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ABSTRACT

Behcet’s disease (BD), first described by the Turkish dermatologist Hulusi Behcet in 1937, is characterized 
by triad of symptoms that include oral aphthous lesions, genital ulcerations and iritis with hypopyon. The etiopat-
hogenesis is not yet fully explained, although reactive oxygen species produced (ROS) by the hyperfunction of neut-
rophils which are significant for the immune response are thought to play a role. Antioxidant defense system protects 
the body against the harmful effects of reactive oxygen species. Normally, there is a balance between reactive oxygen 
species and antioxidant defense system but as levels of reactive oxygen species are above the body’s neutralization 
and elimination ability disrupts the balance. With the imbalance, increased levels of reactive oxygen species disrupt 
biomolecules such as lipids, proteins, nucleic acids and cause cell, tissue and organ damage. Studies with parameters 
associated with antioxidant defense system are included in our study. When viewed as whole, most of the studies sup-
port that imbalance between oxidants/antioxidants plays a role in etiopathogenesis of Behcet’s disease but it should 
not be forgotten that there are studies show otherwise.  Reactive oxygen species affect patients with active disease 
more than  patients with inactive disease. In conclusion, studies classified in detail with larger group of patients on 
Behcet’s disease are needed. If patients’ clinical findings and levels of oxidants and antioxidants are interpreted toget-
her in the studies, they can be used to monitor the disease and success of the therapy. 
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INTRODUCTION

   Behcet’s disease (BD), first described by the Tur-
kish dermatologist Hulusi Behcet in 1937, is characte-
rized by triad of symptoms that include oral aphthous 
lesions, genital ulcerations and iritis with hypopyon (1). 
Along with the triad of symptoms,  mucocutaneous, car-
diovascular, neurological, pulmonary, gastrointestinal, 
rheumatologic, musculoskeletal and genitourinary tract 
related symptoms may accompany (2). BD shows itself 
with one or more symptoms and other symptoms may 
present later. It is characterized by self-limiting recur-
rent episodes of acute inflammation except for ocular 
system. Main histopathological  finding is vasculitis in 
arteries and veins of various sizes (3). The etiology of the 
disease has yet not been fully explained although genetic 
predisposition, triggering infections and dysregulation 
of the immune system are thought to play a role (4-7). 
Prevalence of Behcet’s disease (BD) is 20-420/100.000 
in Turkey, whereas it is 2.1-19.5/100.000 in Asia, 1.5-
15.9/100.000 in Southern Europe, 0.3-4.9/100.000 in 
Northern Europe.

  The etiopathogenesis is not yet fully explained, 
although reactive oxygen species produced (ROS) by 
the hyperfunction of neutrophils which are significant 
for the immune response are thought to play a role. Re-
cent study results support this (8-12).  Reactive oxygen 
species (ROT) produced during the reactions for ener-
gy production and metabolism in biological systems are 
superoxide radicals (O2.−), hydrogen peroxide (H2O2) 
and hydroxyl radicals (OH•). Normally, there is a balance 
between reactive oxygen species and antioxidant defense 
system but as levels of reactive oxygen species are above 
the body’s neutralization and elimination ability disrupts 
the balance. The result of this is expressed as “oxidative 
stress” (13). Inflammation, radiation, aging, above-nor-
mal partial oxygen pressures, chemicals and drugs incre-
ase ROS production When elimination is not sufficient, 
they disrupt biomolecules such as lipids, proteins, nuc-
leic acids and cause cell, tissue and organ damage due 
to their high reactivity (12, 14-16). Antioxidant defen-
se system that protects body against harmful effects of 
ROSs can be both endogen and exogen. Enzymes such 
as superoxide dismutase (SOD), catalase (CAT), glu-
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tathione peroxidase (GPx), glutathione S-transferase 
(GST), and glutathione reductase (GSSG-R) form enzy-
matic system. These enzymes and albumin, uric acid, ce-
ruloplasmin, transferrin, ferritin, lactoferrin, vitamin E, 
vitamin C, glutathione (GSH), ubiquinol and flavonoids 
are among the antioxidants that are a part of cellular and 
non-cellular defense mechanisms. Trace elements such 
as copper (Cu), zinc (Zn) and selenium (Se) are neces-
sary for the function of these enzymes and also a part of 
this antioxidant defense system (17).

   In this study, “Behcet’s disease, antioxidants, li-
pid peroxidation” key words are used in the PubMed 
database. From libraries of Trakya University and Er-
ciyes University, international English publications in 
PubMed database have been analyzed. Parameters asso-
ciated with the antioxidant defense system in the studies 
were included in our study. As far as we know, there are 
no review papers on the antioxidant defense system in 
Behcet’s disease in literature. Our study is original in that 
respect. After analyzing research studies in literature, pa-
rameters about antioxidant defense system are given in 
Table 1.

PARAMETERS

   Malondialdehyde (MDA): Lipids are bio-
molecules that are susceptible to effects of ROS. Impair-
ment in antioxidant defense system results in oxidative 
breakdown of olyunsaturated fatty acids which cause 
lipid peroxidation. Correspondingly, permeability is ob-
served in cytoplasm, mitochondria, nucleus and memb-
rane of endoplasmic reticulum. One of the end products 
of in vivo peroxidation of polyunsaturated fatty acids is 
MDA. MDA assay is the most commonly used test for 
determining the level of lipid peroxidation. It is availab-
le in blood and urine. It is not a specific or quantitative 
indicator of lipid peroxidation but there is a correlation 
between them. For this reason, malondialdehyde level in 
biologic materials is an indicator of level of lipid peroxi-
de (18-21).

   Superoxide Dismutase (SOD): Superoxi-
de dismutase is the antioxidant enzyme that catalyses 
the conversion of molecular oxygen(O2) and hydrogen 
peroxide (H2O2) from superoxide free radical (O2.−). 
SOD prevents oxidative damage by clearing superoxides 
from the body and preventing the formation of peroxy-
nitrite. Two isomer types of SOD are available. These are 
Cu-Zn SOD which is in dimeric structure and Mn SOD 
which is found intetrameric structure in mitochondria. 

Generally, the most abundant type is cytosolic Cu-Zn 
SOD. It is available in high concentrations in liver, brain 
and testicular tissue; in low concentrations in erythro-
cyte, lungs and pancreas. Mn SOD present in high con-
centrations in heart, liver and kidneys. Cu-Zn SOD can 
be inhibited by cyanide while Mn SOD cannot (22-24).

 Catalase (CAT): Catalase protects the or-
ganism from known harmful effects of H2O2  such as 
aging, inflammation and cancer by conversing hydrogen 
peroxide into molecular oxygen and water. CAT present 
in high concentrations in blood, bone marrow, mucous 
membranes, liver and kidneys (25).

 Glutathione peroxidase (GSH-Px): GSH-
Px is the most important enzyme that is responsible for 
the reduction of large molecular lipid hydroperoxide 
and the protection of lipids from peroxidation in intra-
cellular matrix. It uses GSH as the hydrogen donor for 
detoxification of H2O2 (17, 26, 27). 

 Glutathione reductase (GRD): Glutathione 
reductase catalyses the conversion of reduced glutathio-
ne (GSH) from oxidized glutathione (GSSG) which for-
med by the reduction of hydroperoxide by GSH-Px (28).

   Glutathione S-Transferase (GST): Glutat-
hione S-Transferase (GST) family is a major group of 
key enzymes which has a role in phase 2 metabolism of 
many genotoxic compounds. Glutathione S-Transferase 
M1 (GSTM1) and T1 (GSTT1) are two major subtypes 
of this family which has a role in detoxification of pro-
ducts of lipid peroxidation and reactive oxygen species.

 Glutathione (GSH): GSh is an important 
intracellular antioxidant and it presents in very low 
concentrations in extracellular matrix. It is a tripeptide 
consisting of three amino acids which are glutamic acid, 
cysteine and glycine. It protects cells against oxidative 
damage by reacting with free radicals and peroxides 
(30).

 Selenium (Se): It is a compound of some su-
btypes of GSH-Px family. Selenium is biologically im-
portant because it is the cofactor of these enzymes. It 
protects cell membrane by reacting with vitamin E from 
oxidative damage caused by peroxides which are formed 
as a result of lipid metabolism (31, 32).

 Vitamin E: Vitamin E has 4 main forms which 
are biologically active. These are alpha, beta, gamma and 
delta tocopherols. The most effective form that prevents 



47

lipid peroxidation is alpha-tocopherol (33, 34).

 Vitamin C: Ascorbic acid is a strong antioxi-
dant due to its strong reducing capasity. It reacts with su-
peroxide (O2.−) and hydroxyl radical (OH•) and helps 
removing them.

 Vitamin A: Vitamin A balances the harmful 
effects of oxidative stress not only by removing free oxy-
gen radicals but also by regulating activity of antioxidant 
enzymes (36, 37).

 Beta-carotene: β-carotene which is a pre-
cursor of vitamin A has been found to has a role as an 
antioxidant by quenching singlet oxygen, removing su-
peroxide radical and interacting directly with peroxide 
radicals (38).
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Table 1: A list of studies on Behcet Disease arranged chronologically
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RESULTS

When viewed as whole, most of the studies 
support that imbalance between oxidants/antioxidants 
plays a role in etiopathogenesis of Behcet’s disease but 
it should not be forgotten that there are studies show ot-
herwise. 

MDA levels in different samples support increa-
sed lipid peroxidation. Furthermore, the results show pa-
tients with active disease are exposed to oxidative stress 
more than patients with inactive disease. According to 
results of the studies Korkmaz et al. (41) and Buldanlıog-
lu et al. (44) carried, MDA levels are lower in the group 
of patient with inactive disease than control group. On 
contrary, there are studies that show high levels of MDA 
in patients with inactive disease which suggests different 
factors such as performance status and treatment have 
effects on lipid peroxidation.

There are studies with variety of results on enzy-
matic system, non-enzymatic system and trace elements 
that are a part of antioxidant defense system. There also 
are studies with results of high, normal or low parame-
ters in patients with Behcet’s disease. Patients with acti-
ve disease are exposed to oxidative stress more than the 
patients with inactive disease. Contradictions between 
the results may be linked with the time of admission and 
severity of the symptoms at that time. In the early days 
of flare-up of the disease, substances working in antioxi-
dant system may increase as a reaction but overuse of 
antioxidants due to high ROS levels may decrease an-
tioxidant levels and weaken antioxidant defense system 
as the disease progresses. There are studies that link low 
GSH-Px levels with decreased levels of GSH which are 
used as substrate of GSH-Px. However, studies have 
shown that even very low levels of GSH is enough for 
GSH-Px activity. Therefore, those results are not reliable.
As a result, studies classified in detail with larger group 
of patients on Behcet’s disease are needed. If patients’ cli-

TPG x CG:Comparision of total patient group and control group, APG x CG:Comparision of group of patients 
with active disease and control group, APG x IPG:Comparision of groups of patients with active disease and inac-
tive disease, IPG x CG:Comparision of group of patients with inactive disease and control group, NTP:Number of 
total patients, NPAD:Number of patients with active disease, NPID:Number of patients with inactive disease:Signi-
ficantly lower results:Significantly higher results, NS:No statistically significant difference was found, x:Not studied, 
MDA:Malondialdehyde, SOD:Superoxide Dismutase, Cu-Zn SOD:Copper-Zinc Superoxide Dismutase, CAT:Cata-
lase, GSH-Px:Glutathione Peroxidase, GSH:Glutathione, GSSG:Oxidized Glutathione, GRD:Glutathione Reductase, 
GST:Glutathione S-Transferase, Se:Selenium, Cu:Copper, Zn:Zinc, Mn:Manganese, Fe:Iron, Vit. A:Vitamin A, Vit 
C:Vitamin C, Vit E:Vitamin E, AOP:Antioxidant Potential, TAS:Total Antioxidant Status, TAA:Total Antioxidant 
Activity

nical findings and levels of oxidants and antioxidants are 
interpreted together in the studies, they can be used to 
monitor the disease and success of the therapy.
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