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Abstract. The toxicity of ethoxyquin (EQ) to rat kidney 
was examined in males which were either weanling or 
adult at the beginning of the experiment, and also in adult 
females. Female rats were much less susceptible to the 
toxic effects of EQ than males of the same age. In males 
damage to the cortex, mainly as an acceleration of the 
normal ageing process, was similar in both age groups, but 
rats exposed to EQ as weanlings also suffered from exten- 
sive papillary necrosis. Male rats were more prone than 
females to proteinuria, which was greatly exacerbated by 
EQ in both age groups. Thus there is very little evidence of 
nephrotoxicity in adult female rats on exposure to EQ at 
0.5% in the diet for 26 weeks. In males, the initial age of 
the animal, as well as the length of treatment, influences 
the extent of damage. 
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ageing, with an increase in the incidence of basophilic and 
normal staining hyperplastic tubules. The latter were of 
interest because previously an increased incidence of ade- 
nomas was observed in kidneys of rats which had been fed 
a combination of EQ and AFBI, compared with AFBI 
alone, for 8 weeks followed by 1 year on control diet (Ca- 
bral and Neal 1987). 

More recently, a study using weanling rats reported that 
EQ caused papillary necrosis and ascending pyelonephritis 
in male rats (Hard and Neal 1990). Reexamination of the 
data from our previous study (Manson et al. 1987) which 
had used 7 -8  week-old rats confirmed that these lesions 
were not present. If susceptibility to papillary necrosis was 
peculiar to weanling rats, this might explain why this lesion 
had also not been noted by other workers in EQ-treated 
animals. 

The present study was designed to investigate age-relat- 
ed kidney damage by EQ and the resistance shown by 
females to such toxic effects. 

Introduction 

It is well established that antioxidants can modify the car- 
cinogenic potential of certain chemicals (Chung et al. 
1986; Hagiwara et al. 1986; Kahl 1986; Kensler et al. 1986; 
Preat et al. 1986; Takahashi et al. 1986; Williams et al. 
1986; Mandel et al. 1987; Ito and Hirose 1987; Imaida et 
al. 1988; Mizumoto et al. 1989; Rao et al. 1989) or can 
cause cancer in their own right (Ito et al. 1985; Inai et al. 
1988; Hirose et al. 1990). However, in a previous study 
(Manson et al. 1987) to examine the protective effect of 
ethoxyquin (EQ) in rat liver treated with aflatoxin B I 
(AFBI), we found that by 23 weeks, while EQ completely 
prevented the formation of preneoplastic liver lesions, it 
caused severe kidney damage. EQ appeared to accelerate 
greatly the chronic progressive nephrosis seen in normal 
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Materials and methods 

Diet. Ethoxyquin (6-ethoxy-l,2-dihydro-2,2,4 trimethylquinoline) was 
obtained from Sigma Chemical Co., Poole, Dorset at 90% purity. The 
purity was checked by gas chromatography both before mixing with the 
diet and after several weeks storage in the diet (E. Bailey, personal 
communication). EQ at 0.5% and Arachis oil at 2% (BDH, Poole, Dor- 
set) were mixed with powdered MRC 41B diet as described previously 
(Manson et al. 1987). 

Anbnals. Male and female Fischer 344 rats were fed a diet containing 
0.5% ethoxyquin as described previously (Manson et al. 1987). Animals 
of different ages at the start of treatment received diet for different 
periods of time as detailed in Table 1. Age matched control animals were 
included. 

Urine and serunl samples. Urine samples were collected at room temper- 
ature by placing individual animals in a metabolism cage for a period of 
24 h. Samples were collected from male and female rats in groups 5 and 
6 after 24 h, 7 days, 12 weeks and 26 weeks on EQ diet. Samples were 
also collected from males in groups 1 - 4  after 20 and 30 weeks on the 
diet. Samples from age-matched controls were also obtained at all time 
points. Urines were stored at -20~ until required. 
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Table 1. Treatment schedules and effect of EQ on kidney and body weight 

Initial age and treatment time Body weight (g) Kidney weight (g) Kidney weight as percentage of body weight 

Group 1 C cr 3week (n=4) 20week 3 8 1 . 3 _ + 1 1 . 1  2.90_+0.13 0.78_+0.02 
EQ cr 3 week (n = 4) 20 week 342.0_+2.4" 3.60___ 0.14 1.05 ___0.05** 

2 C ~8week  (n=4) 20week 406.3_+7.8 3.11_+0.81 0.73_+0.02 
EQ o" 8 week (n=4) 20week 3 7 3 . 8 _ + 1 2 . 8  3 . 5 8 _ + 0 . 1 1  0.98___0.02*** 

3 C cf 3week (n=5) 30week 403.8-+9.5 2.94_+0.24 0.74_+0.07 
EQ cf 3 week (n = 5) 30 week 363.6 4- 1 0 . 9 "  4.22-+0.12 1.18-+0.02"* 

4 C o" 8 week (n = 5) 30 week 435.8+__12.4  2.80_+0.03 0.65_+0.03 
EQ cr 8 week (n = 5) 30 week 368.6_+ 13.4"* 4 .30_+0.15  1.16_+0.07"** 

5 CcY 8 week (n = 8) 26 week 398.5 +3.4 2.36-+0.04 0.59-+0.01 
EQ o" 8 week (n = 8) 26 week 341.1 -+9.7*** 2.78-+0.10 0.81 -+0.02*** 

6 C 9 8week (n=8) 26week 222.9-+3.9 1.51-+0.04 0.68_+0.01 
EQ 9 8 week (n = 8) 26 week 193.9_+3.1"** 1.51 _ + 0 . 0 5  0.78_+0.02*** 

The number of animals per group is shown in brackets. Values shown + SE 
*p <0.05, **p <0.01, ***p _<0.001 

Serum samples were prepared from blood taken from some animals 
in each of groups 3 and 4 at the time of sacrifice. 

BrdU incorporation. In order to determine the level of hyperplasia in 
kidney tubules, two animals in each of the groups 1-4 were given an 
injection (i. p.) of BrdU (Sigma Chemical Co., Poole, Dorset) (50 ~tg/g 
body weight in 0.9% saline) approximately 1 h before sacrifice. 

Tissue preparation. Animals were killed by COo, kidneys removed im- 
mediately and 2-3  mm slices cut for fixation in acetone or neutral 
buffered formalin. For those animals which received an injection of 
BrdU, slices were also fixed in Carnoys, along with a piece of gut as 
positive control. Care was taken to section kidney in order to obtain the 
tip of the papilla. 

Histochemistry and immunocytochemistry. Acetone fixed sections of 
kidney were stained histochemically for gamma glutamyl transpeptidase 
(Manson et al. 1981). 

BrdU incorporation into DNA was detected immunocytochemically 
using a rat monoclonal antibody to BrdU (Sera-Lab., Crawley Down, 
Sussex) as described previously (Green et al. in press). Formalin fixed 
sections were stained routinely with H and E and by the alizarin red 
S method to detect calcium deposits. 

Immunoblotting of urine and serum samples. Neat urine samples (10 ~1) 
were loaded in an equal volume of sample buffer on to an 11% SDS- 
PAGE gel and blotted on to nitrocellulose. Blots were probed with 
polyclonal antisera against albumin (Nordic Immunological Labs, 
Maidenhead, Berks), or et2p-globulin (kindly supplied by Dr. J Foster, 
ICI, Alderley Edge, Cheshire) as described previously (Green et al. 
1990). These two proteins were chosen as it was suspected they would 
represent most of the total protein excreted by male rats (Roy and 
Neuhaus 1966). 

Serum samples were run as described above, using 1 ~1 serum plus 
25 ~tl sample buffer. The immunoblot was probed with antibody against 
~2kt-globulin. 

Results 

Effect of  EQ on tissue and body weight 

EQ caused  a s ignif icant  depress ion  in body  weight  in all 
t reated groups.  In both males  and females  the total  k idney  
weight  expressed  as a percen tage  o f  body  weight  was sig- 
n i f icant ly  greater  in t reated animals .  However ,  the differ-  

ence was more  obvious  in males  (Table  1), there being no 
d i f ference  in absolute  k idney  weight  be tween  control  and 
t reated females .  

Histopathological changes in the kidney 

Male rats 20 week study. Al l  four  an imals  in group t, 
s tarted on EQ as weanl ings  and fed for 20 weeks,  showed 
substant ial  papi l la ry  necrosis  (Fig. 1 a)  involv ing  up to o~ 
third o f  the pap i l l a  in the most  severe  case. Smal l  amoun~ 
o f  Ca  2+ depos i t  were  ident i f ied  in serial  sect ions stained b! 
a l izar in  red S. In the cor tex there were  eos inophi l i c  cyt~ 
p lasmic  inc lus ions  in the tubular  epi thel ia l  cel ls  and protei~ 
accumula t ion  in the lumina  o f  some tubules.  Foc i  of  r~ 
genera t ing  basophi l ic  tubules  (character is t ic  o f  norn~ 
ageing  in much  o lde r  an imals)  were  evident ,  wi th  sorm 
cells  conta in ing  brown p igmen ted  in t racy top lasmic  incl~ 
sions. There  was some th ickening  o f  basemen t  membran~ 
around tubules  and B o w m a n ' s  capsules  and hyperplas ia  d 
the pe lv ic  t ransi t ional  epi the l ium.  On ly  one  animal  showed 
some  ev idence  o f  l imi ted  pyelonephr i t i s ,  which  was c0~ 
s idered  to be  an incidenta l  les ion due to bacter ia l  infecti0~ 
as p o l y m o r p h o n u c l e a r  cel ls  were  v is ib le  in the lumina 0i 
af fec ted  tubules.  

O f  those animals  started on the diet  at 8 weeks  of  age 
(group 2), two had no damage  to the papi l la  and two had 
very  smal l  amounts  o f  necros is  o f  the interst i t ial  cel ls  at the 
very  tip o f  the papi l la .  The lesions in the cor tex described 
above,  which  are typical  o f  E Q  t rea tment  (Manson  et a] 
1987), were,  however ,  ve ry  evident .  G G T  histochemistr) 
r evea led  many  tubules  where  enzyme  act ivi ty  was reduced 
or  absent .  A g e  ma tched  cont ro ls  for  both  groups  showed 
none o f  the above  changes  (Fig.  1 b). 

Male rats, 30 week study. All  animals  started as weanlings 
and rece iv ing  EQ for 30 weeks  (group 3), showed  exten- 
sive pap i l l a ry  necros is  f rom one third to comple t e  involve- 
ment.  One animal  had severe  ca lc i f ica t ion in the papilla 
(Fig. 1 c) and this and one other  an imal  showed segment~ 
scarr ing due  to pyelonephr i t i s ,  (Fig.  2). However ,  this w~ 
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Fig. 2. Section of kidney from a 3-week-old male fed on EQ diet for 
30 weeks showing segmental pyelonephritis (arrows) (bar = 1 ram) 

regenera t ing  basophi l ic  tubules,  typical  o f  the normal  
ageing  lesions for  an imals  3 3 - 3 8  weeks  old. 

Fig. 1. Effect of EQ on the papilla. Formalin fixed sections were stained 
with H and E (a, b) or alizarin red S (c). a 3-week-old male, fed on EQ 
diet for 20 weeks, showing extensive papillary necrosis, b 3-week-old 
control male after 20 weeks, c 3-week-old male fed on EQ diet for 
30 weeks showing severe calcification in the papilla (bar = 300 ~m for 
all photographs) 

not seen in other  an imals  in this group and was cons idered  
an incidental les ion due to intercurrent  bacter ia l  infect ion.  

Of the rats s tarted on EQ at 8 weeks  o f  age (group 4), 
one had papi l la ry  necros is  invo lv ing  the bo t tom one third 
and one had loss o f  interst i t ia l  cel ls  at the very  tip. 

All animals  in groups  3 and 4 had  extens ive  damage  in 
the cortex as descr ibed  for the 20 week  study. Control  
animals o f  both  age groups  had  a very  smal l  number  o f  

BrdU labelling 

Two animals  from each o f  groups  1 - 4  rece ived  an injec-  
t ion of  BrdU about  1 h before  sacrif ice,  in o rder  to examine  
the degree  and loca l i sa t ion  o f  hype rp la s i a  in k idney  caused  
by  adminis t ra t ion  o f  EQ. BrdU label l ing  was grea te r  in 
k idneys  o f  EQ fed animals  after both  20 and 30 weeks  on 
the diet  compared  with age matched  controls .  There  was,  
however ,  cons iderab le  var ia t ion be tween  t reated an imals  
par t icular ly  after 30 weeks  on diet. Labe l led  nuclei  in epi-  

Table 2. BrdU labelled nuclei in epithelial tubule cells 

Initial age and treatment time Control : treated 

Group 1 (3 week, 20 week) 1 : 3.5, 1 : 3.6 
2 (8 week, 20 week) 1 : 3.8, 1 : 4.0 
3 (3 week, 30 week) I : 1.5, 1 : 2.5 
4 (8 week, 30 week) 1 : 3.0, 1 : 7.0 

BrdU-labelled nuclei were counted in epithelial tubule cells after im- 
munocytochemistry on Carnoys fixed sections of control and EQ treated 
rats. Results are shown for individual pairs of animals, and expressed 
relative to control values of 1 
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Fig. 3. BrdU labelling of tubular epithelial cells. Carnoys fixed sections 
from male rats were stained immunocytochemically using anti-BrdU 
monoclonal antibody and counterstained with H and E (bar = 100 Mm for 
all photographs), a 8 weeks old, 20 weeks control diet. b 8 weeks old, 
20 weeks EQ, showing labelling of nuclei in regenerative basophilic 

tubules, e 3 week old, 20 weeks EQ, showing labelling in tubules whid 
stain normally with H and E. d 8 weeks old, 20 weeks EQ, as in r 
3 weeks old, 30 weeks EQ, as in c. f 8 weeks old, 30 weeks EQ, showi~ 
labelling in basophilic tubules and normal staining tubules. Some tubule 
are enlarged due to hyperplasia (centre of field). 

thelial cells were counted, after immunocytochemis t ry  on 
Carnoys fixed sections, to give an idea o f  the level o f  
labelling in each animal. A total o f  40 sequential areas (in 
total approximately 150 mm2) were scanned by light mi- 
c roscopy on two kidney sections for each animal using a 
1 0 x  objective lens. Results for individual animals are 
shown in Table 2. Labelling was not exclusively confined 
to the regenerating basophilic tubules typical of  normal 
ageing lesions, but significant numbers  o f  mildly hyper-  

plastic tubules which stained normally with H and E wen 
also labelled (Fig. 3). 

Male and female rats, 26 week study 

Male rats (group 5), treated with EQ from 8 weeks of  age. 
showed evidence of  retained protein aggregates in the 
tubules (7% of  the cortex), basophilic tubule hyperplasia 
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was also the case for control and treated females (lanes 6 
and 8) even after 26 weeks on the diet. However, males 
treated for 20 or 26 weeks excreted greatly increased 
amounts of albumin (lanes 7, 11 and 12). 

When serum proteins from control and treated males, 
after 20 weeks on the diet, were run out on SDS-PAGE 
gels no differences were observed in the levels of albumin 
(as determined by Coomassie blue staining), and an im- 
munoblot probed with antibody to c~21u-globulin also 
showed no significant difference in this protein between 
control and treated animals (data not shown). 

Fig. 4. Coomassie blue stained SDS-PAGE gel of urine samples. Lane 1 
8 week old cY, 1 week control diet; 2 8 week old 9, I week control diet; 
3 8 week old c~, 1 week EQ; 4 8 week old 9,  1 week EQ; 5 8 week old 
d, 26 week control diet; 6 8 week old 9,  26 week control diet; 7 
8 week old c~, 26 week EQ; 8 8 week old 9 ,26  week EQ; 9 3 week old 
o', 20 week control diet; 10 8 week old 0', 20 week control diet; 11 
3 week old cL 20 week EQ; 12 8 week old d ,  20 week EQ. A = al- 
bumin (m.wt 63.7 K daltons). B = ct2p.-globulin (m.wt 18.7 K daltons). 
Molecular weight markers in K daltons are shown on the right hand side 

(5% of the cortex) and thickening of basement membranes 
as described above at 20 and 30 weeks. However, there 
was no evidence of papillary necrosis or calcification. Con- 
trol rats of both sexes and females treated with EQ 
(group 6) had a negligible incidence of these lesions. It has 
been shown in a separate study that females exposed to EQ 
as weanlings are also resistant to the nephrotoxic effects of 
this antioxidant (Hard and Neal 1990). However, it was of 
interest to note that both males and female rats receiving 
EQ contained significant amounts of brown pigment in the 
tubule cells which was identified in a previous study in 
male rats as being mainly composed of lipofuscin (Manson 
et al. 1987). 

Analysis of urine and serum samples 

All urine samples from both male and female rats, even 
after the shortest treatment time of 24 h, were dark 
brownish green compared with the normal yellowish 
colour of samples from control animals. Samples from 
both sexes after different times on the EQ diet were run on 
1 ! % SDS-PAGE gels (Fig. 4). Bands A and B were identi- 
fied by immunoblotting as albumin and ~2p.-globulin, re- 
spectively. Results showed that all male rats excreted c~2~t- 
globulin in their urine, while female urine contained negli- 
gible amounts of this protein as previously reported (Roy et 
al. 1976; Vandoren et al. 1983). However, males treated 
with EQ (Fig. 4, lanes 3, 7, 11 and 12) appeared to excrete 
slightly less of this protein than age matched controls 
(lanes 1, 5, 9 and 10). 

With respect to albumin excretion, control and EQ- 
treated samples from both sexes after 7 days (lanes 1-4)  
showed similar amounts of albumin in the urine and this 

Discussion 

The main conclusions of this study are that adult female 
rats are much less susceptible to the nephrotoxic effects of 
EQ than male rats and that the degree of toxicity in male 
rats is dependent on the age of the animals when they are 
started on the diet. Male adult rats treated with EQ suffered 
mainly from lesions in the cortex of the kidney, whereas 
weanling rats eventually (after 20 and 30 weeks) 
developed extensive papillary necrosis in addition to the 
cortical lesions. 

Hyperplasia of the transitional epithelium of the kidney 
accompanying papillary necrosis has been reported pre- 
viously (Hard and Neal 1990) in the response of young rats 
to EQ. The underlying cause of papillary necrosis is un- 
known. 

Male rats are more prone than female rats to proteinuria, 
a condition which is exacerbated in normal animals with 
age (Sellers et al. 1950). From the SDS-PAGE analyses of 
urine and serum it is obvious that, in male rats, EQ treat- 
ment greatly enhances the urinary excretion of albumin. 
The levels of ~2~t-globulin, a protein implicated in other 
conditions involving renal toxicity (Swenberg et al. 1989), 
were not increased and may even have been decreased 
slightly. 

Despite the lack of toxicity of EQ to female rat kidneys 
this sex also showed a significant increase in kidney weight 
as a percentage of total body weight as well as accumula- 
tion of brown pigment in the renal tubules as described 
previously (Manson et al. 1987). A previous study using a 
single large dose of butylated hydroxytoluene also showed 
female rats to be less susceptible to nephrotoxicity and 
proteinuria than males (Natagawa and Tayama 1988). 

BrdU incorporation into nuclei of epithelial cells 
showed that there was DNA synthesis in the regenerating, 
basophilic tubules as would be expected, but in addition, 
evidence of cell proliferation was also found in tubules 
which stained normally with H and E. 

EQ is known to enhance the carcinogenic effect in the 
kidney when given in combination with, or following, 
some chemicals such as N-ethyl-N-hydroxyethyl- 
nitrosamine (Ito et al. 1986) and AFBI (Cabral and Neal 
1987). However, the question as to whether EQ itself has 
any carcinogenic potential in this tissue, as suggested by 
the appearance of hyperplastic tubules with a different 
morphology to the regenerative basophilic tubules seen in 
ageing lesions (Manson et al. 1987), is still not resolved. 
What is clear from the present data is that if a lifetime study 
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is p l a n n e d  to l o o k  at the  i n v o l v e m e n t  o f  E Q  in k i d n e y  
t u m o u r  f o r m a t i o n ,  t hen  it  w o u l d  no t  be  a d v i s a b l e  to start  
w i th  w e a n l i n g  m a l e  an ima l s .  T h i s  c o u l d  i nc r ea se  the  inc i -  
d e n c e  o f  pye lonephr i t i s ,  l e ad ing  to c o n f u s i o n  in in te rp re ta -  
t ion o f  the  h i s t o p a t h o l o g y  in the  k i d n e y  cor tex ,  o r  e v e n  cu t  
shor t  the  s tudy.  It  w o u l d  be  p r e f e r ab l e  to use  adul t  an ima l s  
w h e r e  the  poss ib l e  i n c i d e n c e  o f  s e c o n d a r y  p y e l o n e p h r i t i s  
r e su l t ing  f r o m  pap i l l a ry  nec ros i s  w o u l d  s e e m  to be  min i -  
mal .  

R e f e r e n c e s  

Cabral JRP, Neal GE (1987) Modification of aflatoxin B1 carcinogenesis 
by the antioxidant ethoxyquin. Am Assoc Cancer Res Proc Abstract 
No. 535, 135 

Chung, FL, Wang M, Carmella SG, Hecht SS (1986) Effects of butylated 
hydroxyanisole on the tumorigenicity and metabolism of N-nitro- 
sodimethylamine and N-nitrosopynolidine in A/J mice. Cancer Res 
46: 165- 168 

Green JA, Carthew P, Heuillet E, Simpson JL, Manson MM (1990) 
Cytokeratin expression during AFB l-induced carcinogenesis. Carci- 
nogenesis 11: l 175 - 1182  

Green JA, Edwards RE, Manson MM (1992) Immunohistochemical 
detection of bromodeoxyuridine labelled nuclei for in vivo cell kinet- 
ic studies. In: Manson MM (ed) Methods in molecular biology-im- 
munochemical protocols, Vol. 10. Humana Press, New Jersey (in 
press) 

Hagiwara A, Diwan BA, Ward JM (1986) Modifying effects of butylated 
hydroxyanisole, di(2-ethylhexyl)phthalate or indomethacin on mouse 
hepatocarcinogenesis initiated by N-nitrosodiethylamine. Jpn J 
Cancer Res 77: 1215-1221 

Hard GC, Neal GE (1990) Induction of renal papillary necrosis in the rat 
by ethoxyquin. Toxicologist 10:182 

Hirose M, Masuda A, Hasegawa R, Wada S, Ito N (1990) Regression of 
butylated hydroxyanisole (BHA)-induced hyperplasia but not dys- 
plasia in the forestomach of hamsters. Carcinogenesis 11 : 239-  244 

Imaida K, Fukushima S, Inoue K, Masui T, Hirose M, lto N (1988) 
Modifying effects of concomitant treatment with butylated hydroxy- 
anisole or butylated hydroxytoluene on N,N-dibutyl nitrosamine-in- 
duced liver, forestomach and urinary bladder carcinogenesis in F344 
male rats. Cancer Lett 43: 167-172 

Inai K, Kobuke T, Nambu S, Takemoto T, Kuo E, Nishina H, Fujihara M, 
Yonehara S, Suehiro S, Tsuya T, Horiuchi K, Tokuoka S (1988) 
Hepatocellular tumorigenicity of butylated hydroxytoluene adminis- 
tered orally to B6C3FI mice. Jpn J Cancer Res 79:49-58 

Ito N, Hirose M (1987) The role of antioxidants in chemical carcinogen- 
esis. Jpn J Cancer Res 78:1011 - 1026 

Ito N, Fukushima S, Tsuda H (1985) Carcinogenicity and modification of 
the carcinogenic response by BHA, BHT and other antioxidants. 
CRC Crit Rev Toxicol 15: 109- 150 

Ito N, Hirose S, Fukushima H, Tsuda T, Shirai T, Tatematsu M (1986) 
Studies on antioxidants: their carcinogenic and modifying effects on 
chemical carcinogenesis. Food Chem Toxicol 24:1071- 1082 

Kahl R (1986) The dual role of antioxidants in the modification r 
chemical carcinogenesis. J Environ Sci Health C4 [ 1 ]: 47 - 92 

Kensler TW, Egner PA, Davidson NE, Roebuck BD, Pikul A, Grooprn~ 
JD (1986) Modulation of afiatoxin metabolism, aflatoxin-N7-guani~ 
formation and hepatic tumorigenesis in rats fed ethoxyquin: role 0 
induction of glutathione-S-transferases. Cancer Res 46: 3924- 3931 

Mandel HG, Manson MM, Judah DJ, Simpson JL, Green JA, Forreste 
LM, Wolf CR, Neal GE (1987) Metabolic basis for the protecli~: 
effect of the antioxidant ethoxyquin on aflatoxin B j hepatocarcin~ 
genesis in the rat. Cancer Res 47:5218-5223 

Manson MM, Legg RF, Watson JV, Green JA, Neal GE (1981)Ar 
examination of the relative resistances to aflatoxin B i and suscepti- 
bilities to 7-glutamyl-p-phenylene diamine mustard of 7-glutarn!i 
transferase negative and positive cell lines. Carcinogenesis 2 
661-670 

Manson MM, Green JA, Driver HE (1987) Ethoxyquin alone induce~ 
preneoplastic changes in rat kidney whilst preventing induction 01 
such lesions in the liver by aflatoxin BI. Carcinogenesis 8: 723-72t 

Mizumoto K, Ito S, Kitazawa S, Tsutsumi M, Denda A, Konishi 
(1989) Inhibitory effect of butylated hydroxyanisole administrati0r 
on pancreatic carcinogenesis in Syrian hamsters initiated wi~ 
N-nitrosobis(2-oxopropyl)amine. Carcinogenesis 10:1491 - 1494 

Nakagawa Y, Tayama K (1988) Nephrotoxicity of butylated h~ 
droxytoluene in phenobarbital-pretreated male rats. Arch Toxico161 
359-365 

Preat V, de Gerlache J, Lans M, Taper H, Robeffroid M (1986) Compm 
tive analysis of the effect of phenobarbital, dichlorodiphenyl 
trichloroethane, butylated hydroxytoluene and nafenopin on rat hel~ 
tocarcinogenesis. Carcinogenesis 7: 1025- 1028 

Rao AR, Hussain SP, Jannu L (1989) Modulation of 7, 12 dimethyl. 
benz[a]anthracene-induced transmammary carcinogenesis by disd 
furam and butylated hydroxyanisole in mice. Jpn J Cancer Res 8C 
1171-1175 

Roy AK, Neuhaus OW (1966) Identification of rat urinary protei~ 
by zone and immunoelectrophoresis. Proc Soc Exp Biol Med 121 
894-899 

Roy AK, Schiop MJ, Dowbenko DJ (I976) Regulation of the hcpati~ 
synthesis of c~2la-globulin and its corresponding messenger RNA iE 
maturing rats. FEBS Lett 70: 137-140 

Sellers AL, Goodman HC, Marmorston J, Smith J (1950) Sex differen~ 
in proteinuria in the rat. Am J Physiol 163: 662-667 

Swenberg JA, Short B, Borghoff S, Strasser J, Charbonneau M (1989 
The comparative pathobiology of o~2l.t-globulin nephropathy. T0xi. 
col Appl Pharmacol 97:35-46 

Takahashi M, Furukawa F, Toyoda K, Sato H, Hasegawa R, Hayashi I 
(1986) Effects of four antioxidants on N-methyl-N'-nitro-N-nitr~ 
soguanidine initiated gastric tumour development in rats. Cancer Le~ 
30:161 - 168 

Vandoren G, Mertens B, Heyns W, Van Baelen H, Rombauts W, Vet. 
hoeven G (1983) Different forms of a21a-globulin in male and femali 
rat urine. EurJ Biochem 134: 175- 181 

Williams GM, Tanaka T, Maeura Y (1986) Dose related inhibition 01 
aflatoxin BI induced hepatocarcinogenesis by the phenolic anti0x. 
idants, butylated hyroxyanisole and butylated hydroxytoluene. Carci- 
nogenesis 7: 1043- 1050 


