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Amag: Stabil angina pektoris tanili hastalarin tiyol/
disiilfid homeostazini incelemektir.

Materyal ve Metot: Caligma populasyonu 85 stabil an-
gina pektoris hastasi ile, 31 saglikli goniilliden olugmakta-
dir. Hasta ve kontrollerin tiyol/disiilfid degerlerini karsi-
lastirmak i¢in Erel ve Neselioglu tarafindan yeni gelistiri-
len analiz metodu kullanilmustir. Her iki grup igin disiil-
fid /total tiyol, serbest tiyol/total tiyol ve disiilfid/serbest
tiyol degerleri hesaplanmustir.

Bulgular: Calismada elde edilen disiilfid, serbest tiyol ve
total tiyol degerleri sirasiyla; hasta grubu i¢in 18.00 pmol/
L, 365,08 umol/L, 401,10 pmol/L ve kontrol grubu i¢in
9,67 umol/L, 372,51 pmol/L, 391,85 pmol/L seklinde
bulunmustur. Bu ¢alisma ile, stabil angina pektoris hasta-
larinin tiyol/disulfid plazma degerleri yeni gelistirilen
metot ile ilk defa belirlenmistir. Disiilfid, disiilfid/serbest
tiyol ve disiilfid/total tiyol degerleri kontrole gbre hasta
grubunda anlamh sekilde yliksek ¢ikarken; serbest tiyol/
total tiyol degeri hastalarda anlamli sekilde diisiik ¢ik-
mustir (p<0,001).

Sonug: Tiyol ve disiilfit degerleri stabil anjina pektoris
hastalarinda yiiksek diizeyde goriilebilir, bu nedenle tiol/
distilfid homeostazi bu hastalik igin bir gosterge olabilir.
Anahtar Kelimeler: Serbest tiyol, total tiyol, disiilfid,
tiyol/disiilfid, stabil angina

ABSTRACT

Objective: To investigate thiol/disulfide homeostasis in
patients with stable angina pectoris.

Materials and Methods: The study population consisted
of 85 stable angina pectoris patients and 31 healthy volun-
teers. To compare the thiol/disulfide values of the patients
and controls, the newly developed analysis method was
used by Erel and Neselioglu. Disulfide/total thiol, free
thiol/total thiol and disulfide/free thiol values were calcu-
lated for both groups.

Results: Disulfide, free thiol and total thiol values ob-
tained in the study were; 18.00 umol/L, 365.08 pmol/L,
401.10 pmol/L for the patient group and 9.67 pumol/L for
the control group, 372.51 umol/L, 391.85 umol/L for the
control group. It is the first time thiol/disulphide homeo-
stasis in plasma was examined by new developed method
in stable angina pectoris patients with this study. Disul-
fide, disulfide/free thiol and disulfide/total thiol values
were significantly higher in the patient group compared to
the control group. free thiol/total thiol levels were signifi-
cantly lower in patients (p<0.001).

Conclusion: Thiol and disulfide values can be seen at
high levels in patients with stable angina pectoris, so thiol/
disulfide homeostasis may be an indicator for this disease.
Keywords: Native thiol, total thiol, disulphide, thiol/
disulphide, stable angina pectoris
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INTRODUCTION
Stable angina pectoris is severe constriction of coro-
nary arteries and atherosclerotic ischemia result.

Heart muscle could not get enough oxygen feeding
due to narrowing vessels by atherosclerotic plaque
formation.'
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Stable angina pectoris attack occurs when many
factors come together such as sex, age and life style.
Place of pain, duration of pain, character of pain and
relation with exercise are criteria in diagnoses in
stable angina pectoris. Symptomatic alleviation is
associated with drug treatment like antiischemic
drugs and lifestyle.

Oxidative stress, imbalance between oxidants and
antioxidants system, have role in cardiovascular
discase. Namely; oxidative stress enhances the for-
mation of plaque from macrophages by modifying
low density lipoprotein (LDL), called oxidized LDL
(ox-LDL). Ox-LDL combines with the monocytes
and foam cells are formed, role in formation of
atherosclerotic plaque by linking smooth muscle
cells and thrombus formation. In previous studies, it
is concluded oxidative stress promotes coronary
artery disease.’ The major cause of stable angina is
narrowing coronary artery due to atherosclerosis
triggered by oxidative stress.

Thiol is an organic compound, found in blood
plasma as albumin, cystein and glutathione, includes
sulfhydryl group (-SH) and oxidized to disulfide
form to detoxificate the endogenous and exogenous
reactive oxygen species. The disulfide bonds are
reduced to thiol form again by special enzymes and
so, the thiol/disulfide homeostasis is found in a bal-
ance.” When antioxidant system is disrupted, this
thiol/disulfide balance shifts to disulfide form.

There is no method to measure thiol/disulfide ho-
meostasis as calorimetric and duplex until 2014.° By
this new method, native thiol, dynamic disulfide,
and total thiol levels could be measured more reli-
able and sensitive.” The relationship between thiol
disulfide and oxidative stress has been the subject of
research in almost all patient groups. Experimental
studies have been carried out in this respect and
even new treatment methods have been presented
for many diseases such as type 1 diabetes, exercise,
preeclampsia, hypertension, acute myocardial in-
farction and appendicitis.*'* In present study done
plasma samples were obtained and used for deter-
mining the levels of thiol/disulphide. In addition to
after determining native thiol levels, total thiol lev-
els and disulphide levels, disulphide/total thiol per-
cent ratios, native thiol/total thiol percent ratios, and
disulfide/native thiol percent ratios were calculated.’
The aim of this study is to measure and compare the
thiol/disulphide levels of stable angina patients with
a control group by a novel, easily, reliable and cheap
oxidative stress marker method.
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MATERIALS AND METHODS

Study population: This study was conducted in Sa-
karya University Faculty of Medicine and Yildirim
Beyazit University Faculty of Medicine biochemis-
try laboratories. The study population with 116 par-
ticipated was consisted of 85 cases newly diagnosed
stable angina pectoris individuals and 31 healthy
volunteers. The blood was taken from all the partici-
pants with green capped lithium heparinized bio-
chemical tubes (3cc, BD) before angina procedure
for patient group. The plasma samples, obtained by
centrifuge for 10 min at 1500 rpm, were kept in -80
°C (Sakarya University Training and Research Hos-
pital Clinical Biochemistry Laboratory) until work-
ing day and were transported to Ankara Ataturk
Training and Research Biochemistry Laboratory
with dry ice. The present study was conducted in
accordance with the Declaration of Helsinki 2013
Brazil version and approved by Sakarya University
Ethics Committee (Date: 28.09.2016, decision no:
16214662/050.01.04/123). All participants provided
written informed consent prior to participation in
this study.

Biochemical parameters: Plasma thiol/disulfide
homeostasis was determined with a novel spectro-
photometric measurement method, recently devel-
oped by Erel & Neselioglu, by using and automated
clinical chemistry analyzer (Roche, Cobas 501,
Mannheim, Germany).” The thiol/disulfide homeo-
stasis values were calculated as pmol/L. The princi-
ple of the new assay based on reducing with sodium
borohydride (NaBH, ). The free functional thiol
group is formed by reducing disulfide bonds with
NaBHy Total thiol group value (-SH+ -S-S-) con-
sists of summation of thiol groups and reduced thiol
group. The unused NaBH,4 remnants are completely
removed by formaldehyde. Thus, this prevents the
extra reduction of the 5,5’-dithiobis-(2-nitro benzoic
acid) (DTNB) and further reduction of the formed
disulphide bond, which are produced after the
DTNB reaction. The total thiol content of the sample
is measured using modified Ellman reagent. Native
thiol (-SH) content is subtracted from the total thiol
(-SH+ -S-S-) content and half of the obtained differ-
ence gives the disulphide bond (-SS) amount. After
measuring native thiol (-SH) levels, total thiol (-SH+
-S-S-) levels directly, disulphide (-SS) levels, disul-
phide/total thiol percent ratios (-SS/ -SH+ -S-S-),
native thiol/total thiol percent ratios (-SH/ -SH+ -S-
S-), and disulfide/native thiol (-SS / -SH) percent
ratios were calculated.

Analytical recovery: The percent recovery of the
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novel method was determined via the addition of
200 uM oxidized glutathione to plasma samples.
The mean percent recovery was 98—100%.
Linearity: The linearity of the native thiol measure-
ment was the same with that of Ellman's reagent
assay. Serial dilutions of the glutathione solution
were generated. The upper limit of the linearity for
the native thiol measurement was 4000 pM. Linear-
ity of the total thiol measurement was also depend-
ent on the amounts of NaBH4 and formaldehyde
concentrations. Serial dilutions of the oxidized glu-
tathione solution were also generated. The upper
limit of the linearity for the disulphide measurement
was 2000 uM. Dilution of plasma samples did not
affect the novel assay.

Lower detection limit: The detection limit of the
assay was determined by evaluating the zero calibra-
tor 10 times. The detection limit, defined as the
mean value of zero calibrator + 3 standard devia-
tions (SDs), was 2.8 uM.

Analytical sensitivity: As the slope of the calibration
line, analytical sensitivity was found to be 7.9 x
10—4 Absorbance/Amount, [A x (uM)—1].
Interference: 1t was found that haemoglobin,
EDTA, citrate and oxalate did not interfere with the
assay developed, but bilirubin did negatively inter-
fere with the assay. Lipaemic and uraemic plasma
samples did not interfere with the assay. Plasma and
serum samples can be used as samples.

Precision: To determine the precision of the novel
assay, we assayed three levels of a plasma pool. A
plasma pool that had high disulphide levels was ob-
tained from the samples of patients with diabetes
mellitus. The plasma pool with medium disulphide
levels was obtained from the samples of healthy
persons. The plasma pool with low disulphide levels
was obtained from the samples of patients with uri-
nary bladder cancer. Percent coefficient variation (%
CV) was 4 (X=29.12 and 6X=1.2) for high levels, 5
(X=16.03 and 6X = 0.79) for medium levels and 13
(X=17.15 and 6X = 0.98) for low levels.

Statistical analysis: For statistical analyses, Statisti-
cal Package for Social Science (SPSS) for windows
20 was performed. Kolmogorov-Smirnov test was
used to detect normal distribution of data. Numerical
variables with normal distribution were presented as
mean + standard deviation. Comparison of group’s
mean values and median values were analyzed by
using Independent ¢ test and Mann-Whitney U test.
P<0.05 was evaluated the significance for statistical
analyses.
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RESULTS

For present study the population consisted of 85
stable angina patients and 31 healthy individuals.
Table 1 summarized the thiol/disulphide homeosta-
sis parameters for patients (n=85) and control group
(n=31). The most striking of these parameters was
disulphide (18.00+10.44 pmol/L, 9.67+6.14 umol/L)
and disulphide/native thiol (%) (4.99 =£2.80,
2.69+1.84) values.

Native thiol and total thiol values in the groups were
found to be normal distributed. The mean values of
native thiol (X=365.08+58.97umol/L) and total thiol
(X=401.10+64.99umol/L), according to the inde-
pendent samples t test analysis performed between
the mean values of native thiol
(X=372.51+47.29umol/L)  and  total  thiol
(X=391.85+46.03umol/L) no statistically significant
differences were found between the mean values (t
(114)=0.63, p=0.53 and t (114) = - 0.85, p =0.37).
The disulphide, disulphide/native thiol (%), disul-
phide/total thiol (%) and native thiol/total thiol (%)
values were not normally distributed. According to
the results of the Mann-Whitney U test, there were
statistically significant differences between the pa-
tient group and the control group in terms of disul-
phide values. These differences are shown in Table
1 in detail.

As a result the disulphide values; disulphide/native
thiol percent ratios and disulphide/total thiol percent
ratios obtained from stable angina patients were
significantly higher than the control group’s values
of the same parameters, but native thiol/total thiol
percent ratio was found significantly lower than that
of the control group.

DISCUSSION AND CONCLUSION

Stable angina pectoris, characterized with chest
pain, can be caused reducing oxygen feeding of
heart muscle due to narrowing vessels with athero-
sclerotic plaques. In this attack, the pain starts chest
region and spread through arms and back. Generally,
the attack stars with hardly working or emotional
stress and physical exertion and lasts a short time
about five minutes. The extreme hot or cold weather
can affect the stable angina attack. In stable angina
patients, prognosis progresses well; the mortality
ratio is about 2-3% and possibility of a myocardial
infarction is 2-3%." Increasing reactive oxygen spe-
cies and oxidative stress triggers formation of
atherosclerotic plaque by creating ox-LDL. There-
fore, stable angina disease and oxidative stress are in
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a close relationship.

Thiol is an important compound in detoxification
system of reactive oxygen species by oxidized to
disulphide form. Decreasing thiol level and increas-
ing disulphide form can be an indicator of oxidative
stress in organism.

Until this new colorimetric method, the dynamic
thiol/disulphide balance was measured only one-
sided."” By this fully automated new, rapid, easy,
remarkable and repeatable method, dynamic thiol/
disulphide homeostasis could be measured.® After
developing this new method, many diseases, related
with oxidative stress, was investigated in terms of
thiol/disulphide homeostasis. In a previous study,
disulphide/thiol ratio was measured in masked hy-
pertension patients. The disulphide formation was
higher in patients than controls.'” The same meas-
urement was applied in hyperemesis gravidarum
patients and it is concluded that thiol-disulphide
balance has shifted to the oxidative side."* Accord-
ing to another previous study used this new coloro-
metric method, disulphide- thiol ratios may be used
in foreseeing the level of pre-eclampsia.'® This novel
indicator of oxidative stress was examined in chil-
dren with simple febrile seizure and the result has
shown that the seizure may cause disruption in favor
of disulfide bonds." In a previous study, Kayacan et
al ° aimed to evaluate the relationship between ex-
ercise and both I-tyrosine and oxidative stress using
this new method and the result showed that exercise
positively affected thiol/disulphide homeostasis.
Moreover, this prognostic biomarker was applied in
non small cell lung cancer patient and total thiol,
native thiol and disulphide levels was found de-
creased in patients.'” In our study, the thiol/
disulphide homeostasis results for patients and con-
trol group are parallel with previous studies related
with other diseases. Thiol/disulphide homeostasis
was examined in a population included 85 stable
angina patients and 31 healthy controls with the new
method, which is the study in literature about thiol/
disulphide homeostasis and stable angina. It is be-
lieved that this study can contribute the literature
about relationship between stable angina and thiol/
disulphide homeostasis. According to our thiol/
disulphide homeostasis results, disulphide (S-S),
disulphide/native thiol (S-S/-SH) and disulphide/
total thiol (S-S/-SS+-SH) values were significantly
higher in stable angina patients when compared to
control group whereas native thiol/total thiol (-SH/-
SS+-SH) ratio was significantly lower. These results
indicated that thiol/disulphide homeostasis shift to
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disulphide side on account of formation of disul-
phide bond from thiol group due to increasing oxi-
dative stress and reactive oxygen species. Thiol/
disulphide homeostasis is very important parameter
for understanding a disturbance in oxidant-
antioxidant balance because thiol is the most abun-
dant antioxidant molecule in organism and so it can
be a good marker.”” Therefore, in our study, in-
creased disulphide bond formation and reduced thiol
molecule could be an indicator for imbalance anti-
oxidant system in stable angina pectoris patients.

In conclusion, the present study was perfomed by
using a newly developed method to analyze thiol/
disulphide homeostasis in stable angina pectoris
patients. It is demonstrated that thiol/disulphide ho-
meostasis shift to disulphide bond formation in sta-
ble angina pectoris patients due to increasing oxida-
tive stress and thiol oxidation. According to our re-
sults, oxidation of thiol and disulphide bond forma-
tion could be seen high level in stable angina pecto-
ris pathogeny, so thiol/disulphide homeostasis may
be an indicator for this disease.
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Table 1. Thiol/disulphide homeostatic parameters for stable angina and control groups.

Control (n=31) Stable Angina (n=85) p value
Native thiol (#mol/L) 372.51 £47.29 365.08 +58.97 0.53*
Total thiol (#mol/L) 391.85 +46.03 401.10 + 64.99 0.37*
Disulphide (#mol/L) 9.67+6.14 18.00 +10.44 <0.001**
Disulphide/native thiol (%) 2.69 +1.84 4,99 +2.80 <0.001**
Disulphide/total thiol (%) 2.49 +1.60 443+2.23 <0.001**
Native thiol/total thiol (%) 95.01 £3.20 91.14 +4.47 <0.001**

was considered as statistically significant for analyses.
** Mann-Whitney U test was used for comparing the differences between the median values of groups. p<0.5 was consid-

ered as statistically significant for analyses.

* Independent samples t test was used for comparing the differences between the arithmetic mean values of groups. p<0.5
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