
INTRODUCTION

Generalized anxiety disorder (GAD) is a common chronic 
psychiatric disorder with a lifetime prevalence rate of 5% and 
presents highly co-morbid to mood disorders and other anx-
iety disorders.1,2 Nevertheless, biochemical underpinnings 
and correlates of it such as status of oxidative stress parame-
ters have not been thoroughly studied yet.3

The brain is especially vulnerable to reactive oxygen radi-
cals because it is a highly oxygenated organ that use nearly 
one-fifth of the oxygen consumed by the body.4 Normally, re-
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active oxygen radicals and antioxidant defense mechanisms 
maintain equilibrium in healthy individuals. Free sulphydryl 
groups play important roles and have well-known antioxidant 
activities in this equilibrium.5 They are very sensitive to oxid-
ative damage and their levels can be accepted as a reliable in-
dicator of oxidative stress.6 Supporting this idea, some previ-
ous studies have reported lower free sulphydryl levels in pati-
ents with various medical conditions that involve oxidation of 
proteins secondary to accumulation of oxidant molecules.7-9

Many recent studies in the literature have reported altered 
antioxidant enzyme activity in patients with various psychi-
atric disorders, in the form of either increment or decrement 
of the parameters, indicating an indirect sign of increased 
oxidative stress.10-13 Studies that have investigated the status of 
free sulphydryl groups, a well-known rapidly acting antioxi-
dant, in psychiatric disorders are very scarce.14-16 For example, 
one of them has reported decreased levels of free sulphydryl 
groups in schizophrenia patients when compared to healthy 
control subjects.16
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The status of oxidative stress and antioxidant defense me-
chanisms in GAD has not been focus of previous studies, yet. 
Thus, in an attempt to fill this gap in the literature we have de-
cided to measure the serum levels of free sulphydryl groups 
in patients with GAD and compare them with those of he-
althy control subjects. 

METHODS

Study participants
Thirty-five patients diagnosed with generalized anxiety 

disorder according to the DSM-IV criteria were enrolled to the 
study. The patients with co-morbid any other axis I and II psy-
chiatric disorders according to DSM-IV criteria were exclud-
ed from the study. For excluding the co-morbid psychiatric 
conditions a detailed psychiatric interview has been conduct-
ed by using a semi-structured interview form (a form prepar-
ed by the authors according to the DSM-IV criteria outpatient 
survey used in previous researches of the authors before) and 
additionally medical records of the patients have been revi-
ewed. In addition, pregnancy, severe systemic diseases such as 
renal and/or liver failure, neurological disorders such as epile-
psy, diabetes mellitus, hypertension, substance use including 
smoking, inadequate blood sampling, severe head injury, vi-
tamin and fish oil use were the other exclusion criteria of the 
study. Thus, patients with pure GAD were included in the stu-
dy. Medical records of patients were overviewed and demo-
graphical and clinical characteristics such as gender, age, 
symptoms of GAD were recorded. Thirty-five healthy volun-
teers similar to the study subjects in terms of age and gender 
have been included in the study as the control group. Any psy-
chiatric disorder or medical condition was ruled out from 
the control group by a meticulous psychiatric interview and an 
extensive neurological and physical examination of each he-
althy volunteer by the same psychiatrist (AE). The study was 
conducted according to the revised version of the Helsinki De-
claration (Seoul 2008) and approved by the local ethics com-
mittee. All subjects were informed about the study protocol 
and have given their written consent. 

Psychiatric and biochemical measurements
Hamilton Anxiety Rating Scale (HAM-A) was used to as-

sess the severity of anxiety of the patients with generalized an-
xiety disorder. Original scale was first developed by Hamilton 
et al.17 in 1959. Validity and reliability of its Turkish version 
was demonstrated by Yazici et al.18 in 2001. HAM-A is com-
posed of 14 items and provides scores between 0 and 56. In-
crease in the total score reflects increased anxiety levels of the 
subjects. It is helpful in determining severity and symptom 
profile of anxiety. 

Peripheral blood samples for biochemical measurement 
were collected from left forearm vein once into 5 mL vacuta-
iner tubes at 7-8 a.m. after overnight fasting. The blood sam-
ples were centrifuged at 3000 rpm for 10 minutes to obtain 
sera. Samples were stored frozen at minus 80°C before the 
analyses. The biochemical analyses were conducted at the 
Harran University Biochemistry Laboratory after collecting 
all the blood samples. 

For the measurement of total free sulphydryl groups the 
method which was first developed by Ellman19 and later mo-
dified by Hu et al.20 has been used. First, 1 mL of buffer con-
taining 0.1 M Tris, 10 mM EDTA, pH 8.2, and 50 μL serums 
was added cuvettes, and then followed by 50 μL 10 mM DT-
NB in methanol. For each sample blanks were run as a test 
without DTNB in the methanol. After incubating at room 
temperature for 15 minutes, sample absorbance was measur-
ed at 412 nm on a Cecil 3000 spectrophotometer. Sample and 
reagent blanks were subtracted. The concentration of sulphy-
dryl groups was calculated by using reduced glutathione as 
free sulphydryl group standard. Results were expressed as mil-
limolars/liter.

Procedure
All participants gave informed consent before the study. 

GAD diagnosis of the patients was confirmed by using DSM-
IV criteria. HAM-A was performed by an experienced psy-
chiatrist (EA) to measure anxiety levels and symptom profiles 
of the patients. The venous blood sampling from the patients 
and healthy control subjects was done only once after they 
gave their informed consents. Measured levels of total free 
sulphydryl groups of patients and healthy control subjects 
were compared with each other. Additionally, correlation an-
alyses were conducted between disease duration, anxiety se-
verity, and level of total free sulphydryl groups in the patients 
with GAD.

Statistical analysis
Collected data has been analyzed by using Statistical Pack-

age for Social Sciences (SPSS) version 15.0 (Chicago, IL). For 
the comparison of serum levels of free sulphydryl between 
groups the student t test was used. ANOVA was applied for 
multiple groups and Tukey Test was used for post hoc com-
parisons. Categorical variables were compared between gr-
oups by using chi square test. Spearman’s rank correlation co-
efficient (r0) was used for the correlation analyses. Statistically 
significance level was accepted as p<0.05.

RESULTS

Thirty-five patients with GAD (23 females, 12 males) and 35 
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healthy control subjects (23 females, 12 males) were enrolled 
in the study. Mean age, BMI, and gender distribution of the 
patients and control subjects are given in Table 1. There was 
no significant difference between groups in terms of age and 
BMI. Serum total free sulphydryl levels of both groups are 
also shown in Table 1. Mean serum total free sulphydryl level 
of the patients was lower than that of control subjects (p< 
0.001). During enrollment, 12 of the patients were taking a 
serotonin-noradrenalin reuptake inhibitor (SNRI) and 15 of 
them were on a selective serotonin reuptake inhibitor (SSRI) 
for their treatment, whereas, 8 patients were drug-naive. Th-
ere was no statistically significant difference among SNRI, 
SSRI and drug-naive groups in terms of serum total free sul-
phydryl groups level (F=0.71, p=0.664). In the patient group, 
there was no statistically significant correlation between total 
HAM-A scores and sulphydryl levels in the patient group (r0= 
-0,126, p=0.487, n=35). There were no statistically significant 
correlations between HAM-A sub scores and the serum pa-
rameter as well. On the other hand, a negative correlation 
was observed between disease duration and sulphydryl levels 
(r0=-0.487, p=0.003, n=35) (Figure 1).

Further analyses of our data have yielded an effect of gen-
der. Mean sulphydryl level of women with GAD was lower 
than that of male GAD patients, and then both male and fe-
male control subjects, as well (F=21.69, df=3, p<0.001). Mean 
age of both genders were statistically similar in both groups. 
Additionally, in the patient group severity of anxiety determin-
ed by HAM-A scores were similar in both genders (Table 1). 

DISCUSSION

In the present study, serum sulphydryl levels of the GAD 
patients were found to be lower than healthy control subjects. 
It was negatively correlated with the disease duration in the 
patient group. On the other hand, there was no correlation 
between serum sulphydryl level and the disease severity as 

determined by HAM-A. To the best of our knowledge, this is 
the first study that investigated serum levels of sulphydryl 
groups, an important indicator of oxidative stress, in patients 
with GAD.

To date, serum sulphydryl levels have not been studied in 
patients with any Axis-I psychiatric diagnosis other than 
schizophrenia and panic disorder. Furthermore, GAD is one 
of those psychiatric disorders; even oxidant or antioxidant pa-
rameters of those patients with it have not been investigated 
yet. 

Two previous studies published recently have shown lower 
serum free sulphydryl levels in patients with schizophrenia 
when compared to healthy control subjects.15,21 Lower levels 
of sulphydryl observed in the present study support the idea 
that sulphydryl, as an important antioxidant, may be an under-
lying factor in the pathophysiology of psychiatric disorders. 
Role of oxidative mechanisms has been previously studied in 
many anxiety disorders other than GAD.22-25 Those studies 

Table 1. Demographical and clinical data of patients with GAD and healthy control subjects

Variables
GAD patients (mean±SD) Controls (mean±SD) Statistics*

Female
N=23

Male
N=12

Total
N=35

Female
N=23

Male
N=12

Total
N=35

t p

Age (years) 44.22±9.62 37.5±15.32 41.9±12.1 45.57±10.13 34.33±15.01 41.7±12.9 0.67 0.947
BMI (kg/m2) 28.4±5.38 25.72±4.20 27.4±5.1 26.13±6.22 23.41±5.1 25.2±6.0 1.50 0.137
HAM-A 26.43±4.70 23.42±5.00 25.4±4.9 N/A N/A N/A - -
Duration of illness (years) 8.26±5.31 7.58±8.34 8.1±6.4 N/A N/A N/A - -
Sulphydryl level (mmol/L) 0.32±0.07† 0.40±0.06‡ 0.34±0.07 0.42±0.04 0.47±0.08 0.44±0.06 5.89 <0.001
*shows comparison of patient with GAD and healthy control subjects, †significantly lower than that of male patients with GAD (p=0.001) 
and female healthy control subjects (p<0.001), ‡significantly lower than that of male healthy control subjects (p=0.037). GAD: generalized 
anxiety disorder, SD: standard deviation, t: t value calculated by student t test, BMI: body mass index, HAM-A: Hamilton Anxiety Rating 
Scale, N/A: not applicable
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Figure 1. Scatterplot of illness duration and the serum parameter 
in patient group.
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have consistently concluded an imbalance of the oxidative me-
chanisms. In another study, conducted by Ersoy et al.14 besides 
oxidative/antioxidative parameters sulphydryl groups were 
also measured in patients with panic disorder. That study has 
reported a negative correlation between sulphydryl levels and 
disease duration. It is similar to the finding of the present 
study which suggests a lower sulphydryl level by increasing 
disease duration in patients with GAD. This finding suggests 
decreased antioxidant capacity as the disease progresses. On 
the other hand, our findings did not support any correlation 
between sulphydryl levels and disease severity. We are unable 
to compare this finding with the current literature since no 
study including the one conducted by Ersoy et al. had tested it. 
However, an indirect support to our finding comes from the 
study published by Herken et al.26 that has reported no signi-
ficant association between disease severity and oxidative pa-
rameters in their patients with panic disorder, an anxiety dis-
order.

Decrease in serum sulphydryl level, an antioxidant, may re-
flect a decreased total antioxidant capacity. In a previous study, 
decreased total antioxidant capacity has been reported in an-
xious women when compared to non-anxious women.27 Al-
though their finding can be interpreted only for female gen-
der, our findings support the idea that antioxidant capacity 
of anxious males may also be diminished given the similarity 
of gender distribution of our patient and control groups. GAD 
tends to be a chronic disorder with waxing and waning of the 
symptoms. Disability associated with GAD is known to be 
greater in women than in men.28 Therefore, lower sulphydryl 
levels in female patients may be related with the greater dis-
ability previously reported in female GAD patients. Further 
studies are welcomed to clarify the gender difference of SH 
levels in GAD.

In recent years, N-acetylcysteine (NAC) has been used in 
various psychiatric disorders and has been a promising mole-
cule for augmenting the treatment effect in those disorders.29-31 
Its mechanism of action against reactive oxygen radicals and 
oxidants may be modulated by sulphydryl groups since NAC 
is a well-known resource of them.32,33 Thus, one may think that 
GAD patients may also benefit from augmentation with NAC 
treatment. Although, our study provides very preliminary 
and indirect evidence for its use in GAD treatment, it is obvi-
ous that future placebo controlled randomized studies are ne-
eded to test its beneficial effects.

The present study has some limitations: small sample size, 
cross-sectional design, and ongoing antidepressant treatments. 
However, the levels of free sulphydryl groups did not show any 
significant difference across the treatment groups and drug-
naive patients. On the other hand, enrollment of pure GAD 
patients in the present study may serve as a strong aspect of 

it since GAD is a psychiatric disorder with high co-morbidity 
rates.

In conclusion, this is the first study showing decreased se-
rum free sulphydryl groups in GAD patients which suggest 
an imbalance of oxidative mechanisms and also providing 
some preliminary evidence that ascribe a possible role to the 
sulphydryl groups in its pathophysiology. Future studies in-
cluding measurement of sulphydryl groups are needed to elu-
cidate the exact nature of their role in the pathophysiology of 
anxiety disorders, namely GAD. 
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