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Hashimoto thyroiditis is a common cause of goiter and acquired hypothyroidism in individuals residing
in areas of no iodine deficiency. The fact that the structure of serum albumin exhibits changes in ischemic
conditions has paved the way for the discovery of a new serum cardiac ischemia marker, Ischemia Modified
Albumin. The other one, thiol/disulphide homeostasis, plays an important part in antioxidative protection,
detoxification, cell growth, and apoptosis. In this study, we aimed to investigate both the relationship be-
tween Thiol/Disulphide homeostasis and Ischemia Modified Albumin in patients diagnosed with Hashimoto's
Thyroiditis. A total of 70 Hashimoto’s thyroiditis patients and 50 healthy ones were included in this study.
Age, gender, thyroid-stimulating hormone (TSH), anti-thyroid peroxidase (TPO), anti-thyroglobulin (TG)
levels were recorded. Ischemia Modified Albumin and thiol-disulphid homeostasis parameters were measured
through automated spectrophotometric methods. The ages of individuals included in the study ranged from
35 to 58 years. The native thiol/total thiol were found to be significantly lower in Hashimoto patients when
compared to those enrolled in the control group (P < 0.05), whereas the Ischemia Modified Albumin, disul-
phide, native thiol, total thiol, disulphide/native thiol, and disulphide/total thiol were found to be significantly
higher in Hashimoto patients when compared to those in the control (P < 0.05). Increased Ischemia Modi-
fied Albumin, native and total thiol, and disulphide levels are related to increased oxidative stress. Although
Ischemia Modified Albumin and Thiol-disulphide defense are important oxidative indicators in Hashimoto’s
Thyroiditis, many determinants are known to be involved in this process.
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ashimoto’s Thyroiditis (HT), which is an
H organ-specific autoimmune disease and

known also as chronic lymphocytic thy-
roiditis, is a frequently encountered thyroid disease.
It was first defined by Dr. Hakaru Hashimoto in the
consequence of histopathology examination of the
thyroid tissue of four cases in 1912 [1]. Annually, its
incidence in males is 0.08% and 0.35% in females.
It is seen more frequently in females than males and

it is most frequently diagnosed between the ages of
30 and 50 [2].

The course of autoimmune Hashimoto’s Thy-
roiditis is a process that continues in the form of
thyroid destruction rather than thyroid stimulation.
The breakdown of immune regularity ends up with
influenced immune cells in the thyroid gland. The
lymphocytes become overly sensitive against the
thyroid antigens and the formed antibodies react
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with the thyroid antigens such as trio globulin and
thyroid peroxidase. General destruction takes place
in the lymphocyte infiltration and the normal thy-
roid tissue architecture [3,4]. One of the reasons that
trigger this destruction in the thyroid tissue is oxida-
tive stress. As a result of increased oxidative stress,
inflammation takes place in the thyroid tissue. And
this chronic inflammation of the thyroid is called
Hashimoto’s disease [5]. The ischemia-modified al-
bumin (IMA) and the thiol/disulphide are among the
systemic indications of oxidative stress [6]. The last
amino acid in the albumin structure can bind up to
the passing heavy metals. The reasons such as the
damage to the free radicals and disintegration of the
cell membrane reduce the bonding of these metals to
the N-terminals of albumin and this newly formed
damaged albumin is called the IMA [7,8]. The IMA
is a deeply studied indicator in the last several years,
giving prospects for the future.

The thiol/disulphide defense has an important
place in cell growth, apoptosis, and detoxification
[9]. In the conducted studies, the etiopathogenic role
of this balance was investigated in many different
diseases such as Hashimoto’s thyroiditis, polycys-
tic ovary syndrome, prediabetes, Crimean-Congo
hemorrhagi fever. It is believed that this balance has
a significant role in immune etiopathogenesis and
the Thiol/Disulphide imbalance triggers the disease
through oxidative stress and tissue inflammation
[10].

In this study, we aimed to evaluate ischemia-
modified albumin and thiol/disulphide balance in
Hashimoto's Thyroiditis and healthy subjects. As
seen in our literature review, this is the first study
to evaluate disulphide, disulphide/native thiol, di-
sulphide/total thiol with IMA, and the correlation
among them in patients with Hashimoto’s Thyroiditis.

Material and Methods

Study population. This study was carried out
with the individuals admitted to the Internal Disea-
ses Clinic and approved by the local ethics commit-
tee by the principles of the 2008 Helsinki Declara-
tion. Patient numbers were determined according
to power analysis. Ethical Approval: This research
is approved by the Research Ethics committee
(28.08.2019,2019-33). A total of 70 Hashimoto’s Thy-
roiditis patients and 50 healthy volunteers between
35-58 years of age were included in the study. Hashi-
moto’s thyroiditis was diagnosed when the anti-TG
and/or anti-TPO were positive in the serum together

with the presence of parenchymal heterogeneity on
thyroid ultrasonography (USG).

Assay for thiol/disulphide balance. Thiol-
disulphide homeostasis level was measured by the
automated spectrophotometric method described by
Erel and Neselioglu (2014) [11, 12]. Biochrom Libra
UV/VIS and Roche automatic analyzer (Roche) were
used during these measurements. The data were cal-
culated by dividing the difference between the to-
tal thiol and the native thiol groups by two. After
calculating each parameter (natural thiol, total thiol,
and disulphide amount); disulphide/total thiol ratios,
native thiol/total thiol ratios, and disulphide/native
thiol ratios were determined.

Assay for ischemia modified albumin levels.
Serum IMA level was determined by modifying
the method developed by Bar-Or et al. (2000) [13].
A new test called the Albumin cobalt binding test
(ACB) was utilized which is cobalt addition of the
structural change occurring due to ischemia on the
album and the spectrophotometric measurement
of unbound cobalt. The principle of the method is
briefly as follows: The concentration of IMA is de-
termined by adding a known amount of cobalt to the
serum sample and spectrophotometrically measuring
the unbound cobalt ions at 470 nm using dithiothrei-
tol (DTT). Since IMA concentrations were not
standard, the absorbance was given in absorbance
units (ABSU). For each sample at 470 nm, the ab-
sorbance of both the sample blank and the samples
were measured and the difference was assigned as
the IMA value of that sample.

Statistical analysis. The findings of the study
were statistically evaluated using IBM SPSS Sta-
tistic 22.0 (IBM Co., Armonk, NY, USA). All data
were given as mean = standard deviation. The sta-
tistical significance level was defined as 0.05. The
normal distribution of data was evaluated with Sha-
piro-Wilk tests. Numerical variables were shown as
mean £ SD. The One-Way ANOVA test was pre-
ferred for parametric tests due to the normal distri-
bution of data. The Mann-Whitney U test was used
for non-parametric data. The correlation between
parameters was observed via the Pearson correla-
tion test.

Results

While the native thiol [SH], total thiol [SH-SS],
disulphide [-SS], and disulphide/native thiol (SS/SH)
were found to be significantly higher in Hashimoto
patients compared to those in the controls (P < 0.05),
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whereas native thiol (SH) /total thiol (SH-SS) were
x| |« | « found to be lower in the patients (P > 0.05) (Table 1).
a 8 8 Y § § S Also, disulphide (-SS)/ total thiol (SH-SS) were
2238 8o 3|2 found to be higher in patients (P > 0.05).
The ischemia-modified albumin levels were
found to be significantly higher in Hashimoto pa-
= 2/8/8/8 S = tients compared to those in the control group
> 122828 =85 (P <0.05, P =0.002) (Table 1).
R 85 dIRN S A positive correlation was found between the
IMA - native thiol and IMA data — total thiol data
121215 w0l ool m o at jthe P < 0.05 level and between the IMA - disul-
g US) § S 22| phide data at the P < 0.01 level (r =0.363, r = 0.2_32
LSS b 8' 8 B ,& andr=_301, respectively). However_,awe_ak negative
S % § d3 3slsis correlation was found between native thiol and total
thiol (r = -0.230).
_ E 2/t o olg N Discussion
% 0| —1°1°|°|e In this study, we aimed to demonstrate thiol/
3 disulphide homeostasis and IMA in Hashimoto’s
2 thyroiditis patients. As seen in our literature review,
3 oy = 2 2349 this is the first study to present increased disulphide,
§ (ﬁ fl : 'fl |+ O fr’l o disulphide/native thiol, disulphide/total thiol, IMA,
= b= :rr. 12 % g § 3 = and the correlation among them in patients with
@ =g LI A= =R=2P=2RY Hashimoto’s Thyroiditis.
3 e In Hashimoto’s thyroiditis, slowed down ener-
§ E gy metabolism leads to reduced consumption of O,,
§ lolo 5 low basal metabolic rgte, the ele\_/atlon of lipidemia,
N AEIRINEIEIEIEE and resultant metabolic suppression [14, 15].
g i Lr2ggegE As recently demonstrated, structural changes
§ = § § gegas E occur in serum _albumln in ischemic conditions,
2 g paving for the discovery of a new serum marker
2 pS [16]. As we mentioned in the general description,
T |2 S|l olololwl P we carried out this study to investigate any changes
2 % I(-})J o B-H|lc|oc|oc S é occurring in IMA, a marker of ischemia, in thyroid
g | S dysfunction and to examine potential effects of the
?§ 4 % thyroid gland, an endocrine gland that affects the
3 oS g N § N 8| consumption of O2 and the metabolism, on IMA.
é\ F I R v e e 3 3 38 Oxygen used by the organism is associated with the
= S el ® B QB w o = changes in metabolic mechanisms that are primarily
S N~ o @ | I~ . . .. . .
< =58 N2 38 cs 384 responsible for heart ischemia in thyroid functions.
S < IMA is evaluated in cardiac ischemia and is re-
g é garded as an important marker. Studies demonstrate
Sy B that IMA concentration is high in pulmonary embo-
§ oS _ = E lism, mesenteric ischemia, peripheral artery occlu-
2 e Slale f 2| g = sion, deep vein thrombosis, acute ischemic events,
= % g S| S|-& % S 2 stroke, and acute cardiac arrest [17]. Therefore, it
2 = = g_ § > é =N E is considered that IMA can be used as a diagnostic
2 5 325 % a3 aE marker. Studies are showing that IMA levels may be
&~ o S8 8E ML ; e ;
S SISE|E 5% <8 elevated in u.ntre_ated hypothyroidism patients as a
2 2 SEIEIEIEIR :5 marker of oxidative stress [18-20]: We detecteo! that
S SlelalanlsS E = IMA values of HT patients were significantly higher
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compared to controls. Similarly, in some studies, it
was found that there was a rise in IMA levels in sub-
clinical hypothyroidism or hypothyroidism [20-22].
In addition, some studies revealed a high IMA under
hypoxia and oxidative stress [23]. Our results sug-
gest that there is a strong relationship between in-
creased IMA and hypoxia levels and oxidative stress
in the HT process.

The human body has potent natural defense
systems to use against the destructive effects of free
oxygen radicals that prevent reactions caused by free
radicals, which result in cellular injury. This mecha-
nism aims at ensuring cellular protection and it is
manifested by the synthesis of protective enzymes
and chemical compounds in a sufficient concentra-
tion under normal circumstances [24]. Overproduc-
tion of oxidative products takes part in the etiology
of many diseases, including but not only limited to
cancer, chronic renal failure [CRF], diabetes mel-
litus, cardiovascular diseases, neurodegenerative
diseases, ischemia-reperfusion injury, and immune
diseases. Oxidative stress is defined as the loss of
the balance between oxidative and anti-oxidative
mechanisms [23]. Thiol compounds are organic sub-
stances that have reductive features, which assume
the important task of defending the body against
oxidative stress [25]. Oxidative products that are
synthesized in the organism, such as reactive oxy-
gen species, are reduced by transferring excess elec-
trons to the compounds that contain thiol, while thiol
groups are simultaneously oxidized [26]. Oxidation
of thiol groups causes the formation of disulphide
bonds. However, it is a reversible reaction, and the
disulphide bonds can be reduced to thiol groups,
thus ensuring homeostasis. And this homeostasis
plays an important role in the anti-oxidative process.
Recent studies have reported that impairment of ho-
meostasis leads to CRF, DM, cardiovascular disea-
ses, cancer, chronic inflammatory joint diseases, and
various neurodegenerative disorders [25]. Informa-
tion on various normal and abnormal biochemical
processes could be obtained by measuring the thiol-
disulphide homeostasis [27]. Several studies have
reported that thiol/disulphide balance deteriorates
in diseases characterized by intense inflammation
and oxidative stress [28-30]. We measured thiol/di-
sulphide homeostasis in this study. We detected that
native thiol, total thiol, disulphide values, and disul-
phide/native thiol, disulphide/total thiol ratios of HT
patients were significantly higher, while native thiol/
total thiol ratio of these patients were significantly

lower compared to controls. Similarly, in the study
of Koca et al., (2019), the disulphide, disulphide/na-
tive thiol, disulphide/total thiol levels were found
higher in a patient with hypoparathyroidism [31].
Mengen et al., (2020) reported high levels of thiol/
disulphide homeostasis and IMA levels in obesity
[32]. The disulphide, disulphide/native thiol, disul-
phide/total thiol levels were found higher in a patient
with acute and chronic idiopathic thrombocytopenic
purpura in the study of Kar et al., (2021) [33].
Conclusions. We concluded that native thiol,
total thiol, and disulphide values were higher in HT
patients compared to healthy controls. In our study,
we concluded that thiol-disulphide defense could
be a biomarker in HT patients and that IMA data of
these biomarkers have a correlation. Although IMA
is an important indicator in these patients, many de-
terminants are known to be involved in this process.
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Tupeoinut XamuMoOTO € YacTOI MPUYUHOIO
300y Ta HaOyTOro TinoTHpeo3y y IJeH, SAKi Ipo-
JKUBAIOTh B paiioHaX, je Hemae HomonedimuTy.Toit
(hakT, MO CTPYKTypa CHPOBATKOBOTO albOyMiHY
3MIHIOETBCSA 32 YMOB illIeMii, MPOKJAB IIJIAX IO
BIJIKPUTTSI HOBOTO CHPOBATKOBOI'O MapKepa iremii
cepust — MOAM(IKOBAHOTO IMIEMi€0 albOyMiHa
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(MIA). Inmmii TOKa3HWK, TiON/IUCYIb(ITHAN
roMeocTas, BiJlirpae BaKJIMBY POJIb B aHTHOKCH-
JAHTHOMY 3aXHCTi, JETOKCHKAIlii Ta anonTto3i. Y
OMY JOCHTIJPKEHHI MU Majid Ha METi JOCIIAUTH
B32€MO3B 130K MK TiON/IUCYIb(IAHUM rOMeocTa-
30M Ta piBHeM IMA y cupoBarii KpoBi Mamie€HTIB 3
JIarHO30M THPEOIANT XalTuMOTO. Y JTOCIiKEHHS
Oyyo BiJItOYeHO 70 MaIi€HTIB 13 THPEOIAUTOM Xa-
muMoTO Ta 50 370pOBUX MaLi€HTIB BikoM BifJ 35 110
58 pokiB, Oym0o 3apeecTpyBaHO iX CTaTh Ta PiBEHb
tupeotponHoro ropmony (TTI), anTuTHpeoinHoi
nepokcugaszu (TI1O), antutupeormodyniny (TI).
Pieenr MIA Ta mapameTpu TiON-AHCYJIB(ITHOTO
rOMEOCTa3y  BHUMIpPIOBAIM  aBTOMAaTH30BAHUMU
CHEKTPOPOTOMETPUUYHUMHU METOAaMU. BUsIBIEHO,
110 CIIIBBIJHOLIEHHS HATUBHUM TIiOJ/3arajibHUN
Tion OyJi0 3HAYHO HIKYMM Yy XBOPHX IAIliEHTIB
MOPIBHSHO 3 BKJIOYEHUMH JI0 KOHTPOJBHOI Tpy-
mu (P < 0,05), tomi six piBai IMA, ansOyminy,
nucynb(diy, HAaTUBHOIO Ta 3araJibHOrO TiONYy,
CHIBBIAHOIICHHS AMCYNb(ia/HATUBHUN Tion Oynu
3HAYHO BWIIMM Y TAIIEHTIB 3 XBpopOoro Xarru-
MOTO TopiBHSIHO 3 KoHTposieM (P < 0,05). 3pobuie-
HO BHCHOBOK, IIO TiOJN-IUCYNb(]iIHUNA TOMeocTas3
Kopenroe 3 piBHeM IMA B cupoBariii KpoBi i Moxe
OyTu Giomapkepom y nanientis 3 ['T.

KnmouoBi cunoBa: tupeoigur Xammw-
MOTO; MOIHM(IKOBAHHUH IIIEeMi€f0 aTbOyMiH; TioOJ-
nucynbdiTHui romeocTas.

References

1. Salmaso C, Bagnasco M, Pesce G, Montagna P,
Brizzolara R, Altrinetti V, Richiusa P,
Galluzzo A, Giordano C. Regulation of apoptosis
in endocrine autoimmunity: insights from
Hashimoto's thyroiditis and Graves' disease. Ann
N Y Acad Sci. 2002; 966: 496-501.

2. Mazziotti G, Sorvillo F, Iorio S, Carbone A,
Romeo A, Piscopo M, Capuano S, Capuano E,
Amato G, Carella C. Grey-scale analysis allows
a guantitative evaluation of thyroid echogenicity
in the patients with Hashimoto's thyroiditis. Clin
Endocrinol (Oxf). 2003; 59(2): 223-229.

3. Rose NR, Bonita R, Burek CL. Iodine: an
environmental trigger of thyroiditis. Autoimmun
Rev. 2002; 1(1-2): 97-103.

4. Weetman AP. Autoimmune thyroid disease:
propagation and progression. Eur J Endocrinol.
2003;148(2):1-9.

5. Negro R. Selenium and thyroid autoimmunity.
Biologics. 2008; 2(2): 265-273.

118

10.

11.

12.

13.

14.

15.

16.

17.

. Syburra C, Passi S. Oxidative stress in patients

with multiple sclerosis. Ukr Biokhim Zhurn.
1999; 71(3): 112-115.

. Toy H, Camuzcuoglu H, Camuzcuoglu A,

Celik H, Aksoy N. Decreased serum prolidase
activity and increased oxidative stress in early
pregnancy loss. Gynecol Obstet Invest. 2010;
69(2): 122-127.

. Verma P, Bhattacharya SN, Banerjee BD,

Khanna N. Oxidative stress and leukocyte
migration inhibition response in cutaneous
adverse drug reactions. Indian J Dermatol
Venereol Leprol. 2012; 78(5): 664.

. Sharouni E, Georgiadou P, Voudris V. Ischemia

modified albumin changes - review and clinical
implications. Clin Chem Lab Med. 2011; 49(2):
177-184.

Cakir M, Karahan SC, Mentese A, Sag E,
Cobanoglu U, Polat TB, Erduran E. Ischemia-
modified albumin levels in children with chronic
liver disease. Gut Liver. 2012; 6(1): 92-97.

Erel O, Neselioglu S. A novel and automated
assay for thiol/disulphide homeostasis. Clin
Biochem. 2014; 47(18): 326-332.

Ates I, Kaplan M, Inan B, Alisik M, Erel O,
Yilmaz N, Guler S. How does thiol/disulfide
homeostasis change in prediabetic patients?
Diabetes Res Clin Pract. 2015; 110(2): 166-171.
Bar-Or D, Lau E, Winkler JV. A novel assay
for cobalt-albumin binding and its potential as
a marker for myocardial ischemia-a preliminary
report. J Emerg Med. 2000; 19(4): 311-315.
Mertoglu C, Gunay M, Gurel A, Gungor M,
Gul V. Ischemic modified albumin increases
in acute Kidney injury. Revista Romana de
Medicina de Laborator. 2018; 26(1): 37-43.
Solakhan M, Cicek H, Orhan N, Yildirim M.
Role of native Thiol, total Thiol and dynamic
Disulphide in diagnosis of patient with prostate
cancer and prostatitis. Int Braz J Urol. 2019;
45(3): 495-502.

Kaman A, Aydin Teke T, Gayretli Aydin ZG,
Karacan Kiigiikali G, Neselioglu S, Erel 0,
Tanir G. Dynamic thiol/disulphide homeostasis
and pathogenesis of Kawasaki disease. Pediatr
Int. 2019; 61(9): 913-918.

Arhan E, Kurt ANC, Neselioglu S, Yerel O,
Ucar HK, Aydin K, Serdaroglu A. Effects of
antiepileptic drugs on dynamic thiol/disulphide
homeostasis in children with idiopathic epilepsy.
Seizure. 2019; 65: 89-93.



E. Avci, A. Karabulut, G. Alp Avci, C. Bilgi

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Turedi S, Cinar O, Kaldirim U, Mentese A,
Tatli O, Cevik E, Tuncer SK, Gunduz A,
Yamanel L, Karahan SC. Ischemia-modified
albumin levels in carbon monoxide poisoning.
Am J Emerg Med. 2011; 29(6): 675-681.

Mullur R, Liu YY, Brent GA. Thyroid hormone
regulation of metabolism. Physiol Rev. 2014;
94(2): 355-382.

Gu C, Jun JC. Does Hypoxia Decrease the
Metabolic Rate? Front Endocrinol (Lausanne).
2018; 9: 668.

Kurutas EB. The importance of antioxidants
which play the role in cellular response against
oxidative/nitrosative stress: current state. Nutr J.
2016; 15(1): 71.

Lobo V, Patil A, Phatak A, Chandra N. Free
radicals, antioxidants and functional foods:
Impact on human health. Pharmacogn Rev.
2010; 4(8): 118-126.

Biondi B, Klein I. Hypothyroidism as a risk
factor for cardiovascular disease. Endocrine.
2004; 24(1): 1-13.

Lippi G, Montagnana M, Guidi GC. Albumin
cobalt binding and ischemia modified albumin
generation: an endogenous response to ischemia?
Int J Cardiol. 2006; 108(3): 410-411.

Ma SG, Yang LX, Bai F, Xu W, Hong B.
Ischemia-modified albumin in patients with
hyperthyroidism and hypothyroidism. Eur J
Intern Med. 2012; 23(6): €136-e140.

Oran I, Oran B. Ischemia-Modified Albumin
as a Marker of Acute Coronary Syndrome: The
Case for Revising the Concept of "N-Terminal
Modification" to "Fatty Acid Occupation" of
Albumin. Dis Markers. 2017; 2017: 5692583.
Reddy SV, Suchitra MM, Pradeep V, Alok S,
Suresh V, Bitla AR, Srinivasa Rao PVLN.

28.

29.

30.

31.

32.

33.

Ischemia-modified albumin levels in overt and
subclinical hypothyroidism. J Endocrinol Invest.
2015; 38(8): 885-890.

Kundi H, Ates I, Kiziltunc E, Cetin M,
Cicekcioglu H, Neselioglu S, Erel O, Ornek E. A
novel oxidative stress marker in acute myocardial
infarction; thiol/disulphide homeostasis. Am J
Emerg Med. 2015; 33(11): 1567-1571.

Yuksel M, Ates I, Kaplan M, Alisik M, Erel O,
Saygili F, Kayagetin E. The dynamic thiol/
disulphide homeostasis in inflammatory bowel
disease and its relation with disease activity and
pathogenesis. Int J Colorectal Dis. 2016; 31(6):
1229-1231.

Ates 1, Kaplan M, Yuksel M, Mese D, Alisik M,
Erel O, Yilmaz N, Guler S. Determination of
thiol/disulphide homeostasis in type 1 diabetes
mellitus and the factors associated with thiol
oxidation. Endocrine. 2016; 51(1): 47-51.

Or KA, Dagdeviren M, Akkan T, Ates I,
Neselioglu S, Erel O, Altay M. Dynamic thiol/
disulfide homeostasis and oxidant status in
patients with hypoparathyroidism. J Med
Biochem. 20203; 39(2): 231-239.

Mengen E, Ugaktiirk SA, Kocaay P , Kaymaz O,
Neselioglu S, Erel O. The Significance of Thiol/
Disulfide Homeostasis and Ischemia-modified
Albumin Levels in Assessing Oxidative Stress
in Obese Children and Adolescents. J Clin Res
Pediatr Endocrinol. 2020; 12(1): 45-54.

Kar YD, Ozdemir ZC, Bér O. Thiol / disulfide
balance and oxidative stress parameters in
pediatric patients diagnosed with acute and
chronic idiopathic thrombocytopenic purpura.
Turk J Pediatr. 2021; 63(6): 962-969.

119



