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	 Hypothyroidism is a condition characterized by insufficient production of thyroid 
hormones and impaired adaptive mechanisms of the body to stress. The present study aimed 
to evaluate the corrective effects of plant-derived polyphenols on thyroid function and stress-
related hormonal alterations in a Mercazolil-induced experimental model of hypothyroidism. 
In experimental hypothyroid rats, the phytosubstanceRutan, Providin, and Anakardin-2 were 
administered at doses of 50 and 100 mg/kg, as well as Dehydroquercetin at a dose of 5 mg/
kg. The levels of free T3, T4, adrenaline, and cortisol in blood serum were determined using 
standard enzyme-linked immunosorbent assay  methods. Statistical analysis was performed 
using Python software, and the graphs were generated using Matplotlib.As a result of mercazolil 
administration, a significant decrease in free T3, T4, and adrenaline levels, along with an increase 
in cortisol concentration, was observed compared to the healthy control group (p < 0.05–0.001). 
This condition reflects a reduction in thyroid and sympathoadrenal system activity, accompanied 
by activation of the hypothalamic–pituitary–adrenal axis, which ensures the body’s adaptive 
mechanisms to stress. Treatment with polyphenols led to a dose-dependent normalization of 
hormonal parameters. In groups receiving the higher dose of 100 mg/kg, a significant restoration 
of free T3, T4, and adrenaline levels, as well as a reduction in cortisol concentration, was observed 
compared to the hypothyroid group. The most pronounced corrective effects were observed in 
the Providin and Dehydroquercetin groups, with the parameters reaching physiological levels.
The obtained results confirm that plant-derived polyphenols exert corrective and restorative 
effects on thyroid function and the imbalance of the hypothalamic–pituitary–adrenal axis under 
experimental hypothyroid conditions.
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	 Currently, hypothyroidism is rapidly 
increasing worldwide. In terms of prevalence, it 
ranks second after diabetes mellitus. Experimental 
models of hypothyroidism are crucial for studying 

the extensive systemic effects of the disease, as 
thyroid hormones regulate almost all organs and 
tissues. Pharmacologically induced experimental 
models allow researchers to replicate hypothyroid 
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conditions in laboratory animals, facilitating the 
study of key pathophysiological mechanisms and the 
evaluation of potential corrective interventions.1,3,5 

Hypothyroidism may present as overt, subclinical, 
congenital, primary, central, or iatrogenic forms, 
differing in etiology, hormonal profile, and 
systemic manifestations.6,7 Although levothyroxine 
is considered the standard replacement therapy, 
experimental models remain important for 
investigating hypothyroidism-associated oxidative, 
biochemical, and neuroendocrine disturbances and 
for evaluating potential supportive antioxidant 
approaches.8,9

	 Thyroid hormones triiodothyronine  and 
thyroxine -often decrease under stress conditions 
and show a significant correlation with stress 
hormones such as cortisol and adrenaline. 
Under stress, the hypothalamic-pituitary-adrenal 
(HPA) axis is activated,  leading to increased 
cortisol secretion. Elevated cortisol levels may, 
in turn, suppress the synthesis and release of 
thyroid hormones, resulting in reduced T3 and T4 
concentrations.2,4 The results of the study show 
that an increase in cortisol levels is inversely 
correlated with T3 concentration in patients with 
cardiovascular diseases under additional stress. 
That is, an increase in cortisol is accompanied by 
a decrease in triiodothyronine levels, indicating 
a functional weakening of thyroid activity.10 
Hypothyroidism not only disrupts thyroid function 
but also impairs neuroendocrine balance and affects 
the activity of the hypothalamic–pituitary–target 
organ axes. The hypothalamic–pituitary–thyroid 
system is in complex interaction with other 
neuroendocrine systems, and dysfunction in one 
system can influence others through central and 
peripheral mechanisms, which complicates the 
processes of diagnosis and treatment.12 Thyroid 
hormones play a critical role in brain development 
and function, orchestrating neuronal activity and 
synaptic processes.
	 In hypothyroidism, insufficient thyroid 
hormone levels result in cognitive deficits and 
neuromuscular dysfunction.13,14,15  If congenital 
hypothyroidism during childhood is not 
diagnosed and treated promptly, it may lead to 
permanent neurological impairments. In adults, 
hypothyroidism is linked to structural brain 
alterations and psychiatric disorders, including 

depression and anxiety.15,16  These effects extend 
beyond the thyroid gland, potentially disrupting 
neuroendocrine homeostasis and overall brain 
function, underscoring the significance of complex, 
integrated endocrine regulation.17 Polyphenols 
isolated from plants have shown promise as 
potential agents for restoring endocrine balance 
in experimental models of hypothyroidism by 
improving thyroid hormone levels and reducing 
biochemical disturbances. In mercazolil-induced 
rat models, polyphenols derived from plants 
such as Geranium sanguineum, Vitis vinifera, 
and Pistacia vera positively influenced certain 
cognitive functions, hematological parameters, 
and body weight.18  Extracts of Commiphora 
mukul were found to significantly restore serum 
T3 and T4 levels and exhibit antioxidant effects. 
Additionally, they reduced oxidative stress 
markers and helped maintain tissue integrity.19  
Similarly, flaxseed powder and extracts rich in 
polyphenols improved thyroid hormone profiles, 
normalized lipid metabolism, and restored liver 
and kidney function in hypothyroid rats.20  Leaf 
extracts rich in pentacyclic triterpenes markedly 
increased free T3 and T4 levels. Thyrotropic 
hormone levels were associated with reductions 
in inflammation and oxidative stress markers, 
confirming their pharmacological efficacy.21 These 
findings suggest that plant-derived polyphenols 
may serve as a complementary natural intervention 
in hypothyroidism therapy by regulating thyroid 
function and mitigating oxidative damage alongside 
conventional treatments.22,23 

	 Considering the potential corrective 
effects of plant-derived polyphenolic compounds 
on hormonal disturbances associated with 
hypothyroidism, their further investigation remains 
scientifically relevant. The main objective of this 
study was to evaluate the effects of Rutan, Providin, 
and Anakardin-2 on thyroid and stress-related 
hormonal parameters in rats with mercazolil-
induced hypothyroidism. The secondary objectives 
were to compare the effects of these compounds 
at doses of 50 and 100 mg/kg and to assess their 
influence on free T3, free T4, cortisol, and adrenaline 
levels. The obtained findings were also compared 
with those of dihydroquercetin, which was used as 
a reference antioxidant compound.
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MATERIALS AND METHODS

	 The study was conducted at the vivarium 
of the Laboratory of Human and Animal Physiology, 
National University of Uzbekistan, and at the 
Institute of Bioorganic Chemistry, Academy of 
Sciences of the Republic of Uzbekistan. Male 
albino rats weighing 180–200 g were used in the 
experiments. The animals were housed under 
standard laboratory conditions in individual clean 
cages, maintained under a natural light–dark 
cycle, and provided with free access to water and 
standard vivarium feed. The ambient temperature 
was maintained at 22–24 °C, and relative humidity 
was kept within 40–60%.
	 The experimental protocol lasted 66 
days. During the first 15 days, the animals were 
acclimatized to standard laboratory conditions. 
After the adaptation period, experimental 
hypothyroidism was induced by administering 
Mercazolil for 30 days. In the subsequent stage, 
correction therapy using the tested plant-derived 
polyphenolic compounds was performed for 21 
days.
Plant-derived polyphenolic compounds and 
their chemical composition
	 The  p lant -der ived  polyphenol ic 
compounds used in this study were Rutan, Providin, 
and Anakardin-2. These compounds were obtained 
as ready-to-use purified polyphenolic fractions from 
the Institute of Bioorganic Chemistry, Academy 
of Sciences of the Republic of Uzbekistan, for 
experimental evaluation; therefore, extraction and 
isolation procedures were not performed within the 
present study.
	 Rutan is a sum of polyphenolic compounds 
isolated from the leaves of tanner’s sumac, Rhus 
coriaria L. family Anacardiaceae, cultivated in the 
Republic of Uzbekistan. The main constituents of 
Rutan are hydrolysable tannins, including 3,6-bis-
O-digalloyl-1,2,4-tri-O-galloyl-â-D-glucose, 
2,3-di-O-galloyl-â-D-glucose, mono-O-galloyl-
â-D-glucose derivatives, 1,4,6-tri-O-galloyl-
â-D-glucose, and 1,2,3,4,6-penta-O-galloyl-â-
D-glucose. Minor constituents include rutin, 
quercetin, kaempferol, and gallic acid.26

	 Providin is a tannin-rich polyphenolic 
composition isolated from the seeds of different 
cultivated grape varieties, Vitis vinifera L. 
family Vitaceae, grown in the Republic of 

Uzbekistan. Its main constituents are catechins and 
proanthocyanidins, including proanthocyanidin 
fractions, (+)-catechin, (±)-gallocatechin, 
(-)-epicatechin, and (-)-epicatechin gallate. Minor 
components include anthocyanin derivatives such 
as chrysanthemin, delphinidin, oenin, malvin, 
callistephin, and pelargonin.26

	 Anakardin-2 is a sum of polyphenolic 
compounds isolated from the leaves of Pistacia vera 
L. family Anacardiaceae. Its major constituents 
are gallotannins, including pentagalloyl glucose, 
hexagalloyl glucoside, heptagalloyl glucose, 
octagalloyl glucose, nonagalloyl glucose, as well 
as (+)-catechin and gallic acid 3-O-gallate.26

	 The experimental procedures were carried 
out under in vivo conditions. The study design 
included a healthy control group, a group of rats 
with experimentally induced hypothyroidism, 
and hypothyroid animals treated with antioxidant 
compounds.
	 The above methodology was carried out 
with slight modifications based on the work of 
Kozlov and colleagues.24,25  Each experimental 
group consisted of six animals (n = 6). Mortality 
among animals in the experimental hypothyroidism 
groups was also recorded.
Hormonal analysis
	 Serum levels of free T3, free T4, cortisol, 
and adrenaline were determined using enzyme-
linked immunosorbent assay (ELISA) kits 
according to the manufacturer’s instructions. 
Optical density was measured using an MR-96A 
microplate reader (Mindray, China). Hormone 
concentrations were calculated based on standard 
calibration curves provided with the assay kits.
Statistical Analysis
	 The obtained experimental data were 
statistically processed using Python software. The 
results are presented as mean ± standard error of 
the mean (SEM). The SEM was calculated using 
the formula SEM = SD/”n, where SD represents 
the standard deviation and n represents the number 
of animals in each group. Differences between the 
experimental groups were evaluated by pairwise 
comparison using Student’s t-test formula based 
on the difference between group means and their 
SEM values. The test statistic was calculated as t 
= |M   “ M‚ | / “(SEM  ² + SEM‚ ²). Differences 
were considered statistically significant at p < 0.05. 
The levels of significance were indicated as *p < 
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0.05, **p < 0.01, and ***p < 0.001. In the tables 
and figures, “a” indicates a significant difference 
compared with the intact control group, “b” 
indicates a significant difference compared with 
the hypothyroid control group, and “ab” indicates 
significant differences compared with both groups. 
Graphical representations were prepared using 
Matplotlib.

RESULTS 

	 In the experimental hypothyroidism 
model, significant disruptions were observed in 
thyroid and stress-related hormonal parameters, 
including decreases in free T3 and T4 levels 
and alterations in cortisol and adrenaline 
concentrations. Treatment with plant-derived 
polyphenols effectively corrected these changes 
and contributed to the restoration of endocrine 
balance.
	 In the experimental hypothyroidism 
model, free T3 levels significantly decreased 
compared to the control group, dropping from 4.1 ± 
0.3 pg/mL (95% CI: 3.33–4.87) to 3.2 ± 0.2 pg/mL 
(95% CI: 2.69–3.71; a*, p < 0.05). This indicates 
a disruption in thyroid hormone metabolism and 
peripheral hormonal balance.
	 Treatment with plant-derived polyphenols 
led to a restoration of T3 levels. Specifically, in the 
Rutan 50 mg/kg and Anakardin 50 mg/kg groups, 
T3 levels reached 3.6 ± 0.3 pg/mL (95% CI: 2.83–
4.37) and 3.7 ± 0.2 pg/mL (95% CI: 3.19–4.21), 
respectively.

	 In the Rutan 100 mg/kg, Providin 100 mg/
kg, Anakardin 100 mg/kg, and Dehydroquercetin 
groups, T3 levels ranged from 3.9 to 4.0 pg/
mL, showing a statistically significant increase 
compared to the hypothyroid group. Specifically, 
T3 levels were 3.9 ± 0.2 pg/mL in the Rutan 100 
mg/kg group (95% CI: 3.39–4.41; b, p < 0.05), 
4.0 ± 0.3 pg/mL in the Providin 100 mg/kg group 
(95% CI: 3.23–4.77; b, p < 0.05), 3.9 ± 0.2 pg/
mL in the Anakardin 100 mg/kg group (95% CI: 
3.39–4.41; b, p < 0.05), and 4.0 ± 0.2 pg/mL in 
the Dehydroquercetin 5 mg/kg group (95% CI: 
3.49–4.51; b, p < 0.05).
	 In conclusion, treatment with plant-
derived polyphenols in hypothyroid conditions 
effectively restores thyroid hormone metabolism 
and helps bring T3 levels closer to physiological 
values.
	 In the experimental hypothyroidism 
model, free T4 levels significantly decreased 
compared to the healthy control group, dropping 
from 14.5 ± 0.8 pmol/L (95% CI: 12.44–16.56) to 
8.5 ± 0.6 pmol/L (95% CI: 6.96–10.04; a***, p < 
0.001), indicating a marked impairment of thyroid 
function.
	 Treatment with plant-derived polyphenols 
led to a gradual increase in T4 levels. In the 
Rutan 50 mg/kg group, T4 reached 10.5 ± 0.7 
pmol/L (95% CI: 8.70–12.30; a**, p < 0.01), 
remaining significantly lower than the healthy 
control. In contrast, in the Rutan 100 mg/kg 
group, T4 increased to 11.8 ± 0.6 pmol/L (95% CI: 

Table 1. Experimental design for the induction and polyphenol-based correction of hypothyroidism in rats

Group	 Experimental 	 Administered 	 Dose	 Route of 	 Duration
	 model	 substance 		  administration
		  (treatment)

I	 Intact control	 No treatment			 
II	 Hypothyroidism	 Mercazolil suspension	 2.5 mg/100 g 	 Per os	 30 days
			   body weight
III	 Hypothyroidism	 Rutan	 50 mg/kg	 Per os	 21 days
IV	 Hypothyroidism	 Rutan	 100 mg/kg	 Per os	 21 days
V	 Hypothyroidism	 Providin	 50 mg/kg	 Per os	 21 days
VI	 Hypothyroidism	 Providin	 100 mg/kg	 Per os	 21 days
VII	 Hypothyroidism	 Anakardin-2	 50 mg/kg	 Per os	 21 days
VIII	 Hypothyroidism	 Anakardin-2	 100 mg/kg	 Per os	 21 days
IX	 Hypothyroidism	  dehydroquercetin	 5 mg/kg	 Per os	 21 days
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Fig. 1. Changes in the level of free T3 during hypothyroidism-induced oxidative stress
Note: *p<0.05, vs. control group; a - significant vs. healthy group only; b - significant vs. hypothyroid group only.

Fig. 2. Changes in the concentration of free T4 during oxidative stress in hypothyroidism
Note: *p<0.05, **p<0.01, ***p<0.001 vs. control group; a - significant vs. healthy group only; b - significant vs. 

hypothyroid group only; ab - significant vs. both healthy and hypothyroid groups.
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Fig. 3. Changes in the concentration of free Adrenaline during oxidative stress in hypothyroidism
Note: *p<0.05, **p<0.01 vs. control group; a - significant vs. healthy group only; b - significant vs. hypothyroid 

group only; ab - significant vs. both healthy and hypothyroid groups.

Fig. 4. Changes in cortisol levels in oxidative stress with hypothyroidism
Note: *p<0.05, **p<0.01 vs. control group; a - significant vs. healthy group only; b - significant vs. hypothyroid 

group only; ab - significant vs. both healthy and hypothyroid groups.
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10.26–13.34; ab*, p < 0.05), showing a statistically 
significant difference compared to both the healthy 
control and hypothyroid groups.
	 Similar results were observed in the 
Providin and Anakardin-2 groups. In the Providin 
50 mg/kg and Anakardin-2 50 mg/kg groups, 
T4 levels reached 11.2 ± 1.0 pmol/L (95% CI: 
8.63–13.77; ab*, p < 0.05) and 11.0 ± 0.9 pmol/L 
(95% CI: 8.69–13.31; ab*, p < 0.05), respectively, 
both showing statistically significant differences 
compared to the relevant comparison groups.
	 In the Providin 100 mg/kg and Anakardin-2 
100 mg/kg groups, T4 levels increased to 12.5 ± 0.9 
pmol/L (95% CI: 10.19–14.81; b**, p < 0.01) and 
12.2 ± 0.7 pmol/L (95% CI: 10.40–14.00; b**, p 
< 0.01), respectively, demonstrating a significant 
rise compared to the hypothyroid group, although 
differences with the healthy control group 
remained.
	 The highest T4 levels were observed in 
the Dihydroquercetin 5 mg/kg group, reaching 
12.8 ± 0.6 pmol/L (95% CI: 11.26–14.34; b***, 
p < 0.001). These results indicate a substantial 
restoration of thyroid hormone levels under 
hypothyroid conditions. The findings suggest 
that plant-derived polyphenols are capable of 
modulating physiological alterations and possess 
pharmacological and therapeutic significance.
	 In the experimental hypothyroidism 
model, adrenaline levels significantly decreased 
compared to the healthy control group, dropping 
from 120 ± 10 pg/mL (95% CI: 94.29–145.71) 
to 70 ± 8 pg/mL (95% CI: 49.43–90.57; a**, p < 
0.01), indicating impaired sympathoadrenal system 
activity under hypothyroid conditions.
	 Treatment with plant-derived polyphenols 
led to a restoration of adrenaline levels. In the Rutan 
50 mg/kg, Providin 50 mg/kg, and Anakardin-2 50 
mg/kg groups, adrenaline levels reached 85 ± 9 
pg/mL (95% CI: 61.86–108.14; a*, p < 0.05), 90 
± 9 pg/mL (95% CI: 66.86–113.14; a*, p < 0.05), 
and 88 ± 9 pg/mL (95% CI: 64.86–111.14; a*, p < 
0.05), respectively, showing increases compared to 
the hypothyroid group, although differences with 
the healthy control group remained significant.
	 In the groups receiving higher doses, 
adrenaline levels further increased. In the Rutan 
100 mg/kg, Providin 100 mg/kg, and Anakardin-2 
100 mg/kg groups, adrenaline levels reached 95 ± 
10 pg/mL (95% CI: 69.29–120.71), 105 ± 11 pg/

mL (95% CI: 76.72–133.28), and 100 ± 10 pg/mL 
(95% CI: 74.29–125.71), respectively. The highest 
value was observed in the Dehydroquercetin 5 mg/
kg group, with adrenaline levels reaching 108 ± 10 
pg/mL (95% CI: 82.29–133.71; b*, p < 0.05).
	 These results indicate that plant-derived 
polyphenols, as biologically active compounds, 
exert significant corrective effects and contribute 
to the normalization of sympathoadrenal system 
function.
	 In the experimental hypothyroidism 
model, cortisol levels significantly increased 
compared to the healthy control group, rising from 
170 ± 15 nmol/L (95% CI: 131.44–208.57) to 260 
± 20 nmol/L (95% CI: 208.58–311.42; a**, p < 
0.01), indicating activation of the hypothalamic–
pituitary–adrenal (HPA) axis under hypothyroid 
conditions.
	 Treatment with plant-derived polyphenols 
resulted in a gradual decrease in cortisol levels. 
In the Rutan 50 mg/kg, Providin 50 mg/kg, and 
Anakardin-2 50 mg/kg groups, cortisol levels 
reached 230 ± 18 nmol/L (95% CI: 183.72–276.28), 
220 ± 16 nmol/L (95% CI: 178.86–261.14), and 
225 ± 18 nmol/L (95% CI: 178.72–271.28), 
respectively, showing a reduction compared to the 
hypothyroid group, although differences with the 
healthy control group remained significant (a*, p 
< 0.05).
	 In the higher-dose groups, cortisol 
levels decreased further. In the Rutan 100 mg/kg, 
Providin 100 mg/kg, and Anakardin-2 100 mg/kg 
groups, cortisol levels were 210 ± 16 nmol/L (95% 
CI: 168.86–251.14), 200 ± 15 nmol/L (95% CI: 
161.44–238.57), and 205 ± 16 nmol/L (95% CI: 
163.86–246.14), respectively.
	 The lowest values were observed in the 
Dehydroquercetin 5 mg/kg group, with cortisol 
decreasing to 195 ± 15 nmol/L (95% CI: 156.44–
233.57; b*, p < 0.05).

DISCUSSION

	 These results indicate that plant-derived 
polyphenols have modulatory effects on stress 
responses and contribute to the restoration of 
hormonal balance under hypothyroid conditions.
This study demonstrates that in rats with 
experimentally induced hypothyroidism, thyroid 
hormone levels in the circulatory system and 
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tissues decrease significantly and persistently. 
Administration of antithyroid agents such as 
Mercazolil and propylthiouracil has been reported 
to reduce plasma T3 and T4 concentrations by 
approximately 40–50% within 2–4 weeks. 
Conversely, thyroid-stimulating hormone levels 
increase by approximately 90–130%, confirming 
the establishment of a hypothyroid state.34,35,36 
This reflects the compensatory activation of the 
hypothalamic–pituitary–thyroid axis. Consistently, 
our results showed significant decreases in free 
T3 and T4 in the experimental hypothyroid group, 
while treatment with polyphenols restored these 
hormonal imbalances and improved endocrine 
homeostasis. At the tissue level, numerous studies 
have shown that hypothyroidism causes a marked 
reduction in T3 levels in the heart, liver, kidneys, 
adipose tissue, and brain. In some cases, tissue T3 
can drop to as low as 1–6% of baseline values. 
Notably, the decrease in tissue T3 is more profound 
than that in plasma, where T3 typically falls to 
approximately 30% of the initial concentration.33  
In response, tissue T4 concentrations remain 
relatively stable or decrease to a lesser extent 
than T3, resulting in a significant shift in the T3/T4 
ratio; this effect is particularly pronounced in the 
brain. These findings indicate that in hypothyroid 
conditions, peripheral tissue thyroid hormone 
metabolism—particularly the conversion of T4 
to T3 via deiodinase enzymes—is substantially 
altered.Moreover, in neuropathic pain models, 
reductions in peripheral T3 and T4 have also been 
observed. However, the expected compensatory 
response, namely increased TSH secretion, does 
not consistently occur in all cases. This suggests 
that in certain pathological conditions, the 
neuroendocrine regulation of the HPT axis may 
be disrupted, highlighting the complex interactions 
between central and peripheral mechanisms.32  In 
genetic hypothyroidism characterized by functional 
deficits in TSH receptors, free T3 and T4 levels are 
markedly decreased. Concurrently, TSH levels are 
significantly elevated to compensate for reduced 
thyroid activity. Levothyroxine substitution therapy 
partially normalizes these hormonal alterations, 
although values may not always return fully 
to physiological levels.36  Our results similarly 
confirmed significant reductions in free T3 and 
T4 under experimental hypothyroid conditions. 
Importantly, corrective treatment with polyphenols 

restored these parameters, suggesting improved 
peripheral hormone metabolism and conversion 
processes. These findings demonstrate that thyroid 
hormone imbalances in hypothyroidism are not 
only systemic but also profound at the tissue 
level and that plant-derived polyphenols have the 
potential to modulate these processes.
	 Therefore, evaluating plasma cortisol 
levels together with indicators of thyroid function 
provides a deeper understanding of the severity 
and progression mechanisms of hypothyroidism. 
Typically, in this model, a decrease in cortisol 
or corticosterone levels is accompanied by an 
increase in epinephrine, indicating disruption 
of neuroendocrine balance. Specifically, in 
hypothyroidism induced by propylthiouracil, 
plasma epinephrine levels increase while cortisol 
decreases.27  Previous clinical studies have reported 
that patients with hypothyroidism may exhibit 
elevated cortisol levels. Cortisol concentration 
is directly correlated with thyroid-stimulating 
hormone and inversely correlated with T3 and T4 
levels, indicating that cortisol production increases 
as disease severity progresses. These changes reflect 
activation of the hypothalamic–pituitary–adrenal 
axis, where the organism perceives hypothyroidism 
as a stressor and responds by increasing cortisol 
secretion. Notably, in severe cases, elevated 
cortisol levels demonstrate the robust function 
of this adaptive mechanism.31  In patients with 
hypothyroidism, cortisol levels are significantly 
elevated, particularly in primary hypothyroidism, 
whereas in other thyroid disorders, cortisol 
levels generally remain within normal ranges. 
These findings confirm that cortisol increases 
as a compensatory mechanism and underscore 
the complex endocrine interactions between the 
thyroid and adrenal glands.30  Thyroid disorders 
are among the most common endocrine problems, 
with hypothyroidism being the most prevalent 
form. In hypothyroidism, especially primary cases, 
plasma cortisol levels rise significantly, which may 
be attributed to prolonged half-life and reduced 
metabolic clearance of cortisol. In other thyroid 
pathologies, cortisol levels typically remain within 
the normal range. These results indicate that in 
hypothyroid conditions, cortisol elevation serves as 
a compensatory response and reflects the complex 
endocrine interplay between the thyroid and 
adrenal glands.29  Hence, assessing plasma cortisol 
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alongside thyroid function markers provides a 
comprehensive evaluation of hypothyroidism 
severity and developmental mechanisms. Cortisol 
and epinephrine are considered primary stress 
hormones, and under acute stress, both typically 
increase simultaneously. However, in certain 
situations, this hormonal response may vary: a 
decrease in epinephrine may occur alongside 
an increase in cortisol. This “high cortisol–low 
epinephrine” pattern is often associated not with 
the immediate stress response but with the recovery 
phase or chronic dysregulation of the stress system. 
Various studies indicate that chronic stress is 
often accompanied by elevated cortisol, whereas 
data on basal catecholamines (epinephrine and 
norepinephrine) are inconsistent, partly due to 
methodological challenges in accurately measuring 
epinephrine.28  Our study confirmed disruptions 
in both epinephrine and cortisol levels under 
hypothyroid conditions and demonstrated that 
correction with polyphenols significantly restores 
hormonal balance. These findings suggest that 
plant-derived polyphenols can modulate not only 
thyroid function but also adrenal stress response 
mechanisms.
	 The possible mechanism underlying the 
observed corrective effects may be related to the 
antioxidant and endocrine-modulating properties 
of the studied polyphenols. Thyroid hormone 
action is mediated through thyroid hormone 
receptors, particularly thyroid hormone receptor 
beta 1 (TRâ1), which regulates thyroid hormone-
responsive genes and metabolic processes.37 
Therefore, the partial recovery of T3 and T4 levels 
observed in this study may reflect an improvement 
in peripheral thyroid hormone metabolism and 
signaling.
	 In this regard, the chemical composition 
of the tested phytosubstances may be important 
for explaining their corrective effects. Rutan 
contains hydrolysable tannins, galloyl-glucose 
derivatives, rutin, quercetin, kaempferol, and gallic 
acid, whereas Providin is rich in catechins and 
proanthocyanidins. Anakardin-2 mainly contains 
gallotannins, catechin, and gallic acid derivatives. 
These phenolic constituents are known to exhibit 
antioxidant and redox-modulating properties, 
which may help reduce lipid peroxidation, support 
endogenous antioxidant defense, and attenuate 
oxidative stress associated with hypothyroid 

conditions. Therefore, the partial normalization 
of free T3, free T4, cortisol, and adrenaline 
levels observed in the present study may be 
partly related to the combined antioxidant and 
endocrine-modulating actions of tannins and other 
polyphenolic constituents of Rutan, Providin, and 
Anakardin-2 
	 The hypothalamic-pituitary-thyroid 
(HPT) axis is also regulated by thyrotropin-
releasing hormone (TRH), which acts through 
the TRH receptor and stimulates pituitary TSH 
secretion.38,39 Although TRâ1 and TRH receptor 
expression were not directly assessed in the present 
study, the restoration of thyroid and stress-related 
hormonal parameters may be partly associated with 
improved neuroendocrine regulation and reduced 
oxidative stress.40 Thus, these mechanisms should 
be considered as possible explanatory pathways 
rather than direct experimental findings.
	 A dose-related tendency was observed in 
the corrective effects of the tested polyphenolic 
compounds. In general, the 100 mg/kg doses of 
Rutan, Providin, and Anakardin-2 produced more 
pronounced changes than the corresponding 50 
mg/kg doses. This was reflected by a greater 
recovery of free T3, free T4, and adrenaline levels, 
together with a more evident reduction in cortisol 
concentration. These findings suggest that the 
endocrine-modulating effects of the studied 
polyphenols may be influenced by dose. However, 
additional studies are required to determine the 
optimal effective dose and to assess the long-term 
safety of these compounds.
	 These findings provide an experimental 
basis for further investigation of plant-derived 
polyphenols in hypothyroidism-associated 
hormonal and stress-related disturbances. The 
comparative assessment of several compounds 
and both thyroid and stress-related hormones 
strengthens the study. Further pharmacological 
and mechanistic studies are needed to clarify their 
broader practical significance.

CONCLUSION

	 In hypothyroid conditions, decreased 
T3 and T4 levels reduce sympathetic nervous 
system activity and diminish the effects of 
epinephrine. Concurrently, stress induces activation 
of the hypothalamic-pituitary-adrenal (HPA) 
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axis, resulting in elevated cortisol secretion. 
Consequently, under hypothyroid conditions, 
the sympathoadrenal response is suppressed, 
and a cortisol-based compensatory mechanism 
predominates.  Our results demonstrate that plant-
derived polyphenols are capable of restoring this 
neuroendocrine imbalance. The increase in free 
T3 and T4 indicates improved thyroid function 
and enhanced peripheral hormone conversion 
processes. Normalization of cortisol levels and 
stabilization of epinephrine suggest reestablishment 
of HPA axis homeostasis. A potential mechanism 
underlying these effects is the antioxidant and 
anti-inflammatory activity of polyphenols, which 
may reduce oxidative stress in thyroid and adrenal 
tissues, thereby improving hormone synthesis and 
receptor sensitivity. Therefore, hypothyroidism 
is not merely a thyroid pathology but a complex 
disorder affecting the entire neuroendocrine 
system. Plant-derived polyphenols exert multi-
level regulatory effects and represent a promising 
therapeutic approach for restoring functional 
balance between the HPT and HPA axes.
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