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Exchange of thiol-disulfide pairs in scorpion envenomation

Scorpion envenomation (SE) is a widespread health prob-
lem in some parts of the world. SE is a substantial cause 

of morbidity and mortality. SE presents a broad range of clin-
ic manifestations [1]. Scorpionism develops local symptoms, 
mostly. Severe SE leads to hyperactivation of the autonomic 
nervous system due to the direct effect of venom toxins re-
sulting in cardiovascular, nervous, respiratory and gastroin-
testinal system dysfunctions [2]. The pathogenesis of scorpion 
envenomation comprises a complicated response of cellular 
activation; oxidative stress and inflammation are two critical 
and central elements implicated in the venom-induced tissue 
injury [3, 4]. 
Various molecules have been determined in scorpion venom 
like mucopolysaccharides, lipids and peptides [5]. Scorpion 

venom consists of two groups of peptides, disulfide-bridged 
peptides and non-disulfide-bridged peptides [6]. Disulfide-
bridged peptides deteriorate the functions of ion channels 
[7]. Hence, they are recognized as the most powerful toxins in 
scorpion venom [5]. Non-disulfide-bridged peptides exhibit 
hemolytic and immune-regulatory activities [5]. The effects of 
scorpion envenomation are essentially mediated via the man-
ner of neuropeptides on several ion channels in membranes [7].
Ion channels display a vital role in all sides of cellular func-
tions. Post-translational modifications are significant mecha-
nisms modulating ion channel functions [8]. Thiols (-S-H) are 
target for the redox related post-translational modifications. 
Redox related post-translational modifications are present in 
both physiological and pathological situations involving ox-
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idative stress [9]. Thiol groups are vulnerable to oxidation [8]. 
In oxidative situation, thiols form a disulfide bond in response 
to the redox environment [10]. Formed disulfide bonds can be 
turned into thiol groups again [10]. Dynamic thiol-disulfide 
homeostasis has been involved in a wide range of processes, 
such as antioxidant defense, detoxification, redox signaling 
and signal transduction mechanisms [10].

The alterations in the thiol-disulfide network have been dis-
cussed in several disease conditions [11-14]. The present study 
aims to determine the thiol-disulfide balance in scorpion en-
venomation. To our knowledge, this study compromises the 
first report in this area.

Materials and Methods
This prospective study comprised 35 patients who were ad-
mitted with scorpion sting to the emergency department. 
Diagnosis of scorpion envenomation depended on the pa-
tients’ history, clinical features and laboratory findings. Scor-
pion sting time was gained from the patient’s history. The 
applicants to the hospital within 24 hours after the scorpion 
sting were included in this study. Patients suffering from any 
systemic, autoimmune, inflammatory and infectious diseases 
were excluded from this study. Moreover, patients who were 
receiving medications or supplements were not enrolled in 
this study. The control group consisted of 41 healthy sub-
jects with normal physical examination and routine clinical 
laboratory test results. Patients and healthy individuals were 
matched concerning age and sex. The study procedure was 
approved by the local ethics committee. All subjects in the 
study group were informed about this study and their con-
sents were taken.

Venous blood samples were obtained from all participants by 
venipuncture on arrival. The serum was then separated from 
the cell by centrifugation at 1700 g for10 min and stored at 
-80°C until analysis was performed. Myeloperoxidase activ-
ity was determined by a modification of the o-dianisidine 
method [15]. Catalase activity was determined by the method 
described by Goth [16].

Thiol-disulfide tests were quantified using the most recently 
defined spectrophotometric assay. In this method, the reduc-
tant sodium borohydride reduced the disulfide forms (–S–S) 
to free thiols. Afterwards, the pre-existing native thiols and 
reduced free thiols were determined using 5, 5’-dithiobis-(2-
nitrobenzoic) acid (DTNB). The obtained measurement shows 
the amount of total thiols (–S–H+–S–S). The amount of disul-
fide is found from the equation, which is half of the difference 
of native (–S–H) and total thiol levels. Related proportions 
disulfide/native thiol (–S–S/–S–H), disulfide/total thiol [–S–S/ 
(–S–H+–S–S)], and native thiol/total thiol [–S–H/ (–S–H+–
S–S)] were calculated from the obtained amounts of disulfide 
bonds, native and total thiols. 

Statistical analyses were conducted using SPSS software ver-
sion 22 (SPSS Inc. Chicago, IL). Data distribution was evaluated 

using visual and statistical methods. Because the variables ex-
hibited normal distribution, independent sample t-tests were 
performed to compare the parameters among groups. To as-
sess the relationships between parameters, Pearson’s correla-
tion analysis was applied. In all analyses, the statistical signifi-
cance was assigned as a p-value of less than 0.05.

Results
Demographic data and laboratory findings are indicated in 
Table 1. No statistically significant differences were observed 
concerning age and sex. There were no significant differ-
ences between laboratory tests except glucose. In patients, 
two subjects had no symptoms, 18 subjects had pain, eight 
subjects had hyperemia, one had edema, four subjects had 
nausea, and two subjects had both nausea and vomiting. All 
patients were treated symptomatically. Only 11 of the pa-
tients received antivenom. All patients were conscious on 
admission to the emergency department. None of the pa-
tients were taken into intensive care. Moreover, no mortality 
occurred. 
Outcomes concerning thiol-disulfide tests and certain an-
tioxidant variables are demonstrated in Table 2. In the scor-
pion envenomation group, native thiol levels were signifi-
cantly higher than in the control group (p=0.001). Although 
total thiol levels were higher in the scorpion envenomation 
group than in the healthy controls, the difference between 
mean total thiol levels was not statistically significant in the 
two groups (p>0.05). When the two groups were assessed, 
based upon disulfide amounts, there was a significant differ-
ence between the groups (p=0.001), and disulfide amounts 
were lower in the scorpion envenomation patients than in 
the healthy subjects. Furthermore, the disulfide/native thiol 
ratios and disulfide/total thiol ratios were significantly lower, 
and native/total thiol ratios were significantly higher in pa-
tients with scorpion sting than in the healthy individuals 
(p<0.001, for all ratios). 
Myeloperoxidase and catalase activities significantly in-
creased in patients with the scorpion envenomation 
compared with the control group (Table 2). When the re-
lationships between the thiol-disulfide profile tests and 
antioxidant enzymes were examined, there were positive 
correlations between myeloperoxidase activities and native 
thiol levels and native/total thiol ratios (r=0.33, p<0.05 and 
r=0.47, p<0.001 respectively). In addition, myeloperoxidase 
activities significantly and negatively correlated with disul-
fide amounts and the disulfide/native thiol and disulfide/to-
tal thiol ratios (r=-0.27, p<0.05; r=-0.47, p<0.001 and r=-0.47, 
p<0.001, respectively).

Discussion
Scorpion envenomation is a prevalent health hazard and rec-
ognized as a substantial risk element for morbidity and mor-
tality [2]. However, most stings result in only local effects; sys-
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temic effects are considered to be the result of nervous system 
activation [1]. It can be a life-threating situation particularly in 
more vulnerable subjects like children and the elderly unless 
treated appropriately and quickly [17]. Potential complications 
involving cardiovascular effects, neuromuscular excitation, 
respiratory failure, hypotension and multi-organ dysfunction 
may lead to death [2]. Moreover, scorpion envenomation can 
be categorized as mild, moderate and severe according to the 
signs and symptoms presented by the patient [18]. 
Thiol groups are vulnerable to oxidative modification [9]. Thi-
ols could be moderated in answer to exogenous stimulus or 
alterations in the redox environment [9]. Thiol modifications 
are thought to be the essential mechanism that modulates 

the ion channel functions [8]. In addition, a stimulus, such as 
mechanical or others, may change ion channel activities caus-
ing signaling cascades that generate reactive oxygen species 
or other substances that regulate ion channels [8]. A balance 
among these modifications is needed for cellular homeostasis 
and functions [8, 9]. Hence, alterations in the thiol-disulfide net-
work system involve in various pathways, such as detoxification, 
inflammation, immune response and antioxidant defense [10]. 
That the thiol-disulfide redox system takes part in many mech-
anisms makes it mentioned in many diseases [10, 19]. 
The mechanism behind the toxicity of scorpion envenom-
ation is not clearly understood [4]. The pathogenesis of the 
toxic effects of scorpion venom is noticeably complicated 

Table 1. Clinical characteristics and certain laboratory findings of the study population

 Scorpion envenomation (n=35) Control group (n=41) p

Age (year) 34.63±10.24 30.42±8.13 NS*
Gender (male/female) 20/15 25/16 NS
Albumin (g/dl) 4.69±0.37 4.86±0.25 NS
Total protein (g/dl) 7.28±0.46 7.57±0.33 NS
Glucose (mg/dl) 96.11±8.5 87.92±7.77 p<0.05
Urea (mg/dl) 27.9±6.1 24±4.24 NS
Creatinine (mg/dl) 0.8±0.17 0.72±0.15 NS
AST (U/L) 21.22±4.14 19.38±6.46 NS
ALT (U/L) 25.6±4.53 24.07±6.12 NS
Sodium (mmol/L) 139.9±2.33 141±1.24 NS
Potassium (mmol/L) 4.39±0.35 4.52±0.27 NS
Chloride (mmol/L) 102±1.88 103±2.06 NS
cTn I (ng/ml) 0.102±0.008 0.101±0.003 NS
CK-MB (ng/ml) 2.25±1.12 2.08±0.86 NS
aPTT (second) 29.06±4.24 26.71±1.65 NS
PT (second) 13.7±1.75 11.83±1.49 NS
WBC (x109/L) 7.9±1.42 7.60±1.34 NS
HGB (g/dl) 13.93±2.02 14.13±1.71 NS
Platelet (x109/L) 241.9±33.06 248.5±30.67 NS

Values are mean±SD. p<0.05 was accepted as statistically significant. *NS: Non-significant, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, cTn I: Cardiac 
troponin I, CK MB: MB fraction of creatine kinase, INR: International normalized ratio, aPTT: Activatedpartial thromboplastin time, PT: Prothrombin time, WBC: White blood cells, 
HGB: Hemoglobin

Table 2. Thiol-disulfide profiles and certain antioxidant variables of the study group

Parameters Scorpion envenomation (n=35) Control group (n=41) p*

Native thiol, µmol/L 394.86±35.53 368.28±34.75 p=0.001
Total thiol, µmol/L 424.34±44.74 408.52±42.73 p>0.05
Disulfide, µmol/L 14.74±6.97 20.11±6.51 p=0.001
Disulfide/native thiol ratio, % 3.68±1.58 5.43±1.60 p<0.001
Disulfide/total thiol ratio, % 3.39±1.37 4.86±1.37 p<0.001
Native thiol/total thiol ratio, % 93.21±2.74 90.27±2.64 p<0.001
Myeloperoxidase, U/L 182.39±21.35 101.58±16.31 p<0.001
Catalase, kU/L 169.13±24.88 157.5±8.58 p<0.05

Results were expressed as mean±SD. *p<0.05 considered significant
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[4]. Toxins target ion channels and delay ion channels inac-
tivation [7]. Despite that, this cannot explain the necrosis 
in multiple organs. Scorpion venom is thought to enhance 
free radical generation, which may trigger the onset of tis-
sue damage [3]. Additionally, it has been demonstrated that 
scorpion toxins activate excessive immune and inflammato-
ry response [20]. To our knowledge, no prior study investigat-
ing thiol-disulfide homeostasis in scorpion envenomation 
has been published.
As presented in Table 2, native and total thiol levels were 
higher, and disulfide amounts were lower in patients with 
scorpion envenomation than controls. These findings impli-
cate that there was an overproduction of thiols and the reduc-
tion of disulfides in scorpion envenomation and also, the ox-
idized side of the thiol-disulfide system shifted toward to the 
reduced side. Thiols may have increased as they are involved 
in the immune system and detoxification. Moreover, signifi-
cantly increased native/total thiol ratios and diminished disul-
fide/native thiol ratios and disulfide/total thiol ratios pointed 
out that the thiol-disulfide balance was disrupted in scorpion 
envenomation. In addition, myeloperoxidase and catalase ac-
tivities were significantly higher in the scorpion envenomation 
group than the control group. These results were an indicator 
of the augmented antioxidant defense system in scorpionism. 
Significant relationships among thiol-disulfide profile tests 
and myeloperoxidase activities have reinforced the obtained 
outcomes.
Markers of the antioxidant-oxidant system have been evalu-
ated in some studies [17, 21]. Al et al. assessed the total antiox-
idant and oxidant status [21]. They found antioxidant and oxi-
dant status levels higher in scorpion envenomed patients than 
controls [21]. The elevation of total antioxidant status is come 
in concordance with increased thiols and antioxidant enzyme 
activities in our study. 
Scorpion venoms are recognized to enhance the excessive 
inflammatory responses [4]. The inflammatory response was 
featured via the activation of macrophages and neutrophils. 
A broad range of studies revealed the induced cytokines and 
anti-inflammatory molecules production, complement activa-
tion and NO generation during scorpionism [4]. Myeloperoxi-
dase, in neutrophils, exists in the antioxidant defense system, 
is released during inflammatory conditions [14]. It has been 
experimentally demonstrated that increased myeloperoxi-
dase levels were found in the lung of animals that had received 
venom than controls [22]. 
N-acetylcysteine (NAC) displays potent antioxidant and anti-
inflammatory effects due to the sulfhydryl group in its con-
figuration. NAC is a substantial precursor in the generation 
of glutathione [23]. On the other hand, NAC prohibits tissue 
damage by stimulating the glutathione levels. Hence, it could 
be a component of the detoxification response in the liver [23]. 
Dousset et al. examined the protective effects of antioxidants 
during scorpion envenomation [20]. They have observed that 
prior treatment of NAC decreased the toxicity [20].

Conclusion
In conclusion, there is an imbalance between thiol-disulfide 
couples in scorpion envenomation. Enhanced native and to-
tal thiol levels represent a strengthened antioxidant defense 
system in scorpion envenomation. Powerful associations be-
tween increased myeloperoxidase activities and thiol-disulfide 
tests support this phrase. Because the thiol-disulfide network 
system is a component of both the detoxification mechanism 
and inflammatory and immune response, future studies may 
provide novel therapeutic approaches for scorpionism. Not 
knowing the thiol-disulfide levels and other parameters levels 
of the patients before the scorpion sting (basal) is a limitation 
of this study.
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