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Abstract

Background: Hypothyroidism is a major endocrine disorder characterized by the dysfunction of thyroid hormones.

Objectives: This study aimed to investigate the potential therapeutic effects of an oily extract derived from black walnut
(Juglans nigra) kernels on methimazole-induced hypothyroidism in adult Wistar rats.

Methods: In this experimental study, hypothyroidism was induced by the oral administration of methimazole at a single dose
of 25 mg/kg body weight. In this research, 40 adult male rats were used in five groups of eight, all of which were administered
orally. At the end of the experimental period, blood samples were collected from the hearts of animals for the evaluation of
oxidative stress and thyroid function parameters. Serum malondialdehyde (MDA) and nitric oxide (NO) levels were assessed as
markers of oxidative stress, while catalase (CAT) and superoxide dismutase (SOD) enzyme activities were measured as indicators
of antioxidant defense. Thyroid hormone levels [triiodothyronine (T3), thyroxine (T4), and thyroid-stimulating hormone (TSH)]
were determined using ELISA-based assay kits. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post-
hoc test.

Results: Black walnut kernel oil was found to contain essential fatty acids, various hydrocarbons, and phenolic compounds.
Consequently, using treatment with black walnut kernel extract in hypothyroidism rats, the SOD and T4 levels were decreased in
the methimazole-treated stress group in comparison with the control group (P > 0.05), while T3 and CAT levels were
significantly decreased in the methimazole-treated stress group in comparison with the control group (P < 0.05). Furthermore,
the TSH, Anti thyroid peroxidase (TPO), NO, and MDA levels were increased in the methimazole-treated stress group in
comparison with the control group (P> 0.05).

Conclusions: Although the ethanolic extract of black walnut (J. nigra) led to an increase in T4 levels in hypothyroid rats, the
change was not statistically significant, and T3 levels were significantly decreased. Therefore, the extract did not demonstrate a
clear improvement in thyroid function.

Keywords: Hypothyroidism, Black Walnut, Malondialdehyde, Nitric oxide, Catalase, Superoxide Dismutase.
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1. Background

Hypothyroidism is a clinical syndrome caused by a
deficiency of  thyroid hormones. Clinically,
hypothyroidism manifests as an increase in serum
concentrations of thyroid-stimulating hormone (TSH)
accompanied by decreased levels of free
trilodothyronine (FT4) and free thyroxine (FT3) (1).

Hypothyroidism is usually associated with symptoms
such as slow brain activity, fatigue, muscle weakness,
drowsiness, slow heart rate, reduced cardiac output, and
decreased blood volume (2). It also causes disorders and
clinical symptoms in all body systems, including the
respiratory system, which is accompanied by symptoms
of alveolar hypoventilation, hypercapnia, skeletal
muscle myopathy, decreased pulmonary carbon
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monoxide diffusion, respiratory failure, and obstructive
sleep apnea (3). The thyroid gland is one of the largest
endocrine glands, and its hormones, thyroxine (T4) and
trilodothyronine (T3), play an important role in
regulating  metabolism, growth, development,
maturation, and reproduction. Thyroid hormones are
essential for differentiation, growth, metabolism, and
physiological functions across all body tissues (4, 5).
Treatment with methimazole is a suitable method for
inducing hypothyroidism. This substance is classified as
a thionamide antithyroid medicine, which can control
and treat hyperthyroidism. Methimazole inhibits the
synthesis of thyroid hormones by blocking thyroid
peroxidase (TPO) activity within the gland (6).

Free radicals are involved in the development and
pathogenesis of some diseases. Antioxidants can
prevent the formation of free radicals, scavenge them,
or accelerate their destruction. Antioxidants are the first
line of cellular defense against free radical damage and
are crucial for maintaining good health and well-being
(7). A common complication of hypothyroidism is an
imbalance in the antioxidant system and increased
oxidative stress (8). When the production of free radicals
exceeds the capacity of the antioxidant defense system,
it disrupts physiological homeostasis and contributes to
cellular dysfunction (9). Oxidative stress is a
pathological process that occurs because of an
imbalance in the antioxidant defense systems.
Furthermore, the antioxidant enzymes, including
catalase (CAT) and superoxide dismutase (SOD), can
protect the tissues from free radical damage by
neutralizing them. The SOD converts superoxide free
radicals into oxygen, deactivating their function.
Peroxidation of unsaturated fatty acids is one of the
most important pathological effects of free radicals. For
instance, malondialdehyde (MDA) is a highly toxic
biocompound, forming from oxidative damage to cell
membrane lipids (10, 11). Black walnut, Juglans nigra L.,
belongs to the Juglandaceae family. Traditionally, black
walnut has been used in herbal medicine for the
treatment of various ailments, including stomachache,
asthma, eczema, skin disorders, sinusitis, endocrine
disorders, as well as infectious and parasitic diseases. It
also exhibits notable antimicrobial and antioxidant
properties (12). Different parts of the walnut, including
the green skin on the walnut fruit, the bark, the kernel,
and the walnut leaves, are used in traditional medicine
and pharmacognosy (13, 14). The higher antioxidant
phenolic contents and monounsaturated fatty acids of
black walnut make it more valuable in terms of

nutritional and medical aspects compared to Persian
walnut (15), which is famous for its antioxidant activity
resulting from its fatty acids, phenolic content, tannins,
tocopherols, and indoleamine (16). Besides, tannin and
the extract of black walnut kernel act as antibiotic
agents, inhibiting the growth of Staphylococcus aureus
(17,18).

2. Objectives

Given these properties, we aimed to evaluate the
therapeutic potential of the extract of black walnut (J.
nigra) kernels in the treatment of methimazole-induced
hypothyroidism in Wistar rats. Accordingly, we assessed
the extract's effects on thyroid tissue and the oxidant-
antioxidant factors in hypothyroid rats.

3. Methods

3.1. Ethical Statement and Animals

The study protocol followed the guidelines for the
care and use of laboratory animals developed by the
Ethics Committee at the Islamic Azad University,
Neyshabur Branch, Iran. Forty adult male Wistar rats
weighing 200 + 20 g, purchased from the Pasteur
Institute (Iran), were employed in this experiment.
Female rats undergo hormonal fluctuations that can
alter biochemical parameters and thyroid hormone
levels. Therefore, in this study, male rats were used due
to the absence of such hormonal changes. They were
housed in transparent cages under standard lab
conditions (temperature 23 + 2°C, humidity 60 * 4%, and
a 12-hour cycle of light and darkness), with free access to
standard rodent food and tap water ad libitum.

3.2. Extraction and Chemical Analysis

Fresh kernels of black walnut (100 g) were powdered,
and the oil was extracted for 24 hours at room
temperature with ethanol (250 mL, 96%) as the solvent.

Using a Whatman® microfilter (0.45 pm pore diameter),
the resultant extract was filtered, and the ethanol was
eliminated using a rotary evaporator (Buchi Rotavapor
R-200) at 40°C for six hours. The chemical composition
of the black walnut kernel oil was identified using gas
chromatography-mass spectrometry (GC-MS) on an
Agilent Technology 7890 Agus chromatograph MASS
Spectrometer system (model 5975C, USA) outfitted with
an HP-5MS column (30 m length, an internal diameter of
025 mm, and a 0.25 pm film thickness; Agilent
Technologies, USA).
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3.3. Total Phenolic Quantification

The total phenol concentration of the extract was
determined using Folin-Ciocalteu's reagent and external
calibration with gallic acid. In brief, 250 pL of filtered
extract (10 mg/mL) was incubated at 37°C with 0.2 M
Folin-Ciocalteu reagent (1.25 mL). After 5 minutes, 1 mL
of Na,CO, (10%) was incubated with the solution for two

hours at room temperature. Using a UV-2100
spectrophotometer (UNICO America), the solution's
optical density was observed at 760 nm compared to a
blank. The total phenol concentration was reported as
ng of gallic acid equivalents (GAE) per gram of dry
extract (19). All assays were conducted in triplicate, and
averages were reported.

3.4. Total Flavonoid Quantification

The total flavonoid concentration of the black walnut
kernel extract was quantified with the aluminum
chloride colorimetric assay (20). In brief, 250 uL of the
walnut kernel extract (10 mg/mL) was incubated at 37°C
in a mixture of methanol (750 pL), aluminum chloride
10% (50 uL), potassium acetate (1 M, 50 uL), and purified
water (1.4 mL). After 30 minutes, the optical density
compared to a blank was determined at 415 nm. The
total flavonoid concentration was reported as pg of
quercetin equivalents (QUE) per gram of dry extract. All
assays were conducted in triplicate, and averages were
reported.

3.5. Experimental Design

To induce hypothyroidism, methimazole was given
to rats by gavage at a dose of 25 mg/kg body weight. The
drug administration method was as follows: The walnut
extract was prepared at a concentration of 1000 mg/kg
body weight. It is necessary to pull the head skin back
slightly to open the rat's mouth and leave the esophagus
completely open. Then, the extract was inserted into the
rat's mouth using a syringe equipped with a gavage
needle. The needle should be easily inserted into the
esophagus, and care should be taken to ensure that the
extract is swallowed completely and does not come out
of the mouth. The same method was also used to
administer distilled water to the control group. In this
study, the duration of feeding distilled water and walnut
extract was considered to be 42 days, which was done
daily between 8 - 9 am. The drug was administered orally
at a fixed time of day. In animal grouping, the total
number of rats used in this study was 40 (Table 1).
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Initially, these rats were weighed and placed into 5
groups of eight based on weight range.

Group 1or control group, which received only water
and concentrated food during the study period. Group 2
or stress control group, which received about 25 mg of
methimazole per kilogram of rat body weight dissolved
in 1 mL of distilled water by oral gavage. Group 3 or
control group receiving plant extract, which received
only black walnut ethanolic extract at a rate of 1000 mg
per kilogram of body weight daily and orally by gavage.
Group 4 or stress group receiving plant extract, which
received 25 mg per kilogram of body weight of
methimazole, was initially stressed, then fed by walnut
extract at a rate of 1000 mg per kilogram of body weight
daily and orally by gavage. Group 5 or the stress group
received levothyroxine. In this group, rats in the stress
group were administered 0.1 mg levothyroxine tablets
(manufactured by Iran Hormone Pharmaceutical
Company) at a dosage of 1.6 micrograms per kilogram of
body weight dissolved in 1 mL of water by daily gavage
for 6 weeks. Twenty-four hours after the last
administration, the animals were anesthetized, and
blood was collected from their ventricles. Their serum
was immediately separated and divided into separate
vials, which were stored at -20°C until the time of
measuring thyroid hormones and oxidant and
antioxidant factors (21).

3.6. Serum Levels of Thyroid Hormones and Thyroid-
Stimulating Hormone

To assess the levels of T4, T3, and TSH, an ELISA thyroid
hormone assay kit manufactured by Pishgaman Sanjesh
Isatis Company of Iran was used. In this ELISA test, a
specific monoclonal antibody prepared against one of
the antigenic indices of T4, T3, and TSH molecules was
used (22). To assess the levels of thyroid peroxidase
antibody (anti-TPO), an ELISA anti-TPO assay kit
manufactured by Mybiosource Company of the United
States was used. The optical density of serum specimens
was observed at 450 nm by a microplate ELISA reader
(Bio-Rad, USA).

3.7. Determination of Malondialdehyde Levels

The Wills method was used to evaluate the level of
MDA. In this method, the amount of MDA in the serum
sample was evaluated by the reaction of the sample with
thiobarbituric acid (TBARS) using a spectrophotometer
at a wavelength of 532 nm. Correspondingly, 2.5 mL of
trichloroacetic acid solution was mixed with 0.5 mL of
serum from the studied animal in a test tube, and the
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Table 1. The Tested Groups in This Study

Groups  Purpose Dosage (per kg) Treatment Description

1 Negative control Water + Standard food Healthy control

2 Positive disease model 25 mgfkg Methimazole only Hypothyroid (stress control)

3 Assess extract alone 1000 mglkg Walnut extract only Walnut control

4 Assess therapeutic effect 25 mg[kg +1000 mg/kg Methimazole + Walnut Treated with walnut after stress induction
5 Compare with standard therapy 25 mg/kg +1.6 pglkg Methimazole + Levothyroxine Standard drug treatment

mixture was heated in a boiling bath for 15 minutes.
Then, the tubes were cooled down to room temperature
and centrifuged at 1000 g for 10 minutes at 4°C. Two mL
of the supernatant obtained from the centrifugation
was transferred into a new test tube, and 1 mL of TBARS
acid solution was added to it. The tubes were again
placed in the boiling bath for 15 minutes, and after
cooling down to room temperature, their absorbance
was evaluated against a blank at a wavelength of 523 nm
(23).

3.8. Assessment of Catalase Activity

To measure the activity of the CAT enzyme in the
serum of the studied animal, the Abei method was
employed. In this method, a CAT substrate solution was
prepared by mixing hydrogen peroxide (12 mM) and
phosphate buffer (50 mM, pH 7.2). Subsequently, about 3
mL of CAT substrate solution and 50 uL of serum from
the studied animal were mixed in a test tube, and the
change in absorbance was evaluated
spectrophotometrically at a wavelength of 240 nm every
30 seconds for 2 minutes against a blank (24).

3.9. Assessment of Superoxide Dismutase Activity

The Kono method was employed to measure the
activity of the SOD enzyme in the serum of the studied
rats. In this method, 2 mL of the SOD assay solution was
mixed with 50 pL of hydroxylamine hydrochloride
solution and 50 pL of the serum from the studied
animal in a test tube. The rate of hydroxylamine
autoxidation was then evaluated
spectrophotometrically at 560 nm every 30 seconds for
2 minutes against a blank (25).

3.10. Nitric Oxide Level Assessment

To determine the level of nitric oxide (NO) in the
serum of the studied rats, the Griess reagent and the
colorimetric method were used. For this, equal volumes
of rats’ serum samples (750 microliters) were mixed
with the same volume of Griess reagent in a test tube.

The resulting mixture was then incubated for 10
minutes at ambient temperature in the dark. The
reaction mixture of nitrite with Griess reagent turns
purple. The absorbance of the samples against the blank
was then read at 540 nm (26).

3.11. Statistical Analysis

IBM SPSS Statistics software (version 21, USA) was
employed for statistical analysis. One-way ANOVA and
Tukey's post-hoc tests were used to compare the
biochemical values among the experimental groups. P-
values less than 0.05 were considered statistically
significant.

4. Results

Our study considered the treatment effects of the
extract of black walnut in a methimazole-induced
hypothyroidism model in rats. All rats survived until the
end of the experiment.

4.1. Chemical Composition of the Walnut Oil

To extract the oil from black walnut kernel (Figure 1),
its powder was mixed well with EtOH at room
temperature overnight. Then, the mixture was filtered
off to obtain a clear extract. EEOH was removed slowly at
40°C using a rotary instrument under reduced pressure.
The oily extract was then analyzed using a GC-Mass
instrument. As shown in Figure 2, GC-MS analysis of an
extract of black walnut kernels revealed a variety of
phytochemical compounds.

Literature surveys reveal that linoleic acid (55 - 94%)
and oleic acid (13 - 24%) are the main fatty acids in
walnut oil (27). Considerable amounts of
monounsaturated oleic acid and small amounts of
saturated fatty acids are suitable for maintaining a
healthy life, preventing cardiovascular diseases (28).
Noticeably, polyunsaturated acids constitute the largest
amount of walnut oil; however, palmitic acid was also
found as the main saturated fatty acid in the range of 5 -
6% (29). GC-Mass analysis (Table 2, Figure 3) of the J. nigra
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Figure 1. Juglans nigra, black walnut

oil exhibited the presence of linoleic acid in the highest
percentage (21.2%), followed by oleic acid (17.9%), stearic
acid (9.1%), palmitic acid (12.2%), and myristic acid (1.0%),
respectively.

Various studies have revealed that walnut oil
contains more than fifteen hydrocarbons, among which
the main alkanes were C14 - C20. The species of walnut
and the environment can affect the alkane composition
(27). For instance, AbouRayya et al. discovered that
nonadecane (30.07%) and octacosane (17.17%) constitute
the main hydrocarbons in kernel oil of walnut trees
growing in a private commercial region located in Egypt
(30). Here, GC-Mass analysis shows the presence of
various saturated hydrocarbons from dodecane (Ci12) to
hentriacontane (C31), among which tetradecane,
pentadecane, and nonadecane were predominant.

In 2022, Xu et al. found that phenolic ingredients of
walnut can inhibit the growth of Colletotrichum
gloeosporioides, showing anti-fungal activities (34). GC-
Mass analysis could detect three kinds of phenolic
compounds, including 2-ethylhexyl trans-4-
methoxycinnamate, hydroxycinnamic acid, and 2,4-di-
tert-butylphenol. Previously, 2,6-di-tert-butylphenol
(42.9%) and 2,4-di-tert-butylphenol (1.0 - 68.0%) were

Iran ] Pharm Res. 2025; 24(1): €161449

extracted from Turkish walnut (32). In 2018, Persic et al.
identified 16 phenolic compounds in the fresh kernel of
walnut, among which hydroxycinnamic acid and quinic
acid were the most abundant phenolic compounds (35).
Hydroxycinnamic acid and its derivatives are bioactive
natural compounds, exhibiting antioxidant, anticancer,
antibacterial, and anti-inflammatory activities (36-38). It
must be added that 2.3% of the walnut oil ingredients
were not identifiable.

4.2. Phenolic and Flavonoid Content

Folin-Ciocalteu and aluminum chloride colorimetric
procedures were utilized to measure the total phenolic
levels and flavonoid contents of black walnut kernel oil.
The results showed the oil contained 150 + 8 ng of GAE
per g of extract for phenolic compounds and 83.3 + 5.5
ng of QUE per g of extract for flavonoid compounds,
which are predictors of walnut kernel antioxidant
capacity.

4.3. Thyroid Hormones

In our study on the effects of the ethanolic extract of
Persian black walnut (Table 3), findings indicated that
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Figure 2. A gas chromatogram of the chemical elements in the hexane extract of walnut kernels; the X-axis represents compound abundance, and the Y-axis represents retention

time.

administration of this extract led to an increase in
serum T4 hormone levels (612 + 0.28, P > 0.05)
compared to the methimazole-induced stress group (5.6
+ 035, P < 0.05) as well as the levothyroxine-treated
stress group (5.6 + 0.48, P < 0.05). This suggests that the
ethanolic extract of black walnut was more effective
than levothyroxine in improving thyroid function in
methimazole-induced hypothyroidism. However, the
differences were not statistically significant (P> 0.05).

Regarding the effect of the extract on serum T3
hormone levels, our results showed that the
methimazole-treated stress group exhibited a
significant decrease in T3 levels compared to the control
group (0.48 £ 0.08, P < 0.05). Furthermore, in the
methimazole-stressed group that received the black
walnut extract, the extract did not significantly restore
T3 levels (0.44 £ 0.15, P> 0.05) and was less effective than
levothyroxine in enhancing T3 levels compared to both
the stress and control groups. Given that T3 is primarily
produced in the liver through the peripheral conversion
of T4, it is likely that rats exposed to methimazole
experienced some degree of hepatic impairment or
toxicity, either from the drug itself or the extract. This
may have hindered the conversion of T4 to T3, leading to
unchanged or suboptimal T3 levels despite extract

administration. Therefore, it can be inferred that the
lack of improvement in T3 levels is likely due to
impaired liver function in this process. Furthermore,
the TSH and anti-TPO levels were increased in the
methimazole-treated stress group in comparison with
the control group (P> 0.05).

4.4. Assessment of Oxidant Status

Despite the presumed antioxidant effect, oxidative
stress markers (Table 4) such as NO and MDA showed an
increase. This can be explained by the fact that in our
comparisons, the stressed group was compared to the
control group, while the extract-treated stressed groups
were compared to the methimazole-treated stress
group. Additionally, the extract-treated stress group was
also compared to the levothyroxine-treated stress
group. The MDA and NO concentrations were measured
to determine the amount of reactive oxygen species
(ROS). Consequently, using treatment with black walnut
kernel extract in hypothyroidism rats, the NO and MDA
levels were increased in the methimazole-treated stress
group in comparison with the control group (P > 0.05).
The concentrations of NO and MDA in rats from the
methimazole-stress group treated with black walnut
extract were reduced compared to the methimazole-
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Table 2. Chemical Composition of Ethanolic Extract of Walnut Kernel

Chemical Categories (%) Carbon Number Content (%) Reference Content (%)
Fatty acids 63.4
Myristic acid C14 1.0 0.02-1.9(30,31)
Palmitic acid or palmitate esters C16 12.2 6.2-30.6(27,29,30)
Linoleic acid C18:2 212 57-64(27,30)
Oleic acid or ethyl oleate C181 17.9 13-24(27,31)
Stearic acid or stearate esters C18:0 9.1 2.7-31(27,30)
Alkanes 17.8 2-47(32)
Hentriacontane C31 0.4
Octacosane C28 0.4
Heptacosane C27 0.4
Hexacosane C26 0.8
Pentacosane C25 0.7
Tetracosane C24 0.4
Tricosane Cc23 0.7
Docosane C22 0.7
Heneicosane C21 0.7
Eicosane C20 0.6
Nonadecane C19 17
Octadecane C18 0.7
Heptadecane C17 12
Hexadecane C16 15
Pentadecane Ci15 27
Tetradecane C14 23
Tridecane C13 0.7
Dodecane C12 1.2
Cinnamic acid derivatives 0.5-2.5
2-Ethylhexyl trans-4- methoxycinnamate C18 0.5
Hydrocinnamic acid C9 4.3
Phenols 18.8 2-68(32,33)
2,4-Di-tert-butylphenol C14 83
4-tert-Octylphenol Cl4 24

stress group (P > 0.05). Similarly, the concentration of
NO in the methimazole-stress group treated with
levothyroxine was also reduced compared to the
methimazole-stress group (P > 0.05). Furthermore, the
concentration of MDA in the methimazole-stress group
treated with levothyroxine showed a significant
reduction compared to the methimazole-stress group (P
<0.001).

Despite the anticipated antioxidant properties of the
tested extract (next section), the results demonstrated
an unexpected increase in the levels of oxidative stress
biomarkers, namely MDA and NO. Several possible
explanations may account for this observation,
involving the effect of time on the antioxidant activities
of the extract, dose-dependent effects, or assay
limitations. Further studies using varying doses and

Iran ] Pharm Res. 2025; 24(1): €161449

time points are necessary to fully understand the redox-
modulating properties of the extract.

4.5. Assessment of Antioxidant Status

The CAT and SOD (Table 5) were measured to
determine the body's antioxidant capacity.
Consequently, using treatment with black walnut kernel
extract in hypothyroidism rats, the SOD level was
decreased in the methimazole-treated stress group in
comparison with the control group (P > 0.05), while the
CAT level was significantly decreased in the
methimazole-treated stress group in comparison with
the control group (P < 0.05).

The concentrations of SOD and CAT in rats from the
methimazole-stress group treated with black walnut
extract increased compared to the methimazole-stress
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Figure 3. The structures of fatty acids and phenolic compounds found in Juglans nigra oil

group (P > 0.05). Similarly, the concentrations of SOD . . '
and CAT in the methimazole-stress group treated with 46 Histopathological Analysis

levothyroxine also increased compared to the In the assessment of thyroid tissue, qualitative
methimazole-stress group (P> 0.05). evaluation of pathological lesions was performed. The
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Table 3. Biochemical Evaluation of Thyroid Hormone Profiles Following Black Walnut Extract Administration

b

Variables Control Control-Stress Control-Walnut Stress-Walnut Stress-Levothyroxine

T4 (nmol/L) 6.06+0.40 5.6+£035 5.68+0.41 6.12£0.28 5.6+0.48
P-value 0.002 0.004 0.633 0.717 0.005

T3 (nmol/L) 0.74+0.11 0.48+0.08°€ 0.48+010°€ 0.44+0.15 0.52+0.13
P-value 0.001 0.004 0.004 0.925 0.925

TSH (ng/mL) 1.85+0.69 2.66+030 1.43+0.30 171039 $$ 121+ 0.47 $$$
P-value 0.000 0.034 0.632 0.011 0.000

Anti-TPO (IU/mL) 30.26+£3.97 32.88+1.91 29.88+5.26 3114 £ 4.01 2438+6368
P-value 0.029 0.405 1.000 0.733 0.014

Abbreviations: T4, thyroxine; T3, triiodothyronine; TSH, thyroid-stimulating hormone; anti-TPO, thyroid peroxidase antibody.

@ Values are expressed as mean + SD.

b If the difference between the means is not statistically significant (P> 0.05), it is meaningless and no symbol is used.

This sign indicates a comparison with the control group. The difference between the means of two treatments is significant at P < 0.05.

Table 4. Oxidative Stress Markers Include Malondialdehyde and Nitric Oxide * b

Variables Control Control-Stress Control-Walnut Stress-Walnut Stress-Levothyroxine

MDA (umol/L) 2.93+£0.14 339£035 2.46+033 2.97+031 2.46+0.10 $$$
P-value 0.000 0.180 0.112 0.519 0.000

NO (pmol/L) 26.18 £3.32 30.46 £1.77 26.53 %115 25.25+4.08 2418+33
P-value 0.014 0.132 0.997 0.028 0.012

Abbreviation: MDA, malondialdehyde.

@ Values are expressed as mean + SD.

b 1f the difference between the means is not statistically significant (P > 0.05), it is meaningless and no symbol is used.

Table 5. Antioxidant Factors Including Catalase and Superoxide Dismutase

Variables Control Control-Stress Control-Walnut Stress-Walnut Stress-Levothyroxine

SOD (U/mL) 0.388£0.008 0.37+0.015 0.4+0.01 0.374+0.018 0.392£0.019
P-value 0.407 0.673 0.948 0.999 0.453

CAT (U/mg) 108.77£5.15 91514839 103.4+£6.38 93.19 £10.17 96.73 £ 8.10
P-value 0.014 0.040 1.000 0.987 0.487

Abbreviations: SOD, superoxide dismutase; CAT, catalase.

@ Values are expressed as mean + SD.

ba comparison with the control group. The difference between the means of two treatments is significant at P> 0.05..

absence of lesions was recorded as negative. A scoring
system was used: 1+ indicated mild lesions, 2+ moderate
lesions, and 3+ (which was not observed in this study)
indicated severe lesions (Table 6). Three main
pathological changes were evaluated: Congestion,
vacuolar degeneration, and infiltration of inflammatory
cells (Figure 4). In the control group (Figure 4A), no
pathological lesions were observed; there was no
congestion, vacuolar degeneration, or inflammatory cell
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infiltration. Similarly, in the group treated with black
walnut extract alone, no lesions were detected.

In the methimazole-treated group, moderate
congestion was observed, along with mild vacuolar
degeneration and mild infiltration of inflammatory
cells. This suggests a doseresponse effect of
methimazole. In the group receiving both methimazole
and black walnut extract, mild congestion and mild
vacuolar degeneration were observed, but no
infiltration of inflammatory cells was detected. These
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Table 6. Thyroid Tissue
Variables Inflammatory Cell Infiltration Vacuolar Degeneration Congestion
Control - - R
Walnut extract - - -
Methimazole + + T+
Methimazole + Walnut extract - + +
Methimazole + Levothyroxine - - ++

Figure 4. Thyroid tissue: A, control group showing normal thyroid tissue architecture; B, black walnut extract group showing normal histological appearance; C, methimazole
group exhibiting vascular congestion (1), vacuolar degeneration (-), and inflammatory cell infiltration (*); D, methimazole + black walnut extract group showing vascular
congestion (1) and vacuolar degeneration (=), with no inflammatory infiltration; E, methimazole + levothyroxine group showing vascular congestion (1), with no other
pathological findings (abbreviation: H&E, hematoxylin and eosin staining; magnification 40x).

findings suggest that black walnut extract may exert
anti-inflammatory effects by reducing inflammatory
cell infiltration. Moreover, it also reduced congestion,
although it did not show any significant effect on
vacuolar degeneration. In the group treated with both

10

methimazole and levothyroxine, no change in
congestion was observed compared to the methimazole-
only group (i.e., moderate congestion), while vacuolar
degeneration and inflammatory cell infiltration were
not observed. In the histological images, upward arrows

Iran ] Pharm Res. 2025;24(1): e161449
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Figure 5. Experimental design

indicate vascular congestion, rightward arrows indicate
vacuolar degeneration, and asterisks represent
inflammatory cells.

5. Discussion

Hypothyroidism is one of the most important
endocrine gland diseases, leading to the dysfunction of
the thyroid hormones. We evaluated the effect of an oily
extract of black walnut (J. nigra) Kkernels on
methimazole-induced hypothyroidism in adult Wistar
rats.

[ran | Pharm Res. 2025; 24(1): e161449

In the study by Sharafati Chaleshtori et al., walnut
kernel extract exhibited antimicrobial effects against
three bacteria, making it a potential food preservative.
The total phenol content of this extract was 365 * 14.17
mg/g gallic acid equivalent, and its total flavonoid
content was 285 * 12.25 mg/g (39). According to our
findings, the phenolic content of black walnut kernel
was 150 = 8 g gallic acid per gram of extract, while its
total flavonoid content was 83.3 * 5.5 ug quercetin per
gram of extract.

In the study by Mirazi et al., it was found that the
ethanolic extract of sage (Salvia) could influence thyroid
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function by increasing thyroid hormone levels in
hypothyroid rats. The ethanolic extract of certain plants,
such as sage, stimulates the thyroid due to its anti-
peroxidase and antioxidant properties, leading to
elevated concentrations of T3 and T4 (40). Based on our
results, the ethanolic extract of black walnut did not
cause a significant difference in blood T4 levels in the
studied rats (P > 0.05). However, regarding T3, black
walnut extract led to a decrease in its concentration
compared to the control group (P < 0.05).

On the other hand, Zabihi et al. found that the
ethanolic extract of Teucrium polium increased serum
thyroid hormone levels and reduced TSH levels (41). Our
study revealed that the extract of black walnut increased
TSH levels in rats exposed to methimazole-induced
stress compared to the control group (P > 0.05), which
contrasts with their findings.

Overall, TPO antibodies play a crucial role in tissue
damage associated with hypothyroidism caused by
Hashimoto’s thyroiditis and atrophic thyroiditis. The
cytotoxic effects of these antibodies on thyroid cells are
attributed to their ability to fix complement, which
accelerates thyroid dysfunction (42). Bhakat et al. found
that vitamin D deficiency is a risk factor for Hashimoto’s
thyroiditis. Their study demonstrated that vitamin D
supplementation reduces thyroid autoimmunity,
indicating a positive effect on both thyroid function and
autoimmunity (43). In our research (Figure 5), the
extract of black walnut had no significant effect on anti-
TPO levels in rats subjected to methimazole-induced
stress compared to the control group (P> 0.05).

Under normal conditions, a certain amount of free
radicals is generated as a result of cellular activity and
metabolism. These radicals are neutralized by
antioxidants such as SOD and CAT in the body,
maintaining a balance between oxidative stress and
antioxidant defense. Any factor that disrupts this
balance — either by increasing free radical production
or reducing antioxidants — ultimately leads to oxidative
stress, which in turn can contribute to pathological
changes in the body (44). Scientific literature indicates
that thyroid hormones play a vital role in numerous
physiological processes, including oxidative
metabolism regulation and mitochondrial respiration
enhancement, which results in increased ROS
production. Previous studies have reported that both
hyperthyroidism and hypothyroidism are associated
with oxidative stress and cellular damage (45, 46). In the
study by Okays et al., it was observed that SOD and CAT
levels were significantly reduced in the hypothyroid
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group compared to the control group. Hypothyroidism
alters the oxidant-antioxidant balance in serum and
tissues (47). Based on our findings, the extract of black
walnut had no significant effect on SOD levels (P > 0.05),
but it significantly reduced CAT levels in methimazole-
stressed rats compared to the control group (P < 0.05).

Baskol et al. reported that increased ROS levels in
hypothyroidism may create a  pro-oxidative
environment, leading to elevated MDA and NO levels.
Consequently, lipid peroxidation may contribute to the
pathogenesis of atherosclerosis in hypothyroidism (8).
In our study, the extract of black walnut increased the
levels of oxidative markers MDA and NO in
methimazole-stressed rats compared to the control
group (P> 0.05).

On the other hand, thyroid hormones have been
shown in previous studies to increase NO production via
the phosphatidylinositol 3-kinase/protein kinase B
(PI3K/Akt) signal transduction pathway (48). Because NO
is an oxidized nitrogen species, it has been used as an
oxidative stress marker in several diseases. Numerous
studies with contradictory findings have investigated
the relationship between NO and thyroid disorders. For
example, Mehrazin et al. discovered that
hypothyroidism reduced the formation of NO
metabolites in serum samples and the aortic wall of rats
with propylthiouracil-induced fetal hypothyroidism
(49). Likewise, Kumar et al. found that NO
concentrations were significantly lower in hypothyroid
subjects (50). Nevertheless, Verma et al. discovered that
hypothyroid patients have considerably higher NO
concentrations compared to healthy subjects (51).

Despite the well-documented antioxidant properties
of walnut extract, mainly attributed to its phenolic
compounds and unsaturated fatty acids, our findings
revealed a paradoxical increase in oxidative stress
markers, particularly MDA and NO, in the methimazole-
stressed rats treated with walnut extract.

This observation contradicts the hypothesis of
antioxidant protection and raises several mechanistic
questions. One potential explanation is that the dose of
walnut extract used (1000 mg/kg) may have been
insufficient or inappropriate under the oxidative
conditions induced by methimazole. Alternatively, the
extract’s high polyunsaturated fatty acid content
(especially linoleic and oleic acids) may have increased
lipid peroxidation substrates, resulting in elevated MDA
formation despite the presence of antioxidant
phenolics.

[ran | Pharm Res. 2025;24(1): 161449
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Regarding NO, although NO can act as a signaling
molecule with vasodilatory and cytoprotective roles, its
overproduction, especially in the absence of adequate
scavenging mechanisms, can lead to nitrosative stress.
The observed increase in NO levels in this study may
reflect an imbalance in NO synthase activity or an
inflammatory response secondary to methimazole-
induced tissue injury.

Furthermore, it is possible that the bioavailability
and metabolic fate of walnut extract components were
compromised in hypothyroid rats. Hypothyroidism is
associated with reduced hepatic clearance, altered
enzyme activity, and mitochondrial dysfunction, all of
which could affect both oxidative metabolism and the
pharmacodynamics of plant-derived compounds.

Despite the well-established antioxidant properties
of black walnut, our findings showed a paradoxical
increase in oxidative stress markers MDA and NO in
methimazole-treated rats. This outcome may be
attributed to several possible factors. First, the extract
dosage may not have been sufficient to counteract
methimazole-induced oxidative stress, or conversely,
might have introduced additional oxidative substrates
due to its high polyunsaturated fatty acid content.
Second, the duration of treatment (6 weeks) may not
have allowed for full antioxidant responses to manifest.
Third, the antioxidant activity of plant-based extracts is
known to be context-dependent, varying with the
metabolic and inflammatory status of the host.
Additionally, assay limitations and lack of tissue-level
measurements (e.g., lipid peroxidation in thyroid or
liver tissues) may have affected the interpretation of
oxidative stress outcomes. These limitations should be
addressed in future studies using a broader range of
doses, time points, and molecular oxidative biomarkers
to better characterize the redox effects of black walnut
extract under hypothyroid conditions.

5.1. Conclusions

While the ethanolic extract of black walnut showed a
trend toward increased T4 levels, the change was not
statistically significant, and T3 levels were significantly
decreased. Therefore, no definitive improvement in
thyroid function was observed. Future studies are
required to further clarify these effects. Our study has
some limitations. First, liver enzymes were not
examined in the current study. Also, we did not assess
non-enzymatic antioxidants such as retinol (vitamin A)
and alpha-tocopherol. Moreover, the presence of trace
elements such as iodine, which is important for thyroid

Iran ] Pharm Res. 2025; 24(1): €161449

hormone synthesis, was not investigated in our
research. Therefore, these limitations need to be
included in future studies. In addition, we proposed
that future research investigate the effects of walnut leaf
extract on hypothyroidism. It is also recommended to
consider the effect of walnut kernel extract on
hyperthyroidism. In summary, these findings highlight
the complexity of plant-based antioxidant therapy in
endocrine disorders and emphasize the need for
comprehensive mechanistic studies that include tissue-
level oxidative damage assays, time-course analyses, and
metabolic profiling of extract constituents.
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