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Effects of 3-Aminobenzamide on Induction of Multiorgan Carcinogenesis

by N-Nitrosobis(2-hydroxypropyl)amine in Hamsters
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The effects of an inhibitor of poly(ADP-ribose)polymerase, 3-aminobenzamide (ABA), on N-nitroso-
bis(2-hydroxypropyl)amine (BHP)-induced pancreas, liver, gallbladder and lung carcinogenesis in
Syrian golden hamsters were investigated. Animals were given either BHP alone, by subcutaneous
injection at a dose of 500 mg/kg body weight, or in combination with an intraperitoneal injection of
ABA 30 min after the BHP at a dose of 300 or 600 mg/kg body weight once a week for 5 weeks, and
then killed 35 weeks after the commencement of the experiment. ABA exerted inhibitory effects on pan-
creas and lung carcinogenesis induced by BHP, with mean numbers of lesions (including hyperplasias
and carcinomas) being significantly decreased compared with the BHP-alone group values, while
no significant effect was observed on liver or gallbladder carcinogenesis. These results suggest that
the effects of ABA on carcinogenesis depend on the target organ as well as the chemical carcinogen

examined.
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Poly(ADP-ribose}polymerase, a nuclear enzyme acti-
vated by nicked DNA, catalyzes the transfer and cova-
lent binding of ADP-ribose units to various acceptor
proteins, including the enzyme itself, resulting in the
synthesis of homopolymers of poly(ADP-ribose) from
nicotinamide adenine dinucleotide (NAD*)." Recently,
evidence has accumulated suggesting that poly(ADP-
ribosyl)ation is involved in structural changes in chro-
matin, notably in unfolding of DNA.*" Thus, poly-
{ ADP-ribosyl)ation has been postulated to play roles in a
wide variety of important biological processes including
DNA repair,®® cell differentiation,'®'? cell prolifera-
tion,'? heat shock'” and malignant transformation.'* '’ So
far, various inhibitors of poly(ADZP-ribose)polymerase,
including 3-aminobenzamide (ABA),'*™ have been
used as tools for elucidating the involvement of poly-
(ADP-ribose)polymerase in various biological processes.

We have been studying the possible relevance of poly-
(ADP-ribosyl)ation to carcinogenesis in vivo using vari-
ous inhibitors, including ABA."*? Co-administration of
the inhibitors with carcinogens in the initiation stage en-
hanced the induction of preneoplastic and in some cases
neoplastic lesions by N-nitrosodiethylamine (DEN)
and benzo[a]pyrene but not by N-methyl-N-nitroso-

3 To whom reprint requests should be sent.
* Abbreviations: NAD, nicotinamide adenine dinucleotide;
ABA, 3-aminobenzamide; BHP, N-nitrosobis(2-hydroxy-
propyl)amine; DMSO, dimethylsulfoxide; DEN, N-nitrosodi-
cthylamine; MNU, N-methyl-N-nitrosourea; MAM, methyl-
azoxymethanol acetate; PB, phenobarbital.
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urea (MNU) and N-nitrosobis(2-hydroxypropyl}amine
(BHP) in rat liver.”™ Moreover, co-administration
of inhibitors with phenobarbital (PB) exerted inhibitory
effects on the promoting activity of this xenobiotic in
rat liver.”® Possible involvement of poly(ADP-ribosyl)-
ation in carcinogenesis has also been reported by other
investigators, who found that inhibitors showed enhanc-
ing effects on pancreas islet cell carcinogenesis induced
by streptozotocin and alloxan in rats,”* ** on liver tumori-
genesis by methylazoxymethanol acetate (MAM) in a
fish, medaka (Oryzias latipesy®™ and on oral carcino-
genesis by dimethylbenz[a]anthracene in the hamster
cheek pouch,™ but an inhibitory effect on colon carcino-
genesis by MAM in rats.” Thus, the influence appears to
vary depending upon the carcinogen and target organ.

In the present study, in order to cast further light on
tissue specificity, we have adopted a multiorgan carci-
nogenesis model system where the effects of inhibi-
tors of poly( ADP-ribose)polymerase can be analyzed in
many different target organs in the same animal. Thus,
the influence of ABA on multiorgan carcinogenesis in
hamsters induced by BHP, a potent carcinogen having a
wide spectrum of target organs in both rats”*” and
hamsters,’"* was investigated.

MATERIALS AND METHODS

Animals A total of 68 male Syrian golden hamsters
(Shizuoka Labolatory Animal Center, Shizuoka}, 6
weeks old, weighing approximately 90-110 g, were used.
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The animals were housed, five per plastic cage, in an
air-conditioned room at 23°C and 609% humidity under a
daily cycle of alternating 12 h periods of light and dark-
ness, and given a commercial stock diet, Oriental MF
(Oriental Yeast Co. Ltd., Tokyo) and water ad libitum.
Chemicals BHP (Tokyo Kasei Kogyo, Co. Ltd., Tokyo)
was dissolved in 0.99 NaCl at a concentration of 250
mg/ml, and ABA (Tokyo Kasei Kogyo, Co. Ltd.) was
dissolved in dimethylsulfoxide (DMSQ)(Sigma Chemi-
cals Co., USA) at a concentration of 300 mg/ml.

Experimental protocol Hamsters were divided into five
groups according to the treatment, as shown in Fig. 1.
Group 1 served as a non-initiated control, receiving
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Fig. 1. Experimental protocol. {}:0.9% NaCl, s.c. §:500mg/
kg BHP, s.c. §: 600 mg/kg ABA, i.p. ¥: 300 mg/kg ABA, i.p.

subcutaneous (s.c.) injections of 0.99% NaCl once a week
for 5 weeks. Groups 2 and 3 respectively received s.c.
injections of 500 mg/kg body weight of BHP alone or
intraperitoneal (i.p.) injections of 600 mg/kg of ABA
alone at the same time points. Groups 4 and 5 similarly
received s.c. injections of 500 mg/kg of BHP in combina-
tion with i.p. injections of ABA at doses of, respectively,
300 or 600 mg/kg body weight 30 min after the BHP
administration. Animals were killed under ether anes-
thesia, after being starved for 16 h, 35 wecks after the
beginning of the experiment, and the pancreas, liver, gall-
bladder and lung tissues were immediately removed.
Histopathological examination The pancreas was di-
vided into splenic, gastric and duodenal lobes and fixed
with 95% ethanol containing 1% acetic acid for 2-3 h
followed by absolute ethanol overnight at 4°C, The liver
and gallbladder were removed together and 2-3 slices
with gallbladder were taken from each lobe, and fixed in
10% neutral formalin. The lungs were cut serially at 1
mm thickness and fixed in 10% neutral formalin. All
tissues were routinely processed and paraffin-enbedded
sections were stained with hematoxylin and eosin.
Pancreatic lesions were diagnosed as described previ-
ously,”* liver lesions according to the criteria published
by the Institute of Laboratory Animal Resources®® and
lung lesions after Boorman.’” Quantitative data were
statistically analyzed using the y” test and Student’s ¢ test.

RESULTS

Numbers of animals, body weights and organ weights
Animal numbers, body weights, and pancreas, liver and

Table I. Experimental Details
Number of . 3 . a2
Body weight (g) Organ weight (g) (g/100 g body wt.)
Group hamsters
No Treatment Initial Effec.
" niha tiv:c Initial Final Pancreas Liver Lung
1 Saline 10 10 106.3+54.5 145.8126.1 0.58+0.16(0.400.10) 7.31=1.52(5.04+0.43) 1.2020.25(0.82%0.11)
2 BHP 13 13 107.5£58 130.3£226 0.6110.10(0.47£0.06) 6.9411.80(5.21£0.62) 1.15£0.16(0.900.11)
3 ABA (600) 10 10 1093461 14294297 0.71£0.27(0.4910.12) 6.2722.51({4.84+0.64) 1.1720.32(0.83£0.20)
4 BHP-- 15 5 1066169 12611168 0.59L£0.17(0.4710.11) 7,251 1.12(5.7610.48)%9 1.26 £0.25(1.00£0.19)
ABA (300)
5 BHP+ 20 20 1064184 13355182 0.58L0.13(0.4310.08) 7.59+1.26(5.7310.41)*1.29£0.28(0.98 +0.19)"
ABA (600)

a) Data shown are mean 58D values.

b) Significantly different from group 1, P<0.05.
¢) Significantly different from group 1, P<0.02.
d) Significantly different from group 1, P<0.01.
e) Significantly different from group 1, P<C0.001.
f) Significantly different from group 2, P<0.02.
g) Significantly different from group 2, P<0.01.
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Tabie II. Incidences and Numbers of Pancreatic Lesions
G Effective Incidence (%) Mean number
roup . - .
No. Treatment number of Total pancreatic H lasi Atypical Carci of pancreatic
hamsters lesions? yperplasias hyperplasias arcinomas lesions® ¥
1 Saline 10 0 (0) 0 (0) 0 (0) 0 (M) 0.00£0.00
2 BHP 13 13 (100.0}% 12 (92.3) 8 (61.5) 5 (38.5) 3.92+2.63
3 ABA (600) 10 0 (0) 0 (0 0 (0) 0 (0) 0.00£0.00
4 BHP + ABA. (300} 15 13 (86.7) 11 (73.3) 4 (26.7) 6 (40.0) 2.60*1.59
5 BHP+ABA (600) 20 18 (90.0) 14 (70.0) 8 (40.0) 5 (25.0) 2.25+1.71°

@} Pancreatic lesions comprise hyperplasia, atypical hyperplasia and carcinoma categories.
b) Data shown are mean £ 8D values,

¢} Significantly different from group 2, P<0.05.

Table III. Incidences and Numbers of Hepatic and Gallbladder Lesions

Incidence of hepatocellular
lesions (%)

Incidence of cholangiocellular

Mean number lesions (%)

Effective

Group

Mean number Incidence of

Taotal of hepatc- Total of cholangio-  gallbladder
No. Treatment number of hepato- Hype.r- Hepato- cellular cholangio- Du.ctal Cholangio- cel]ulai- lesions or
hamsters cellular plastic cel.lular lesions® celluar pro.hfera- carcinomas lesions®®  polyps (%)
. nodules  carcinomas _ tions
lesions? lesions®
1 Saline 10 0 () 4 (0) 0(0) 0.00+£0.00 O () 0 (0} 0 0.00+0.00 0 (0)
2 BHP 13 2(154) 2 (15.4) 0 0.15+0.38 3 (23.1) 323D 0(0) 0.231+0.44 0 (0)
3 ABA (600) 10 0(3) 0 (0) 0 (0} 0.00+£0.00 0 (0) 0 (0) 0 (0) 0.00+0.00 0{0)
4 BHP+ 15 4(26.7) 2(13.3) 1(6.7) 0.2710.59 3 (20.0) 2 (13.3) 1(6.7) 0202041 0 (O)
ABA (300)
5 BHP + 20 6 (30.0) 5 (25.0) 1{5.0) 030057 2 (10.0) 2 (10.0) 0 (0) 0.1020.31 3 (15.0)
ABA (600)

a) Hepatocellular lesions comprise hyperplastic nodule, and hepatocellular carcinoma categories.
b} Cholangiocellular comprise ductal proliferation and cholangiocarcinoma categories.
¢) Data shown are mean*SD values.

Table IV. Incidences and Numbers of Lung Lesions
Effective Incidence (%) Mean number
Group
No. Treatment number of Total lung Hyperplasias Adenomas Adeno- of ‘lung ,
hamsters lesions? careinomas lesions™"”
1 Saline 10 0 (0) 0{(0) 0 (D) 0 0.00=0.00
2 BHP 13 11 (84.6) 11 (84.6) 0 (0) 1 (7.7 2.2311.24
3 ABA (600) 10 0 0{0) 00 G (0) 0.00£0.00
4 BHP+ABA (300) - 15 10 (66.7) 9 (60.0} 1 (6.7) 0 1.13£0.929
5 BHP+ ABA. (600) 20 9 (45.0) 9 (45.0} 1 (5.0) 0 (0) 0.751£0.97%

@) Lung lesions comprise hyperplasia, adenoma and adenocarcinoma categories.
b) Data shown are mean = SD values.

¢) Significantly different from group 2, P<<0.02.

d) Significantly different from group 2, P<0.001.

lung weights are given in Table I. BHP treatment with or
without ABA caused a slight retardation of growth,
although this was not statistically significant. ABA itself
exhibited no effect on animal growth. Liver weights in
groups 4 and 5 were significantly increased in absolute

values and relative to body weight, as compared with
either group 1 or 2, in line with tumor development.

Effects of ABA on the induction of pancreatice, liver and
lung lesions by BHP Histopathology results are sum-
marized in Tables II, III and IV. BHP induced pre-
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neoplastic and neoplastic lesions in the pancreas, liver
and lung, in line with previous reports,” > while ABA
itself induced no lesions in these organs. Neither 300 nor
600 mg/kg body weight of ABA exerted significant
effects on the incidences of pancreatic ductal cell hyper-
plasia, atypical hyperplasia or adenocarcinomas induced
by BHP, but the 600 mg/kg body weight dose was
associated with a decrease in the mean number of total
pancreatic lesions. The 300 mg/kg body weight dose also
exhibited a similar tendency. ABA exerted no significant
effects on the incidences or mean numbers of hepato-
cellular lesions, including hyperplastic nodules and carci-
nomas, and cholangiocellular lesions, including ductal
proliferations and carcinomas, induced by BHP. BHP
itself induced no gallbladder lesions, but in combination
with the high dose of ABA induced polyps. ABA dose-
dependently decreased the mean total numbers of lung
lesions, including hyperplasias, adenomas and adeno-
carcinomas, induced by BHP, without exerting any sig-
nificant effects on their incidences.

DISCUSSION

In the present investigation, ABA exerted inhibitory
effects on the induction by BHP of preneoplastic and
neoplastic lesions in the pancreas and lung in hamsters,
with the mean total numbers of lesions, but not their
incidences, being significantly decreased. No significant
effects were exerted regarding hepatocellular or cholan-
giocellular lesions. The present results thus indicate that
the influence of ABA on tumorigenesis depends upon
the target organ, even when a single chemical carcinogen
is employed.

Since, in the present study, ABA was given 30 min
after BHP administration, when DNA repair was pre-
sumably taking place, it is conceivable that ABA affected
the repair process. Although BHP has been reported to
induce mainly methylation of DNA including 7 -
methylguanine and O°%methylguanine,’® DNA adducts
formed in different target organs have not been fully
analyzed. Another BHP-related [S-oxidized derivative
of di-n-propylnitrosamine, N-nitrosobis(2-oxopropyl)-
amine, reportedly induces both qualitatively and quan-
titatively different amounts of DNA adducts, mainly
methylation products, in the pancreas, liver and lung
target organs in hamsters.*” Thus, the present differential
effects of ABA on the different target organs might partly
be ascribed to the extent or type of DNA adducts
formed, raising the question of whether involvement of
poly (ADP-ribosyl)ation depends on the particular DNA
repair process. Thus, ABA might have exerted differen-
tial modulations of either initiating or promoting activity
of BHP in different target organs, since in the present
experiment BHP was repeatedly administered.
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An involvement of poly(ADP-ribosylation in DNA
repair processes has long been postulated, based upon
evidence that inhibitors of poly (ADP-ribose)polymerase
enhance repair replication, DNA. single strand break fre-
quency, sister chromatid exchange, cytotoxicity, mutation
and transformation by DNA-damaging agents.*'® Never-
theless, it still remains unclear which types of DNA
damage require poly( ADP-ribosyl)ation for their repair,
since the effects of the inhibitors on these phenomena
vary depending on the DNA-damaging agents and cell
types used. "% * The involvement of poly (ADP-ribosyl)-
ation in repair has been postulated to depend upon pro-
duction of nicks in DNA. Recently, direct evidence of a
role in resealing DNA strand breaks has been provided
by cells overexpressing poly(ADP-ribose)polymerase
after cDNA recombination.'” Further, it has been
shown that depletion of poly(ADP-ribose) in cultured
hepatocytes is associated with inhibition of N-acetoxy-2-
acetylaminofluorene DNA. adduct excision along with a
disturbance in refolding of DNA, though there is no
effect on the repair patch synthesis.*” However, in spite
of wide support for the hypothesis that poly(ADP-
ribose)polymerase is involved in repair of monoalkyl
ating agent-induced DNA damage,®* no direct evidence
for this has been reported so far. In our previous study in
Fischer 344 and Wistar strains of rat liver, ABA exerted
enhancing effects on initiation by DEN, an ethylating
agent, and benzo[a]pyrene, which forms bulky DNA
adduets, but had no effect on that by the methylating
agents, MNU and BHP. With another methylating agent,
1,2-dimethylhydrazine (DMH), a strain difference was
observed, enhancement occurring in the Wistar rat but
not in the Fischer rat.”*? Thus, although the present find-
ing of no significant effect of ABA on the development
of hepatocellular lesions is in line with our previous re-
port,” the involvement of poly(ADP-ribosyl)ation in
repair in the case of methylating agents remains unclear.

A recent report that effects of inhibitors, including
ABA, on poly(ADP-ribose)polymerase in cultured cells
vary depending on the concentration used, being in-
hibitory in the M range but stimulatory in the nM
range,” might provide an explanation for the conflucting
results concerning DNA repair. The lack of any in-
creased induction of poly(ADP-ribose)polymerase gene
expression following X-ray, UV or methylating agent
exposure in cultured cells provides support for the view
that existing enzyme activity rather than de nove expres-
sion of the enzyme is important for the repair process.*
Previously we reported that i.p. administration of ABA
at a dose of 600 mg/kg body weight gave rise to approx-
imately 4.5 and 1.3 mM concentrations of ABA in the rat
liver after 5 min and 4 h, respectively.*” Further studies
on the intraceilular concentration of ABA in different
target organs in hamsters are warranted.



Since, in contrast to our previous study, in the present
experiment BHP and ABA were repeatedly administered
over 5 weeks, ABA might have affected the promotion
stage, in which initiated cells grow into preneoplastic
lesions. In this context, the recent report of involvement
of poly(ADP-ribosyl)ation in cell proliferation is worth
noting, expression of poly(ADP-ribose)polymerase
gene having been found to increase in mid to late S
phase.’” ABA reportedly exerts inhibitory effects on
DNA synthesis in malignant cells.*” Further, 1,2-
benzopyrone and benzamide can inhibit tumorigenic
growth of transformed cells, transfected with the steroid-
inducible EJ-ras gene, accompanied with an inhibition
of poly(ADP-ribose)polymerase.*® Moreover, evidence
has been accumulating of an involvement of poly(ADP-
ribosyl)ation in gene expression and differentiation,
probably through effects on structural changes in chro-
matin, notably unfolding of DNA.*" ' Thus, potential
for influence during the promotion stage is considerable.
Reccent success in cloning of ¢DNA of poly(ADP-
ribose)polymerase has made possible a more precise and
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mechanistic approach to the poly(ADP-ribosyl)ation re-
search field."” Thus, differential extents of expression of
poly (ADP-ribose)polymerase gene in different organs in
mice and rats have been reported. ¥

In conclusion, repeated co-administration of ABA, an
inhibitor of poly(ADP-ribose)polymerase, with BHP, a
potent carcinogen with a wide spectrum of target organs,
exerts differential effects on the induction of preneo-
plastic and neoptastic lesions depending upon the organ,
inhibitory effects being observed in the hamster pancreas
and lung but not liver.
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