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A BST R AC T   

 

Aim: To investigate the effects of acute intestinal ischemia on plasma thiol/disulphide homeostasis (TDSH), 

which has been investigated in a limited number of studies in the related literature. 

Methods: Twenty-four rats were randomized into control (operation without ischemia, GIS), and ischemia 

groups (GII-60, GIII-180). For ischemia, the superior mesenteric artery was sutured and the rats were exposed 

to 60 and 180 minutes of intestinal ischemia, respectively. Plasma TDSH was measured in blood samples 

collected at the end of the ischemia, and the pathology of ileum segments resected was evaluated.  

Results: The experimental ischemic conditions provided were confirmed by the total histopathological scoring 

system statistically. The levels of serum human albumin and ischemia modified albumin (IMA) in groups were 

detected in quite a close range of each other. There was no found a statistically significant difference for IMA 

between groups (p>0.05).  The alternations on the levels of plasma TDSH parameters were observed in the 

study. According to ischemic conditions, the thiol/disulfide ratio fluctuations were detected in the plasma 

TDSH. The native thiol and total thiol levels seem to have decreased according to ischemia; no statistical 

difference was detected. In addition, the disulfide levels increasing according to ischemia either was not found 

significant statistically (p>0.05). 

Conclusion: Although this study showed the oxidative balance in intestinal ischemia had affected plasma 

TDSH, also it revealed that intestinal ischemia didn't create a statistically significant difference between 

plasma TDSH components. 
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Introduction 

Intestinal ischemia occurs by reduced intestinal 

blood flow due to several clinical situations, 

such as strangulated hernia, intestinal volvulus, 

necrotizing enterocolitis, small bowel and 

multi-visceral transplantation, hemorrhagic 

shock, sepsis, severe burns, trauma, and 

mesenteric thrombosis/embolism. It results in 

dysfunction of the gut barrier, which leads to an 

increase in permeability of the epithelium and 

infiltration of the intestinal wall by 

inflammatory cells. These cells cause a 

systemic inflammatory response by releasing 

pro-inflammatory cytokines, and finally the 

delay in diagnosis and treatment may be fatal 

for the patient is associated with high mortality 

 Experimental Biomedical Research                                                   Original article 

mailto:kayamete@yahoo.com
https://orcid.org/0000-0002-0773-7430
https://orcid.org/0000-0003-1071-9740
https://orcid.org/0000-0002-0974-5717
https://orcid.org/0000-0002-8877-5737


                                              Ozcakir et al.  / Exp Biomed Res. 2021; 4(4):322-330 

   
 

323 
 

and morbidity [1]. The role of oxidative stress 

(OS) and reactive oxygen species (ROS) have 

been shown to contribute to the pathogenesis of 

intestinal ischemic diseases [2]. The main 

mechanism causing OS is considered to be lipid 

peroxidation of mitochondria and cell 

membranes in ischemic tissue [2,3]. 

Thiols in the organisms are components that 

involve the sulfur group and are the essential 

antioxidant buffers that interact with almost all 

physiologic oxidants. The majority of the 

plasma thiol pool consists mainly of human 

serum albumin (HSA), the other proteins, and 

the small part consists of thiols with low-

molecular-weight such as cysteine, cysteinyl 

glycine, glutathione, homocysteine, and c-

glutamylcysteine [4]. The thiol groups of 

proteins are transferred to reversible disulphide 

bond structures by the oxidization of oxidant 

molecules in the environment. The disulphide 

bond structures may reduce back to thiol 

groups, and thus, the thiol-disulphide balance is 

maintained [4]. In the dynamic plasma 

thiol/disulphide homeostasis (TDSH) that 

consists of the native thiol, total thiol, and 

disulphides, the shift from balance towards 

disulphides has been shown in various diseases 

previously [5-7]. 

The plasma compartment is characterized by 

having relatively low concentrations of thiols 

and by the presence of serum albumin as the 

most abundant one [8]. Ischemia, hypoxia, 

increased free radicals, and acidosis leads to 

changes in the molecular structure of serum 

albumin by decreasing metal binding capacity 

at N- terminal. This new isoform of albumin is 

called ischemic modified albumin (IMA), and 

its serum levels can be measured [9]. Although 

studies have recognized IMA as a marker of 

cardiac ischemia, several investigations of IMA 

have also shown increased levels in ischemic 

diseases [10]. 

In line with the aforementioned theories and 

literature, the plasma dynamic TDSH of the 

organism is expected to be affected by intestinal 

ischemia. However, the studies investigating 

the effects of intestinal ischemia on plasma 

TDSH is not found in the related literature. In 

the present study, we aimed to investigate the 

effect of intestinal ischemia on the plasma 

TDSH, and IMA levels, biochemically and 

histopathologically, and whether it can be used 

as a predictor of intestinal ischemia. 

 

Materials and methods 

Each experiment was performed in accordance 

with the National Guidelines for The Use and 

Care of Laboratory Animals after obtaining the 

approval of the Animal Experiments Ethics 

Committee of Uludag University (number: 

2017/13/04). Twenty-four Wistar albino rats 

weighing 300-400 g were included in the study. 

All animals were kept on a 12 h light: 12 h 

darkness cycle at 22–24 °C with free access to 

food and fasted for 24 h before the operation, 

but were allowed free access to water. Rats 

were divided randomly into three groups, 8 in 

each: in Group sham (GIS), rat intestines were 

eviscerated by laparotomy and then put back; 

the rats in Group II-60 and Group III-180 were 

exposed to intestinal ischemia for 60 and 180 

minutes, respectively. The applied intestinal 

ischemia model in the current study was 

described by Megison in 1990 [11]. Briefly, the 

rats were anesthetized by using 3% isoflurane; 

laparotomy was performed by median incision, 

and the intestines were eviscerated. In ischemic 

groups, the base of the superior mesenteric 

artery was identified and ligated by 3/0 silk 

suture, and intestines were placed back into the 

abdominal cavity. After 60 minutes of ischemic 

period for both GIS and GII-60, and 180 

minutes for GIII-180, relaparotomy was 

performed for gathering blood and intestine 
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tissue samples without reperfusion. The 

animals were sacrificed after operation using an 

intracardiac injection of pentobarbital (45 

mg/kg) and open pneumothorax. 

Biochemical analysis 

Blood samples were centrifuged to separate the 

plasma and serum. The serum samples were 

stored at -80°C until the time of evaluation. 

Serum TDSH that consists of the native thiol, 

total thiol, and disulphide was investigated by 

the novel and automatic spectrophotometric 

measurement method developed by Erel and 

Neselioglu; and the disulphide/native thiol 

ratio, the disulphide/total thiol ratio, and the 

native thiol/total thiol ratio were calculated [4]. 

Also, serum IMA levels were measured using 

the method described by Bar-Or et al. [9]. 

Serum albumin levels were analyzed using a 

chemical auto analyzer (Beckman Coulter 

Chemistry Analyzer AU480, Brea, CA, USA). 

Histopathologic examination 

The resected intestinal segments were fixed 

with formaldehyde (10%) solution. All samples 

were embedded in paraffin. Tissues were 

sectioned in 4-5 µm pieces and stained with 

hematoxylin-eosin (HE), then analyzed under a 

light microscope by the same pathologist who 

was blind to the study. Histopathological 

findings were graded from 0 to 5 in accordance 

with the total histopathologic score (THS) 

defined by Chiu et al. [12].  

The grades of the THS are as follows: Grade 0: 

Normal mucosa, Grade 1: Villous subepithelial 

detachment formation accompanied by 

capillary congestion, Grade 2: Subepithelial 

detachments exerted and a moderate amount of 

upward push on the mucosa epithelium, Grade 

3: Large subepithelial detachments exerted a 

massive amount of upward push on the mucosa 

epithelium along the villi, and few denuded 

villus tips were observed, Grade 4: The villi 

were denuded to the level of lamina propria and 

dilated capillaries, Grade 5: Presence of 

ulceration, the disintegration of lamina propria, 

and hemorrhage.  

Statistical analysis 

Statistical analyses were performed with IBM 

SPSS ver.23.0 (IBM Corp. Released 2015. IBM 

SPSS Statistics for Windows, Version 23.0. 

Armonk, NY: IBM Corp.). The data were 

examined by the Shapiro Wilk test whether or 

not it presents normal distribution. The results 

were presented as mean ± standard deviation or 

median (minimum-maximum) for continuous 

variables including plasma TDSH (native thiol, 

total thiol, disulphide, disulphide /native thiol 

ratio, disulphide /total thiol ratio, and native 

thiol /total thiol ratio) and IMA levels.  As the 

variables were distributed normally, one-way 

ANOVA was employed to analyze the data. 

The THS of groups were analyzed as 

quantitative levels by the Kruskal-Wallis test.  

The p-value <0.05 was considered as 

statistically significant. 

 

Results 

Histological examination revealed normal 

small intestines in GIS, while ischemic changes 

were confirmed in the other experimental 

groups (Figure 1). The histopathological results 

are displayed as a boxplot graphic in Figure 1. 

The THS of ischemia were found significantly 

higher in the GII-60 and G III-180 groups when 

compared with GIS (p<0.05). 

The results of total plasma TDSH (native thiol, 

total thiol, disulphide, disulphide/ total thiol 

ratio, and native thiol /total thiol ratio), HSA, 

and IMA levels were summarized in Table 1.  

The mean HSA and IMA levels in the groups 

were detected quite close to each other. The 

mean levels of IMA were displayed in Figure 

2A. Although the highest value of IMA within 

groups was expected in GIII-180, they were 

observed to course in close range of each other.  
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There was no significant statistical difference 

between experimental groups for IMA levels 

(Table 1) (p>0.05).  

The native thiol (62.91 µmol/l) and native/total 

thiol ratio (63.38 %) were significantly lower in 

GIII-180 and GII-60 than in GIS (Figure 2B). 

However, these values were not statistically 

significantly different between groups 

(p=0,468, p=0,392) (Table 1). As seen in 

Figure 2C, the disulphide levels were different  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

among the three groups. Both GIS and GII-60 

groups had lower disulphide values compared 

with the GIII-180 (p=15,957 and p=15,156, 

respectively) (Table 1). Nevertheless, no 

statistically significant difference in disulphide 

levels was found between groups. The 

disulfide/native thiol ratio was significantly 

higher in the GIII-180 group than in others 

(31.82%). Although the increasing ratio was 

seen in Figure 2D, there was no statistically  

 
Figure 1. Representative light microscopy (Hematoxylin & Eosin staining) images of the intestinal epithelium 

and histopathological scoring. A: Non-ischemic group (GIS) with normal mucosa (Grade 0). B: Ischemia for 

60 minutes (GI-60). The denied villi with lamina propria by dilated capillaries (Grade 4). C: Ischemia for 180 

minutes (GII-180). The intestinal wall damage with ulceration, the disintegration of lamina propria, and 

hemorrhage (Grade 5). D: Histopathologic intestinal damage induced by intestinal ischemia was studied using 

the Chiu score. Each point depicts a sample evaluation (n=8 per group). 

 Table 1. The comparison analysis of plasma thiol pool parameters (ischemia-modified albumin, serum 

albümin, native thiol, total thiol, disulphide, and their ratios). 

Thiol pool parameters GIS GII-60 GIII-180 P value 

HSA (g/dl) 3,49±0,57 3,298±0,38 3,423±0,323 0,684 

IMA (U/ml) 1,289±0,08 1,300±0,09 1,209±0,085 0,097 

Native thiol (µmol/l) 83,00±49,67 82,60±34,10 62,91±21,23 0,468 

Total thiol (µmol/l) 114,91±52,45 112,91±34,60 97,76±20,69 0,620 

Native thiol / total thiol (%) 68,19±10,92 71,50±12,06 63,38±11,83 0,392 

Disulphide (µmol/l) 15,957±2,74 15,156±5,024 17,425±4,877 0,589 

Disulphide / native thiol (%) 24,955±11,953 21,811±12,882 31,825±18,097 0,396 

Disulphide / total thiol (%) 15,902±5,463 14,247±6,031 18,308±5,916 0,392 

 

Values: Mean±SD. HSA: Human serum albumin; IMA: Ischemia-modified albumin; SD: Standart deviation  
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significant difference between groups 

(p=0,396) (Table 1).  

 

Discussion 

Intestinal ischemia progresses rapidly and leads 

to irreversible damage leading to high 

morbidity and mortality [13]. This severe 

condition is associated with a progressive 

inflammatory response causing OS, cellular 

dysfunction, hemorrhage, and even necrosis 

[14]. Various biomarkers have recently been 

reported as a facilitative factor in the process of 

diagnosing intestinal ischemia, such as 

acidosis, elevated amylase, D-dimer, intestinal 

fatty acid-binding protein (I-FABP), serum 

alpha-glutathione, S-Transferase (alpha-GST), 

cobalt-albumin binding assay (CABA), 

procalcitonin, etc. [15]. However, there are no 

specific laboratory biomarkers in a blood 

sample for diagnosing intestinal ischemia in 

daily practice.   

IMA is an altered HSA that forms under the 

conditions of OS and is considered a predictor 

[9,14,15]. In acute ischemic situations, the 

metal binding capacity of albumin for transition 

metals such as copper, nickel, and cobalt 

decreases, resulting in a metabolic variant of the  

protein commonly known as IMA [9,10]. In 

almost all ischemic or hypoxic clinical studies,  

 

 

 

 

 

 

 

 

 

 

 

 

 

IMA and serum albumin levels were found to 

be high [10,16,17]. Gunduz et al. found that 

preoperative IMA levels were significantly 

higher in patients with intestinal ischemia [10]. 

In the study of Acar et al. they found that IMA 

levels were high in rats that underwent renal 

ischemia and reperfusion, although it was not 

statistically significant [16]. In our study, the 

IMA levels were not statistically significantly 

different between ischemic groups. It was 

considered that the changes of the ischemic 

tissues may not affect systemic circulation yet, 

and hence the levels of IMA in ischemic groups 

are not increased. We also think that the binding 

affinity of albumin to other metals was not 

changed since our model produces complete 

ischemia, not reperfusion.  

In 2014, Dr. Erel and Neselioglu developed a 

novel and automated assay for the organism's 

antioxidant - oxidant balance, which 

determined plasma TDSH [4]. Thiols, as a 

major antioxidant, play an important role in the 

eradication of ROS via non-enzymatic 

pathways. The thiol groups of proteins are 

transferred to reversible disulphide bond 

structures by the oxidization of oxidant 

molecules in the environment. In comparison 

with other parameters, the authors provide an 

easy, relatively cost-efficient, practical, fully 

 
Figure 2. A: The course of serum IMA levels in groups. B: Native thiol levels by groups. GIS had higher 

native thiol values than both GII-60 and GIII-180. C: Disulphide levels by groups. GIII had higher serum 

disulphide levels than both groups.  D: Disulphide/native thiol ratios by groups. The disulphide/native thiol 

ratio was higher in the GIII-180 than in others. 

 

 



                                              Ozcakir et al.  / Exp Biomed Res. 2021; 4(4):322-330 

   
 

327 
 

automated spectrophotometric assay for the 

determination of plasma dynamic TDSH. The 

role of plasma TDSH in various clinical and 

experimental ischemic studies such as testicular 

and ovarian torsions, cardiac and renal 

ischemia, and pulmonary embolism, although 

most studies are conditions that cause ischemia-

reperfusion or chronic OS and its importance 

has been investigated [5,16,18-20]. In the 

present study, the plasma TDSH was not 

investigated for ischemia-reperfusion injury. 

The main purpose was to evaluate whether 

intestinal ischemia affected plasma levels of 

thiol and disulphide or not. 

The dynamic TDSH has been studied in many 

different clinical situations and experimental 

organ ischemia models, and results are 

inconsistent with each other. Kundi et al. in a 

study conducted in patients with acute 

myocardial infarction with chest pain lasting at 

least 20 minutes, thiol and disulphide levels 

were found to be significantly lower, but 

disulphide/thiol levels were found to be higher 

compared to controls [5]. Similarly to our 

study, Topuz et al. also found that thiol levels 

were lower, disulphide levels high, and 

disulphide/thiol ratios significantly higher in 

patients who were diagnosed with pulmonary 

embolism and had high pulmonary embolism 

severity index compared to controls [18]. 

Urkmez et al. found that natural, thiol, total 

thiol and disulphide levels were significantly 

lower in detorsion after 4 and 8 hours of torsion 

in the testicular torsion model [19]. They 

reported that prolongation of ischemia leads to 

a greater decrease in thiol/ disulphide levels and 

testicular damage may indicate the prognosis. 

Avci et al. investigated thiol/disulphide levels 

in experimental ovarian torsion and found that 

thiol and disulphide levels increased in the 3-

hour torsion group, decreased in the detorsion 

group compared to the sham group, and the 

ratio of disulphide and thiol groups increased to 

the thiol groups [20]. Finally, Acar et al. found 

that the thiol group increased significantly in 

the reperfusion group in their study in which 

they performed renal ischemia reperfusion [16]. 

Considering all previous studies, it is seen that 

different organs and experimental models have 

different homeostasis results in ischemic 

conditions. In the current study, by the 

literature, as the intestinal ischemia increased; 

the native thiol and total thiol values decreased 

and the disulphide and disulphide /native thiol 

values increased. Although it was shown that 

while thiol levels were decreased the disulfide 

values were increased (Figure 3,4,5), no 

statistically significant difference was found 

(Table 1).  

In addition, we think that the proved intestinal 

ischemia by the high consistent THS in our 

study does not reveal a statistically significant 

difference between TDSH components in 

plasma. Similarly, Dumlu et al. also conducted 

a study with hypothesizes that both OS and lipid 

peroxidation contribute to the pathophysiology 

of intestinal ischemia [21]. They observed that 

OS and lipid peroxidation play no significant 

role in intestinal ischemia and did not provide 

the expected effects on plasma oxidant and 

antioxidant capacity accompanied by 

histopathologic signs of ischemia.  

It's well known that ROS, an unstable and 

cytotoxic reduction product of molecular 

oxygen, is responsible for producing the 

increased capillary permeability associated 

with intestinal ischemia and an increase of OS 

parameters is expected [22]. In fact, in our 

study, the thiol /disulphide balance was 

expected to shift towards disulphides as well, 

which could be considered as an indicator of OS 

due to an inflammatory process. Although the 

shift was observed in the values of the TDSH 

components in groups per the degree of 



                                              Ozcakir et al.  / Exp Biomed Res. 2021; 4(4):322-330 

   
 

328 
 

intestinal ischemia, it was anticipated that more 

considerable differences. Thus, the findings of 

the current study did not completely result in 

parallel outcomes with the literature 

statistically. 

We think that these results could have been 

affected by steady-state concentration due to 

the plasma kinetic barrier. Because of the 

plasma kinetic barrier, thiol and disulphides do 

not stay at equilibrium in plasma. Turell et al. 

have proposed that the steady-state 

concentrations are the result of several 

concurrent actions that are affecting not only 

total concentrations but also oxidized ratios 

against reduced thiols [8].  

Furthermore, a detailed examination of plasma 

TDSH by several studies pointed out that 

plasma concentrations of thiols and oxidized 

derivatives are affected in such conditions, 

including the ratios of thiol-disulfide exchanger 

actions, the rates of thiol oxidation with ROS, 

and the breakthrough rates of thiol-containing 

molecules from liver or kidney [23-25]. 

Hereby, detected thiol and disulphide 

concentrations in our study are not fully 

consistent with the expected 

spectrophotometric measurement for thiol 

oxidation to disulphide. Within the scope of the 

aforementioned papers, it is possible that our 

results might be related to the dynamic process 

of the plasma thiol pool. 

In plasma, total thiols are at a lower 

concentration than in cells, and the predominant 

thiol is serum albumin. The serum albumin thiol 

reacts with a wide variety of oxidant species. 

These reactions are evidenced by the detection 

of the thiol oxidized forms of albumin in the 

circulation that increase in the circumstances 

related to OS [8,24,25]. As it is emphasized by 

Turell, the nature of oxidant species cannot be 

elucidated exactly because of the kinetic factors 

depending on the overlapping of the final 

products, the concentration of both serum 

albumin, and potentially competing for targets 

together with diffusion and 

compartmentalization aspects [8]. According to 

these pieces of information, it is considered that 

the HSA levels of our study groups might have 

been affected by the mentioned overlapping 

factor. 

As for the limitations of the study, the plasma 

TDSH is an unstable configuration, and its 

effects and states in metabolic reactions are 

unpredictable. Despite the experimentally 

performed intestinal ischemia in groups, 

whether or not the results of the parameters of 

plasma TDSH are real affected indicators or 

random states may never be known because of 

the limited number of samples. In addition, it 

might be stated that as a result of being a 

relatively novel assay procedure, susceptible to 

reversible and irreversible modifications. It was 

not possible to control all of the variables that 

might potentially affect plasma TDSH. Finally, 

we were unable to compare the basal plasma 

thiol/disulphide parameters into our study data 

because these were not investigated pre-

intervention. 

 

Conclusion 

As a consequence, the mesenteric occlusion 

caused histopathological and thiol- disulphide 

balance changes in the current intestinal 

ischemia model. The parameters of plasma 

TDSH may have affected by cellular redox 

signalling in tissue destruction but is 

insufficient to demonstrate the reflection of 

acute intestinal ischemia on plasma.  

Nevertheless, this is the first study to evaluate 

the effect of intestinal ischemia on plasma 

TDSH in a small intestine ischemia model.  

Therefore, further studies are needed to clarify 

the interaction between intestinal ischemia and 

plasma thiol/disulfide pool.  
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