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ABSTRACT

Sodium saccharin was previously shown to induce a significant
incidence of transitional cell carcinoma of the bladder when
administered to rats either immediately or beginning 2 weeks
after ulcÃ©rationof the bladder epithelium induced by freezing or
cyclophosphamide injection. However, the marked regenerative
hyperplasia following ulcÃ©rationby either of these methods is
not completely repaired until 3 to 4 weeks after ulcÃ©ration.To
determine whether initiation in this model was due to the ulcÃ©r
ation and regenerative hyperplasia alone or if it was due to the
administration of sodium saccharin acting on the hyperplastic
epithelium, the effect of administering sodium saccharin at var
ious times after ulcÃ©rationwas examined. Five-week-old F344

male rats were given sodium saccharin as 5% of the diet begin
ning either immediately (Group 1) or 2,4, 6, or 18 weeks (Groups
2, 3, 4, or 5, respectively) after freezing of the bladder, and
sacrificed 2 years after the start of the experiment. The inci
dences of rats with transitional cell carcinoma of the bladder
were 11 of 36 rats (31%) in Group 1, 6 of 36 (17%) in Group 2,
12 of 40 (30%) in Group 3, 7 of 36 (19%) in Group 4, and 9 of
39 (23%) in Group 5. Sodium saccharin without prior ulcÃ©ration
induced a transitional cell papilloma in one rat, and freeze ulcÃ©r
ation without subsequent sodium saccharin induced a transi
tional cell carcinoma in one rat. No bladder lesions were seen in
the untreated control rats. Scanning electron microscopic ex
amination of rats fed sodium saccharin after ulcÃ©rationshowed
evidence of multifocal hyperplasia and significant surface
changes either at Week 18 of the experiment (Groups 1 to 3) or
18 weeks after beginning sodium saccharin administration
(Groups 4 and 5). These results indicate that freeze ulcÃ©ration
of the bladder induced irreversible changes in the epithelial cells
related to bladder cancer initiation even though the regenerative
hyperplasia is morphologically reversible, and that sodium sac
charin promotes the tumorigenic expression of those freeze
ulceration-induced cellular changes even after healing from the

injury.

INTRODUCTION

Two-stage carcinogenesis, consisting of initiation and promo
tion, has been demonstrated in several experimental animal
models involving a variety of different tissues. Initiation of carci-
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nogenesis is recognized as a permanent, irreversible change,
probably in gene structure or elements of gene expression
induced by mutagenic chemicals, viruses, irradiation, or other
agents (4, 12, 14, 27, 28). In 2-stage carcinogenicity studies of

the urinary bladder, the urothelium is usually exposed to muta
genic agents in the urine during the initiation step (15, 16, 19,
22-24). However, ulcÃ©rationof the urinary bladder of rats in

duced by application of a frozen rod or by an i.p. injection of
cyclophosphamide was shown to result in carcinomas if followed
by sodium saccharin administration either immediately or begin
ning 2 weeks after ulcÃ©ration(7). Neither freeze ulcÃ©rationnor
sodium saccharin administration alone produced tumors. A/-[4-
(5-Nitro-2-furyl)-2-thiazolyl]formamide did not affect the tumor

incidence if administered to rats for 2 weeks following ulcÃ©ration.
Freeze ulcÃ©rationof the urinary bladder generated no mutagens
detectable by the standard Ames assay and no nitrosamines
(13), and the urine of rats fed sodium saccharin is nonmutagenic
(13).

Morphologically, the freezing technique induces a large focal
ulcer of the urothelium. Marked regenerative hyperplasia occurs
following ulcÃ©rationand requires 3 to 4 weeks to be repaired,
the urothelium returning to normal light microscopically, histo-

chemically, ultrastructurally, and autoradiographically (7,10,21).
Sodium saccharin administration to rats with regenerative hy
perplasia induced by freezing resulted in increased and persistent
epithelial hyperplasia morphologically and autoradiographically
(21). The following experiment-was performed to evaluate

whether initiation in this model was irreversibly induced by the
ulcÃ©rationand regenerative hyperplasia or if initiation was due to
the interaction of sodium saccharin with the regenerative hyper
plasia following ulcÃ©ration.

MATERIALS AND METHODS

Male F344 rats were obtained from Charles River Breeding Labora
tories, Inc., Kingston, NY, and housed in plastic cages with dried corncob
bedding (Bed-o'cobs, Andersons, Maumee, OH) in an air-conditioned

room at 24Â° and 50% humidity on a 12-hr light-dark cycle. Sodium

saccharin was obtained from Sigma Chemical Co., St. Louis, MO, mixed
in a powdered diet (Charles River rat chow) at a dose of 5% by weight,
and pelleted. Freezing of the bladder was performed with the rats under
light Nembutal anesthesia by the method of Shirai et al. (25). A steel rod,
5 mm in diameter, frozen in dry ice in acetone, was applied twice in the
same place to the serosal surface of the ventral portion of the urinary
bladder for 2 sec each time, with a 5-sec interval between applications.

Although the acetone on the rod has usually evaporated by the time of
application to the bladder, small amounts probably remain. Food and
water were available ad libitum. The experiment was started when the
rats were 5 weeks old.

The rats were randomly divided into 8 groups as illustrated in Chart
1. Freeze ulcÃ©rationwas followed by the diet containing sodium saccharin
beginning immediately (Group 1), or 2, 4, 6, or 18 weeks after freezing
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Chart 1. Experimental design. T, freeze ulcÃ©rationof the urinary bladder; U.
sodium saccharin, 5% in the diet; D, control diet; x, sacrifice rats for light and SEM
examination.

(Groups 2, 3, 4, or 5, respectively) and maintained on the saccharin-

containing diet until the end of the experiment. In Groups 2 to 5, control
diet was fed between the time of ulcÃ©rationand the beginning of the
saccharin diet. The other groups were treated with sodium saccharin in
the diet for the entire 104 weeks of the experiment without prior
ulcÃ©ration(Group 6), freeze ulcÃ©rationfollowed by control diet for the
entire experiment (Group 7), and no treatment (Group 8) as negative
controls. All rats were weighed at 0, 2, and 4 weeks and then every 4
weeks until the end of the experiment. Food and water consumptions
were determined on a per-cage basis at the same intervals; wastage

was not determined. At autopsy, the organs in the skin, s.c. tissues, and
thoracic and abdominal cavities were macroscopically examined. The
stomach was inflated with Bouin's fixative. The liver and kidneys were
weighed and fixed in Bouin's fixative. The urinary bladder was inflated
with Bouin's fixative in situ and later cut into 8 longitudinal strips. Any

other tissue with pathological alterations grossly was removed and fixed
in Bouin's fixative. After 3 washings in 70% ethanol, the tissues were

embedded in paraffin, sectioned, and stained with hematoxylin and eosin.
Tissues were evaluated by the pathologists without knowledge of which
group they were from.

Five rats from each group were sacrificed at the end of Week 18, and
another 5 rats from each of Groups 4 and 5 were sacrified after 18-week
administration of sodium saccharin for SEM5 examination as shown in

Chart 1. For SEM, the bladders were inflated in situ with 2% glutaralde-
hyde in 0.1 M cacodylate buffer, pH 7.4, and cut in half sagittally. One-

half of each bladder was processed for SEM and the other half for light
microscopic examination as described previously (18). These rats were
not included in the total number of animals used for incidence calculations
shown in Tables 1, 2, and 4.

RESULTS

The average body weights of the rats showed no significant
differences between groups throughout the experiment as
shown in Table 1. The daily food consumption was almost the
same in all groups. At Week 18, when some animals were
sacrificed for SEM and light microscopic examinations, the esti
mated average cumulative dose of sodium saccharin was 107,
99, 87, 71, 0, and 113 g/rat in Groups 1, 2, 3, 4, 5, and 6,
respectively. In Groups 4 and 5, sodium saccharin intake was
107 and 115 g/rat, for the period from 6 to 24 weeks and 18 to
36 weeks, respectively, when the second samples of each group
were collected after 18 weeks of sodium saccharin administration

5The abbreviations used are: SEM, scanning electron microscopy; PMV, pleo-

morphic microvilli.

to these particular groups. At the end of the experiment, the
cumulative dose of sodium saccharin in Group 5 was approxi
mately 85% of that in Group 6 due to the shorter time of
administration of the chemical.

The first bladder tumor was identified in a rat in Group 1 which
died during Week 33 of the experiment. Rats dying or killed
because of marked weight loss and/or hematuria after this time
were included in the effective number of animals for determining
incidences. There were no significant differences in the mortality
of rats between groups. The bladder lesions were histologically
classified into simple hyperplasia, nodular or papillary hyperpla-

sia, papilloma, and carcinoma as described previously (6,7). The
carcinomas were all transitional cell carcinomas, some having
foci of squamous cell differentiation. Nearly all of the tumor arose
from the ventral portion of the bladder. Although this is the site
of ulcÃ©ration,it is also where most rodent bladder tumors arise
in other experimental systems not involving ulcÃ©ration,possibly
due to the effects of gravity on the urine. The results of the
histolÃ³gica! examinations are summarized in Table 2. Each rat is
tabulated on the basis of the most advanced lesion found in the
bladder. The incidence of bladder carcinoma induced in rats in
Groups 1 to 5 that were subjected to both freeze ulcÃ©rationand
sodium saccharin administration, with different intervals between
the treatments, were 31% (11 of 36), 17% (6 of 36), 30% (12 of
40), 19% (7 of 36), and 23% (9 of 39), respectively. Two rats in
Group 2 had transitional cell papilloma. No effect was observed
of the time between the ulcÃ©rationand the beginning of sodium
saccharin administration in this experiment. A papilloma was
induced in one rat given sodium saccharin for 104 weeks without
prior ulcÃ©ration(Group 6), and freeze ulcÃ©rationwithout subse
quent sodium saccharin administration (Group 7) resulted in a
noninvasive carcinoma in one rat. Untreated control rats (Group
8) did not develop bladder tumors. All carcinomas were transi
tional cell carcinomas. Invasive carcinoma was predominantly
observed in Groups 3 and 4. No mÃ©tastaseswere found in any
rats in this study. Several histopathological sections of bladder
from rats subjected to freezing showed calcification and scar
formation in the muscle and fibrous bladder wall at autopsy.
However, sodium saccharin administration did not affect the
incidence of these calcified lesions, and no correlation between
carcinoma induction and submucosal calcification was found.
Few rats developed calculi, and calculus formation in the urine
did not correlate with bladder hyperplasia for tumor induction.

As shown in Table 3, the morphological findings of the bladder
observed by SEM and light microscopy after the freeze ulcÃ©ration
were almost the same as those of the control group (Group 8) if
rats were maintained on the basal diet for 18 weeks (Group 5).
If ulcÃ©rationwas followed by sodium saccharin administration
immediately or 2, 4, 6, or 18 weeks after freezing, significant
morphological changes were observed on the luminal surface at
the site of previous ulcÃ©ration.PMV were observed in 1 of 5 rats
in Groups 1 and 3, and 2 of 5 rats in Group 2 at Week 18. PMV
were not observed in Groups 4 to 8 at this time. However, almost
all rats examined had PMV after 18 weeks of administration of
sodium saccharin in Groups 4 and 5. The severity of the lesions
correlated with the length of time of sodium saccharin adminis
tration except in Group 1, which showed relatively few lesions
despite 18 weeks of administration of sodium saccharin.

The lesions in tissues other than the urinary bladder are shown
in Table 4. Nearly all rats had interstitial cell tumors of one or
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Table 1
Growth and sodium saccharin consumptionof rats

Group12345678No.
of ratsatstart4040404040404040Effectiveno.of

rats"3636403639393939Av.

body wt of rats(g)WkO79

Â±8*78

Â±778
Â±779
Â±779
Â±781
Â±877Â±780

Â±7Wk

18312Â±18320

Â±15318
Â±17316
Â±14323

Â±16318
Â±14320

Â±18310
Â±21Wk52406

Â±26407
Â±23410
Â±26412

Â±23406
Â±22403

Â±21417
Â±24422
Â±25Wk

104405

Â±33403
Â±20412

Â±17415
Â±25394
Â±33413
Â±26411
Â±28408

Â±24Av.

cumulative dose of sodium sac
charin (g)byWk18107998771011300Wk3622221920418611522700Wk10468068466764557768600

Rats surviving beyond 33 weeks of the experiment when the first bladder tumor was identified.
b Mean Â±S.D. No significantdifferences in body weight were observed between groups as calculated by Student's f test.

Table 2
Lesions in the urinary bladder

Eachrat is tabulated in the column of the most advanced lesions present in the urinary bladder as determined by histopathologicalexamination.

No. ofratsGroup1

2
3
4
5
6
7
8TreatmentU6-S

U-.Cf2)"-Â»S
Uâ€”C(4)-Â»S
U-Â»C(6)-Â»S
U-Â»C(18)-Â»S
S
Uâ€”C
CInitial40

40
40
40
40
40
40
40Effec

tive"36

36
40
36
39
39
39
39Normal9

(25)Â°

8(22)
8(20)

12 (33)
10(26)
28 (72)
37 (95)
38(97)Simplehypcrplasia10(28)

10(28)
15(38)
13(36)
16(41)
9(23)
1(3)
1(3)Nodular

or
papillaryhyperplasia6(17)

10(28)
5(13)
4(11)
4(10)
1(3)
0
0Papilloma0

2(6)
0
0
0
1(3)
0
0Total11(31)"

6(17)
12(30)
7(19)
9(23)
0
1(3)
0Transitional

cellcarcinomaNon-

invasive11

3
5
2
6
0
1
0Stalk0

2
2
3
2
0
0
0InvasiveSubmucosa0

1
2
1
1
0
0
0Muscle0

0
3
1
0
0
0
0Calcifi

cation in
muscle
layer10

8
11
6
8
0

11
0Cal

culus3

0
0
0
1
0
0
0

" All rats killed after 33 weeks of the experiment are included.
6 U, freeze ulcÃ©ration;S, sodium saccharin;C, control diet.
'' Numbers in parentheses, percentagesof effective number of rats in the group.
" No significant difference between Groups 1 to 5. Significant difference betwen Groups 1 to 5 and Groups 6 to 8 (p < 0.05), except between Groups 2 and 7.

Incidencesbetween groups were compared by Fisher's exact test for 2 x 2 contingency tables.
9 Numbers in parentheses,weeks of feeding control diet between the time of ulcÃ©rationand the beginningsodium saccharintreatment.

Tabte3
Light and scanning electron microscopic findings in the urinary bladder of rats early in the experiment

Bladders of 5 rats from each group were examined at each time for which numbers are listed.

LightmicroscopyGroup1

2
3
45

67

8Treatmentu"^sb

uâ€”q2)/)-Â»sU
-. C<4)-. S

U -> C(6) ->Su-Â»C(i8)-.s

s
u-^cCSimple

hyperplasiaWk

Wk Wk
18 24363

2
2
2 2
1 2e

20Papillary

or nodular hyper
plasiaWk

Wk Wk
18 24361

1
1
0 2
0 1C

00Ropy

microridgesWk

Wk Wk
18 24364

4
3
4 5
1 5
31SEMUniform

microvilliWk

Wk Wk
18 24362

41

2 5
0 5
30Wk

181

2
1
0
0
00PMVWk

Wk
24364

5

" U. freeze ulcÃ©rationof the bladder; S, sodium saccharin 5% in the diet; C, control diet.
" Numbers in parentheses, weeks of treatment as described in the footnotes to Table 2.
c Bladders of 3 rats were examined.

bothtestes.As notedbefore,renalpelvichyperplasiawas com
monlyseenin rats fed sodiumsaccharinregardlessof anyother
treatment.Inaddition,onerat developedan invasivetransitional
cell carcinomaand one developeda renal cell carcinoma.In
contrast,the incidenceof infiltrationof smallroundcellsintothe
interstitialtissueandformationof markedcolloidalcastsof the
tubulusin the kidney,characteristicof the nephrosiscommonly
seenin elderlyrats, was significantlyreducedwith sodiumsac
charintreatment.Also presentin severalrats fed sodiumsac
charinwerefociof squamouscellhyperplasiaof theforestomach
occasionallywith nodular downgrowthsinto the submucosa.

Thesefoci were usuallyat or nearthe junctionof the glandular
andforestomachs.Of 224 rats subjectedto freezeulcÃ©rationof
the urinary bladder, 8 rats developedsoft tissue sarcomas
aroundthe surgicalwound of the abdominalwall (3.6%).The
incidenceof sarcomasat the surgicalsite was slightlyhigher
thanin otherregionsof the rat (5 of 301; 1.7%).

DISCUSSION

The freeze ulcÃ©rationtechnique we used produces a focal
ulcer of the bladder mucosa associated with marked damage in
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Table 4
Histopathological lesions in tissues other than the urinary bladder

KidneyForestomachPelvicGroup1

2
34

5
67

8TreatmentU--H.Su

â€”qaf-.sU
â€”C<4)-. S

U â€”C(6)-.Su
â€”qi8)-Â»s

sU
â€”CcEffective

no. ofrats35*

35"40

36
3939

39ft
38"Hyperpla-

sia11

9
13
14
11
19
2
1Carci

noma0

0
1
0
0
0
0
0Chronic

nephritis7

6
9
8
6
3

32
35Renal

cell car
cinoma1

0
0
0
0
0
0
0Epithelial

down
growth19(19f

22 (22)
21 (21)
24 (24)
17(17)
27 (27)
2(30)
3(26)Papil-

loma0

0
1
0
1
0
0
0Other

neoplasmsSoft

tissue or s.c.
sarcomaAround

abdomi
nal

wound2

0
0
3
3
0
0
0Others0

0
0
0
2
1
1
1Leukemia6

9
4
5
9
4
8

11Other

malig
nant tu

mors5

1
2
0
3
3
0
5

" U, freeze ulcÃ©ration;S, sodium saccharin;C, control diet.
0 Numbers differ from those in Table 2 becauseof unavailabilityof tissues for examination other than the urinary bladder.
0 Numbers in parentheses,numbers of rats histologicallyexamined.
d Numbers in parentheses,weeks of treatment as described in the footnotes to Table 2.

the bladder wall (25). Consequently, the ulcer is covered with
regenerative mucosa from the edge to the center of the ulcer,
and the regenerative hyperplasia reaches its maximum at about
Day 5 after the ulcer (21, 25). PMV are usually present on the
luminal surface of the cells in these areas as observed by SEM
(10, 25). The mucosa returns to normal appearance by the end
of the fourth week (10, 21, 25). The labeling index, using [3H]-

thymidine autoradiography, is maximum at Day 4, and returns
to the normal level by the end of the third week (21). In the
present experiment, 18 weeks after freeze ulcÃ©ration,the SEM
and light microscopic appearances of the mucosa were not
different from the untreated rats. The normal appearance contin
ues through the end of the experiment, Week 104 (7).

In the present experiment, urinary bladder carcinoma was
induced in rats treated with both freeze ulcÃ©rationand sodium
saccharin administration. Interestingly, the rats given sodium
saccharin beginning 18 weeks after the freeze ulcÃ©ration(Group
5) had almost the same incidence of bladder tumors as in Groups
1 to 4 when sodium saccharin was begun earlier after the ulcer.
Sodium saccharin is recognized as a bladder tumor promoter in
experimental animals (5-7, 15-17). The results of the present

experiment indicate that freeze ulcÃ©rationof the urinary bladder
causes irreversible changes in the bladder epithelial cells result
ing in tumor initiation. Sodium saccharin is also acting as a tumor
promoter in this model, and is not required to be present during
the regenerative hyperplasia following ulcÃ©rationfor initiation to
occur.

Freezing of the bladder potentially has several physiobiological
effects on the urothelium: (a) the effect of freezing itself; (b) the
exposure of the basal cell layer directly to the urine; and (c) the
eventual induction of extensive cell proliferation around the ulcer
as part of the regenerative hyperplastic and repair process. Direct
effects on cells of freezing are uncertain except for extensive
cell death which results in ulcer formation. Berenblum (2), more
than 50 years ago, demonstrated that carbon dioxide snow
painted on the backs of mice was weakly tumorigenic, but the
effect was primarily related to the chronic initiating effect in
promoting tumor formation initiated with coal tar. In cell culture
systems, storage of cells in liquid nitrogen is a common proce
dure. DiPaolo (9) reported that freezing of mammalian embryo
cells, which are slowly processed under optimal condition for the

cells, did not affect the transforming rates of the cells by carcin
ogens, but spontaneous neoplastia transformation of Chinese
hamster embryo cells readily occurs after freezing (20).

The urine collected after freeze ulcÃ©ration,either immediately
or up to 14 days later, was not mutagenic in the Ames assay,
was not contaminated by bacteria by the procedure, and did not
generate nitrosamine formation (13). Direct exposure of the basal
layer to the urine could include some significant alterations
related to carcinogenesis since normal urine has been shown to
have a tumor-promoting effect in experimental animals (23).

Using the transplanted heterotopic bladder model, Ozono et al.
(24) reported that epithelial tumor formation occurred following
repeated instillations of normal urine even without prior N-methyl-
A/-nitrosourea initiation. The treatment with urine was started

after the reparative phase of the mucosa following extensive
necrosis occurring during the transplantation procedure (24).
During this reparative phase, the urine is exposed to 0.9% NaCI
solution, not urine.

Previous studies suggest that the extensive epithelial hyper
plasia following ulcÃ©rationis an important event in the ulcer-

sodium saccharin carcinogenesis model (7). Sodium saccharin
prolonged the regenerative hyperplastic changes following ulcÃ©r
ation and maintained an increased proliferative rate in the epithe
lium (21). Similarly, sodium saccharin carcinogenesis in the 2-

generation studies (1) and in the pellet implantation experiments
(3) involve administration of the chemical to rats with a prolifer
ating bladder mucosa. Takahashi ef al. (26) have also reported
that gastrointestinal tumors induced by A/-methyl-W'-nitro-A/-ni-

trosoguanidine were increased in incidence if the carcinogen was
administered to rats having regenerating mucosa following freeze
ulcÃ©rationof different parts of the upper gastrointestinal tract
similar to the present experiment. However, the present study
revealed that the presence of regenerative hyperplasia at the
time sodium saccharin administration was begun was not nec
essary. The freeze ulcÃ©rationand regenerative hyperplasia initi
ated the bladder epithelium which could be promoted subse
quently by sodium saccharin.

In the rat liver, DNA repair enzymes increase to significantly
higher levels than normal after partial hepatectomy (8, 11),
suggesting that the proliferating cells are in critical state for
errors in genetic replication to occur. The incidence of misre-
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paired DMA is possibly higher in rapidly regenerating cells than
occurs at normal rates of cell division in mitotically quiescent
tissues such as the liver and bladder. In combination with the
freezing effect itself and direct exposure of the basal layer to the
urine, bladder tumor initiation might more readily occur in the
rapidly regenerating epithelial cells after freeze ulcÃ©rationthan in
the normal epithelium. Williams and Weisburger (28) suggested
that spontaneous mutation during increased levels of cell prolif
eration might be involved in the carcinogenic process. At the
present, however, the mechanism of bladder carcinoma induction
in the ulcer-sodium saccharin model remains unknown.
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