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Ö Z

Serbest radikallerin, ürünlerinin ve reaktif oksijen türlerinin (ROS) birçok hastalıkla ilişkili olduğu bilinmektedir. Çalışma 
hem akut apandisitli (AA) hastalarda oksidatif stres faktörlerindeki hem de metabolizmada GST ve PON1 enzim 

aktivitelerindeki değişikliklere odaklanmaktadır. Bu çalışmaya kontrol grubu (n = 31) ve çalışma grubu (n = 52) dahil edildi. 
Gruplarda, metabolizmada önemli rol oynayan oksidatif stres faktörleri ve Glutatyon S-transferaz (GST) and paraoksanaz-I 
(PON1) enzim aktivitelerinde bazı değişiklikler belirlendi. Çalışma ve kontrol grupları arasında GST aktivitesinde önemli 
değişiklikler belirlenmiştir. Bu enzim aktivitesi AA gruplarında (p <0.01) kontrolden anlamlı derecede yüksek bulunmuştur. 
Akut perfore apandisit (PeA) gruplarındaki malondialdehit (MDA) düzeyleri kontrolden anlamlı derecede yüksek bulunmuştur 
(p <0.01). AA hastalarında ortalama trombosit hacmi (MPV) ile lipit peroksidasyonu arasında negatif bir korelasyon vardır (r 

= -0.654, p <0.01). GSH üretimi ve GST aktivitesindeki artış, bazı makromoleküllerin oksidasyonuna karşı önemli bir savunma 
mekanizması sağlar ve apandisitli hastalarda bir dereceye kadar oksidatif stresi önleyebilir.

Anahtar Kelimeler 
Akut apandisit, hücresel savunma sistemi, antioksidan enzim, oksidatif stres.

A B S T R A C T

It is known that free radicals, their products and reactive oxygen species (ROS) are associated with many diseases. The 
study focuses on both some changes in oxidative stress factors in patients with acute appendicitis (AA) and the changes 

of glutathione S-transferase (GST) and paraoxonase-I (PON1) enzyme activities in the metabolism. This study involved 
control group (n = 31) and the study group (n = 52). In the groups, some changes in oxidative stress factors and GST and 
PON1 enzyme activities which play an important role in metabolism were determined.  There are changes in GST activity 
between study and control groups. The activity of the enzyme were significantly higher in AA groups (p < 0.01) than control. 
Malondialdehyde (MDA) levels in acute perforated appendicitis (PeA) groups were found significantly higher than control (p 
<0.01). There is a negative correlation between mean platelet volume (MPV) and lipid peroxidation in AA patients (r=-0.654, 
p<0.01). An increase in GSH production and GST activity provides an important defense mechanism against the oxidation of 
some macromolecules and may prevent oxidative stress in patients with appendicitis to some extent.
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INTRODUCTION

Acute appendicitis (AA), the most common cause of 
abdominal pain, is a disease requiring emergency 

surgery [1]. AA diagnosis is usually based on a combi-
nation of clinical information including symptoms such 
as right lower quadrant abdominal pain, nausea and/
or vomiting, high fever (38°C), abdominal rigidity and 
painful urination. Moreover, it is important physical 
examination findings, traditional biomarkers such as 
absolute neutrophil count, mean platelet volume (MPV), 
white blood cell count (WBC), radiographic imaging 
(e.g. computed tomography scans and ultrasound) and 
C-reactive protein for AA diagnosis [2,3]. Unfortunately, 
clinical symptoms, laboratory and radiological outco-
mes are not sufficiently specific to differential diagnosis 
AA from other intraabdominal pathologies such as uro-
logical and gynecologic pathologies [4]. In many cases, 
the appendix is surgically removed unnecessarily beca-
use the diagnosis is not correct. Unnecessary removal 
of the appendix due to the lack of reliable laboratory 
data caused additional burden on the health systems, 
increased patient pain and reduced quality of patients’ 
life [5].  Therefore, there is a need new, easy to imp-
lement and inexpensive diagnostic tools such as some 
biomarkers that are high diagnostic value for AA. 

Macrophages neutrophils and tissue cells secrete various 
reactive oxygen species (ROS) that act on macromolecules 
such as DNA, proteins, and lipids [6]. Increased ROS pro-
duction and/or impaired antioxidant defense systems can 
lead to oxidative stress [7,8]. This may be a signal of some 
diseases such as cancer, atherosclerosis, Parkinson’s disea-
se and Alzheimer’s disease (Schema 1).

The adverse effects of ROS are known to be regulated by 
the effects of antioxidant enzymes such as glutathione 
S-transferase (GST) and paraoxonase (PON1), which sup-
port the direct suppression of free radicals to maintain oxi-
dative cellular balance [9,10]. The activity of GST having 22 
family members is related with the presence of GSH. The 
enzyme has a crucial role for detoxification of products 
of oxidative stress, by conjugation with GSH, and reactive 
electrophilic compounds including environmental toxins 
[11]. The Ca2+-dependent enzyme (PON1) is high-density 
lipoprotein (HDL)-associated serum esterase. PON1 inclu-
ding 354 amino acids has mainly activities as arylesterase, 
paraoxonase and diazoxon activities. PON1 having detoxif-
ying and anti-atherogenic effects protects both HDL and 
LDL from oxidation in oxidative stress conditions [12]. In 

addition, plasma total thiol (TSH) measurement is a good 
reflection of over-free radical formation in humans in both 
physiologically and pathologically [6,13] Lipid damage in-
volves the presence of lipid peroxidation products such 
as lipid peroxides or malondialdehyde (MDA) [6,10,14]. A 
small number of studies have investigated the relationship 
between AA and antioxidant enzymes. Lipid peroxidation, 
the glutathione system and total thiol levels have not been 
simultaneously investigated in previous studies. Whether 
there is a difference between perforated and suppurative 
appendicitis in terms of oxidative stresses no been clarifi-
ed. In addition, if there is no difference, the determining 
factors have not been explained. 

Consequently, in this study, we aimed to investigate the 
body’s response to oxidative stressors in AA and the re-
lationship between this response and the type of acute 
suppurative appendicitis or acute perforation appendicitis. 
Therefore, it was focused on both some changes in oxida-
tive stress factors in patients with AA and the changes of 
GST and PON1 enzyme activities in the metabolism.

MATERIALS and METHODS

The study that conducted according to provisions of the 
Helsinki Declaration was approved by Erzurum Regional 
Training and Research Hospital Clinical Research Ethics 
Committee (Decision number 2015/10-93). This study was 
carried out in the general surgery clinic of Erzurum region 
education and research hospital between 1 July and 31 Au-
gust 2015 with 52 patients who were diagnosed as acute 
appendicitis (AA) and 31 non - patient control groups. The 
patients were divided into three groups There was no sig-
nificant difference between control groups with regard to 
gender or age and the patient (p > 0.05).

Group 1: There were 27 patients who underwent and pat-
hologic examination diagnosed as acute suppurative ap-
pendicitis in this group.

Group 2: There were 25 patients with diagnosed perfora-
ted appendicitis as clinically and pathologically in this gro-
up 

Group 3: consisted of 31 control groups. The healthy cont-
rol group was selected from healthy persons who came to 
the hospital without any complaints, just for purposes of a 
check-up in the Infection Diseases Clinics, and who did not 
conform to the exclusion criteria.
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Scheme 1.  ROS production and damaged antioxidant system affect the metabolic pathways and may cause oxidative stress. Thus it 
may lead many vital disorders such as Alzheimer’s disease, Parkinson’s disease, atherosclerosis and cancer.
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Inclusion and exclusion criteria all of the patients under-
went operations for appendicitis on the basis of the history, 
relevant clinical data and physical findings. Postoperati-
vely, the removed appendix was sent for histopathologi-
cal examination. Cases where the histopathology was not 
consistent with appendicitis were excluded from the study. 
The exclusion criteria for entry into the study were prior 
antibiotic therapy, hematological disorders, hepatic dise-
ases, an age < 20 years, age > 40 years, acute or chronic 
infection, cancer, peripheral vascular disease, heart failure, 
non-smokers, pregnancy, and other known inflammatory 
conditions. None of the patients had received prior anti-
coagulant medications, nonsteroidal anti-inflammatory 
drugs or oral contraceptives

Data Collection
Full blood counts were performed for participants with 
a history of: periumbilical or right lower quadrant pain; 
nausea, vomiting or anorexia; fever; abdominal exa-
mination findings and/or based on the general clinical 
intuition of the physician. All participants in the study 
group underwent appendicitis operations on the basis 
of their history, physical findings and relevant clinical 
data. Postoperatively, the removed appendix was sent 
for histopathological examination. Cases whose histo-
pathology showed no appendicitis were excluded from 
the analyses. 

Sample Collection and Biomarker Assays
Blood samples were obtained from patients on admis-
sion to hospital. Mean platelet volume (MPV) were as-
sessed with a haemogram device (Abbott Cell-Dyn Ruby, 
USA). Blood samples were centrifuged in yellow-cap-
ped, gelled biochemistry tubes and kept at −80°C until 
antioxidant enzyme levels were measured.

Measurement of GSH amount
Glutathione (GSH) was measured using the modified 
method of Reddy et al [15]. 5% trichloroacetic acid tre-
ated with 20µ of serum samples were mixed with 330 
µl of 1 mM 5,5-dithiobis-2-nitrobenzoate and 660 µl of 
67 mM phosphate buffer (pH 8.0). The samples were 
incubated in the dark at room temperature for 45 min, 
then the absorbance was read at 412 nm. The GSH con-
centration was determined as previously described [16]. 
GSH content was calculated as nmol GSH mg/ml using a 
molar extinction coefficient of 13.6 ×103 M−1 cm−1. 

Measurement of GST activity
GST activity was measured with the modified method 
of Harvey and Beutler. 1 ml of reaction mixture conta-
ining 850 µl of 0.1 M phosphate buffer, pH 6.5, 20 µl 
20 mM 1-chloro-2, 4-dinitrobenzene (CDNB) and 50 µl 
20 mM GSH was pre-incubated at 20°C for 10 min. The 
reaction was started by adding 30 µl serum and GST 
activity was assayed kinetically. The reaction was follo-
wed at 1 min intervals for 5 min by measuring the ab-
sorbance at 340 nm. GST activity was determined using 
a molar extinction coefficient of 9.6 mM/cm. Enzymatic 
activity was expressed as units of activity (U) per mg of 
protein. Each unit of activity corresponded to 1 nmol of 
substrate hydrolysis per minute [17].  

Measurement of Malondialdehyde Level
Malondialdehyde (MDA) level in plasma was measured 
using the modified method of Gubandru et al. [18]. This 
was determined based on the reaction with thiobar-
bituric acid at 70°C for 30 min. The sample was mixed 
with two volumes of cold 5% (w/v) trichloroacetic acid 
to precipitate protein. After centrifugation of the preci-
pitate, an aliquot of the supernatant was reacted with 
an equal volume of 0.8% (w/v) thiobarbituric acid, and 
the absorbance was read at 532 nm.

Measurement of PON1 activity
PON1 activity was determined at 25°C with paraoxon 
(diethyl p-nitrophenyl phosphate; 1 mM) in 50 mM 
glycine/NaOH (pH 10.5) containing 1 mM CaCl2. The 
PON1 enzyme assay was based on the estimation of 
p-nitrophenol at 412 nm. The molar extinction coeffi-
cient of p-nitrophenol (ε = 18.290 M−1 cm−1 at pH 10.5) 
was used to calculate PON1 activity [19]. One enzyme 
unit was defined as the amount of enzyme that cataly-
zed the hydrolysis of 1 mmol of substrate at 25°C. The 
assays were performed using a spectrophotometer.

Measurement of total thiol amount
TSH levels of serum samples were measured with the 
Ellman method [20]. The concentration of the sulfhydryl 
groups was calculated using reduced glutathione as the 
free sulfhydryl group standard, and the results were 
expressed as µmol/L. TSH was measured by a colori-
metric method, by which thiol groups gave a chromo-
gen compound with dithiobisnitrobenzoic acid in alka-
line pH. TSH concentrations were calculated using the 
molar absorptivity of the reaction product, thionitro-
benzoic acid.
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Statistical analysis
Statistical analyses were performed with SPSS Version 
20.0 (IBM SPSS Statistics for Windows, Version 20.0. Ar-
monk, NY: IBM Corp.). Data are expressed as mean ± 
standard deviation. Statistical comparisons among dif-
ferent groups were performed with one-way analysis of 
variance. Least significant difference post hoc pairwise 
comparison tests were also performed at the equal va-
riances assumed. Statistical significance was defined as 

*p ˂ 0.05, **p ˂ 0.01 and ***p ˂ 0.001.

RESULTS 

The activities of antioxidant enzymes (GST and PON1) 
in plasma are shown in Table 1. GST was significantly 
different between study and control groups. It was de-
termined a significantly increase of GST activity in pati-
ents with acute perforated appendicitis (PeA) (102.0 ± 
9.2 EU/L) according to the control group’s GST activity 
(91.4 ± 8.1 EU/L; p < 0.001). Similarly, the activity of GST 
was also significantly increased in patients with acu-
te phlegmonous appendicitis (PhA) (100.1 ± 8.7 EU/L) 
compared to the control group (Figure 1a). On the other 
hand, PON1 activity was low both in patients with PhA 
and PeA compared to the control group. But this result 
had not any important, statistically (Figure 1b). 

TSH levels were determined higher both in patients with 
PhA and PeA according to the control group. But signi-
ficant differences were not observed (p>0.05) (Table 1). 
While the GSH level in plasma was lower in PhA, it was 
higher in patients with PeA than the control group. But 
it was not observed significant differences in their re-
sults (Table 1) (p > 0.05). MDA levels were increased in 
patients with PeA compared with controls (0.7718 vs. 
0.5734 µmol/L, p < 0.05). However, MDA levels in pa-
tients with PhA did not differ from those with PeA and 
controls (p > 0.05) (Table 1). 

There was no significant difference between the patient 
and control groups with regard to gender or age (p > 
0.05). The ages in both groups were similar. MPV was 
significantly decreased in patients with PeA, with values 
of 6,8±1,2 fl compared with that seen in the control gro-
up (8,3±2,1fl; p < 0.01). Similarly, MPV was significantly 
decreased in patients with PhA, with values of 7,1±1,3 fl 
compared with that seen in the control group (8,3±2,1fl; 
p < 0.05) (Table 1).

There is a strong negative correlation between MPV 
and MDA (r=-0.654, p<0.01). Lipid peroxidation may 
increase with the decrease of MPV in patients with AA. 
(Figure 2).

Figure 1.  Activities of GST (b) and PON1 (b) in peripheral blood of control subjects, patients with phlegmonous or acute perforated 
appendicitis (PhA: Acute phlegmonous appendicitis, PeA: Acute perforated appendicitis, GST: Glutathione S-transferase, and PON: 
paraoxonase 1).
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 Groups p

Parameters
PhA (Group I), 

n :27
PeA (Group II) 

n :25
Control

(Group III) n: 31
Group I
Group II

Group I 
Group III

Group II 
Group III

GST, (EU/mL) 100.1±8.70 102.0±9.20 91.4±8.10 >0.05 ˂ 0.005 ˂0.001

MDA, (µmol/L) 0.61±0.070 0.77±0.090 0.57±0.06 >0.05 >0.05 ˂0.05

PON1, (EU/L) 75.71±8.190 68.81±7.060 76.68±7.90 >0.05 >0.05 >0.05

TSH, (µmol/L) 167.8±28.20 158.1±23.70 153.9±21.6 >0.05 >0.05 >0.05

MPV, (fL) 7.10±1.300 6.80±1.200 8.30±2.100 >0.05 ˂ 0.05 ˂ 0.01

Table 1. Summarize of the total result: MPV, TSH, GSH and MDA levels, GST and PON1 activities for patients and control groups. 

Figure 2.  The correlations between MDA and MPV in patients with acute perforated appendicitis (r=-0.654, p<0.006). 
(PeA: Acute perforated appendicitis, MPV: Mean platelet volume).
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DISCUSSION

Acute appendicitis (AA) is a common emergency pre-
sentation to general surgical services and requires 
emergency surgical intervention [4]. In the pathogene-
sis of AA, bacterial invasion of the appendix wall occurs, 
and the inflammatory reaction causes a purulent infec-
tion. This case can also cause many metabolic disorders 
including changing of the various enzyme activities. It 
is very clear that all tissues in the human body contain 
a lot of antioxidant enzymes to protect from harmful 
effects of oxidative processes. Indeed, many diseases 
as AA have close relationship with oxidative stress. ROS 
is known to involve in the pathology of many diseases, 
including many gastrointestinal disorders [8,21]. Ho-
wever, assessing of the oxidative stress is difficult with 
the reaction of the human body. Therefore, measuring 
of the oxidative stress can be no single biomarker for 
many disease, objectively [22,23]. However, determi-
ning of the oxidative parameters is important for diag-
nosis. Particularly, to determine the activities of various 
antioxidant enzymes is vital to understand the mecha-
nism of disease and improve a treatment method. 

ROS occurring by the partial reduction of molecular 
oxygen contain unpaired electrons. They are short-
lived and aggressive molecules.  For instance, supero-
xide (O2

•−) and hydroxyl (OH•) are important derivatives 
comprised of highly unstable oxygen free radicals [24]. 
It is known that the effects of antioxidant enzymes such 
as glutathione S-transferase (GST) and paraoxonase 
(PON1) are crucial on ROS regulation [9,10].

The low expression of antioxidant enzymes, including 
GST in cell and upregulated oxidative defense mecha-
nisms plays an important role in the host defense mec-
hanism in inflammation. Moreover, it is reported that 
the activity of GST has been often used as a biomarker 
in order to detect oxidative stress for many organisms 
[25–27]. Particularly, GST contributes to the detoxifica-
tion of endogenously produced free radicals associa-
ted with glutathione peroxidase activity [28,29] Sohail 
et al. (2007) investigated whether serum and plasma 
glutathione-S-transferase activity in vivax patients was 
really important. Thus, it was to be one of the important 
antioxidant markers for diagnostic potential and candi-
date for chemoprevention. They found that GST activity 
in serum and plasma of patients with vivax malaria were 
less than healthy subjects. It was an important result 
of the biomarker role of the GST enzyme in vivax ma-

laria [28]. In our study, the serum GST activity of pati-
ents with AA were higher than the control group. This 
result is very important in terms of GSH production in 
metabolism. On the other hand, there was not any cru-
cial difference in terms of GST activity between acute 
phlegmonous appendicitis (PhA) and acute perforated 
appendicitis, statistically (Table 1). Thus, it is thought 
the increased GST activity contributes to the detoxifi-
cation of endogenously produced free radicals due to 
AA. PON1 having many enzymatic activities such as pa-
raoxonase, arylesterase, dyazoxonase is a high-density 
lipoprotein-associated and including two Ca2+ ions in its 
structure [30,31] It is a very important antioxidant enz-
yme in the serum. PON1 activity may decrease during 
infection and inflammation. Decreased PON1 activity 
has been observed in various diseases such as coronary 
artery disease, hypercholesterolemia, acute pancreati-
tis and lung cancer [31,32]. In our study, Although PON1 
activity was found as low in patients with PhA and PeA 
compared to the control group, this result did no impor-
tant, statistically (Figure 1b). In a study, researchers was 
investigated the correlation between the serum and 
tissue levels of oxidation parameters and the extent of 
inflammation in AA. They found that PON1 activity was 
low in patients with PhA and PeA compared to the cont-
rol group [33]. However, this level of the enzyme activity 
was not important as in our results. In another study, 
researchers aimed to determine some oxidative stress 
parameters and paraoxonase activity in patients with a 
diagnosis of AA [34]. They also found similar results in 
our present study. PON1 had low activity levels in pati-
ents with AA compared to the control group, but it was 
not important, statistically. However, stable PON1 acti-
vity is vital for the structure of HDL and LDL molecules. 
If PON1 activity was decreased, it could be cause athe-
rosclerotic lesions due to the LDL oxidation. 
 
The measurement of plasma total thiol (TSH) is a good 
reflection of excess free radical formation in humans 
both physiologically and pathologically [6,13,20]. In a 
study, researchers investigated lipid peroxidation, to-
tal thiol levels and nitric oxide in AA. They studied on 
thirty-four patients who underwent operation with 
a perioperative diagnosis of AA and 16 age and sex-
matched controls. Besides some important oxidative 
stress parameters, total thiol levels were also determi-
ned in the study. They determined a significant reducti-
on in levels of TSH in AA [6]. In another study, Esen et al 
(2015) investigated on serum PON1 activity, total thiols 
levels, and oxidative status in patients with acute bru-
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cellosis. The study was important to determine the rela-
tionship amoung serum PON1 activity, total thiols levels 
and some oxidative stress factors. They found that the 
patients have low TSH levels in low PON1 activities [32]. 
Interestingly, our results are not similar to given above 
literature. Even if the TSH levels fall, these results had 
no significant in our study, statistically (Table 1). Con-
sequently, the TSH level in the case of AA may tend to 
be protected due to the antioxidant role of TSH in the 
oxidative stress defense mechanism.

GSH known as the master antioxidant is a vital part of 
antioxidant defense systems in metabolism. Glutathio-
ne plays the role of protection from oxidation the pro-
tein structures by the reduction of the disulfide bonds 
of cytoplasmic proteins to cysteines in the cell [29,35]. 
Moreover, this molecule is involving in many metabo-
lic processes. Changes in the GSH levels may inform of 
crucial disorders in the metabolism. In our study, GSH 
levels were stable in between patients with AA and the 
control group (Table 1). It was interesting and important 
result. Because this result show that AA causes less cel-
lular damage than other many diseases.   

Lipid peroxidation mainly caused by free radicals leads 
to oxidative destruction of polyunsaturated fatty acids 
formed by cellular membranes. On the other hand, the 
elimination of polyunsaturated fatty acids is reported 
to lead to the production of toxic and reactive aldehyde 
metabolites such as MDA [36]. MDA content is consi-
dered as crucial parameter reflecting the level of lipid 
peroxidation in oxidative stress studies. Increased MDA 
levels may be considered as an indicator of increased 
ROS. Studies have shown that MDA levels are elevated 
in patients with acute pancreatitis and AA. For instance, 
in a study on the plasma of the patients with AA, MDA 
levels were measured in the sample from 31 patients 
diagnosed as having AA. They saw that MDA levels were 
significantly higher than control groups. Thus, it has 
been understood that elevated MDA levels cause high 
free radical production which increases lipid peroxida-
tion [37]. In another study carried out on patients with 
acute pancreatitis, plasma concentrations of malondial-
dehyde as a marker of lipid peroxidation were raised in 
acute pancreatitis patients compared with mild acute 
pancreatitis [38]. In our study, MDA levels in AA were 
similar to the previous reports. We found that the MDA 
levels of patients with acute perforated appendicitis 
(PeA) were higher than the control group (Table 1). The-
se results indicate that elevated MDA levels cause the 

high free radical production. Thus, lipid peroxidation 
increase in the metabolic environment and this oxida-
tive damage may be lead to many disorders as menti-
oned above.  

Mean platelet volume (MPV) is a marker indicative pla-
telet activation and size seen in the whole blood count.  
Conflicting results have been reported regarding the 
relationship between active inflammatory processes 
and MPV. Studies have shown that MPV is significantly 
lower in AA patients compared to control subjects  [39]. 
In a study, it was shown that MDA levels increased in 
patients with AA. For instance, in a study on the plasma 
of the patients with AA, MDA levels were measured in 
the sample from 31 patients diagnosed as having AA. 
They saw that MDA levels were significantly higher than 
control groups [37]. As a result of our study, there is a 
strong negative correlation between MPV and MDA (r=-
0.654, p<0.01). It is thought that lipid peroxidation may 
increase with the decrease of MPV in patients with AA. 
(Figure 2).

In conclusion, concurrent assessment of some antioxidant 
enzymes with oxidative stress markers may be a key pre-
dictor of assessment of oxidative levels in AA, as well as 
a potential therapeutic target for pathological processes. 
Because, the changes of various enzyme activities and de-
termining of some oxidative parameters may have been 
evaluated as a biomarker for many disorders. A significant 
differentiation of GST activity and MDA levels in patient 
groups leads to lipid oxidation which is caused by oxida-
tive stress. From these results, increased GSH production 
elevated GST activity is an important defense mechanism 
against oxidation of some macromolecules. On the other 
hand, elevated MDA levels cause high free radical produc-
tion which increases lipid peroxidation. In this aspect, the 
determination of both GST activity and MDA levels may be 
an important biomarker in the diagnosis and treatment of 
the disease. Another important result is decreased PON1 
activity. If PON1 activity was decreased, it could be cause 
atherosclerotic lesions due to the LDL oxidation.  
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