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ABSTRACT
Goiter, a common manifestation of thyroid dysfunction, is often linked to iodine deficiency, environmental toxins, and autoimmune disorders. Potassium perchlorate (KClO₄) is a recognized goitrogen that inhibits iodine uptake, leading to hypothyroidism, oxidative stress, and systemic inflammation. This study evaluated the “Protective effects of Trigonella foenum-graecum seed extract on KCLO₄-Induced Thyroid Dysfunction and Inflammation” in female albino rats. Twenty-five rats were divided into five groups: normal control, KClO₄-only, KClO₄ + FSE 200 mg/kg, KClO₄ + FSE 400 mg/kg, and KClO₄ + levothyroxine (standard). Treatments were administered orally for 14 days following goiter induction. Body weight, thyroid hormones (T₃, T₄, TSH), and pro-inflammatory cytokines (TNF-α, IL-1β, IL-6) were measured. KClO₄ significantly decreased body weight and thyroid hormone levels while elevating TSH and inflammatory cytokines. FSE treatment improved body weight and restored T₃ and T₄ in a dose-dependent manner, with 400 mg/kg showing the most pronounced effects. TNF-α and IL-1β were substantially suppressed by FSE, whereas IL-6 reduction was moderate. Levothyroxine normalized hormonal and inflammatory profiles but caused lower weight gain. Phytochemical analysis revealed bioactive compounds such as flavonoids and saponins, potentially responsible for the observed effects. These findings indicate that FSE possesses thyroid-protective and anti-inflammatory properties and may serve as a safe adjunct or alternative to conventional therapy in managing hypothyroidism and goiter.
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INTRODUCTION
Goiter, defined as an abnormal enlargement of the thyroid gland, remains a prevalent clinical condition worldwide. Its etiology includes iodine deficiency, autoimmune disorders, genetic predisposition, and exposure to environmental toxins (Zimmermann and Boelaert, 2022). Among the recognized goitrogenic agents, potassium perchlorate is notable for its ability to competitively inhibit iodine uptake into the thyroid gland, thereby impairing thyroid hormone synthesis. This disruption leads to hypothyroidism accompanied by compensatory thyroid enlargement (Zhu & Yang, 2023). Potassium perchlorate–induced goiter is also associated with oxidative stress, elevated pro-inflammatory cytokines, and structural alterations in thyroid tissue, further complicating its management. 
Given the limitations and side effects of conventional therapies, there is growing interest in natural remedies with fewer adverse effects for managing thyroid dysfunction. Fenugreek (Trigonella foenum-graecum), a leguminous plant traditionally used for medicinal purposes, has gained attention due to its diverse pharmacological activities. In particular, its anti-inflammatory, antioxidant, and immunomodulatory properties are highly relevant in the context of thyroid-related disorders (Goyal, 2021; Sood and Sood, 2019). Studies have shown that extracts of fenugreek seeds can modulate inflammatory mediators, attenuate oxidative stress, and support immune balance, thereby potentially protecting thyroid tissue against goitrogenic insults (Alsuliam et al., 2022; Das and Sur, 2019).
Furthermore, female subjects are disproportionately affected by thyroid disorders compared to males. This increased susceptibility has been linked to hormonal fluctuations during menstruation, pregnancy, and menopause, as well as higher prevalence of autoimmune conditions such as Hashimoto’s thyroiditis among women (Hu et al., 2022). These factors contribute to a greater risk of thyroid dysfunction and goiter in females, making them a critical focus of thyroid-related research.
This study, therefore, investigates the “Protective Effects of Trigonella foenum-graecum Seed Extract on KCLO₄-Induced Thyroid Dysfunction and Inflammation” in female albino rats, with the aim of exploring its potential as a natural therapeutic alternative.
2.0  MATERIALS AND METHODS
2.1 Chemicals and Reagents
Potassium perchlorate (KClO₄) was used for goiter induction. Randox commercial kits were employed for biochemical assays. Other reagents and laboratory equipment included digital scales, animal cages, centrifuge, homogenizer, ELISA kits, spectrophotometer, chromatography system, ultrasound machine, blood test analyzer, as well as surgical and anesthesia tools for tissue collection.

2.2 Plant Material Collection and Preparation
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Fig 1: Trigonella foenum-graecum (fenugreek) seed 


Fenugreek (Trigonella foenum-graecum) seed were purchased from a local market, in Umuahia, Abia State, Nigeria. The seeds were rinsed thoroughly with clean water to remove impurities, sun-dried to prevent mold growth, and ground into fine powder using an electric grinder to increase the surface area for extraction.
2.3 Extraction of Plant Material
The powdered seeds were extracted using 70% ethanol. A total of 200 g of seeds powder was soaked in 1000 mL of ethanol for 72 hours with intermittent shaking. The mixture was filtered through muslin cloth and Whatman No. 1 filter paper. The filtrate was concentrated to dryness under reduced pressure using a rotary evaporator at 40–45 °C. The crude extract was stored in an airtight container at 4 °C until further use.
2.4 Phytochemical Analysis
Both qualitative and quantitative phytochemical screening of fenugreek seed extract was conducted. Gas chromatography coupled with mass spectrometry (GC-MS) and spectrophotometry were employed to identify and quantify bioactive compounds present in the extract.
2.5 Acute Toxicity (LD₅₀) Determination
The acute oral toxicity of fenugreek seed crude extract was evaluated following OECD Guideline 425, with slight modifications (OECD, 2001).
Phase I: Nine (9) female albino rats were divided into three groups (n=3 per group) and administered 10 mg/kg, 100 mg/kg, and 1000 mg/kg of the extract orally. Rats were observed for 24 hours for signs of toxicity and mortality.
Phase II: In the absence of mortality, nine (9) additional rats were divided into three groups (n=3 per group) and treated with 1600 mg/kg, 2900 mg/kg, and 5000 mg/kg, respectively. Animals were monitored for 24 hours.
The LD₅₀ was determined as the geometric mean of the highest non-lethal dose and the lowest lethal dose. The safe experimental doses of 200 and 400 mg/kg body weight were selected for fenugreek treatment.
2.6 Experimental Animals
A total of twenty-five (25) healthy female albino rats, aged 6–8 weeks and weighing 150–180 g, were obtained from the Animal House, Department of Biochemistry, Abia State University, Uturu, Nigeria. The rats were housed in well-ventilated cages under standard laboratory conditions (temperature 23–37 °C, 12 h light/dark cycle, and adequate bedding). Animals were acclimatized for 14 days prior to experimentation and were fed with standard pelleted chow and water ad libitum.
2.7 Experimental Design
The twenty five (25) rats were randomly assigned into five groups (n=5 per group) as follows:
Group I (Normal control): no induction or treatment.
Group II (Goiter control): induced with KClO₄ only.
Group III (Low-dose fenugreek): induced with KClO₄ and treated with 200 mg/kg fenugreek extract.
Group IV (High-dose fenugreek): induced with KClO₄ and treated with 400 mg/kg fenugreek extract.
Group V (Standard treatment): induced with KClO₄ and treated with levothyroxine.
2.7.1 Induction of Goiter
Goiter was induced by oral administration of potassium perchlorate (0.4 mL daily via gavage) for 14 days to inhibit iodine uptake and mimic hypothyroidism.

2.7.2 Fenugreek Treatment
After induction, rats in Groups III and IV were treated orally with 200 mg/kg and 400 mg/kg fenugreek crude extract, respectively, once daily for 14 days.
2.7.3 Standard Treatment
Rats in Group V received levothyroxine orally as standard therapy.
2.8 Monitoring and Data Collection
The experimental period lasted for 28 days, including induction and treatment phases. Rats were observed daily for behavioral and physical changes, clinical signs of toxicity, and mortality. Body weights were recorded weekly throughout the study. At the end of the experiment, rats were anesthetized, and blood and thyroid tissues were collected for analyses.
2.9 Measurement of Body Weight
The body weight of each rat was recorded at three stages:
Initial weight: before the commencement of the experiment.
Post-induction weight: immediately after goiter induction.
Final weight: at the end of the treatment period.
The mean weight change and percentage weight change were calculated from the overall mean weight gain or loss across the 4-week study period.
2.10  Biochemical Analyses
Blood Collection and Serum Preparation
Blood samples were collected via cardiac puncture under anesthesia into plain and EDTA tubes. Serum was separated by centrifugation at 3000 rpm for 10 minutes and stored at –20 °C until analysis.
Thyroid Hormones
Serum levels of triiodothyronine (T₃), thyroxine (T₄), and thyroid-stimulating hormone (TSH) were quantified using ELISA kits (Randox, UK).
Cytokines
Pro-inflammatory cytokines, including TNF-α, IL-1β, and IL-6, were determined using rat-specific ELISA kits.
2.11 Statistical Analysis 
Data were expressed as mean ± SD. One-way ANOVA followed by Tukey’s post hoc test was applied. Significance was considered at p < 0.05.












3.0 Results & Discussion
3.1 Animal profiling
Table 1. showed the animals (Albino rats) profiling within the 28 days of the study.
	Groups 
	Treatments
	Milli-litre (ml)

	Number of death
	Observations


	1.
	Control Group
	None 
	None
	Normal 

	2.
	KClO4 only 
	0.6 ml
	None
	No mortality, weight loss 

	3.
	KClO4 +FE 200mg/kg
	0.6 ml
	None
	No mortality, no clinical or behavioral abnormalities were observed, weight gain 

	4.
	KClO4 + FE 400mg/kg
	1.2 ml
	None
	No mortality, no clinical or behavioral abnormalities were observed, weight gain 

	5.
	Standard drugs (Levothyroxine)

	0.3 ml
	None
	No mortality, restlessness, anxiety, weight loss.


No deaths occurred in any group. KClO₄ induced visible goiter in Groups II–V, absent in Group I. Levothyroxine-treated rats showed mild anxiety and reduced weight gain (Table 4).
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Figure 2: showed image of Normal control albino rat and Rats with enlargement of the thyroid gland (goiter).

Table 2 Effect of fenugreek seed ethanol extract on body weight changes in albino rats with KClO₄-induced goiter
	Group
	Initial weight (g) Day 1
	Post- induction weight (g)         Day 14
	Final weight (g)
Day 28
	weight gain (g)
	%wieght gain

	Normal control 
	163.48±7.89a,b,4
	173.±5.5582a,5
	185.64±5.17c,6
	22.6
	13.55%

	Negative control (KClO4 only)
	161.55±5.71a,3
	167.66±4.53a,4
	170.26±3.71a,4
	8.71
	5.39%

	KClO4 + FE 200mg/kg
	163.98±5.12a,b,4
	171.56±7.05a,5
	177.39±4.55a,b,5
	13.41
	8.17%

	KClO4 + FE 400mg/kg
	164.86±7.09a,b,3
	173.15±7.22a,4
	181.02±8.09b,c,4
	16.16
	9.80%

	Standard drugs (Levothyroxine)
	172.59±5.77b,3
	172.34±6.86a,3
	176.80±6.40a,b,3
	4.21
	2.44%


Values are presented as mean ± standard deviation (n = 5); and mean with different letter superscripts are significantly (P < 0.05) different within the column.
Table 2 presents the effects of fenugreek seed ethanol extract (FSE) and levothyroxine (LT4) on body weight in albino rats with KClO₄-induced goiter. The normal control group exhibited steady growth over 28 days (13.55% weight gain), reflecting normal metabolic and anabolic activity. In contrast, KClO₄-only rats (negative control) showed markedly reduced weight gain (5.39%), confirming that KClO₄-induced hypothyroidism impairs growth and basal metabolism (Lee et al., 2014).

Treatment with FSE partially restored body weight in a dose-dependent manner, with 200 mg/kg and 400 mg/kg groups achieving 8.17% and 9.80% weight gain, respectively. This improvement suggests that FSE may enhance metabolic or anabolic processes under hypothyroid conditions, potentially via antioxidant activity, anti-inflammatory effects, or stimulation of growth-related pathways (Bhardwaj et al., 2018).
Interestingly, LT4-treated rats showed the lowest weight gain (2.44%), despite its known ability to normalize thyroid hormone levels. This observation may reflect species-specific differences in thyroid hormone physiology and incomplete peripheral conversion of T₄ to active T₃ in rodents, limiting anabolic recovery (Bianco & Kim, 2006). Additionally, the increase in basal metabolism induced by LT4 may elevate energy expenditure without proportional anabolic gain.
Overall, these findings indicate that FSE supports body weight maintenance under hypothyroid conditions more effectively than LT4 in this model, highlighting its potential as a complementary metabolic intervention. However, further studies measuring thyroid hormone levels, energy expenditure, and body composition are warranted to confirm the mechanisms underlying these effects.








Table 3. Effect of fenugreek seed ethanol extract on serum thyroid hormones in albino rats with KClO₄-induced goiter
	Treatments
	T3 (ng/ml)
	T4 (µg/dl)
	TSH (µIU/ml)

	Normal control
	1.35±0.11b
	5.55±0.30b
	0.52±0.04b

	KClO4 only
	0.94±0.09a
	4.49±0.55a
	1.01±0.11d

	KClO4 + FE 200mg/kg
	1.05±0.06a
	5.38±0.44c
	0.83±0.08e

	KClO4 + FE 400mg/kg
	1.81±0.17d
	6.51±0.27c
	0.67±0.04c

	Standard drugs (Levothyroxine)
	1.60±0.07c
	10.95±0.43d
	0.15±0.04a


Values are presented as mean ± standard deviation (n = 5); and mean with different letter superscripts are significantly (P < 0.05) different within the column.
KClO₄ administration caused significant reductions in T₃ and T₄, with compensatory increases in TSH, confirming hypothyroidism induction via inhibition of iodide uptake (Brent, 2012).
FSE treatment significantly improved thyroid hormone levels in a dose-dependent manner. At 200 mg/kg, partial restoration of T₃, T₄, and TSH was observed, whereas 400 mg/kg markedly increased T₃ and T₄ while normalizing TSH, indicating strong thyroid-stimulating activity. These effects may be mediated by flavonoid-induced modulation of thyroid peroxidase activity, saponin-driven follicular regeneration, and enhanced iodide uptake and organification (Saxena et al., 2015; Singh & Gupta, 2017).
Levothyroxine, as expected, elevated T₄ substantially and suppressed TSH. However, the hormonal overshoot indicated iatrogenic hyperthyroidism, highlighting one limitation of synthetic therapy. In contrast, FSE achieved a more balanced hormonal restoration, suggesting potential as a safer alternative or adjunct.
Table 4 Effect of fenugreek seed ethanol extract on inflammatory markers in albino rats with KClO₄-induced goiter
	Treatments
	TNF-αβ (pg/ml)
	IL-1β (pg/ml)
	IL-6 (pg/ml)

	Normal control
	25.13±2.73a
	0.27±0.04a
	5.46±0.30a

	Negative control (KClO4 only)
	67.67±7.05e
	4.07±0.35d
	14.03±1.34d

	KClO4 + FE 200mg/kg
	52.89±5.48d
	2.13±0.15c
	13.54±1.05d

	KClO4 + FE 400mg/kg
	46.15±3.54c
	1.96±0.09c
	11.00±0.74c

	Standard drugs (Levothyroxine)
	35.96±3.11b
	0.88±0.10b
	 8.44±0.63b


Values are presented as mean ± standard deviation (n = 5); and mean with different letter superscripts are significantly (P < 0.05) different within the column.
Potassium perchlorate (KClO₄) administration induced hypothyroidism in albino rats, resulting in significant elevations in TNF-α, IL-1β, and IL-6 compared to the normal control group (Table 4). This is consistent with previous reports indicating that thyroid hormone deficiency promotes oxidative stress–driven systemic inflammation and upregulates pro-inflammatory cytokines (Duntas & Brenta, 2012; Brent, 2010).
Treatment with fenugreek seed ethanol extract (FSE) led to a dose-dependent reduction in TNF-α and IL-1β, with the higher dose (400 mg/kg) showing more pronounced suppression (TNF-α: 46.15 ± 3.54 pg/ml; IL-1β: 1.96 ± 0.09 pg/ml). The effect on IL-6 was moderate, indicating a selective anti-inflammatory action. These findings align with prior studies reporting anti-inflammatory effects of fenugreek extracts through modulation of NF-κB signaling and antioxidant pathways (Fatima et al., 2022; Kamal et al., 2022; Park et al., 2018).
Levothyroxine, used as the standard drug, achieved the most substantial reduction across all cytokines (TNF-α: 35.96 ± 3.11 pg/ml; IL-1β: 0.88 ± 0.10 pg/ml; IL-6: 8.44 ± 0.63 pg/ml), consistent with its known ability to normalize inflammatory responses in hypothyroidism (Marchiori et al., 2015).
Overall, these results suggest that FSE can attenuate systemic inflammation in KClO₄-induced hypothyroid rats and may serve as a potential adjunct therapy alongside standard treatment. The dose-dependent cytokine suppression observed supports the therapeutic potential of fenugreek seed extract in mitigating inflammation associated with thyroid dysfunction.

Conclusion
The present study demonstrates that Trigonella foenum-graecum (fenugreek) seed ethanol extract (FSE) exerts protective effects against KClO₄-induced thyroid dysfunction and systemic inflammation in female albino rats. FSE administration significantly restored thyroid hormone levels (T₃ and T₄), normalized TSH, reduced pro-inflammatory cytokines (TNF-α, IL-1β, IL-6), and improved body weight in a dose-dependent manner. Compared to standard levothyroxine therapy, FSE provided a more balanced hormonal and metabolic profile, highlighting its potential as a safer, natural alternative or adjunct for managing hypothyroidism and goiter. The observed effects are likely mediated by bioactive phytochemicals, particularly flavonoids and saponins, which may enhance thyroid function and suppress inflammation. These findings support further investigation into FSE’s long-term efficacy and mechanisms, emphasizing its promise as a plant-based therapeutic intervention for thyroid dysfunction and 
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