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ABSTRACT

Objective: We assessed the effect of dipyridamole, a phosphodiesterase inhibitor, on liver regeneration in experi-
mentally hepatectomized rats.
Methods: Sixty Wistar-Albino rats were divided into two groups as control and study groups. Each group has been 
divided into three subgroups containing 10 rats each. After 70% liver resection has been performed to the rats, 
upon resection dipyridamole infusion to the study group and 0.9% NaCl infusion to the control group has been 
done. Rats were allowed to survive for 24, 48, and 72 h and then they were sacrificed. Relative liver weight, AST, 
ALT, ALP, albumin and PT were measured. Histopathologic assessment was obtained by mitotic index and proliferat-
ing cell nuclear antigen (PCNA) labeling index.
Results: There were statistically significant differences between study and control groups in ALP and relative liver 
weights at 24, 48, and 72 h (p<0.05).
There were also statistically significant differences between the groups in PT and albumin levels at 48 h for PT, and 
24 h and 72 h for albumin levels (p<0.05). There were no statistically significant differences between study and 
control groups in AST and ALT at 48 h (p>0.05). Mitotic index and PCNA labeling index were significantly higher in 
study group for each time period (p<0.05).
Conclusion: The dipyridamole exogenously applied after partial hepatectomy has provided improvement in mor-
phological, biochemical and histopathological parameters.
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ÖZ

Amaç: Bu çalışmada, deneysel olarak parsiyel hepatektomi yapılan sıçanlarda karaciğer rejenerasyonu üzerine bir 
fosfodiesteraz inhibitörü olan dipiridamolün etkisini değerlendirmeyi amaç edindik.
Yöntem: Altmış Wistar-Albino cinsi sıçan kontrol ve çalışma grupları olarak iki gruba ayrıldı. Her grup, her biri 10 
sıçan içeren üç alt gruba ayrılmıştır. Sıçanlara %70 karaciğer rezeksiyonu yapıldıktan sonra, çalışma grubuna rezek-
siyon sonrası dipiridamol infüzyonu ve kontrol grubuna %0,9 NaCl infüzyonu yapıldı. Denekler hipovolemi oluştur-
mak sureti ile sakrifiye edilerek 24., 48. ve 72. saatlerde kalan karaciğer dokusu çıkarılarak tartıldı. Rölatif karaciğer 
ağırlığı, AST, ALT, ALP, albümin ve PT ölçüldü. Histopatolojik değerlendirme için mitotik indeks ve prolifere olan 
hücre nükleer antijen (PCNA) değerleri elde edildi.
Bulgular: Çalışma grubu ile kontrol grubu arasında, ALP ve rölatif karaciğer ağırlıkları arasında 24., 48. ve 72. 
saatlerde istatistiksel olarak anlamlı fark vardı (p<0,05). Gruplar arasında PT ve albümin düzeylerinde PT için 48. 
saat, albümin düzeyleri için 24. ve 72. saat istatistiksel olarak anlamlı fark vardı (p<0,05). Fakat AST ve ALT ölçüm-
lerinde çalışma ve kontrol grupları arasında 48. saatte istatistiksel olarak anlamlı fark yoktu (p>0,05). Mitotik 
indeks ve PCNA değerleri, her bir süre için çalışma grubunda anlamlı olarak daha yüksekti (p<0,05).
Sonuç: Parsiyel hepatektomi sonrası ekzojen olarak uygulanan dipiridamol morfolojik, biyokimyasal ve histopato-
lojik parametrelerde iyileşme sağlamıştır.
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IntroductIon

The liver is a unique organ with a regeneration capa-
city, which is important for hepatocytes. This prolife-
ration may occur in circumstances such as liver 
injury, liver tissue defect or various metabolic situa-
tions (1). Liver resection is widely used in malignant 
liver disease, particularly in hepatocellular carcino-
ma. Liver regeneration after partial hepatectomy has 
been well researched in rodents, with regeneration 
after partial hepatectomy (PH) in rats taking 10-14 
days. Studies focused on understanding the liver 
regeneration and on new pharmacological develop-
ments are important. Studies on animals have 
demonstrated the effect of agents, such as silymarin 
(2), bicyclol (3), curcumin (4), and amiodarone (5) in inc-
reasing regeneration, but thus far, no studies have 
investigated the effect of dipyridamole on liver rege-
neration. Cellular cyclic adenosine monophosphate 
(cAMP) is a secondary messenger, and has an impor-
tant role in cellular response to ischemia-reperfusion, 
toxic injury and surgical trauma. Increased intracellu-
lar cAMP levels have a protective role in the liver by 
stabilizing membranes in hepatocytes and endothelial 
cells. Intracellular cAMP concentration is elevated 
with adenylate cyclase enzyme activation and decrea-
sed with phosphodiesterase enzyme activation. 

Phosphodiesterases (PDEs) catalyze the breakdown 
of 3’5’-cyclic nucleotide monophosphates, such as 
cyclic adenosine monophosphate (cAMP) and cyclic 
guanosine monophosphate (cGMP), which serve as 
important intracellular second messengers. 
Phosphodiesterase inhibitors increase the intracellu-
lar cAMP and cGMP. This increase in cAMP and cGMP 
levels elevates the ionized calcium levels in the myo-
cardium and in vascular smooth muscle, resulting in 
prolonged vasodilation. Dipyridamole, an agent that 
has been used for several years as a coronary dilata-
tor, acts as a nucleoside transport inhibitor and 
phosphodiesterase inhibitor (6-8). It limits the adenosi-
ne cellular entrance, resulting in vasodilation and a 
decrease in the resistance of hepatic arterial blood 

flow. Dipyridamole also induces a protective effect 
for liver ischemia-reperfusion injury by increasing 
endogenous adenosine levels. We aimed to assess 
the effect of dipyridamole, a phosphodiesterase inhi-
bitor, on liver regeneration in rats. 

MATERIALS and METHODS

Animals
We used 60 Wistar albino rats, kept in standard 
cages and fed a standard rat diet and tap water, for 
the analyses.The rats’ weight varied between 300 
and 550 g. We divided the rats into six groups: three 
control groups and three study groups.

Experimental design
Sixty rats were divided into two groups as control 
and study groups. The control and study groups were 
divided into three groups based on sacrifice time: 
24, 48, and 72 h (Table 1).

Surgical procedure
The rats were anesthetized with 50 mg/kg ketamine 
and 10 mg/kg xylazine administered intraperitone-
ally and disabled with spontaneous respiration 
during the experiment. Rats were weighed after 
anesthesia and weights were recorded. Before lapa-
rotomy, 25 mg/kg of cefazolin (Mustafa Nevzat Drug 
Industry; Istanbul, Turkey) was administered to pre-
vent bacterial translocation from the jugular cathe-
ter (sefazolflakon jugular) used. In accordance with 
the method described by Higgins and colleagues (9), 
the middle and left lateral lobes were tied from the 
joint of inferior vena cava by 4/0 silk, i.e., a 70% liver 
resection was performed. The removed liver was 
weighed and preserved. After resection, we adminis-
tered immediately single dose of 0.05 mg/kg dipyri-

Table 1. Properties of the control and study groups.

Group I	 : Control  group    (24 h)  (n=10)
Group II	 : Study group        (24 h)  (n=10) 
Group III	 : Control  group    (48 h)  (n=10)
Group IV	 : Study group        (48 h)  (n=10) 
Group V	 : Control  group    (72 h)  (n=10)
Group VI	 : Study group        (72 h)  (n=10)
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damole intravenously to the rats in the study groups. 
Saline infusion was continued for 6 h, after which 
food was allowed orally (10). The control groups did 
not receive dipyridamole after resection, but recei-
ved saline infusion for the first 6 h and then food was 
allowed orally in the same manner as that for the 
study groups. Laparotomy was repeated in groups I 
and II at 24 h, groups III and IV at 48 h, and groups V 
and VI at 72 h. Blood samples were collected from 
the vena cava inferior. The remaining liver was resec-
ted and weighed. Removed liver tissues were stored 
in 10% buffered formalin for pathological examinati-
on. No rats died after partial hepatectomy.

Morphological parameters
Relative liver weight: The liver weight on autopsy in 
the study groups was subtracted from the remaining 
weight of the liver after partial hepatectomy in the 
control groups. The ratio of the liver weight was cal-
culated. The value obtained was multiplied by 100 to 
obtain a percentage restitution of the liver mass (11). 
Results were expressed as percentages.

Biochemical parameters
Aspartateaminotransferase (AST), alanineaminot-
ransferase (ALT), alkaline phosphatase (ALP), albu-
min, and prothrombin time (PT) were measured in 
the control and study groups.

Mitotic index
The liver tissue stored in the 10% formalin solution 
was processed in paraffin-embedded blocks and sta-
ined with hematoxylin and eosin. Mitotic index (MI)
was described as the number of mitotic and total 
hepatocytes measured with a 30 high-power field 
and shown as a ratio to 1000 cells (12).

Proliferated cell nuclear antigen labeling index
Paraffin- embedded liver tissue specimens were sec-
tioned in 5 mm widths, and a proliferated cell nucle-
ar antigen (PCNA) kit (Dako GmbH, Hamburg) was 
used for the immunohistochemical analyses. The 
number of cells colored with PCNA and total hepa-

tocytes were measured with a 30 high-power field 
and shown as a ratio to 1000 cells (12).

Statistical analysis
Data were presented as mean±standard error of the 
mean and mean (min-max.). Students-t tests were 
used to compare the control and study groups at 24, 
48, and 72 h. One-way analysis of variance was used 
to analyze the differences between variables at 24, 
48, and 72 h in the control and study groups. 

We used Statistical Package for the Social Sciences 
(SPSS) Version 19.0 for the statistical analyses. 
Significance was set at p<0.05.

RESULTS

Relative liver weight results
Relative liver weights were compared at 24, 48, and 
72h in the control and study groups. There were sta-
tistically significant differences for each of the three 
time periods between the control (24 h, 11.46±3.2; 
48 h, 24.77±5.41; and 72 h, 24.49±5.05) (p<0.001) 
and study groups (24 h, 21.47±5.03; 48 h, 34.31±7.94; 
and 72 h, 48.33±3.63) (p<0.001). There were also 
statistically significant differences in the three peri-
ods within study groups (p<0.001).

Evaluation of albumin and liver enzymes levels
Both AST and ALT levels increased after partial hepa-
tectomy. When we compared the control and study 
groups, AST and ALT levels were significantly lower at 
24 and 72 h. AST levels were significantly different at 
24 and 72 h in the control groups, and were signifi-
cantly different at each time point in the study gro-
ups (p<0.001). ALT levels were significantly different 
at all three time points in the control and study gro-
ups (p=0.002, p<0.001 respectively).

When the study and control groups were compared, 
ALP levels were significantly different between the 
groups at each time point.
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Albumin levels significantly differed at 24 and 72 h 
between the control and study groups (p=0.015, 
p=0.035 respectively). There were also significant 
differences between 24 and 48 h, 24 and 72 h in the 
study groups (p=0.003).

Hematological results

Prothrombine time results 
Significantly difference was detected in PT levels 
obtained at 48h between the control and study gro-

ups (p=0.015). There were also significant differen-
ces in each time period in the study and control 
groups separately (p<0.001).

Mitotic index and prolferated cell nuclear antigen 
labeling index
MI was significantly higher at 24, 48, and 72 h in the 
study group than in the control groups (p<0.001). 
The PCNA labeling index was also significantly higher 
in the study group than the control groups at each 
time period. The PCNA labeling index and MI reac-

Table 2. Analysis of differences at each time period in the control groups.

Groups

Control

Parameter

Relative weight (%) (x±ss)
AST
ALT
ALP
Albumine
PT
MI (%o)
PCNA (%o)

24. Hour

11.46±3.21a

1482.70±1099.41a

622.30±510.70a

300.10±53.13a

2.73±0.24a

19.56±0.66a

3.20±0.91a

5.90±2.13a

48. Hour

24.78±5.42b

561.10±390.73b

245.30±155.33b

397.80±69.72a

2.67±0.25a

17.53±0.83b

6.70±1.70b

8.40±1.07b

72. Hour

24.49±5.05b

210.90±74.49b

91.30±45.15b

553.30±172.44b

2.63±0.15a

16.42±0.86c

3.80±0.78a

6.00±1.63a

p

p<0.001
P=0.001
P=0.002
p<0.001
P=0.588
p<0.001
p<0.001
P=0.003

• According to multiple mixing test results; alphabetical superscripts above average (a, b, c) are to illustrate that similar letters shows the similarity among 
groups, while dissimilar ones shows the diversity of the groups.

Table 3. Analysis of differences at each time period in the dipyridamole groups.

Groups

Dypridamole

Parameter

Relative weight (%)
AST
ALT
ALP
Albumine
PT
MI (%o)
PCNA (%o)

24. Hour

21.47±5.03a

564.6±187.61a

322.2±136.7a

218.8±43.53a

3.11±0.37a

19.38±0.62a

7.9±1.91a

13.9±2.02a

48. Hour

34.31±7.94b

309.6±136.38b

134.1±40.55b

311.3±68.81b

2.7±0.14b

18.41±0.61b

11.2±1.68b

20.9±3.03b

72. Hour

48.33±3.63c

133.6±17.51c

46.3±20.36b

398.1±93.77c

2.8±0.18b

16.75±0.64c

9.3±1.94a

14.7±1.06a

p

p<0.001
p<0.001
p<0.001
p<0.001
P=0.003
p<0.001
p=0.002
p<0.001

• According to multiple mixing test results; alphabetical superscripts above average (a, b, c) are to illustrate that similar letters shows the similarity among 
groups, while dissimilar ones show the diversity of the groups.

Table 4. Analyses for the study and control groups at each time periods.

Parameters

Relative 
Weight (%)
AST
ALT
ALP
Albumine
PT
MI (%o)
PCNA (%o)

Control

11.46±3.20

1482.70±1099.40
622.30±510.69
300.10±53.12

2.73±0.24
19.56±0.66
3.20±0.91
5.90±2.13

Dypridamole

21.47±5.03

564.60±187.61
322.22±136.70
218.80±43.53

3.11±0.37
19.38±0.62
7.90±1.91

13.90±2.02

Control

24.77±5.41

561.10±390.72
245.30±155.33
397.80±69.71

2.67±0.247
17.53±0.83
6.70±1.70
8.40±1.07

Dypridamole

34.31±7.94

309.60±136.38
134.10±40.56
311.30±68.81

2.70±0.14
18.41±0.61
11.20±1.68
20.90±4.05

Control

24.49±5.05

210.90±74.48
91.30±45.15

553.30±172.43
2.63±0.14 

16.42±0.86
3.80±0.78
6.00±1.63

Dypridamole

48.33±3.63

133.60±17.51
46.30±20.36

398.10±93.77
2.80±0.18

16.75±0.64
9.30±1.94

14.70±1.05

P1

<0.001

=0.027  
=0.01

=0.001
=0.015
=0.542
<0.001
<0.001

P2

=0.006  

=0.071  
=0.053  
=0.012  
=0.741  
=0.015  
<0.001
<0.001

P3

<0.001

=0.01
=0.01

=0.022
=0.035
=0.347
<0.001
<0.001

24 H 48 H 72 HGroups
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hed the highest levels at 48h, and both decreased at 
72 hour.

There were significant differences in MI and PCNA 
labeling index within the study and control groups at 
24, 48, and 72 h (p<0.001).

The mean ± standard error of the mean and results 
of the analyses of relative liver weight, AST, ALT, ALP, 
albumin, PT, MI, PCNA are shown in Tables 2 and 3. 
The analyses for the study and control groups at 24, 
48, and 72 h are shown in Table 4.

DISCUSSION

We demonstrated that dipyridamole exogenously 
administered after partial hepatectomy resulted in 
improvement in morphological, biochemical and 
histopathological parameters. The hepatic regenera-
tion rate is a parameter used to investigate the effec-
tiveness of materials used in hepatic regeneration 
studies (13). A study by Limura (14) on mitosis ratios in 
rats found peaks at 24 and 48 h after partial hepatec-
tomy. In our study, regeneration rates at 24, 48, and 
72 h were 11.5%, 24.8% and 24.5% in the control 
groups and 21%, 34% and 48.3% in the study groups 
with dipyridamole, respectively. These differences 
were statistically significant (p<0.05), indicating that 
dipyridamole increased liver regeneration morpho-
logically. The difference between regeneration rates 
at 48 and 72 h in the control groups was quite small 
(p<0.05), but the difference in the study groups was 
statistically much larger (p<0.05). Therefore, dipyri-
damole may be useful in liver resection performed 
for various benign and malignant hepatic and biliary 
diseases.

Dipyridamole may reduce hepatocellular damage 
and promote an earlier return to normal liver func-
tion. Liver function tests, such as AST, ALT, GGT and 
ALP, were affected by the amount of remaining liver 
after hepatic surgery rather than liver function 
itself (15). However these tests are better at indica-

ting acute hepatocellular injury (1). In this study, 
AST, ALT, and ALP levels were significantly lower in 
the study groups than in the control groups 
(p<0.05). 

We considered that albumin would not give suffici-
ent information in the early stages after hepatec-
tomy. Albumin levels are used to evaluate patients’ 
nutritional levels and/or liver functions (16), and albu-
mine is a valuable measure because it is only synthe-
sized in the liver. We found no significant difference 
in albumin levels between the study and control gro-
ups at 48h, but albumin levels were higher in the 
study groups than in the control groups at 24 and 72 
h (p<0.05). This increase might be explained by an 
increase in liver capacity. However, this is not a reli-
able parameter in cases such as inflammation, liver 
diseases, and surgical trauma (16). Non-specific fac-
tors, such as postoperative assist or hemodilution, 
may also affect serum albumin levels (17). 

Dipyridamole may be effective in reducing bleeding 
diathesis after hepatectomy and may be effective in 
preventing hepatic failure postoperatively. PT values 
may also provide preoperative or posyoperative 
information about the liver (15). Serum bilirubin levels 
and PT are not controversial as AST, ALT, ALP and 
albumin in assessing the synthesis ability of the liver. 
Various studies, it is used to assess the synthesis 
ability of liver (15,18). In our study, there was no statis-
tically significant difference in the comparison of PT 
values between the study and control groups at 24 
and 72 h. At 48 h, when regeneration reached its 
highest level, we detected a statistically significant 
difference between the study and control groups 
(p<0.05). Liver bleeding is most frequent at 48 h pos-
toperatively (19). Our study suggests that dipyridamo-
le may reduce bleeding complications. 

We determined that dipyridamole increases MI. 
PCNA and MI are used instead of liver weight to 
assess the liver regeneration (3,4). MI is a commonly 
used proliferation index, because it is easy to evalu-
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ate. Under normal conditions, no mitotic activity is 
observed in an undamaged liver. However, mitotic 
activity increases in the remaining tissue after hepa-
tic resection (4,10). Laconi et al. showed that the num-
ber of mitotic cells was higher at 24 and 48 h than 
at 72 and 144 h after 70% hepatic resection in rats. 
Toydemir et al. (4) found higher MI in a group that 
was administered curcumin after partial hepatec-
tomy than a group that was administered a placebo 
after partial hepatectomy. A study by Yao et al. (3) 
found no statistically significant differences in MI 
between partial hepatectomy and partial hepatec-
tomy plus bicylol groups at 24 and 48 h. In this 
study, MI rates in the control groups were 3.2‰, 
6.7‰ and 3.8% at 24, 48 and 72 h, respectively and 
in the study groups were7.9‰, 11.2‰ and 9.3‰, 
respectively. As noted above some agents, including 
dipyridamole increase MI.

We found that dipyridamole increased the PCNA 
labeling index at all three time points after partial 
hepatectomy. PCNA determined immunocytochemi-
cally shows the proliferative activity of cells by mea-
suring the percentage of cells in the S phase (20). In 
evaluating regeneration, Kogure et al. (21) reported 
that labeling with PCNA begins at 24 h, reached the 
highest level at 48 h, and lowered at 72 h. Yao et al. 
(3) found that PCNA rates increased more in a bicyclol 
plus partial hepatectomy group than in a placebo 
plus partial hepatectomy group. Selzner and Clavien 
(10) reported PCNA rates of was 23‰ at 24 h, 25‰ at 
48 h after hepatectomy. In the present study, the 
PCNA labeling index was higher in the study groups 
than in the control groups (p<0.05). We demonstra-
ted that regeneration increased, continued faster, 
and the liver regenerated over a shorter time period 
when dipyridamole was administered.

The limitations of the study were that we did not 
evaluate liver regeneration radiologically, and the 
study would have benefited from a longer follow-up 
period.

CONCLUSION

We found that the dipyridamole exogenously admi-
nistered after partial hepatectomy resulted in the 
improvement of morphological, biochemical, and 
histopathological parameters. Dipyridamole may 
also be effective in preventing complications such as 
hepatic failure and bleeding that increase morbidity 
and mortality after liver resection. By increasing 
regeneration after partial hepatectomy, dipyridamo-
le may also be effective in promoting a faster return 
to normal life for patients and a shortened hospital 
stay. Phosphodiesterase inhibitors are easily acces-
sible and affordable, and the side effect profiles in 
humans are well understood. Therefore, dipyrida-
mole may be a useful agent to reduce mortality and 
morbidity after hepatic resection. 
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