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Abstract
Background Despite the presence of evidence that establishes a strong correlation between oxidative stress and 
thyroid cancer, there exists a scarcity of research that investigates the specific role of glutathione as an important 
antioxidant in this particular context. The objective of this study was to assess the altered balance of oxidative stress in 
cases of thyroid cancer, which includes both papillary thyroid carcinoma (PTC) and micro PTC (mPTC), by examining 
and comparing the total antioxidant capacity (TAC), total oxidant status (TOS), oxidative stress index (OSI), reduced 
glutathione (GSH), oxidized glutathione (GSSG), and GSSG/GSH ratio with those of individuals diagnosed with 
multinodular goiter (MNG) as well as Healthy subjects.

Materials and methods Plasma samples were collected from 92 patients (23 mPTC, 23 PTC, 23 MNG, 23 Healthy). 
The levels of TAC, TOS, GSH, and GSSG were measured using a commercial assay kits, and the OSI and GSSG/GSH ratio 
were calculated for each sample. Statistical analyses were performed to compare the oxidative stress between the 
groups.

Results The plasma levels of TOS were significantly higher in the mPTC, PTC, and MNG groups compared to the 
Healthy individuals (p < 0.05). The OSI in the mPTC and PTC groups showed a significant increase compared to the 
Healthy group (p < 0.05). The levels of GSH in mPTC and PTC were markedly lower compared to the Healthy subjects 
(p < 0.01). Interestingly, the concentration of GSH in mPTC was found to be considerably lower than in PTC and MNG 
patients (p < 0.01).

Conclusion These findings indicate that GSH may be a useful biomarker for evaluating oxidative stress and 
antioxidant system status in patients with PTC, especially mPTC. Low levels of GSH may indicate increased levels of 
oxidative stress, which may contribute to the development and progression of mPTC to PTC.
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Introduction
The occurrence of malignancy in the endocrine tissue 
of the human body is rare. Nevertheless, the thyroid 
gland exhibits the highest prevalence of malignancy 
and is responsible for approximately 2.9% of the over-
all cancers in the human population [1]. Thyroid cancer 
encompasses several subtypes, with papillary thyroid 
carcinoma (PTC) being the most frequently observed 
[2]. PTC includes a subset known as micro PTC (mPTC), 
which has indicated a rise in incidence as a result of the 
progress made in diagnostic techniques centered around 
ultrasound. The term mPTC was initially introduced by 
the World Health Organization (WHO) in 1989 [3] and 
comprises of PTC tumors that measure less than or equal 
to 1 cm (10 mm) in size [4–6]. In the 8th edition of the 
TNM classification, mPTC is classified as pT1a [7, 8]. 
The 2022 WHO classification of thyroid tumors advised 
against categorizing these PTCs solely as “mPTC” with-
out any supplementary subtype information [9, 10].

Although the prognosis for mPTC and PTC is typi-
cally promising when identified in its early stages, there 
exist certain circumstances in which the disease might 
progress and present difficulties in relation to medi-
cal intervention [11]. Antioxidants are significant mol-
ecules that assume a pivotal function in protecting the 
cells against oxidative stress. Although they are not com-
monly employed as direct cancer biomarkers, alterations 
in the levels of antioxidants can indirectly manifest the 
presence, development or progression of cancer [12]. 
Measuring the total antioxidant capacity (TAC) and 
total oxidant status (TOS) of individuals diagnosed with 
mPTC or PTC provides insights into the overall oxida-
tive stress levels and aids in understanding its role in the 
pathogenesis and therapeutic strategies of this medical 
condition.

Total antioxidant defense system consists of a variety 
of molecules that work harmoniously together to coun-
teract the harmful effects of reactive oxygen species 
(ROS) to maintain cellular oxidative balance. These mol-
ecules participate in the process of neutralizing ROS, and 
repairing oxidative damage. The antioxidant defense sys-
tem is composed of many different components, includ-
ing enzymatic antioxidants, non-enzymatic antioxidants, 
metal-binding proteins, and other small molecules with 
antioxidant activity. Enzymatic antioxidants include 
superoxide dismutase, catalase and glutathione peroxi-
dase, and non-enzymatic antioxidants include vitamin C, 
vitamin E, melatonin, and glutathione [13, 14].

Glutathione is an endogenous compound plays a piv-
otal role as a crucial scavenger of ROS and free radicals, 
thereby exerting a significant impact on the mainte-
nance of cellular health. This tripeptide is formed by 
three amino acids, namely cysteine, glycine, and gluta-
mate. Glutathione exists in two distinct form of reduced 

glutathione (GSH) and oxidized glutathione (GSSG) [15]. 
The latter form, GSSG, represents a disulfide configura-
tion of glutathione, and is thereby employed as a diagnos-
tic indicator for oxidative stress. GSH has the capability 
to donate an electron to lower the reactivity of other mol-
ecules, thereby transforming them into forms that are 
less reactive or non-toxic [16]. Optimal cellular function 
is strongly dependent on the balance between oxidation 
and reduction reactions. The ratio of GSSG to GSH func-
tions as an indicator illustrating the redox state within 
the cellular environment and is importance in ensuring 
the maintenance of optimal cellular functionality [17, 18].

Despite the existence of substantial evidence establish-
ing a connection between oxidative stress and thyroid 
cancer, a deficiency of investigations exists that explore 
the specific role of glutathione in this specific context. 
Attaining a thorough understanding of the imbalance 
between oxidants and the ability of cells to scavenge 
these harmful molecules has the potential to enhance 
comprehension of possible mechanisms and introduce 
prospective targets for the diagnosis or treatment of thy-
roid cancer.

The main goal of this study was to assess the altered 
oxidative balance in cases of thyroid cancer through the 
examination of TAC, TOS, oxidative stress index (OSI), 
GSH, GSSG, and GSSG/GSH ratio. We conducted the 
analysis on a group of individuals afflicted with mPTC 
or PTC, and compared their overall (TAC, TOS, OSI) 
and particular (GSH, GSSG, GSSG/GSH) oxidative 
profiles with those of multinodular goiter (MNG) and 
healthy individuals. An enhanced comprehension of the 
molecular mechanisms responsible for the development 
and progression of mPTC and PTC could yield novel 
approaches for the prevention, early identification, and 
management of this malignancy.

Materials and methods
Study population
All patients referred to Laleh Hospital in Tehran, Iran, 
for total thyroidectomy between January 2023 and Octo-
ber 2023 were initially enrolled in the research study. 
Plasma specimens were collected from the subjects 
before their surgical interventions. Following the surger-
ies, patients were categorized according to their histo-
pathological findings. The primary criterion for inclusion 
in the research cohorts was the confirmation of mPTC, 
PTC, or MNG through postoperative histopathologi-
cal assessments conducted by experienced pathologists. 
The presence of malignancy of any form (including thy-
roid malignancies other than PTC) or chronic illnesses in 
the subjects constituted the exclusion criteria. Another 
additional criterion for exclusion from the research was 
the administration of medications, radiation therapy, or 
chemotherapy.
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The Healthy group comprised individuals devoid of 
antecedent chronic or non-chronic ailments, specifically 
thyroid-related disorders, who self-assessed their health 
status as optimal based on health questionnaires. This 
cohort exhibited normal thyroid stimulating hormone 
(TSH) levels and, as confirmed by sonographic assess-
ment, lacked any discernible thyroid nodules.

Ultimately, this case-control study consisted of 92 par-
ticipants divided into four groups: 23 individuals with 
mPTC, 23 individuals with PTC, 23 individuals with 
MNG, and 23 Healthy subjects.

The study was approved by the Institutional Review 
Board and Ethics Committee of the Research Institute 
for Endocrine Sciences. All participants provided written 
informed consent prior to the blood collection.

Sample collection
Before the surgery, the plasma was acquired from the 
peripheral vein of all the individuals following an over-
night fasting period, and it was collected utilizing lithium 
heparin plasma tube, which was subsequently subjected 
to centrifugation at 4000  rpm for a duration of 15  min 
at a temperature of 4  °C. Subsequently, the sample was 
divided into Eppendorf microtubes and stored at a tem-
perature of − 80 °C until the time of analysis.

Measurement of TAC and TOS
Plasma levels of TAC and TOS were measured using 
commercial assay kits (ZellBio GmbH, Germany) accord-
ing to the manufacturer’s instructions. The assays utilized 
a colorimetric method to quantify the TAC or TOS levels 
based on the intensity of the generated signal which was 
read spectrophotometrically at 460–490  nm or 560  nm 
respectively.

The TAC kit had a measurement range of 0.125-2 mM, 
with a sensitivity of 0.1 mM. The intra-assay precision 
was reported as a coefficient of variation (CV) < 3.4%, 
while the inter-assay precision was reported as CV < 4.2%. 
The TOS kit exhibited a detection range of 1.25-20 µM, 
with a sensitivity of 0.5 µM. In terms of precision, the 
intra-assay variation was reported as CV < 4.2%, while the 
inter-assay variation was reported as CV < 6.9%.

Measurement of OSI
The OSI value was determined by employing the sub-
sequent formula: OSI (expressed in percentage unit) = 
[(TOS, measured in µM)/(TAC, measured in µM)×100] 
[19].

Measurement of GSH and GSSG
Plasma levels of GSH and GSSG were measured using 
commercial assay kits (ZellBio GmbH, Germany) 
according to the manufacturer’s instructions. The assays 
employed a colorimetric method to measure the GSH 

and GSSG levels by assessing the intensity of the signal 
produced, which was subsequently analyzed spectropho-
tometrically at 412 nm.

The GSH assay kit offered a measurement range of 
0.03-1 mM, with a sensitivity of 0.01 mM. It demon-
strated intra-assay precision, with a CV about 3.1%. 
Similarly, the inter-assay precision was also reported as 
CV ~ 4.7%. On the other hand, the GSSG assay kit had a 
detection range of 0.03 to 1 mM, with a sensitivity of 0.01 
mM. The intra- and inter assay variation was reported as 
CV ~ 4.2% and CV ~ 4.9% respectively.

The GSSG/GSH ratio was calculated for each sample 
as an indicator of the redox balance within a biological 
system.

Statistical analysis
Firstly, an assessment was made of the normal distribu-
tion of the data related to the examined groups. Para-
metric tests (unpaired t-test, One-Way ANOVA and the 
Tukey post hoc test) were employed in order to deter-
mine any significantly differences between the normally 
distributed data, while non-parametric tests (Mann-
Whitney test) were utilized for data that did not conform 
to the normal distribution. Receiver operating character-
istic (ROC) curve analysis was employed for the variables 
that exhibited notable distinctions amongst the investi-
gated groups under investigation. The potency of the sig-
nificant variables as risk factors was assessed through the 
utilization of the binary logistic regression model. The 
statistically significance level for all tests was set at 0.05. 
GraphPad Prism 8.0.1 (GraphPad Software, San Diego, 
CA, USA) and MedCalc 19.2 (MedCalc Software Ltd., 
Ostend, Belgium) were utilized in order to perform the 
statistical analyses.

Results
Demographic and pathological characteristics
Demographic and pathological characteristics of the 
study participants are shown in Table  1. There were no 
significant disparities in the age of the subjects when 
comparing mPTC to PTC, mPTC to MNG, and PTC to 
MNG cohorts. However, a significant age discrepancy 
was observed in the mPTC vs. Healthy (P = 0.0208), 
PTC vs. Healthy (P = 0.0049), and MNG vs. Healthy 
(P = 0.0009) groups. No significant variations in gender 
were found within any of the cohorts.

Plasma levels of TAC, TOS, and OSI in studied groups
The concentration of TAC in the patients group 
was as follows: (i) Thyroid Lesions (mPTC + 
PTC + MNG) = 954.37 ± 192.74 µM, (ii) Total 
PTC (mPTC + PTC) = 952.84 ± 193.29 µM, (iii) 
mPTC = 948.22 ± 190.11 µM, (iv) PTC = 957.67 ± 200.91 
µM, (v) MNG = 957.35 ± 195.97 µM, and (vi) 
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Healthy = 912.89 ± 245.01 µM. TAC did not show any 
significant variation among the studied groups (Fig.  1; 
Table 2).

The plasma concentration of TOS was: (i) Thy-
roid Lesions (mPTC + PTC + MNG) = 2.48 ± 0.93 µM, 

(ii) Total PTC (mPTC + PTC) = 2.57 ± 1.07 µM, (iii) 
mPTC = 2.30 ± 1.31 µM, (iv) PTC = 2.83 ± 0.70 µM, (v) 
MNG = 2.28 ± 0.36 µM, and (vi) Healthy = 1.58 ± 0.45 µM. 
The levels of TOS in all three thyroid lesions (mPTC, 
PTC, MNG) exhibited significant differences when com-
pared to the Healthy group (Fig. 1; Table 2).

The index of OSI (%) in the plasma was: (i) Thyroid 
Lesions (mPTC + PTC + MNG) = 0.25 ± 0.10, (ii) Total 
PTC (mPTC + PTC) = 0.26 ± 0.11, (iii) mPTC = 0.24 ± 0.14, 
(iv) PTC = 0.29 ± 0.08, (v) MNG = 0.21 ± 0.04, and (vi) 
Healthy = 0.17 ± 0.06. The OSI in mPTC and PTC patients 
demonstrated significant disparities in comparison to the 
Healthy group (Fig. 1; Table 2).

Plasma levels of GSH, GSSG, and GSSG/GSH ratio in studied 
groups
The patients group showcased distinct concentra-
tions of GSH as follows: (i) Thyroid Lesions (mPT
C + PTC + MNG) = 1.94 ± 0.65 mM, (ii) Total PTC 
(mPTC + PTC) = 1.78 ± 0.64 mM, (iii) mPTC = 1.47 ± 0.61 
mM, (iv) PTC = 2.09 ± 0.53 mM, (v) MNG = 2.27 ± 0.52 
mM, and (vi) Healthy = 2.64 ± 0.64 mM. The studied 
groups, which encompassed Thyroid Lesions vs. Healthy, 
Total PTC vs. Healthy, mPTC vs. Healthy, and PTC vs. 
Healthy, exhibited significant disparities in the levels 
of GSH. Furthermore, the differing levels of GSH were 
observed not only between mPTC vs. PTC but also 
between mPTC vs. MNG, indicating their statistical sig-
nificance (Fig. 1; Table 3).

The plasma concentration of GSSG quanti-
fied the following values: (i) Thyroid Lesions (mP
TC + PTC + MNG) = 0.58 ± 0.32 mM, (ii) Total PTC 
(mPTC + PTC) = 0.56 ± 0.33 mM, (iii) mPTC = 0.47 ± 0.31 
mM, (iv) PTC = 0.66 ± 0.33 mM, (v) MNG = 0.62 ± 0.31 
mM, and (vi) Healthy = 0.72 ± 0.37 mM. The levels of 
GSSG were not significantly different in any of the inves-
tigated groups (Fig. 1; Table 3).

The plasma exhibited a GSSG/GSH ratio of: (i) Thy-
roid Lesions (mPTC + PTC + MNG) = 0.33 ± 0.22, (ii) Total 
PTC (mPTC + PTC) = 0.38 ± 0.32, (iii) mPTC = 0.37 ± 0.30, 
(iv) PTC = 0.34 ± 0.18, iv) MNG = 0.29 ± 0.16, and vi) 
Healthy = 0.29 ± 0.16. The GSSG/GSH values were not 
significantly different among the studied groups (Fig.  1; 
Table 3).

Oxidative stress parameters in PTC subgroups
Oxidative stress parameters (TAC, TOS, OSI, GSH, 
GSSG, GSSG/GSH) in the Total PTC group were evalu-
ated with respect to demographic and pathological fea-
tures with adequate sample sizes. The findings from this 
analysis indicated the absence of any statistically signifi-
cant differences among the demographic and pathologi-
cal subgroups. A comprehensive account of this analysis 
can be found in Table 4.

Table 1 Demographic and pathological characteristics of the 
study participants
Parameter mPTC 

(n = 23)
PTC
 (n = 23)

MNG 
(n = 23)

Healthy 
(n = 23)

Age (years)
Mean ± SD

43.30 ± 12.52 45.65 ± 11.44 47.00 ± 10.86 34.61 ± 13.07

Gender
Female 19 18 19 19
Male 4 5 4 4
Histology 
Type
Classical 
Variant

21 19

Follicular 
Variant

2 4

Tumor size 
(cm)
Mean ± SD 0.61 ± 0.22 1.90 ± 1.18
Tumor site
Right lobe 12 16
Left lobe 8 5
Isthmus 3 2
Tumor 
focality*
Unifocal 14 11
Bifocal 8 5
Multifocal 1 7
Encapsulat-
ed tumor
Absent 22 11
Present 1 12
Extra-
thyroidal 
extension
Absent 23 21
Present 0 2
Lympho-
vascular 
invasion
Absent 14 7
Present 9 16
Lymph 
node 
metastasis
Absent 18 9
Present 5 14
TNM stage
I/II 23 16
III/IV 0 7
* The information provided is for the most prominent tumor

MNG, multinodular goiter; mPTC, micro papillary thyroid carcinoma; PTC, 
papillary thyroid carcinoma; TNM, Tumor-Node-Metastasis staging system
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Diagnostic value of GSH
The diagnostic value of GSH was determined using 
the ROC curve analysis. GSH exhibited the capabil-
ity to diagnose Thyroid Lesions, Total PTC, PTC, and 
mPTC in comparison to Healthy samples. However, the 
best results were obtained for the diagnosis of mPTC 
from Healthy subjects. On the other hand, this marker 
had the ability to distinguish mPTC from PTC as well 
as mPTC from MNG (Fig.  2). The ROC curve was also 
utilized to evaluate the diagnostic significance of TOS 
and OSI markers (Fig. 3). TOS and OSI showed the abil-
ity to distinguish Thyroid Lesions, Total PTC, PTC, 
and mPTC from Healthy individuals; however, the 

best result was obtained for distinguishing PTC from 
Healthy subjects (TOS: AUC = 0.94, P < 0.0001, Cut off 
> 2.36, Sensitivity = 73.91, Specificity = 100.00 and OSI: 
AUC = 0.90, P < 0.0001, Cut off > 0.22, Sensitivity = 81.82, 
Specificity = 85.00).

Risk factor value of GSH
Logistic regression analysis employed as a statistical 
method to explore the potential relationship between 
reduced levels of GSH and the occurrence of mPTC or 
PTC. The findings revealed that a decrease in the con-
centration of GSH is linked to an elevated likelihood of 

Fig. 1 Plasma levels of TAC, TOS, OSI, GSH, GSSG, and GSSG/GSH ratio in patients and Healthy subjects. The p-value < 0.05 is flagged with one star (*), the 
p-value < 0.01 is flagged with 2 stars (**), the p-value < 0.001 is flagged with three stars (***), and the p-value < 0.0001 is flagged with 4 stars (****)
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Table 2 Comparison of plasma levels of TAC, TOS, and OSI in the study population
Groups TAC TOS OSI

Significantly different P-Value Significantly different P-Value Significantly different P-Value
Thyroid Lesions vs. Healthy No 0.4082a Yes < 0.0001a Yes < 0.0001c

Total PTC vs. Healthy No 0.4647a Yes 0.0001a Yes 0.0008a

mPTC vs. PTC No 0.9988b No 0.1329b No 0.4454b

mPTC vs. MNG No 0.9988b No 0.9998b No 0.6714b

mPTC vs. Healthy No 0.9400b Yes 0.0245b Yes 0.0495b

PTC vs. MNG No > 0.9999b No 0.1425b No 0.0717b

PTC vs. Healthy No 0.8898b Yes < 0.0001b Yes 0.0006b

MNG vs. Healthy No 0.8886b Yes 0.0443b No 0.5840b

a P-values are from the unpaired t-test. A P-value of < 0.05 was considered statistically significant
b P-values are from the One-Way ANOVA and the Tukey post hoc test. A P-value of < 0.05 was considered statistically significant
c P-value is from the Mann-Whitney test. A P-value of < 0.05 was considered statistically significant

mPTC, micro papillary thyroid carcinoma; PTC, papillary thyroid carcinoma; MNG, multinodular goiter; TAC, total antioxidant capacity; TOS, total oxidant status; OSI, 
oxidative stress index

Table 3 Comparison of plasma levels of GSH, GSSG, and GSSG/GSH ratio in the study population
Groups GSH GSSG GSSG/GSH

Significantly different P-Value Significantly different P-Value Significantly different P-Value
Thyroid Lesions vs. Healthy Yes < 0.0001a No 0.1014a No 0.4724a

Total PTC vs. Healthy Yes < 0.0001a No 0.0864a No 0.3354a

mPTC vs. PTC Yes 0.0026b No 0.2243b No 0.9456b

mPTC vs. MNG Yes < 0.0001b No 0.4092b No 0.6231b

mPTC vs. Healthy Yes < 0.0001b No 0.0635b No 0.6516b

PTC vs. MNG No 0.7208b No 0.9880b No 0.9056b

PTC vs. Healthy Yes 0.0093b No 0.9175b No 0.9219b

MNG vs. Healthy No 0.1474b No 0.7796b No > 0.9999b

a P-values are from the unpaired t-test. A P-value of < 0.05 was considered statistically significant
b P-values are from the One-Way ANOVA and the Tukey post hoc test. A P-value of < 0.05 was considered statistically significant

mPTC, micro papillary thyroid carcinoma; PTC, papillary thyroid carcinoma; MNG, multinodular goiter; GSH, reduced glutathione; GSSG, oxidized glutathione

Table 4 Comparison of plasma levels of oxidative stress parameters in the Total PTC subgroups
Groups TAC TOS OSI

Significantly 
different

P-Valuea Significantly 
different

P-Valuea Significantly 
different

P-Val-
uea

< 45 vs. ≥ 45 years No 0.5288 No 0.3365 No 0.9495
Females vs. males No 0.3551 No 0.4871 No 0.4159
Absence of lymphovascular invasion vs. presence No 0.8325 No 0.3960 No 0.3689
Absence of lymph node metastasis vs. presence No 0.5644 No 0.5406 No 0.7442
Groups GSH GSSG GSSG/GSH

Significantly different P-Valuea Significantly 
different

P-Valuea Significantly 
different

P-Val-
uea

< 45 vs. ≥ 45 years No 0.7546 No 0.8158 No 0.4329
Females vs. males No 0.8507 No 0.0571 No 0.1082
Absence of lymphovascular invasion vs. presence No 0.5072 No 0.4412 No 0.6722
Absence of lymph node metastasis vs. presence No 0.3225 No 0.4070 No 0.7087
a P-values are from the unpaired t-test. A P-value of < 0.05 was considered statistically significant
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developing mPTC and PTC in comparison to Healthy 
individuals. The logistic regression outputs are illustrated 
in Table 5.

Discussion
The mechanisms by which oxidative stress may contrib-
ute to the development of thyroid cancer have not yet 
been fully elucidated. However, it appears that the dis-
ruption of intracellular redox systems can potentially 
lead to an overabundance of oxidants, which in turn 
may play a role in the molecular pathogenesis of thyroid 
cancer. ROS have the capacity to inflict damage to DNA 
and induce genetic alterations. Genetic alterations, such 
as BRAF, RAS, PIK3CA, and PTEN mutations, serve as 
the driving force behind the activation of the MAPK and 
PI3K/Akt pathways, which represent the fundamental 
mechanism in the development of thyroid cancer. Chem-
icals such as bisphenol AF and diethylhexylphthalate, sig-
nificantly associated with thyroid malignancies, may also 
be associated with oxidative stress [28, 29]. In this par-
ticular investigation, we assessed the overall (TAC, TOS, 
OSI) and particular (GSH, GSSG, GSSG/GSH) oxidative 
status of patients diagnosed with PTC. The findings of 
this study revealed that the TOS status and OSI value are 
significantly different between studied groups. OSI may 
be a valuable index to serve as a biomarker for evaluating 
the overall oxidative stress in individuals afflicted with 
PTC. Our discoveries revealed that the plasma levels of 
GSH were notably lower among the mPTC, and PTC 
cohorts in comparison to the Healthy group, suggesting 
a diminished capacity for antioxidation in these patients. 

The investigation of the condition of oxidative stress in 
thyroid cancer has been addressed in an influential study 
conducted by Wang et al. [20]. Within this research, 
TAC, TOS, and OSI were examined in a cohort of 82 
individuals with thyroid cancer, 56 patients with benign 
conditions, and 50 healthy subjects. The findings from 
the study revealed that the levels of serum TAC were 

notably lower in patients with thyroid cancer compared 
to the controls. Conversely, the levels of serum TOS 
and OSI values were significantly higher in the cancer 
patients [20]. A separate study was conducted to com-
pare the serum levels of oxidative stress in PTC patients 
diagnosed with angioinvasion and metastasis with those 
without angioinvasion and metastasis. This investigation 
revealed a significant reduction in TAC, while no change 
was observed in TOS [21]. A recent investigation exam-
ined the oxidative homeostasis in patients diagnosed 
with PTC who were assigned to receive radioiodine (RAI) 
treatment. The study compared the values of TAC and 
TOS in these patients with those of very low-risk PTC 
patients who were not assigned for RAI treatment. This 
study disclosed that among the examined cohort, the 
serum TOS concentration showed a significantly elevated 
level, while the TAC concentration demonstrated a mark-
edly reduced level compared to the control group [22].

Two studies have been undertaken to explore the con-
dition of oxidative stress in tissues impacted by thyroid 
cancer. One of them demonstrated that while TOS did 
not exhibit a significant difference between PTC tis-
sues and normal/goiter tissues, the TAC values in PTC 
were significantly higher compared to the values in goi-
ter and normal tissues [23]. The other one showed that 
the level of TAC was noticeably decreased in medullary 
thyroid carcinoma (MTC) and follicular thyroid carci-
noma (FTC) subtypes compared to the control group. 
Conversely, the level of TOS was significantly increased 
in the MTC group when compared to both the control 
group and the group with benign nodules. Furthermore, 
the OSI exhibited a considerable elevation in both MTC 
and FTC subtypes [24].

In our study, no significant difference in TAC was 
observed between different groups. However, the lev-
els of TOS were notably elevated in all groups when 
compared to the Healthy subjects. Similarly, OSI exhib-
ited higher values in most groups in comparison to the 

Fig. 2 The ROC curve analyses of GSH marker for distinguishing mPTC from PTC, MNG, and Healthy subjects
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Healthy individuals. Nevertheless, TOS proved to be 
a more effective parameter for distinguishing between 
mPTC, PTC, and MNG. It is important to note that the 
conflicting findings exist in different studies may be due 
to the variability in factors such as age, gender, lifestyle, 
and comorbidities among the patient cohorts. On the 
other hand, the heterogeneous nature of PTC character-
ized by divers genetic alterations may contribute to dif-
fering results.

A valuable investigation on colorectal carcinoma (CRC) 
has been carried out with regard to the analysis of the 
serum levels of GSH, GSSG, and their ratio in 80 individ-
uals diagnosed with CRC and 60 healthy individuals. The 
findings demonstrated a significant reduction in GSH 

levels and a significant increase in GSSG levels as well 
as the GSSG/GSH ratio among patients diagnosed with 
CRC. This research has introduced the GSSG/GSH ratio 
as an innovative tumor marker for the identification and 
monitoring of CRC [25]. In the year 2020, an investiga-
tion was carried out on the antioxidant defense condition 
in individuals diagnosed with Hashimoto’s thyroiditis. 
The findings of this examination revealed a significantly 
reduction in the serum GSH level when compared to 
the control cohort [26]. In our recent investigation, uti-
lizing the metabolomics methodology, it was observed 
that GSH is one of the metabolites manifests a decreased 
plasma level in PTC compared to that of healthy individ-
uals [27].

Fig. 3 The ROC curve analyses of TOS, OSI, and GSH markers for distinguishing thyroid patients groups from Healthy subjects
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In this particular study, we have made observations that 
indicated a significantly decline in the GSH level amongst 
individuals diagnosed with PTC and mPTC as compared 
to Healthy individuals. Conversely, the decrease in GSH 
level in mPTC patients was also found to be statistically 
significant when compared to those of PTC and MNG. 
Given that the concentration of GSH in mPTC differed 
from that in all three categories of PTC, MNG, and 
Healthy individuals, this particular metabolite can be 
introduced as a diagnostic biomarker for mPTC, in con-
junction with sonographic techniques. However, the clin-
ical role of GSH as a diagnostic tumor marker in mPTC 
and PTC should be studied more extensively with a large 
sample size. Such studies exploring the relationship 
between oxidative stress parameters and thyroid cancer 
can provide valuable insights into the potential involve-
ment of oxidative stress in the pathogenesis of this dis-
ease, however, it is important to note that the nature of 
this association remains correlative and does not imply a 
causal relationship. Further research is needed to eluci-
date the mechanistic underpinnings of these associations 
and their implications for thyroid cancer management 
and prevention.

Conclusion
This study provides empirical evidence supporting the 
importance of the antioxidant system in the develop-
ment and progression of mPTC and PTC. The increased 
concentration of TOS in mPTC and PTC compared to 
Healthy individuals confirms the pathogenic impact of 
oxidants. On the other hand, the lower level of GSH in 
mPTC patients compared to PTC, MNG, and Healthy 
individuals suggests a heightened presence of oxidative 
stress in these patients. In the case of mPTC, GSH could 
potentially be used as a diagnostic tumor marker. Further 
investigations are necessary to validate these findings and 
explore the potential therapeutic benefits of targeting the 
antioxidant system for the treatment of mPTC and PTC.
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