


ORIGINAL RESEARCH ARTICLE
PHYTOCHEMICAL ANALYSIS AND IN VITRO ANTI-INFLAMMATORY POTENTIAL OF THE ETHANOLIC EXTRACT OF TRIGONELLA FOENUM-GRAECUM (FENUGREEK) SEEDS


ABSTRACT 
Inflammation is a complex physiological response that, when prolonged, contributes to the onset of various chronic disorders.Trigonella foenum-graecum (fenugreek) seeds are traditionally used in managing inflammatory conditions, but scientific validation of their efficacy remains limited. This study investigated the phytochemical composition and evaluated the in vitro anti-inflammatory activities of the ethanolic extract of fenugreek seeds. Qualitative analysis was performed to identify major phytochemicals, while the anti-inflammatory potential of the extract was determined using two models: membrane stabilization and protein denaturation inhibition assays, with aspirin serving as the reference standard. All experiments were conducted in triplicate, and data were analyzed using one-way ANOVA followed by Duncan’s multiple range test at a significance level of p < 0.05. The phytochemical analysis revealed the presence of flavonoids, phenols, saponins, alkaloids, tannins, terpenoids, steroids and cardiac glycosides in varying intensities.The extract exhibited a concentration-dependent inhibition of hemolysis and protein denaturation. At 800 µg/mL, it showed 10.51 ± 0.31% membrane stabilization compared to 27.79 ± 0.22% for aspirin, while at 400 mg/mL, it produced 69.90 ± 0.34% inhibition of protein denaturation relative to 84.46 ± 0.51% for aspirin. These effects suggest that the extract’s anti-inflammatory activity may be attributed to the presence of flavonoids, saponins, and phenolic compounds, which enhance membrane integrity and prevent the release of inflammatory mediators. In conclusion the ethanolic extract of T. foenum-graecum seeds possesses significant in vitro anti-inflammatory activity through membrane stabilization and protein denaturation inhibition. These findings provide pharmacological support for the traditional use of fenugreek seeds in the management of inflammatory disorders and highlight their potential as a natural source of anti-inflammatory agents.
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1. INTRODUCTION
Inflammation act as a protective mechanism targeted on eliminating harmful stimuli and initiating the healing process. It is the basic biological effect of the body to injury, infection, or chemical irritation. (Medzhitov, 2008). There two different types of inflammation, the Acute inflammation  which can be beneficial,  and chronic or uncontrolled inflammation which can cause the onset and progression of several pathological conditions like rheumatoid arthritis, diabetes, cardiovascular diseases, cancer, and neurodegenerative diseases (Gupta et al., 2018; Chen et al., 2017). The management of Inflammation can be through the use of synthetic drugs such as non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids. However, long term use of these agents is often causes adverse effects like gastric ulcers, renal impairment, and hepatic toxicity (Vane & Botting, 2003). This has increased the interest for safer, plant-derived anti-inflammatory compounds with comparable efficacy and fewer side effects.
Medicinal plants are natural sources of bioactive phytochemicals that contains multiple therapeutic properties, which include antioxidant, anti-inflammatory, and immunomodulatory activities (Lobo et al., 2010). Anti-inflammatory effects of plant extracts are often attributed to their ability to stabilize biological membranes, inhibit protein denaturation, and suppress the synthesis or release of pro-inflammatory mediators such as prostaglandins, cytokines, and reactive oxygen species (Srinivasan et al., 2016). In vitro anti-inflammatory assays—such as inhibition of protein denaturation and membrane stabilization—are simple, reproducible, and are commonly used methods for preliminary screening of anti-inflammatory agents (Shinde et al., 1999).
Fenugreek seed also known as Trigonella foenum-graecum L.,, is an annual herb belonging to the family Fabaceae and is extensively cultivated in Asia, the Mediterranean, and Africa. Fenugreek seeds is traditionally used in herbal medicine to manage ailments like diabetes, inflammation, and gastrointestinal disorders (Srinivasan, 2006). Phytochemical studies have also revealed that fenugreek seeds contain rich secondary metabolites, which include alkaloids (trigonelline, choline), flavonoids, saponins (diosgenin), phenolic acids, and tannins, and all contribute to its pharmacological potential (Acharya et al., 2006; Dixit et al., 2005). These constituents have showed diverse biological activities, including antioxidant, hypoglycemic, hypolipidemic, and anti-inflammatory properties (Raju & Bird, 2006; Kumar et al., 2010).
Previous study revealed that the anti-inflammatory effects of fenugreek seeds may be mediated through its antioxidant mechanisms, membrane-stabilizing capacity, and inhibition of protein denaturation, which collectively reduce tissue injury during inflammation (Sowmya & Rajyalakshmi, 1999; Shakibaei et al., 2012). Despite these findings, the in vitro anti-inflammatory potential of fenugreek seed ethanol extract remains underexplored and justify further scientific validation.
Thus, the present study was aimed to evaluate the in vitro anti-inflammatory activity of Trigonella foenum-graecum seed ethanolic extract using established models such as protein denaturation inhibition and human red blood cell (HRBC) membrane stabilization assays. The outcome of this research will provide scientific evidence supporting the traditional use of fenugreek in managing inflammatory conditions and contribute to the development of natural anti-inflammatory agents from plant sources.

2. MATERIALS AND METHODS
2.1 INSTRUMENTS:
Table 1: List of Instruments Used in the Phytochemical analysis and in vitro Anti-inflammatory assays of Trigonella foenum-graecum Seed Extract
	
	Instrument/Equipment
	Model/Type 
	Manufacturer 

	
	Rotary Evaporator
	
	Gallenkamp Germany 

	
	Electric Grinder
	QBL-20B
	China

	
	Spectrophotometer
	SPM 721-2000
	Bio-trust diagnostics, USA 

	
	Weighing Balance
	
	Gallenkamp, England 

	
	PH Meter
	HI2211
	Woonsocket, RI, USA

	
	Centrifuge 
	80-2
	Jiangsu, China

	
	Water Bath   
	BKS-350
	Gallenkamp, Germany 

	
	Refrigerator 
	77305-2060
	Haier Thermocool, China 

	
	Filter Paper
	Whatman No. 1
	Kimax, USA 

	
	Glasswares(Beakers, Flasks, cylinders e.t.c)
	Borosilicate Type A
	Pyrex, England



2.2. Chemicals/Reagents 
All chemicals and reagents used in this study were of analytical grade and obtained from standard commercial sources. The reagents are ethanol (70%), bovine serum albumin (BSA), aspirin (acetylsalicylic acid), sodium chloride (NaCl), sodium citrate, citric acid, dextrose, hydrochloric acid (HCl, 1 N), phosphate-buffered saline (PBS, pH 7.4), potassium mercuric iodide solution, bismuth potassium iodide solution, magnesium turnings, concentrated hydrochloric acid, sodium hydroxide (1 M), ferric chloride (FeCl₃), chloroform, concentrated sulfuric acid (H₂SO₄), acetic anhydride, and distilled water.

2.3. Collection and Preparation of Plant Material
Trigonella foenum-graecum (fenugreek) seeds was purchased from a local market in Umuahia, Abia State, Nigeria. The seeds were authenticated by a taxonomist in the Department of Plant Science and Biotechnology, Michael Okpara University of Agriculture, Umudike, Abia State, where a voucher specimen was deposited. The seeds were thoroughly washed, air-dried at room temperature (25 ± 2 °C), and ground into fine powder using an electric blender. The powdered sample was stored in an airtight container until extraction.
2.4. Preparation of Ethanolic Extract
250 g of the powdered fenugreek seed was macerated in 1L of 70% ethanol for 48 hours with occasional stirring. The mixture was filtered through Whatman No. 1 filter paper, and the filtrate was concentrated to dryness under reduced pressure using a rotary evaporator at 40 °C. The crude extract obtained was weighed, stored in a sterile container, and preserved at 4 °C until required for analysis. The percentage yield of the extract was calculated using the formula:
Percentage yield (%) =     Weight of extract                × 100
                                      Weight of powdered sample

2.5. Phytochemical Screening
Qualitative phytochemical analysis was conducted on the ethanolic extract of fenugreek seeds following standard procedures described by Harborne (1998) and Trease and Evans (2002) to identify the presence of alkaloids, flavonoids, saponins, tannins, phenols, steroids, and terpenoids.
2.6. In Vitro Evaluation of Anti-inflammatory Activity 
Inhibition of Protein Denaturation
The anti-inflammatory activity of the extract was assessed by evaluating its ability to inhibit heat-induced albumin denaturation following the method of Mizushima and Kobayashi (1968) with slight modifications. Where 2 mL of the extract at concentrations (50, 100, 200, 400, and 800 µg/mL) was mixed with 1 mL of 1% aqueous solution of bovine serum albumin (BSA). The reaction mixture was adjusted to pH 6.3 using 1 N HCl and incubated at 37 °C for 20 minutes. The samples were heated at 70 °C for 5 minutes, and allowed to cool, and the absorbance was measured at 660 nm using a spectrophotometer. Aspirin (100 µg/mL) was used as the standard drug, while the control received distilled water only.  The percentage inhibition of protein denaturation was calculated as:

Inhibition (%) = Acontrol - Asample × 100
                                  Acontrol 
where
Ac  = absorbance of control and  
As = absorbance of sample or standard.

2.7. Membrane Stabilization Assay (Hypotonic Solution-Induced Hemolysis)
The human red blood cell (HRBC) membrane stabilization method was used as described by Oyedapo et al. (2010). 2 mL of whole blood sample was collected from healthy human volunteers who had not taken NSAIDs for two weeks prior to the experiment and mixed with equal volume of Alsever’s solution (2% dextrose, 0.8% sodium citrate, 0.05% citric acid, and 0.42% sodium chloride). The blood was centrifuged at 3000 rpm for 10 minutes, and the packed cells were washed three times with normal saline (0.9% NaCl). A 10% (v/v) erythrocyte suspension was prepared in isotonic saline.
Thereafter, 1 mL of the extract at different concentrations (100, 200, 300 and 400 µg/mL), 1 mL of phosphate buffer (pH 7.4), 2 mL of hypotonic saline (0.25% NaCl), and 0.5 mL of erythrocyte suspension were together mixed. The control received all the reagents except the extract, while aspirin (100 µg/mL) served as the reference standard. The mixtures were incubated at 37 °C for 30 minutes and centrifuged at 3000 rpm for 10 minutes. The absorbance of the supernatant was measured at 560 nm, and the percentage inhibition of hemolysis was calculated as:
Inhibition of hemolysis (%) = Acontrol - Asample × 100
                                                          Acontrol 
Where
Ac  = absorbance of control 
As = absorbance of sample or standard.
2.8. Statistical Analysis
All experiments were performed in triplicate. The results were expressed as mean ± standard deviation (SD). Data were analyzed using one-way analysis of variance (ANOVA) followed by Duncan’s multiple range test to determine statistical significance. Differences between means were considered significant at p < 0.05.

 3. RESULTS AND DISCUSSION 
Table 2. Showed the Qualitative Phytochemical analysis of the ethanolic extract of fenugreek seeds.
	Phytochemical group
	Result

	Alkaloids 
	+

	Phenols 
	++

	Terpenoids 
	+

	Cardiac glycosides 
	+

	Steroids 
	± variable 

	Saponins
	++

	Flavonoids
	++

	Tannins
	+ mild


From the preliminary phytochemical analysis as presented in table 2 above, the level of occurrence was represented with the symbol "+". 
3.1. Qualitative Phytochemical Analysis
The qualitative phytochemical analysis of the ethanolic extract of Trigonella foenum-graecum (fenugreek) seeds in Table 2, showed a strong presence of phenols, flavonoids, and saponins, while alkaloids, terpenoids, tannins, and cardiac glycosides were moderately present; steroids showed a variable reaction. The level of occurrence was indicated using the symbol “+.” The high amount of phenols and flavonoids indicates a strong antioxidant potential, as these compounds are known for their free radical–scavenging and anti-inflammatory effects (Kumar et al., 2020; Odeyemi & Afolayan, 2021). Saponins contributes to membrane stabilization, and also inhibits inflammatory processes by preventing lysosomal membrane lysis—mechanisms that are consistent with the membrane-stabilizing and anti-inflammatory properties seen in subsequent assays (Basu et al., 2022). Alkaloids and terpenoids, are found in moderate amount, they play a vital role in antimicrobial, analgesic, and anti-stress properties (Choudhary et al., 2019). The presence of cardiac glycosides revealed that the extract may influence cardiac contractility, while the mild presence of tannins points to potential astringent and antimicrobial roles (Singh & Kumar, 2021). The variable reaction for s poteroids may indicate that ethanol selectively extracted only small amounts, depending onlarity and solubility conditions. 
In this study, the results agrees with the previous study reports on fenugreek seeds extract, which revealed that ethanol effectively extracts a wide variety of antioxidant and anti-inflammatory phytoconstituents (Mishra et al., 2020; Patel et al., 2023). The presence of these metabolites provides a biochemical basis for the traditional application of fenugreek seeds for managing oxidative stress–related and inflammatory disorders.
3.2. In vitro Anti-inflammatory Activity of the Ethanolic Extract of Trigonella foenum-graecum (fenugreek) Seeds.
Table 3: Membrane Stabilization Assay (Hypotonic Solution-Induced Hemolysis)
	Concentration (µg/mL)
	Extract (Mean ± SD)
	Aspirin (Mean ± SD)

	50
	1.62 ± 0.04a
	5.55 ± 0.06b

	100
	3.72 ± 0.16a
	7.89 ± 0.09b

	200
	5.02 ± 0.07a
	14.47 ± 0.07b

	400
	7.95 ± 0.17a
	20.99 ± 0.10b

	800
	10.51 ± 0.31a
	27.79 ± 0.22b


Values are expressed as Mean ± SD (n = 3). Different superscript letters (a–b) within the same row indicate significant differences (p < 0.05) according to one-way ANOVA followed by post hoc (Duncan’s) test.
3.2.1. Membrane Stabilization Assay (Hypotonic Solution-Induced Hemolysis)
The membrane stabilization assay serves as an indicator of anti-inflammatory potential. It evaluates the ability of bioactive compounds to prevent red blood cell (RBC) lysis in a hypotonic medium. Table 3 showed the ethanolic extract of Trigonella foenum-graecum which exhibited concentration-dependent protection of erythrocyte membranes, with percentage inhibition ranging from 1.62 ± 0.04% at 50 µg/mL to 10.51 ± 0.31% at 800 µg/mL. Although the standard drug aspirin increased significantly with inhibition (5.55 ± 0.06% to 27.79 ± 0.22%), both treatments demonstrated a clear dose–response relationship.
The protective effect of the extract on erythrocyte membranes showed its ability to stabilize lysosomal membranes and prevent the release of pro-inflammatory agents. This effect may be due to the combined activity of saponins, flavonoids, and phenolic compounds, which enhance membrane reinforcement and reduce oxidative damage (Basu et al., 2022; Odeyemi & Afolayan, 2021). The same results have been reported for fenugreek extracts demonstrating strong anti-inflammatory and cytoprotective effects (Mishra et al., 2020; Patel et al., 2023). Therefore, the membrane-stabilizing potential observed in this study lends scientific support to the traditional therapeutic use of fenugreek seeds in managing inflammatory conditions like hypothyroidism.

Table 4: Protein Denaturation Inhibition Activity 
	Concentration (mg/mL)
	Extract (% Inhibition, Mean ± SD)
	Aspirin (% Inhibition, Mean ± SD)

	100
	35.87 ± 0.28ᵃ
	59.65 ± 4.35ᵇ

	200
	48.56 ± 0.31ᵃ
	68.93 ± 0.20ᵇ

	300
	66.13 ± 0.31ᵃ
	76.37 ± 0.79ᵇ

	400
	69.90 ± 0.34ᵃ	
	84.46 ± 0.51ᵇ


Values are expressed as Mean ± SD (n = 3). Different superscript letters (a–b) within the same row indicate significant differences (p < 0.05) according to one-way ANOVA followed by Duncan’s multiple range post hoc test.
3.2.2. Protein Denaturation Inhibition Activity
One of the mechanism widely used to evaluate the anti-inflammatory activity of natural compounds is the inhibition of protein denaturation. Protein denaturation plays a crucial role in the pathogenesis of inflammation, as denatured proteins can act as auto-antigens and trigger tissue damage (Umapathy et al., 2010). In table 4, the ethanolic extract of fenugreek seeds exhibited a concentration-dependent inhibition of protein denaturation, with percentage inhibition values ranging from 35.87 ± 0.28 % at 100 mg/mL to 69.90 ± 0.34 % at 400 mg/mL. Although aspirin demonstrated a higher inhibitory effect (59.65 ± 4.35 %–84.46 ± 0.51 %), the extract produced a statistically significant (p < 0.05) activity across all tested concentrations.
This results reveals that the extract contains compounds that have the ability of stabilizing proteins against thermal denaturation, thus mitigating inflammatory responses. This mechanism may be due to the presence of phenolic and flavonoid constituents, which protect proteins from oxidative or conformational injury (Odeyemi & Afolayan, 2021). These findings align with previous reports confirming the anti-inflammatory potential of fenugreek through both membrane stabilization and protein denaturation pathways (Patel et al., 2023; Mishra et al., 2020). Therefore, T. foenum-graecum seeds can be regarded as a promising natural source of bioactive compounds with significant anti-inflammatory efficacy.

3.3. Conclusion
The findings of this study reveal that the ethanolic extract of Trigonella foenum-graecum (fenugreek) seeds possesses significant phytochemical constituents, including flavonoids, phenols, tannins, alkaloids, and saponins, which contribute to its strong antioxidant and anti-inflammatory potential. The extract demonstrated dose-dependent radical scavenging and membrane-stabilizing effects comparable to standard drugs, indicating its ability to protect biological membranes and suppress protein denaturation. These bioactivities suggest that the synergistic interaction of the phytochemicals enhances the extract’s capacity to mitigate oxidative stress and inflammatory damage.
Therefore, T. foenum-graecum seed extract may serve as a promising natural source of therapeutic agents for managing inflammation-related disorders and oxidative stress–associated diseases.
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