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ABSTRACT
Objective: To determine the changes in thiol/disulphide homeostasis in patients determined with asymptomatic cholelithiasis and
to investigate any potential correlation between these thiol-disulphide parameters and HDL cholesterol.
Study Design: A descriptive, comparative study.
Place and Duration of Study: Ankara City Hospital between 15 September and 31 December 2019.
Methodology: This study included 42 patients aged 18-70 years, who presented at the Gastroenterology Clinic and were diag-
nosed with cholelithiasis on ultrasound examination. A control group was formed of 51 healthy volunteers aged 18-70 years. Thiol/di-
sulphide homeostasis and HDL cholesterol was noted and compared between the groups.
Results: The mean age was 44.16 ± 13.35 years in cholelithiasis patient group and 31.88±13.27 years in the control group. The
triglyceride,  VLDL,  total  cholesterol/HDL,  and  non-HDL levels  were  significantly  higher  and  HDL level  was  significantly  low in  the
patient group (both p <0.05). Regarding thiol-disulphide balance, native thiol, total thiol, and albumin values were found to be
statistically  significantly  low in  the  patient  group (p  <0.05),  and the IMA,  index-1,  index-2,  and index-3  values  were  significantly
high (p <0.05).
Conclusion: The oxidant/antioxidant balance shifted towards oxidation in patients with asymptomatic gallstones. The non-HDL
value was increased. There was a positive correlation between the thiol-disulphide parameters and the non-HDL value.  The
increasing non-HDL amount could be effective in the pathogenesis of gallstone disease by disrupting the oxidative balance.
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INTRODUCTION
Cholesterol is a lipid, which is synthesised in the liver and secreted
via the biliary system.1 When the reasons for the formation of galls-
tones  are  examined,  although  many  metabolic  abnormalities
have been reported such as abnormal regulation of hepatic choles-
terol, gallbladder dysfunction, oxidative stress, and imbalance of
the pro-oxidant and anti-oxidant systems, the mechanism of galls-
tone formation has not been fully clarified.2,3

Thiols form bonds with disulphides by entering into an oxidative reac-
tion with oxidants. İt is catalysed by specialised enzymes like oxidore-
ductases and thiol oxidases; and occurs mostly in the endoplasmic
reticulum (ER) and the mitochondrial intermembrane space.4,5
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Disulphide  bonds  are  covalent  bonds,  known  as  disulphide
bridge,  or  SS-bonds.  Under  oxidative  stress,  oxidation  of
cysteine (cys) remnants leads to the formation of reversible
mixed disulphides between thiols in protein structure and low-
weight thiols. Disulphide bonds can be broken down again to the
thiol group. Thus, there is dynamic homeostasis between thiol
and disulphide bonds. According to this pathophysiology, in the
presence of oxidative stress in the body, there is expected to be
a  regression  in  the  amount  of  thiol  and  an  increase  in  the
amount of disulphide.6,7

Plasma thiols  sweep up the  physiological  free-radicals  and
show an antioxidant property with several mechanisms. The
thiol  group constitutes 52.9% of all  the antioxidants in the
plasma in healthy individuals. Determination of plasma thiol
and the thiol/disulphide balance has been shown to be a reflec-
tion of the formation of free-radicals in several diseases.3,6-8

Oxidative stress disrupts the oxidative balance because of an
increase  in  reactive  oxygen  species,  such  as  hydrogen
peroxide, hydroxyl radicals, and superoxide radicals, occur-
ring during cellular metabolism, and insufficient antioxidants,
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which detoxify these. Serum thiol  groups are an important
component  of  the  plasma  antioxidant  system.  It  has  been
suggested that disruption of the thiol-disulphide balance plays
a role in the pathogenesis of several diseases.8

One of the pathologies thought to be associated with oxidative
stress is the formation of gallstones.3 Since the later half of
2014, plasma thiol and disulphide levels can be more accu-
rately measured with a new method described by Erel and
Neselioglu.8 According to one theory, when there is a reduction
in the level of the antioxidant enzyme paraoxonase-1 (PON1),
which is found in HDL structure and is protective against HDL
and LDL oxidation, there is an increase in the thiol/disulphide
mechanism, which is the other antioxidant system.9,10

The aim of this study was to evaluate the changes in thiol-disul-
phide parameters in patients with asymptomatic gallstones,
compared to a healthy control group; and to determine any
relationship between HDL cholesterol and the thiol-disulphide
parameters in the patient group.

METHODOLOGY

This descriptive, comparative study included 42 patients aged
18-70 years, who presented at the Gastroenterology Clinic of
Ankara  City  Hospital  between  15  September  2019  and  31
December  2019 and were diagnosed with  cholelithiasis  on
ultrasound examination.  A control  group was formed of 51
healthy (no gallstones on ultrasound) volunteers aged 18-70
years. Inclusion criteria were age in the range of 18-70 years
and  a  diagnosis  of  asymptomatic   cholelithiasis.  Exclusion
criteria were pregnant patients, those with infection, a history
of  pulmonary embolism, the presence of  deep vein throm-
bosis,  a  rheumatological  disease,  cholestasis,  cholangitis,
cirrhosis,  inflammatory  bowel  disease,  acute/chronic  renal
failure, a history of acute pancreatitis, and those using lipid-re-
ducing medicines.

Data  collection/laboratory  tests:  Peripheral  venous  blood
samples were taken from all the study subjects for the examina-
tion of urea, creatinine, alanine aminotransferase (ALT), aspar-
tate  aminotransferase  (AST),  alkaline  phosphatase  (ALP),
gamma-glutamyl transferase (GGT), lactate dehydrogenase
(LDH),  total  and direct  bilirubin,  erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), albumin, protein, hemo-
gram (full blood count), triglycerides, total cholesterol, LDL
cholesterol,  HDL  cholesterol,  and  serum  thiol/disulphide
levels.

The blood samples taken for the serum thiol/disulphide level
were centrifuged at 1600g for 15 mins, then stored at -80°C
until assay. All the blood samples were transferred to the labo-
ratory of the same hospital within an average of one hour. The
serum analyses were performed with an automatic spectrom-
eter, newly designed by Erel and Neselioglu.

Data obtained in the study were analysed statistically using
IBM SPSS Statistics version. 21.0 software (IBM Corporation,

Armonk, NY, USA).  The numerical  variables were stated as
mean ± standard deviation (SD) or median (minimum-maxi-
mum) values for non-normal distribution. The conformity of
continuous variables to normal distribution was tested with the
Kolmogorov-Smirnov test. The differences between groups of
continuous variables were determined with the Independent
Samples  t-test  or  the  Mann-Whitney  U-test  for  non-normal
distribution, as appropriate. Correlations between variables
were examined with Pearson analysis or Spearman correlation
analysis, as appropriate. To assess the association between
cholelithiasis  and  thiol/disulfide  status,  and  plasma  lipids,
correlation analysis was performed. A value of p <0.05 was
accepted as statistically significant.

Approval for the study was granted by the Ethics Committee
of  the  University  Medical  Faculty  (Decision  No.  81,  dated:
17/07/2019).
Table I: General characteristics of the patient group and control group;
and the comparisons between the groups of biochemical and hemogram
parameters.

Variables Control group
(n=51)

Patient group
(n=42) p-value

Age 28 (18 - 70) 45 (19 - 69) <0.001
Sex (FM/M) 30/21 27/15 0.590
Urea (mg/dL) 26 (16 - 60) 24.5 (14- 89) 0.286
Creatinine
(mg/dL) 0.8 (0.4 - 1.2) 0.7 (0.5 - 1.2) 0.159 

Total protein (g/L) 69.43 ± 3.14 67.24 ± 6.64 0.096
Albumin(g/L) 47 (46 - 54) 44 (32- 52) <0.001
AST (U/L) 20 (12 - 53) 23 (13 - 49) 0.041
ALT (U/L) 17 (10 - 59) 31 (9 - 225) <0.001
ALP (U/L) 59 (12 - 185) 84.5 (42 - 267) <0.001
GGT (U/L) 15 (4 - 85) 43 (4 - 253) <0.001
LDH (U/L) 185 (57 - 330) 188 (25 - 355) 0.274
Amylase (U/L) 72.65 ±22,01 84.34±25.43 0.059
Lipase (U/L) 37 (24- 72) 44 (28 - 122) 0.006
Total bilirubin
(mg/dL) 0.6 (0.3 - 2,12) 0.7 (0.32 - 6,4) 0.592

Direct bilirubin
(mg/dL) 0.2 (0.1 – 0.71) 0.2 (0.05 – 4.4) 0.481

WBC (x10^9/L) 6656.56
±1449.11 7417.95 ±2860.95 0.135

Hb (g/dL) 13.99 ± 1.53 13.46 ± 1.46 0.098

Platelet (x10^9/L) 264340.00
±50620.88 275538.46±86754.60 0.477

ESH (mm/saat) 5.5 (3 - 20) 17 (3 - 40) 0.048

CRP (mg/dL) 0.77 (0.77-
4.15) 3.74 (0.75- 16.7) <0.001

F: Female, M: Male, WBC: White blood cells, Hb: Hemoglobin, ESR:
Erythrocyte sedimentation rate, CRP: C-Reactive protein, AST: Aspartate
aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase,
GGT: Gamma-glutamyl transferase, LDH: Lactate dehydrogenase. Moreover,
t-test and the Mann-Whitney U-test were also used.

RESULTS

Evaluation was made of 42 patients diagnosed with cholelithi-
asis and 51 healthy control subjects, all in the age range of 18 -
70 years. The patient group comprised 26 (64.3%) females
and 16 (35.7%) males with a median age of 45 (19 - 69) years.
The  control  group  comprised  30  (58.8%)  females  and  21
(41.1%) males with a median age of 28 (18 - 70) years. In the
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patient group, hypertension (HT), diabetes mellitus (DM), HT
+ DM, and HT, DM + coronary artery disease (CAD) were deter-
mined in one patient each. In the comparisons of biochemical
parameters, the albumin value of the patient group was found
to be statistically significantly lower than that of the control
group (p <0.001), and the AST, ALP, GGT, lipase ESR and CRP
values were significantly higher (p <0.05, Table I).

In the comparisons of the lipid profiles of the patient group and
control group, the triglyceride, VLDL, total cholesterol/HDL,
and non-HDL levels were determined to be statistically signifi-
cantly higher in the patient group than in the control group (p
<0.05);  whereas,  the  HDL  level  was  significantly  low  (p
<0.027). The total cholesterol and LDL levels were found to be
higher in the patient group but this increase was not statisti-
cally significant (Table II).
Table II: Comparisons of the lipid profiles and thiol/disulphide balance in
the patient group and the control group.

Variables Control group
(n = 51)

Patient group
(n = 42) p-value

Total cholesterol
(mg/dL) 167.35±29.41 179.54±38.84 0.094

Triglyceride (mg/dL) 84.00 (43.00 -
253.00)

126.00 (23.00 -
351.00) 0.002

HDL (mg/dL) 49.00 (29.00 -
98.00)

43.00 (22.00 -
74.00) 0.027

LDL (mg/dL) 97.37 ± 27.83 105.43 ± 29.17 0.183

VLDL (mg/dL) 17.00 (9.00 -
51.00)

25.00 (5.00 -
121.00) 0.001

Total
cholesterol/HDL 3.00 (2.00 - 6.00) 4.00 (2.00 - 10.00) 0.001

Non-HDL (mg/dL) 115.96 ± 31.32 134.51 ±37.79 0.015
Native thiol 421.28 ± 33.53 363.39 ± 57.57 <0.001

Total thiol 472.15 (362.35 -
535.20)

425.05 (275.40 -
489.00) <0.001

Disulphide 22.37 ± 7.06 23.25 ± 9.66 0.623
IMA 0.60 ± 0.12 0.67 ± 0.13 0.007
Albumin 4.38 (3.84 - 4.76) 4.05 (2.84 - 4.70) <0.001
Index 1 5.40 ± 1.92 6.56 ± 2.93 0.03
Index 2 4.82 ± 1.57 5.69 ± 2.28 0.04
Index 3 90.36 ± 3.14 88.62 ± 4.56 0.04
HDL: High-density lipoprotein, LWQDL: Low-density lipoprotein, VLDL:
Very low-density lipoprotein, Non-HDL: Lipoproteins other than high-
densiity lipoproteins.

In the comparisons of the parameters providing native thiol,
total thiol, and albumin values were found to be statistically
significantly low in the patient group (p <0.05), and the IMA (p
=  0.007),  index-1  (p:0.03),  index-2  (p:0.04),  and  index-3
(p:0.04) values were significantly high. The increase in the
disulphide level in the patient group was not determined to be
statistically significant (Table II).

In  the  control  group,  no  significant  correlation  was  deter-
mined  between  the  parameters  of  the  lipid  profile  (total
cholesterol,  triglycerides,  HDL,  LDL,  VLDL,  total  choles-
terol/HDL,  non-HDL)  and  those  providing  thiol-disulphide
balance (p >0.05).

In the patient group, when the the lipid profile parameters
(total cholesterol, triglycerides, HDL, LDL, VLDL, total choles-
terol  /  HDL,  non-HDL)  and those  providing  thiol-disulphide
balance  were  compared,  a  statistically  significant  positive
correlation  was  determined  between  total  cholesterol  and
total thiol (p = 0.028) and albumin (p = 0.033), between triglyc-
erides and albumin (p = 0.027), total thiol (p = 0.036), disul-
phide (p = 0.032), and albumin (p = 0.025), between total
cholesterol/HDL  and  albumin(p  =  0.047),  total  thiol  (p  =
0.032) and albumin (p = 40.011). No significant correlation
was determined between HDL and the parameters providing
thiol-disulphide balance (Tables II, III).

DISCUSSION

The studies,  which have examined the link between galls-
tones and oxidative stress, have shown that the contributions
of an impairment of the balance between the pro-oxidant and
antioxidant systems, oxidative stress and free-radicals to the
formation  of  gallstones  could  be  significant.2,3  Antioxidant
defence  systems  regulate  the  levels  of  endogenous  and
exogenous reactive oxygen products in the human body.11,12

Serum thiol  groups are important  members of  the plasma
antioxidant system. The thiol-disulphide balance has a critical
role in antioxidant protection, detoxification, signal transmis-
sion, apoptosis, the regulation of enzymatic activity and tran-
scription  factors,  and  intracellular  signal  mechanisms.13,14

With the new method of Erel and Neselioglu, plasma thiol and
disulphide levels can be measured separately and in total.8

Ischemia-modified albumin (IMA) is an oxidatively modified
form of albumin and elevates depending on oxiadative stress
(OXS) after acute ischemia and returns to its normal levels in
hours after reperfusion.15 The authors used IMA because it is a
marker associated with oxidative stress.

Patients with asymptomatic gallstones were evaluated in the
current  study;  and  the  results  showed  that  in  this  patient
group, the amount of total thiol and native thiol was reduced,
and there was a statistically significant increase in the ratio of
disulphide to native thiol and total thiol (index-1 and index-2, p
<0.05). These findings suggest that a change in the thiol/disul-
phide  balance  could  have  a  role  in  the  pathogenesis  of
cholelithiasis.

Ozyazici  et  al.  reported  that  the  amount  of  disulphide  in
thiol/disulphide homeostasis in appendicitis led to an increase
in the disulphide/native thiol and disulphide/total thiol ratios.16

Ercan et al. showed that the thiol level fell and the disulphide
level  increased  in  acute  pancreatitis;  and  stated  that  the
thiol/disulphide balance could have a role in the pathogenesis
of acute pancreatitis.17

Moreover, from another perspective, just as an impairment in
thiol/disulphide homeostasis could play a role in the pathogen-
esis of cholelithiasis, it could be considered that cholelithiasis
may disrupt the thiol/disulphide homeostasis.
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Table III: Comparisons of the parameters providing thiol/disulphide balance and the lipid profiles in the patient group and the control group.

Variables Native thiol Total thiol Disulphide IMA Albumin Index 1 Index 2 Index 3

Total
Cholesterol

Correlation coefficient 0.302 0.352 0.177 .120 .343 .111 .111 -.111
p-value 0.062 .028 .280 .468 .033 .500 .500 .500

Triglyceride
Correlation coefficient 0.115 0.175 0.201 -0.04 0.358 0.134 0.134 -0.134
p-value 0.493 0.293 0.225 0.81 0.027 0.424 0.424 0.424

HDL
Correlation coefficient 0.058 0.059 -0.033 0.103 -0.099 0 0 0
p-value 0,726 0.722 0.844 0.534 0,55 1 1 1

LDL
Correlation coefficient 0.34 0.333 0.335 0.066 0.354 0.189 0.189 -0.189
p-value 0.032 0.036 0.035 0.685 0.025 0.244 0.244 0.244

VLDL
Correlation coefficient 0.175 0.233 0.208 0.063 0.359 0.134 0.134 -0.134
p-value 0.28 0.147 0.198 0.701 0.023 0.409 0.409 0.409

Total
cholesterol  /
HDL

Correlation coefficient 0.165 0.193 0.095 -0.184 0.328 0.004 0.004 -0.004
p-value 0.328 0.253 0.578 0.275 0.047 0.98 0.98 0.98

Non HDL
Correlation coefficient 0.344 0.344 0.318 0.175 0.403 0.17 0.171 -0.171
p-value 0.032 0.032 0.048 0.286 0.011 0.3 0.298 .298

Index 1: Disulphide/native thiol, Index 2: Disulphide/total thiol, Index 3: Native thiol/total thiol, Dısulphıde:total thiol-native thiol/2, IMA: İschaemia modified
albümin. Moreover, t-test and the Mann-Whitney U-test were also used.

In a study by Aydin et al., the preoperative levels of native
thiol, total thiol, and disulphide in symptomatic cholelithi-
asis  patients  were  found  to  be  lower  than  those  of  a
control  group.  No  statistically  significant  difference  was
found in the disulphide/native thiol, disulphide/total thiol,
and native thiol/total thiol ratios; and it was thought that
the antioxidant capacity could have been reduced by the
oxidative stress originating from cholelithiasis. The postop-
erative native thiol, total thiol, and disulphide levels were
again found to be lower than those of the control group,
but a decrease was observed in the disulphide/native thiol
and disulphide/total  thiol  ratios  and an increase in  the
native thiol/total thiol ratio.2 In the current study, the disul-
phide/native thiol, disulphide/total thiol, and native thiol/-
total  thiol  ratios  were  observed  to  be  statistically  signifi-
cantly higher in the asymptomatic cholelithiasis patients
than in the control group.

While strong relationships between elevated triglycerides
and low HDL values and cholelithiasis have been shown in
some studies, the relationship of total cholesterol and LDL
with cholelithiasis has been found to be weak.18

Ataman et al. claimed that high cholesterol and a high LDL
level  were  effective  in  the  formation  of  gallstones,  but  a
low  HDL  cholesterol  level  had  no  effect.1  In  the  current
study,  when  the  lipid  profiles  of  the  patient  group  and
control group were compared, the triglyceride, VLDL, total
cholesterol/HDL, and non-HDL levels were determined to
be  statistically  significantly  higher  in  the  patient  group
than in the control group, while the HDL level was signifi-
cantly low (p <0.05).

Simsek et al. showed that in familial hypercholesterolemia,
the total thiol and native thiol levels, and the native thiol/-
total  thiol  ratio  decreased,  and  the  disulphide  level

increased. They stated that when the antioxidant system
was impaired, it led to atherosclerosis by increasing LDL
oxidation.  The  total  cholesterol,  triglycerides,  HDL,  and
LDL levels were compared with the native thiol, total thiol,
disulphide/native  thiol,  disulphide/total  thiol,  and  native
thiol/total thiol ratios in a patient group, but no significant
correlation  was  determined  (p  >0.05).19  In  the  current
study,  when  the  lipid  profiles  of  the  patient  group  and
control group were compared, the triglyceride, VLDL, total
cholesterol/HDL, and non-HDL levels were determined to
be  statistically  significantly  higher  in  the  patient  group
than in the control group, while the HDL level was signifi-
cantly low (p <0.05). A positive correlation was observed
between non-HDL and disulphide (p = 0.048). No statisti-
cally significant relationship was determined between HDL
and the parameters providing the thiol/disulphide balance
in the patient group.

In theory, when there is a decrease in enzyme PON1 level,
which is protective against HDL and LDL oxidation, there
will  be  an  increase  in  the  thiol/disulphide  mechanism,
which  is  the  other  antioxidant  system.10  In  the  current
study, a positive correlation was observed between LDL
and native thiol (p = 0.032) and total thiol (p = 0.036),
and between non-HDL and total thiol (p = 0.032), native
thiol (p = 0.032) and disulphide (p = 0.048), but no statisti-
cally significant relationship was determined between HDL
and the parameters providing thiol/disulphide balance.

Parlak et al. investigated the relationship between pulmo-
nary embolism and the thiol/disulphide redox system and
HDL.  The total  thiol,  native thiol,  and HDL levels  were
found  to  be  significantly  lower  in  the  patient  group
compared to the control group (p = 0.001). In correlation
analysis,  a  significant  positive  correlation  between  HDL
and native thiol  and total  thiol,  and a significant negative
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correlation  between  HDL  and  SH/SS  (native  thiol/total
thiol) was observed.20

When selecting the control group, care was taken not to
include  subjects  with  comorbidities.  However,  as  the
frequency of chronic diseases increase with age and parti-
cipation in the study was on a voluntary basis, the mean
age of the control group was lower than that of the patient
group.  Although  the  study  was  prospective,  it  was
conducted in a single centre and the number of patients
was relatively low.

CONCLUSION

In this study of patients with asymptomatic gallstones, the
oxidant/antioxidant  balance  was  seen  to  be  shifted
towards oxidation, the non-HDL value was increased and a
positive correlation was determined between the thiol-di-
sulphide parameters and the non-HDL value. This suggests
that  the increasing non-HDL amount could be effective in
the pathogenesis of gallstone disease by disrupting the
oxidative balance. Further multi-centre prospective studies
are needed on this subject.
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