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ABSTRACT

Objective. We aimed to investigate the protective and therapeutic effects of dexpanthenol
(DXP) on liver injuries induced by ischemia-reperfusion (IR) in an in vivo rat model.
Methods. Thirty-two rats were randomly divided into 4 experimental groups (n¼ 8 in
each group: Sham, IR, DXP, and DXPþIR. DXP (500 mg/kg) was intraperitoneally
administered for 30 min before 60 min of ischemia, followed by 60 min of reperfusion to
rats in the DXP and DXPþIR groups. All rats were euthanized on day 10 to evaluate
immunohistopathological changes as well as tissue levels of oxidants and antioxidants.
Results. IR decreased total glutathione (tGSH) levels in IR group when compared to the
Sham group. DXP supplementation to IR group significantly ameliorated tGSH levels (P <
.05). IR also elevated myeloperoxidase production compared to the Sham group, whereas
DXP treatment prevented these hazardous effects. However, plasma superoxidedismutase,
catalase, and malondialdehyde levels did not differ between the DXPþIR than the IR rats.
Histologic tissue damage was reduced in the DXP and DXPþIR group.
Conclusion. Liver IR is an inevitable problem during liver surgery. Our results suggested
that DXP pretreatment suppressed oxidative stress and increased antioxidant levels in a rat
model of liver IR.
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ISCHEMIA-REPERFUSION (IR) injury (IRI) is asso-
ciated with various clinical conditions, such as myocar-

dial and brain infarction, major trauma, shock, and surgery
under vascular occlusion [1]. Liver ischemia-reperfusion
(IR) injury is one of the main causes of hepatic failure.
Temporary clamping of the portal triad, a common strategy
to minimize bleeding during liver surgery, produces hepatic
IRI that may result in postoperative liver dysfunction with
adverse effects on graft liver transplant function [2,3].
Liver IRI is associated with a number of processes, such

as activation of Kupffer cells, production of reactive oxygen
species (ROS), neutrophil infiltration, and an increase in
the levels of adhesion molecules, release of cytokines, he-
patocyte injury, and separation of sinusoidal endothelial
cells. It has been reported in literature that pharmacologic
agents such as antioxidants, anti-inflammatory agents, and
vasodilators together with ischemic preconditioning have
been used to treat IRI [4].
Dexpanthenol (D-panthenol;(þ)-2,4-dihydroxy-N-(3-

hydroxypropyl)-3,3 dimethylbutyramide) (DXP), an alcoholic
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analogue of pantothenic acid (PA), also known as provitamin
B5, is oxidized to PA inside the tissues [5]. It is well established
that PA and its derivatives increase the level of reduced
glutathione (GSH), Coenzyme A (Co A) (especially mito-
chondrial Co A) and adenosine-5’-triphosphate (ATP) syn-
thesis within the cell [6]. In this way, it supports epithelization,
anti-inflammatory, and antioxidant activities, all of which play
a major role in cellular defense and in the repair systems
against oxidative stress and the inflammatory response [7].
This experimental study was designed to investigate the

protective and therapeutic effects of DXP on liver injury
induced by IR in an in vivo rat model. Immuno-
histopathological findings, including apoptotic changes,
were evaluated along with biochemical analyses carried out
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Table 1. The Biochemical Results

Group Sham DXP IR DXPþIR

tGSH 16.70 � 8.30 14.26 � 5.64 7.63 � 2.72* 18.53 � 4.27†

MPO 32.95 � 9.46 29.04 � 6.85 57.20 � 17.75‡ 43.81 � 4.53
MDA 30.42 � 4.71 30.64 � 5.60 34.95 � 3.43 32.44 � 3.57
SOD 44.26 � 2.52 45.63 � 2.49 41.41 � 1.94 43.53 � 1.74
CAT 180.0 (154.2e187.9) 298.9 (260.7e315.6) 183.6 (168.1e204.1) 191.5 (177.1e315.5)

Abbreviations: CAT, catalase; DXP, dexpanthenol; IR, ischemia-reperfusion; MDA, malondialdehyde; MPO, myeloperoxidase; SOD, superoxidedismutase; tGSH,
total glutathione.
*Significant decrease (P < .05) vs sham group.
†Significant increase (P < .05), vs IR group.
‡Significant increase (P < .05), vs sham group.

Table 2. The Biochemical Results

Groups tGSH MPO MDA CAT SOD

Sham-IR 0.043 0.033 0.170 0.290 0.088
IR-DXPþIR 0.000 0.363 0.686 0.649 0.143

Abbreviations: CAT, catalase; DXP, dexpanthenol; IR, ischemia-reperfusion;
MDA, malondialdehyde; MPO, myeloperoxidase; SOD, superoxidedismutase;
tGSH, total glutathione.
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for the determination of tissue malondialdehyde (MDA),
superoxidedismutase (SOD), myeloperoxidase (MPO),
catalase (CAT), and total glutathione (tGSH) levels in or-
der to examine these effects.

MATERIALS AND METHODS
Animals

A total of 32 Sprague-Dawley female rats (10e12 weeks old)
weighing between 250e300 g were obtained from our Laboratory
Animal Research Center. The rats were maintained at 21 � 2�C
with a relative humidity of 60 � 5% under 12-hour light/dark cycles.
They were housed in plastic cages (50 � 35 � 20 cm; 8 animals per
cage). The experiments were performed according to the standards
of animal research of the National Health Research Institute and
with the approval of our University Ethical Committee.

Experimental Design

The rats were randomly divided into 4 groups, each consisting of 8
animals. Group 1, the Sham group, underwent exposure of the
hepatic artery, portal vein, and bile duct region but no IR. Group 2,
the IR group, underwent 60 min of ischemia followed by 60 min of
reperfusion. Group 3, the DXP group, underwent 500 mg/kg DXP
(500 mg Bepanthene ampul, Bayer Corp., Leverkusen, Germany)
given intraperitoneally. Group 4, the DXPþIR group, underwent
500 mg/kg DXP given intraperitoneally 30 min before 60 min of
ischemia, followed by 60 min of reperfusion. The dosages of DXP
were chosen according to previous dose-response studies [8,9].

Surgical Procedure

Following a 12-hour fast, the rats were anesthetized with intraper-
itoneally administered ketamine (40 mg/kg) and xylazine (10 mg/
kg). The abdominal region was sterilized with povidine-iodine so-
lution and explored through a midline laparotomy using minimal
dissection. Only midline laparotomy was performed for the Sham
group; the abdomen was closed without any further procedure. In
the IR and DXPþIR groups, total hepatic ischemia was induced for
60 min by occluding the hepatic artery, portal vein, and bile duct
using a non-traumatic vascular clamp. The liver was reperfused for
60 min after removing the clamp. After declamping, we confirmed
restored hepatic blood flow before closure of the incision. During
the surgery, body temperature was maintained at approximately
37.5�C with a heating lamp. Fluid loss was replaced by intraperi-
toneal injection of 3 ml warm (37�C) saline before abdominal
closure. After 60 min of reperfusion, the abdomen was reopened,
and 3 ml blood was drawn from the heart into heparinized micro-
centrifuge tubes. Subsequently, the animals were euthanized to
perform a hepatectomy. The plasma and liver tissues were stored
at �80�C for biochemical analyses. At the same time, hepatic tissue
was stored in 10% formalin for histologic examination. All coded
specimens were evaluated by individuals blinded to the group
assignments.

Homogenization

Tissues were homogenized using an in ice-cold phosphate buffered
saline (PCV Kinematica Status Homogenizator, pH 7.4). The
homogenate was sonified with an ultrasonifier in 3 cycles (20-s
sonications with a 40 s pause on ice). The homogenate was
centrifuged (15,000 g, 10 min, 4�C) and a cell-free supernatant was
immediately subjected to an enzyme assay. For lipid peroxidation
analysis, the tissue was washed 3 times with ice-cold 0.9% NaCl
solution and homogenized in 1.15 KCl. The homogenates were
immediately subjected to a lipid peroxidation assay.

Determination of Enzyme Activities

The enzymes catalase (CAT), superoxide dismutase (SOD), and
myeloperoxidase (MPO) activity were determined spectrophoto-
metrically. CAT activity was measured at 37�C by following the rate
of disappearance of H2O2 at 240 nm (ε240¼ 40¼ 40 M�1 cm�1)
[10]. One unit of catalase activity was defined as the amount of
enzyme catalyzing the degradation of 1 mmol of H2O2/min at 37�C.
CAT activity was expressed as U/mg protein in the tissue.

SOD (Cu, Zn-SOD) activity in the supernatant fraction was
measured using the xanthine oxidase/cytochrome c method [11],
where 1 unit (U) of activity was the amount of enzyme needed to
cause half-maximal inhibition of cytochrome c reduction. The
amount of SOD in the extract was determined as U of enzyme mg-1
protein, using a commercial SOD as the standard.

ForMPOactivity, samples were weighed at 0.1 g and put into 1mL
of phosphate buffer (50mM, pH 6) and all tissues were homogenized
under ice with an IKA-Werke T25 homogenizer. The homogenates
were then centrifuged with Hettich Universal 320 microcentrifuge at
15,000 g for 15 min at 40�C (HettichUniversal 320). The pellets were
separated from the supernatant and added to 500 mL of HETAB
solution (0.5%w/w in 50 mM, pH 6 phosphate buffer). The solutions
were allowed to freeze-thaw twice and subjected to sonication for a
period of 15 seconds in a VCX 130 (Sonics & Materials, Newtown,



Fig 1. (A) (Sham)and (B) (DXP)groups:Thenormal histological appearanceof the liver.Hepatocytescordons radially localizearoundcentral vein
(CV). (C) (IRgroup):Congestion isevident (arrows). (D) (IRgroup): appearanceofnecrotic areas (star). (E) (IRgroup):Hepatocyteswithdenseeosin-
ophilic cytoplasm and pyknotic nucleus (arrows) and necrotic area (star). (F) (IR group): Infiltration is seen in the portal area (arrows). (G) (DXPþIR
group):Congestion (arrows) is still present. (H) (DXPþIRgroup): Decreaseddensity of hepatocyteswith eosinophilic cytoplasm (arrows) according
to the IR group (H&E � 20).
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Conn, United States). The samples were then centrifuged at 15,000 g
for 15 min. Twenty-five mL of supernatant and 200 mL of reaction
mixture (0.167 mg/ml o-Dianisidine and 0.0005% v/v hydrogen
peroxide in 50 mM phosphate buffer, pH: 6) were added into 96 well
plates, and the measurement was performed at a wavelength of 460
nm with a BioTek Eon Eliza microplate reader (BioTek, Lough-
borough, UK). MPO activity results were given in unit per gram of
wet tissue [12].

Total Glutathione (tGSH) Assay

The formation of 5-thio-2-nitrobenzoate (TNB) was followed
spectrophotometrically at 412 nm [13]. The amount of tGSH in the
extract was determined as nmol/mg protein by using a commercial
GSH as the standard.

MDA Assay

As a marker of lipid peroxidation production, the MDA concentra-
tion was measured as described by Buege and Aust [14] with a minor
modification. The reactionmixture was prepared by adding 250 mLof
homogenate to 2 mL of reaction solution (15% trichloroacetic acid:
0.375% thiobarbituric acid: 0.25 N HCl, 1:1:1, w/v) and heated at
100�C for 30 min. The mixture was cooled to room temperature,
centrifuged at 10,000 g for 10 min, and the absorbance of the su-
pernatant was recorded at 532 nm. MDA results were expressed as
nmol/mg protein in the homogenate.
Fig 2. (A) (Sham) and (B) (DXP) groups: The hepatocyte cytoplasm
group): Marked decreasing glycogen storage in hepatocytes. (D) (DX
plasm (PAS � 20).
Determination of Protein

Protein levels in the tissue samples were measured using the
Bradford method [15]. The absorbance measurement was taken at
595 nm using a UV-VIS spectrophotometer. Bovine serum albumin
(BSA) was used as the protein standard.

HISTOPATHOLOGICAL ANALYSIS

Liver tissue was fixed in 10% formalin and embedded in
paraffin. Tissue sections were cut at 4 mm, mounted on slides,
stained with hematoxylin and eosin (H&E) for general liver
structure, and subjected to periodic acid schiff (PAS) to
demonstrate the glycogen deposition in hepatocytes and
Kupffer cells. The liver damage was semi-quantitatively
assessed as follows: hepatocytes with eosinophilic cyto-
plasms and pyknotic nuclei, necrosis, inflammatory cell
infiltration, sinusoidal congestion, and loss of the glycogen
deposition in hepatocytes.
Ten fields were examined in X20 objective magnification

for each criterion. Accordingly, the extent of liver damage
was scored between 0e3; 0 was defined as a normal liver, 1
was defined as liver damage involving � 25% of the liver, 2
was defined as liver damage involving 25e50% of the liver,
and 3 was defined as liver damage involving � 50% of the
liver.
s containing glycogen are stained magenta in sections. (C) (IR
PþIR group): The view of glycogen content in hepatocytes cyto-
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In addition, Kupffer cells were counted manually on
digital images Leica Q Win analysis system using point
counting. Three sections were used for each animal. Ten
fields were randomly chosen at � 40 magnification for each
section, reaching a total of 30 fields per animal.
IMMUNOHISTOLOGICAL ANALYSIS

Tissue sections 4 mm thick were deparaffinized, rehydrated,
placed in an antigen retrieval solution (citrate buffer, pH
6.0), boiled in a pressure cooker for 20 minutes, and cooled
to room temperature for 20 min. The sections were then
washed with phosphate-buffered saline (PBS, pH 7.4). To
block endogenous peroxidase activity, the slides incubated
in 0.3% hydrogen peroxide solution for 15 min at room
temperature and washed in PBS. After the blocking of non-
specific antigen-binding sites with a protein block, primer
antibodies caspase-3 and Ki-67 (Thermo Fisher Scientific,
Loughborough, UK) were applied for 60 minutes at room
temperature. After being rinsed with PBS, sections were
incubated with biotinylated secondary antibody and strep-
tavidin peroxidase for 10 minutes at room temperature.
Samples were visualized with the chromogenic substrates
AEC, counterstained with hematoxylin, and mounted in
Fig 3. (A) (Sham) and (B) (DXP) groups: PAS positive reaction show a
near the wall of sinusoid (arrows). (C) (IR group): Note to increasing the
number of Kupffer cells (arrows) according to IR group (PAS � 100).
glass slide. The caspase-3 and Ki-67 kit was used according
to the manufacturer’s instructions.
Nuclei of Ki-67 positive cells were stained brown. Stained

hepatocyte nuclei with Ki-67 were counted manually on
digital images using the Leica Q Win analysis system (Leica
Micros Imaging Solutions, Cambridge, UK) and point
counting. Three sections were used for each animal. Ten
fields were randomly chosen at x40 magnification for each
section, reaching a total of 30 fields per animal.
STATISTICAL ANALYSIS

Data were analyzed using the SPSS software program for
Windows ver. 17.0 (IBM, Armonk, NY). The data were
expressed as either median (min-max) values or mean �
standard deviation (SD) depending on the overall variable
distribution. The normality of the distribution was
confirmed using the Shapiro-Wilk test. The normally
distributed data were analyzed using a one-way ANOVA
followed by the Tamhane T2 test. The non-normally
distributed data were compared using the Kruskal-Wallis
H test on the different groups. When significant differ-
ences were determined, multiple comparisons were carried
out using the Mann-Whitney U test with the Bonferroni
magenta staining in which Kupffer cells is present in the lumen or
number of Kupffer cells (arrows). (D) (DXPþIR group): Decreased
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correction. The results were expressed as the med (min-
max). P values < .05 were considered significant.

RESULTS
Biochemical

The biochemical results are presented in Tables 1 and 2. In
brief, IR decreased tGSH levels in the IR group compared
to the Sham group. DXP supplementation to IR group
significantly ameliorated t GSH levels (P < .05). IR also
elevated MPO production compared to the Sham group,
whereas DXP treatment prevented these hazardous effects.
However, plasma SOD, CAT, and MDA levels did not
differ between the DXPþIR compared to the IR rats.

Histopathological

The sections stained with H&E drawn from the sham and
DXP groups showed a normal appearance of the liver his-
tology except minimal changes (Figs 1A, 1B). The appear-
ance of the sinusoids among the hepatocyte cordons was
normal. On the other hand, in the IR group, most promi-
nent change was sinusoidal congestion (Fig 1C). Limited
necrotic areas were observed in some lobules (Fig 1D).
Another finding was the hepatocytes with eosinophilic cy-
toplasms and pyknotic nuclei (Fig 1E). The focus of infil-
tration in the portal area was also detected in this group (Fig
1F). Although the score of histologic damage was observed
as attenuated in the DXPþIR group, some degenerative
Fig 4. Arrows show the number of Ki-67 positive hepatocytes. (A) Sh
changes were still present, such as congestion and infiltra-
tion (Fig 1G). However, the density of the hepatocytes with
eosinophilic cytoplasms and pyknotic nuclei decreased
significantly in the DXPþIR group compared to the IR
group (Fig 1H) (P < .05). There was no necrosis in this
group.
The sections stained with PAS staining method, the he-

patocyte cytoplasms containing glycogen, and the Kupffer
cells were dyed magenta in the Sham and DXP groups (Figs
2A, 2B). The Kupffer cells were observed in the lumen or
near the wall of sinusoid (Figs 3A, 3B). The glycogen stor-
age in hepatocytes was detected as decreased in the IR
group compared to controls (Fig 2C) (P < .05). The in-
crease in the number of Kupffer cells were found to be
statistically significant in the IR group compared to that of
the sham group (Fig 3C) (P < .05). On the other hand, DXP
treatment significantly reduced the loss of glycogen in the
hepatocytes (Fig 2D) (P< .05). Furthermore, the number of
Kupffer cells was determined to have decreased in the
DXPþIR group compared to IR group (Fig 3D) (P < .05).
Immunohistological

In the Ki-67 immunostain, the number of positive hepato-
cytes decreased at a statistically significant level in the IR
and DXPþIR groups (Figs 4C, 4D) compared to the Sham
and DXP groups (Figs 4A, 4B) (P < .05). On the other
hand, the DXPþIR group was statistically similar to the IR
am group; (B) DXP group; (C) IR group; (D) DXPþIR group (x 40).



Fig 5. (A) (Sham) and (B) (DXP) groups; caspase-3 positive cells are not observed. (C) IR and (D) (DXPþIR) groups: caspase-3 positive
cells (arrows) are seen only at portal areas and on the wall of the sinusoid. Notice hepatocytes are not stained with caspase-3 in any
groups (caspase-3 � 40).
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group in terms of the number of Ki-67 positive cells (P >
.05). In the sections stained with caspase-3, there were no
caspase-3 positive hepatocytes in any of the groups. How-
ever, caspase-3 positive cells were observed at portal areas
and on the wall of the sinusoid in the IR and DXPþIR
groups (Fig 5). The results of histopathological score and
number of Kupffer and Ki-67 positive cells in all groups are
presented in Table 3.
DISCUSSION

The main finding of the present study was that DXP may
protect against liver IRI. In this study, we found that IR
Table 3. The Results of Histopathological Score and Num

Group Sham

Congestion 0.0 (0.0e2.0) 0.0
Infiltration 0.0 (0.0e2.0) 0.0
Hypereosinophilic hepatocyte 0.0 (0.0e1.0) 0.0
Necrosis 0.0 (0.0e0.0) 0.0
Glycogen loss 0.0 (0.0e1.0) 0.0
Kupffer cells 2.0 (2.0e10.0) 5.0
Ki-67 positive hepatocyte 1.0 (0.0e5.0) 1.0

Abbreviations: DXP, dexpanthenol; IR, ischemia-reperfusion.
*Significant increase (P < .05) vs sham group.
†Significant decrease (P < .05) vs DXP þ IR group.
‡Significant increase (P < .05) vs sham group.
caused an increase in the MDA level and a decrease in the
SOD and tGSH activities in liver tissue. However, the
administration of DXP to the IR group reduced the MDA
level while increasing SOD and tGSH activity. The struc-
tural changes in the liver due to IR were reversed via DXP.
These findings indicated that 500 mg/kg dose of DXP pro-
tected against IR-induced damage in IR rat models.
Liver IR is inevitable during liver surgery, including

transplantation and tumor resection [16]. The extent of IR-
associated liver injury is a major factor directly affecting
graft survival and function. Both cold and warm ischemia
occurs during transplantation; we used warm ischemia in
our surgical protocol. Evidence shows that ROS play a key
ber of Kupffer and Ki-67 Positive Cells in All Groups

DXP IR DXPþIR

(0.0e2.0) 2.0 (0.0e3.0)* 2.0 (0.0e3.0)
(0.0e1.0) 1.0 (0.0e2.0)* 0.5 (0.0e2.0)
(0.0e1.0) 0.0 (0.0e2.0)* 0.0 (0.0e2.0)†

(0.0e0.0) 0.0 (0.0e3.0)* 0.0 (0.0e0.0)†

(0.0e2.0) 3.0 (1.0e3.0)* 2.0 (0.0e3.0)†

(2.0e15.0) 14.0 (4.0e32.0)* 9.0 (2.0e25.0)†

(0.0e4.0) 0.0 (0.0e4.0)‡ 0.0 (0.0e4.0)‡
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role in liver IR injury [17]. One class of molecules that is
affected negatively by the ROS associate with IR injury in-
cludes lipids. ROS causes lipid peroxidation, which even-
tually leads to membrane injury, alterations in ion
permeability and enzyme activity, and ultimately cell death.
Simultaneously, the inflammatory process begins, signifi-
cantly increasing the severity of injury.
Lipid peroxidation is the process of cell damage, and cell

death is a common consequence of this process. The end
product of lipid peroxidation is MDA, which acts as an in-
dicator of oxidative damage. Because of the cross-link for-
mation and interaction with membrane lipids, MDA leads
to severe damage [18]. In many studies, DXP was reported
to prevent cell damage produced by lipid peroxidation,
irrespective of the source of oxidative stress [19e22].
Consistent with the literature, after administration of DXP,
MDA levels are reduced following acetaminophen toxicity
and cardiovascular and renal damage [23e25]. It was
observed in the present study that MDA levels increased
after IRI; however, they were similar to control values after
DPX treatment. The findings indicating that the MDA level
increased in the IR group and decreased in the DPX group
are consistent with those of our study.
SOD and GPx have been widely studied among endoge-

nous antioxidants. SOD catalyzes the dysmutation of su-
peroxide anion to hydrogen peroxide and oxygen, but
hydrogen peroxide still produces liver oxidative injury. GPx
further catalyzes the transformation of hydrogen peroxide
to form water [26]. In many reports, however, SOD activity
was not affected, suggesting that this enzyme is a less sen-
sitive predictor of oxidative stress [27,28]. DPX and its de-
rivatives play a part in the disposal of ROS by increasing
GPX; they also repair cell membranes and tissue injuries by
increasing CoA and ATP synthesis, which produce phos-
pholipids and cholesterol in the cell [26]. We observed that
DPX pretreatment did not increase SOD and GPx activities
in the IR-DPX group, which may be due to DPX indirectly
reducing oxidative damage. However, further investigations
are needed to understand the liver mechanism(s).
The histologic investigation suggested that IR caused

severe pathological alterations in the liver, including edema,
sinusoidal congestion, eosinophilic cytoplasms, and pyknotic
nuclei. In addition, glycogen storage in hepatocytes was
detected as decreased in the IR group, and the number of
Kupffer cells was found to have increased to a statistically
significant level. DXP treatment reduced the density of the
hepatocytes with eosinophilic cytoplasms, pyknotic nuclei
loss, and glycogen in the hepatocytes. In addition, the
number of Kupffer cells was found to have decreased in this
group. On the other hand, DXP treatment group was sta-
tistically similar to the IR group in terms of Ki-67 count and
caspase-3-positive cells.
According to our findings, which paralleled the histo-

pathological and immunohistological evidence, adminis-
tration of DXP abolished certain I/R injury effects, such as
the decreased level of GPX or the increased levels of
MDA.
CONCLUSION

There were some limitations of the study. The first limitation
was that the sample size was small. Secondly, DXP-dose-
related or longer time-dependent responses to IR injury
were not evaluated. However, DXP-attenuated IR injury was
established even if it was an incomplete protection.
The beneficial effects of DXP on liver IR injury were

evaluated for the first time in this study. DXP administered
at a dose of 500 mg/kg given intraperitoneally during the
ischemic period ameliorated the liver damage that occurred
after IR injury. The beneficial changes in biochemical pa-
rameters, including antioxidant status, were also associated
with parallel changes in both histopathological and immu-
nohistological appearance of the tissue.
It is well established that DXP exerts very powerful free

radical scavenger and antioxidant effects during in vivo and
in vitro studies. In the current study, it is possible to say that,
according to our biochemical and histopathological results,
DXP has beneficial effects on IR injuries at the tissue level
because of its antioxidant, anti-inflammatory, and ROS scav-
enger properties.
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