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ABSTRACT

Dietary administration of 5% i -ascorbic acid plus 3% M ( ), to male
F344 rats clearly enhanced the development of preneoplastic and rico
piasi ic lesions of the urinary bladder initiated with .V-butyl-.V-(4-hydrn\-
ybutyl)nitrosamine. Promotion of Carcinogenesis by r -ascorbic acid and
k;( '(), was associated with changes in urinary parameters: elevation of
pH, increased K' concentration, and increase in total ascorbic acid.

INTRODUCTION

Separation of the process of chemically induced urinary blad
der Carcinogenesis in rats into two stages is now generally
accepted (1-8) and we recently demonstrated (9-13) that in
creases of urinary Na* concentration and pH may be important

factors underlying second stage promotion of urinary bladder
Carcinogenesis. Moreover, AsA3 was found to act as a copro-
moter under conditions of increased urinary pH and Na* con

centration (12). We therefore investigated the influence of
urinary concentration of ions other than Na+ on promotion of

urinary bladder Carcinogenesis by AsA in the present study.

MATERIALS AND METHODS

Animals. A total of 240 male 6-week-old F344 rats (Charles River
Japan, Inc., Atsugi, Japan) were used. The rats were housed five per
plastic cage with wood chips for bedding in an animal room with a 12-
h light/12-h dark cycle at 22 Â±2Â°Cand 55 Â±10% relative humidity.

Body weights, food consumption, and water intake were measured
weekly up to week 14, and every other week from weeks 16 to 36 in
experiment 1. The amounts of food and water consumed in two con
secutive days of a week were measured on a per cage basis.

Chemicals. BBN was from Tokyo Kasei Co., Tokyo, Japan. Food
additive grade, AsA (Tanabe Seiyaku Co., Osaka, Japan), K2CO3,
CaCOj, and MgCOj (Wako Pure Chemical Ind., Osaka, Japan) were
used in experiments 1 and 2.

Experiment 1. Rats were randomly divided into 12 groups. They
were administered drinking water with (groups 1 to 8, 20 rats in each
group) or without (groups 9 to 12, 10 rats in each group) a 0.05% BBN
supplement for 4 weeks. Groups 1 to 8, as shown in Table 1, were then
given powdered basal diet (Oriental M; Oriental Yeast Co., Tokyo,
Japan) containing 5% AsA, 3% K2CO3, 5% AsA plus 3% K2CO3, 3%
CaCOj, 5% AsA plus 3% CaCOj, 3% MgCOj, 5% AsA plus 3%
MgCOj, or no added chemical as a control group for 32 weeks. Groups
9 to 12 served as second stage controls and were maintained on
powdered diet containing 5% AsA, 3% K2CO3, 3% CaCO3, or 3%
MgCOj for 32 weeks without prior BBN treatment. The total obser
vation period was 36 weeks. Doses of K2CO3,CaCO3, and MgCOj were
chosen after 4-week toxicity studies. Treatment with test chemicals at
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a dose of 3% for 4 weeks did not show significantly reduced body
weights.

For urine examination, fresh urine samples were obtained from five
rats in each group in weeks 12, 28, and 36 by forced urination in the
morning (8:00-9:00 a.m.). The pH was measured with a pH meter (pH
meter, model F-7DE; Hitachi-Horiba, Tokyo, Japan). For urinary
electrolyte analysis, samples of the urine were obtained from five rats
in each group without any treatment of the urine. For collection of
these samples, rats were housed individually in metal metabolic cages
without food or water for 4 h in the morning (8:00-12:00 a.m.). The
urine samples were analyzed for sodium, potassium, calcium, chloride,
phosphorus, and magnesium, the analyses being performed at the
Chunichi Clinic Center, Ohgaki, Japan. Analytical methods were flame
photometry (Flame-30C photometer; Jasco Medical Ind., Tokyo, Ja
pan) for sodium and potassium, cresolphthalein complexone method
(Model-ACA-800 chemical analyzer; Olympus Optical Co., Ltd., To
kyo Japan) for calcium, chloride meter (Model CL-12, Jasco) for
chloride, modification of the phosphomolybdate method (Model ACA-
8000 chemical analyzer) for phosphorous, and reaction with calmagite
(Model ACA-8000 chemical analyzer) for magnesium. These proce
dures were performed at weeks 12, 28, and 36 of the experiment.

In the beginning of week 37, the rats were killed and their liver and
kidneys were removed, weighed, and fixed in 10% phosphate-buffered
formalin solution. The urinary bladder was inflated by intraluminal
injection of 10% phosphate-buffered formalin solution. After fixation,
the urinary bladder was divided sagitally, weighed, and each half was
cut into four strips for histolÃ³gica!examination. For quantitative anal
ysis, urinary bladder lesions were counted by light microscopy, the total
length of the basement membrane was measured v/ith a color video
image processor (VIP-21CH; Olympus-Ikegami Tsushin Co., Tokyo,
Japan), and numbers of lesions per 10 cm of basement membrane were
calculated (6). The liver and kidneys were also examined histologically.

Experiment 2. Rats were randomly divided into eight groups of five
rats each. They were given powdered diet (oriental M) containing a test
chemical as in experiment 1 but without BBN treatment for 1 week.
Fresh urine samples were obtained in the morning (8:00-9:00 a.m.) by
forced urination. STIX Reagen Strips (Ames Division, Miles Lab., Inc.,
IN) were used as a quantitative test for total ascorbic acid in urine.
Results were designated as 0-10, 25, 75, and 150 mg/dl.

Statistical Analysis. Data on incidences of lesions were analyzed for
statistical significance with the one-sided Fisher's exact probability test.
Other data were analyzed by using Student's t test.

RESULTS

Experiment 1. Treatment with K2COj, with or without AsA,
was associated with soft feces. There was diarrhea in rats treated
with MgCOj, with or without AsA. Many rats (group 3) given
AsA plus K2CO3 after BBN pretreatment demonstrated hema-
turia in later stages of the experiment. Data on body and urinary
bladder weights, and consumption of food and water are sum
marized in Table 1. The final average body weights of rats in
groups 1 to 7, with the exception of group 4, were significantly
lower than that of the control group 8. The absolute urinary
bladder weights in group 3 were significantly higher than those
in groups 1, 2, and 8. There were also increases in groups 2, 3,
5, and 7 regarding average food consumption and in groups 2,
3, 6, and 7 for average water consumption. Increases of average
food consumption in groups 2, 3, 5, and 7 may be explained in
relation to the decrease of calories in each diet. Accordingly,
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ROLE OF AsA IN BLADDER CARCINOGENESIS

Table 5 Urinary L-ascorbic acid of rats treated with test chemicals for 1 week

STIX Reagen Strips were used as a quantitative test for ascorbic acid in urine.
Results were designated as 0-10, 25, 75, and 105 mg/dl.

Group12345678TestchemicalsAsAK2CO,AsA

+KjCO,CaCO,AsA

+CaCOjMgCOjAsA

+ MgCO3No.

of rats
examined555555S5L-Ascorbicacid(mg/dl)1500-101500-107525750-10

Table 6 Summary of relation between promoting potential and changes in
urinary parameters

TestchemicalsK2C03

AsA + KjCOj
CaCOj
AsA + CaCO3
MgCOj
AsA + MgCO,Promoting

potentialÂ±Â«+++PHÃŽÃŽ4-fr

4-fr**UrineElectrolyteKt.OlKÃŽ.CUCaÃ,

Mgi
CaÃ,Mgi
Cat, MgÃ®,Pi
CaÃ,MgÃ®,PiTotal

ascor
bicacid**

ÃŽ*â€¢*ÃŽ*â€¢Â»ÃŽ

Â°-f++, substantial; Â±,very slight; â€”,no change; f, increase; â€¢

decrease.
Â»,no change; i,

Urinary P ion concentrations in groups 4-7 were significantly
lower than in group 8. In contrast Mg2+ concentrations in these

groups were significantly elevated. Urinary electrolyte concen
trations showed the same trends at experimental weeks 28 and
36. The urinary contents of total ascorbic acid in rats treated
with AsA (groups 1,3,5, and 7) (Table 5) were always increased.

The liver and kidneys showed normal histology.

DISCUSSION

In the present study, the most interesting finding was that
AsA plus K2CO3 showed potent promoting activity in urinary
bladder carcinogenesis like that of AsA plus NaHCO3 (12),
whereas K2CO3 itself increased the induction of the putative
preneoplastic lesion (14, 15), but not neoplastic lesions. More
over, it was confirmed that AsA acts as a copromoter in urinary
bladder carcinogenesis.

Table 6 summarizes data on the relation between promoting
potential and changes in urinary parameters. Elevation of uri
nary pH and increase of K+ concentration were associated with

very slight promoting potential and high urinary AsA content
correlated with potent promotion under conditions of increased
pH and K+ concentration. Although Ca2+ or Mg2+ concentra

lions were elevated in the CaCO3 or MgCO3 groups, with or
without AsA, these treatments did not exert promoting activity.

We previously reported that increased Na+ concentration and
urinary pH are important factors for promotion of two-stage
urinary bladder carcinogenesis (12) and that AsA acts as a
strong copromoter under these conditions. Increase of Na+

concentration in the urine is known to influence the cell mem
brane of urinary bladder epithelium (16-19). The present study
clearly demonstrated that increased K+ concentration and pH

are also associated with promoting activity, especially when
acting in concert with AsA. ^-O-Tetradecanoylphorbol-O-
acetate, a strong promoter for skin carcinogenesis elevates
intracellular pH by activation of Na+/H+ exchange under con
ditions of increased extracellular Na+ (20-22). Moreover, rapid
increase in Na+ entry stimulates Na+/K* pump activity and
brings about a rise in intracellular K* concentration and pH,

resulting in increased DNA synthesis (20, 23). In the present
4823

study, increase of K ' concentration in the urine may likewise

have influenced the apical cell membrane of the urinary bladder
epithelium. By analogy, elevated Na+/K+ pump activity may
have increased intracellular K ' concentration and elevated in

tracellular pH with an associated increase of DNA synthesis in
bladder epithelial cells. Indeed, it has been recently reported
that potassium saccharin significantly enhances the labeling
index of bladder epithelial cells (24). However, the mecha-
nism(s) by which AsA acts as a copromoter under the present
conditions is unclear and requires further investigation.

In conclusion, combination of AsA with K2CO3 treatment
subsequent to carcinogen administration resulted in a signifi
cantly increased development of urinary bladder carcinomas as
compared to relevant controls, suggesting that elevated K+

concentration and pH in the urine might be related to promo
tion by AsA.
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