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ABSTRACT 
Objectives: Obesity is a complex multifactorial disease with recently increasing prevalence and incidence. 
Several studies have been conducted to explain the ethiology, pathophysiology, epidemiology, molecular and 
genetic mechanisms, and effective treatments of obesity. Glutathione S-transferase (GST) S1, GSTZ1, and 
GSTT1 are essential enzymes for oxidative stress and metabolism-related disorders. For this purpose, we aimed 
to reveal the role of GSTS1, GSTZ1, and GSTT1 in obesity.  
Methods: The gastric tissue samples were taken from the patients diagnosed with obesity who underwent 
bariatric surgery in Ankara Keçiören Training and Research Hospital General Surgery Clinic between 2017 
and 2019. Immunostaining was performed on paraffin-embedded tissues to evaluate GSTS1, GSTZ1, and 
GSTT1 expressions. Laboratory data of the patients were recorded. All the results were analyzed statistically.  
Results: Weak GSTS1 expression was observed in 38.1% of tissues and moderate in 6.3%. 37.3% of the tissues 
presented weak GSTZ1 expression, and 11 (8.7%) displayed moderate. There were weak GSTT1 expressions 
in 7.1% of the tissues and moderate 0.8% of them. A positive and statistically significant correlation was 
observed between GSTS1 and GSTT1 expression levels ((r) = 0.028, p = 0.010; p < 0.05). There were no 
significant differences between expression levels and gender, age, comorbidities, and medication usage (p > 
0.05).  
Conclusions: GSTs, in particular GSTS1, GSTT1, and GSTZ1, might contribute to molecular mechanisms 
and the progression of obesity. In our study, GSTS1, GSTT1, and GSTZ1 were found to be moderately 
expressed in gastric tissues taken from obese patients. However, new studies using more samples and advanced 
techniques are needed to elucidate the relationship.  
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In addition to genetic predisposition, it is accepted 
that external factors such as lifestyle and cultural 

environment are the determining parameters in terms 
of obesity formation and susceptibility [1]. It is one of 
the most important steps towards the treatment of the 
disease to reveal the formation mechanism of this dis-
ease in a clearer and more understandable way. Due 
to these reasons, current research has gained impor-
tance in terms of revealing the functioning or anomaly 
of the genes responsible for these hormones, which are 
known to have hormonal and regulating effects on 
these hormones, together with habits such as human 
life style, nutrition and diet. In particular, studies re-
lated to the elimination of diseases such as type 2 di-
abetes and hypertension after surgical interventions 
related to obesity are seen in the literature. [2]. Adi-
pose tissue constitutes 15-20% of the body weight of 
adult men and 25-30% of women. If this rate rises 
above 25% in men and 30% in women, obesity can be 
mentioned [3]. Following obesity; It has been deter-
mined that diseases such as hypertension, cardiovas-
cular diseases, diabetes, degenerative arthritis, 
thrombophlebitis are seen directly or indirectly, and 
this is valid in all age groups [4]. Neuroendocrine sys-
tem diseases such as Cushing's Syndrome, Hypothy-
roidism, Polycystic Ovary Disease are known to be 
factors in the formation of obesity [5, 6]. Along with 
parameters such as nutrition, lifestyle, genetic predis-
position, and physical activity, drug use such as psy-
chotropic drugs, steroids, and contraceptives has also 
been reported as another factor that can cause obesity 
[7, 8]. It has consequences in the form of various dis-
eases on many systems such as the endocrine system, 
cardiovascular system, respiratory system, gastroin-
testinal system, nervous system. These diseases; hy-
pertension, type 2 diabetes, coronary heart disease, 
acute myocardial infarction, cerebrovascular diseases, 
respiratory distress, obstructive sleep apnea, gallblad-
der disease, fatty liver, dyslipidemia, hyperuricemia, 
insulin resistance, breast cancer, osteoarthritis, nerve 
entrapment, proteinuria, lymphedema and in a psycho-
logical form [9]. In morbidly obese people, no results 
can be obtained with any non-surgical method. When 
morbidly obese people lose weight with non-surgical 
treatment methods, the frequency of weight regain is 
approximately 95%. Morbid obesity; The only treat-
ment option that is effective, proven and can provide 
long-term results is surgical techniques [10]. In reac-

tions catalyzed by metals, reactive oxygen compounds 
can be produced in two different ways. The first of 
these; It is produced endogenously in the cell by the 
catalytic effect of various enzymes such as peroxiso-
mal oxidation, electron transport reactions catalyzed 
in mitochondria, microsomal cytochrome P450 me-
tabolism, xanthine oxidase and aldehyde oxidase as a 
result of immune system activation. The second is; It 
can be produced exogenously as a result of radiation 
caused by X, gamma and UV rays. It can also be found 
in the atmosphere as pollution. Environmental pollu-
tants, barbiturates, xenobiotics such as chlorinated 
compounds, some metal ions and smoking are other 
exogenous sources [11-13]. Beneficial and harmful ef-
fects of free radicals on the organism can be seen. It is 
known that they play a bidirectional role in biological 
systems. Examples of the beneficial effects of free rad-
icals are the active roles they play in the immune sys-
tem defense against infectious agents and in 
intracellular communication pathways. However, it 
also induces mitogenic response at low concentrations. 
Considering its negative effects, it causes damage to 
cell structures such as fats, proteins and nucleic acids 
at high concentrations [14, 15]. The harmful effects of 
Reactive Oxygen Compounds are kept under control 
by enzymatic and non-enzymatic antioxidants. Despite 
the antioxidant defense system, the excessive increase 
in the production of ROB or the decrease in the capac-
ity of the antioxidant defense system and the accumu-
lation of ROB in the body cause oxidative damage 
known as oxidative stress. Oxidative stress plays an 
important role in the emergence of cancer, atheroscle-
rosis, arthritis, neurodegenerative disorders and many 
other diseases [16, 17]. Obesity-induced oxidative 
stress is thought to be the main cause of diseases that 
play a role in the pathogenesis of long-term compli-
cations such as cardiovascular diseases and Type 2 di-
abetes. Although body mass index, body fat 
percentage, low density lipoprotein oxidation and 
triglyceride levels are important indicators of oxida-
tive stress, they are associated with obesity as well as 
parameters. A diet rich in fat and carbohydrates has 
been found to induce significant oxidative stress and 
inflammation in obesity [18]. It has been determined 
that reactive oxygen compounds may cause insulin re-
sistance by negatively affecting the balance of insulin 
secretion in the pancreas and glucose transport system 
in skeletal tissue and adipose tissue [19, 20]. De-
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creased insulin sensitivity is thought to be one of the 
main factors of the metabolic syndrome [21, 22]. 
Therefore, it can be said that there is a direct relation-
ship between oxidative stress, obesity and metabolic 
syndrome [23]. Cardiovascular disease risk increases 
with metabolic syndrome [24]. There are many studies 
on the presence of obesity-induced oxidative stress 
[25-27].  
      Genetic variation can affect both toxic and xeno-
biotic pharmacokinetics and pharmacodynamics, and 
these consequences appear as phenotypes in pharma-
cogenomics. Pharmacokinetics refers to the body's ac-
tions on a drug, including the absorption, distribution, 
metabolism, and excretion (ADME) of an adminis-
tered drug, performed by proteins such as metaboliz-
ing enzymes and membrane transporters involving the 
cytochrome P450 (CYP) system [28]. Through xeno-
biotic biotransformation, lipophilic (fat-soluble) 
chemicals are converted to hydrophobic (water-solu-
ble) chemicals and excreted in urine or bile. As a result 
of xenobiotic biotransformation, it can change biolog-
ical effects such as increase, decrease or loss in the 
pharmacological activity of the xenobiotic [29]. Ex-
amples of Phase I drug metabolizing enzymes local-
ized in the endoplasmic reticulum are heme-containing 
CYP, flavin-containing monooxygenase, monoamine 
oxidase, and xanthine oxidase/aldehyde oxidases. 
CYP enzymes play the most prominent role in Phase 
I metabolism [30]. In cases where the polarity of the 
molecule formed as a result of Phase I reactions is not 
sufficient, Phase II reactions are carried out by attach-
ing glucuronic acid, acetic acid, sulfuric acid, or an 
amino acid to the drug. Glucuronide in glucuronic acid 
conjugation; can be attached to oxygen, nitrogen and 
sulfur groups. Conjugation with glutathione is impor-
tant for electrophilic compounds. Glutathione (GSH) 
is a tripeptide (γ-glutamylcysteinylglycine). Forms 
glutathione S-conjugates, which are excreted in the 
urine or bile. The reaction is catalyzed by glutathione 
S-transferases (GST). Acetyl-CoA is used as the acetyl 
donor in acetylation and the reaction is catalyzed by 
acetyltransferases. Xenobiotics are methylated by 
methyltransferases. S-adenosyl-methionine (SAM) is 
used as methyl donor [31]. GSH is an atypical tripep-
tide with gamma-L-glutamyl-L-cysteinyl glycine 
structure. It is atypical because of the gamma bond be-
tween the amine group of cysteine and the carboxyl 

group in the side chain of glutamate. GSH is synthe-
sized in the body from L-cysteine, L-glutamic acid and 
glycine. It is a thiol that has a fundamental role in 
maintaining redox balance in the cell and responding 
to oxidative stress [32, 33]. GSH is found in high con-
centrations, especially in liver cells [34, 35]. GSH can 
reduce unstable molecules such as reactive oxygen 
compounds. GSH constitutes more than 90% of the 
GSH pool in healthy cells and tissues. GSH acts as a 
substrate in numerous conjugation and reduction re-
actions catalyzed by GST in the cytosol, microsomes, 
and mitochondria [36]. The aim of our study is con-
tribute to the determination of therelationship of the 
detoxification mechanism with obesity in terms of 
GST- Sigma (S) 1, GST Zeta (Z) 1, and GST Theta (T) 
1.The determination of the expressions of these isoen-
zymes in obesity patients was carried out in order to 
contribute to research on the prognostic, diagnosis and 
treatment of obesity.  
      Complete blood count, the most commonly used 
blood test in the whole world, is a blood test used to 
evaluate people's general health and detect a wide va-
riety of disorders, as it provides information about the 
life cycle and physiology of the various cell compo-
nents [37]. Especially the levels of white blood cell 
(WBC), hemoglobin (HGB), and platelet (PLT) give 
essential information to medical professionals about 
inflammatory conditions, metabolic diseases and obe-
sity. There are several ways in which obesity increases 
cardiovascular and diabetes risk, including high low-
density lipoprotein (LDL), total cholesterol, and 
triglyceride, low high-density lipoprotein (HDL), ex-
cessive fasting, postprandial blood glucose and hemo-
globin A1c (HbA1c) and unsteady insulin levels [38, 
39]. Several studies reported that there may be a rela-
tionship between obesity andhormone levels icluding 
free T3, and T4, thyroid-stimulating hormone (TSH), 
estradiol, follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), C-peptide, cortisol, adreno-
corticotropic hormone (ACTH) and sex hormone-
binding globulin (SHBG) [40-43]. Therefore, this 
study also aimed to investigate the association of 
GSTS1, GSTZ1, and GSTT1 expressios and complete 
blood count, cardiovascular and diabetes and hor-
moneparameters. To the best of our knowledge our 
study is the first tho evaluate all this parameters simul-
taneously.  
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METHODS 
 
In this study, 126 gastric tissues of obese patients who 
underwent bariatric surgery were received from the 
General Surgery Clinic of Keçiören Training and Re-
search Hospital between 2017 and 2019. The gastric 
tissues were stained by the immunohistochemistry 
method to evaluate GSTS1, GSTZ1, and GSTT1 ex-
pressions.  
      Ethics committee approval of this study was pro-
vided by the decision of the Ethics Committee of 
Keçiören Training and Research Hospital with the de-
cision number 2012-KAEK-15/2218. 
 
Immunohistochemical (IHC) Staining  
      The tissue sections were peroxidase-incubated for 
10 minutes using 3% hydrogen peroxide in methanol 
(v/v). After that, the sections were performed for 3 min 
using a 0.01M citrate buffer, pH 6.0 in a domestic 
pressure cooker. Sections were incubated at room tem-
perature for 10 min with superblock (SHP125; Scy 
Tek laboratories, West Logan, UT). The sections were 
then covered with the primary antibodies diluted 
(1:250 for GSTS1; 1:250 for GSTZ1; 1:250 for 
GSTT1) in TBS at 4°C. AntiGST-Theta1 (PAA622Hu01) 
was obtained from Cloud Clone Corp. TX,USA; anti-
GSTS1 (Sc-30,067) was obtained from Santa Cruz 
Biotechnology, Inc; anti-GSTZ1 (bs-13442R) was ob-
tained from Bioss Antibodies Inc. Woburn, Massachu-
setts, USA.After washing for 15 minutes in TBS, the 
sections were incubated at room temperature with a 
biotinylated link antibody (SHP125; ScyTek Labora-
tories) followed by streptavidin/HRP complex 
(SHP125; ScyTek laboratories). The sections were in-
cubated at room temperature with biotinylated link an-
tibody (SHP125; ScyTek Laboratories) then 
diaminobenzidine was used to visualize peroxidase ac-
tivity in tissues and they were counterstained with 
hematoxylin. Scoring of immunohistochemically 
stained sections were performed for each parameter 
was: 0 negative (no staining);1 weak staining, 2, mod-
erate staining. 
 
Laboratory Findings  
      The blood test results of the cases were obtained 
from the patients' documentation. The patients' WBC, 
HGB, and platelet PLT levels were recorded as com-
plete blood count parameters. Cholesterol parameters 

were noted, including HDL, LDL, total cholesterol, 
and triglyceride. Diabetes parameters included fasting 
glucose, postprandial glucose, and HbA1c. The hor-
mone parameters were assessed, including free T3, 
free T4, TSH, estradiol, FSH, LH, C-peptide, insulin, 
cortisol, ACTH, and SHBG.  
 
Statistical Analysis  
      Statistical analysis was performed using IBM 
SPSS Version 25.0 (Armonk, NY: IBM Corp). The 
data were presented as mean ± standard deviation (SD) 
and standard error of the mean (SEM). The catego-
rized data were expressed as numbers of patients (n) 
and percentages (%). The Shapiro-Wilk test was used 
to evaluate the normality. The Levene test was per-
formed to test the homogeneity of variances. The data 
was not normally distributed. Therefore, the Mann-
Whitney U test was performed to compare differences 
between two independent groups, and The Kruskal-
Wallis test was conducted to analyze three or more in-
dependent groups. Bonferroni correction was then 
applied. Spearman's rank correlation test was used to 
determine correlations. A p-value lower than 0.05 was 
considered statistically significant. 
 
 
RESULTS 
 
Our study group included 126 obese patients with a 
body mass index (BMI) equal to or greater than 40 
kg/m². The mean weight was 125.10 kg, and the mean 
BMI was 46.77 kg/m². 111 female (88.1%) and 15 
male (11.9%) patients were in our study group. Almost 
half of the patients (47.6%) were between the ages of 
31 and 45. The mean age of the patients was 37.91 
years. Obesity was the only disease in 75 patients, 
while 50 had an additional disease. 58.7% of the pa-
tients did not use medications, while 40.5% used.  
The patients' whole blood parameters such as WBC, 
HGB, and PLT; glucose parameters such as fasting 
glucose, postprandial glucose, and HbA1c; cholesterol 
parameters such as HDL, LDL, total cholesterol, and 
triglyceride; hormone parameters such as free T3, and 
T4, TSH, estradiol, FSH, LH, C-peptide, insulin, cor-
tisol, ACTH, and SHBG were recorded. The clinical 
and demographic characteristics of the patients are de-
tailed in Table 1.  
      IHC staining levels for GSTS1, GSTZ1, and 
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GSTT1 were determined in the tissues of the patients. 
The expression levels were evaluated as shown in 
Table 2. Weak GSTS1 expression was observed in 48 
(38.1%) tissues and moderate in 8 (6.3%) ones. 47 
(37.3%) of the tissues presented weak GSTZ1 expres-
sion, and 11 (8.7%) displayed moderate. Weak GSTT1 
expression was noted in 9 (7.1%) tissues and moderate 
in 1 (0.8%).  
      Mean GSTS1, GSTZ1, and GSTT1 IHC scores of 

the tissues are presented in Fig. 1. The highest expres-
sion was observed in GSTZ1, followed by GSTS1 and 
GSTT1. IHC expression patterns of GSTS1, GSTZ1, 
and GSTT1 in gastric tissues of patients are shown in 
Figs. 2, 3, and 4, respectively.  
      IHC expression levels of GSTS1, GSTZ1, and 
GSTT1 were determined regarding the patients' clini-
cal and demographic characteristics, including gender, 
age, comorbidities, medication, and operation status 
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(Table 3). There were no significant differences be-
tween expression levels and these parameters (p > 
0.05).  
      Correlation analysis was performed between the 
GSTS1, GSTZ1, and GSTT1 expressions, and the re-
sults are explained in Table 4. A positive and statisti-
cally significant correlation was observed between 
GSTS1 and GSTT1 expression levels ((r) = 0.028, p 
= 0.010; p < 0.05).  
      Correlation analyses were also carried out be-
tween the clinical and demographic characteristics of 
the patients and the expression levels. Table 5 is dis-

played the results of these analysis. There was no sta-
tistically significant correlation between the GSTS1 
expression levels and the clinical and demographic 
characteristics examined (p > 0.05). GSTZ expression 
and PLT levels were positively correlated (p < 0.05). 
There was a positive and significant correlation be-
tween GSTZ1 expression and total cholesterol levels 
(p < 0.05). Free T4 levels of the patients were also sig-
nificantly correlated with GSTZ1 expression (p < 
0.05). A positive and significant correlation was noted 
between the GSTT1 expression and cortisol levels (p 
< 0.05). 
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Fig. 1. Mean GSTS1, GSTZ1, and GSTT1 IHC scores of the tissues. 
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Fig. 2. Immunohistochemical expression of GSTS1 protein in 
stomach tissues (A: Expression of negative protein in stomach 
tissue, 40×; B: Weak (+1) protein expression in stomach tissue 
20×; C: Weak (+2) protein expression in stomach tissue 20×; 
D: Weak expression in stomach tissue intense nuclear (+2) 
protein expression 40×).

!

Fig. 3. Immunohistochemical expression of GSTZ1 protein in 
stomach tissues (A: Expression of negative protein in stomach 
tissue, 40×; B: Weak (+1) protein expression in stomach tissue 
20×; C: Weak (+2) protein expression in stomach tissue 20×; 
D: Weak expression in stomach tissue intense nuclear (+2) 
protein expression 40×). 
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Fig. 4. Immunohistochemical expression of GSTT1 protein in stomach tissues (A: Expression of negative protein in stomach 
tissue, 40×; B: Weak (+1) protein expression in stomach tissue 20×; C: Weak (+2) protein expression in stomach tissue 40×; 
D: Weak expression in stomach tissue intense nuclear (+2) protein expression 40×). 

DISCUSSION 
 
Reactive oxygen species cause direct or indirect dam-
age to different organs under many diseases and psy-
chological conditions. Oxidative stress; includes 

pathological processes such as obesity, diabetes, car-
diovascular disease. It has been reported that obesity 
can be stimulated by the oxidative stress system. Ox-
idative stress, on the other hand, is related to the irreg-
ular production of adipokines secreted from adipose 
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tissue, which contributes to the development of meta-
bolic syndrome [44]. C-reactive protein and other ox-
idative damage biomarkers are high in obese 
individuals and are directly correlated with BMI and 
body lipid percentage, LDL oxidation and triglyceride 
level [45]. Antioxidant defense markers are lower than 
the amount of body fat in them [46]. Hartwich et al. 
determined that vitamin E, vitamin C, beta carotene 
and glutathione decreased in obesity [47]. Some re-
search; showed that a high-fat and carbohydrate diet 
significantly stimulated the increase of oxidative stress 
and inflammation in obese individuals [48]. In litera-
ture studies on the detoxification mechanism, it has 
been shown that as a result of long-term obesity, a de-
crease in antioxidant sources and a decrease in the ac-
tivities of super oxide dismutase and catalase enzymes 
[49]. In another study, it was shown that SOT and glu-
tathione peroxidase activities were decreased in obese 
individuals compared to healthy individuals [50]. In a 
study, it was shown that oxidative stress in the cell in-
creases as a result of the increase in CYP2E1 in mito-
chondria and has a role in liver diseases, obesity and 
type-2 diabetes [51].  
      In this study, it is known that oxidative stress is 
associated with the development of obesity, a multi-
factorial disease that is very common in all countries. 
II, which plays an important role in the xenobiotic 
mechanism. In this study, the relationship between the 
expressions of GSTT1, GSTS1 and GSTZ1 isozymes, 
which are members of the GST enzyme system that 
catalyzes the phase reactions, with obesity was inves-
tigated. In our findings, weak GSTS1 expression was 
observed 38.1% of the tissues and moderate in 6.3%. 
The GSTZ1 expression was weak in 37.3% of the tis-
sues and moderate in 8.7%. Weak GSTT1 expression 
was noted in 7.1% of the tissues and moderate in 
0.8%. Positive and statistically significant correlations 

were found between GSTZ1 expression and PLT, total 
cholesterol, and free T4 levels of the patients (p < 
0.05). A positive and significant correlation was also 
found between GSTT1 expressionand the cortisol lev-
els of the patients (p < 0.05).  
It is seen that other studies in the literature indicate the 
relationship between obesity and oxidative stress. 
Apart from these studies, which also show their rela-
tionship with the concepts of obesity and oxidative 
stress separately, in this study, which we aim to con-
tribute to revealing the relationship between obesity 
and Glutathione enzymes, which directly play a role 
in the xenobiotic mechanism, findings that overlap 
with other studies in the literature were obtained.  
      All these results indicate that GSTS1, GSTZ1, and 
GSTT1 enzyme amounts and oxidative stress increase 
in obesity. Significant changes occur in the amount 
GSTS1, GSTZ1, and GSTT1 enzymes in obese indi-
viduals. While these changes may occur as an adaptive 
response, the findings suggest that oxidative stress ob-
served in obesity may be one of the possible mecha-
nisms underlying this change. Findings that contribute 
to the definition of the physiopathology of obesity are 
important in the prevention of complications such as 
cardiovascular diseases that may develop due to obe-
sity and in the development of preventive approaches. 
 
 
CONCLUSION 
 
In obese people, metabolic load due to overnutrition 
and, as a result, free radical formation due to overload-
ing of metabolic pathways increase. Increased ROS in 
obese individuals cause oxidative stress. The negativ-
ities caused by free radicals are eliminated by the an-
tioxidant defense system of the cell and the 
antioxidants taken through food. However, in the case 
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of long-term obesity, antioxidant system enzymes are 
lower. Obesity causes cell damage and various dis-
eases such as type 2 diabetes, cardiovascular diseases 
and cancer. GSTs, in particular GSTS1, GSTT1, and 
GSTZ1, might contribute to molecular mechanisms 
and the progression of obesity. GSTS1, GSTT1, and 
GSTZ1 were moderately expressed in gastric tissues 

taken from obese patients regarding to the resuls of 
study. However, new studies using more samples and 
advanced techniques are needed to elucidate the rela-
tionship.  
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