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Strain Differences in Sensitivity to the Promoting Effect of Sodium r-Ascorbate

in a Two-stage Rat Urinary Bladder Carcinogenesis Model
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Rat strain differences in sensitivity to the promoting effect of sodium L-ascorbate (SA) on the
development of urinary bladder tumors were investigated. In experiment 1, WS/Shi (WS), ODS/Shi-
od/od (ODS), and LEW/Crj (LEW) rats were initiated with 0.05% N-butyl-N-(4-hydroxybutyl)-
nitrosamine (BBN) in their drinking water and snbsequently given basal Oriental MF diet (M) with
or without a 5% SA supplement. In LEW rats the SA treatment increased the induction of neoplastic
lesions in the urinary bladder, whereas WS and ODS animals proved unresponsive to its promoting
effects. In experiment 2, WS and F344 rats were maintained on two kinds of commercial basal diets,
M and CLEA CA-1 (C), during administration of SA, since dietary factors can influence promoting
effects. Feeding M during the promotion period in F344 rats yielded significantly more neoplastic
lesions than feeding C, but in WS rats no such dietary influence was apparent. In experiment 3, strain
differences in biosynthesis of a-2u-globulin (e;,-g) were assessed because both @:,g in the urine and
administration of sodium salts of organic acids such as SA have been reported to be invelved in tumor
promotion. Immunohistochemical analysis of renal tubules and Western blotting analysis of urine
revealed the presence of a@;,-g in all three strains examined. These data suggest that differences in
susceptibility to promotion are due to genetic factors rather than dietary factors and the ability to

synthesize oz,-8.
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Several reports of family, race and population varia-
tion in human urinary bladder cancer have emphasized
that genetic factors play an important role.”® Urinary
bladder carcinogenesis in experimental animals is also
reported to be dependent on the species and strain.*'"

The development of neoplasia in the urinary bladder
has been demonstrated to be divisible into at least two
stages, initiation and promotion.” ™ The susceptibility
to sodium L-ascorbate (SA) promotion differs among

strains of rats, with F344/DuCrj (F344) and LEW/Crj

(LEW) animals being sensitive, while ODS/Shi-od/od
(ODS, Osteogenic Disorder Shionogi, genotype: od/od)
rats, which lack rL-ascorbate (AA) synthesizing ability,
are not.'¥ Heterozygotes (+/0d) and normal (+/+)
ODS/Shi rats, which can synthesize AA, also showed
resistance to SA promotion, like homozygotes (od/cd),
when compared with F344 and LEW rats.'” This sug-
gested involvement of genes other than that at the od
locus in ODS rais. The ODS rats were developed from a
sister strain of the WS/Shi (WS) rats which have been
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established by full-sibling mating of Wistar rats intro-
duced in 1952 to Aburahi Lab., Shionogi & Co., Ltd.,
from the Faculty of Agriculture of Tokyo Univer-
sity.’>'" Therefore, some loci of biochemical markers in
ODS/Shi rats are shared by the WS strain,'”

Dietary factors could also play important roles in de-
termining susceptibility, as well as genetic factors. In
Fi44, but not ODS, rats fed CLEA CA-1 diet (C) con-
taining 5% SA, the cell proliferation rate in the urinary
bladder epithelium was increased, although C was less
effective in terms of SA promoting action than Oriental
MF diet (M) in F344 rats.”'® Therefore, we can specu-
late that WS rats may also show resistance to the promot-
ing effect of SA under certain dietary conditions, assum-
ing genetic commonality with the ODS strain.

It was previously suggested that the promoting effect
of sodium saccharin (S8) on rat urinary bladder carcino-
genesis is related to mechanical injury by urolithiasis due
to silica and e-2u-globulin (@,.-g) deposits, these materi-
als being formed in urine at the relatively high pH
brought about by ingestion of S88. Recently
Uwagawa et aql.® reported that ¢y-g might also be
involved in SA promotion of rat urinary bladder carcino-
genesis, on the basis of their work with NCI-Black-Reiter
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(NBR) rats which lack ¢;,-g-synthesizing ability. If WS
rats, like the ODS strain, show resistance to SA promo-
tion, it might be for a similar reason.

The purpose of the present study was to ascertain
which of the possibilities described above is actually
responsible for rat strain differences in susceptibility to
SA promotion of two-stage rat urinary bladder carcino-
genesis. The questions of whether WS rats are resistant to
SA eflects, whether dietary factors generally affect sus-
ceptibility to promotion, and whether «;,-g synthesizing
ability is directly related to resistance, were therefore
investigated.

MATERIALS AND METHODS

Animals The following 4 strains of male rais were
obtained at 4 weeks of age. LEW and F344 animals were
purchased from Charles River Japan, Inc., Hino, Shiga.
The WS and ODS strains were obtained from Aburahi
Laboratories of Shionogi & Co., Ltd., Shiga. Two kinds
of diets, C (containing 250 ppm TAA; Japan CLEA Co.,
Ltd., Osaka) and M (containing 50 ppm TAA,; Oriental
Yeast Co., Tokyo), were used; their compositions were
given in our previous report.' C was found to be a
suitable commercial diet o prolong the life of ODS rats
up to and beyond 36 weeks.'¥ The animals were housed,
2-3 rats per cage (RT type: Charles River Japan, Inc.),
in a room maintained on a 12-h (7:00-19:00) light-dark
cycle, with constant conditions of temperature, 25£1°C,
and relative humidity, 553 10%. All strains of rats were
given C and water ad libitum up to 6 weeks of age, and
then used for experiments. Mortality and condition were
checked daily.

Chemicals  N-Butyl-N- (4-hydroxybutyl) nitrosamine
{BEN, Tokyo Kasei Kogyo Co., Ltd., Tokyo) was used
as the initiator and SA (Takeda Chemical Industries,
Lid., Osaka), food additive grade (99.8% pure), was
evalvated as the promoter. Rabbit anti-a,,-g-sera and
purified rat a,,-g were kindly provided by Dr. K. Saito
(Environmental Health Science Laboratory, Sumitomo
Chemical Co., Ltd.).™

Experiment 1 Forty-six LEW, 46 WS, and 46 QDS rats
were fed the C diet throughout the experiment. Each
strain was randomly divided into 3 groups (LEW rats:
groups 1, 2 and 3; WS rats: groups 4, 5 and 6; ODS rats:
groups 7, 8 and 9) as shown in Table 1. In the first 4
weeks of the experiment, the 20 rats in each of groups 1,
4, and 7 were given drinking water containing 0.05%
BBN by volume, and then they were given C containing
5% SA for 32 weeks. The matched control groups 2, 5,
and &, were treated with 0.059% BBN for the first 4 weeks
and then fed the C diet alone. The other control groups 3,
6, and 9, each containing 6 rats, were maintained on
drinking water without BBN for the first 4 weeks and
then received the C containing 5% SA. The total obser-
vation period was 36 weeks. Body weights, food con-
sumption and water intake were measured weekly up to
week 4 and every other week thereafter. The amounts of
food and water consumed during two consecutive days of
a week were measured on a per-cage basis. Samples of
urine for urinalysis were obtained from 4-11 rats in each
group during experimental week 24. At the end of the
experiment, all survivors were killed for pathological
examination.

Experiment 2 Eighty F344 and 80 WS rats were ran-

Table 1. Data for Survival, Average Body and Urinary Bladder Weights and Intakes of BBN (wks 1-4), Water(wks 5-36),
Sodium (wks 5-36) and Total Ascorbic Acid (wks 5-36) (Experiment 1)

. Urinary BBN Water Sodium Total

o Stra; Chemicals Survivors Body weight (g) bladder intake intake intake ascorbic

roup Tam emica Imitiad Final weight (mg/kg/  (ml/kg/  (mgskg/ acid intake
nitia ma (mg) day) day) day)  (mg/kg/day)

1 LEW  BBNSA 20/20° 16114 481%259 23741079 586 719 1,036 4,3309
2 BBN 19/20 160+4 52427  130+17 58.6 55 196 i0
3 SA 6/6 1604 486126 1368 0 68 906 3,791

4 ws BBN-SA 20/20 18549 409+249  199--119 72.1 1439 9102 3,807%
5 BBN 20/20 186£11 436+16  191+161 71.5 82 210 11
6 S 6/6 188+12  421=*8 148413 0 132 931 3,892

7 ODS  BBN-SA 19/20 164122  486+39  251+1549 8§44 132 697°) 2,9189
8 BBN 17/20 16319  517+32  148+37 4.1 102 224 12
9 SA 6/6 179+10 50249  173+37 0 145 848 3,548

a) Survivors: No. alive at the end of experiment/No. at the start,

b) Mean*SD.

Values for the following groups were significantly different:
¢) 1vs.2,4vs. 5 and 7 vs. 8, P<0.05;
d) 1 vs. 3, P<0.05.
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domly divided into 4 groups of 20 rats each (F344 rats:
groups 1-4; W8/8hi rats: groups 5-8) as shown in Table
V. In the first 4 weeks of the experiment, ali rats were fed
diet C and given drinking water containing 0.05% BBN
by volume. During the experimental weeks 4-36, groups
1, 2, 5, and 6 were fed diet M, and groups 3, 4, 7, and 8
received diet C. Groups 1, 3, 5 and 7 were given the 5%
SA supplement for 32 weeks, with groups 2, 4, 6, and 8
being the matched controls. Body weights, food con-
sumption and water intake were measured as for experi-
ment 1. Samples of urine for urinalysis were obtained
from 20 rats in each group during experimental week 24.
At the end of the experiment, all survivors were killed for
pathological examination.
Urinalysis Fresh urine samples obtained by forced urina-
tion in the morning (9:00-11:00 a.m.) were used for mea-
surement of pH. To determine urinary volume, sodium
ion concentration, total ascorbic acid (TAA) concentra-
tion and sediment, rats were individually housed in met-
abolic cages without diet and water for 4 h (9:00-13:00).
The TAA concentration was estimated by the 2,4-di-
nitrophenylhydrazine colorimetric method® and the
sodium ion concentration by atomic absorbance chemical
analysis (AA-175 atomic absorption spectrophotometers;
Varian Techtron Co., Canberra, Australia).
Pathological examination In experiments 1 and 2, rats
were killed by decapitation and the urinary bladders were
inflated and fixed with 109 phosphate-buffered formalin
(pH 7.4). They were weighed, cut into 12 pieces and
routinely embedded in paraffin. Sections were stained
with hematoxylin and eosin (HE) for light microscopic
examination. Histopathological lesions of urinary blad-
der epithelium were classified into 3 categories: papillary
or nodular (PN) hyperplasia, papilloma and carcinoma,
as described previously.” For quantitative analysis,
numbers were counted under the light microscope, and
the total length of the basement membrane examined was
measured with an image processor (COSMOZONE-S;
Nippon Kogaku K.K., Tokyo)."™

In experiment 1 both kidneys of all survivors and of
some of the animals which died were also removed and
fixed in 10% buffered formalin (pH 7.4), and midsagittal
sections were processed for paraffin embedding. Sections
were stained with HE for microscopic assessment of ne-
phropathy, which was graded from 1+ to 4+ in severity
according to the criteria described by Rao et al.*®
Experiment 3
Analysis of the existence of az-g in renal tubules and
urine: Kidney (from 5 animals each of the WS and F344
strains) and urine (from 3 animals each of the W8, ODS
and F344 strains) samples from ten week-old males were
respectively used for immunohistochemical and western
blotting investigation of a,,-g. After urine had been
individually collected by forced micturition, WS and
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F344 rats were anesthetized with pentobarbital and
perfused via the aorta with 109 phosphate-buffered (pH
7.4) formalin, The kidneys were removed, fixed by im-
mersion in 10% phosphate-buffered (pH 7.4) formalin
and routinely embedded in paraffin, sectioned and stained
with HE for histological examination, Immunohisto-
chemical staining was carried out to confirm the exis-
tence and localization of &t5,-g using the streptavidinbiotin-
alkaline phosphatase complex method (Vectastain ABC
Kit, Vector Laboratories Inc., Burlingame, CA).
Western blotting was performed as described by
Matsuda et @l.%® Urine samples from experiment 3 con-
taining 1 mg protein were loaded and electrophoresed on
a 12.5% (w/v) polyacrylamide slab gel containing 0.1%
(w/v) sodium dodecyl sulfate (SDDS) according to the
method of Laemmli after treatment with 4% (w/v) SDS
and 10% (v/v) 2-mercaptoethanol.**” Purified rat &z.,-g
(10 zg) was used as a control marker for SDS-polyacryl-
amide gel electrophoresis. After transfer to nitrocellulose
membranes (125 mA/cm?, 90 min) and incubation in
TPBS (10 mM sodium phosphate, 0.9% sodium chloride,
pH 7.5, 0.05% Tween 20) for 30 min, rabbit anti-az,-g
serum was added in TPBS containing 0.2% bovine serum
albumin (Sigma Chemical Co., St. Louis, MO) (1:
100G0). The blots were incubated for an additional 1 h at
room temperature, then washed in TPBS, and specific
reactive proteins were detected using a Vectastain ABC
Kit.
Data evaluation Statistical analysis of histopathological
lesion incidences was performed with the Fisher exact
probability test. The other data were evaluated by analy-
sis of variance.®®*”

RESULTS

Experiment 1 There were no symptoms of toxicity {such
as diarrhea) in LEW rats given 5% SA in diet, but WS
and ODS rats occasionally showed loose feces. Scurvy
was, however, not observed in ODS rats fed basal diet
without 5% SA throughout the experiment. Data for
survival, body weights, urinary bladder weights, and
intakes of BBN, water, sodium and TAA are summa-
rized in Table I. No significant variation in mortality was
observed among the groups, although there was a ten-
dency for fewer survivors in the ODS strain. All rats
which died had pyelonephritis without urinary bladder
tumors. The final average body weights of rats given
BBN-SA, were reduced by approximately 5-10%, as
compared to those of matched controls given BBN alone,
the difference often attaining significance. The urinary
bladder weights in LEW and ODS, but not WS rats given
BBN-SA were significantly higher than the BBN-alone
values {groups 1 versus 2, and 7 versus 8). Intakes of
BBN were the same for the BBN alone and BBN-SA

247



Jpn. J. Cancer Res. 88, March 1997

Table II.
Ascorbate (SA) (Experiment 1)

Data for Urinary Bladder Lesions in Rats Treated with BBN Followed by Sodium L-

No. of rats with urinary bladder lesions

Effective
Group  Strain = Chemicals number PN hyperplasia Papilloma Careinoma

of rats (%) (%) (%) No./10 cm of BM
1 LEW  BBN-SA 20 17 (85)" 17 (85)" 13 (65)=® 1.1£15
2 BBN 19 2(1H)° v 0 )]
3 SA 6 0 0 0 0
4 WwWs BEBN-SA 20 16 (80) 16 (80) 5 (25) 02104
5 BBN 20 15 (75) 11 (55) 3 (15 0.11=0.2
6 SA 6 0 0 0 0
7 ODS BBN-SA 19 13 (68) 16 (84) 8 (42) 0.41+0.6
8 BBN 17 14 (82) 12 {(71) 3 (18) 0.210.4
9 ' SA 6 0 0 0 0

PN, papillary or nodular; BM, basement membrane; data are mean values = SD.
Values for the following groups were significantly different:

a) 1vs. 2, P<0.05
b} 1vs. 4, P<0.01;
¢) 2vs. 5, and 8, P<0.01.

Table III.  Severity of Nephropathy (Experiment 1)

Number Pathological grade
Group Strain Chemicals  of rais

examined Negative 1+ 24 3+ 44
1 LEW BBN-SA 20 6 14 0 0 O
2 BBN 20 14 6 0 0 0
3 SA 6 0 6 0 0 0
4 WS EBBN-SA 20 0 0 5 13 2
5 BBN 20 0 o 1 12 7
6 SA 6 0 ¢ 1 5 0
7 ODS BBN-SA 20 9 9 2 0 0
8 BBN 18 4 13 1 0 0
9 SA 6 1 5 0 0 0O

1+, slight; 2+, mild; 3--, severe; 44, marked.

treated rats, the amounts being in the order ODS >WS >
LEW rats. Administration of SA was associated with
increased water intake (WS >LEW >ODS). The intakes
of sodium and TAA in rats given SA alone or BBN-SA
were higher than those in rats given BBN alone.

Data for histopathological lesions in the urinary blad-
ders are summarized in Table II. LEW rats given BBN
alone (group 2) had no carcinomas, whereas WS and
ODS rats (groups 5 and 8) demonstrated approximately
20% incidences. SA administration significantly in-
creased the development of carcinomas only in the LEW
case. Similarly, the incidences of PN hyperplasia and
papillomas were only increased by SA in the LEW strain,
the WS and ODS animals having high values indepen-
dently of promoter treatment.
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Data for severity of nephropathy are summarized in
Table III. The lesions were slight to mild in LEW and
ODS rats and severe to marked in WS rats,

The results of urinalyses at experimental week 24 are

summarized in Table IV. The urinary pH and the urinary
concentrations of sodium ions were increased by the
administration of SA without any inter-strain differences,
although the absolute Na* levels achieved were highest
in the LEW case. The TAA concentraiions were also
highest in LEW rats and very much lower in the ODS
strain, with SA-associated elevation noted for all strains.
No consistent changes in urinary volume were observed
in response to SA. Increase of sediment crystals due to
SA treatment was larger in LEW than in ODS and WS
rats (data not shown) but at autopsy, no urolithiasis was
found in any group.
Experiment 2 There were no symptoms of toxicity such
as diarrhea in F344 or WS rats given 5% SA in the diet.
Data for survival, body weights, urinary bladder weights,
and intakes of BBN, water, sodium and TAA are sum-
marized in Table V. One spontaneous death occurred, of
a WS rat with pyelonephritis but no urinary bladder
tumor, Final average body weights were significantly
lower in WS rats given BBN-SA than in the matched
controls given BBN alone. Urinary bladder weights of
¥344, but not WS were clearly increased by SA treat-
ment, especially in animals receiving the C-M dietary
schedule. No intergroup variation in BBN intake was
noted. The administration of SA increased both water
and sodium intake: the order of increase was group 7>
group 3 >> group 3 >group 1. The increase in TA A intake
due to SA was less in F344 than in WS rats.
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Table IV. Urinalysis Data at Experimental Week 24 for Rats Treated with BBN Followed by Sodium L-Ascorbate

(SA) (Experiment 1)

Sodium jon Total Urinary

Group Strain Chemicals pH (mg/100 ml ascorbic acid volume

mg/100 ml) {mg/100 ml} (ml/4 h)

1 LEW BBN-SA 7.5+0.4%5 648 =509 113 107" 23313

2 BBN 6.610.1 24599 1518 27+1.6

3 SA 7.320.2 537154 89127 15409

4 WS BBN-SA 7.41+0.3% 4363334 76494 1.9%=1.4

5 BBN 6.5+0.2 198+42 512 23106

6 SA 7.3%+0.2 341+70 7117 36117
7 ODSs BBN-SA 7.4%0.3 3124839 1762 7.81£2.89
8 BEN 6.9+0.3 19260 1:E14 6.5+1.6%
9 SA 75402 30968 16159 461120

@) Mean=+SD: Numbers of samples were 9-11 for groups 1, 2, 4, 5, 7, and 8 and were 4-6 for groups 3, 6, and 9.

Values for the following groups were significantly different:

b) 1vs. 2,4 vs. 5, and 7 vs. 8, P<0.05;
¢) 7 vs. 1, and 4, P<0.05;

d) Bvs. 2, and 5, P<<0.05;

2) 9vs. 3, 6, P<L0.05;

£) 9 vs. 3, P<0.05.

Table V. Data for Survival, Average Body and Urinary Bladder Weights, and Intakes of BBN (wks 1-4), Water (wks 5-36),
Sodium (wks 5-36) and Total Ascorbic Acid (wks 5-36) (Experiment 2)

. Urinay BBN Water Sodium Total

Group Strain  Diet® Chemicals Survivors Dody weieht ® bla'.idg intake intake intake a_sct_)rbic

Initial Final weight (mg/kg/  (ml/kg/ (mg/kg/  acid intake
(mg) day) day) day)  (mg/kg/day)

1 F344 C-M BBN-SA 20720 130149 415321 707512440 726 7340 375del) 1,934}
2 C-M BBN 20/20 130t4 42216 11128 72.8 485 899 1

3 C-C BBN-SA 20/20 130x5 411+15 2961210 719 874 43240 1,881%
4 C-C BBN 20/20 1314 409t16 122*15 73.9 60 184 10
5 WS C-M BBN-SA 19/20 19813 4224169 153433 69.1 11749 4714 2,429
6 C-M BBN 20/20 194114 47618 129427 70.0 66° 1029 1
7 c-C BBN-SA 20720 196+11 4051129 185%57 70.0 1469 5394 2,348
8 C-C BBN 20/20 19311 44020 15050 70.4 82 214 12

a) Diet: (0-4 wks)-(5-36 wks); C, CA-1 diet; M, MF diet.

b) Survivors; No. alive at the end of experiment/No. at the start.

¢) Meanz+SD.

Values for the following groups were significantly different:
d) 1vs. 2,3 vs. 4, and 5 vs. 6, P<<0.05;

e) 1vs. 3, 2vs. 4, 5vs. 7, and 6 vs. 8, P<0.05;

F) 1vs. 5, 2vs 6 and 3 vs. 7, P<<Q.05;

g) 1vs. 5,7, P<0.0];

k) 3vs. 5,7 P<001.

Data for histopathological lesions of the urinary blad-
der are summarized in Table VI. F344 rats treated with
BBN alone had no carcinomas, whereas WS rats had an
approximately 10% incidence with either diet. However,
this latter was not influenced by SA-treatment whereas
strong promotion was noted in the F344 strain. Similar
data were obtained for papillomas and, to a lesser extent,
PN hyperplasia.

The results of the urinalysis at experimental week 24
are summarized in Table VII. SA-treatment caused an
elevation of urinary pH and increased concentrations of
scdium ion and TAA in both WS and F344 rats, Uro-
lithiasis was not found.

Experiment 3 The results of immunohistochemical stain-
ing using anti-ar,-g-sera are illustrated in Fig. 1. The
kidneys of rats used in Experiment 3 were all anti-xt;,-g
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Table VI.
Ascorbate (SA) in Different Diets {Experiment 2}

Data for Urinary Bladder Lesions in Rats Treated with BBN Followed by Scdium L-

No. of rats with urinary bladder lesions

Effective
Group Strain  Diet” Chemicals number PN hyperplasia Papilloma Carcinoma
of rats (%) (%) (%)  No./10 cm of BM
1 F344 C-M BBN-SA 20 20 (100)® 18 (50)? 19 (95) 1.6£0.97
2 C-M BBN 20 8 (40) 4 (20) 0 0
3 C-.C  BBN-SA 20 15 (75) 15 (75)? 12 (60) 0.9%1.159
4 C-C BBN 20 11 (55) 4 (20) 0 0
5 WS C-M  BBN-SA 19 9 (47 14 (74) 2 (1) 0.10.2
6 C-M BBN 20 11 (35) 10 (50) 3 (15) 0.1+0.3
7 C-C BBN-SA 20 12 (60) 13 (65) 5 (25) 0.2£04
8 C-C BBN 20 7 (35 7 (35) 2 (10$) 0.1+0.2

PN, papillary or nodular; BM, basement membrane; Values are mean=SD.
a) Diet: (04 wks)-(5-36 wks); C, CA-1 diet; M, MF diet.

Values for the following groups were significantly different:

b)Y 1wvs. 2, 4-8, P<0.01;

¢) 1vs 2, P<0.01;

d) 1 vs, 2-8, P<(Q.01;

e) 3 vs. 4, P<0.01;

£ 3wvs. 7, P<0.05.

Table VII. Urinalysis Data at Experimental Week 24 for Rats Treated with BBN Followed by
Sodium L-Ascorbate (8A) with Different Diets (Experiment 2)
Sodi . Total Urinary
Group Strain Diet? Chemicals pH N /IT(I;}) 101} ascorbic acid volume
(mg/100 ml) 0 /100 mi) (ml/4 h)
1 F344 M BBN-SA 8.6t0.7% 258+93° 51+159 45+1.0¢
2 C-M BBN 6.8£0.7 79156 3*1 3.0f1.0
3 C-C BBN-SA 8.9+0.4 21771 401139 42+1.0
4 C-C EBN 7.4+0.9 12385 341 44110
5 ws C-M BBN-SA 7.61£0.7 166174 4375219 3712
6 C-M BBN 77105 122439 2+1 4,608
7 cC BBN-SA 831089 2301079 411269 2.8+1.19
8 c-C BBN 6.8+1.0 14948 21 46x1.2

a) Diet: (04 wks)-(5-36 wks); C, CA-1 diet; M, MF diet.
b} Mean+SD: Number of samples was 20 in each group.
Values for the following groups were significantly different:

c¢) Groups 1 va. 2, 3 vs. 4, 5 vs. 6, and 7 vs. 8, P<<0.05.

positive, without any marked differences in the degree of
immunohistochemical staining or nephropathy. Fig. 2
shows the results of western blotting of urine samples
from WS, ODS and F344 rats. The a,,-g-positive bands
migrated to the same position as purified @y,-g in ail
cases, with no differences in the densities of the bands
being observed among the strains.

DISCUSSION

The present work clearly demonstrated that WS rats,
which are related to the ODS strain, are also resistant to
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SA-promoting effects on vrinary bladder carcinogenesis,
independently of the diet given in the post-initiation
period. Furthermore, we revealed using immunohisto-
chemical and western blot analyses that WS and ODS
rats, unlike NBR rats, can synthesize a,,-g. The observed
strain differences among ODS, WS, F344 and LEW rats
are similar to those reported earlier with regard to pro-
motion of hepatocarcinogenesis.”*" The available data
strongly suggest that genes other than that at the od locus
in ODS rats may be responsible for the differences in
susceptibility to promotion by SA, rather than dietary
factors or the influence of aj,-g. The remarkable strain
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Fig. 1.

12 3 45 67

Fig. 2. Western blot of rat urine. Lanes 1 and 2, F344; lanes
3 and 4, ODS; lanes 5 and 6, WS; lane 7, g used as
standard protein.

Section through the cortex of WS rat kidney immunostained for a,.-g. % 400. Droplets (arrows) are stained positively.

difference in susceptibility to the promoting effect of SA
is most likely based on genetic difference among rat
strains. Our parallel study (Kamoto et al., to be pub-
lished elsewhere) revealed that the strain difference in
promoter effect of SA between F344 and WS strains
involves at least two host genes.

Urine samples from WS, ODS, F344 and LEW rats
treated with SA all showed increased pH and concentra-
tions of sodium ion and TAA, in accordance with previ-
ous reports.” Sodium salts of organic acids such as so-
dium saccharin, sodium O-phenylphenate, sodium ery-
thorbate, trisodium nitrilotriacetate and sodium succi-
nate share the potential to promote urinary bladder car-
cinogenesis in male F344 rats fed on M, as well as to
similarly affect these parameters.”™ Previous studies
focusing on urinary contents have indicated that urinary
Na' and K ' concentrations, as well as pH, play impor-
tant roles in promotion as well as DNA synthesis and cell
proliferation.”*” Urinary Na' can be transported into
the transitional epithelial cells of urinary bladders in the
rat and rabbit,*"** but the degree of permeability may differ
among species and strains. If so, this might play a role in
the susceptibility to SA promotion. Further studies of
proliferation and other intracellular biological parame-
ters are clearly warranted to assess this possibility.
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Previous reports have demonstrated that different
levels of protein in urine between male and female rats
are related to the proliferative effects of 8S on the rat
urinary bladder epithelium, and that the sex dependence
of nephropathy is mostly attributable to the presence of
@2.-g only in the urine of males.”” In the present study
LEW and ODS rats both exhibited mild nephropathy,
whereas lesions were more marked in the WS strain at the
termination of experiment 1. However, in experiment 3
no differences were seen in the degree of nephropathy of
the ten week-old rats used; this is reasonable, as nephrop-
athy is an age-related spontaneous disease in most rat
strains. The findings thus indicated that the degree of
progression of nephropathy was not related to the suscep-
tibility to SA promotion. Moreover, the total protein
level in the urine of ODS rats did not differ from these of
F344 or LEW rats, while slightly higher W8 values were
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