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Abstract Trigonella hamosa (Genus: Trigonella; Family: Fabaceae), also known as branched

Fenugreek, is a medicinally important plant traditionally employed for the treatment of common

ailments. This study aimed at the evaluation of the chemical composition and biological profile

of T. hamosa. The hydro-methanolic extract of T. hamosa (METH) was prepared through macer-

ation, and subjected to solvent–solvent fractionation to obtain n-hexane fraction (HFTH), chloro-

form fraction (CFTH) and n-butanol fraction of T. hamosa (BFTH). Chemical profiling was carried

out through preliminary phytochemical screening and determination of total phenolic (TFC) and

total flavonoid contents (TFC) and GC–MS analysis. In biological profiling, the extract and frac-

tions were analyzed for in vitro antioxidant, antidiabetic, antibacterial, antiviral and thrombolytic

activities. The preliminary phytochemical screening revealed the presence of various primary and
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secondary metabolites in extract and fractions of T. hamosa, polyphenolic quantification of METH

showed highest TPC (139.32 ± 2.07 mg GAE/g D.E.) and TFC (61.31 ± 3.12 mg QE/g D.E). Sim-

ilarly, a total of 22 compounds were tentatively identified in the GC–MS analysis of HFTH. The

highest antioxidant activity was observed for HFTH in the CUPRAC and DPPH assays followed

by METH which presented maximum results in CUPRAC assay. In vitro antidiabetic assay of

HFTH showed significant alpha-amylase inhibition potential (70.13%) followed by CFTH (53.42

%). In the anti-thrombolytic assay, maximum results were observed for HFTH (60.99 %) followed

by METH (45.24 %). The comparative bioactive fraction was subjected to antibacterial assessment

which presented a concentration-dependent increase in antibacterial activity against various strains;

Escherichia coli with a zone of Inhibition (16 mm), Bacillus subtilis (15 mm), Staphylococcus aureus

(15 mm), Bacillus pumilus (14 mm). Similarly, HFTH exhibited strong antiviral potential against all

the tested viral strains; avian influenza A H9, avian infectious bronchitis virus IBV, and Newcastle

disease virus NDV with strong hemagglutination titers 2, 0, and 2 respectively. Furthermore, the

phytoconstituents identification by GC–MS was further analyzed by subjecting to in-silico molecu-

lar docking analysis for determination of interaction between identified phytoconstituents and a-
amylase enzyme. This study highlighted the antioxidant, antimicrobial, and antidiabetic potential

of aerial parts of Trigonella hamosa that could be further explored for the selection of leads which

may contribute to novel drug development.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Plants’ source is believed as a keystone of drug discovery and develop-

ment. As modern day chemical-based and synthetic drugs are usually

exploited with hesitation because they are often associated with

unwanted effects (George 2011, Jahan et al., 2022). On the other hand,

traditional plant-based remedies are gaining interest due to their char-

acteristics of natural and environment-friendly products with fewer

side effects (Sahoo and Manchikanti 2013). Therefore, the majority

of the global population is still preferring herbals over synthetic

medicines for the treatment of various common ailments (Yuan

et al., 2016, Ferrarini et al., 2022). Medicinal plants have a distinctive

feature of treating and curing various common pathological conditions

owing to the role and contribution of different bioactive phytocon-

stituents that exist in various parts of plants (Yuan et al., 2016,

Anand et al., 2019, Ağagündüz et al., 2022).

From ancient times, various plants with ethnomedicinal signifi-

cance are employed as folklore medicines in various traditional systems

of treatments worldwide (Pandey et al., 2013). Moreover, medicinal

plants have also a marked contribution to the provision of bioactive

constituents. Almost 25 % of the bioactive constituents have been

detected in medicinal plants, which are now applied as prescribed med-

icine by medical practitioners (Pandey et al., 2013, Fernández et al.,

2021). Certain investigations have reported that above 25,000 actual

herbal formulations are used in different traditional systems and used

by healthcare professionals for the treatment of various diseases glob-

ally (Nayak et al., 2020). The bioactive chemical constituents present in

medicinal plants exert pharmacological effects such as antidiabetic,

antibacterial, antiviral, and thrombolytic as well as antioxidant effects

(Yuan et al., 2016, Anand et al., 2019, Khan et al., 2020). Such kind of

bioactive compounds should be analyzed for their candidature in cur-

ing different pathological conditions (Pandey et al., 2013, Yuan et al.,

2016). Herbal formulations are usually prepared from the crude

extracts of plants and their successive fractions. The plant-based phy-

tochemicals are unique in their structure and have the potential to

ameliorate various acute and chronic disorders (Pandey et al., 2013,

Sahoo and Manchikanti 2013). A plethora of bioactive constituents

are present in different medicinal plants, but a very limited number

of the constituents are explored and sustained to be an important

source of bioactive compounds (Keskes et al., 2017). Extractions and

characterization of different sources of therapeutically active com-

pounds from medicinal plant species have paved a way for the delivery
of certain compounds possessing maximum pharmacological potential.

The preliminary screening of the medicinal plants using spectrometric

and chromatographic approaches gives a greater insight into the chem-

ical composition and pharmacological potential, which led the

researchers to select a suitable pharmacological active plant

(Konappa et al., 2020).

In recent times application of GC–MS for the tentative identifica-

tion of phytoconstituents is markedly increased, due to the reliability

of the tool, as well as time and cost-effectiveness features. GC–MS

can give identification of various classes of secondary metabolites such

as steroids, organic acids, log chain hydrocarbons, alcohols, amino

acids, and esters as well as required a very low quantity of plant

extracts (Konappa et al., 2020). Therefore, the GC–MS analysis was

used in the current investigation for tentative identification of the phy-

toconstituents present in Trigonella hamosa, which belongs to the fam-

ily Fabaceae, locally called Eshb (Oshb), el-malik, Daraqraaq and

zeraqraaq, also known as branched Fenugreek (Hamed 2007, Basu

et al., 2017).

T. hamosa is a widely grown annual herb in Taiwan, Egypt, Saudi

Arabia, the Middle Eastern, and Pakistan. Fenugreek has medicinal

properties and these medicinal properties have been reported which

revealed that Fenugreek is rich in antioxidant, antidiabetic, anti-

inflammatory, antimicrobial, anthelmintic, and anticancer properties.

Fenugreek is also used in cardiovascular diseases, gastroprotection,

and obesity. T. hamosa was used in Egypt to promote lactation in nurs-

ing mothers (Mahomoodally 2013). T. hamosa has been used conven-

tionally in Egypt to lower blood glucose levels in individuals with

diabetes Studies have shown that extracts of T. hamosa have hypo-

glycemic activity in animal models (Salah-Eldin et al., 2015). The seeds

and leaves of Fenugreek have been reported to significantly reduce

blood glucose levels in pre-clinical and clinical trials worldwide. There-

fore, Fenugreek is highly sought after as a herb in multinational phar-

maceutical, neutraceutical, and food industries and markets as an

important medicinal herb (Zandi et al., 2017).

Many drug candidates do not reach successfully to the pharmaceu-

tical market because of their poor pharmacokinetic profile, which

results in a high economic loss for pharmaceutical companies (Fang

et al., 2018). Nowadays, computer-aided drug design (CADD)

emerged as a valuable tool applied for the screening of phytochemicals

from various plant species (Sliwoski et al., 2014). Computational pre-

diction models play a significant role in In silico prediction of pharma-

cokinetic, pharmacodynamic, and toxicological properties of the

http://creativecommons.org/licenses/by-nc-nd/4.0/
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compounds (Loza-Mejı́a et al., 2018). The molecular docking

approach identifies the best possible interaction site and binding affin-

ity of the drug candidates which are in the screening stage of drug dis-

covery and development (Konappa et al., 2020).

Therefore, in the current study, we focused on the determination of

biologically active entities from the n-hexane fraction of aerial parts of

T. hamosa through the GC–MS technique. We also evaluated the

antioxidant, antimicrobial, thrombolytic, antiviral, and alpha-

amylase inhibition potential of four different extracts of T. hamosa

with In silico studies to evaluate its role in alpha-amylase inhibition.

2. Material and methods

2.1. Chemicals and reagents

Methanol, n-hexane, n-butanol, chloroform, a-naphthol, Cop-
per Sulphate, Potassium Sodium Tartrate, Potassium hydrox-
ide, Hydrochloric acid, Sulphuric acid, Tetrachloromethane,
Potassium ferrocyanide, Picric acid, Iodine, Potassium iodide,

Acetic anhydride, Mercuric chloride, Nitric acid, Glacial acetic
acid, DPPH (1, 1-diphenyl-1-picryl-hydrazyl), Quercetin, Alu-
minium chloride, Sodium nitrite, Gallic acid purchased from

Sigma Aldrich. Ninhydrin, Lead acetate, Sodium hydroxide,
and Ferric chloride were purchased from Merck, Germany.

2.2. Approval of study and identification of the plant

The aerial parts of Trigonella hamosa were purchased and col-
lected from the local market of Bahawalpur City and identified
as ‘‘Trigonella hamosa” by Mr. Ghulam Sarwar, Lecturer,

Department of Botany, The Islamia University of Bahawal-
pur. The plant specimen was submitted to the herbarium of
the Botany Department, Faculty of Life Sciences, The Islamia

University of Bahawalpur and was assigned voucher no. 1077/
Botany.

2.3. Collection of plant and solid–liquid extraction

The aerial parts of T. hamosa were taken in dried form from
the local market. Through crushing and grinding, the drying

parts were converted into a powder form. The weight of the
powdered material determined was 650 g. The powdered mate-
rial of T. hamosa was soaked in 2 L hydroalcoholic solution
(80% methanol: 20% distilled water) for 3 days with occa-

sional stirring, then the material was filtered using a muslin
cloth. A Buckner funnel was used for further filtration of fil-
tered solvent by passing it through filter paper (no.1). The

amount of filtrate obtained was 1.75 L. The filtrate was evap-
orated via a rotary evaporator (Heidolph Laboratory, Ger-
many) at 45 �C at the speed of 120 rotations per minute.

After complete drying, 60 g of extract was obtained and
labeled as a hydro-methanolic crude extract of aerial parts of
T. hamosa (METH).

2.4. Fractionation

Crude extract of T. hamosa was mixed with water and fraction-
ation was performed with the solvents; n-hexane, chloroform

and n-butanol in increasing order of polarity to form soluble
fractions of each solvent (Dilshad et al., 2022). First n-
hexane was added in the solution of crude extract and poured
into separating funnel. After shaking thoroughly and gently
the mixture was allowed to stand until two layers were sepa-
rated including one crude extract layer and one n-hexane layer.

Process was repeated by adding more aliquots of n-hexane
until all the n-hexane soluble constituents were removed from
the crude extract. The fraction obtained was collected and

dried using rotary evaporator. Furthermore the fraction was
air-dried for complete drying. This is the n-hexane fraction.
The same procedure was repeated with chloroform and

n-butanol to obtain chloroform and n-butanol fractions
(Dilshad et al., 2022). All solvent fractions were stored in a
hermetically sealed container in a cool place for further
investigation.

2.5. Phytochemical composition

2.5.1. Preliminary phytochemical screening

The extract and fractions were then subjected to preliminary
phytochemical investigation to identify the existence of pri-

mary or secondary metabolites of plants, including carbohy-
drates, lipids, proteins, amino acids, resins, alkaloids,
flavonoids, phenols, tannins, steroids, glycosides, and saponins

using previously established protocols (Basit et al., 2022). All
the reagents required for this study were prepared according
to the specifications mentioned in the British Pharmaceutical
Codex and British Pharmacopeia.

2.5.2. Estimation of total polyphenolic contents

2.5.2.1. Total phenolic content (TPC) determination. Different
concentrations of gallic acid (in 0.05 mg-0.5 mg/mL methanol)
were used as a standard to draw a standard calibration curve.

We prepared a 0.5 mg/mL sample solution of crude extract
and various fractions of T. hamosa. In a test tube, an aliquot
of prepared sample solution (0.5 mg/mL), 0.1 mL was taken,

then added (0.1 mL) Folin-Ciocalteu’s reagent. After a few
minutes, 10% Na2CO3 (2.8 mL) was added to the resultant
solution, and the solution was stored in the dark for 30 min.
The absorbance of the solution was measured at k765 nm.

TPC was expressed in terms of mg of Gallic acid equivalent
per gram of dry extract (mg GAE g�1 DE ± SD). The calibra-
tion curve was drawn using various concentrations of gallic

acid (20–100 mg/mL of methanol) to determine the TFC
(Basit et al., 2022).

2.5.2.2. Total flavonoid content (TFC) determination. One
milliliter of the sample (0.5 mg) was taken in a volumetric flask
previously having 4 mL of distilled water. Within the flask, 5%
of 0.3 mL NaNO2 was added and incubated for five minutes.

Subsequently, we added 2 mL of 1 M NaOH, and 0.3 mL of
10% AlCl3, and made up the final 10 mL volume with the
water. The absorbance of the sample was measured at k510
nm wavelength. TFC was calculated as mg of quercetin equiv-
alent per gram of dried extract (mg QE g�1 DE ± SD). The
calibration curve was drawn using various concentrations of

quercetin (20–100 mg/mL of methanol) to determine the
TFC (Basit et al., 2022).

2.5.3. Gas chromatography-mass spectrometry (GC-MS)
analysis

HFTH was analyzed by GC–MS analysis by using an Agilent
7890B mass spectrometer coupled with Mass hunter acquisi-
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tion software. This instrument has a column (non-polar) with
proportions of 30 mm � 0.25 mm ID � 0.25 mm film propor-
tions and HP-5MS ultra-inert capillary. The helium gas was

used as carrier gas at a flow rate of 1.0 mL per minute. The
injector was set at a temperature of 250 �C, and the tempera-
ture of the oven was set in such a way; 50 �C for 5 min, then

step by step increased upto 250� C at a rate of 100 �C per
min, and lastly to 300 �C, for 10 min at a rate of 70 �C per
min. The compounds were identified by analyzing the data

of the NIST 14 library (Basit et al., 2022).

2.6. Antioxidant activity

2.6.1. Free radical scavenging assays

2.6.1.1. DPPH (1, 1-diphenyl-1-picryl-hydrazyl) assay. In
DPPH (1, 1 -diphenyl-2-picrylhydrazyl) assay, 150 mL of
mM DPPH solution and 50 mL of sample solution were added
into a 96 well-plate and incubated for 30 min in the dark room.

The blank sample was prepared with methanol. Similarly,
1 mg/mL stock solution of Trolox was prepared, different dilu-
tions from (3.90 – 62.5 mg.mL�1) were prepared, and the stan-

dard curve was drawn. The absorbance of the samples was
measured at k517 nm. The results were expressed in milligrams
of Trolox equivalents per gram of extract (mg TE.g–1 E)

(Shahzad et al., 2022).

2.6.1.2. ABTS (2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)) assay. In this assay, an equal volume of both 2.45 mM
potassium perpersulfate and 7 mMABTS were mixed and then
incubated at room temperature in the dark, resulting in the
cation formation. The methanol was used to dilute the pre-

pared solution till the absorbance reached approximately
0.700 at k734 nm. After this, previously prepared 2 mL ABTS
solution was mixed with 1 mL of sample solution. Then incu-

bated at room temperature for 30 min. Then absorbance was
measured at 734 nm, and findings were represented as mil-
ligrams of Trolox equivalents per gram of extract (mg TE.

g–1 E) (Shahzad et al., 2022).

2.6.2. Reducing antioxidant power assays

2.6.2.1. FRAP (ferric reducing antioxidant power) assay. In the
FRAP assay, different reagents including 0.3 M acetate buffer
(pH 3.6), 10 mM 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ),

20 mM ferric chloride in 40 mM HCl were prepared and then
mixed with a volume ratio 10:1:1 respectively. A 2 mL of the
above reaction mixture was added to 100 mL of the sample

solution (1 mg/mL) and incubated for 30 min at room temper-
ature. The absorbance was read at k593 nm. The blank sample
was prepared without adding the sample. The above-described

procedure was adopted for various concentrations of Trolox to
draw a standard curve. The results were calculated and
expressed as milligrams of Trolox equivalents per gram of
extract (mg TE.g–1 E) (Ahmad et al., 2022).

2.6.2.2. CUPRAC (CUPric reducing antioxidant capacity)
assay. In this assay, 1 mg/mL solution of the sample, 7.5 mM

neocuproine, 10 mM CuCl2, and 1 M ammonium acetate buf-
fer (pH 7.5) were prepared. With 3 mL of the reaction mixture
of CuCl2, neocuproine, and ammonium acetate buffer having

equal volume, the sample solution (1 mL) was mixed. The mix-
ture was incubated for 30 min, and recorded the absorbance at
k450 nm. The same method was used for different concentra-
tions (5–200 mg/mL) of Trolox to draw a standard curve for
the calculation of the activity. Prepared the blank sample with

methanol without adding sample. The results were calculated
as milligrams of Trolox equivalents per gram of extract (mg
TE/g of extract) (Ahmad et al., 2022).

2.7. Thrombolytic activity

In this study, the blood samples from healthy volunteers with

no medication history of antidepressants were used as per
guidelines of the pharmacy animal and ethical committee of
the faculty of pharmacy (PAEC), The Islamia University of

Bahawalpur, Punjab, Pakistan, with permit number 1078/AS
& RB/15/09/2021. The blood samples drew in sterilized Eppen-
dorf tubes with their weights calculated. Without damaging the
blood clot, we separated the blood serum from the blood sam-

ple and then weighed the Eppendorf tubes again. For each
Eppendorf tube containing blood clots which were pre-
weighed, a sample of 100 mL (1 mg/mL) was added. The pos-

itive control Streptokinase Inj. and negative control non-
thrombolytic control and then separately distilled water
100 mL was added to the Eppendorf tubes. The Eppendorf

tubes having extract and blood samples were then incubated
at a temperature of 37 �C for 90 min and the thrombolytic
activity was measured. The released fluid was removed from
the Eppendorf tubes and then again weighed. The difference

in weight of Eppendorf tubes was noted which showed the
antithrombotic potential of the samples against streptokinase
(Emon et al., 2020, Ghalloo et al., 2022). Before and after

the lysis of the clot the weight difference was indicated as the
percentage of clot lysis.

Percentageofclotlysis ¼ Wr

Wc

� �
x100

Where;
Wr = released clot weight.
Wc = clot weight.

2.8. Antimicrobial activity

2.8.1. Antibacterial activity

2.8.1.1. Test organisms for antibacterial screening. The bacte-

rial strains used in the antibacterial activity were acquired from
a drug testing laboratory, in Bahawalpur, Pakistan. These
strains include 5 g-positive (Bacillus subtilis, Bacillus pumilus,

Staphylococcus aureus, Staphylococcus epidermidis, and Micro-
coccus luteus) and 3 g-negative (Escherichia coli, Pseudomonas
aeruginosa, and Bordetella bronchiseptica).

2.8.1.2. Agar well diffusion method. The antibacterial potential
of HFTH was evaluated using previously established protocols

with little modifications (Ahmad et al., 2019). The properly ster-
ilized Petri dishes were placed in an aseptic environment under
the laminar flow hood and added by 20 mL of NAM (Nutrient
agar media) was to solidify. After that, the prepared bacterial

culture (0.5 McFarland turbidity, which is equivalent to 108

CFU/mL of cell density) was streaked on the surface of the agar
media and placed for drying. Four wells 6 mm each in diameter

were made using a sterile cork borer in dried agar in each Petri
dish. Out of four, in one well, 20 mL of standard (ceftriaxone
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sodium 1mg/mL solution) was added and in the remaining three
wells, 20 mL of prepared extract solution was added using a
micropipette. These Petri dishes were incubated at a tempera-

ture of 37 �C for 24 hrs. After incubation, the zones of inhibition
were measured to determine the antibacterial activity. The
results were expressed as an average of three readings.

2.8.2. Antiviral activity

2.8.2.1. Viruses’ inoculation in chicken embryonated eggs.
Embryonated eggs of chicken were used for the growth of the
virus. TheEggs that are Pathogen-freewere collected fromGovt.
Poultry Farm located at Model Town A, Bahawalpur. For the

sterilization of the eggs, ethyl alcohol was used and a sterilized
common pin was used for making holes into the eggs. By using
a syringe (5 cc), viral strains were injected into the embryonated

eggs via the chorioallantoic route. Then closed the hole with
melted wax after the inoculation. The eggs were incubated at
37 �C temperature for 48–72 h. The allantoic fluid was collected

in the Eppendorf tube using a syringe at 4 �C, then titer viruses
were assessed for further processing (Dilshad et al., 2022).

2.8.2.2. Haemagglutination (HA) test procedure. A round bot-
tom plate and 96-well microtiter were used for executing the
Haemagglutination test. In each well of the microtiter plate,
PBS (50 mL) was added. In the first column, then added sam-

ples (50 mL) and diluted up to the 11th well, and the 12th well
remained as negative control having PBS only. After that 1%
RBC solution (50 mL) was added to all twelve wells, and incu-

bated the plate for a period of 2 to 3 hr at 37 �C. The uniform
red color appeared which described the positive results, how-
ever, red dots appeared at the bottom of the well indicating

negative results. The highest dilution number in the Haemag-
glutination titer exhibited positive results. The test was used
for testing the titer of Newcastle disease virus (NDV), Avian
Infectious Bronchitis Virus (IBV) and Influenza A virus H9

subtype (Dilshad et al., 2022).

2.9. Enzyme inhibition activity

2.9.1. a -amylase inhibition activity

A reaction mixture was prepared for conducting the a-amylase

inhibition assay. This reaction mixture was prepared by adding
25 mL extract or fraction solution, 10 mg/ mL or 50 mL a-
amylase solution within phosphate buffer having pH 6.9 with

6-mM NaCl. This mixture was incubated for period of
10 min at 37 �C and then added to 50 mL of 0.05% of starch
solution. 25 mL of 0.1 M HCl solution was added to stop the
reaction and 100 mL iodine-potassium iodide solution was also

added. Blank was prepared without adding extract and incu-
bated for 10 min at 37 �C. Then recorded the absorbance at
k630 nm. The enzyme inhibition activity was calculated by per-

centage inhibition with the help of the following equation
(Aylanc et al., 2020).

PercentageInhibition ¼ 1� AbsorbanceofSample

AbsorbanceofControl
� 100%
2.10. In-Silico molecular docking studies

In computer-aided drug development (CADD) In silico molec-
ular docking studies are very helpful. A well-centered search
database containing a useful PDB format (Protein Data Bank)
and different approaches to preparing the ligand as PDB files
are needed for the retrieval of molecules. Discovery Studio was

used for enzyme preparation (Discovery Studio 2021 client).
The ligand molecules were chosen from GC–MS analysis of
HFTH, and standards were downloaded in SDF format (struc-

tural data format) from the PubChem database. The Babel was
used for the preparation of ligand molecules. The ready-made
receptors or ligands were loaded in Vina (in PyRx). The target

of the receptor was prepared by removing different unwanted
substances such as cofactors, water molecules, and already
attached ligand molecules. To prepare the ligand, the PDB for-
mat of the 3D structure is converted to Autodock format for

docking processes. The prepared receptor target was saved as
a macromolecule by loading it into the PyRx virtual screening
tool. A molecular docking study was carried out for selected

molecules by using of PyRx software. To prepare ligand, the
PDB format of the 3D structure is converted to Autodock for-
mat for docking processes. The prepared receptor target was

saved as a macromolecule by loading it to the PyRx virtual
screening tool. Values of the binding energy of the interacting
ligand-target complexes were observed, and the Discovery Stu-

dio software program was used for visual analysis of obtained
complexes (Dilshad et al., 2022).

2.11. Statistical analysis

Readings in each experiment were noted in triplicate and
expressed as mean ± standard deviation. One-Way ANOVA
followed by Tukey’s test was applied for the determination

of the statistical significance using GraphPad Prism 7.0 soft-
ware. The p-value < 0.05 was considered statistically
significant.

3. Results

3.1. Chemical composition of T. hamosa

3.1.1. Preliminary phytochemical screening

The results of the phytochemical analysis of primary metabo-
lites and secondary metabolites i.e., resins, alkaloids, phenols,
flavonoids, steroids, glycosides, tannins, and saponins of all

fractions in the extract and various fractions of the T. hamosa
plant as given in Table 1.

3.1.2. Polyphenolic contents in Trigonella hamosa

3.1.2.1. Total phenolic content (TPC). TPC in the extract and

various fractions was estimated by regression equation y = 0.
0125x + 0.098 from the gallic acid standard curve (concentra-
tion range: 3.90 – 250 mg.mL�1). The results revealed that the

highest TPC was found in METH (139.32 ± 2.07 mg GAE/ g
D.E.) followed by the CFTH (86.47 ± 1.83 mg GAE/ g D.E.)
and the lowest results were observed for HFTH (21.09 ± 0.86
GAE/ g D.E.) as shown in Table 2.

3.1.2.2. Total flavonoids content (TFC). TFC was determined
by regression equation y = 0.0017x + 0.002 from quercetin

standard curve (concentration range: 7.81 – 1000 mg.mL�1).
The highest TFC was found in the METH (61.31 ± 3.12
QE/g D.E.) and BFTH (28.56 ± 1.47 mg QE/g D.E.) as shown

in Table 2.



Table 1 Phytochemical screening for primary and secondary metabolites of Trigonella hamosa aerial parts.

Sr. No. Primary Metabolites Tests METH HFTH CFTH BFTH

1 Carbohydrates Molisch’s Test – +++ +++ –

Fehling’s Test – – – –

3 Amino acids Ninhydrin Test +++ +++ – +++

4 Proteins Biuret Test* +++ +++ +++ +++

5 Lipids Saponification Test +++ +++ +++ +++

6 Alkaloids Hager’s Test – +++ +++ –

Wagner’s – +++ – –

Mayer’s + +++ +++ –

7 Tannins Lead Acetate Test ++ +++ +++ +++

8 Phenols Ferric chloride test +++ + ++ +++

9 Flavonoids Reaction with NaOH +++ + +++ +++

10 Saponins Froth Test +++ +++ +++ +++

11 Steroids Salkowaski’s test +++ +++ +++ +++

12 Glycosides Keller Kiliani’s Test – – – –

13 Resins Acetic Anhydride Test – – – –

*Green color appeared that indicates the presence of Histidine. (-) Negative, +: Present (positive after 10 min, but within 15 min)., ++:

strongly present (positive after 5 min, but within 10 min)., +++: very strongly present (positive within 5 min). METH: hydromethanolic

extract; BFTH: n-butanol fraction, CFTH: chloroform fraction and HFTH: n-hexane fraction of T. hamosa.

Table 2 TPC and TFC in Trigonella hamosa.

Sr.

No.

Extract /

Fractions

TPC (mg GAE/g

D.E.)

TFC (mg QE/g D.

E.)

1 METH 139.32 ± 2.07 61.31 ± 3.12

2 HFTH 21.09 ± 0.86 17.31 ± 1.03

3 CFTH 86.47 ± 1.83 27.4 ± 1.63

4 BFTH 45.88 ± 1.31 28.56 ± 1.47

All the values are expressed as mean ± SD., (n = 3). GAE: gallic

acid equivalent; QE.: Quercetin equivalent; D.E.: dry extract;

METH: hydromethanolic extract; BFTH: n-butanol fraction,

CFTH: chloroform fraction and HFTH: n-hexane fraction of T.

hamosa.
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3.1.3. Gas chromatography-mass spectrometry (GC–MS)
analysis

GC–MS is an authentic reliable tool commonly employed for
the identification of chemical constituents with non-polar nat-
Fig. 1 GC/MS results of n-Hexane fraction
ure in plant extracts. In the current investigations, HFTH was
subjected to GC–MS analysis. The investigation revealed var-

ious peaks of compounds (Fig. 1), which were tentatively
determined by comparing their height in percentage, peak
retention time and other data reported in the literature and
the National Institute of Standards and Technology library

(NIST). Compounds majority are phenols, alkanes, saturated
and unsaturated fatty acids and esters. Table 3 shows the 23
compounds from HFTH with their retention times, molecular

weight, class and biological activity.

3.2. Antioxidant activity

3.2.1. DPPH (1,1-diphenyl-2-picrylhydrazyl) assay

The DPPH scavenging potential was carried out by regression
equation y = 0.0166x + 1.4081 from Trolox standard curve

(concentration range: 3.90 – 62.5 mg.mL�1). The antioxidant
activity by the DPPH method was highest for HFTH (160.49
of Trigonella hamosa (HFTH) aerial parts.



Table 3 GC/MS analysis of n-hexane fraction of Trigonella hamosa (HFTH) aerial parts.

Sr.

No.

Compound Name R.T M.

W.

Formula Class Biological Activities References

1 Dodecane, 1-Fluoro- 3.02 188 C12H25F Alkane Antioxidant

Antimicrobial

(Khan et al., 2016, Shehzad

et al., 2018)

2 7-Hexadecenal, (Z)- 3.14 238 C16H30O Fatty Aldehyde Antioxidant Antimicrobial

Enzyme Inhibition

Anti-Inflammatory

(Ahamath et al., 2019)

3 2-Heptenal, (E)- 6.59 112 C7H12O Fatty Aldehyde Antioxidant Antimicrobial

Enzyme Inhibition activity

(Pauli 2001, Lee et al., 2007,

Feng et al., 2020)

4 2,4-Heptadienal, (E,

E)-

7.53 110 C7H10O Heptadienal Antioxidant Antimicrobial

Fumigant

(Tanaka et al., 2014, Ma and

Johnson 2021)

5 Octanoic Acid,

Methyl Ester

10.59 158 C9H18O2 Fatty Acid

Methyl Ester

Antioxidant Antimicrobial (Salem et al., 2014, Abbas

2019)

6 Octanoic Acid 13.27 144 C8H16O2 Saturated Fatty

Acid

Antioxidant

Antimicrobial Insect Repellent

(Nazzi et al., 2009, Lee et al.,

2018, Mulyadi et al., 2018)

7 2-Decenal, (E)- 14.35 154 C10H18O Dec-2-Enal Antibacterial Antioxidant (Chairgulprasert et al., 2008,

Yildiz 2016)

8 Thymol 15.34 150 C10H14O Phenol Antidiabetic Antioxidant

Antimicrobial

Anticancer

(Alagawany et al., 2021)

9 Dicyclopentadiene

Diepoxide

15.90 164 C10H12O2 Cyclic Olefin Antioxidant Antimicrobial (Dong et al., 2015, Palchykov

et al., 2022)

10 Hentriacontane 17.68 436 C31H64 Long-Chain

Alkane

Antidiabetic Antioxidant

Antimicrobial Activity Anti-

Inflammatory

(Herrera-Mata et al., 2002,

Verma et al., 2008, Kim

et al., 2011)

11 Succinic Acid,

Naphth-2-Yl Methyl

3-Methyl

20.35 364 C22H20O5 Naphthalene No data found

12 2,4-Di-Tert-

Butylphenol

20.77 206 C14H22O Phenol Antioxidant Antibacterial

Antifungal

(NEPAL et al., 2021)

13 Undecanoic Acid, 10-

Methyl-, Methyl

Ester

20.93 214 C13H26O2 Fatty Acid Ester Antimicrobial Antioxidant (Bajracharya and Pratigya

2019)

14 Chloroacetic Acid,

Tetradecyl Ester

22.43 290 C16H31O2Cl Chlorocarboxylic

Acid Ester

Antidiabetic

Antimicrobial Antioxidant

(Thanigaivel et al., 2014,

Jaradat et al., 2021)

(Ranjith and Viswanath

2019)

15 Hentriacontane 22.62 436 C31H64 Long-Chain

Alkane

Antioxidant Antimicrobial

Anti-Inflammatory

Antidiabetic

(Herrera-Mata et al., 2002,

Verma et al., 2008, Kim

et al., 2011)

16 Dodecanoic Acid 22.87 200 C12H24O2 Saturated Fatty

Acid

Antimicrobial Antidiabetic

Antiviral

(Marahatta et al., 2019,

Ranjith and Viswanath 2019)

17 Tridecanoic Acid, 12-

Methyl-, Methyl

Ester

25.70 242 C15H30O2 Long Chain Fatty

Acid

– (NEPAL et al., 2021)

18 1-Hexacosanol 27.22 382 C26H54O Fatty Alcohol Antimicrobial Antioxidant

Antidiabetic

Enzyme Inhibition activity

(Castilho et al., 2012, Gade

et al., 2017, Shettar et al.,

2017)

(Tayman et al., 2013)

19 Hentriacontane 27.42 436 C31H64 Long-Chain

Alkane

Antioxidant Antimicrobial

Antiviral

Anti-Inflammatory

Antidiabetic

(Herrera-Mata et al., 2002,

Verma et al., 2008, Kim

et al., 2011)

20 Methyl 13-

Methyltetradecanoate

28.13 256 C16H32O2 Fatty Acid

Methyl Ester

Antioxidant Anticancer

Hypercholesterolemia,

Lubricant

(Tulandi et al., 2021)

21 Tridecanoic Acid, 12-

Methyl-, Methyl

Ester

30.95 242 C15H30O2 Long Chain Fatty

Acid Ester

– (NEPAL et al., 2021)

22 Methyl 11-Methyl-

Dodecanoate

31.36 228 C14H28O2 Fatty acid anion Cytotoxic Neurological Anti-

Microbial

Antiviral

Anti-Oxidant Wound Healing

Anti-Inflammatory

(Rahman et al., 2021, Bhat

et al., 2022)

R.T.: retention time; M.W.: molecular weight.
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Table 4 Comparative antioxidant activity of Trigonella hamosa by different methods.

Antioxidant assays (mg TE/ g D.E.) METH HFTH CFTH BFTH

DPPH 65.31 ± 1.38b 160.49 ± 1.89a 24.34 ± 1.04d 31.45 ± 1.23c

ABTS 58.96 ± 1.66b 87.71 ± 0.08 a 45.61 ± 1.88d 50.27 ± 1.97c

FRAP 76 ± 1.27b 123.46 ± 1.26a 18.68 ± 1.56d 33.24 ± 1.32c

CUPRAC 97 ± 1.15b 170.34 ± 1.60a 61.36 ± 1.22d 84.26 ± 1.68c

All the values are expressed as mean ± std., (n = 3). TE: Trolox equivalent; METH: hydromethanolic extract; BFTH: n-butanol fraction,

CFTH: chloroform fraction and HFTH: n-hexane fraction of T. hamosa. a,b,c,d Values with the different superscript letters (within a column) are

significantly different (p � 0.05).

Fig. 2 Thrombolytic Activity of Trigonella hamosa.

Table 5 Antibacterial activity of Trigonella hamosa against different bacterial strains.

Sr. No. Bacterial Strain Zone of Inhibition (mm)

Standard (Co-Amoxiclav) (Conc. 1 mg/mL) HFTH

25 mg per mL 50 mg per mL 100 mg per mL

1 Bacillus subtilis 20 NA 7 15

2 Bacillus pumilus 26 5 8 14

3 Staphylococcus aureus 14 6 9 15

4 Staphylococcus epidermidis 18 NA NA 7

5 Micrococcus Luteus 16 NA 6 11

6 Escherichia coli 17 6 9 16

7 Pseudomonas aeruginosa 12 NA NA 10

8 Bordetella bronchiseptica NA NA NA 6

HFTH: n-hexane fraction of Trigonella hamosa.
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± 1.89 mg TE/g E ± SD) followed by METH (65.31 ± 1.
38 mg TE/g E ± S.D). However, antioxidant activity by

DPPH assay for CFTH was (24.34 ± 1.04 mg TE/g E ± S.
D) and BFTH (31.45 ± 1.23 mg TE/g E ± SD).

3.2.2. ABTS (2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)) assay

For the ABTS assay, the regression equation was y = 0.022
9x + 1.5956 calculated from the calibration curve of Trolox

for concentration range; 3.90 – 62.5 mg.mL�1. ABTS method
showed the highest radical scavenging activity for HFTH
(87.71 ± 0.08 mg TE/g E ± SD) followed by METH (58.96

± 2.66 mg TE/g E ± SD), and BFTH (50.27 ± 1.97 mg
TE/g E ± SD). While the lowest values were observed for
CFTH (45.61 ± 1.88 mg TE/g E ± SD).

3.2.3. FRAP (ferric reducing antioxidant power) assay

The regression equation for reducing the potential of T.
hamosa was y = 0.0182x + 0.33 obtained from Trolox stan-

dard curve for the concentration range; 7.8125 – 125 mg.



Table 6 Antiviral activity of T. hamosa against different viral

strains.

S. No. Sample H9 IBV NDV

1 METH 16 24 32

2 BFTH 36 28 32

3 CFTH 32 32 16

4 HFTH 2 0 2

5 Negative control 1024 2048 2048

HA titer; 0–8: Highly strong; 16–32: Strong; 64–128: Moderate;

256–2048: Not active. METH: hydromethanolic extract; BFTH:

n-butanol fraction, CFTH: chloroform fraction and HFTH:

n-hexane fraction of T. hamosa.

Table 7 a-Amylase Inhibition Activity of Trigonella hamosa.

S. no. Sample name a-amylase percent inhibition activity (%)

1 METH 40.04

2 HFTH 70.1

3 CFTH 53.4

4 BFTH 38.6

5 Acarbose 87.4

METH: hydro-methanolic extract; HFTH: n-hexane fraction;

CFTH: chloroform fraction and BFTH: n-butanol fraction of

Trigonella hamosa.
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mL�1. The results of the assay exhibited that the HFTH exhib-
ited strong reducing power potential (123.46 ± 1.26 mg TE.
g�1 E ± SD) followed by METH (76 ± 1.27 mg TE.g�1

E ± SD) and BFTH (33.24 ± 1.32 mg TE.g�1 E ± SD)
respectively. While CFTH exhibited the lowest reducing power
potential (18.68 ± 1.56 mg TE.g�1 E ± SD) among all solvent

extracts.

3.2.4. CUPRAC (CUPRIC reducing antioxidant Capacity)

assay

All the fractions of T. hamosa exhibited good reducing power
activity by the CUPRAC method. The HFTH has the highest
Table 8 Details of interacting residues and binding affinities.

Sr.

No.

Ligands Binding

Affinity

Interaction site on enz

Hydrogen Bonding

1 Hentriacontane �8

2 1-Hexacosanol �7 Gln63

3 Undecanoic acid,10-methyl-,

methyl ester

�4.8 Glu233, Asp300

4 Chloroacetic Acid, tetradecyl

Ester

�7.1

5 Octadecane, 2,6,10,14-

tetramethyl

�5.6

6 Thymol �6

7 Dodecanoic Acid �5 His299

8 Tridecanoic Acid, 12-methyl-

, methyl Ester

�4.8 Glu233

9 Acarbose �7.7 Thr6, Thr11, Ser289,

Asp402, Gln404, Arg
reducing power with a value of 170.34 ± 1.60 mg TE.g�1

E ± SD. Other fractions also exhibited good reducing poten-
tial in the following order; METH (97 ± 1.15 mg TE.g�1

E ± SD) > BFTH (84.26 ± 1.68 TE.g�1

E ± SD) > CFTH (61.36 ± 1.22 TE.g�1 E ± SD) as shown
in Table 4.

3.3. Thrombolytic activity

The thrombolytic activity of T. hamosa was performed as pre-

viously described. Suspension of Streptokinase was prepared
in phosphate-buffered saline (PBS) with 5 mL in quantity
and used as standard solution 100 lL (30,000 IU) for throm-

bolysis. The difference in weight before and after thrombolysis
is indicated as the %age thrombolysis. The below given for-
mula used to calculate the percentage of clot lysis of blood
sample. The results of the thrombolytic potential of T. hamosa

and Streptokinase on five blood samples are presented in
Fig. 2.

Percentageofclotlysis ¼ Wr

Wc

� �
x100

HFTH exhibited thrombolytic activity of 60.99% as com-
pared to streptokinase (81.7%). The thrombolytic activity of

the METH was (45.24%) followed by CFTH (39.56%) and
BFTH (33.92%). The graph below shows comparative results
for each T. hamosa fraction.

3.4. Antimicrobial activities

3.4.1. Antibacterial activities

The antibacterial potential of HFTH against five tested gram-
positive bacterial strains such as Staphylococcus epidermidis,
Bacillus pumilus, Bacillus subtilis, Staphylococcus aureus,

Micrococcus luteus and three gram-negative bacterial strains
including Pseudomonas aeruginosa, E.coli or Bordetella bron-
chiseptica was carried out by using agar well diffusion assay.

The zones of inhibition for different bacterial strains of the
yme

Pi Alkyl

Pi-Alkyl: Trp58, Tyr62, His101,

Leu162, Leu165, His201

Pi-Sigma: Trp59

Trp58, Trp59, Tyr62, Leu162, Leu165,

Trp58, Trp59, Tyr62

Trp58, Trp59, Tyr62

Pi-Alkyl: Leu162, His299

Pi-Sigma: Trp58, Tyr62

Pi-Alkyl: His299

Pi-Sigma: Tyr62

Leu165, Trp59

Trp58, Trp59, Tyr62, Leu165

Pro332, Phe335, Arg398,

421



Fig. 3 2D and 3D representation of Hentriacontane interaction with a-amylase.

Fig. 4 2D and 3D presentation of 1-Hexacosanol with a-amylase.
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HFTH with a concentration of 25, 50, and 100 mg/mL in 10%
dimethyl sulfoxide (DMSO) are given in Table 5.

The results of the antibacterial activity of T. hamosa against
different bacterial strains showed that HFTH exhibited maxi-
mum antibacterial potential at a concentration of 100 mg per

mL. The order of antibacterial activity was maximum for
Escherichia coli with Zone of Inhibition (16 mm) followed by
Bacillus subtilis (15 mm), Staphylococcus aureus (15 mm),

and Bacillus pumilus (14 mm).

3.4.2. Antiviral activity

Antiviral activity of T. hamosa was determined against three

viral strains H9, IBV and NDV. The results of the antiviral
activity of T. hamosa are described in Table 6, which showed
that HFTH exhibited highly strong antiviral potential against
all the tested viral strains H9 (0), IBV (0) and NDV (2). CFTH

and BFTH fractions exhibited strong antiviral potential
against viral strains H9, IBV and NDV.
3.5. In vitro anti-diabetic evaluation

3.5.1. Alpha-amylase inhibition activity

The results of alpha-amylase enzyme inhibition activity were

expressed as percentage inhibition expressed in Table 7.

PercentageInhibition ¼ 1� AbsorptionofSample

AbsorptionofControl
� 100%

a-amylase inhibition assay of T. hamosa was performed
using acarbose as standard. It was observed that HFTH exhib-
ited strong alpha-amylase inhibition (70.1%) followed by

CFTH (53.4%), METH (40.04%) and BFTH (38.6%)
respectively.

3.6. In silico molecular docking study

Eight compounds that were obtained from the results of GC/
MS analysis of HFTH along with acarbose as standard have



Fig. 5 2D and 3D representation of 1-Hexacosanol with a-amylase.

Fig. 6 2D and 3D representation of Chloroacetic acid tetradecyl ester with a-amylase.

Fig. 7 2D and 3D representation of Octadecane,2,6,10,14-Tetramethyl interaction with a-amylase.
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been used for molecular docking studies against a-amylase
(Table 8 and Figs. 3-11). Compounds that were studied against

a-amylase include Hentriacontane, 1-Hexacosanol, Unde-
canoic acid,10-Methyl-,Methyl ester, Chloroacetic Acid,
Tetradecyl Ester, Octadecane, 2,6,10,14-Tetramethyl-, Thy-

mol, Dodecanoic Acid, and Tridecanoic Acid, 12-Methyl-,
Methyl Ester were docked along with standard (acarbose)
against a-amylase enzyme.
4. Discussion

In the present study, the aerial parts of T. hamosa were

evaluated for their phytochemical profiling and biomedicinal
properties. The preliminary phytochemical investigation of
the hydro-methanolic extract of T. hamosa and its various

fractions revealed the presence of primary and secondary



Fig. 8 2D and 3D representation of Thymol interaction with a-amylase.

Fig. 9 2D and 3D representation of Dodecanoic acid interaction with a-amylase.

Fig. 10 2D and 3D representation of Tridecanoic Acid, 12-Methyl-, Methyl Ester interaction with with a-amylase.
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metabolites of various classes (Table 1). Our results are in cor-
relation with the study conducted by Abdel-Farid et al. in
2021, which suggested the presence of lipids, alkaloids, phe-

nols, flavonoids, proteins, saponin, tannins and carbohydrates
in the seeds of T. hamosa (Abdel-Farid et al., 2021). Con-
stituents, such as phenols, flavonoids, fatty acids and essential

oils are reported in various investigations for possessing bio-
logical activities, including antimicrobial activity, antioxidant,
and anti-diabetic (Kupeli et al., 2007). Similarly, the results of

the polyphenol contents determination suggested that T.
hamosa contains high levels of flavonoids and phenols. The
METH exhibited the highest TPC (139.32 ± 2.07 mg GAE/
g D.E.) and highest TFC (61.31 ± 3.12 mg QE/ g /D.E.) as
shown in Table 2. Our results are in correlation with previous
investigations (Abdel-Farid et al., 2021). Free radical genera-

tion and oxidative stress play a key role in the pathophysiology
of various disorders such as diabetes and microbial infections.
Drug candidates with antioxidant potential are considered a

suitable choice for the treatment of diseases (Pruthi et al.,
2021). Therefore, the antioxidant activity of T. hamosa was
determined by four different methods. The species has been

previously reported with antioxidant, antidiabetic, and antimi-
crobial properties (Abdel-Farid et al., 2021). In the current
study, the extract and fractions were observed with good



Fig. 11 2D and 3D representation of Acarbose (Standard used for a-amylase inhibition activity).
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antioxidant activity with the highest by HFTH (160.49 ± 1.

89 mg TE/ g D.E.) in the DPPH method as shown in Table 4.
Medicinal plants have the unique feature of using for various
pathological conditions at a single time. Therefore, the current

investigations were extended to further biological studies.
Medicinal plants have been used to identify the phytochem-

icals that have thrombolytic activity with the least possible

adverse effects. Plants having polyphenols and flavonoids,
essential oil and fatty acids have been reported to have throm-
bolytic potential and hence attracted many researchers for

exploring more better and safer bioactive entities in plant ori-
gin (Kim et al., 2016). The streptokinase binds to both circulat-
ing and non-circulating plasminogen, resulting in substantial
fibrinogenolysis as well as clot fibrinolysis (Panche et al.,

2016). In the current study, METH showed significant throm-
bolytic activity as compared to streptokinase as shown in
Fig. 2.

The globally emerging issue of microbial resistance to
antimicrobial agents has fascinated the interest of researchers
to investigate the herbal source for getting therapeutic alterna-

tives with antimicrobial potential (Ahmad et al., 2019, Anand
et al., 2019, Othman et al., 2019, Kifle and Enyew 2020). In the
current study antimicrobial activity of HFTH was performed

against different bacterial strains including five Gram-
positive or three Gram-negative pathogens. The HFTH
revealed good antibacterial activity with a concentration-
dependent increase in activity against the tested strains. More

significant effects were observed against E.coli, S. aureus, B.
subtilis and M. luteus (Table 5). The antibacterial activity of
T. hamosa suggested that it might possess antimicrobial activ-

ity due to the presence of phytochemicals revealed by GC–MS
analysis (Table 3 & Fig. 1). Similarly, three viral strains were
used in the study namely, Infectious bronchitis virus (IBV),

Newcastle disease virus (NDV), and Avian influenza (H9).
HFTH showed highly strong antiviral activity against different
viral strains in order IBV (0) and NDV (2) and H9 (2). CFTH
and BFTH also have significant antiviral activity against dif-

ferent viral strains (Table 6). Many GC–MS profiled com-
pounds of HFTH have reported antiviral activities such
as Dodecanoic acid and Hentriacontane (Dilshad et al., 2022).

Diabetes is a chronic metabolic disorder associated with
multiple complications such as oxidative stress-mediated neu-
ropathic pain and inflammation in the limbs (Matough et al.,

2012). Moreover, it is demonstrated in previous investigations
that patients with diabetes are prone to microbial infections
(Wang et al., 2018). Therefore, therapeutic agents with antiox-

idant as well as antimicrobial properties might be a suitable
choice for diabetics to overcome the complications. In this
study, the METH and its fractions were subjected to

a-amylase enzyme inhibition assay to explore the possible
anti-diabetes potential of T. hamosa. Alpha-amylase enzyme
is helpful in the digestion of starch, glycogen, and alpha-

amylase inhibitors, can be used in the management of diabetes
mellitus (DM) and obesity. Many plants show a-amylase inhi-
bitory activity due to the presence of polysaccharides, glyco-
sides and terpenoids. Hence, these plants are used to treat

type II diabetes mellitus (DM) because they decrease blood
glucose levels (Kaur et al., 2021).

In this study METH and its fractions exhibited strong a-
amylase enzyme inhibition activity in the following order such
as HFTH (70.1%), CFTH (53.4%), METH (40.04%) and
BFTH (38.6%) as displayed in Table 7. GC–MS analysis of

HFTH revealed tentative identification of bioactive com-
pounds which are previously reported with pharmacological
potential (Table 3). Major compounds were alkane, fatty alde-

hyde, heptadienal, fatty acid methyl ester, saturated fatty acid,
dec-2-enal, phenol, cyclic olefin, long-chain alkane, chlorocar-
boxylic acid ester, fatty alcohol, and fatty acid. Significant
activities of these compounds are antimicrobial, antidiabetic

and antioxidant activity, etc (Ahamath et al., 2019). For
assessing the biological potential of products from the natural
origin at the molecular level, in silico docking studies have been

done to predict ligand-to-target interaction theoretically. It is
also important for exploring the further mechanism of actions
and binding affinity of different active compounds against

selected enzymes. Eight compounds from the results of GC/
MS analysis of HFTH have been studied along with acarbose
as standard. The inhibition ability of these compounds was
studied through in-silico docking studies. Compounds that

were studied against the alpha-amylase includes Hentriacon-
tane, 1-Hexacosanol, Undecanoic acid,10-Methyl-,Methyl
ester, Chloroacetic Acid, Tetradecyl Ester, Octadecane,

2,6,10,14-Tetramethyl-, Thymol, Dodecanoic Acid, and Tride-
canoic Acid, 12-Methyl-, Methyl Ester were docked along with
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acarbose against the alpha-amylase enzyme. The findings of in
silico molecular docking outcomes described the interaction of
alpha-amylase enzymes with the ligands hentriacontane, 1-

hexacosanol, undecanoic acid, 10-methyl-,methyl ester, chlor-
oacetic acid, tetradecyl ester, octadecane, 2,6,10,14-
tetramethyl-, thymol, dodecanoic acid, and tridecanoic acid,

12-methyl-, methyl ester found in GC/MS analysis. The bind-
ing affinities of the compounds docked with the alpha-amylase
enzyme are tabulated in Table 8 with the predicted binding

energy. Moreover, details of the residual amino acids possibly
involved in the interactions with the compounds at the active
site of enzyme are also listed in the Table 8 and displayed in
Figs. 3 to 11. Hentraicontane showed highest results against

a-amylase with a binding energy of �8 kcal/mol. In addition,
1-hexacosanol and chloroacetic acid had good bonding energy
and interactions. Hydrogen bonding and pi-alkyl interactions

are observed as the dominant interactions between the com-
pounds and the studied enzymes. These three compounds have
good antidiabetic potential (Tayman et al., 2013)

(Prasathkumar et al., 2022). In the literature chloroacetic acid
has been reported to possess mild antidiabetic activity (Ranjith
and Viswanath 2019). The findings of the current study suggest

that T. hamosa can be useful in the treatment of many diseases
like diabetes, and diseases caused by bacteria and viruses.

5. Conclusion

The current study provides greater insight into the pharmacological

and phytochemical profiling of T. hamosa. The species was found rich

in TPC and TFC and has good antioxidant potential as evident from

DPPH, ABTS, CUPRAC and FRAP assay and also has good anti-

diabetic activity against a-amylase enzyme. HFTH having maximum

antibacterial activity against tested strains of different bacteria can

be a source of new antibiotics. T. hamosa showed thrombolytic activity

and antiviral potential against tested viral strains. Furthermore, the

GC–MS analysis identified biologically active phytochemicals, with

an abundance of fatty acids and essential oil, in HFTH which may

be responsible for the pharmacological activities of the species. Eight

compounds from GC/MS profile were further subjected to in silico

docking for different compounds selected based on their anti-

diabetic activity reported in the literature. Conclusively, the findings

of the current study could potentially contribute to novel and effective

drug development against various diseases.
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