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ABSTRACT

Background and aim It has been reported that intestinal ischemia—reperfusion (I/R) injury results
from oxidative stress caused by increased reactive oxygen species. Dexpanthenol (Dxp) is an
alcohol analogue with epitelization, anti-inflammatory, antioxidant, and increasing peristalsis
activities. In the present study, the aim was to investigate protective and therapeutic effects of Dxp
against intestinal I/R injury. Materials and methods Overall, 40 rats were assigned into five groups
including one control, one alone Dxp, and three I/R groups (40-min ischemia; followed by 2-h
reperfusion). In two I/R groups, Dxp (500 mg/kg, i.m.) was given before or during ischemia. The
histopathological findings including apoptotic changes, and also tissue and serum biochemical
parameters levels, were determined. Oxidative stress and ileum damage were assessed by
biochemical and histological examination. In the control (n=8) and alone Dxp (n=28; 500 mg/kg,
i.m. of Dxp was given at least 30 min before recording), groups were incised via laparotomy, and
electrical activity was recorded from their intestines. In this experiment, the effect of Dxp on the
motility of the intestine was examined by analyzing electrical activity. Results In ileum, oxidant
levels were found to be higher, while antioxidant levels were found to be lower in I/R groups when
compared with controls. Dxp approximated high levels of oxidants than those in the control group,
while it increased antioxidant values compared with I/R groups. Histopathological changes caused
by intestinal I/R injury and histological improvements were observed in both groups given Dxp. In
the Dxp group, electrical signal activity markedly increased compared with the control group.
Conclusions Here, it was seen that Dxp had protective and therapeutic effects on intestinal I/R
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Introduction

Small intestines are most sensitive organs to ischemia-
reperfusion (I/R) injury among the other internal organs
[1,2]. Enterocytes, the predominant cells in the small
intestinal mucosa, are easily injured by episodes I/R,
presumably because of their location at the end of the
distribution of a central arteriole and a relative lack of
collateral blood flow. This situation can also result in a
lower Pa0O, in the distal enterocytes when compared
with proximal enterocytes [1].

Acute disruptions in mesenteric blood flow due to
any reason can cause ischemic lesions in association
with adverse results that may result to death (45-85%)
if early diagnosis and treatment would not be possible
[3]. The injury and its seriousness depend on duration
and severity of ischemia. Tissue injury caused by

ischemia primarily develops after reperfusion [4,5]
which may be explained by a complex mechanism
associated with ROS released from ischemic intestines
as well as endothelial factors and neutrophils.
Moreover, cytokines released (IL-1, IL-6, TNF-alpha,
and IFN-gamma) enhance tissue and organ injury
through local and systemic responses [6]. Although
oxidative stress is abolished immediately after reperfu-
sion, inflammatory response may continue for a longer
period, causing irreversible tissue damage [7].
Apoptosis induced by oxidative stress plays an import-
ant role in mesenteric ischemia. Intracellular fragments
called apoptotic bodies are formed through degrad-
ation of nuclear chromatin and shrinkage of cytoplasm
and nucleus, which activates the protein family of
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caspases. Thus, caspase 3 is used as a marker for early
apoptotic phase [8].

Dexpanthenol (Dxp) is an alcohol analogue of
pantothenic acid (PA) [9] which is also known as pro-
vitamin B5 [10]. It translates to PA in tissue when given
by oral or parenteral route [11]. Both oral and parenteral
Dxp are enzymatically (pantothenylalcohol dehydrogen-
ase) oxidized to PA [12], and, therefore, causes an
increase in reduced GSH, Co-enzyme A (CoA), and
cellular ATP synthesis [13]. In this way, it exerts
epitelization, anti-inflammatory, and antioxidant activ-
ities. As it is known that Dxp increases peristalsis on the
gastrointestinal system (GIS), which may be engaged
through increased acetylcholine synthesis [12].

In this experimental study, the aim was to investigate
protective and therapeutic effects of Dxp with antioxi-
dant and anti-inflammatory effects on mesenteric I/R
injury and GIS peristaltism by biochemical, histopatho-
logical findings, and motility of the intestine via
measured electrical activity.

Materials and methods

Animals

The study was approved by Ethics Committee of Inonu
University on Experimental Animal Research (reference
no. 2014/A-37). Totally, 40 female Wistar Albino rats
(weighing 210-230g, mean: 2209g) were used in the
study. The rats were provided by Inonu University
Experimental Animal Research Center. All rats were
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housed under standard conditions with a temperature of
21+2°C and a humidity of 60+ 5% by maintaining 12-h
dark-light cycle. They were fed by means of standard rat
pellet and tap water with 12-hr fasting before
experiment.

Experimental protocol

The rats were randomly divided into five groups (n =8)
and housed separately throughout the experiment.

Group | (Sham, n=38): Superior mesenteric artery
(SMA) was visualized at the level of origin from abdom-
inal aorta but not ligated and the intestinal electrical
activity was recorded.

Group Il (Ligation, n=28): SMA was visualized at the
level of origin from abdominal aorta. Then, it was
clamped to occlude arterial blood flow by using atrau-
matic microvascular clamp. The clamp was removed after
40 min of ischemia, allowing reperfusion for 2 h.

Group Il (Dxp + Ligation, n=8): Dxp (500 mg/kg;
Bepanthene vial, 500 mg; Bayer Corp, Istanbul, Turkey)
was given via intramuscular route 30 min before indu-
cing ischemia. Then, SMA was clamped to achieve
ischemia. After 40min of ischemia, the clamp was
removed, allowing reperfusion for 2 h.

Group IV (Ligation + Dxp, n =8): SMA was clamped to
achieve ischemia. After 40 min of ischemia, the clamp
was removed, allowing reperfusion for 2 h (Figure 1). At
the end of ischemia period, Dxp (500 mg/kg, i.m.) was
given before reperfusion.

Control ! Il
0 160 min
ischemia
/R fmmemmes | |
0 40 min reperfusion 160 min
Dxp+I/R Dxp ischemia reperfusion
- f {
0 perfusion 30 min 70 min 190 min
Dxp
I/R+Dxp boeoeeee- f |
0 40 min reperfusion 160 min

Figure 1.
groups.

Schematic representation of timing of ischemia, reperfusion, and administration of dexpanthenol (Dxp) in the experimental
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Group V (Dxp, n=28): Dxp (500 mg/kg) was given via
intramuscular route 30 min before recording electrical
activity.

Note that the I/R periods and Dxp dose were
determined based on the previous studies [3,12].

Surgical procedure

Rats were anesthetized by using ketamine (70 mg/kg;
i.m.) and xylazine (8 mg/kg; i.m.). Then, abdomen was
shaved and prepared by using povidone iodine
(Poviiodeks; Kim-Pa Corporation, Istanbul, Turkey). After
preparation, the laparotomy was performed by using
midline incision. SMA was exposed at the level of origin
from abdominal aorta after abdominal exploration. Then,
SMA was occluded by clamping at the level of origin to
achieve 40 min of ischemia. After ischemia period, the
clamp was removed, allowing reperfusion. Then, abdom-
inal incision was closed by using 3/0 atraumatic silk
suture. After 2 h of reperfusion, abdomen was exposed
on the previous incision location. Blood (5 ml) was drawn
by intracardiac route for aspartate aminotransferase
(AST), alanine aminotransferase (ALT), lactate dehydro-
genase (LDH), and creatine kinase (CK) measurements by
using an auto-analyzer. Then, rats were sacrificed. In
addition, full-thickness ileum specimens (4 cm in length)
were taken at 2cm proximal to terminal ileum. After
washing with normal saline, tissue samples were placed
into 10% formalin and liquid nitrogen. They were stored
at —70°C until assays. Oxidative stress (MDA, TOS, and
OSl) and antioxidant system markers (GSH, GPX, SOD,
CAT, and TAC) were analyzed after thawing tissue
samples at room temperature. Tissue samples for
histopathological examination were fixed in 10%
formalin.

The rats (Groups | and V) were anesthetized and
underwent laparatomy and the micro-electrodes were
subserously implanted into their small intestinal at ileum
and ascending colon with a bipolar configuration; the
interelectrode spacing was larger than 1cm. The refer-
ence electrode was placed on the left leg. The intestinal
myoelectrical activity was recorded for 4min under
anesthesia by a BIOPAC MP-100 A-CE data acquisition
system (BIOPAC Systems, Goleta, CA). These records
were taken as the reference or control signals. As the
control recordings were finished, the rats under anes-
thesia were treated with Dxp. Later on, about an half
hour after Dxp treatment, rats’ intestinal myoelectrical
activity that considered as the cause of contractile was
measured in the same way as was taken during control
measurements. The aim in measuring the myoelectrical
signals in this way was to get signals from rats while they
are alive, that is, without isolation of intestinal tissue.

Both control and Dxp guided signals were digitized with
500 Hz sampling frequency and transferred to a personal
computer. The signals were then analyzed in Matlab
(version 6, The Mathworks Inc, Natick, MA).

Histological method

For light microscopic analysis, samples from ileum were
fixed in 10% formalin for 48 h dehydrated in ascending
alcohol series, and embedded in paraffin. Paraffin blocks
were prepared for sectioning at 4um thickness by
microtome. The sections obtained from paraffined
blocks were stained with hematoxylin and eosin (H-E).
Preparations were evaluated under light microscope and
mucosal injury was rated according to classification
systems described by Chiu et al.

For immunohistochemical analysis, sections were
placed in antigen retrieval solution (citrate buffer, pH
6.0), boiled in a pressure cooker for 20 min, and cooled
to room temperature for 20 min. Then the sections were
washed with phosphate-buffered saline (PBS). After
washing the sections, 3% hydrogen peroxide solution
was applied to block endogenous peroxide for 15 min at
room temperature and washed with PBS. Then protein
block was applied to the sections. The sections were
incubated with primary rabbit-polyclonal caspase-3
antibody (Neomarker, USA) for 60 min, and then they
were rinsed in PBS and incubated with biotinylated goat
antipolyvalent for 20 min and streptavidin peroxidase for
20 min at room temperature. Staining was completed
with chromogen + substrate for 10 min, and slides were
counter stained with Mayer’'s hematoxylin.

Biochemical analysis

Two hundred milligrams of frozen ileum tissue was cut
into pieces on dry ice and homogenized in 10 volumes
of ice-cold Tris-HCI buffer with respect to tissue weight
(50 mmol/L, pH 7.4) using a homogenizer (Ultra Turrax
IKAT18 basic homogenization; Werke, Staufen, Germany)
for 3min at 6000 rpm. The supernatant solution was
extracted with an equal volume of an ethanol/chloro-
form mixture (3/5, volume per volume [v/v]). After
centrifugation at 3000 g for 30 min, the upper layer was
used in the analysis of total tissue protein levels.

Determination of MDA

The MDA contents of the homogenates were deter-
mined spectrophotometrically by measuring the pres-
ence of thiobarbituric acid reactive substances (TBARS)
[14]. About 3 ml of 1% phosphoric acid and 1 ml 0.6%
thiobarbituric acid solution were added to 0.5ml of



homogenate pipetted into a tube. The mixture was
heated in boiling water for 45 min. After the mixture
cooled, the colored part was extracted into 4 ml of n-
butanol. The absorbance was measured by spectropho-
tometer (UV-1601; Shimadzu, Kyoto, Japan) at 532 and
520 nm. The amount of lipid peroxides was calculated as
TBARS of lipid peroxidation. The results were calculated
in nmol/g tissue according to a prepared standard
graph, which was prepared using the measurements of
standard solutions (1,1,3,3-tetramethoxypropane).

Determination of protein content

Protein content of the samples was determined by the
method of Lowry et al. [15] using bovine serum albumin
as a standard.

Determination of SOD activity

Total SOD activity was determined based to the method
of Sun et al. [16]. The principle of the method is the
inhibition of nitrobluetetrazolium (NBT) reduction by the
xanthine-xanthine oxidase system as a superoxide
generator. One unit of SOD was defined as the enzyme
amount causing 50% inhibition in the NBT reduction
rate. SOD activity was given as units per milligram
protein (U/mg protein).

Determination of CAT activity

CAT activity was determined according to Aebi’s method
[17]. The principle of the assay is based on the
determination of the rate constant (k, s~") or the H,O,
decomposition rate at 240 nm. Results are expressed as k
per gram protein (k/g protein).

Determination of GPX activity

Determination of GPX activity was measured by the
method of Paglia and Valentine [18]. An enzymatic
reaction in a tube containing NADPH, GSH, sodium
azide, and glutathione reductase was initiated by the
addition of H,0,, and the change in absorbance at 340
nm was observed by a spectrophotometer. Activity was
given in units per gram protein (U/g protein).

Determination of GSH content

The reduced GSH concentration in homogenate was
measured spectrophotometrically according to the
method of Ellman. The reduced GSH content in ileum
tissue as non-protein sulfhydryls was analyzed with this
described method [19]. Aliquots of tissue homogenate
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were mixed with distilled water and 50% trichloroacetic
acid in glass tubes and centrifuged at 3000rpm for
15 min. The supernatants were mixed with Tris buffer
(0.4mol, pH 8.9) and 5,5'-dithiobis (2-nitrobenzoic acid)
(DTNB, 0.01 mol) was added. After shaking the reaction
mixture, its absorbance was measured at 412 nm within
5min of the addition of DTNB against blank with no
homogenate. The absorbance values were extrapolated
from a glutathione standard curve and expressed as
reduced GSH (micromol/g tissue).

Determination of TAC

TAC levels were determined using a novel automated
colorimetric measurement method developed by Erel
[20]. In this method, the hydroxyl radical, the most
potent biological radical, is produced by the Fenton
reaction and reacts with the colorless substrate
O-dianisidine to produce the dianisyl radical, which is
bright yellowish-brown in color. Upon the addition of
sample, the oxidative reactions initiated by the hydroxyl
radicals present in the reaction mix are suppressed by
the antioxidant components of the sample, preventing
the color change and thereby providing an effective
measure of the total antioxidant capacity of the sample.
The assay has excellent precision values, which are lower
than 3%. The results were expressed as mmol Trolox
equivalent/L.

Determination of TOS

TOS was determined using a novel automated meas-
urement method, developed by Erel [20]. Oxidants
present in the sample oxidize the ferrous ion-
O-dianisidine complex to ferric ion. The oxidation
reaction is enhanced by glycerol molecules, which are
abundantly present in the reaction medium. The ferric
iron makes a colored complex with xylenol orange in an
acidic medium. The color intensity, which can be
measured spectrophotometrically, is related to the
total amount of oxidant molecules present in the
sample. The assay was calibrated with hydrogen perox-
ide and the results were expressed in terms of umol
H,0, equivalent/L.

Measurement of OSI

The percent ratio of the TOS to TAC was accepted as the
OSl, an indicator of the degree of oxidative stress [20].
OSI value was calculated from the following formula:
OSI (arbitrary unit) =TOS/TAC. The OSI value of the
ileum samples was also calculated as an OSI (arbitrary
unit).
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Electrophysiological analysis

The raw (unprocessed) signals, because of being very
random, did not show any satisfactory indicators
showing the effect of Dxp on the myoelectrical activity
and consequently motility of the intestine of rats. The
signals were filtered with a passband filter (0.5-48 Hz) to
exclude both extremely low frequencies caused by
mechanical movements of the rats and 50 Hz electric
line frequency. With the filtered individual intestine
electrical signals, it was not possible to make a sensible
decision being common to all the subjects in the group.
Then we decided to transfer these signals to frequency
domain for the assessment of the spectral content of
myoelectrical activity, in another point of view. A typical
intestine’s electrical signal and its spectrum from each
group are shown in Figures 2 and 3, respectively. This
individual signals showed that Dxp increased the elec-
trical power of the signal. However, in order to achieve a
valuable correlation between myoelectrical activity and
the intestinal motility common to all subjects, these
myoelectrical signals were further processed. Benefiting
from the very common signal processing literature, a
formula given by Equation (1) was developed to achieve
an associative or a correlative spectrum (CS) among the
members of the group. The process given by Equation
(1) provides information regarding common rhythmic
events emerging in the spectral content of intestine
(Figure 4). This electrical activity can directly stimulate
the intestinal muscles and hence cause intestinal motil-
ity. From this information, it can be deduced that (a) the
highest power, the highest motility, and (b) the emer-
gence of some spectral peaks in CS graphs show the
regularity of motility

1

cs(f) = {H sn(f)exp(—izﬁﬁ)dt} (M)
n=1

where N is the number of subjects employed in the
experiment.

Histological analysis

The preparations were stained by HE and evaluated by a
blinded pathologist under light microscope. Mucosal
changes induced by ischemia were rated by a patholo-
gist according to the classification system described by
Chiu et al. [21] as follows:

Grade 0: Normal mucosa.

Grade 1: Subepihelial spaces at villus top due to capillary
congestion.

Grade 2: Expansion of subepithelial space with moderate
lifting of epithelial layer.

A typical intestine myoelectrical signal(Control group)

Amplitude(micro V)
o
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Figure 2. A typical intestine signal and its spectrum (control
group).

A typical intestine myoelectrical signal(Dxp group)

Amplitude(micro V)

0 20 40 60 80 100 120
Time (Sec)

Spectrum of the above signal(Dxp group)
8000 - " .
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4000

2000

bbb v
0
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Frequency (Hz))

Spectral amplitude(micro V)

Figure 3. A typical intestine signal and its spectrum (Dxp group).

Grade 3: Massive epithelial detachment with a few
destructed villi.

Grade 4: Destructed villi with dilated capillaries.

Grade 5: Disintegration of lamina propria, ulceration, and
hemorrhage.

The expression of caspase-3 was assessed as follows:
no expression, 0; minimal expression (0-25% involve-
ment), 1; moderate expression (26-50% involvement), 2;
and severe expression (more than 50% involvement), 3.
For this analysis, 10 fields were examined in x20
objective magnification. All sections were evaluated
using a Leica DFC280 light microscope and a Leica Q Win
Image Analysis system (Leica Micros Imaging Solutions
Ltd., Cambridge, UK).
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Figure 4. The correlative spectrum for the control and the Dxp
groups.

Statistical analysis

The data were expressed as either median (min-max)
values or mean + standard deviation (SD) depending on
the overall variable distribution. Normality was assessed
using the Shapiro-Wilk test. The normally distributed
data were analyzed by one-way ANOVA followed by the
Tukey post-hoc test. The non-normally distributed data
were compared by the Kruskal-Wallis H test among the
groups. When significant differences were determined,
multiple comparisons were carried out using the Mann-
Whitney U test with Bonfernoni correction. p<0.05
values were considered as significant IBM SPSS statistics
version 22.0 (SPSS Inc., Chicago, IL) for Windows was
used for statistical analyses.

Results

Biochemical results

Table | presents results of pro-oxidant and antioxidant
biochemical markers measured from ileum samples.
Briefly, it was found that there was significant increase in
MDA levels in the I/R group when compared with the
control group (p<0.0001). Also, a significant difference
was found in MDA levels between the I/R and the Dxp
plus I/R group (p<0.05). Significant differences were
observed in SOD, CAT, and GPX levels between I/R and
control groups (p<0.001, p<0.001, and p<0.001,
respectively). When Dxp plus I/R and I/R plus Dxp
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groups were compared, insignificant improvements
were observed in these parameters. However, there are
not differences proved by statistical analyses (Table I).
When I/R and control groups were compared in terms of
GSH, TOS, TAC, and OSl levels, it was seen that there was
significant difference in GSH, TAC, and OSI levels
(p<0.05, p<0.026, and p<0.05, respectively) but not
in TOS levels.

When the I/R group was compared with Dxp plus/I/R
and I/R plus Dxp groups in terms of GSH, TOS, TAC, and
OSI levels, it was seen that there were significant
differences in TAC and OSI levels but not in GSH and
TOS levels (p<0.05, p<0.05, p<0.05 and p<0.05).
There were no significant differences between Dxp plus
I/R and I/R plus Dxp groups (p>0.05, Table I).

When I/R and control groups were compared in
terms of, ALT, AST, CK, and LDH levels, it was seen that
there was a significant difference in AST, CK, and LDH
levels (p<0.01, p<0.01, and p<0.01, respectively) but
not in the ALT level. When the I/R group was compared
with Dxp plus I/R and I/R plus Dxp groups, the
only significant difference was observed in LDH levels
(Table 11).

Electrophysiological results

From the electrophysiological point of view, both
temporal and spectral signals given in Figures 2 and 3
as well as the correlative spectrum (CS) shown in
Figure 4 demonstrated that Dxp increased the total
spectral electrical power delivered by the intestines. As
can be seen from these figures that while temporal
intestine electrical activity for the control group fluctu-
ates between +0.05 and —0.05 pV, electrical activity for
the Dxp group fluctuates almost between +2 and —2 pV.
That is, the signal’s voltage (in average) increases from
0.05 to 2 with the administration of Dxp. Similarly, the CS
spectral signals showed that with Dxp treatment signal
power peaks to 3.4 mW which was only 1.2mW for the
control group. This can mean that an increase in
electrical activity of intestine, which we consider to
cause an increase in the motility of the intestine, occurs
with Dxp treatment. For the control group, it was
observed that Dxp also caused to diminish the distin-
guishable rhythmic electrical events, which are occurred
in the format of several successive small peaks in CS of
the control group, as shown in Figure 3 (the upper
pattern). This result can mean that with the Dxp
treatment the intestine experiences an unformatted
(no spectral successive peaks) high electrical stress
which may cause unformatted (no rhythmic events)
high moatility in the intestine.
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Table Il. The serum biochemical parameters among the different groups.

Groups (n=28) ALT (U/L), median (min-max)

AST (U/L), median (min-max)

LDH (U/L), median (min-max) CK(U/L), median (min-max)

Control 50.0 (35.00-91.00) 106.50 (82.00-172.00)

IR 62.50 (32.00-103.00) 284.50 (145.00-416.00)*
Dxp +I/R 46.00 (38.00-100.00) 197.00 (144.00-369.00)*
I/R + Dxp 50.50 (39.00-70.00) 176.50 (132.00-274.00)*

p Value <0.674 <0.003

1222.00 (869.00-1506.00)

( 1545.00 (1188.00-1620.00)
2035.50 (1276.00-3082.00)*

(

(

(
4249.50 (1328.00-9647.00)*
1337.50 (1046.00-2401.00) (
1253.50 (985.00-1751.00)** (
<0.003

2227.00 (1504.00-3343.00)*
2752.50 (1892.00-4204.00)*
<0.004

I/R, ischemia—-reperfusion; Dxp, dexpanthenol; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase.

*p < 0.05 versus the control group, **p <0.05 versus the I/R group.

Table lll. Histopathological scores of the different groups.

Groups (n=38) Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Caspase 3
Control 8/8 - - - - - 0.83+£0.53
IR - - 2/8 2/8 2/8 2/8 2.23+0.68°
Dxp +IR - 3/8 2/8 3/8 - - 1.17+0.70°
IR+ Dxp - 4/8 4/8 - - - 1.50+0.57°

aStatistically significant increase when compared with the control group (p =0.000).
Bstatistically significant decrease when compared with the IR group (p = 0.000).

with the Dxp plus I/R group, it was seen that extent of
MDA reduction was higher. However, the difference did
not reach statistical significant. Our findings are in
agreement with the results of the study by Etensel et al.
[25] who reported increased lipid peroxidation in
testicular I/R injury.

When the I/R group was compared with the control
group, a significant decrease was observed in SOD and
CAT levels. The elevated levels of these enzymes protect
intestinal mucosa during I/R [26]. In the previous studies,
it was reported that SOD and CAT levels are changed
due to altered mRNA levels during I/R [27]. When the
groups given Dxp before and after ischemia period were
compared with the I/R group, it was seen that there
were marked increases in SOD and CAT levels.

GSH cycle is the most important intracellular antioxi-
dant defense mechanism. It maintains cell integrity and
cellular metabolism. It is also used as a substrate for
activities of several antioxidant enzymes such as GPX
[27,28]. In the present study, it was observed that
intestinal I/R caused reduction in GSH and GPX levels.
When groups given Dxp were compared with the I/R
group, it was seen that there were marked increases in
GSH and GPX levels. The increase of GPX was higher in
the Dxp plus I/R group, whereas the increase of GSH was
higher in the I/R plus Dxp group. However, there was no
significant difference in the extent of GSH and GPX levels
between groups given Dxp. Again, in the study by
Sylshenkov et al. [29], it was confirmed that Dxp inhibits
ROS production and exerts antioxidant activity in liver
tissue. Also, our findings are in agreement with studies
by Marzacco et al. [30] and Omar et al. [31] who showed
increased oxidative stress together with decreased
enzymatic and non-enzymatic antioxidant levels.

As a result, Dxp is an alcohol analogue of PA. PA is the
precursor of CoA. PA translates to CoA by several
enzymes in the hepatocyte. CoA is a molecule essential
for enzymatic reactions in mitochondria. CoA is also
required for both the oxidation of fatty acids and
cholesterol, fatty acid biosynthesis. The excess cellular
CoA collection is precluded by a feedback inhibition by
pantothenate kinase [32]. It was shown that PA
increased hepatic GSH levels in cells [33]. Therefore,
the cytoprotective effect of PA likely increased due to
CoA and GSH levels.

In the present study, OSI level was increased while
TAC level was decreased in the I/R group, when
compared with the control group. There is no statistical
significance between control and I/R groups in terms of
TOS levels. In fact, we could not explain it clearly.
However, there are some reports [34-36] in the literature
supporting our results. One of the explanations of this
result may be that although in individual oxidant
parameters such as MDA end product of lipid peroxida-
tion is changed, the total oxidant status could not
changed. However, significant decrease was observed in
TOS and OSI levels while no significant increase was
observed in TAC level in groups given Dxp, when
compared with the I/R group. This finding demonstrated
that I/R increased oxidative stress while Dxp decreased
oxidative stress [29].

In addition, it was seen that serum ALT, LDH, AST,
and CK levels were increased in the I/R group. It is
known that serum ALT, AST, LDH, and CK levels are
increased in acute mesenteric ischemia but these
increases are not specific to acute mesenteric ischemia.
It may occur at late phase where intestinal necrosis
occurs [37,38]. It was seen that these parameters were
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Figure 5. (A) and (B) normal intestinal mucosa in the control group (H&E, x 100, x200); (C) subepithelial lifting (grade 2) in the I/R
group (H&E, x100) (arrows); (D) destructed villi with dilated capillaries (grade 4) in the I/R group (H&E, x100) (arrows); (E)
disintegration of lamina propria, ulceration, and hemorrhage (grade 5) in the I/R group (H&E, x100)(arrows); (F) expansion of
subepithelial space with moderate lifting of epithelial layer (grade 2) in the Dxp plus I/R group (H&E, x200) (arrows); (G) almost
normal intestinal mucosa (grades 0 and 1) in the I/R plus Dxp group (H&E, x 100) (arrow); (H) almost normal intestinal mucosa in the I/
R plus Dxp group (H&E, x100) (arrows).
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Figure 6. Caspase 3 expression for each group. (A) Control group, (B) I/R group, (C) Dxp +I/R group (x20), and (D) I/R+ Dxp group.

decreased in groups given Dxp, when compared
with the |I/R group. However, only significant
difference was observed in the LDH level in I/R

plus Dxp.

In histopathological examination, grade 2-5 lesions
were noted in the I/R group. This finding was in parallel
to biochemical parameters, supporting oxidative stress.
Grade 1-3 lesions were observed in the Dxp plus I/R
group whereas grades 1 and 2 lesion in the I/R plus Dxp
group. It emphasizes that Dxp significantly improved or
prevented ischemic intestinal injury. In the Dxp plus I/R
group, there were higher grades of ischemic intestinal
injury when compared with the I/R plus Dxp group.
However, ischemic intestinal injury in this group was less
severe when compared with the I/R group. In the studies
by Kuenzler et al. [39] and Jacob et al. [40], the role of
apoptosis was shown in the development of intestinal
injury. In our study, we assessed apoptosis by caspase-3
activity. Markedly increased caspase-3 activity in the I/R
group compared with control group and significant
decrease in Dxp plus I/R and I/R plus Dxp groups
compared with the I/R group can be interpreted that
Dxp has anti-apoptotic and protective effects. The
histopathological and biochemical results found in this
study were consistent.

As mentioned earlier, the effect of Dxp on intestine
motility was searched through the electrical activity of
intestines recorded for half an hour after the adminis-
tration of Dxp. It was considered that after Dxp
treatment, intestinal colic might do happen. Patients
with intestinal colic usually complain for blockage of air
bubbles as not able to pass. An episode of intestinal
colic can start with a sensation of sharp twigging in the
abdomen [41]. Such complaints may be systematically
linked with the increase of intestinal unformatted
electrical signal’'s power mentioned before. Another
issue is the effect of Dxp on the obstruction of the
intestine due to paralysis of the intestinal muscles, the
so-called paralytic ileus [42,43]. The obtained electophy-
siological result showed that Dxp may cause an increase
in electrical power (Figure 4), and consequently increase
in voluntary muscular power. Interestingly, Demirci et al.
have shown that Dxp improves diabetic cardiovascular
function and cardiac performance by regulating total
oxidant and antioxidant status [44]. This verdict may also
be explained within the context of the increase of
myoelectrical power within the vascular system due to
Dxp intake.

In our study, we assessed physiological roles of Dxp
on the GIS, such as contraction. Markedly increased



364 Y. F. CAGIN ET AL.

electrical signal activity in the Dxp group compared with
the control group. Hereof, there are different results in
various studies [41-43]. However, the results of the study
by Hanck et al. confirm our consequences [41].

Conclusion

Dxp was proven to decrease oxidation, while enhancing
motility in the intestine and antioxidant system. Also
Dxp is inexpensive, safe, and available. Therefore, we
believe that it can be used as a treatment option in
acute mesenteric ischemia and constipation. However,
this subject needs further research to make a robust
decision for using Dxp in routine treatments.
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