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Delayed DNA Synthesis Induced by 3-Aminobenzamide in Partially

Hepatectomized Liver of Rats
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The possibility of poly(ADP-ribosylation playing a role during liver regeneration indaced by partial
hepatectomy (PH) in vivo was examined. When rats were given an i.p. injection of 3-aminobenzamide
(ABA) at a dose of 600 mg/kg body weight 12 h after PH, the levels of DNA synthesis at 20 h after
PH were significantly reduced. The time course of DNA synthesis in regenerating liver was
significantly delayed in the ABA-treated group. Enzymatic assay revealed the activity of poly-
(ADP-ribose}polymerase (PADPRP) in controls to be increased in parallel with the increase of DNA
synthesis induced by PH. This increase in PADPRP activity was delayed and very much weaker after
ABA treatment. The results thus suggested that poly(ADP-ribosyl)ation might play an important role

in DNA synthesis during liver regeneration in vivo,
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Poly(ADP-ribose)polymerase (PADPRP) plays vari-
ous roles in biological processes, including DNA repair,
cell differentiation, cell proliferation and malignant
transformation.”™ Recently, the importance of cell pro-
liferation for initiation and promotion of carcinogenesis
has been pointed out.” It has been shown that mRNA,
protein synthesis and enzymatic activity of PADPRP
increased in phytohemagglutinin-stimulated human lym-
phocytes in vitro,” 'V and also DNA synthesis increased
in rat hepatocarcinogenesis.'> ' We have been studying
the role of PADPRP in liver and pancreatic carcino-
genesis in rats or hamsters using various PADPRP
inhibitors including 3-aminobenzamide (ABA)."'® Re-
cently, we reported an inhibitory influence of ABA on
the promoting activity of phenobarbital (PB) in rat
hepatocarcinogenesis, suggesting a possible connection
between delay in the cell proliferation and poly(ADP-
ribosyl)ation."” Tn the present study, we investigated the
effects of ABA on DNA synthesis and PADPRP activity
during liver regeneration induced by partial hepatectomy
(PH) in rats.

MATERIALS AND METHODS

Animals and chemicals A total of 50-60 male Fischer
344 rats (Shizuoka Laboratory Animal Center,
Shizuoka), 6 weeks old, were used. ABA (Tokyo Kasei
Kogyo, Co. Ltd., Tokyo) was dissolved in dimethyl-
sulfoxide (DMSO) (Sigma Chemical Co., St. Louis,
MO) at a concentration of 30 mg/ml immediately prior
to administration.
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Treatment Rats were housed in an air-conditioned room
at 24°C with a 12 h light-dark cycle, PH was performed
under ether anesthesia, two-thirds of the liver being
routinely removed. To detect the effects of ABA on the
first wave of DNA synthesis, five rats were given an
intraperitoneal (i.p.) injection of 600 mg/kg body wt.
ABA at —18, —6, 0, 6, 12 or 20 h after PH and all rats
were killed at 22 h. The solvent DMSO was injected at
the same time points into control rats. In addition, for
detection of the effects of ABA on the time course of
DNA synthesis, all rats were given an 1.p. injection of 600
mg/kg body wt. ABA at 12 h after PH and five rats were
killed at 18, 22, 26, 28 or 34 h. Controls received an
injection of saline 12 h after PH. All experiments were
repeated at least twice.

BrdU labeling and immunohistochemical studies Rats
received bromodeoxyuridine (BrdU) (Sigma Chemical
Co.), at a dose of 30 mg/kg body wt. by i.p. injection
2 h before death. Immediately after the animals were
killed, livers were sliced, fixed in 95% ethanol containing
1% acetic acid at 4°C for 2 h and then overnight in
ethanol at 4°C, and routinely processed to paraffin
sections. Immunohistochemically, BrdU was detected by
the avidin-biotin peroxidase complex (ABC) method
(Vectastain ABC kit, Vector Labs, Burlingame, CA)
using a monoclonal anti-BrdU antibody (Becton-
Dickinson, Mountain View, CA). Labeling indices were
independently scored by two different investigators.'®
Rat liver protein extraction For the protein extraction,
crude cell extracts from livers were obtained by homog-
enization using a polytron homogenizer and extraction
buffer containing 0.6 M NaCl, 50 mM Tris-HCl (pH
8.0), 1 mM EDTA, 0.5 mM dithiothreitol (DTT), 10
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mM NaHSO,, 1 mM PhMeSO,F and 1 g M pepstatin.
Cellular suspensions were sonicated and centrifuged at
15,000 rpm for 10 min at 4°C using a microcentrifuge.

Activity gel analysis The activity gel method for the
detection of the PADPRP activity was applied as de-
scribed by Scovassi et al.'” Crude cell extract (10 ig) was
separated on 7.5% SDS-PAGE containing 100 gzg/ml
sonicated salmon testis DNA. After electrophoresis, the
intact gel was incubated with [*P]NAD, washed with
trichloroacetic acid and visualized by autoradiography.

RESULTS

The effects of ABA given at various time points before
or after PH on DNA synthesis at 22 h are shown in Table

Table I.
3-Aminobenzamide at Various Time Points

I. The labeling index in hepatocytes of rats given ABA at
i2 h after PH was significantly reducd as compared to
the respective DMSO control value (P</0.001).

Based on this result, in the second experiment to detect
the effects of ABA on the time course of DNA synthesis
during liver regeneration, rats received ABA at 12 h after
PH and were killed at various time intervals thercafter
(Fig. 1). The peak of DNA synthesis in the saline-admin-
istered group was approximately between 20 and 24 h
after PH. In contrast, the peak in ABA-treated rats was
delayed and seemed to be present between 26 and 32 h.

To examine the effects of ABA on the enzymatic
activity of PADPRP in regenerating livers of rats given
ABA at 12 h after PH, activity gel analysis was used
(Fig. 2). The levels of PADPRP activity increased in

Labeling Indices of Hepatocytes 22 Hours after Partial Hepatectomy in Rats Receiving

Labeling index (%)

Treatment Time of ABA administration (h)
—18 —6 6 12 20
DMSO 32.4+1.8% 33.9%1.8 343x5.5 34.916.1 30.7+3.5 352+34
ABA 341182 344140 34.6X6.0 349145 11.114.5% 31324

@) Time of performance of partial hepatectomy.

b) Each value represents mean + SD for 5 rats in which 1000 hepatocytes were randomly counted.
* Significantly different from DMSO-treated group, P<0.001.
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Fig. 1. Effects of ABA on the time course of DNA synthesis induced by PH in rats. ABA (600 mg/kg
body wt.) was injected 12 h after PH and rats were killed at various time intervals thereafter.
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Fig. 2. Activity gel analysis of PADPRP in regenerating rat livers. ABA was given 12 h after PH and 5 g aliquots
of protein extracts from regenerating liver at different time points were separated by 7.5% SDS-PAGE containing
activated salmon testis DNA. The enzymatic assay was performed as described in “Materials and Methods.”

parallel with DNA synthesis in the saline-administered
group, the highest activity being found at 20 h after PH.
However, the increase of activity in the ABA-treated
group was only weak and the peak was delayed to be-
tween 26 and 32 h.

DISCUSSION

In the present investigation, ABA exerted a significant
delaying effect on the cell cycle during regeneration in-
duced by PH. Since both DNA synthesis and enzymatic
activity of PADDPRP were reduced in parallel, the results
indicate a possible involvement of poly(ADP-ribosyl)-
ation in cell proliferation in the rat liver after PH.

We reported previously on the half-life and liver con-
centration of ABA in rats,®® showing that an effective
concentration of ABA given intraperitoneally remained
in the liver 4 h after administration. Therefore, the
present results may reflect the action of ABA on DNA
synthesis in the liver at about 16 h after PH, because
ABA was given 12 h after the operation.

It was earlier reported that PADPRP activity in-
creased after PH in rat liver?"*® and that levels of DNA
synthesis correlate with PADPRP activity in human
lymphocytes.”” Moreover, other investigators reported
an increase of PADPRP activity at the onset of DNA
replication in human lymphocytes.'”” In the present
study, the peak in PADPRP activity was similarly shown
to parallel DNA synthesis induced by PH, while ABA
delayed both the increase in DNA synthesis and the
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