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ABSTRACT

The influences of strain and diet on the promoting effects of sodium
L-ascorbate (SA) on two-stage urinary bladder carcinogenesis was inves

tigated in male F344 and Lewis rats. Two kinds of commercial basal
diets, Oriental MF and (lea CA-1, were used. Rats were given 0.05%
Vbut) l-.V-(4-h>dro\ybuiyl)nitrosamini- in their drinking water for 4

weeks and then basal diet with 5% SA or without SA for 32 weeks.
Treatment with SA increased the induction of neoplastic lesions of the
urinary bladder in rats initiated by 0.05% ,V-butyl-.V-(4-hydroxybu-

tyl)nitrosamine. The promoting effect of SA for urinary bladder carcino
genesis was: F344 strain-Oriental MF diet > Lewis strain-flea CA-1

diet > F344 strain-Oca CA-1 diet = Lewis strain-Oriental MF diet. In
both strains or with both diets, SA-treatment increased the urinary pH

and the concentrations of sodium ion and total ascorbic acid. These
results demonstrate that strain and diet strongly influence susceptibility
to the SA-promoting effects in rat urinary bladder carcinogenesis.

INTRODUCTION

The two-stage process of chemical carcinogenesis, initiation
and promotion, has been widely accepted as one of the mecha
nisms of carcinogenesis in the urinary bladder (1, 2). Recently,
SA2 was reported to promote urinary bladder carcinogenesis in

the F344 strain of rats (3). Genetic factors have considerable
influence on the development of carcinoma (4, 5), and it has
been reported that genetic factors might influence promotion
in urinary bladder carcinogenesis (6). In addition, dietary fac
tors have also been reported to modify chemical carcinogenesis
in some organs, for example in hepatocellular carcinogenesis
(7). The purpose of the studies reported below was to investigate
the influence of genetics and diet on SA promotion of urinary
bladder carcinogenesis by using two strains of rats administered
SA in two different diets.

MATERIALS AND METHODS

Animals. The following two strains of inbred male rats were used at
6 weeks of age at the start of the experiment: F344/DuCrj (F344) and
LEW/Crj (Lewis) strains of rats were purchased at 4 weeks of age from
Charles River Japan Inc., Atsugi, Japan. Two kinds of diets, M diet
(Oriental Yeast Co., Tokyo, Japan) and C diet (Japan Clea Co., Ltd.,
Osaka, Japan), were used and their compositions as reported by the
companies are shown in Table 1. The rats were housed 2-3 per cage
(RT type: Charles River Japan Inc.) in a room maintained on 12-h

(7:00 a.m. to 7:00 p.m.) light-dark cycle, constant temperature, 25 Â±

rC, and relative humidity, 50 Â±10% and they were given either M or

C diets and water ad libitum.

Chemicals. BBN (Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan) was
used as the initiator and SA (Takeda Chemical Industries, Ltd., Osaka,
Japan), food additive grade (99.8% pure), was evaluated as the pro

moter.
Experimental Design. Eighty F344 and 80 Lewis rats were each

randomly divided into four groups (F344 rats: groups 1-4; Lewis rats:
groups 5-8) as shown in Table 2. Groups 1, 2, 5, and 6 were fed the M

diet, and groups 3, 4, 7, and 8 were fed the C diet. In the first 4 weeks
of the experiment, the rats in groups 1, 3, 5, and 7 were given drinking
water containing 0.05% BBN by volume, and then they were given
powdered basal diet containing 5% SA for 32 weeks. The matched
control groups 2, 4, 6, and 8 were treated with 0.05% BBN for the first

Table 1 Composition of diets
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diet5.124.06.23.252.87.0359.90.20.048.41.40.21.6

4.0C

diet4.826.7Â°8.3"3.049.18.1Â°346.40.4Â°0.3Â°45.93.0Â°0.6Â°3.0Â°
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Palmitoleic acid,
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Myristic acid, ( ',â€žâ€ž
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VitaminACEÃ‡aPCa/PKMgCa/MgZnFeMnIU/100gmg/100

gmg/100
gg/100

gg/100
gg/100gg/100

gmg/100

gmg/100
gmg/100

g1100.05.46.31.100.831.330.750.254.404.9916.04.991000.023.0Â°5.21.78Â°1.33Â°1.340.84Â°0.29Â°6.14Â°5.96Â°32.0Â°9.61Â°
" Difference in dietary composition value between diet >10%.
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Table 2 Average body and urinary bladder weights and intakes ofBBN (1-4 weeks), water (5-36 weeks), sodium (5-36 weeks), and total ascorbic acid (5-36 weeks)

Body wt.(g)Group*

Strain1

F34423

F34445

Lewis67

Lewis8DietMCMCChemicalsBBN-SABBNBBN-SABBNBBN-SABBNBBN-SABBNInitial134

Â±5*133
Â±5137

Â±4137
Â±4158

Â±7158
Â±7159

Â±6159
Â±7Final395

Â±22409
Â±21407

Â±18408
Â±26472

Â±31'534

Â±41477

Â±27'520

Â±39Urinarybladder

wt.
(mg)512
Â±443'109

Â±12308

Â±487'126

Â±27170

Â±22137
Â±20201

Â±38C149

Â±32BBNintake

(mg/kg/day)61.060.762.165.357.855.659.658.1Waterintake(ml/kg/day)86"5995*'6468"5269"59Sodiumintake(mg/kg/day)444"110450'142438'104437'137Totalascorbicacid
intake

(mg/kg/day)2385'12425'62329'12406'6

" Number of samples in each group was 20.
* Mean Â±SD.
Values for the following groups were significantly different: group 1 vs. 2, 3 vs. 4, 5 vs. 6, and 7 vs. 8, *P < 0.05, ' P < 0.01; group 1 vs. 3, 5, and 7, ' P < 0.05;

group 3 vs. 5 and 7,f P < 0.05.

Table 3 Induction of urinary bladder lesions in rats treated with BBN followed by sodium ascorbate

GroupStrain1

F34423

F34445

Lewis67

Lewis8DietMCMCChemicalsBBN-SABBNBBN-SABBNBBN-SABBNBBN-SABBNnumberof

rats2020202020202020Incidencehyperplasia(%)19
(95)*7(35)19(95)*9(45)18(90)*5(25)18

(90)*1(5)Incidence

ofpapillaryhyperplasia(%)17

(85)*9
(45)'18

(90)*11(55X18(90)'0(0)20(100)*1(5)Papilloma(%)18

(90)*-'7(35)14

(70)*10(50X6(30)Â°-*0(0)14

(70)*1(5)No./

10 cmofBM*1.00

Â±0.67Â°0.42

Â±0.690.70

Â±0.620.52
Â±0.590.26

Â±0.47"'*0.0

Â±0.01.16

Â±1.20Â°0.03

Â±0.13Carcinoma(%)18(90)*'c-''/2(10)9

(45)'2(10)8

(40)'0(0)11(55)'0(0)No./

10 cmofBM*1.70

Â±0.78Â°''â€¢'â€¢/0.07

Â±0.230.41

Â±0.54Â°0.08

Â±0.250.30

Â±0.43Â°0.0

Â±0.00.36

Â±0.35Â°0.0

Â±0.0
Values for the following groups were significantly different: group 1 vs. 2, 3 vs. 4, 5 vs. 6, and 7 vs. 8, " P < 0.05, * P < 0.0 1; group 1

group l vs. 3 and 7, respectively, 'â€¢'P < 0.05; group 3 vs. 5, ' P < 0.05; group 5 vs. 7, * P < 0.05; group 2 vs. 6, ' P < 0.05; group 4 vs. 8,
* Number of lesions per 10 cm of basement membrane are tabulated as mean Â±SD.

vs. 5, c P < 0.05, ' P < 0.0 1;
' P < 0.05.

4 weeks and then fed the respective basal diets without SA for 32 weeks.
Urine Examination. Samples of urine were obtained from 19-20 rats

in each group during experimental weeks 12, 24, and 34. For the
measurement of pH and specific gravity, a fresh urine sample was
collected by forced urination in the morning (9:00-11:00 a.m.). For

measurements of urinary volume, sodium ion concentration, and total
ascorbic acid (TAA) concentration the rats were housed individually in
metabolic cages without diet and water for 4 h (9:00 a.m. to 1:00 p.m.).
TAA concentration was determined by the 2,4-dinitrophenylhydrazine
colorimetrie method (8). Sodium ion concentration was determined by
the method of atomic absorbance chemical analysis (atomic absorption
spectrophotometers, AA-175; VarÃanTechtron Co., Canberra, Aus
tralia).

Pathological Examination. The rats were killed by decapitation at the
end of the experiment. The urinary bladders were inflated and fixed
with 10% buffered formalin. They were weighed, divided into 12 pieces,
and embedded in paraffin. The sections were stained with hematoxylin
and eosin for light microscopic examination. Histopathological lesions
of urinary bladder epithelium were classified into four categories: simple
hyperplasia, papillary or nodular hyperplasia, and papilloma and car
cinoma as described previously (9). For quantitative analysis, urinary
bladder lesions were counted by light microscopy (3), the total length
of the basement membrane was measured with an image processor
(COSMOZONE-S; Nippon Kogaku K.K., Tokyo, Japan) under ster
eoscopic microscopy.

Data Evaluation. Statistical analysis of histopathological lesion inci
dence was done by Fisher's exact probability test. The other data were

evaluated by analysis of variance (10, 11).

RESULTS

There were no toxic symptoms such as diarrhea in F344 and
Lewis rats given 5% SA in diets, but several rats given BBN-

SA had hematuria in the later stages of the experiment. The
incidence of hematuria at experimental week 36 was 50% in
group 1, 10% in group 3, 5% in group 5, and 20% in group 7.

Data on body weights; urinary bladder weights; and intake of
BBN, water, sodium, and TAA are shown in Table 2. There
were no differences in body weight gain between M diet groups
and corresponding C diet groups (groups 1 versus 3, 2 versus
4, 5 versus 7, and 6 versus 8). At the end of the experiment, the
average body weights in the rats given BBN alone were different
between strains (groups 2 versus 4, and 6 versus 8). The final
average body weights of groups 1 and 3 (F344 rats given BBN-
SA) were similar to those of the matched control groups 2 and
4 given BBN alone. However, the final average body weights of
groups 5 and 7 in Lewis rats given BBN-SA were significantly
lower, by approximately 10%, than those of the matched control
groups 6 and 8 given BBN alone.

The urinary bladder weights in rats given BBN alone showed
little differences between groups (groups 2, 4, 6, and 8). The
urinary bladder weights in groups 1, 3, 5, and 7 were higher
than those in the matched control groups 2, 4, 6, and 8,
respectively. The order of magnitude of urinary bladder weights
in rats given BBN-SA was as follows: group 1 > group 3 >
group 7 > group 5. There were similar intakes of BBN in BBN-
SA treated rats (groups 1, 3, 5, and 7) and the corresponding
BBN treated rats (groups 2, 4, 6, and 8, respectively). The
amount of BBN intake in F344 rats was slightly greater than
in Lewis rats. The administration of SA increased the volume
of water intake, and the SA-increased volume of water intake

in F344 rats was nearly twice that in Lewis rats. The intake of
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Table 4 Urinalyses of rats treated

Group*1234

5678StrainF344F344LewisLewisDietMCMCTest

chemicaisBBN-SABBNBBN-SABBN

BBN-SABBNBBN-SABBN12

w(weeks)7.7
Â±0.1*'''6.8

Â±0.37.5

Â±0.1'6.5

Â±0.4
7.5 Â±0.3'6.9

Â±0.47.4

Â±0.3'6.3

Â±0.5pH24

w7.3
Â±0.3'6.0

Â±0.47.4

Â±0.2'6.0

Â±0.4
7.2 Â±0.4'6.6

Â±0.67.5

Â±0.4'6.1

Â±0.4Sodium

ion (mg/100ml)34

w/./
^1.4'6.7

Â±0.57.4

Â±0.2'6.2

Â±0.4
7.5 Â±0.5'6.3

Â±0.57.5

Â±0.4'6.5

Â±0.612w419

Â±142'158

Â±61486

Â±138'217

Â±86
434 Â±191'168

Â±120371

Â±150278
Â±15024

w361
Â±186'156

Â±116457

Â±137'197

Â±132
476 Â±224'141

Â±100485

Â±187'235

Â±11934

w253
Â±71'82

Â±47396

Â±120'200

Â±60278
Â±127'106

Â±56323

Â±137'113
+ 60

* No. of samples in each group was 20.
* Mean Â±SD.
Values for the following groups were significantly different: group 1 vs. 2, 3 vs. 4, 5 vs. 6, and 7 vs. 8, c P < 0.05, ' P < 0.01.

sodium and TAA was similar among groups 1, 3, 5, and 7.
The histopathological lesions of the urinary bladder are sum

marized in Table 3. In groups of rats treated with BBN alone,
Lewis rats (groups 6 and 8) had no carcinomas, but F344 rats
(groups 2 and 4) had a 10% incidence of carcinomas. The
administration of SA significantly increased the induction of
neoplastic lesions in both strains (groups 1, 3, 5, and 7) of rats,
when compared to groups 2, 4, 6, and 8, respectively. The
incidences of carcinoma and papilloma were the highest in
group 1 (F344 rats, M diet, BBN-SA). The order of SA-
promoting effects was group 1 > group 7 > group 3 = group 5.

A similar trend was observed in numbers of lesions per 10 cm
of basement membrane for carcinomas and papillomas.

The results of the urinalyses are summarized in Table 4. The
urine pH and the concentrations of sodium ion and TAA were
increased by the administration of SA. These data did not
shown any interstrain or interdiet differences. The urinary
volume showed little difference between the BBN-SA and BBN

groups. The administration of SA decreased slightly the urinary
specific gravity in F344 rats but not in Lewis rats. At autopsy,
urolithiasis was not found in any of the rats.

DISCUSSION

We investigated the influence of two rat strains and two kinds
of diets on the promoting effects of SA in urinary bladder
carcinogenesis. BBN alone resulted in 10% incidence of carci
noma in F344 rats, but Lewis rats had no carcinomas. The
F344 rats are basically more susceptible to BBN carcinogenesis
than Lewis rats. The administration of SA clearly promoted
the BBN-initiated urinary bladder carcinogenesis in all four
groups. The results were consistent with previous reports in
F344 rats fed SA in M diet (3, 12, 13). However, the effects of
dietary difference on SA promotion are dependent on strain.
The M diet enhanced tumor formation in F344 rats more than
in Lewis rats, whereas in Lewis rats, the C diet seems to be
more effective, at least in inducing low grade tumors (papillo
mas). Moreover, F344 rats are more sensitive to SA promotion
than Lewis rats.

The urine of the rats treated with SA showed increased pH
and increased concentrations of sodium ion and TAA. These
results were consistent with previous observations of the effects
of SA treatment on changes in the urinary components in F344
rats (3, 12, 13). The high concentration of urinary ascorbate
was found to act as a copromoter under urinary conditions of
increased pH and sodium ion concentration in F344 rats (13).
In the present study, urinalyses also indicated that the epithelial

cells of the urinary bladder were continually exposed to high
concentrations of sodium ion and ascorbic acid, at high pH.
These results provide additional evidence for a close relation
ship between changes of urinary components and the SA-
promoting effects of urinary bladder carcinogenesis. However,
in the present study, the dietary enhancement of SA promotion
of urinary bladder carcinogenesis is not due to alteration of
urinary pH or concentrations of sodium ion and total ascorbic
acid, the two factors (pH and sodium ion concentration) known
to influence the tumor promotion by SA (13) or sodium sac
charin (6, 14). Therefore, dietary effects of SA promotion must
be attributed to some other factors. One of these factors may
be the epidermal growth factor or tryptophan metabolites, in -
Tryptophan (2), L-isoleucine, and L-leucine (15) have been

shown to promote urinary bladder carcinogenesis in rats. More
over, urinary components reported in patients with urinary
bladder carcinoma have included the appearance of epidermal
growth factor (16) and an increase in tryptophan metabolites
(17). These factors might also be present in the urine of rats
given BBN followed by 5% SA in the diet but have yet to be
evaluated.

The dietary deficiency of essential fatty acids has been re
ported to influence the induction of urothelial tumors in rats
(18). Their possible contribution to SA promotion was unclear,
since different amounts of essential fatty acids between M and
C diets were subtle.

Several studies indicate that urinary bladder carcinogenesis
is regulated by the genetic factors such as species and strain (4,
5, 19, 20). Bladder carcinogens are metabolically activated to
the ultimate carcinogenic substances (21, 22), and genetic fac
tors can influence the drug-metabolizing enzyme systems. It
has also been reported that genetic factors such as rat-strain
might influence sodium saccharin promotion of urinary bladder
carcinogenesis (6). Our results suggest that genetic factors such
as strain, affect SA promotion of rat urinary bladder carcino
genesis. Also our results strongly indicate that the combination
of diet and rat strain plays an important role in modifying SA-
promoting action.
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withBBNfollowedby SA

Total ascorbic acid (nig/100 ml) Urinaryvolume(ml/4 h) Specific gravity

12w 24 w 34 w 12w 24 w 34 w 12 w 24 w 34 w
95 Â±2Â»"
4Â±I108

Â±27'
7Â±2104

Â±36"
10Â±370

Â±23"
15Â±790

Â±34a
4Â±2100

Â±30'5Â±293

Â±43'
8Â±4107

Â±47'
9Â±584

Â±22'
3Â±178

Â±26"*
6Â±154

Â±27"
5Â±359

Â±23'
6Â±31.5

Â±0.7*'''
2.7Â±1.12.3

Â±0.8f
3.3 Â±1.31.5

Â±0.4
1.6Â±0.52.2

Â±1.0
2.1 Â±1.31.8

Â±0.7
1.9Â±1.12.7

Â±0.9
2.1 Â±1.21.7

Â±0.9
2.0 Â±0.81.5

Â±0.8
2.0 Â±1.02.4

Â±1.0
3.4 Â±1.83.9

Â±1.82.7
Â±1.02.3

Â±1.4
3.2 Â±1.52.5

Â±1.2
2.7 Â±1.61.065

Â±0.005
1.065Â±0.0071.055Â±0.006C

1.061Â±0.0101.059

Â±0.011
1.059Â±0.0091.054

Â±0.010Â°
1.063Â±0.0051.053

Â±0.005'
1.066Â±0.0061.042

Â±0.007''
1.062Â±0.0061.064

Â±0.005
1.062Â±0.0121.064

Â±0.006
1.058Â±0.0091.034

Â±0.006'
1.064Â±0.009.038

Â±0.007'
.063 Â±0.004.057

Â±0.010
.060 Â±0.014.058

Â±0.008
.062 Â±0.006
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