described, as well as 
various analytical methods relevent to the identifica
tion or quantitative estimation of diazinon residues. 
The estimation of diazinon residues in about 70 agri
cultural products is reported in the second chapter. 
The data stem from experiments carried out in differ
ent climates and involving different rates of appli
cation. It has been estimated that an average of 3 
ppm diazinon is found in soil immediately after treat
ment and the half-life period is 2-4 weeks, the rate 
of degradation being influenced by the nature of the 
soil and climatic conditions. As far as the USA is 
concerned, analysis of total diet samples has led to 
the conclusion that the maximum possible dietary in
take of diazinon by man is in the region of 0-005 
/rg/kg body weight, an intake some 400 times less 
than the ADI established by WHO.

Poultry may be exposed to pesticides by ingestion 
of contaminated feed or through the use of pesticides 
in poultry houses. Fortunately, the lethal doses— 
though variable—are generally quite high and are un
likely to be encountered except in cases of accidental 
contamination. Lower levels of some pesticides can, 
however, have adverse effects on growth, egg produc
tion, egg size, shell thickness, fertility and chick viabi
lity. The results of an extensive literature search per
taining to such effects are presented in a chapter en
titled “Physiological and biological effects of pesticide 
residues in poultry”. In his conclusion, the author 
draws attention to the need for continued research, 
suggesting that a greater uniformity of approach 
would facilitate comparison of the data obtained. In 
many cases very little research has been carried out 
on the physiological effects of metabolites and it is 
suggested that all residue studies should include 
major metabolites as well as parent compounds. The 
author also considers that there is a need for more 
research on the effects that long-term ingestion of pes
ticides may have on various biological and physiolo
gical functions.

Following the introduction of Guthion (azinphos- 
methyl) in the USA for use against cotton-infesting 
insects, the compound has found widespread use

KC'.T. 1 3 6

against a variety of other insects in field crops such 
as potatoes, sugar cane, alfalfa, clover and many veg
etables. Its broad spectrum of effectiveness, coupled 
with its relatively low dermal toxicity, lack of phyto
toxicity and acceptable rate of degradation has made 
Guthion the product of choice for many growers, par
ticularly in the USA and Canada. The final chapter 
of Volume 51 contains a detailed consideration of this 
insecticide. Toxicological data are included as well 
as recommended analytical methods for estimating 
residues in plant and animal tissues and milk, and 
reference is made to the product’s specific use in a 
wide variety of applications. Details are also given 
of the tolerances established in the USA and Canada 
for Guthion residues in crops and food products. The 
authors conclude that since few instances of resistance 
or insect tolerance to Guthion have become evident 
after many years of field application, the chemical 
should find many more years of effective use in agri
culture.

Pollution Criteria for Estuaries. Proceedings of the 
Conference held at the University of Southampton, 
July 1973. Edited by P. R. Helliwell and J. Bossanyi. 
Pentech Press, London, 1975. pp. 326. £10.95.

The adverse effects that may result from changes 
in the environment are often discussed in general 
terms. This book, which reports the proceedings of 
a symposium held in Southampton in 1973, is essen
tially a practical one, presenting data on pollution 
by bacteria, chemicals, noise, heat and dust. Consider
ation of such data is frequently related to the prob
lems—both technical and financial—encountered in 
controlling the levels of offending agents.

The Solent and adjacent areas feature largely in this 
volume, but some chapters refer to pollution control 
in other estuaries such as those of the Clyde, Tay 
and Forth and Liverpool Bay. Each area has its own 
special features, depending upon the arrangements for 
sewage disposal, the extent to which port installations 
exist, the behaviour of tides and the attractions of 
the locality as a holiday resort.

The word “criteria” in the title is rather misleading, 
for throughout the volume the lack of any agreed 
definition of pollution is seen to create problems for 
the authorities charged with its control. If adopted 
criteria were very demanding, the efforts and cost of 
control would be very high, but the lack of a definite 
level of attainment leads to differences of opinion 
between authorities and industry. This is well illus
trated in the excellent paper on the medical aspects 
of pollution presented by Dr. A. McGregor. While 
he and other participants in the Symposium regard 
the present situation as reasonably satisfactory, it 
seems that future pollution control is likely to be an 
uphill struggle.

For those interested in either aesthetic, technical, 
medical or economic aspects of control of the environ
ment, this volume cannot fail to provide an increasing 
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understanding of the many interrelated factors in
volved. It should he compulsory reading for all stu
dents of ecology.

The Normal Microbial Flora of Man. The Society for 
Applied Bacteriology Symposium Series No. 3. Edited 
by F. A. Skinner and J. G. Carr. Academic Press. 
London. 1974. pp. xv + 264. £6.(X).

For many years, microbiologists have devoted 
much of their time, understandably, to the study of 
bacteria and fungi associated with conditions of dis
ease. and it is only relatively recently that the normal 
flora of the human body has come under close scru
tiny. Many difficulties are encountered in studies of 
the microflora, not the least being the practical prob
lem of sampling, especially in the case of the skin 
with its complex surface of crevices, hair follicles and 
sebaceous glands. In addition there is the difficulty 
of knowing whether an organism that has been iso
lated is part of the resident population or has merely 
been intercepted in transit.

The difficulties involved in the study of the micro
bial flora are compounded by problems of culture, 
since many members of the flora arc fastidious crea
tures with exacting nutritional requirements for 
growth in v itro . A further complication is that pre
sented by the atmospheric requirements of bacteria, 
especially those present in the alimentary tract. For 
many years, the discrepancy between the numbers of 
bacteria seen on Gram-stained smears of faeces and 
the numbers actually cultured led to the belief that 
faeces contained a large proportion of dead 
organisms. More recently, however, improvements in 
anaerobic culture techniques have led to vast in
creases in viable counts and to the realization that 
the predominant bacteria in the gut are oxygen-sensi
tive anaerobes.

In view of these difficulties, it is perhaps surprising 
that anything more than a qualitative assessment of 
the types of bacteria present in the normal flora of 
man is possible, but in most cases much more than 
that has been achieved, as this volume shows. The 
book contains papers presented at a symposium held 
in July 1973 and concentrates mainly on the flora 
of three sites—the skin, mouth and intestine. Such 
topics as the effects of soap and disinfectants on the 
skin flora, the ecology of the flora of skin and hair, 
the effects of antibacterial agents and other factors 
on the flora of the mouth and the particular charac
teristics of the flora of the intestinal tract of children 
are considered, and there are also chapters on dental 
plaque, the vaginal flora and the aerial dispersion of 
organisms from the respiratory tract.

On the whole the contributors to the book have 
presented their subjects comprehensively but con
cisely. However, the section on the flora of the gastro
intestinal tract may be considered incomplete, in that 
the influence of various factors, such as race, diet and 
the presence of pathogens, is discussed without any 
introductory chapter on the types and numbers of 
bacteria and yeasts to be found in the normal alimen
tary tract. In contrast, the chapters on the flora of 
the mouth present a much more balanced and 
informative picture, although too much space is per
haps devoted to structural aspects of dental plaque. 
Nevertheless, this is a book that microbiologists, both 
in the clinical and research fields, will find a most 
useful source of reference.

Connective Tissues. Biochemistry and Pathophysiology.
Edited by R. Fricke and F. Hartmann. Springer-Verlag. 
Berlin. 1974. pp. xii + 309. S20.00.

This volume takes the form of an "edited” collection 
of some 40 papers covering the subjects of lectures 
delivered at a symposium on connective tissues held 
in Hannover, probably in 1973 since the Editors' 
prefatory remarks are dated "Spring 1974”. The papers 
are grouped under the five major headings of struc
ture. synthesis, degradation, immunobiology and 
pathophysiology and range from general reviews to 
presentations of on-going laboratory work. Irritat
ingly. some of the latter are very brief: one example, 
including references, barely fills a single page. As 
might be expected from such a heterogeneous author
ship. the standard of contributions is variable. More
over. review papers exhibit a considerable degree of 
overlap when existing work is surveyed.

Although the copy examined is in 'hardback', the 
text is presented as an offset litho reproduction of 
typescript. However, in contrast to the style of some 
other publishers, at least the same type is used 
throughout. Even so there is an unusually large crop 
of typographical errors. The more obvious of these 
include “plysaccharides” (p. 30), “Egamit” instead of 
Egami (p. 153) and C h a r o n iu s  in place of the correct 
C h a r o n ia  (p. 153). but there are numerous other 
examples. Although time has been spent in producing 
conformity in the text, it is all too apparent that the 
figures and diagrams are the authors' original ver
sions.

Viewed overall, this is a treatise likely to be 
accepted most readily by the aficionados of current 
connective-tissue research. Why it was published as 
a hardback will remain a mystery.

BOOKS RECEIVED FOR REVIEW

Human Intestinal Flora. Edited by B. S. Drasar and 
M. J. Hill. Academic Press. London. 1974. pp. xii + 
263. £6.50.

Recent Advances in Pathology. No. 9. Edited by C. 
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POLYMERS FOR THE SURGEON

The tissue-adhesive and haemostatic properties of
2-cyanoacrylates, which polymerize rapidly in contact 
with water to form powerful seals, have attracted sur
geons for some years. Many studies of the irritancy 
of these esters and the tissue reactions they induce 
have been reported ( C i te d  in F .C .T . 1973. 11. 314 & 
516).
C y a n o a c r y la te s  in sk in  r e p a i r . . . .

Wilkinson (A r c h s  D erm . 1972. 106. 834) has asserted 
that the important individual characteristics of a 
cyanoacrylate designed for skin surgery are its cyto
toxicity. the speed with which it polymerizes and the 
heat generated in the process, and the flexibility or 
brittleness of the resulting film. The tissue reactions 
induced by methyl 2-cvanoacrylate (MC) have 
resulted in its replacement largely by the n-butyl 
(NBC) and isobutyl (IBC) esters. The cytotoxicity of 
these compounds appears to depend on their speed 
of degradation in the tissue, and this decreases with 
increase in the length of the alkyl chain. An increase 
in chain length also increases the speed of polymeriza
tion. and this reduces the likelihood of contact of the 
monomer with adjacent tissues and the consequent 
risk of irritancy and systemic toxicity. Wetting and 
spreading, which determine the strength of binding, 
increase with increasing chain length, but technical 
problems in connexion with the binding and polymer
ization processes tend to increase with chains of five 
carbons or more. The optimal chain length seems to 
be attained therefore with the butyl esters. NBC and 
IBC can be applied directly or used in conjunction 
with gelatin film for haemostatic wound dressings for 
multiple organ injuries and open donor-tissue sites. 
The formation of IBC film between wound surfaces 
is undesirable, since it tends to delay fibroplasia and 
capillary proliferation across the incision and leads 
to scarring, but NBC and IBC can be used in con
junction with suturing and can eliminate seepage and 
graft loss when used to secure skin grafts and hair 
transplants (Wilkinson lo c . c it.).

Isoamyl cyanoacrylate (IAC) has been shown to 
produce greater comfort and less extensive inflamma
tion than IBC when used in the treatment of experi
mentally induced friction blisters in volunteers (Akers 
e t  a l. A r c h s  D erm . 1973. 107. 544). The best results 
were obtained by spreading IAC over the raw blister 
base. Pentyl cyanoacrylate (PC) was more useful 
when a partially detached skin fragment was to be 
joined to the blister base, since its polymerization 
time (3-5 seconds) permitted wrinkles to be smoothed 
out before setting occurred.
.... in fa c ia l w o u n d s . . . .

Experimental facial wounds produced by incision
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of the masseter muscle in rats were covered with 
gauze or terpolymer sponge and sprayed with IBC 
by Hunsuck e t  c l . (O r a l S u rg . 1970, 29. 305). After 
5 days the dressing was removed and the degree of 
healing was examined. At intervals up to 14 days after 
this, the animals were killed and the tissue in the 
vicinity of the wound was sectioned for microscopic 
examination. Wounds that had been protected by a 
gauze or sponge dressing sprayed with IBC showed 
little tissue necrosis, dehydration or secondary infec
tion. There were minimal zones of granulation tissue, 
and the incision appeared to heal faster than either 
control wounds packed with saline-moistened gauze 
or wounds packed with terpolymer sponge and 
sutured. The downgrowth of epithelium was less in 
IBC-treated wounds than in the controls. Suturing 
of the terpolymer sponge into the wound induced fas
ter healing and less inflammation necrosis than the 
control treatment, but was less effective than the 
sponge-IBC treatment.

--- a n d  in o p h th a lm ic  s u r g e r y__
Evaluation of the effects of MC and IBC treatment 

after various operations carried out on the rabbit eye 
by Munton (E x p l  E y e  R e s . 1971, 11. 1) has shown 
that the outcome generally depends on the nature of 
the repair. In conjunctival repair, good closure and 
healing occurred; by week 12 the regenerated con
junctiva showed normal numbers of goblet cells, there 
was a slight increase in vascularity at the limbus and 
the stroma contained few collagen fibres. Resection of 
the superior rectus muscle resulted in some early 
muscle necrosis, with amorphous denucleated areas, 
fibroblasts and giant cells; after 7 days the limbus 
showed an increase in vascularity and a reduction 
in the number of goblet cells. At the muscle end, 
fibroblasts and fibrin, with ghost denucleated fibres, 
were seen and were tentatively attributed to the heat 
of polymerization of the adhesive. In corneal Graefe 
sections, new blood vessels appeared at the limbus, 
surrounded by chronic inflammatory cells, but at 
week 19 the wound had healed, with little vasculariza
tion. The most variable results appeared after kera
toplasty; gross loss of the graft, conical breakdown 
of the corneal-graft area and staphylomata were seen 
and vacuolation of the cornea with endothelial meta
plasia to polygonal cells occurred.

Perforated keratotomies, 4-6 mm long, in the rab
bit eye were experimentally joined by direct appli
cation of NBC to the wound area freed from epithe
lium (Giessmann e t  a l. A lb r e c h t v. G r a e fe s  A rch . k lin . 
e x p . O p h th a l. 1972, 183. 294). Three weeks after treat
ment only a thin corneal scar was visible. Histological 
examination of the wound tissue 5 months later
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showed a little scar tissue but no sign of vasculariza
tion or chronic inflammation.

Spitznas e t  a l. ( ib id  1973, 187. 89) applied drops 
of NBC to the rabbit sclera after conjunctival incision 
and scleral exposure, in order to attach a fragment 
of lyophilized dura mater as repair material. No 
major damage resulted, and the slight conjunctival 
infection observed was no greater than with alterna
tive procedures; histological examination revealed a 
mild foreign-body reaction with some multinuclear 
giant cells and formation of a fibrotic capsule round 
the adhesive. The procedure was applied successfully 
in man to the repair of retinal detachment and other 
conditions involving retinal surgery. In a further 
study by Spitznas e t  a l. ( ib id  1973. 187. 102) the reac
tion of choroid, retina and vitreous was noted in rab
bits after application of NBC. Acute inflammatory 
round-cell infiltration appeared during the first few 
days after intrascleral, suprachoroidal or intraretinal 
application, but the vitreous showed no reaction to 
an injection of NBC. A mild protracted foreign-body 
reaction in surrounding tissue followed treatment of 
the sclera or suprachoroid while late reactions to 
NBC in the choroid and retina comprised a loosening 
and atrophy of the tissue, with circumscribed loss of 
the nuclear zones of the sensory retina.
In vivo d e g r a d a tio n  o f  c y a n o a c r y la te s

Wade & Leonard (J . b io m ed . M a te r .  R e s . 1972, 6. 
215) treated dogs with sc implants of Ivalon sponge 
impregnated after insertion with MC labelled with 
14C in the C-2 or C-3 position or in the cyano group 
and determined the activity of various fractions and 
isolates from the urine collected for 3 4 days after. 
Urinary urea from animals with the [3-14C]MC-im- 
pregnated implants was radioactive, while that from 
the other rats showed little activity. Treatment of pro
tein-free urine with an anion-exchange resin removed 
40% of the total radioactivity, but precipitation with 
barium hydroxide did not. No activity could be found 
in distillates from urine acidified with sulphuric acid. 
Approximately 55% of the urinary metabolites of MC 
appear to be neutral compounds. The results indicate 
that random chain scission of MC occurs, with pro
duction of formaldehyde, but attempts to discover 
radioactivity in the form of formic acid were unsuc
cessful.

A b s o r b a b le  p o ly m e r  s u tu r e s  a n d  o th e r  im p la n ts
Various polymers have featured in the continuing 

search for materials ideally suited for use as absorb
able sutures. A copolymer of lactide and glycollide 
(cyclic intermediates derived from lactic and glycollic 
acids) intended for use as a surgical suture material 
was embedded by Conn e t a l. (A m . J .  S u r g . 1974. 
128. 19) in the rectus sheath and muscle of rabbits 
for up to 60 days. Minimal acute inflammatory 
changes, a small amount of necrotic exudate, minimal 
giant-cell reaction and a small development of adja
cent granulation tissue were apparent after 5 days. 
This reaction appeared to be no greater than that 
provoked by the trauma of suturing. No granulation 
tissue could be seen after 15 days. After 30 days there 
was no evidence of any necrotic exudate surrounding 
the suture. Gross inspection of the wound after 60 
days failed to distinguish the suture, and microscopic 
examination showed an absence of giant cells, 
mononuclear cells and eosinophils. This copolymer 
(known as polyglactin 910 or Vicryl, from Ethicon, 
Inc., Somerville, N.J.), therefore appears to be devoid 
of toxic properties under the conditions of this exper
iment.

Implantation of blocks of 14C-labelled polylactic 
acid in the abdominal wall of rats resulted in little 
distribution of radioactivity in tissues and organs 
(Brady e t  a l. J . b io m e d . M a te r .  R e s . 1973, 7. 155). The 
implant lost about 36-8% of its activity during 168 
days. Of this about 29-4% appeared in expired carbon 
dioxide, 4-6% in the urine and 2-8% in the faeces. 
Cells that invaded the implant possessed either large 
double-walled vacuoles or large accumulations of 
mitochondria and microvesicles. It appears that this 
type of polylactic acid implant is well tolerated by 
the host tissue. The material persisted at the im
plantation site for about 15 years, however, in this 
experiment. While prolonged persistence of an im
plant might be useful in some circumstances, in others 
it could delay complete healing, and attention is 
drawn to the possibility that resorbable implants of 
this type might be modified by incorporation of other 
resorbable materials, such as polyglycollic acid, so 
that they could be ‘tailor-made’ in respect of both 
strength and resorbability for a variety of clinical 
applications.

[P. Cooper—BIBRA]

DEALING WITH ACETALDEHYDE

Acetaldehyde is formed in the body as a metabolite 
of ethanol and is also an important constituent of 
tobacco smoke. Previous studies have shown that this 
aldehyde is retained in the upper respiratory tract 
after inhalation ( C i te d  in F .C .T . 1973, 11. 922), and 
that it causes biphasic changes in blood pressure 
when given by iv injection ( ib id  1974, 12, 787). The 
presence of acetaldehyde produced by microbiological 
activity in home-brewed lager has caused gastric ero
sion ( ib id  1972. 10. 435).
M e ta b o l is m  a n d  d is tr ib u t io n

The distribution of acetaldehyde in the brains of 
rats following a single dose of ethanol has been stud

ied by Sippel (J . N e iir o c lte m . 1974. 23. 451). An ip 
injection of 65 mmol ethanol/kg was given 30 
minutes before tissue sampling. Brain tissue, exclud
ing the pons-medulla, cerebellum, olfactory lobes and 
lateral parts of the cerebrum, was taken in the frozen 
state, treated with thiourea to prevent non-enzymic 
oxidation of ethanol, and assayed for both acetalde
hyde and ethanol by gas-liquid chromatography. Cere
bral blood contained 100-360 nmol acetaldehyde/ 
ml, but there was no significant acetaldehyde con
centration in the brain tissue when the cerebral blood 
concentration lay below 250 nmol, ml. The lactate, 
pyruvate ratio in these tissues gave no indication of 
ischaemia, so that the absence of acetaldehyde could
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not be explained on that basis. Dialysis experiments 
revealed no binding of acetaldehyde to blood macro
molecules. so that there was no physical obstacle to 
entry into the brain parenchyma. It is suggested that 
cerebral capillary walls may contain aldehyde dehyd
rogenase activity, which could prevent access of acet
aldehyde to the brain until the enzyme system had 
become saturated. This hypothesis is supported by 
the fact that, in the rat, dopa decarboxylase and 
monoamine oxidase occur in the walls of the cerebral 
capillaries and bar the entry of L-dopa to the brain 
tissue.

Kesaniemi (B io c h e m . P h a r m a c . 1974, 23. 1157) has 
described modifications in the metabolism and effects 
of ethanol and acetaldehyde during pregnancy in rats. 
After an injection of 1-2 g ethanol/kg, the ethanol con
centration in peripheral blood was similar in pregnant 
and non-pregnant animals, but the acetaldehyde con
centration was higher in pregnant ones. When the 
livers of pregnant and non-pregnant rats were freeze- 
clamped 30 minutes after injection of 1-2 g ethanol/kg, 
the liver content of ethanol and of acetaldehyde was 
of the same order in both groups, and there were 
no significant differences in the activities of the res
pective dehydrogenases determined in v itro . Similarly, 
pregnancy had no significant effect on the lactate/pyr- 
uvate ratio of the liver, although levels of both pyru
vate and lactate were higher in the livers of pregnant 
than in those of non-pregnant rats prior to ethanol 
treatment. The high acetaldehyde content of peri
pheral blood during pregnancy, allied to the compar
able rate of ethanol oxidation in pregnant and non
pregnant rats, suggests a reduction in the extrahepatic 
metabolism of acetaldehyde during the former condi
tion. Since the foetus is unable to eliminate acetalde
hyde acquired from the maternal blood supply, it may 
be exposed to both ethanol and acetaldehyde and 
their toxic effects.

T h e  m e ta b o lism  o f  a c e ta ld e h y d e  b y  th e  m y o c a r 
d iu m  h a s  b e en  in v e s tig a te d  b y  F o rs y th  e t  a l. (P r o c . 
S o c . e x p .  B io l. M e d . 1973, 144. 498) in  th e  iso la te d  
r a t  h e a r t. T h e  o rg a n  w a s  p e rfu se d  w ith  [ l , 2 - 14C ]a c e t-  
a ld e h y d e  o r  so d iu m  [ l - 14C ]a c e ta te  a n d  th e  re s u l ta n t  
14C 0 2 w a s  m e a su re d . P r e t r e a tm e n t  w ith  d isu lf ira m  
to  in a c tiv a te  a ld e h y d e  d e h y d ro g e n a se  p re v e n te d  C 0 2 
p ro d u c tio n  fro m  p e rfu se d  a c e ta ld e h y d e , a  fin d in g  
w h ic h  in d ic a te s  t h a t  a  m y o c a rd ia l  a ld e h y d e  d e h y d ro 
g e n a se  is re sp o n s ib le  fo r th e  re a c tio n . O x id a tio n  o f  
a c e ta te  to  C O ,  w a s  m o re  r a p id  th a n  o x id a t io n  o f  
a c e ta ld e h y d e , su g g e stin g  th a t  th e  d e h y d ro g e n a tio n  o f  
a c e ta ld e h y d e  m a y  b e  th e  ra te - lim itin g  fa c to r  in  its 
m e ta b o lism  in  h e a r t  tissue .

E ffe c ts  o n  th e  c ir c u la tio n  a n d  th e  liv e r

The systemic, pulmonary and regional circulatory 
effects of acetaldehyde have been studied in anaesthe
tized dogs by McCloy e t  a l. (C a r d io v a s c . R e s . 1974,
8. 216). After a single iv injection of 16 mg acetalde- 
hyde/kg, there was an increase in systemic and pul
monary arterial pressures, myocardial contractility, 
cardiac output, systemic venous return and heart rate, 
but a decrease in left atrial pressure. Intra-arterial in
jection of 0-1 -0-5 mg acetaldehyde/kg was followed by 
dose-related increases in perfusion pressure of the 
brachial and renal arteries without any significant 
change in systemic arterial pressure, and a biphasic

change (increase followed by a decrease) in arterial 
perfusion pressure. After injection of a 4 mg/kg dose, 
peripheral perfusion pressure rose without any 
secondary reduction, while coronary and hepatic per
fusion pressures declined. These findings indicate that 
acetaldehyde has a direct vasoconstrictor effect on 
peripheral arterial vascular beds and a vasodilator 
effect on those of the coronary and hepatic arteries. 
The biphasic change in myocardial contractile force 
following intra-arterial injection of acetaldehyde ref
lects the overcoming of the direct negative inotropic 
effect of acetaldehyde on the myocardium by an in
itially greater positive inotropic action of released 
catecholamines. Adrenergic blockade with phenoxy- 
benzamine or propranolol greatly reduced the cardio
vascular effects of acetaldehyde, supporting the view 
that most of these effects are due to its action on 
the release of catecholamines.

Mitochondrial oxygen consumption in the rat liver 
is reduced by acetaldehyde (Cederbaum e t  a l. A r c h s  
B io c h e m . B io p h y s . 1974. 161. 26). Incubation of mito
chondrial suspensions with acetaldehyde in con
centrations of 0-6, 1-5 or 4-5 mM removed 11, 7 and 
3% of the aldehyde, respectively, in 10 minutes. When 
glutamate, /f-hydroxybutyrate or a-ketoglutarate was 
the substrate, mitochondrial oxygen consumption was 
substantially inhibited by acetaldehyde con
centrations as low as 1-3 mM, whereas with succinate 
or ascorbate much higher concentrations were necess
ary for significan: inhibition. Observations that acet
aldehyde inhibited respiratory control, oxidative 
phosphorylation and ATP-32P exchange reaction in
dicated that it is an inhibitor of energy production 
by the mitochondria, and decreases in substrate-sup- 
ported and ATP-supported calcium ion uptake, in 
calcium ion-stimulated oxygen uptake and in ATPase 
activity all pointed to inhibitory effects on energy uti
lization. Acetaldehyde markedly inhibited malate- 
aspartate, «-glycerophosphate and fatty acid shuttles 
for the transfer of reducing equivalents, apparently 
by interference with NAD+-dependent state-3 respir
ation and anion entry and efflux. Since ethanol in 
concentrations of 6-80 mM failed to have any signifi
cant effect on oxygen consumption, anion uptake or 
energy production and utilization by the mitochon
dria, the evidence points to the implication of acetal
dehyde in some of the adverse metabolic effects asso
ciated with chronic ethanol consumption.
P r o te c t io n  a g a in s t  a c e ta ld e h y d e

Sulphydryl compounds and ascorbic acid afford 
some protection against the cardiomyopathy and 
other toxic effects of acetaldehyde. Sprince e t  al. 
(F e d n  P r o c . F e d n  A m . S o c s  e x p . B io l . 1972, 31. 574 
abs) have described experiments in which rats were 
given thiamine hydrochloride (0-3 mmol/kg). L-cys- 
teine base (2 mmol/kg) or both agents together in the 
same doses, by oral intubation 30 minutes before an 
oral dose of 12 mmol acetaldehyde/kg. The percen
tages of animals anaesthetized within 10 minutes 
among the control rats and these three treated groups 
were 66, 43, 26 and 13% respectively, and the percen
tages of survivors at 24 hours were 12, 43, 61 and 
75% respectively. Thus, both thiamine and L-cysteine 
have some protective effect against acetaldehyde and 
the effects appeared to be additive.
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Further experiments by the same authors ( ib id  
1974, 33, no. 3, Part 1), involving the treatment of 
rats with L-cysteine, reduced glutathione, L-ascorbic 
acid or DL-homocysteine, the oxidized forms of these 
or DL-thioctic acid prior to acetaldehyde 
administration, demonstrated that sulphydryl com
pounds and ascorbic acid could protect rats against 
the toxicity of the aldehyde. Compared with a 10% 
survival in control rats pretreated with saline, survival 
was 100% in rats pretreated with a combination of 
L-cysteine, thiamine and L-ascorbic acid.

In another study (id em , A g e n ts  & A c t io n s  1974, 4, 
125), L-cysteine base, thiamine hydrochloride or l-2- 
methylthiazolidine-4-carboxylic acid was given orally 
to rats in a dose of 2 mmol/kg 30-45 minutes before

a dose of 18 mmol acetaldehyde/kg. The survival rate 
at 24-72 hours was 80, 90 and 75%, respectively, for 
the three groups, compared with a control value of 
10%. In another group, a combination of L-cysteine 
and thiamine (each at 2 mmol/kg) offered complete 
protection (100% survival). The oral LD50 of each 
of these protective agents was determined and the 
ratios of protective to toxic doses were considered 
to be sufficiently high to render these compounds ac
ceptable candidates for further study as possible 
agents against chronic ethanol or acetaldehyde intoxi
cation.

[P. Cooper—BIBRA]
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COLOURING MATTERS

2934. No teratogenic effects from amaranth or Pon
ceau 4R
Larsson. K. S. (1975). A teratologic study with the 
dyes amaranth and Ponceau 4R in mice. T o x ic o lo g y  
4. 75.

There has been much controversy over the alleged 
embryotoxicity of amaranth, but recent work has 
been reassuring on this score (C i te d  in F .C .T . 1975, 
13, 473). An FDA a d  h o c  advisory committee recently 
concluded that the colouring did not have any 
embryotoxic effects when given orally, although a 
limit of 2 mg/kg/day on its consumption was consi
dered desirable pending further elucidation of its 
metabolic fate ( F o o d  C h e m ic a l  N e w s  1975. 16 (43), 
40). Ponceau 4R has not been studied before for 
reproductive effects, but allegations of weak carcino
genicity (Andrianova, V op . P ita n . 1970. 29 (5), 61) 
have now been refuted by B1BRA work (unpublished 
data). The study cited above provides further negative 
evidence in favour of amaranth and also demonstrates 
a lack of teratogenicity in Ponceau 4R.

Mice were given amaranth or Ponceau 4R by 
gavage at dose levels of 7-5, 30 or 100 mg/kg on days 
0-7 or 6-18 of pregnancy, and the foetuses were 
removed on day 18 for detailed examination. No 
effect could be discerned in any of the groups with 
regard to the numbers of litters or implantation sites, 
the frequency of resorptions or foetal deaths, the types 
and incidence of gross malformations and skeletal 
and internal malformations or the weight of live foe
tuses.

[The negative findings from amaranth admin
istration on days 0-7 of pregnancy are particu
larly significant in view of a previous report of in
creased resorptions and foetal deaths in rats treated 
on days 0-19 (Collins. McLaughlin & Gray. F d  C o s -  
m e t. T o x ic o l . 1972. 10. 619). This seems to confirm 
the suspicion that such effects were artefacts resulting 
from abnormally low control values. The spectre of 
amaranth embryotoxicity now seems to have been 
laid firmly to rest.]

AGRICULTURAL CHEMICALS

2935. Ethylene dibromide residues in apples
Dumas. T. & Bond, E. J. (1975). Bromide residues 
in apples fumigated with ethvlene dibromide. J .  a g ric . 
F d  C h e m . 23. 95.

Squamous-cell carcinomas of the forestomach have 
been reported in rats and mice given repeated doses 
of ethylene dibromide (EDB) by stomach tube ( C ite d  
in F .C .T . 1975. 13. 144). It would thus appear desir
able for residues of this fumigant on agricultural pro
ducts to be kept as low as possible, and the position 
with regard to apples has now been investigated.

When three varieties of apples were fumigated with
8-24 mg EDB/litre for 4 hr at 13°C, and subsequently 
maintained at this temperature, EDB residues in the 
pulp and skin had declined to below Ol ppm in less 
than 13 days. When similar treatment was given at 
20 or 25'. negligible residue levels were attained in 
only 4-5 days. However, when apples were cold- 
stored at 4° after being treated and stored for 2 days 
at 13°, residue levels of 01 ppm were attained only 
after 3-4 wk. Levels of 308 ppm EDB were found in 
the apple skin immediately after fumigation with 
12mg/litre at 13°, but these had declined to 26 ppm 
after 4 days. Conversely, levels of 25-30 ppm found 
in the seeds immediately after treatment did not de
cline during 13 days of storage at 13°. Inorganic bro
mide residues determined 7-21 days after fumigation 
were in the range of 2-0-4-8 ppm, depending on the

initial exposure levels and the temperature. As the 
highest concentration of EDB (24 mg/litre) used in the 
study was double that found to be effective in prac
tice, these results were regarded as fairly reassuring.

2936. Lindane and liver enzymes
Herbst, M., Guénard. J.. Kòllmer. H. u. Stòtzer, H. 
(1974). Zur Enzyminduktion in der Leber nach oraler 
Lindanapplikation. Funktionclle und morphologische 
Untersuchungen an Ratten. A rc h . T o x . 32. 115.

Induction of liver-enzyme activity by chlorinated 
hydrocarbon insecticides is a well-known pheno
menon. The paper cited above is concerned with 
enzyme induction in the liver of rats given an arachis 
oil solution of y-benzene hexachloride (y-BHC; lin
dane) at 5 and 20 mg/kg for 1. 2. 4 or 8 consecutive 
days.

Spontaneous movement and exploration by the 
animals was not affected by the treatment. There was 
no alteration in liver weight or in the liver activity 
of glucose-6-phosphatase, phosphorylase, cytochrome 
oxidase or adenosine triphosphatase. The glycogen 
content of the livers of treated animals that were 
fasted for 24 hr was slightly reduced in comparison 
with control values, but this effect was not evident 
when the animals continued to feed a d  lib . During 
lindane treatment, urinary ascorbic acid excretion in
creased markedly, and serum ascorbate levels were

671
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doubled. Electron-microscopy of liver sections from 
treated rats showed an increase in the smooth endo
plasmic reticulum, most marked in the hepatocytes 
of the intermediary zone, with depletion of glycogen 
in individual hepatocytes. Pentobarbitone sleeping 
time in lindane-treated animals was decreased by an 
amount depending on the magnitude of the dose of 
the pesticide and the number of doses given, but the 
reduction was evident even after a single dose of 
5 mg/kg. There were no morphological or histochemi- 
cal changes that could be correlated with the dose 
levels of lindane or that appeared to be of toxicologi
cal significance. The non-specific enzyme-inducing 
effect of lindane indicated by the increased metabo
lism of pentobarbitone was therefore interpreted as 
a benign adaptive change in liver function.

2937. Tetrachlorophenol tested on the rat foetus
Schwetz. B. A.. Keeler. P. A. & Gehring. P. J. (1974). 
Effect of purified and commercial grade tetrachloro
phenol on rat embryonal and fetal development. 
T o x ic ,  a p p l. P h a rm a c . 28. 146.

Last month we referred to the effects of pentachloro- 
phenol on foetal development in the rat ( C i te d  in 
F .C .T . 1975, 13, 585). The same group has carried 
out a similar study on tetrachlorophenol (TCP), 
which is used as a fungicide and bactericide, generally 
for the preservation of wood and similar materials. 
Commercially available preparations may contain 
small quantities of non-phenolic contaminants, nota
bly polychlorinated dibenzo-p-dioxins. 2,3.7,8- 
Tetrachlorodibenzo-p-dioxin has been shown to be 
highly foetotoxic and teratogenic ( ib id  1972, 10. 110). 
but has not been identified as a tetrachlorophenol 
contaminant and, indeed, the chemical reaction in

volved would make its formation therein unlikely. In 
the experiments described in this paper, two samples 
of TCP containing this particular dioxin at a level 
below 0 05 ppm (the limit of sensitivity of the analyti
cal method) were tested in rats. The main conta
minants in the commercial-grade sample were hexa-, 
hepta- and octachlorodibenzo-p-dioxin and hexa-, 
hepta- and octachlorodibenzofurans.

Groups of rats were given purified. (99-6%) TCP 
or commerical-grade (73%) TCP containing 27% pen- 
tachlorophenol in corn oil by gavage for 10 days, on 
days 6-15 of gestation, in doses of 10 or 30mg/kg/day 
(the latter being the maximum level tolerated). Mater
nal body weight was unaffected by treatment, and the 
dams showed no signs of toxicity from either sample 
of TCP. No effects were observed on foetal resorp
tions. foetal body weight or foetal length (crown to 
rump). No foetal anomalies appeared apart from an 
increased incidence of delay in the ossification of the 
skull, an increase which was significant both in foe
tuses (26% incidence compared with 8% in controls) 
and litters (50% incidence v. 19% in controls) in the 
group given the higher dose of commercial TCP, and 
in foetuses (17% incidence) but not in litters in the 
group given the same dose level of purified TCP. At 
lOmg/kg/day neither sample produced this effect. 
There was an increased incidence of subcutaneous 
oedema in foetuses and litters from dams given the 
lower dose of pure or commercial TCP, but since 
this did not appear after treatment with the higher 
dose level of either sample, it may have been a chance 
effect.

Thus, the non-phenolic compounds present in com
mercial-grade TCP did not contribute significantly to 
the material’s effect on the developing rat foetus, and 
no teratogenic response was observed.

THE CHEMICAL ENVIRONMENT

2938. Chromium cleared in American cement derma
titis

Perone, V. B„ Moffitt, A. E.. Jr., Possick. P. A., Key, 
M. M., Danzinger, S. J. & Gellin, G. A. (1974). The 
chromium, cobalt, and nickel contents of American 
cement and their relationship to cement dermatitis. 
A m . ind . H y g . .4.«. J . 35, 301.

Cement dermatitis is a widely recognized problem 
and it has generally been assumed that metals in 
cement, such as chromium, nickel and cobalt, are the 
agents responsible for the allergic reactions (C i te d  in 
F .C .T . 1969, 7. 91). In the study now reported, a group 
of American workers investigated 42 samples of 
American Portland Cement.

The concentrations of total chromium and hexava- 
lent chromium (Crvl). total cobalt and total nickel 
in cement washings and of total chromium in un
treated cement were determined by spectrophoto
metry. The levels of total chromium ranged from 5 
to 124 g g /g  raw cement with an average of 29-5 jug/g. 
Water-soluble chromium in the filtrates represented 
on average only some 10% of the total chromium

in raw cement, and in some cases filtrate levels were 
below 0-5 g g /g . Only 18 of the 42 filtrates contained 
measurable amounts of Crvl, and none contained 
measurable nickel or cobalt (i.e. levels of 0-5 g g /g  or 
above). The chromium content of cement was not 
linked to geographical source, as the lowest and high
est values were found in cements from the same state.

Patch tests were then carried out on 95 cement 
workers, more than 50% of whom had been in the 
industry for more than 15yr. The group included 25 
workers with a history of cutaneous reactions to 
cement, and at the time of testing 15 were found to 
have mild dermatitis of the hands. A further 20 
showed more active eczema, with vesicles, erythema 
and fissures at various stages. All 95 men were patch- 
tested with 0-25% potassium dichromate. 2-0% cobalt 
nitrate. 5-0% nickel sulphate. 10-0% sodium arsenate, 
a filtrate containing 4-7 g g  Crvl/g, a filtrate containing 
no Cr'v, nickel or cobalt, and finally distilled water 
as a control. No worker reacted to nickel, cobalt, dis
tilled water or the filtrate free from Crvl, nickel and 
cobalt. Three workers reacted to the arsenate (a re
sponse regarded as due to irritancy rather than to
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sensitization) and only one to potassium dichromate 
or the filtrate containing Crvl. These findings of a 
low incidence of sensitivity to chromium and no 
apparent sensitivity to nickel and cobalt are surpris
ing in view of reports from European workers (Wil
kinson & Cronin, B r. J .  D e rm . 1972, 87. 400; G. 
Hovking, Thesis, University of Bergen, Norway, 
1970). The presence of some unknown factor is appar
ently ruled out by the lack of reaction to the two 
filtrates.

The authors concede that 1-2% of additional reac
tions might have been found by examining patches at 
72 as well as 48 hr. However, they feel that these 
results indicate that chromium, nickel and cobalt are 
not aetiological factors in cement dermatitis in the 
USA. They suggest that further information should 
be obtained by patch-testing workers from other 
areas of the country.

2939. Leukaemia from benzene
Aksoy, M., Erdem, §. & Dinpol, G. (1974). Leukemia 
in shoe-workers exposed chronically to benzene. 
B lo o d  44. 837.

Although leukaemia is now generally recognized as 
a possible effect of excessive occupational exposure 
to benzene, there have been only a few quantitative 
studies of its incidence among workers so exposed 
(C i te d  in F .C .T . 1971, 9. 750; ib id  1972, 10. 270). The 
authors cited above have recently described 26 cases 
of acute leukaemia, as well as six cases of Hodgkin’s 
disease, among Istanbul workers ( ib id  1975, 13, 479) 
and have now provided further details of the leukae
mia cases.

The 26 leukaemia patients were identified during 
the period 1967-1973 among the 28,500 workers 
employed in the shoe, slipper and handbag industry, 
in which benzene is used as a solvent in adhesives. 
The shops in which they were employed were small 
and poorly ventilated, and benzene concentrations 
were found to reach maxima of 210-650 ppm during 
use of the adhesive. Duration of exposure to benzene 
varied from 1 to 15 yr, with a mean of 9-7 yr, and 
the average age at time of diagnosis was 34-2 yr (range 
16-58 yr). Acute myeloblastic leukaemia was seen in 
14 of the 26, preleukaemia in four, acute erythroleuk- 
aemia in three, acute lymphoblastic leukaemia in 
three, acute monocytic leukaemia in one and acute 
promyelocytic leukaemia in one. Fever was present 
in all the cases, and with one exception there were 
also severe haemorrhagic manifestations, accom
panied in three patients by splenomegaly. The overall 
incidence of leukaemia was equivalent to 13/100,000 
over the 7 yr, or 19-7/100,000 over the last 3 yr of 
the study, compared with an incidence in the general 
population of only 6/100,000.

2940. Further reassurance on bis-chloromethyl ether 
formation
Tou, J. C. & Kallos, G. J. (1974). Study of aqueous 
HC1 and formaldehyde mixtures for formation of bis 
(chloromethyl) ether. A m . ind . H y g . Ass. J . 35. 419.

It was recently reported ( C ite d  in F .C .T . 1975, 13. 
401) that the suggested formation of hazardous con
centrations of bis-chloromethyl ether (BCME) in

working environments by interaction of formaldehyde 
(HCHO) and hycrogen chloride (HC1) in moist air 
was not a practical possibility. However, the same 
group has demonstrated that very small quantities of 
BCME are formed when high concentrations (500— 
3000 ppm) of both of these reactants are present in 
moist air and are likely also to be formed when the 
two reactants co-exist in the condensed phase. While 
BCME is degraded rapidly in aqueous solution, it 
is very stable in numid air, with a half-life of more 
than 25 hr, and it was speculated, therefore, that if 
the rate of escape of BCME from an aqueous solution 
of HCHO and HC1 exceeds the rate of its subsequent 
hydrolysis, there could be a build-up of BCME in 
the gaseous phase above the solution.

To investigate this possibility, HCHO and HC1 
solutions were prepared in a range of concentrations 
between 2 and 2000 ppm. Equal volumes of the corre
sponding concentrations were then mixed and stirred 
in closed reactors at ambient temperature for 18 hr, 
after which both the aqueous solutions and the air 
in the reactors were analysed for BCME, the former 
by mass spectrometry and the latter by gas chromat
ography-mass spectrometry. The detection limits for 
BCME by these methods were 9 ppb (b = 109) in the 
aqueous phase and 1 ppb in the gas phase above the 
reaction mixture, but no BCME was detected in any 
of the test solutions or air samples. Moreover, kinetic 
studies on the hydrolysis of BCME suggested that 
even levels much lower than the detectable 9 ppb 
would have been unlikely to be reached in the 
aqueous solution.

2941. Liver damage from dimethylformamide in the 
gerbil
Llewellyn, G. C.. Hastings, W. S., Kimbrough, T. D., 
Rea, F. W. & O’Rear, C. E. (1974). The effects of 
dimethylformamide on female mongolian gerbils, 
M e r io n e s  u n g u ic u la tu s . B u ll .  en v . c o n ta in . &  T o x ic o l .  
(U .S .)  11. 467.

Dimethylformamide (DMF) is of fairly low acute 
toxicity, and on prolonged administration to rats the 
predominant finding at high dose levels is liver 
damage ( C i te d  in F .C .T . 1966, 4. 547; ib id  1973, 11. 
339). An increase in leucocytes and certain changes 
in blood and urine chemistry have also been pro
duced by repeated ip injection ( ib id  1972, 10. 599) 
and acute pancreatitis has resulted in man from occu
pational exposure ( ib id  1975, 13, 289).

Because toxic effects produced in the Mongolian 
gerbil following administration of aflatoxin dissolved 
in DMF were attributed to the latter substance (Dun- 
kin & Llewellyn, V a  J .  S c i. 1971, 22. 96), a study 
was undertaken to determine the toxicity of DMF 
in the female of this species. LD50 values by the ip, 
sc and intragastric routes were found to be in the
3-4g/kg range, and total doses of this order also 
caused death when DMF was given in the drinking- 
water at a concentration of 6-6% for 3 days or 3-4% 
for 6 days. Death was generally preceded by a marked 
loss in weight and was accompanied by renal conges
tion and signs of toxic hepatitis, including zones of 
diffuse necrosis, hyperchromatic nuclei, abnormal 
numbers of mitotic figures, giant nuclei, haemosiderin 
and accumulation of Kupffer cells. A very limited
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number of necrotic foci in the liver and no consistent 
weight loss were seen in animals dying after ingesting 
drinking-water containing 1-7% DMF for up to 80 
days, and necrotic foci were also found in the 25% 
of the animals that died within 200 days in the group 
drinking a 1% solution. However, in gerbils given 1% 
DMF for only 30 days there were no apparent liver, 
kidney or weight changes.

2942. A no-effect level for dioxane
Kociba. R. J., McCollister. S. B„ Park, C.. Torkelson, 
T. R. & Gehring, P. J. (1974). 1,4-Dioxane. I. Results 
of a 2-year ingestion study in rats. T o x ic ,  a p p l. P h a r -  
m a c . 30. 275.
Torkelson, T. R., Leong, B. K. J., Kociba, R. J., 
Richter, W. A. & Gehring, P. J. (1974) 1,4-Dioxane. 
II. Results of a 2-year inhalation study in rats. T o x ic ,  
a p p l. P h a rm a c . 30, 287.

Rats given 1,4-dioxane at concentrations of 0-75- 
1-8% in their drinking-water for 13 months developed 
nasal carcinomas, and liver carcinomas were also seen 
with concentrations of 1-4% or more ( C i te d  in F .C .T .  
1971, 9. 157). Damage to the kidney tubules has also 
resulted from oral administration of dioxane (ib id  1971.
9. 278). More recently, a dose-related increase in 
hepatic tumours has been described in rats given 
water containing 0-75-1 -8% dioxane for 16 months 
(Argus e t  a t. E w .  J .  C a n c e r  1973, 9. 237). The present 
studies were aimed at discovering the long-term 
effects of lower dose levels, administered by both the 
oral and inhalation routes.

The first of the two papers cited above describes 
the effects in rats of 2-yr administration of drinking- 
water containing 0 01,01 or 1-0% dioxane, equivalent 
in the males to daily dose levels of 9 6, 94 and 
1015mg/kg and in the females to 19-0, 148 and 
1599 mg/kg, respectively. The highest level decreased 
the survival rate in the early part of the study, 
reduced body-weight gain and water consumption, in
creased liver weight, and produced varying degrees 
of hepatocellular and renal tubular degenerative 
changes, accompanied by some regenerative activity. 
Three nasal and ten hepatocellular carcinomas seen 
at this level were considered to be related to the high 
dose of dioxane administered. At the 0-1% level, there 
was similar evidence of degenerative and regenerative 
changes in the liver and kidney, but no indications 
of a treatment-related increase in tumour incidence 
or other adverse effects were detected. At the lowest 
level, no untoward effects of any kind could be dis
cerned.

The second study involved the exposure of 288 rats 
of each sex to an average atmospheric concentration 
of 0-4 mg/litre (111 ppm) for 7 hr/day on 5 days/wk 
for 2yr. This level was chosen as being similar to 
the threshold limit value (TLV), which was 100 ppm 
when the study was carried out although subse
quently it was reduced to 50 ppm. Exposure had no 
effect on appearance, behaviour, growth or mortality, 
and minor changes in haematological and clinical- 
chemistry values, although statistically significant, 
were well within normal physiological limits and were 
not considered to indicate any toxic effect. Terminal 
organ weights and gross and microscopic pathology

revealed no treatment-related effects, and tumour in
cidence was unaffected. In particular, no hepatic or 
nasal carcinomas were observed. It is calculated that 
the rats inhaled some 105 mg dioxane/kg/day, a dose 
level similar to that which produced liver and kidney 
damage in the first study; they were, however, 
exposed for only 5 rather than 7 days/wk, providing 
a smaller overall dose and intermediate recovery per
iods, and the degree of absorption was probably lower 
in the lungs than in the gut.

[In addition to providing a basis for defining ac
ceptable levels of exposure to dioxane. these studies 
are of wider significance, in that they underline the 
possibility of demonstrating a no-effect level for a car
cinogen.]

2943. The rat gut in phenol detoxication
Powell, Gillian M., Miller, J. J., Olavesen, A. H. & 
Curtis, C. G. (1974). Liver as a major organ of phenol 
detoxication? N a tu r e .  L o n d . 252. 234.

This paper presents data in support of the view 
that the liver is not essential for the detoxication of 
phenol and that the gastro-intestinal tract plays a 
major role in providing protection from the poten
tially toxic effects of phenol. In autoradiographic 
studies in the rat, the level of isotope in areas corre
sponding to the liver did not at any time exceed that 
in the blood following oral or ip administration of 
14C-labelled phenol. It is suggested that the 
[ 14C]phenol either failed to enter the hepatic cells 
or, alternatively, had only a transient existence in 
these cells because of rapid turnover in the liver.

When isolated rat-gut preparations were perfused 
with fluid containing [14C]phenol either alone or 
diluted with unlabelled phenol, 50 and 78%, respect
ively, of the radioactivity was transferred from the 
mucosal to the serosal circulation in 2 hr. The 
radioactivity in both mucosal and serosal media was 
distributed between phenyl sulphate (5%) and phenyl 
glucuronide (95%). No unchanged [14C]phenol was 
detected.

The results suggest the gut as the principal site of 
detoxication of ingested phenol. This possibility was 
explored in  v iv o  by perfusing the rat small intestine 
in  s i tu  with media containing [14C]phenol or 
[ l4C]phenol/cold phenol mixture and simultaneously 
sampling the circulating perfusate and blood from the 
hepatic portal vein at 30-min intervals over 3 hr. In 
both cases there was a progressive decrease in the 
amount of radioactivity in the circulating perfusate. 
Over a 3-hr period, most of the radioactivity was 
transported from the intestinal lumen and detected 
in the portal blood. Conjugates of [14C]phenol were 
found in all the plasma samples but no unchanged 
labelled phenol was detected. Phenol conjugates 
appeared in the intestinal perfusate within 30 min but 
at that time most of the radioactivity was still present 
as unchanged [ l4C]phenol. After perfusion for 2 hr, 
however, free phenol could not be detected and the 
radioactivity was present as phenyl sulphate (72%) 
and phenyl glucuronide (28%). Phenol appears, there
fore, to be transported in conjugated form from the 
intestinal lumen, a conclusion in line with the evi
dently minimal role of the liver in its detoxication 
following ingestion.



T he chem ical environm ent 675

Nevertheless, conjugation with sulphate and glu- 
curonide and subsequent excretion of these conju
gates in the urine still occur when phenol is given 
by the iv route to eliminate direct involvement of the 
gastro-intestinal tract, and the possibility was 
explored that in this situation the liver may become 
a major centre for detoxication. Following iv 
administration of 50 or 100 mg [14C]phenol/kg to 
hepatectomized rats, from which 60% of the hepatic 
tissue and the spleen and gut had been removed, there 
was no significant difference between these and con
trol rats in the percentage of radioactivity recovered 
from the urine over a 3-hr period. Urine from both 
groups contained the phenol conjugates, although the 
glucuronic acid conjugate was proportionally higher 
in the urine of the test animals. Thus even without 
the involvement of the gastro-intestinal tract and the 
liver, the formation and urinary excretion of phenol 
detoxication products can still occur.

On the basis of these results, the authors conclude 
that the intestinal tract acts as a barrier, ensuring 
that ingested phenol enters the portal blood only in 
conjugated form. Other potential detoxication sites 
are therefore not presented with exogenous free 
phenol. The possible importance of this protective 
mechanism to man is suggested by an estimation that 
up to 600 mg phenolic material may be ingested each 
day in the normal human diet.

2944. Continuing search for sensitizing contaminant in 
stearyl alcohol

Fisher, A. A. (1974). Contact dermatitis from stearyl 
alcohol and propylene glycol. A r c h s  D erm . 110, 636.

Shore, R. N. & Shelley, W. B. (1974). Reply. A r c h s  
D erm . 110. 636.

The second authors cited above reported last year 
a severe case of contact dermatitis, which they attri
buted to some impurity in the commercial stearyl 
alcohol used as a component of an anti-inflammatory 
corticosteroid cream (C i te d  in F .C .T . 1975, 13, 403). 
This case report prompted the suggestion (Fisher, cited 
above) that tests should be made of the patient’s reac
tion to oleyl alcohol, a stated impurity in the stearyl 
alcohol, and to panthenol, the alcohol of pantothenic 
acid. Fisher (lo c . c i t .) referred to several cases of sensi
tivity to oleyl alcohol with cross-reaction to stearyl 
alcohol and to the sensitivity to stearyl alcohol of 
one of his own patients, who showed cross-reactions 
to oleyl alcohol. He also drew attention to a report 
from Germany of a cross-reaction to panthenol 
shown by a patient sensitive to stearyl alcohol.

Responding to this suggestion. Shore & Shelley 
(cited above) found that while their patient still gave 
an intense reaction to commercial stearyl alcohol 
(30% in petrolatum), no reaction was induced by 
high-grade (99% pure) stearyl alcohol, oleyl alcohol 
or panthenol, all again applied in a concentration of 
30% in petrolatum.

The identity of the offending impurity in commer
cial stearyl alcohol remains, therefore, an open ques
tion.

2945. Impact of trichloroethane on the cardiovascular 
system

Herd, P. A.. Lipsky, M. & Martin, H. F. (1974). Car
diovascular effects of 1,1,1-trichloroethane. A r c h s  
en v ir . H l t l i 28. 227.

1,1,1-Trichloroethane (methylchloroform; TCE) has 
always been regarded as one of the more innocuous 
chlorinated solvents in household and industrial use. 
and recently we reviewed a paper describing a com
parative lack of effects in rats exposed to TCE vapour 
(C i te d  in  F .C .T . 1975. 13, 402). However, the FDA 
has taken a more serious view of its use in some 
decongestant aerosol sprays following reports of 21 
deaths (mainly through abuse of the preparations), 
and since 1973 aerosol drug products containing TCE 
have been subject to regulatory proceedings unless 
new drug applications have been submitted. It now 
seems that this wary attitude may have been justified.

The usual mechanism of TCE toxicity is regarded 
as involving depression of the central nervous system. 
However, Herd e t  a t. (cited above) made the inciden
tal observation that acute exposure of anaesthetized 
dogs to TCE caused profound cardiovascular depres
sion. In view of its already reported ability to sensitize 
the heart to arrhythmias (Reinhardt e t  a l. T o x i c ,  ap p l. 
P h a rm a c . 1972. 22. 305) and its increasing use, it was 
felt that the possible cardiovascular effects of TCE 
should be explored further.

Nine anaesthetized mongrel dogs were exposed to 
TCE for 5 min after their normal cardiovascular and 
pulmonary parameters had been measured during a 
30-min control period on mechanical ventilation. 
After the TCE exposure, the length of time for recov
ery of blood pressure and heart rate to initial values 
was measured and found to be about 10 and 45 min, 
respectively, for most TCE doses tested. A second 
exposure to TCE followed about 1 hr after the first. 
The parameters recorded were arterial pressure from 
a left femoral cannula, left ventricular pressure from 
cannulation of the left ventricle and cardiac stroke 
output measured with an electromagnetic flowmeter at 
the base of the aorta. Arterial pH and blood-gas levels 
were also monitored during some experiments. In a 
series of 60 experiments, TCE was administered at 
hourly intervals, occasionally with drug compounds.

It was found that TCE administration produced 
a dose-dependent fall in blood pressure Iff-15 sec 
after the start of exposure. This was a biphasic re
sponse, the initial decline being due to a marked de
crease in total peripheral resistance while both myo
cardial contractility and cardiac output increased. 
During the second phase, a reduction in cardiac out
put and myocardial contractility occurred while total 
peripheral resistance remained at a roughly constant 
level. The positive chronotropic and inotropic effects 
of the initial phase could be abolished by /1-receptor 
blocking induced by propranolol pretreatment, a find
ing suggestive of a neurohumoral mechanism for the 
myocardial stimulation occurring in this phase. Con
tinued administration of TCE led to a continued drop 
in blood pressure, which ultimately resulted in death.

Phenylephrine, an a-agonist, has only minimal 
effects on the myocardium but produces peripheral 
vasoconstriction. Its injection during TCE exposure 
reversed the blood pressure fall, and on cessation of
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TCE exposure phenylephrine-treated animals 
returned to and even exceeded normal blood pres
sures more quickly than those not treated. No ar
rhythmias were observed either with TCE on its own 
or following associated phenylephrine treatment. The 
mechanism of these peripheral vascular effects is not 
yet clear and will be the subject of further publica
tions by these authors.

The myocardial changes induced by TCE took 
much longer to return to normal values. As extracel
lular calcium ions can affect myocardial contraction 
dramatically, infusions of calcium gluconate were 
given during TCE exposure. Contractility increased 
greatly in the calcium-treated preparation, and blood 
pressure did not fall. Similar effects of calcium ions 
on TCE-induced impairment of myocardial contracti
lity were demonstrated in rat papillary-muscle prep
arations. Again the precise mechanism of TCE inhibi
tion of myocardial contractility is not clear: it has 
been observed that TCE depresses the respiration of 
tissue slices from the rat heart and it is possible that 
this fact may be implicated in its mechanism of action.

Thus acute exposure to TCE may be expected to 
produce profound changes in cardiovascular function 
as well as. or perhaps independent of. changes in the 
central nervous system. The levels of TCE used in 
this study were higher that those usually encountered, 
but TCE has a great affinity for lipid and is generally 
accumulated following repeated exposure to lower 
doses. It is not known whether lower levels of TCE 
exposure have an effect on myocardial function that 
may potentiate other events leading to cardiovascular 
collapse. No epidemiological data are available on 
the incidence of cardiovascular accidents in workmen 
exposed repeatedly to TCE. but the authors of this 
paper advocate some further investigation into this 
aspect of TCE toxicity.

2946. The pharmacokinetics of tri-o-cresvl phosphate
Sharrna. R. P. & Watanabe. P. G. (1974). Time related 
disposition of tri-o-tolyl phosphate (TOTP) and meta
bolites in chicken. P h a n m c .  R e s . C o m m u n . 6. 475.

The potent neurotoxin tri-o-cresyl phosphate p.ri-o- 
tolyl phosphate: TOCP) has no anticholinesterase 
activity itself but is metabolized via its dihydroxy
methyl derivative and a monohydroxymethyl interme
diate to the active compound. 2-(o-cresyl)-4-hydro- 
1.3,2-benzodioxaphosphoran-2-one (CBDP) (C i te d  in 
F .C .T . 1963. 1. 91). The initial hvdroxylation takes 
place in the liver, but cyclization to CBDP is largely 
catalysed by the albumin fraction of the plasma (Eto 
c’t a l. B io c h e m . P h a n m c .  1967. 16. 295). The rate and 
extent of CBDP formation has now' been investigated 
in the chicken. This species was used because its re
sponse to TOCP resembles that of man both in clini
cal symptoms and in the time lapse between exposure 
and paralysis.

Hens were given -12P-labelled TOCP by crop :ntu- 
bation and then killed after intervals of 1-72 hr. 
Analyses were carried out on liver and plasma sam
ples from all the birds and on excreta collected from 
the group killed at 72 hr. In the liver, the .otal 
radioactivity increased throughout the sampling 
period and from 12 hr onwards consisted largely of 
CBDP, which represented 71 and 74% of the total 
at 48 and 72 hr respectively. TOCP declined from 
70% of the total at 4 hr to 26% at 72 hr. while the 
hydroxylated intermediates were found at low levels 
only, the dihydroxymethyl derivative being detected 
only during the first 24 hr. Plasma levels of radioacti
vity were consistently lower, and at 24 hr represented 
only about 5% of those in liver. TOCP accounted 
for about 80% of this plasma activity, the monohyd
roxy CBDP intermediate for about 15% and CBDP 
for the remainder. In the excreta, nearly 99% of the 
activity consisted of unchanged TOCP. elimination 
of w hich was maximal during the first 12 hr. although 
even by 72 hr only 26-5% of the administered dose 
had been excreted.

These results indicate that CBDP binds more 
readily than TOCP with tissue components. The 
resulting gradual accumulation of this metabolite in 
the liver and other tissues could account for the 
delayed neurotoxic effects observed after a single dose 
of TOCP.

NATURAL PRODUCTS

2947. Congeners and the liver
Siegers. C.-P.. Strubelt. O. & Breining. H. (1974). The 
acute hepatotoxic activity of alcoholic beverages and 
some of their congeners in guinea pigs. P h a r m a c o lo g y  
12. 296.

Recent studies have provided little support for the 
theory that the congeners in alcoholic beverages, 
rather than ethanol, are the chief cause of their hepa- 
totoxicity (C i te d  in F .C .T . 1975. 13, 591). and further 
negative evidence is now available.

Guinea-pigs were killed 16 hr after a single oral 
dose of 3-2 or 6-4 g ethanol, kg. given either as a 40",, 
aqueous solution of pure ethanol or in the form of 
gin. corn-brandy, brandy, vodka, rum or whisky, the 
dosage volume being 10 or 20ml,/kg. The higher dose

of ethanol increased the activities of the serum 
enzymes, glutamic oxalacetic transaminase (GOT), 
glutamic pyruvic transaminase and glutamic dehyd
rogenase, while the lower dose increased GOT acti
vity only. The increases in enzyme activity induced 
by the alcoholic beverages were either of the same 
order as those induced by pure ethanol or were lower, 
and no increase in GOT resulted from either gin or 
corn-brandy. Hepatic triglyceride levels were nearly 
doubled by both doses of ethanol, whereas the effect 
of the alcoholic beverages was dose-dependent but 
did not significantly exceed that of ethanol even at 
20ml/kg. Histologically, the frequency and intensity 
of vacuolar degeneration of the liver did not differ 
w hether the animals were given pure ethanol or alco
holic beverages.
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In another part of this study, guinea-pigs were 
given a single dose of one of seven congeners dis
solved in olive oil in a concentration 10 cr 100 times 
greater than the maximum concentration found in 
any alcoholic beverage. The doses given were again 
lOml/kg. The top doses were thus equivalent to 
50 mg acetaldehyde, 33 mg ethyl formate, 825 mg 
ethyl acetate, 125 mg methanol, 140 mg /¡-propanol, 
335 mg isobutanol and 1200 mg isoamyl alcohol/kg. 
Even at these high levels none of the congeners in
creased serum-enzyme activities, determined 16 hr 
after treatment, and in only three cases was there an 
increase in liver triglycerides. While both doses of 
isoamyl alcohol produced triglyceride increases of the 
same order, the effect of acetaldehyde and methanol 
was dose-dependent, but even with these compounds 
the increase was not significantly greater than after 
ethanol. Solitary hepatic vacuoles were produced by 
some congeners, but vacuolar degeneration was less 
marked and less frequent than after the alcoholic 
beverages.

2948. Another hepatotoxin from a well-known source
Bassir, O. & Emerole, G. O. (1974). Susceptibility of 
rats to palmotoxins B0 and G0. F E B S  L e t t . 40. 247.

The range of toxic metabolites now known to be 
produced in addition to aflatoxin by A s p e r g i l lu s  f la v u s  
includes aspertoxin and flavutoxin (C i te d  in F .C .T .  
1975, 13, 291). Other metabolites, designated palmo
toxins B0 and G0, have been shown to produce liver

lesions and other changes in chick embryos similar 
to those induced by aflatoxin (Bassir & Adekunle.
W. A fr . J .  b io l. C lien t. 1969, 12. 7; id em . J .  P a th . 1970, 
102. 49; id em , F E B S  L e t t . 1970,10. 198). but the study 
now reported is apparently the first to be concerned 
with their effects ir. mammals.

When rats were given, from 20 days after birth, 
daily ip injections of palmotoxin B0 or G0 at dose 
levels of l-6-6-4mg/kg/day for 15 days, those treated 
with palmotoxin B0 showed consistently lower body- 
weight gains than the controls and a reduction in rela
tive liver size. These effects were clearly dose-depen- 
dent and were accompanied by peripheral necrosis 
of the liver cells, a marked increase in serum gluta- 
mic-oxalacetic transaminase (GOT) activity and some 
increase in serum alkaline-phosphatase activity. Simi
lar changes were seen in rats injected with aflatoxin 
B, at a level of 05mg/kg for 15 days, but those 
treated with palmotoxin G0 showed only an insignifi
cant loss of weight at the highest dose level.

These findings suggest some similarity between the 
toxic effects of palmotoxin B0 and aflatoxin Bj but 
no comparable potency in palmotoxin G0. No deaths 
occurred during the experiment, however, even in the 
group given palmotoxin B0 in doses of 6-4mg/kg 
body weight. Increases in serum alkaline-phosphatase 
and GOT activity are associated with the onset of 
hepatic necrosis and myocardial infarction, but histo
logical examination of the livers of these rats at ter
mination of treatment showed no marked pathologi
cal changes.

PATHOLOGY

2949. Starch in heart surgery

Osborne, M. P„ Paneth. M. & Hinson. K. F. W. 
(1974). Starch granules in the pericardium as a cause 
of the post-cardiotomy syndrome. T h o r a x  29. 199.

Starch has been implicated in the aetiology of a 
number of post-operative syndromes and has even 
been a cause for concern in extra-corporeal surgery 
( C ite d  in F .C .T . 1975, 13, 389 & 485). The authors 
named above have now described a severe inflamma
tory reaction following starch contamination during 
cardiotomy.

A 38-yr-old housewife was admitted to hospital 
with pain in the posterior left upper chest and was 
diagnosed as having critical mitral stenosis. After 
further examination, an operation was performed to 
replace the mitral valve with a tilting-disc valve pros
thesis. During the first 7 days after the operation the 
patient recovered uneventfully. She then developed a 
high temperature and productive cough, which im
proved with antibiotic treatment. Within 48 hr of her 
discharge from hospital 12 days after the operation, 
however, she was re-admitted with malaise, abdomi
nal discomfort, nausea and vomiting and, soon after, 
hypotension developed. The prosthesis was found to 
be functioning normally.

A post-cardiotomy syndrome with cardiac tam
ponade was diagnosed, and the aspiration of 250 ml 
of straw-coloured fluid from the pericardial region

produced immediate relief. This pericardial effusion 
had to be aspirated three times in the following 2 wk, 
and on the fourth recurrence a second operation was 
performed. The pericardium was found to be inflamed 
and covered with a fibrinous exudate, but no discrete 
lesions were seen. A pericardial drain was inserted 
and removed 48 hr later. After one further relapse, 
for which further temporary drainage was inserted, 
steroid treatment was instituted for several weeks and 
the patient was subsequently discharged after an un
eventful recovery

The fluid removed was sterile. A section of pericar
dium removed during surgery showed an inflamma
tory exudate and the presence of clumps of carbo
hydrate showing the characteristic ‘Maltese cross’ of 
starch under polarized light. Intradermal and RAST 
(radioallergosorbent) tests did not indicate that the 
patient was sensitive to starch, although at the time 
of the tests, reactions may have been masked by the 
steroid treatment she was undergoing.

Starch pericarditis following heart surgery appears 
not to have been reported previously. Typical starch 
granulomas were not seen in this patient. Although 
no immune response was detected on this occasion, 
there was a non-specific change in serum immunoglo
bulins. The authors suggest that surgeons should look 
out for starch as a possible cause of post-cardiotomy 
syndromes and they express their concern that starch 
may interact with damaged pericardium to initiate 
an auto-immune response.
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