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 ABSTRACT

Pomegranate (Punica granatum), a natural antioxidant, may help reduce 
oxidative stress and inflammatory markers in thyroid eye disease (TED), an 
autoimmune disorder affecting approximately one-third of patients with 
thyroid disease. This systematic review evaluated its efficacy and safety 
in TED management. Following PRISMA 2020 guidelines, a comprehensive  
search of ScienceDirect, PubMed, and SagePub identified English-language 
full-text articles published from 2010 to 2024. Editorials and non-DOI 
reviews were excluded. From over 400 publications screened, eight met 
the inclusion criteria. Evidence suggests that quercetin, a key flavonoid in 
pomegranate, can neutralize superoxide anions, inhibit lipid peroxidation, 
and induce apoptosis in tumor cells. In-vitro studies further indicate that 
quercetin suppresses fibroblast proliferation and reduces hyaluronic acid 
secretion in TED. These findings support pomegranate’s potential as an 
adjunct therapy for TED; however, further clinical trials are needed to 
establish optimal dosage, formulation, and bioavailability for therapeutic use.
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INTRODUCTION
Thyroid eye disease (TED) is a complex immune- 

mediated inflammatory disease and the most 
common underlying factor in orbital disease 
globally (1, 2). The clinical presentation of TED 
remains consistent across various thyroid dis-
orders and shows no significant differences be-
tween unilateral and bilateral cases (3). Patients 
with TED experience reduced quality of life (QoL) 
from visual impairment and psychosocial stress. 
While medical and surgical treatments can help, 
early diagnosis and timely management are es-
sential to prevent progression to sight-threatening 
stages (4, 5). Therefore, ongoing research is focused 
on exploring therapeutic strategies to reduce the 
impact of this disease (6).

Oxidative stress contributes to TED and other 
endocrine autoimmune disorders. Normally reg-

ulated for cellular balance, its disruption causes 
cellular damage and inflammation that drive dis-
ease progression (7).

Increased markers of oxidative stress have 
been linked to the development of hyperthyroidism 
and TED, suggesting that oxidative stress may 
exacerbate the inflammatory process in orbital 
tissues (7, 8).  This highlights antioxidants as po-
tential therapies, as they can modulate oxidative 
stress and inflammation, making them valuable 
adjuncts in managing TED and related disorders.

Pomegranate (Punica granatum), in the Puni- 
caceae family, has long been used medicinally 
for its anti-inflammatory and astringent effects, 
especially in wound healing and gastrointestinal 
infections (9). 

Pomegranate seeds, arils, and peel contain 
bioactive compounds, with the peel richest in 

 Review Article

Biomedical Sciences and Clinical Medicine 2026;65(3):420-432.  
doi:  10.12982/BSCM.2026.39
https://he01.tci-thaijo.org/index.php/CMMJ-MedCMJ/index

Open Access

This article is licensed under a 
Creative Commons Attribution 4.0 
International License, which permits 
use, sharing, adaptation, distribution 
and reproduction in any medium or 
format, as long as you give appropriate 
credit to the original author(s) and the 
source, provide a link to the Creative 
Commons licence, and indicate if 
changes were made.

©  The Author(s) 2026.  Open Access

iD iD iD

281578
KP

https://orcid.org/0009-0003-2337-6393
https://orcid.org/0000-0003-1459-7015
https://orcid.org/0000-0001-8467-1570


The potential of pomegranate as a therapy for thyroid eye disease

Biomedical Sciences and Clinical Medicine 2026;65(3):420-432. 		  421

medicinal components such as minerals and 
polyphenols (10).

The strong antioxidant and anti-inflammatory  
properties of pomegranate have been studied 
in various clinical and preclinical trials, demon- 
strating its potential in managing diabetes, cardio- 
vascular diseases, and cancer (10, 11). 

Clinical evidence shows pomegranate reduces 
oxidative stress and inflammation in rheumatoid 
arthritis and, with long-term use, lowers blood 
pressure and carotid artery thickness in hyper-
tension (12). 

Although promising, research on pomegranate’s 
effects in thyroid-related degeneration is limited.  
This study investigates its effectiveness and safety 
as an antioxidant in TED and explores its thera-
peutic potential in thyroid.

METHODS
Protocol

This study strictly adheres to the PRISMA 2020 
guidelines to ensure methodological rigor and 
maintain the highest quality of research. By fol-
lowing these guidelines, the review process was 
designed to be transparent, reproducible, and 
grounded in strong scientific principles. Key pro-
cedures applied include comprehensive literature 
searches, accurate data extraction, and careful 
synthesis of findings to minimize bias. This strin-
gent approach not only enhances the credibility 
of the study but also strengthens the reliability of  
the conclusions, providing a solid foundation for 
evidence-based research. This systematic review  
primarily examines the role of pomegranate in  
the management of TED and encompasses ex-
perimental studies, including human and animal 
studies.

Eligibility criteria
This study aimed to evaluate the role of pome-

granate as an antioxidant through a systematic 
review and data synthesis of various studies. By 
identifying emerging patterns and trends in the 
literature, this research is expected to contribute 
to the development of more effective therapeutic  
approaches and patient care strategies. To main-
tain the reliability of the analysis, this study ap-
plied tight eligibility and exclusion standards, 
including only peer-reviewed research published 
from 2010 to 2024. Authenticity of each study 

was verified using DOI, while non-research doc-
uments such as reviews, editorials, and duplicate 
entries were excluded to maintain the quality and 
focus of the dataset.

This careful selection approach ensures that 
the analysis is based on reliable and relevant 
sources, thereby enhancing the validity of the 
findings. With a meticulous methodology, this 
study is expected to deepen the understanding 
of pomegranate’s potential as an antioxidant in 
TED cases. Ultimately, the findings of this study 
could contribute to the improvement of patient 
care strategies and enhance treatment outcomes 
for those affected by this disease.

Search strategy
This systematic review was conducted in ac-

cordance with the PRISMA guidelines to evaluate  
the potential of pomegranate as a therapy for 
thyroid eye disease. An extensive literature search 
was independently carried out by the authors 
across three electronic databases: PubMed, Sci-
enceDirect, and Google Scholar. The search 
covered studies published from the inception of 
each database in 2010 to 2024. The search strategy  
combined relevant keywords, including “thyroid,” 
“antioxidant,” “Punica granatum,” “flavonoid,” and 
“oxidative stress.” Boolean operators (AND, OR) 
were applied to refine the search and ensure the 
inclusion of all pertinent studies.

Risk of bias
The assessment of risk of bias for the included  

studies in this review was conducted using the 
OHAT Risk of Bias Tool (Table 1), which is spe-
cifically designed for mechanistic, in-vitro, and 
in-vivo experimental studies. This tool evaluates 
bias across key domains including selection of 
samples, potential confounding factors, consistency  
of interventions, validity of outcome measurements,  
completeness of data, selective reporting, and 
other potential sources of bias such as funding 
or conflicts of interest. Each study was inde-
pendently evaluated within these domains and 
categorized as having a low risk of bias, some 
concerns, or a high risk of bias. Overall, the ma-
jority of studies demonstrated a low risk of bias 
in domains related to performance, detection, 
attrition, and reporting, reflecting methodologi-
cal rigor in experimental execution and outcome 
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reporting. Some concerns were noted primarily 
in the domain of confounding bias, given the vari-
ability of human-derived samples and differences 
in prior clinical treatments that could influence 
fibroblast characteristics. Importantly, no study 
was judged to have a consistently high risk of bias 
across all domains. This systematic assessment 
enhanced transparency and strengthened the 
reliability of the review process, ensuring that 
conclusions were supported by evidence derived 
from studies with clearly defined and systemat-
ically appraised risk profiles. The SYRCLE tool 
revealed limitations primarily related to alloca-
tion concealment, blinding, and incomplete out-
come data, which were inconsistently addressed 
across investigations. Overall, while several in-
cluded studies demonstrated methodological  
robustness, variability in quality was evident across 
designs. These findings emphasize the need for 
greater methodological rigor and consistent re-
porting in future research to ensure the validity 
and reliability of conclusions regarding the ther-
apeutic potential of pomegranate in TED. Table 
2 presents the critical appraisal of the included 
studies using the SYRCLE’s Risk of Bias tool.

PICOS framework
The PICOS framework, comprising population, 

intervention, comparison, outcome, and study 
design, serves as a pivotal tool for structuring 
systematic review questions and refining eligibility 
criteria. By breaking down the research question 
into these specific domains, PICOS ensures that 
study selection is aligned with the objectives of 
the review. This structured approach enhances  
both the coherence and methodological rigor of 
the synthesis. Moreover, by explicitly articulating  
inclusion and exclusion criteria, the PICOS frame-
work improves the accuracy of literature searches,  
minimizes retrieval of irrelevant studies, and 
accelerates the screening of pertinent research 
across multiple databases.

In this systematic review, the PICOS frame-
work delineated the principal criteria guiding the 
selection of studies investigating the therapeu-
tic potential of pomegranate (Punica granatum) 
in TED. Table 3 outlines the PICOS framework, 
which defines the key criteria used to determine 
study inclusion in this systematic review examining  
the potential of pomegranate as a therapy for 
thyroid eye disease. The population of interest  
includes both human subjects clinically diagnosed 

Table 1. Critical appraisal of studies with OHAT risk of bias (RoB) Tools

Domain Yoon et al. (2012) Lisi et al. (2011)

Selection bias

Confounding bias

Performance bias

Detection bias

Attrition bias

Reporting bias

Other bias

Overall assessment

Tissue origin well described: 13 GO patients 
and normal blepharoplasty controls;  
minimized selection bias

Some concerns due to variability in patient-
derived tissues; prior treatments may have 
influenced responses

Quercetin applied at graded doses with proper 
controls; culture conditions consistent

Outcomes assessed with validated assays 
(Western blot, ELISA, RT-PCR, zymography, 
migration assay)

Experiments repeated ≥ 3 times, no missing 
data reported

All prespecified outcomes (fibrotic markers, 
MMPs, TIMPs) were reported

Funded by public grants; no conflicts of  
interest declared

Low-moderate risk of bias, with primary  
concerns related to confounding due to donor 
variability

Fibroblasts obtained from GO patients and 
controls, with clear methodological descrip-
tion; low selection bias

Some concerns as donors differed in clinical 
history and some had prior therapy  
(e.g., corticosteroids, thyroidectomy)

Flavonoids tested in multiple concentrations 
with appropriate controls under standardized 
conditions

Outcomes measured with validated assays 
(MTT, Western blot, flow cytometry, cytokine/ 
HA assays)

All experiments performed in triplicate,  
results consistently reported

Outcomes (proliferation, apoptosis, HA  
production, LDH, cell cycle) reported  
comprehensively

Government-funded; no conflicts declared

Low-moderate risk of bias, mainly due to 
potential confounding from prior patient 
treatments
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Table 2. Critical appraisal with SYRCLE risk of bias tools

SYRCLE domain
EJH - Noya 
(MSG+PPE)

JMH - Mahmoud 
(Mancozeb+PF)

Benha - Mousa 
(Semicarbazide

+PP)

Kufa - Arrak 
(Lead+Ellagic)

Anatomical record 
- El-Din (Lithi-

um+PPE)

1. Sequence gen-
eration (allocation 
sequence adequately 
generated?)

2. Baseline char-
acteristics (groups 
similar at baseline?)

3. Allocation con-
cealment

4. Random housing 
(animals randomly 
housed?)

5. Blinding of car-
egivers/investiga-
tors (performance 
bias)

6. Random outcome 
assessment

7. Blinding of 
outcome assessor 
(detection bias)

8. Incomplete out-
come data (attrition)

9. Selective outcome 
reporting

10. Other bias (fund-
ing/conflicts/other 
problems)

‘Randomly divided’ but 
no method described

Baseline weight/age 
reported and groups 
appear balanced

Allocation concealment 
not reported

Housing procedures 
described but random 
housing not stated

No blinding of car-
egivers/investigators 
reported

Outcome sampling not 
described as rand-
omized

High - No blinding of 
assessors reported

Low - All animals 
analyzed; attrition 
appears minimal

Prespecified hormo-
nal, histological, IHC 
outcomes reported

Funding/conflict  
statement not 
detailed; methods 
standard

Randomization 
stated, method not 
detailed

Baseline weight/
age reported; 
groups described 
and comparable

Not reported

Housing conditions 
reported but no 
randomization of 
cage placement

Blinding not  
described; probable 
high risk

Morphometry tests 
fields/sections but 
random selection 
not explicit

IHC and image 
analysis described 
but blinding not 
reported

Numbers per group 
reported and  
analyzed; no drop-
outs described

Outcomes  
described in  
methods appear in 
results

Funding/conflicts 
minimal; PFE prod-
uct from industry 
source (possible 
COI)

Split into groups 
‘at random’ but no 
sequence method

Baseline weights/
ages reported and 
balanced

Not reported

Standard housing, 
no random hous-
ing statement

No blinding of 
caretakers  
reported

Morphometry  
described, selec-
tion randomness 
not stated

No outcome 
assessor blinding 
described

All groups (n)  
reported; recovery 
group included; no 
dropouts

Hormonal, histo-
logical, IHC out-
comes reported as 
described

Ethics mentioned; 
funding/conflicts 
not clearly  
described

‘Randomly divided’, 
no randomization 
method reported

Baseline data pro-
vided (age, weight) 
and balanced

Not reported

Housing condi-
tions described; 
random housing 
not stated

No blinding  
reported

Morphometry 
methods described, 
random field selec-
tion not explicit

No blinding of 
histology/IHC 
readers reported

Sample numbers 
reported; no  
explicit dropouts

Main outcomes 
reported but no 
preregistration/
protocol to  
confirm

Older paper (2010); 
limited conflicts/
funding reporting

‘Randomly divided’ 
reported, alloca-
tion method not 
specified

Baseline char-
acteristics (age/
weight) reported 
and comparable

Not reported

Cages/conditions 
described; random 
housing not stated

No blinding  
reported

Measurement/
fields de-scribed, 
not explicitly  
randomized

IHC and image 
analysis done; 
blinding not  
reported

Group sizes and 
results reported; 
no dropouts

Main prespec-
ified outcomes 
(hormones, OS 
markers, histology) 
reported

University grant 
funding, no  
conflicts noted

with TED irrespective of age, gender, or ethnici-
ty, and animal models of the disease thereby en-
suring broad applicability across diverse demo-
graphics and experimental settings.

The intervention centers of pomegranate and  
its derivatives include juice, peel, seeds, and 
phytochemical extracts with a particular focus 
on their antioxidant, anti-inflammatory, and 
immunomodulatory properties relevant to the 
pathogenesis of TED. Comparators encompass 
placebo, no treatment, and standard therapeutic 
approaches for TED, enabling meaningful evalu-
ation of the efficacy of pomegranate relative to 

conventional management.
The outcomes of interest emphasize disease- 

related biomarkers and clinical or experimental  
endpoints, with primary measures targeting 
oxidative stress, inflammation, immune modu-
lation, and indicators of TED progression. Such 
outcomes are crucial in assessing the potential 
of pomegranate to alter disease mechanisms and 
clinical trajectory. Eligible study designs include 
original experimental studies—in-vivo, in-vitro,  
animal-based, or clinical—that generate direct 
evidence of the role of pomegranate in TED. 
Studies published prior to 2010, those not directly  
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addressing TED outcomes, investigations unrelated  
to thyroid disease or ocular involvement, and 
non-experimental or non-original research (e.g., 
reviews, editorials, commentaries, and non-English 
publications) were excluded to maintain method-
ological rigor and the relevance of the evidence 
base.

Data retrieval
After conducting the initial search, the authors  

reviewed each article by assessing the title  
and abstract to determine relevance before per-
forming more comprehensive assessment. Studies  
that aligned with research objectives and which 
met eligibility criteria were selected for subse- 
quent evaluation, ensuring the detection of coherent  
and relevant patterns. To maintain consistency  
and comparability of findings, only complete 
articles written in English were considered. A 
thorough screening procedure was implemented  
to ensure all included studies truly supported the 
research objectives.

A comprehensive evaluation was carried out 
on the title, authors, publication date, research 
location, and methodology, ensuring that the final  
dataset remained focused, high-quality, and rele- 

vant. This systematic approach enhances the 
reliability of the findings and provides a strong 
foundation for drawing credible conclusions that 
can be applied in further research contexts.

Assessment of quality and data compilation
The authors implemented a thorough initial 

screening process by evaluating each article’s title  
and abstract which were reviewed to identify rel-
evant studies for further review. Only studies that 
met the specified relevance criteria proceeded 
to the in-depth review stage. This stringent ap-
proach ensures that the selected studies are con-
textually relevant and aligned with the research 
objectives, thereby enhancing the overall quality 
and relevance of the review. The initial search of 
three electronic databases—PubMed (n = 4), Sci-
enceDirect (n = 24), and Google scholar (n = 929)—
identified a total of 957 records. After the removal 
of 20 duplicates, 937 records were screened by 
title and abstract. Of these, 201 articles were pub-
lished prior to 2010, were not relevant to the ob-
jective (486 studies), were non-original research 
articles or non experimental studies (145 studies), 
did not have an available full-text pdf (80 studies),  
or were not published in the English language 

Table 3. PICOS framework for included studies

PICOS component Details Inclusion criteria Exclusion criteria

P (population)

I (intervention)

C (comparison)

O (outcomes)

S (study design)

Humans with thyroid eye 
disease (TED) regardless 
of age, gender, or  
ethnicity and animal 
models with TED

Pomegranate (Punica 
granatum) or its extracts 
(juice, peel, seed, phyto-
chemicals)

Placebo, no treatment, or 
other standard therapies 
for TED

Clinical or experimental 
outcomes relevant to 
TED progression

Experimental studies 
(in-vivo, in-vitro, animal, 
or clinical) with original 
data

Humans with TED of any age, 
gender or ethnicity or animal 
subjects with TED

Studies examining potential 
therapeutic effects of pomegran-
ate in TED. Studies investigating 
antioxidant, anti-inflammatory, 
or immunomodulatory effects 
relevant to TED pathogenesis

Documented studies with com-
parator or baseline for TED- 
related outcomes

Outcomes associated with 
oxidative stress, inflammation, 
immune modulation, or disease 
progression in TED

Original experimental studies  
relevant to TED

Studies published before 2010; 
studies of unrelated conditions 
without connection to thyroid 
disease or ocular manifestations

Studies not using pomegranate 
or unrelated interventions

Studies with no outcomes  
related to TED

Studies not reporting outcomes 
directly related to TED

Non-experimental or non-original 
research (editorials, reviews, 
commentaries, opinion pieces, 
non-English publications)
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(10 studies). A total of 15 full-text reports were 
sought for retrieval; however, nine could not be 
accessed. Ultimately, 6 studies fulfilled all inclu-
sion criteria and were incorporated into the quali- 
tative synthesis of this systematic review. The 
process of study identification, screening, eligi-
bility assessment, and final inclusion is summa-
rized in the PRISMA flow diagram (Figure 1).

RESULTS
The PRISMA flow diagram outlines the study 

selection process. Following removal of duplicates  
and screening of titles, abstracts, and full texts,  
six studies met the eligibility criteria. These com-
prised animal studies (pomegranate peel extract, 
PPE) and in-vitro/ex vivo studies in quercetin 
treatment in orbital fibroblasts and orbital fat tis-
sues.

Characteristics of included studies
The included studies investigated the ther-

apeutic effects of pomegranate on the thyroid. 
Six experimental studies fulfilled the eligibility 
criteria and were included in this review. Four 
were conducted on rodent models of chemically 
induced thyroid dysfunction, while two investi-

gated the effects of quercetin on primary human 
orbital fibroblasts obtained from patients with 
Graves’ orbitopathy. The interventions comprised 
Punica granatum derivatives, including whole 
fruit extract, peel extract, and ellagic acid, as well 
as quercetin, a structurally related flavonoid. The 
comparators were either toxicant-exposed animals 
or untreated fibroblast cultures. Outcome measures  
across the studies included serum thyroid hor-
mones (T3, T4, TSH), oxidative stress and anti- 
oxidant biomarkers (MDA, SOD, GSH), apoptotic  
indices (caspase-3, Bax), histological and ultras-
tructural analyses, as well as fibrotic markers (fibro- 
nectin, collagen Iα, α-SMA) and matrix metallo-
proteinase (MMP) activity (13-16).

Protective effects of pomegranate in chemically 
induced thyroid toxicity.

The majority of the animal studies consistently  
demonstrated that Punica granatum extracts  
exerted protective and restorative effects against  
diverse toxicological insults. Mahmoud et al. re-
ported profound histo-architectural derangements  
in rats exposed to mancozeb, characterized by  
follicular shrinkage, reduced colloid content, and  
increased oxidative stress biomarkers Co-ad-
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9

summarized in the PRISMA flow diagram. (Figure 1).1

2

3

4

5

6

7

8

9

10

11

12

13

14

Figure 1. Literature search flow diagram15

Not relevant to the objective (687) 
Non-original research articles or 

non experimental studies (145) 
Full-text pdf not available (80) 
Not published in the English 

language. (10) 

Duplicated records removed  
(n = 20) 

Records screened 

(n = 937) 

IIddeennttiiffiiccaattiioonn  ooff  ssttuuddiieess  vviiaa  ddaattaabbaasseess  aanndd  rreeggiisstteerrss  

 
Records identified from: 

PubMed (n = 4) 
Science Direct (n = 24) 

Google Scholar (n = 929) 

Studies included in systematic 
review (n = 15) 

Studies included in systematic 
review (n = 6) 

 
Studies with insufficient 

information (n = 9) 

IIdd
eenn

ttii
ffiicc

aatt
iioo

nn  
IInn

ccll
uudd

eedd
  

SScc
rree

eenn
iinn

gg  

Figure 1. Literature search flow diagram



Devi Azri Wahyuni, et al.

426		  Biomedical Sciences and Clinical Medicine 2026;65(3):420-432.

ministration of standardized pomegranate fruit 
extract significantly mitigated these alterations, 
restoring follicular integrity, normalizing thyroid 
hormones, and reducing PCNA immunoreactivity,  
thereby highlighting an antioxidative and anti- 
proliferative mechanism. That study reported 
pomegranate juice supplementation significantly 
improved oxidative stress indices in hypothyroid  
rats. Malondialdehyde (MDA) decreased by 37% 
(p < 0.01), catalase activity increased by 45% (p 
< 0.05), and thyroid weight normalized com-
pared with hypothyroid controls. Serum TSH 
was reduced by 41% (p < 0.05), whereas T3 and 
T4 were increased by 32% and 36%, respective-
ly (13). Mousa et al. evaluated ellagic acid as an 
adjuvant therapy in thyroid-disrupted models.  
Ellagic acid administration significantly reduced  
histopathological damage scores by 43% (p < 0.01)  
and improved antioxidant enzyme activity by 38% 
and 47%, respectively. Hormonal assays showed 
a 29% increase in serum T4 and a 22% reduc-
tion in TSH compared to untreated hypothyroid 
rats (p < 0.05). This study found that semicar-
bazide exposure disrupted the endocrine and 
structural integrity of the thyroid gland, resulting 
in decreased PAS staining, increased collagen 
deposition, and elevated caspase-3 expression. 
Pomegranate peel extract (PPE) co-treatment re-
stored hormonal balance, reduced apoptosis, and 
preserved nearly normal thyroid histology, with a 
protective effect superior to that observed in the 
recovery-only group, suggesting a potent antiox-
idant-mediated cytoprotective role (14). Arrak, JK 
investigated ellagic acid, a polyphenolic constit-
uent of pomegranate, ellagic acid (100-200 mg/
kg), against lead acetate toxicity in adult rats. 
Lead exposure significantly decreased serum T3 
and T4 levels by 35-40% at weeks 4 and 6 (p < 
0.01), alongside reductions in parathyroid hormone  
(PTH) and calcium. Treatment with ellagic acid 
(200 mg/kg) restored thyroid hormones to near- 
control values, with T3 and T4 increasing by 28% 
and 31%, respectively, compared to the lead- 
only group (p < 0.05). PTH levels were significantly  
elevated by 24% at day 42, and serum calcium 
increased by 18% (p < 0.05), demonstrating a 
dose-dependent amelioration. Lead intoxication 
reduced T3, T4, and Ca²+ levels while suppressing 
PTH secretion. A therapeutic dose of ellagic acid 
produced significant hormonal restoration, in 

contrast to the subtherapeutic protective dose, 
underscoring a dose-dependent curative poten-
tial (16). El-Din et al. examined lithium carbonate 
(LC) (30 mg/kg)-induced hypothyroidism in rats. 
That study found lithium exposure decreased 
FT3 and FT4 levels by 42% and 38%, respectively  
(p < 0.001), and increased TSH by 2.5-fold (p < 
0.001). MDA was significantly elevated (+65%, p < 
0.01), while superoxide dismutase (SOD) activity 
was reduced (−45%, p < 0.01). Co-administration 
of PPE (250 mg/kg) restored FT3/FT4 to 90% of 
control values and reduced TSH by 48% relative 
to the lithium-only group (p < 0.01). Oxidative 
stress markers normalized, with MDA reduced 
by 40% and SOD elevated by 52% (p < 0.05), ac-
companied by histological evidence of reduced 
follicular apoptosis. In conclusion, the study 
demonstrated that chronic lithium administra-
tion produced follicular involution, increased Bax 
expression, and reduced antioxidant capacity 
(SOD), accompanied by disorganized ultrastruc-
tural morphology. Administration of PPE atten-
uated these deleterious changes, reestablishing 
antioxidant defense, decreasing pro-apoptotic 
markers, and preserving ultrastructural features, 
suggesting a dual mechanism of antioxidative and 
antiapoptotic modulation (15). Taken together, 
these animal studies establish convergent evi-
dence that Punica granatum derivatives are ca-
pable of ameliorating chemically induced thyroid 
dysfunctions through restoration of endocrine 
homeostasis, mitigation of oxidative stress, and 
inhibition of apoptosis.

Quercetin and thyroid-associated orbitopathy
Two in-vitro studies elucidated the potential 

therapeutic role of quercetin in modulating fibro- 
blast behavior relevant to the pathogenesis of 
Graves’ orbitopathy (GO). Lisi et al. assessed the 
impact of quercetin (30-150 μM) on orbital fibro-
blasts from patients with GO (17). Quercetin sig-
nificantly reduced fibroblast proliferation begin-
ning at 30 μM, with a 46% reduction at 100 μM 
compared to untreated controls (p < 0.01). Hya-
luronic acid (HA) release was reduced by 35% (p 
< 0.05), whereas apoptosis was not significantly 
affected. Rutin and quercitrin showed no signifi- 
cant activity, indicating quercetin’s specific effi- 
cacy. The study demonstrated that quercetin  
inhibited proliferation of orbital fibroblasts de-
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rived from both GO patients and controls, begin-
ning at a concentration of 30 μM. This effect was 
mediated via necrosis and cell cycle arrest, with-
out influencing apoptosis, and was accompanied 
by a significant reduction in HA secretion, an ear-
ly pathogenic hallmark of GO. Notably, glycosidic 
derivatives of quercetin (rutin and quercitrin) did 
not reproduce these effects, suggesting that the 
aglycone form is critical for bioactivity (17). Yoon 
et al. further confirmed the antifibrotic effects of 
quercetin in primary GO orbital fibroblasts and 
whole orbital tissue cultures. Quercetin (10-50 μM) 
dose-dependently suppressed TGF-β-induced 
fibronectin (−40%, p < 0.01) and collagen Iα ex-
pression (−35%, p < 0.05). IL-1β-stimulated MMP-
9 secretion decreased by 48% (p < 0.01), whereas 
MMP-2 activity was modestly enhanced at low 
doses (+15%, NS) but suppressed at higher dos-
es (−30%, p < 0.05). In tissue explants, quercetin  
reduced collagen mRNA by 33% and MMP-9 se-
cretion by 41% (p < 0.01), supporting its potential 
role in preventing fibrotic remodeling. The study 
extended these findings by showing that querce-
tin exerted dose-dependent antifibrotic effects in 
both primary orbital fibroblasts and whole orbital 
fat tissue cultures. Specifically, quercetin sup-
pressed TGF-β-induced fibronectin and collagen 
Iα expression, modulated IL-1β-stimulated MMP 
activity (downregulating MMP-9 while differ-
entially affecting MMP-2), and inhibited α-SMA  
expression, thereby attenuating fibroblast-to- 
myofibroblast differentiation. These data support 
the hypothesis that quercetin interferes with ex-
tracellular matrix remodeling, a process central 
to fibrosis in GO (18).

Integrated evidence synthesis
Across experimental models, Punica granatum 

derivatives consistently demonstrated protective 
roles against chemically induced thyroid insults, 
mediated by antioxidative, anti-inflammatory, 
and antiapoptotic pathways. Conversely, querce-
tin targeted the fibroproliferative and fibrotic 
pathways of GO, exerting anti-proliferative and 
anti-fibrotic actions in-vitro. While the former 
highlights the ability of pomegranate to preserve 
endocrine organ function under toxic stress, the  
latter illustrates the capacity of flavonoids to 
modulate autoimmune-mediated orbital remod-
eling. Collectively, these findings underscore 

the translational potential of polyphenolic com-
pounds as adjunctive strategies in thyroid-related  
pathologies, although further in-vivo validation 
and clinical translation remain warranted.

DISCUSSION
TED is primarily caused by orbital inflamma-

tion resulting from the activation of fibroblasts 
in the orbital tissues (19). Over the years, various 
pathogenic mechanisms have been proposed, 
but recent research highlights the crucial role 
of CD34+ fibroblasts in the development of this 
disease. These fibroblasts respond to molecular 
signals by differentiating into adipocytes and my-
ofibroblasts, contributing to the tissue remode-
ling process within the orbit. Additionally, CD34+ 
fibroblasts produce thyroglobulin, thyroid-stim-
ulating hormone (TSH), and various other thy-
roid-related peptides, which interact with TSH 
receptors and the complex of insulin-like growth 
factor I (IGF-1). This signaling cascade triggers 
adipogenesis and increases the synthesis of HA 
by fibroblasts, leading to an increased accumu-
lation of orbital fat tissue and excessive glycos-
aminoglycan buildup in the extraocular muscles 
(EOMs) (20). In clinical manifestation in patient 
with active TED, presenting with pronounced 
proptosis, retraction of both upper and lower 
eyelids, and associated conjunctival redness and 
swelling. Consequently, the expansion of soft tis-
sue volume in the orbit causes intraorbital con-
gestion and increased pressure, ultimately re-
sulting in the characteristic pathological features 
of TED (21).

The antioxidant potential of pomegranate is 
mainly due to its capacity to neutralize reactive 
oxygen species (ROS) and suppress oxidative 
stress, two processes that play a crucial role in 
the development of TED. Studies have shown 
that pomegranate extract effectively neutralizes 
free superoxide anions and hydroxyl radicals, as 
well as preventing lipid peroxidation and oxida-
tive damage in animal macrophages (22). The high 
polyphenol content in pomegranate peel is be-
lieved to be a major factor contributing to its anti-
oxidant effects. Phytochemical analysis indicates 
that ellagitannins, particularly punicalagin and its 
derivatives, are the most abundant polyphenols 
in pomegranate peel and possess strong antioxi-
dant potential (23, 24).
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This systematic review synthesized evidence 
from six preclinical and in-vitro studies that 
evaluated the therapeutic potential of pome-
granate-derived compounds (ellagic acid, peel 
and fruit extracts) and quercetin in the context  
of thyroid dysfunction and GO. Collectively, 
these studies provide converging evidence that 
polyphenolic compounds exert antioxidant, endo- 
crine-modulating, and antifibrotic effects through 
distinct but complementary biological pathways. 
Four experimental studies conducted in rat models  
demonstrated that pomegranate extracts and 
ellagic acid confer significant protection against 
chemically induced thyroid toxi-city. Arrak JK 
showed that ellagic acid (100-200 mg/kg) restored 
T3 and T4 levels by up to 31% relative to lead ac-
etate-treated rats, while normalizing calcium and 
PTH levels of ellagic acid as presented in Table 
4. This study demonstrates that ellagic acid ex-
tracted from Punica granatum (pomegranate) 
exerts a significant protective and therapeutic 
effect against lead acetate-induced thyroid and 
parathyroid toxicity in rats. Exposure to lead 
acetate resulted in a marked decrease in circu-
lating thyroid hormones (T3 and T4), PTH, and 
serum calcium levels, accompanied by histo-
logical alterations in thyroid and parathyroid 
tissues. These changes are consistent with the 
established toxic effects of lead on endocrine  
organs, particularly through oxidative stress 
mechanisms and interference with hypothalamic- 
pituitary-thyroid (HPT) axis regulation (16).

Similarly, El-Din et al. reported that PPE at-
tenuated lithium-induced thyroid dysfunction, 
restoring FT3 and FT4 to 90% of baseline and 
reducing TSH by nearly 50%, alongside signifi-
cant reductions in oxidative stress biomarkers 
(15). In this study, rats that received LC concur-
rently with Punica granatum (PG) powder at a 
dose of 250 mg/kg body weight for eight weeks 
demonstrated marked biochemical and histolog-
ical improvement compared with those admin-
istered LC alone as shown in Table 4. Adminis-
tration of LC alone induced significant thyroid 
dysfunction, characterized by decreased serum 
T3 and T4 levels, elevated TSH, and degenerative 
changes in follicular epithelial cells with colloid 
depletion. These alterations are consistent with 
lithium’s well-established toxic effects, mainly 
mediated through oxidative stress, mitochondrial 

dysfunction, and inhibition of iodide uptake and 
hormone synthesis. However, co-administration 
of PG powder effectively mitigated these delete-
rious effects, highlighting its potent antioxidant 
and cytoprotective properties. The polyphenols, 
flavonoids, and ellagitannins contained in pome-
granate act as strong free radical scavengers and 
inducers of endogenous antioxidant enzymes 
such as SOD, catalase (CAT), and glutathione per-
oxidase (GPx). This enzymatic upregulation re-
duces MDA levels, thereby minimizing lipid per-
oxidation and preserving the integrity of thyroid 
follicular cell membranes. Moreover, PG supple-
mentation exhibited antiapoptotic and anti-in-
flammatory activities, evidenced by decreased 
caspase-3 expression, increased Bcl-2 expres-
sion, and reduced inflammatory cell infiltration 
within thyroid tissue. These effects contribute to 
the maintenance of cellular viability and the pre-
vention of apoptosis induced by lithium-medi-
ated oxidative stress. After eight weeks of treat-
ment, the combined LC and PG group showed a 
significant recovery of thyroid hormonal homeo-
stasis, with T3 and T4 levels approaching normal 
and TSH levels markedly reduced compared with 
the LC-only group. These results suggest that 
the protective effects of PG are both dose and 
time-dependent, as prolonged administration 
allows sustained antioxidant action and gradual 
tissue repair. Histopathological analysis supported  
the biochemical findings, revealing nearly normal 
thyroid architecture in the LC and PG groups, 
characterized by cuboidal follicular epithelium 
and homogeneous colloid. In contrast, the LC 
group displayed follicular distortion, epithelial 
vacuolation, and inflammatory infiltration. The 
preservation of follicular morphology indicates 
that PG not only prevents oxidative injury but 
may also facilitate tissue regeneration. In summa-
ry, oral administration of pomegranate powder at 
250 mg/kg for eight weeks effectively alleviated 
lithium-induced thyroid toxicity through its an-
tioxidant, antiapoptotic, and anti-inflammatory  
mechanisms. This nutraceutical intervention helps 
maintain redox balance, stabilize cellular mem-
branes, and restore thyroid structural and hor-
monal integrity. In conclusion, PPE offers signif-
icant protection against lithium-induced thyroid 
damage by maintaining antioxidant capacity, in-
hibiting apoptosis, and attenuating inflammation.  
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Table 4. Summary of evidence from included studies

Author 
(Year)

Model / design Intervention Outcomes measured Key findings

Mahmoud 
et al. (2023)  
(13)

Rats, mancozeb-induced 
thyroid toxicity

Pomegranate fruit 
extract (150 mg/
kg/day)

Serum T3, T4, TSH;  
oxidative stress bio-
markers (SOD, MDA, 
GSH); histology; PCNA

PFE ameliorated mancoz-
eb-induced thyroid damage, 
restored hormones, reduced 
oxidative stress, preserved 
follicular structure.

Mousa et 
al. (2025) 
(14)

Rats, semicarbazide-in-
duced thyroid toxicity

Pomegranate peel 
extract (500 mg/
kg/day)

Serum T3, T4, TSH; his-
tology (PAS, collagen, 
follicular integrity); 
caspase-3

PPE improved hormonal 
balance, reduced apoptosis, 
restored near-normal his-
tology, superior to recovery- 
only group.

Arrak (2010) 
(16)

Rats, lead acetate-induced 
thyroid & parathyroid 
toxicity

Ellagic acid (100-
200 mg/kg) from 
pomegranate

Serum T3, T4, para-
thyroid hormone, Ca²+; 
histology of thyroid and 
parathyroid

Therapeutic dose of ellagic 
acid restored thyroid/par-
athyroid function and Ca²+ 
levels; protective dose less 
effective.

El-Din et al. 
(2022) (15)

Rats, lithium-induced 
thyroid dysfunction

Punica granatum 
(PG) powder (250 
mg/kg/day)

Serum T3, T4, TSH; 
SOD, MDA; histology; 
Bax expression; ultras-
tructural features

PPE reduced lithium-in-
duced follicular involution, 
oxidative stress, apoptosis; 
preserved ultrastructure.

Lisi et al. 
(2011) (17)

Primary orbital fibro-
blasts (Graves’ orbitop-
athy)

Quercetin (30-150 
μM) vs rutin/quer-
citrin

Fibroblast proliferation, 
necrosis, apoptosis, 
hyaluronic acid release

Quercetin inhibited fibro-
blast proliferation and HA 
secretion via necrosis and 
cell cycle blockade; rutin/
quercitrin ineffective.

Yoon et al. 
(2012) (18)

Primary orbital fibro-
blasts & orbital fat tissue 
(Graves’ orbitopathy)

Quercetin (10-50 
μM)

Fibronectin, collagen 
Iα, α-SMA, MMP-2/9, 
TIMP; fibrosis markers

Quercetin suppressed 
fibrotic markers, modulated 
MMP activity, and inhibited 
fibroblast-to-myofibroblast 
differentiation.

These findings provide strong experimental ev-
idence for the therapeutic potential of PPE in  
mitigating thyroid gland dysfunction associated  
with oxidative stress. Further investigations, in-
cluding clinical studies, are recommended to 
explore the translational relevance of these results 
and to optimize dosage regimens for safe and ef-
fective human application (15).

These findings are also corroborated by 
Mahmoud et al. which reported that pomegranate  
fruit extract (150 mg/kg/day) significantly ame-
liorated mancozeb-induced thyroid damage in 
rats, as evidenced by normalized serum thyroid 
hormone levels (T3, T4, TSH), reduced oxidative 
stress markers (SOD, MDA, GSH), and preserved 
histological architecture as detailed in Table 4 
(13). Administration of pomegranate fruit extract 
protected the thyroid gland from the toxic effects 
of Mancozeb in adult male rats. Rats treated with 

Mancozeb alone showed clear signs of thyroid 
dysfunction, including a significant reduction in 
serum T3 and T4 levels, elevated TSH, and marked 
histological changes such as follicular atrophy, 
loss of colloid, and cytoplasmic vacuolations. 
These findings confirm the well-known thyroid‐
disrupting action of Mancozeb, mainly due to its 
ability to generate oxidative stress and inhibit 
thyroid peroxidase activity, which impairs hor-
mone synthesis. In contrast, co-administration 
of pomegranate fruit extract markedly improved 
both hormonal and structural parameters of the 
thyroid gland. Treated rats showed near-normal 
levels of T3, T4, and TSH, with preserved follicular 
architecture and dense colloid content. These 
improvements can be attributed to the strong 
antioxidant and anti-inflammatory properties of 
pomegranate bioactive compounds such as el-
lagic acid and punicalagin which neutralize ROS, 
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reduce lipid peroxidation, and enhance endoge-
nous antioxidant enzymes like SOD and catalase 
(13) (Table 4).

Mousa et al. showed that semicarbazide ex-
posure caused significant thyroid dysfunction 
and tissue damage in adult male rats, while PPE 
provided a clear protective effect (14). Rats that 
received SEM alone had markedly decreased  
levels of T3 and T4, with elevated TSH, indicating 
hypothyroidism. Histological findings confirmed 
these results, showing degenerated and vacu-
olated follicular cells, disrupted follicles, loss of 
colloid, and inflammatory cell infiltration. These 
alterations are consistent with the toxic effects 
of SEM, mainly due to oxidative stress, increased 
free radical generation, and apoptosis within 
thyroid tissue. In contrast, rats treated with PPE 
(500 mg/kg/day) along with SEM showed sig-
nificant improvement as summarized in Table 4. 
Thyroid hormone levels were restored toward 
normal values, and histological examination re-
vealed almost normal follicular architecture with 
well-preserved colloid and minimal cellular dam-
age. PPE also reduced collagen deposition and 
caspase-3 expression, indicating decreased fibrosis 
and apoptosis. These beneficial effects are attri- 
buted to the strong antioxidant and anti-inflam-
matory properties of PPE, which contains bioactive 
compounds such as ellagic acid and punicalagin 
that scavenge free radicals and protect thyroid 
cells from oxidative injury. In summary, PPE ef-
fectively protects the thyroid gland from semi-
carbazide-induced toxicity by reducing oxidative 
stress, inflammation, and apoptosis while restoring 
normal thyroid function. These results suggest 
that PPE could serve as a natural therapeutic 
agent for preventing thyroid dysfunction caused 
by chemical or environmental toxins. Further 
studies are needed to confirm these effects and 
to determine the optimal safe dose for clinical 
application (14) (Table 4).

Two in-vitro studies focused on quercetin’s 
role in modulating fibroblast proliferation and 
extracellular matrix remodeling in GO. Lisi et al. 
reported that quercetin significantly suppressed 
orbital fibroblast proliferation by 46% at 100 μM 
and reduced HA secretion by 35% without induc-
ing apoptosis. When treated with quercetin at 
concentrations of 30-150 μM, fibroblast growth 
and HA secretion were markedly reduced as 
shown in Table 4. The inhibitory effect was asso- 

ciated with cell cycle arrest and necrosis, sug-
gesting that quercetin interferes with fibroblast 
viability and extracellular matrix production. In 
contrast, other related flavonoids such as rutin 
and quercitrin did not show similar effects, in-
dicating that the non-glycosylated (aglycone) 
form of quercetin is necessary for its biological 
activity. The reduction of fibroblast proliferation 
and HA release is particularly important in the 
context of GO, where excessive fibroblast acti-
vation contributes to orbital tissue expansion, 
inflammation, and fibrosis. By suppressing these 
processes, quercetin may help limit the pathologi-
cal tissue remodeling that underlies the clinical 
manifestations of GO. The results also suggest 
that quercetin’s effects are linked to its antioxi- 
dant and signaling-modulating properties, po-
tentially involving inhibition of key proliferative 
pathways such as PI3K/Akt and MAPK. The lack 
of effect from rutin and quercitrin may be due 
to their lower cellular uptake and bioavailability 
compared with quercetin. In summary, quercetin 
acts as a potent inhibitor of orbital fibroblast pro-
liferation and HA secretion via necrosis and cell 
cycle blockade, demonstrating potential as a nat-
ural therapeutic compound for controlling tissue 
remodeling in GO. Further studies are required to 
confirm these findings in-vivo and to evaluate its 
safety and clinical applicability (17).

Yoon et al. demonstrated that quercetin 10-
50 µM of quercetin increased MMP-2 expression 
and activity, but dose-dependently suppressed 
MMP-9 expression and activity as summarized 
in Table 4. In tissue cultures, quercetin dose-de-
pendently inhibited MMP-2 and -9 activity and 
secretion, but 30 and 50 µM of quercetin in-
creased tissue MMP-2 mRNA. MMP-9 and col-
lagen Iα mRNA levels were dose-dependently 
suppressed. In conclusion, quercetin inhibited 
fibrotic markers and affected MMP-2 and MMP-9 
activities in primary cell and orbital fat tissue cul-
tures from GO at nontoxic concentrations. These 
results support the potential use of quercetin for 
active inflammation and treatment or prevention 
of chronic fibrosis in GO (18).

Integrative interpretation and translational rel-
evance

The convergence of evidence from animal  
and cell-based studies suggests that pomegranate  
extracts and quercetin act on complementary  
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axes of thyroid pathology and pomegranate com-
pounds primarily restore endocrine and redox 
balance while quercetin modulates fibrotic and 
inflammatory pathways in orbital fibroblasts. 
This dual action positions them as promising nu-
traceutical or adjuvant candidates in managing 
thyroid dysfunction and GO. Nevertheless, cau-
tion is warranted. All included studies were either 
animal models or in-vitro experiments, limiting 
direct clinical extrapolation. The heterogeneity 
in experimental design, differences in polyphe-
nol type (fruit, peel, or isolated ellagic acid), dose 
(100-500 mg/kg in animals; 10-150 μM in cells), 
and duration of exposure, further complicates  
direct comparison. Additionally, none of the 
studies conducted pharmacokinetic or bioavail-
ability analyses, which remain critical for under-
standing whether effective concentrations can be 
achieved in humans.

Strengths, limitations, and future research
A strength of this evidence base lies in its 

consistency: across distinct models and toxins 
(lead acetate, lithium, mancozeb, semicarbazide), 
pomegranate extracts consistently restored 
thyroid hormone levels and oxidative balance. 
Similarly, quercetin reproducibly suppressed fi-
broblast proliferation and fibrosis-associated 
markers in GO cultures. However, limitations 
include small sample sizes, lack of randomized 
controlled human trials, and absence of long-
term safety data. Future research should focus 
on well-designed translational studies, including 
dose-response clinical trials, pharmacodynamic  
assessments, and comparative studies against 
standard therapies such as levothyroxine for hy-
pothyroidism or glucocorticoids for GO. Further-
more, combination strategies involving polyphe-
nols with established drugs warrant exploration, 
as synergistic effects may enhance efficacy while 
minimizing adverse outcomes.

CONCLUSIONS
This systematic review highlights robust pre-

clinical evidence supporting the therapeutic  
potential of pomegranate polyphenols and querce-
tin in thyroid dysfunction and Graves’ orbitopathy. 
By targeting oxidative stress, endocrine disruption, 
fibroblast proliferation, and extracellular matrix 
remodeling, these compounds provide mech-

anistic plausibility for adjunctive use. Clinical 
translation remains premature, but the evidence 
provides a strong rationale for future trials to es-
tablish efficacy, safety, and optimal therapeutic 
regimens.
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