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Determination of Dynamic Plasma Thiol -disulfide
Homeostasis with a Novel Technique in Intestinal
Ischemia Reperfusion Injury
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ABSTRACT

Introduction: Intestinal ischemia/reperfusion (I/R) is a serious life-
threatening clinical case. Overproduction of reactive oxygen species
(ROS) associated with oxidative stress plays a key role in I/R
pathophysiology.

Objective: The aim of this study is to evaluate dynamic thiol / disulfide
hemostasis in intestinal I/R in rats.

Materials and Methods: 24 Winstar albino rats were divided into 3 groups
(8 animals in each group: (1) sham (operation without ischemia), (2)
ischemia (90 minutes ischemia), (3) ischemia/reperfusion (after ischemia
for 30 minutes reperfusion for 60 minutes). At the end of the process, liver
samples were evaluated pathologically. Also, in plasma samples, native
thiol, disulphide and total thiol levels were measured.

Results: Native thiol levels in ischemia and I/R group were found to be
significantly lower compared to the sham group (P<0.001). Disulfide levels
in Ischemia group were found to be significantly higher compared to the
sham group (P< 0.05). Disulfide / native thiol levels in ischemia and I/R
group were found to be significantly higher compared to the sham group
(P < 0.05). Disulfide / total thiol levels in both ischemia and I/R group
were found to be significantly higher compared to the sham group (P<
0.05).

Conclusion: Balance of dynamic thiol/disulfide is a quite suitable indicator
for evaluating oxidative stress which occurs as a result of intestinal I/R.
As a result, measurement of dynamic thiol/disulfide balance with Erel
method is fully automated and practical for evaluating oxidative
environment which is formed with ischemia reperfusion.
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I. INTRODUCTION

Intestinal ischemia-reperfusion (I/R) is a common
condition that is observed in cases like mesenteric ischemia,
abdominal aortic aneurysm, trauma, and severe burns. In
tissue injury, there is contribution of reperfusion followed
by ischemia not only of ischemia [1]. Unlike the case of
ischemic injury, in the case of reperfusion, damage does not
only occur in the affected area but may also occur in distant
organs and throughout the body systemically. This damage
is induced by reactive oxygen and nitrogen radicals,
microvascular damage, inflammatory cytokines and
complement system [2]. In addition to rupture of the
mucosal barrier, bacterial translocation, and activation of
inflammatory response; acid-base balance disorder may also
be observed [3]. This damage which occurs in distant organs
is referred to as post-traumatic multiple organ failure [4].
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Related with oxidative stress, overproduction of Reactive
Oxygen Species (ROS) plays a key role in the
pathophysiology of I/R (3). ROS are the oxidation and
reduction agents which can cause damage directly in cell
membrane through lipid peroxidation [5]. ROS is normally
cleared by antioxidant enzymes such as superoxide
dismutase (SOD) and glutathione peroxidase (GPx).
However, when ROS production reaches very high levels,
oxidative stress occurs. The most common ROS are
superoxide, hydrogen peroxide, singlet oxygen, and
hydroxyl radicals. The dominance of this reagent products
can cause damage in DNA as well as all macromolecules
comprising proteins and lipids [6]. While protein carbonyl
content (PCO) increases by oxidation of proteins, MDA also
increases as the secondary product of lipid peroxidation [7],
[8]. At the same time, peroxidation of endogenous lipid
causes the transformation of reduced glutathione (GSH), a
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non-enzymatic intracellular antioxidant,
disulfide (GSSG) [9], [10].

The thiols which are called mercaptans since they bind
mercury are sulfhydryl (-SH) containing organic compounds
which are formed by bonding of sulphur and hydrogen
atoms to carbon atom [11]. Thiols (RSH) can undergo
oxidation reaction by the oxidants and disulfide (RSS)
bonds can be formed. The resulting disulfide bond can be
reduced to thiol groups again, so that the dynamic thiol-
disulfide hemostasis is continued [12]. Dynamic
thiol/disulfide equilibrium condition plays a critical role in
terms of antioxidant defense, detoxification, apoptosis,
trancription in the regulation of enzyme activity and cellular
signal  transduction  mechanisms.  Until  recently,
plasma/serum thiol levels were measured widely by Ellman
method, there was not a method available which measures
the plasma thiol/disulfide balance colorimetrically. Erel et
al. for the first time developed a colorimetric, exactly

to glutathione

automated method to measure plasma dynamic
thiol/disulfide levels [12].
Our aim in this study is to determine dynamic

thiol/disulfide balance with this new method in intestinal
ischemia reperfusion model.

Il. METERIAL AND METHODS

A. Study Design and Ethics

This was a prospective, randomized, controlled,
experimental animal study. This study was approved by the
Ethics Committee for Animal Experiments and all animal
experients were carried out in accordance with Guide for the
Care and Use of Laboratory Animals issued by the US
National Research Council Committee and local
requirements [14].

B. Animals and Experimental Procedure

In this study, 24 300-350 g weighing Winstar albino rats
were used. Three days before the experiment, rats were
maintained in cages which had appropriate room
temperature and humidity, and which had access to water
and standard ad libitum. AIll surgical procedures were
performed under intramuscular xylazine (5 mg/kg xylazine
hydrochloride, Rompun, Bayer Chemical) and ketamine (50
mg/kg ketamine hydrochloride, Ketamine, Parke-Davis)
anesthesia. Heart rate was monitored during the procedure.
All rats were divided randomly into 3 groups of 8 animals in
each group.

1. Sham

In this group, midline laparotomy was performed on the
abdominal wall after cleaning it with 10% povidone-iodine.
The superior mesenteric artery was dissected but an
additional procedure was not performed. Two ml of serum
physiological was given in the abdomen. After that,
peritoneum and abdominal wall was closed with 3/0 silk
suture. Rats in this group were sacrificed after 90 minutes by
opening the seams and collecting intracardiac blood
samples.

2. Ischemia

After performing laparotomy in this group, superior
mesenteric artery was clamped by atraumatic clamp.
Mesenteric ischemia was verified with the absence of
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mesenteric pulsations and paleness of the intestinal segment.
Two ml of serum physiological was given in the abdomen.
After that, peritoneum and abdominal wall was closed with
3/0 silk suture. Rats in this group were sacrificed after 90
minutes by opening the seams and collecting intracardiac
blood samples.

3. Ischemia-reperfusion (I/R)

After performing laparotomy, superior mesenteric artery
was clamped by atraumatic clamp. Two ml of serum
physiological was given in the abdomen. After that,
peritoneum and abdominal wall was closed with 3/0 silk
suture. After 30 minutes, relaparotomy was performed and
microvascular clamp was removed. Mesenteric reperfusion
was confirmed by pulsation and return of color. Abdomen
layers were again closed with 3/0 silk suture. Rats in this
group were sacrificed after 60 minutes by opening the seams
and collecting intracardiac blood samples.

Body temperature of rats were maintained at 37 °C
throughout the entire procedure. At the end of the study
nearly 4 ml blood samples were collected into heparinized
tube. Approximately 5 cm ileum samples were taken from
the rats for pathological examination.

C. Thiol / Disulfide Measurement

These measurements were performed by using the method
of Erel et al. [12]. Dynamic disulphide bonds (~S-S-) in the
sample are reduced to functional thiol groups (-SH) by
NaBH4. The unused NaBH4 remnants are completely
removed by formaldehyde. Thus, this prevents the extra
reduction of the DTNB and further reduction of the formed
disulphide e bond, which are produced after the DTNB
reaction. The total thiol content of the sample is measured
using modified Ellman reagent. Native thiol content is
subtracted from the total thiol content and half of the
obtained difference gives the disulphide e bond amount.As a
result, native thiol ( —SH) , disulphide (-S-S-) and total
thiol (-SH + -S-S-) amounts, —S-S—/-SH, —-S-S—/(-SH + —
S-S-), -SH/(-SH + -S-S-) ratios were calculated
automatically and synchronously.

D. Pathological Evaluation

lleum specimens were fixed in 10% neutral formalin,
embedded in paraffin and sectioned into 5-pum slices.
Sections were stained with hematoxylin and eosin, and
histologic architecture was graded on a 6- tiered scale
defined by Chiu’s classification [15]: 0, normal villi; 1, villi
with tip distortion; 2, Guggen- heim’s spaces; 3, villi with
patchy disruption of the epithelial cells; 4, villi with exposed
but intact lamina propria with epithelial sloughing; 5,
exuding lamina propria; 6, hemorrhaged or denuded villi.

E. Statistics

Statistical analysis was performed using SPSS 20.0
software. The characteristics of the groups were summarized
with basic statistics. Mean, standard deviation, median,
minimum, and maximum values were used to summarize the
numerical parameters. The distribution of the groups was
tested by the Shapiro-Wilk test. Groups with normal
distribution were compared using ANOVA. Secondary
comparisons were made with post-hoc turkey test. The cases
that show skewed distribution were compared with the
Kruskal-Wallis  test.  Secondary  comparisons  were
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performed using the Mann-Whitney U test with Bonferroni
correction. Statistical significance level was determined as P
< 0.05.

I1l. RESULTS

A. Thiol / Disulfide Hemostasis

Native thiol, disulfide, total thiol levels were shown in
Table 1. Native thiol levels in ischemia and I/R group were
significantly lower compared to the sham group (P < 0.001).
Disulfide levels in ischemia group were significantly higher
compared to the sham group (P < 0.05). If total thiol levels
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are evaluated, a significant decrease was observed in I/R
group compared to the sham group while there was no
significant difference between ischemia group and other
groups.

The results found from the rates between the parameters
are shown in Table Il. —-S-S—/-SH ratios in ischemia and I/R
group were significantly higher compared to the sham group
(P<0.05). -S-S-/(-SH + -S-S-) levels in both ischemia and
I/R groups were significantly higher compared to the sham
group (P < 0.05). If —SH/(—SH+-S-S-) ratios is evaluated,
ischemia and I/R group was significantly higher compared
to the sham group (P<0.001).

TABLE I: NATIVE THIOL, DISULPHIDE, TOTALY THIOL LEVELS OF EXPERIMENTAL GROUPS

Sham Iskemi Iskemi/reperfusion p
—SH (umol/L) 192+2.75+48.52  100.00+42,21° 84.38+29.89° <0.001
—S-S— (umol/L) 53.75+12.79 72.81£10.67 64.12+10.78 0.031
~SH+-S-5- 300.25+38.35 257.88+48,07 212.63+34.122 0.001
(umol/L)

Oneway Varriance (ANOVA), #p<0.05 vs sham, —SH: native thiol, -S-S—: disulphide, —SH + —S-S—: totaly thiol.

TABLE II: NATIVE THIOL, DISULPHIDE, TOTALY THIOL LEVELS RATIOS OF EXPERIMENTAL GROUPS

Sham Iskemi Iskemi/reperfusion p
SS7SH 039 (0.14-054)  0.65 (040-089F° 061 (0.48-0.78)° 0.002°
S-S-/(-SH +-S-S-) 0.18+0.06 0.32+0.18¢ 0.30+0.05°¢ 0.0012
“SHI(-SH +-S-S-) 0.63+0.12 0.3740.12¢ 0.39:0.10° <0.001°

*OnewayVarriance (ANOVA) ® Kruskal Wallis test ¢ p<0,05 vs sham.

—S-S—/-SH: disulphide e /native thiol, S-S—/(-SH + —S—S-): disulphide e/ totaly thiol.

B. Pathological Findings

Patology specimens obtained from the sham group were
evaluated as normal. In ischemia and I/R groups, mostly
villi with patchy disruption of the epithelial cells (Grade 3)
and villi with epitelial sloughing which has intact lamina
propria (Grade 4) was detected.

IV. DISCUSSION

Intestinal ischemia is a difficult clinical situation to
struggle with for clinicians due to the difficulty of early
diagnosis and high mortality rates. For this reason,
pathophysiology, effects, and treatment strategies of
intestinal I/R damage still continues to be widely discussed
through experimental work [16], [17]. Widely discussed
subjects in these studies are to reduce I/R damage with
various drugs and antioxidants and to increase the vitality at
the cells. However, there is no medical treatment protocol
that has been clinically used.

Intestinal ischemia occurs with completely blocked or
severely reduced intestinal blood flow. Although precise
mechanism of damage is unknown, the studies have shown
that infiltration of  polymorphonuclear  leukocyte,
proinflamatuar cytokines and formed oxidative stress play a
major role in this damage [18]. Various parameters are
being used for evaluation of oxidative stress in intestinal
I/R. MDA, which is the secondary product of lipid
peroxidation is one of the most frequently used parameters.
Tuncer et al. have evaluated the effect of of antioxidant
agents containing sulfhydryl in intestinal I/R damage. In this
study, MDA, and protein carbonyl content (PCO) levels in
I/R group were higher than the control group [6]. Karakas et
al. have evaluated the effect of luteolin on total oxidant
status (TOS), total antioxidant capacity (TAC) and oxidative
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stress index on intestinal I/R formed rats. In this study,
mucosal TOS levels increased significantly in I/R group
compared to the sham group, and a significant decrease in
TAC capacity have been identified [19]. Superoxide
dismutase (SOD) activity is another parameter used for
evaluation of intestinal I/R damage. While Sizlan et al. [20]
have found that SOD activity has increased with I/R; Yucel
et al. [21] have found decrease in SOD activity.

In oxidative environment, peroxidation of lipids causes
the oxidation of GSH, which is a non-enzymatic
intracellular antioxidant, to GSSG [9]. GSH/GSSG ratio is
another parameter used for evaluation of oxidative damage
which is result of I/R. In a study evaluating the effect of
mesna on intestinal I/R damage, it is found that jejuna
mucosa GSH/GSSG ratio was significantly lower in I/R
group compared to the sham group [22]. Suyavar an et al., in
their study have evaluated the role of GSH treatment of
young and old rats on hepatik I/R model. In this study,
serum, mitochondrial and cytosolic GSH levels in hepatic
I/R group have been shown to be significantly low
compared to the sham group. GSSG levels were not
significantly different between the groups [23]. While in the
same study GSH/GSSG ratio of I/R group was significantly
lower compared to the sham group; in the group treated with
GSH, this rate was restored and found to be similar to the
sham group.

While plasma thiol pool is largely composed of albumin
and other proteins, a small portion of it is composed of low
molecular weight thiols like cysteine, cysteinylglycine,
glutathione, homocysteine and y-glutamilsiste [24]. Thiol
groups of the proteins, thiol groups of low molecular weight
compounds and cysteine residues are converted to disulfide
bond structures as a result of oxidation by the oxidant
molecules [12].
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The resulting disulfide bond scan again be reduced to the
thiol groups and thus thiol disulphide e balance is
maintained [12]. Dynamic thiol/disulfide balance condition
has critical roles in antioxidant defense, detoxification,
apoptosis, transcription in the regulation of enzyme activity
and cellular signal transduction mechanisms [13].

As mentioned above, in previous studies, low molecular
thiol source measurements, that constitute a small portion of
the thiol pool, such as Cys, CySS, GSG and GSSG were
used in order to define the amount of thiol disulfide amounts
[25], [26]. Erel et al. [12], in their study, have used thiol
containing GSH, 2-mercaptoethonol, albumin solution and
plasma samples in order to measure thiol-disulfide exchange
reaction, with the new method they have developed. In this
study, each sample was exposed to serially increasing doses
of oxidative agents (H:O2). Prior to oxidation native thiol
levels were measured and with the addition of oxidizing
agents it is found that native thiol levels decreased linearly
while disulfide rates increased. In this study, while levels of
oxidants showed a positive correlation with disulfide levels
it showed negative correlations with native thiol levels and
total thiol levels did not change with doses of oxidant levels.
GSH and its oxidated form GSSG are incomplete
parameters of thiol-disulfide homeostasis but native thiol
including GSH and disulfide including GSSG measurement
provide total hemostatic evaluation. Additionally, the result
can be achieved automatically in 10 minutes like blood
glucose measurement.

There is not a study which measures plasma dynamic
thiol disulfide balance for evaluation of I/R damage. Unlike
previous studies, in this study we have evaluated plasma
dynamic thiol/disulfide hemostasis by measuring native
thiol and disulfide levels in I/R damage. When the results
are analyzed, oxidative stress formed in I/R and ischemia
groups found to cause a significant decrease in native thiol
(-SH) levels. In parallel, especially in ischemia group,
increases were detected in disulfide levels (-SS). This
indicates that in oxidative environment, -SH groups of the
molecules formed —SS- groups with oxidation. When the
rates of disulfide levels to native thiol and total thiol
amounts are evaluated, significant increases are seen in I/R
and ischemia groups. This result is a strong indication of the
dominance of oxidative environment in I/R and ischemia
groups.

V. CONCLUSION

As a result, measurement of dynamic thiol/disulfide
balance with Erel method is fully automated and practical
for evaluating oxidative environment which is formed with
ischemia reperfusion. In addition, we believe that dynamic
balance measurement will be advantageous for assessing the
effects of drugs and antioxidant agents used to prevent this
damage and will provide a great contribution to future work.
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