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ABSTRACT

Background/Aims: Complete liver regeneration may not always be possible after liver injuries and/or partial liver resection. The present
study investigated the effects of dexpanthenol, platelet-rich plasma (PRP), and thymoquinone on liver regeneration in rats after partial
hepatectomy (PH).

Materials and Methods: A total of 34 Wistar albino rats, each weighing 250-280 g, were randomly separated into four groups.
PH was performed, and except for the control group, intraperitoneal dexpanthenol, PRP, or thymoquinone was administered to
the relevant groups for 7 days. All rats were then sacrificed, and the liver tissues were examined histopathologically and bio-
chemically.

Results: PRP reduced all oxidant-antioxidant parameters in rats that experienced liver regeneration, but did not create histopatho-
logical improvement in the liver tissue. Dexpanthenol had a histopathological improving effect on the liver tissue, but had no effect on
biochemical parameters. Thymoquinone showed no histopathological or biochemical effects on liver regeneration.

Conclusion: Although dexpanthenol did not affect biochemical oxidative parameters, it was considered to have improving effects on
liver regeneration histopathologically. In addition, it was thought that PRP may be used for treatment of ischemia-reperfusion injury and

cholestatic damage of the liver. Nevertheless, further studies are required on these subjects.
Keywords: Dexpanthenol, platelet-rich plasma, thymoquinone, partial hepatectomy, hepatic regeneration

INTRODUCTION

The liver is the organ with the highest capability of regen-
eration after resection (1). However, complete regenera-
tion might not always be possible after liver injuries (2).
Therefore, the risk of inadequate liver regeneration or to-
tal loss and shifting of the recovery process into fibrosis
and development of liver deficiency as a result of this still
continues to be an important problem in hepatobiliary
surgery. Although several pharmacological agents have
been tested in the literature to protect liver function and
increase the regenerative capacity of the liver following
liver injuries and/or partial resection, no effective solution
has been found regarding this problem (2, 3). Moreover,
to the best of our knowledge, no study was found in the
literature that has investigated the effects of dexpanthe-
nol, platelet-rich plasma (PRP), and thymoquinone on liver
regeneration.

Dexpanthenol, a safe, cost-effective and easily accessi-
ble agent, is a biologically active alcohol of pantothenic
acid with significant therapeutic effects on skin epithe-
lialization and granulation due to its stimulatory effects
on anti-inflammatory and fibroblast proliferation when
applied locally. This agent, which increases the synthe-
sis of glutathione (GSH), coenzyme A, and adenosine
triphosphate, acts as an antioxidant to prevent isch-
emia-induced tissue damage, thereby contributing to
wound healing (4). Pantothenate, which can contribute
to the wound healing properties of this agent, also up-
regulates the expressions of interleukin (IL)-6, IL-8, C-C
motif chemokine ligand (CCL)2, and CXCLA1. It has been
shown that dexpanthenol could also regulate 95 differ-
ent genes (5). It has been reported in recent experimen-
tal animal studies that parenteral use of dexpanthenol
could protect the animals from ischemia and reperfu-
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sion injury, lung fibrosis, acute lung injury, testicular
damage, and necrotizing enterocolitis through its strong
antioxidant effect (6).

Platelets play a key role in hemostasis and wound heal-
ing following tissue damage and in the subsequent stag-
es of tissue repair. These long-term effects of platelet
activation are manifested by the expression of >30
growth factors (7). PRP, which is an autologous plasma
product containing three to five times more platelets
(enriched) than basal plasma levels, contains elevat-
ed concentrations of autologous growth factors (e.g.,
vascular endothelial growth factor (VEGF), insulin-like
growth factor (IGF), platelet-derived growth factor, and
transforming growth factor (TGF)-1), proteins and pep-
tides (e.g., fibrinogen, fibronectin, osteonectin, osteo-
calcin, vitronectin, and thrombospondin), and certain
chemokines and cytokines (e.g., IL-1 and platelet factor
4). Therefore, many PRP types have been used by clini-
cians for many years due to their enhancing effects on
wound healing, cellular mitogenesis, osteogenesis, and
angiogenesis (8). Moreover, advocates of PRP treatment
prefer PRP because of its beneficial effects of increasing
tissue regeneration, as well as lowering infection, pain,
and blood loss (7).

Thymoquinone, which is a potent inhibitor of leukot-
riene B4 and thromboxane B2, has been reported to have
strong anti-inflammatory and antioxidant properties
through scavenging activity against the superoxide an-
ion, hydroxyl radical, and singlet molecular oxygen. It can
also modulate nuclear factor-kB and TNF-a to attenu-
ate proinflammatory responses and oxidative responses.
Furthermore, it inhibits the arachidonic acid metabolism
in peritoneal leukocytes by cyclooxygenase and 5-lipoxy-
genase pathways (9). Therefore, it has been shown thatin
experimental encephalomyelitis, colitis, peritonitis, ede-
ma, and arthritis, it can produce potent anti-inflamma-
tory effects through the suppression of prostaglandins
and leukotrienes. Moreover, beneficial antimicrobial, anti-
tumor, and immunomodulatory properties enhancing the
T cell and natural killer cell-mediated immune responses
have been demonstrated (10).

As the therapeutic effects of the agents above-men-
tioned have not yet been investigated on the regener-
ation of liver tissue after partial hepatectomy (PH), this
experimental study was conducted with the purpose of
investigating the effects of dexpanthenol, PRP, and thy-
moquinone on the subacute stage of the regeneration of
liver tissue after a PH in a rat model.

MATERIALS AND METHODS

Material
The study was approved by the local ethics committee on
experimental animals (no. 25.02.2015.15/21).

A total of 39 male Wistar albino rats, each weighing
250-280 g, were included in the study. Of the 39 rats,
five were separated to obtain PRP, and the remaining
34 were randomly divided into the groups described
below.

Control group: PH was applied, but no experimental
agent was administered to the rats (n=9).

DX group: PH was performed on the rats, and a single dai-
ly dose of 50 mg/kg intraperitoneal dexpanthenol (dex-
panthenol 500 mg/2 mL; Bayer, Berlin, Germany) was ad-
ministered for 7 days (n=9).

PR group: PH was performed on the rats, and 1 mL/kg in-
traperitoneal PRP was administered for 7 days (n=7).

TQ group: PH was performed on the rats, and 10 mg/
kg intraperitoneal thymoquinone (thymoquinone; San-
ta Cruz Biotechnology, CA, USA) was administered for 7
days (n=9).

Before surgical intervention, anesthesia was achieved in
all rats with the intramuscular administration of 90 mg/kg
ketamine (Ketalar®; Pfizer) and 10 mg/kg xylazine (Rom-
pun®; Bayer, Leverkusen, Germany).

Surgery

After performing standard midline abdominal laparoto-
my, the standard 70% PH technique described by Hig-
gins and Anderson (11) was applied. For this purpose,
first, the left lateral lobe peduncle and then the left
medial lobe peduncle of the liver were extracted after
the base of the lobe was tied en bloc with 4/0 silk, and
only the right lobe and the caudate lobe of the liver were
left. After checking for bleeding, the abdominal wall was
closed up in compliance with the anatomical planes.
Following the operation, a single-dose per day of 50
mg/kg intraperitoneal dexpanthenol was administered
to the DX group for 7 days, a single-dose per day of 1
ml/kg intraperitoneal PRP was administered to the PR
group for 7 days, and a single-dose per day of 10 mg/
kg intraperitoneal thymoquinone was administered to
the TQ group for 7 days. On postoperative day 7, ab-
dominal re-laparotomy was applied to all the rats again
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from the old incision under anesthesia, approximately
5-6 cc of blood samples were collected from the vena
cava inferior, and the samples were placed in dry tubes,
tubes containing heparin, and tubes containing eth-
ylenediaminetetraacetic acid. The liver tissue was then
completely resected. Half of the tissue was kept at a
temperature of -40°C for biochemical analysis, and the
other half was placed in 10% buffered formaldehyde for
histopathological examination. After the procedure, all
the experimental animals were sacrificed by the admin-
istration of high-dose anesthesia.

PRP preparation

Five rats were used to obtain PRP. The venous blood that
was collected from the vena cava inferior after applying
laparotomy as described above was placed in tubes con-
taining 3.2% sodium citrate (Merck, Darmstadt, Germa-
ny). The blood samples were centrifuged at 400g for 10
min. The supernatant that was obtained after centrifuga-
tion was centrifuged again at 800g for 10 min. After cen-
trifugation, two-thirds of serum at the top was discarded,
and the remaining part was accepted as PRP (12). These
rats were then euthanized under high-dose anesthesia
and excluded from the study.

Histopathological analysis

The tissue samples that were collected to assess liver re-
generation were embedded in paraffin blocks, 5 pm thick
sections were obtained, and these were stained with
routine hematoxylin and eosin. The obtained preparates
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Figure 1. Each bar represents the histopathological grade scores of
each group. ICD-RT, inflammatory cell density in regenerated liver
tissue; ICD-RZ, inflammatory cell density values in regeneration
zone of the liver tissue

were examined under a microscope, and to reveal regen-
eration, “ductus proliferation,” “inflammatory cell density
values in regenerated liver tissue (ICD-RT),” and “inflam-
matory cell density values in regeneration zone of the liv-
er tissue (ICD-RZ)" were assessed using the scoring grade

as follows (Figure 1) (13):

Grade 0: none
Grade 1: minimal
Grade 2: mild
Grade 3: medium
Grade 4: severe.

Biochemical analysis

The enzyme-linked immunosorbent assay (ELISA) meth-
od was used to analyze the levels of the following in the
liver tissue samples and blood serum samples obtained
from the experimental animals:

hydroxyproline (HP) (Hydroxyproline ELISA kit; East-
biopharm Co., Ltd.),

8-isoprostane (ISO-8) (8-isoprostane ELISA kit; Ab-
bexa Ltd.),

8-hydroxy-2'-deoxyguanosine (8-OHdG) (8-OHDG
ELISA kit; MyBioSource),

malondialdehyde (MDA) (MDA ELISA kit; Eastbio-
pharm Co., Ltd.),

GSH (GSH ELISA kit; SunRed Biotechnology Co.),
catalase (CAT) (CAT ELISA kit; SunRed Biotechnol-
ogy Co.).

Table 1. Descriptive table for results of histopathological
scoring

Group Variable Min  Max Median SD
Control Ductus proliferation 1 3 2 0.60
ICD-RT 1 2 2 0.52
ICD-RZ 1 4 4 1.09
DX Ductus proliferation 2 4 3 0.78
ICD-RT 2 4 3 0.70
ICD-RZ 1 3 2 0.78
PR Ductus proliferation 1 3 2 0.69
ICD-RT 1 3 2 0.57
ICD-RZ 3 4 4 0.37
TQ Ductus proliferation 1 3 3 0.72
ICD-RT 1 3 2 0.83
ICD-RZ 2 4 3 0.78

Min: minimum; Max: maximum; SD: standard deviation; ICD-RT:
inflammatory cell density in regenerated liver tissue; ICD-RZ: inflammatory
cell density values in regeneration zone of the liver tissue
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Statistical analysis

Statistical Package for Social Sciences 21 software (IBM
Corp.; Armonk, NY, USA) was used for statistical analyses.
To analyze the differences among all the groups, one-way
analysis of variance was used for parametric data, and Krus-
kal-Wallis test was used for non-parametric data. Tukey mul-
tiple comparisons test and Mann-Whitney U test were used
for binary comparisons of the groups. A p value of <0.05 was
accepted as statistically significant for all analysis results.

RESULTS

Histopathological analysis
The ductus proliferation (X2=8.494, p=0.037), ICD-RT
(X?=9.641, p=0.022), and ICD-RZ (X?=15.312, p=0.002)

Figure 2. a, b. Histopathological images demonstrate the grade 1 (a)
and grade 4 (b) ductus proliferation in the hepatectomized tissue
samples. Panel A refers to the control group specimen, and B refers
to the DX group specimen (H&E, x20)
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Figure 3. a, b. Histopathological images demonstrate the grade 1 (a)
and grade 4 (b) liver parenchyma inflammatory cell density in the
hepatectomized tissue samples. Panel A refers to the control group
specimen, and B refers to the DX group specimen (H&E, x20)

Figure 4. a, b. Histopathological images demonstrate the grade 1
(a) and grade 4 (b) regeneration zone inflammatory cell density in
the hepatectomized tissue samples. Panel A refers to the DX group
specimen, and B refers to the control group specimen (H&E, x20)

parameters were significantly different among the groups
(Table 1, 2; Figure 1).

After the binary comparisons, significant differences
were found between the control and DX groups (Z=-
2.504, p=0.012) and between the PR and DX groups (Z=-
2.186, p=0.029) with regard to ductus proliferation values
(Figure 2).

There was a significant difference between the control
and DX groups (Z=-2.912, p=0.004) with regard to ICD-
RT (Figure 3).

With regard to ICD-RT, there were significant differences
between the control and DX groups (Z=-2.462, p=0.014),
the DX and PR groups (Z=-3.362, p=0.001), and the DX
and TQ groups (Z=-2.624, p=0.009). There was also a sig-
nificant difference between the PR and TQ groups (Z=-
2.081, p=0.037) (Table 3, Figure 4).

Results of biochemical analysis
There were statistically significant differences among all
the groups with regard to the biochemical variables that

Table 2. Histopathological scores deviated differently
among all the groups

Variable X2 p

Ductus proliferation 8.494 0.037
ICD-RT 9.641 0.022
ICD-RZ 15.312 0.002

Kruskal-Wallis test, p<0.05

X2: chi-square; ICD-RT: inflammatory cell density in regenerated liver tissue;
ICD-RZ: inflammatory cell density values in regeneration zone of the liver
tissue

Table 3. The histopathological recovery in the DX group
where dexpanthenol was administered was better than that
in the other groups

Variable Group (I4) z p
Ductus proliferation DX/control -2.504 0.012
DX/PR -2.186 0.029
ICD-RT DX/control -2.912 0.004
ICD-RZ PR/TQ -2.081 0.037
DX/control -2.462 0.014
DX/PR -3.362 0.001
DX/TQ -2.624 0.009

Mann-Whitney U test, p<0.05
Z:Z score; ICD-RT: inflammatory cell density in regenerated liver tissue; ICD-
RZ: inflammatory cell density values in regeneration zone of the liver tissue
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Table 4. Biochemical variables analyzed in the tissues were
significantly different among all the groups

Variable F p
Hydroxyproline Tissue 3.900 0.018
Serum 2.539 0.075
8-lsoprostane Tissue 3.899 0.018
Serum 2.539 0.075
8-Hydroxy-2'-deoxyguanosine Tissue 3.900 0.018
Serum 2.5639 0.075
Malondialdehyde Tissue 3.900 0.018
Serum 2.539 0.075
Glutathione Tissue 3.899 0.018
Serum 2.539 0.075
Catalase Tissue 3.899 0.018
Serum 2.5639 0.075

One-way analysis of variance, p<0.05
F:F score

Table 5. There was a significant decrease in all oxidant-an-
tioxidant biochemical parameters in the PR group where
PRP was administered in comparison with the other groups

Group Mean

Variable (179) difference p

Hydroxyproline Control/PR 49717  0.010
8-lsoprostane Control/PR 4.97 0.010
8-Hydroxy-2'-deoxyguanosine Control/PR 55.24 0.010
Malondialdehyde Control/PR 39.77 0.010
Glutathione Control/PR 13.81 0.010
Catalase Control/PR 5.68 0.010

Tukey multiple comparisons test, p<0.05

were analyzed in the tissues. No significant difference
was determined among the groups with respect to the
biochemical parameters measured in the sera (p>0.05)
(Table 4).

As aresult of the binary comparisons, it was observed that
all the biochemical parameters that were analyzed for liv-
er tissues were significantly higher in the control group
than in the PR group (p<0.05) (Table 5; Figure 5-10).
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Figure 6. The chart presents the tissue 8-isoprostane level values
of each group
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Figure 5. The chart presents the tissue hydroxyproline level values
of each group
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Figure 7. The chart presents the tissue 8-hydroxy-2'-
deoxyguanosine level values of each group
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Figure 8. The chart presents the tissue malondialdehyde level
values of each group
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Figure 9. The chart presents the tissue glutathione level values of
each group

DISCUSSION

It has been shown that various mechanisms play a role
in the recovery and regeneration process following PH,
which is a complex situation, and several cytokines have
activation or inhibition effects on regeneration (14). It has
been reported that during regeneration, first, the num-
ber of hepatocytes increases, followed by an increase in
the number of cells outside the parenchyma that are very
important in providing a normal lobular architecture (15).
Moreover, the triggering of apoptotic pathways after ox-
idative stress has been shown to be associated with re-
duced oxygen use, energy-dependent metabolic needs,

22,50
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Figure 10. The chart presents the tissue catalase level values of
each group

and increases in energy-consuming inflammatory cyto-
kines, leading to disruption of hepatocellular functions
and affecting the regeneration process negatively (16).
It is known that liver damage and loss of tissue after PH
occur as a result of increases in reactive oxygen species
(ROS). These oxygen species can not only lead to a reduc-
tion in cell growth but also reduce mitotic activity by acti-
vating proteins that inhibit the cell cycle and damage DNA
synthesis (17-19). Nitric oxide (NO) secretion in particu-
lar has been shown to initiate liver regeneration (20,21),
and the increase in ROS that emerge after changes in the
portal blood flow may suppress liver regeneration by re-
ducing this synthesis of NO (20,21). It has been demon-
strated that isoprostanes are formed by the peroxidation
of arachidonic acid, which is a polyunsaturated fatty acid
found as an ester with the membrane phospholipids of
animal cells. It is accepted that F2-isoprostanes are one
of the most accurate indicators of in vivo oxidative stress
in humans (22). Moreover, increased concentrations of
MDA in the tissue and plasma are a well-known hepato-
cyte damage indicator that reflects lipid peroxidation lev-
els (23). Among antioxidants, GSH, which is the cofactor
of GSH peroxidase, plays a very important role in cell pro-
tection mechanisms against the effects of ROS (23). An-
other antioxidant, CAT, takes part in directly converting
hydrogen peroxide that is formed with the activity of ox-
idases into water (24). In fact, the therapeutic effects of
many agents (e.g., cyclosporine, mesenchymal stem cell,
erythropoietin, nebivolol, tranexamic acid, and sorafenib)
on the regeneration of the liver tissue after PH have been
investigated in the literature (25). Currently, experimen-
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tal and clinical studies are ongoing in efforts to solve this
problem.

In the present study, an investigation was made of the
effects of both PH and pharmacological agents that were
administered after PH on oxidative stress parameters and
liver regeneration. According to the results of the present
study, thymoquinone did not have any histopathological
effect on liver regeneration. While this active substance
reduced the results of biochemical parameters numeri-
cally, the effect was not statistically significant. Based
on this result, it was thought that thymoquinone did not
have any positive or recovery effect on liver regeneration
after PH. On the other hand, there was a significant de-
crease in all oxidant-antioxidant biochemical parameters
(e.g., HP, 1ISO-8, 8-OHdG, MDA, GSH, and CAT) in the PR
group where PRP was administered. However, the histo-
pathological analysis results of this group revealed that
PRP did not provide any histopathological improvement
in liver regeneration. With these results, it can be stated
that PRP had no significant effect on liver regeneration
after PH, but it had a noticeable reduction effect on ox-
idative stress parameters (i.e., MDA). This is why it was
considered that this pharmacological agent may be used
in the treatment of ischemia-reperfusion damage of the
liver or cholestatic liver damage, but it would be appropri-
ate to conduct more advanced studies on this topic. On
the other hand, the ductus proliferation and ICD of the DX
group were significantly higher than those of the control
group, and the ICD-RZ of this group was the lowest than
all the other groups. The ICD-RZ was similar in the control
group, the PR group, and the TQ group, and these levels
were higher than those in the DX group. Considering the
biochemical analysis results of this group, it was observed
that while dexpanthenol reduced the results of biochem-
ical parameters numerically, this effect was not statisti-
cally significant. With these findings, it was thought that
dexpanthenol did not significantly affect the biochemical
oxidative parameters in the PH model in rats, but it had
histopathologically positive and recovering effects on
liver regeneration. With these findings, a hope emerged
that dexpanthenol may show positive effects on liver sur-
vival and regeneration after PH. Nevertheless, more reli-
able data should be obtained on this subject with histo-
pathologically and biochemically more advanced studies
that involve the use of dexpanthenol at different doses.
In the literature, hepatocyte growth factor (HGF), epider-
mal growth factor, Fas, and TNF are known to regulate
liver regeneration (26). In fact, studies demonstrated that
direct contact between platelets and hepatocytes may
cause the release of some growth factors that could pro-

mote liver regeneration, such as IGF-1, VEGF, and HGF
from platelets. In particular, IGF-1 released from human
platelets has been shown to have a proliferative effect
for liver regeneration (27). On the other hand, it has been
concluded that the increase of MDA levels in the liver is
indicative of an enhanced lipid peroxidation that causes
tissue damage and breakdown of the antioxidant defense
mechanisms. During the regeneration period, hepato-
cytes can sense the changes in their cellular environment
via chemoreceptors and mechanoreceptors present on
their surfaces. Although the presence of NO in the mi-
croenvironment is a major determinant for regeneration,
the regulation of shear stress caused by actinomyosin cy-
toskeleton, as well as the regulation of a-catenin, which
is responsible for cell-cell contact tension, can also acti-
vate downstream signals that promote regeneration. It is
known that liver-specific knockout of a-catenin causes
hyperproliferation of hepatocytesin mice (21). In summa-
ry, these alternative mechanisms could help explain why
dexpanthenol was significantly effective on microscopic
regeneration indices without creating a significant reduc-
tion on oxidative stress parameters in the present study.
Although PRP significantly reduced oxidative stress pa-
rameters, it had no significant effect on regeneration,
which also implies that the modulation of oxidative stress
is not the sole mechanism for promoting regeneration.

There were some limitations in the present study. First,
the study was completed in 7 days because it was report-
ed that the regeneration process that occurs in the liver
resection zone is completed in 7-10 days (the subacute
period of liver regeneration) (13,28). The present study
could have included a group to investigate the acute
stage of the regeneration of the liver tissue after PH, but
the aim of the study was to evaluate the longer-term
beneficial effects of these agents on the regeneration
of the hepatectomized tissue. Therefore, no group was
formed to investigate the acute stage of the regeneration
of the liver tissue after PH. Moreover, some financial re-
strictions did not permit the inclusion of such a group. For
all these reasons, the hepatectomized livers were evalu-
ated on day 7 in the present study (23,25). Thus, within
the scope of the present study, the effects that may be
caused by the studied experimental agents in the acute
and/or chronic periods could not be investigated. Sec-
ond, it has been reported that the number of mitotic cells
may increase (2%-6%) after hepatectomy in 24-48 h in
rats that have been subjected to 70% hepatic resection
(29,30). However, as a mitotic increase could not be ob-
served in the liver regeneration zone of hepatocytes on
day 7, a count or a histopathological analysis method for
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showing these data could not be used. Third, the present
study could not apply advanced histopathological meth-
ods (e.g., electron microscopy, immunohistochemistry,
and fluorescence microscopy) and biochemical analysis
methods (e.g., Western blot and polymerase chain reac-
tion) that would show the regeneration in the liver. Fourth,
it was observed that PRP could not be histopathologically
effective on liver regeneration in the subacute period but
significantly reduced biochemical parameters, whereas
dexpanthenol was not effective on biochemical param-
eters but fixed histopathological parameters noticeably.
Thus, it was thought that a group where both of these
agents are used together should be included among ex-
periment groups. Finally, it can be strongly recommend-
ed with these unexpected findings that various dosages
with different administration methods (intraperitoneal
or parenteral route) and time protocols of these agents
should be detailed and tested in further studies.

In conclusion, it was considered that dexpanthenol did not
affect biochemical oxidative parameters after PH in this
rat model, but had positive and recovery effects in the his-
topathological sense. It was also thought that PRP may be
used in the treatment of ischemia-reperfusion damage of
the liver or cholestatic liver damage, but it would be appro-
priate to conduct more advanced studies on this subject.
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