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Introduction

Graves’ disease is the most common cause of  hyperthyroidism [1]. 
It is characterized by palpitations, fatigue, heat intolerance, weight 
loss, and sometimes dermopathy and ophthalmopathy manifests 
through the progression of  the disease [2]. Thyroid hormones 
increase oxidative metabolism by affecting basal metabolic rate 
and several mitochondrial enzymes [3, 4], and hyperthyroidism 
causes changes in the antioxidant systems in various tissues by in-
creasing the production of  free radicals [5]. These radicals induce 
a variety of  lesions in DNA, including DNA strand breaks, oxi-
dized bases, and formation of  cross-links between DNA and pro-
teins [6]. DNA damage is constantly fixed by repair mechanisms 
in aerobic organisms; however, if  cell division occurs before re-
pairs are completed, the DNA damage becomes permanent [7]. 
A major site of  radical attack is at the 8th position of  guanine to 

yield 8-hydroxy-2-deoxyguanosine (8-OHdG). This modification 
might cause severe mutations [8], and sites within DNA which 
contain these alterations are more susceptible to strand breaks. 
These lesions can be detected by employing single cell gel electro-
phoresis, also known as comet assay. Furthermore, utilizing for-
mamidopyrimidine DNA glycosylase (FPG), a damage specific-
repair endonuclease, during this assay will cause additional strand 
breaks at sites with oxidized bases [9].

Several antioxidant defense mechanisms exist in order to counter 
the harmful effects of  free radicals. One of  these defense agents 
is glutathione [10]. Glutathione, in its reduced form (GSH), is a 
physiological component of  the intracellular antioxidant mecha-
nisms. It acts against the effects of  free radicals through serving 
as a cofactor for the enzyme glutathione peroxidase (GPx) [11]. 
Beside GPx, superoxide dismutase (SOD) is another enzyme de-
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fending the organism against free radicals [11].

Overproduction of  free radicals may exceed the capacity of  anti-
oxidant defense mechanisms, and this will give rise to the condi-
tion known as oxidative stress. This condition has been impli-
cated in the pathogenesis of  many diseases [12-16]. The current 
study evaluates the relationship between DNA damage, in terms 
of  strand breaks, and antioxidant mechanisms, in terms of  GSH, 
GPx and SOD, in patients with Graves’ disease.

Materials and Methods

Fifty untreated female patients suffering from Graves’ disease but 
not any other metabolic condition were enrolled in the study. The 
control group consisted of  thirty-seven female volunteers. The 
participants of  both the patient and control group did not smoke 
or receive any antioxidant drugs or vitamin supplements. The ex-
clusion criteria also included hypertension, diabetes mellitus, hy-
perlipidemia, liver disease, renal disease, endocrine and immuno-
logical disorders for patients and controls. Included participants 
had no history of  liver or renal disease, and all had normal liver 
and kidney function test results. The ethical committee at Cerrah-
pasa Medical Faculty approved this study and informed consent 
was obtained from each participant.

10 mL of  venous blood was drawn into a heparinized tube from 
each patient and healthy volunteer. GSH levels were determined 
using the method by Beutler et al., as described before [17]. The 
activity of  enzymes GPx and SOD were measured using spec-
trophotometric kits (Randox, UK). The strand breaks in DNA 
of  leukocytes was assessed using Comet assay by Singh et al., as 
described before [18]. Heparinized blood was mixed 1.4% low 
melting point agarose in Dulbecco's buffer at 37°C and then this 
mixture was layered onto slides and covered with a coverslip at 
4°C for at least 5 minutes. After removing the coverslips, the 
slides were submersed in lysing solution (2.5 M NaCl, 100 mM 
EDTA-Na2, 10mM Tris-HCl, 200mM NaOH, 1% triton X-100, 
and 10% DMSO) for 1 hour. Subsequently slides were immersed 
in alkaline electrophoresis buffer (pH ˃ 13) at 4°C for unwinding 
and electrophoresis (20V/400mA, 24 min). The loops of  DNA 
extend towards the anode, giving an appearance of  the tail of  a 
comet when stained with ethidium bromide and viewed by fluo-
rescence microscopy. In order to evaluate the degree of  damage, 
comet images were scored visually. Each comet was classified to 
five categories (0 - 4) according to the extent of  DNA migration. 
The comets with bright heads and no apparent tails were assigned 
to category 0. Images with very little heads and long diffused tails 
to category 4. Comets displaying features intermediate between 
category 0 and 4 were divided and assigned to easily distinguish-
able categories 1, 2 and 3. The number of  comets in each category 
was counted and average DNA damage in case of  strand breaks 
was expressed as arbitrary units (au) which is related to the per-
centage of  DNA in the tail [19].

The oxidative DNA damage (8-oxo-Gua adducts) is measured 
as a strand break by using 8-oxo-Gua specific endonuclease. The 
assay was carried out both with and without using FPG, a bacte-
rial protein which generates additional breaks at sites containing 
8-oxo-Gua, for each sample. The net amount of  base damage by 
FPG was obtained by subtracting the percent DNA in tail without 
FPG incubation from the percent DNA in tail with FPG incuba-
tion [20]. 

These laboratory procedures were performed at the Department 
of  Biochemistry at Cerrahpasa Medical Faculty. For thyroid func-
tion tests, an additional 5 mL venous blood was drawn into a 
serum tube from every participant and the levels of  free T3, free 
T4 and thyroid stimulating hormone (TSH) were determined us-
ing chemiluminescent particle assay at the Central Laboratory at 
Cerrahpasa Medical Faculty.

All patients only received methimazole (20 mg/day) and propylth-
iouracil (100 mg/day) as medical treatment. No alternative modal-
ity of  treatment (surgery or radioactive iodine) were employed. 
Samples were taken a second time from those patients who visited 
for follow-up 6months after treatment. These blood samples were 
put through the same laboratory procedures in order to compare 
pre- and post treatment levels.

For statistical analysis, SPSS Statistics version 20 was used. Due 
to the distribution of  data, groups were compared using Mann-
Whitney’s U test. For correlations, Spearman’s rho was utilized. 
All data were evaluated within 95% confidence interval with a 
significance level at p<0.05.

Results

Among the controls, strand breaks appeared to increase moder-
ately with age (rho: 0.659, p<0.01). However, when all participants 
(both controls and patients) were considered, this correlation was 
lost (rho: 0.176, p>0.05). Besides, there was no significant dif-
ference between the controls and patients in terms of  age. Also 
within the controls, no parameter correlated with any other ex-
cept GSH and GPx, though this correlation was weak (rho: 0.451, 
p<0.05).

The levels of  each analyte measured in all groups are summarized 
in Table 1. Only 6 patients did not visit for follow-up. None of  the 
groups differed in terms of  age. Free T3, free T4, strand breaks, 
FPG sensitive sites and GPx were all significantly increased, while 
TSH and GSH were significantly decreased in patients prior to 
treatment compared to healthy controls (all p<0.001). Following 
treatment, all of  these parameters approached the values of  con-
trols. Post treatment levels of  free T3 and free T4 were signifi-
cantly lower than pre treatment levels and there was no significant 
difference between post treatment levels and controls. In con-
trast, TSH levels were significantly increased following treatment, 
and no significant difference was observed between controls and 
post treatment levels. Strand breaks and GPx levels, on the other 
hand, were both significantly decreased following treatment, but 
were still significantly higher than controls. GSH levels were also 
significantly increased after treatment, but still significantly lower 
compared to controls nonetheless. FPG sites, however, did not 
decrease significantly following treatment. Finally, SOD did not 
differ between any groups.

Among the patients, free T3 and free T4 were moderately posi-
tively correlated with each other (rho: 0.693, p<0.01). In addition, 
TSH was moderately negatively correlated both with free T3 (rho: 
-0.636) and free T4 (rho: -0.531) (both p<0.01). Interestingly, TSH 
was also slightly correlated positively with GSH (rho: 0.357) and 
negatively with GPx (rho: -0.309) (both p<0.05). Moreover, GSH 
correlated negatively with free T4 (rho: -0.454, p<0.01). In con-
trast to the controls, the levels of  GSH and GPx were negatively 
correlated with each other within patients (rho: -0.319, p<0.05).
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When both controls and patients were considered, all correlations 
found within patients were still present, but also new correlations 
were observed. Within the whole study population, GPx were 
also positively correlated with free T3 (rho: 0.622), free T4 (rho: 
0.522), strand breaks (rho: 0.353) and FPG sensitive sites (rho: 
0.469). On the other hand, GSH was also negatively correlated 
with free T3 (rho: -0.522) and FPG sensitive sites (rho: -0.357). 
Finally, FPG sensitive sites displayed a slight negative correlation 
with TSH (rho: -0.443) (all p<0.01).

Discussion

Oxidative stress is thought to play a significant role in the patho-
genesis of  many diseases, including hyperthyroidism [21]. In 
Graves’ disease, elevated concentrations of  thyroid hormones in-
crease the basal metabolic rate, which increases oxygen consump-
tion. This, in turn, accelerates the production of  reactive oxygen 
species and free radicals [22]. To counter this, the human body 
possesses several antioxidant mechanisms.

One of  the main endogenous antioxidants is glutathione. Its pro-
tective effects against free radicals have been widely studied [23]. 
The levels of  its reduced form have also been investigated in pa-
tients with hyperthyroidism, though there are conflicting results. 
While some demonstrate its levels are decreased in hyperthyroid-
ism and elevated after medical treatment [24], some report the 
opposite [25]. Our results support the former, as we can speculate 
that due to oxidative demand, GSH is depleted at a rapid rate in 
order to neutralize the harmful effects of  free radicals generated 
as a result of  excessive thyroid function. 

GPx is an enzyme which uses GSH as its cofactor. In response to 
oxidative stress, its activity increases, and following treatment, the 

overproduction of  free radicals by thyroid hormones is reduced, 
which in turn lowers its activity, as our results indicate. Some stud-
ies support our results [26, 27] while others indicate decreased 
levels before medical treatment [28, 29]. This decrease, however, 
has been attributed to nutritional state of  the patients [22, 29].

As another antioxidant enzyme, SOD has also been investigated 
in Graves’ disease. While there have been some which report de-
creased activity [29], most studies demonstrate increased levels 
[26, 30, 31]. Our results support neither view, as we could not find 
any significant change in plasma SOD levels in patients compared 
to controls.

There have been a limited number of  studies assessing DNA dam-
age by comet assay in hyperthyroidism. In a recent animal study, 
it has been demonstrated that supraphysiological doses of  thyorid 
hormones cause overproduction of  reactive oxygen species re-
sulting in increased DNA damage [32]. These findings support 
our results, as strand breaks and FPG sensitive sites were more 
abundant in our patient group compared to our controls. Another 
study involving humans investigated lymphocyte DNA damage 
in patients with Graves’ disease in vitro. In this study by Tang et 
al., [33], it was demonstrated that DNA damage was found to be 
increased in the lymphocytes of  patients with Graves’ disease, and 
with antioxidant treatment of  these lymphocytes in vitro, this dam-
age was reduced to a varying degree.

According to our search of  the medical literature, this is the first 
study evaluating oxidative stress in terms of  GSH, SOD and GPx 
together with assessing leukocyte DNA damage by comet assay 
in Graves’ disease before and after treatment with antithyroid 
drugs. As our results indicate, GSH is reduced in Graves’ dis-
ease by increased activity of  GPx. This leaves DNA to be more 

Table 1. Levels of  Free T3, free T4, TSH, Strand Breaks, FPG Sensitive Sites, GSH, SOD and GPx in Healthy Controls, 
Patients Prior to Treatment and Patients Revisiting for Follow-up; Data are Expressed as Median (Interquartile Range).

Group n Age Free T3
(pg/mL)

Free T4
(ng/dL)

TSH
(µIU/mL)

Controls 37 28
(23-42)

2.7
(2.54-3.10)

1.35
(1.23-1.53)

1.95
(1.21-3.13)

Patients 
(pre treatment)

50 30
(25-47)

4.73
(4.27-11.30)*

2.10
(1.88-3.59)*

0.25
(0.01 – 0.78)*

Patients 
(post treatment)

44 30
(25-46)

2.99
(2.45-3.55)¶

1.32
(1.11-1.98)¶

1.84
(1.04 – 3.00)¶

Group Strand breaks
(au)

FPG sensitive
sites (au)

GSH
(µmol/g Hb)

SOD
(U/g Hb)

GPx
(U/g Hb)

Controls 66
(59 – 82)

43
(28 – 58)

5.20
(4.57 – 5.80)

1428
(1100 – 1514)

42.73
(37.81 – 50.06)

Patients 
(pre treatment)

86
(77 - 97)*

75
(60 – 84)*

4.00
(3.80 – 4.50)*

1329
(1201 – 1574)

70.60
(62.85 – 78.15)*

Patients 
(post treatment)

74
(69 – 86)§,#

65
(55 – 79)*

4.90
(4.20 – 5.10)¶,#

1209
(1018 – 1595)

65.60
(52.20 – 70.60)*,§

*p<0.001: compared to control group
¶p<0.001: compared to patient (pre treatment) group
§p<0.01: compared to patient (pre treatment) group

#p<0.05: compared to control group
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susceptible to oxidative damage, and thus to mutations. Antithy-
roid drugs lessen this effect to some degree, by antagonizing the 
effects of  thyroid hormones. Following treatment, the levels of  
oxidative stress and DNA damage parameters approached those 
of  healthy controls, but were still significantly higher. This is in 
contrast to studies by Adali et al., [24] and Komosinska-Vassev et 
al., [26]. There was no significant difference between post treat-
ment and control levels in terms of  GSH in the study by Adali 
et al, nor in terms of  GPx in the study by Komosinska-Vassev et 
al., Nevertheless in our study, thyroid function test results did not 
significantly differ between controls and patients following treat-
ment. This leads us to suggest that despite the return of  thyroid 
function to normal levels, the oxidative damage, especially to the 
DNA, is not resolved as quickly.

The major limitations of  our study are the relatively small sample 
size of  groups, discontinued follow-up of  patients, and the short 
span of  the study being insufficient to observe the late complica-
tions of  the disease. In future studies with larger sample sizes, the 
follow-up of  patients can be extended in order to further inves-
tigate the relationship between oxidative DNA damage and the 
complications of  Graves’ disease.
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