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Fenugreek (Trigonella foenum-graceum L.):
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Abstract

One of the classical components of traditional medicine and cuisine, fenugreek (7rigonella foenum-graecum) has
recently received more attention due to its seeds and leaves, which are highly valued due to their high nutritional
value, strong pharmacological ability, and the possibility of reliable substitution into modern applications. The brief
cultivation cycle, rising global demand, robust yields, and low production costs have elevated fenugreek’s status
beyond seed-focused farming, spotlighting its leaves and whole-plant utility. Phylogenetic explorations via molecular
markers like random amplified polymorphic DNA, amplified fragment length polymorphism, inter-simple sequence
repeat, and simple sequence repeats illuminate its evolutionary heritage, genetic variability, and breeding prospects
within the Fabaceae family. Enhanced molecular breeding takes advantage of these findings and produces superior
varieties with superior phytochemical composition and agronomical character. As a powerhouse of antioxidants,
steroidal saponins, flavonoids, and alkaloids, fenugreek rivals synthetic alternatives in nutraceuticals, offering
antidiabetic, anti-inflammatory, and cardio-protective benefits. This review underscores its phylogenetic, nutritional,
metabolomic, and pharmacological merits, advocating for variant selection to boost conservation, food security, and
sustainable practices, while unlocking potentials in phytoremediation, functional foods, and novel therapeutics.
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INTRODUCTION and amplified fragment length polymorphism (AFLP), to
demonstrate genetic variation among populations.

(Trigonella  foenum-graecum). ~The  Phylogenomics covers a wide range of studies at the interface
Latin name Trigonella, which means  ©of evolutionary and molecular biology, where paradigms
little triangle, was given due to its triangular-  include not only to understand phylogenetic connections
shaped yellowish-white flowers.! It is one  among taxa but also to discover the molecular processes that

of the oldest known medicinal plants, and it  drive evolution; and also to use interspecies phylogenetic
was grown in Central Asia since around 4000 ~ comparisons to infer possible functions of DNA or protein

F enugreek belongs to the Fabaceae family

BCE. Modern studies regularly use molecular
markers to query genetic diversity in the large
number of plant and microbial communities.?!
These markers are used in identifying variation
within the sequence of the nucleic acids,
and hence, they guide breeding strategies of
crop improvement and control of inbreeding
depression. Similar research on fenugreek
has been restricted, but previous research
used inter-simple sequence repeat (ISSR),
random amplified polymorphic DNA (RAPD),
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sequences.’] Phylogenomic studies enable us to better
understand the genetic diversity and character associations
of fenugreek, which are essential for crop development and
breeding programs. The medicinal property of fenugreek
has been explored in numerous diseases and conditions due
to its pharmacological effects, including hypoglycemic,
antihyperlipidemic, antihypertensive, antioxidant, anti-
inflammatory, immunomodulatory, anticarcinogenic,
antipyretic, antiviral, and galactogenic function.[) Recent
experimental research has shown antidiabetic properties
of aqueous extract of fenugreek seeds, as well as their
galactomannan-rich subfraction, to cause significant
amelioration of pancreatic and hepatic damage, and also to
reduce the development of diabetic nephropathy in rodents.[”
Recent research also indicates possible functions in appetite
control and the regulation of lipid and glucose levels, along
with protective benefits forthe cardiovascular, gastrointestinal,
hepatic, endocrine, and neurocognitive systems. Fenugreek
contains various phytochemical compounds such as alkaloids,
phenols, saponins and fatty acids. This review emphasizes
the genetic diversity and metabolic profile of fenugreek, and
it also includes pharmaceutical and nutritional aspects of
fenugreek.

BOTANICAL DESCRIPTION AND
TAXONOMY

Kingdom: Plantae

Division: Magnoliophyta
Class: Magnoliopsida

Order: Fabales

Family: Fabaceae

Genus: Trigonella

Species: T. foenum-graecum.™

The plant grows 120-130 cm tall, with erect or prostrate
growth and green stems that may turn pinkish due to
anthocyanin accumulation. It has trifoliate, oval leaves with
smooth margins and flowers that change from yellow in
early stages to white at maturity. The pods are brownish with
pointed tips, containing rectangular to oval seeds that range
from pale brown to golden yellow."!

Fenugreek (T. foenum-graecum) thrives naturally in
uncultivated areas, arid grasslands, and hilly areas that feature
undulations in ecological zones of the semi-high rise and
highlands. Plant parts and its traditional uses are presented
in Table 1. The species is used in the Indian subcontinent as
an iconic cool-season crop, and is both irrigated and rainfed
farmed. It has been empirically shown that the plant is highly
adaptive over a range of soil types, where it grows best
with a pH between 5.3 and 8.2. Hot, dry weather conditions
are mandatory during the seed maturity and the following
harvesting to give the greatest possible yield and also higher
quality products.['!!]
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PHYLOGENOMICS OF FENUGREEK

The ten-sectional species of Trigonella genus were studied.
Seven species of the subgenus Falcatuae were differentiated,
and Cylindrical and Foenum-graecum were used from three
species each. The rest of the seven divisions, which included
Callicerates, Capitatac, Ellipticae, FErosae, Pectinatae,
Samaroideae, and Uncinatae, were only examined using one
species. To explore genetic variation within the Trigonella
genus, 20 species were analyzed using genome size estimation,
flow cytometry, and Start Codon Targeted-polymerase chain
reaction (PCR) markers. These methods provided a clearer
picture of their evolutionary and taxonomic relationships. The
study identified three main clusters, with Thymbra spicata and
Trigonella corniculata showing the highest genetic distance
and forming separate groups. Overall, the findings confirm that
combining molecular markers with genome analysis is a reliable
approach for understanding diversity in fenugreek species.!'”

GENETIC DIVERSITY

The genus Trigonella is one of the major tribes of the
genus Trifoliatae, of the family Fabaceae, or the sub-family
Papilionaceae.l'”” One of the species of this genus, called
fenugreek, is a flowering plant that grows in the form of an
annual and has white blooms (autogamous) and is hardly
ever visited by insects. Native to eastern Mediterranean
ecologies, this plant is planted all over India, Egypt, Ethiopia,
Morocco and occasionally in England.!' It is widely grown
in the tropical and subtropical areas in India.'” One of the
relatively rare species of the same family is called blue
fenugreek, although it is known as Trigonella caerulea.™
The development of the breeding programs of fenugreek
depends on the strong knowledge of the genetic diversity.
Scientists use morphological, molecular and biochemical
markers of identification. Morphological and biochemical
characteristics are prone to environmental and ontogenic
effects; however, molecular markers are much less sensitive
to these effects, hence a dependable approach to measure
genetic diversity.?!! Molecular markers have therefore been
able to attain prominence as invaluable resources in the study
of populations.?? The RAPD is another widely used PCR-
based markers which is used to determine genetic diversity,
phylogenetic relationship, gene tagging and mapping, as well
as the identification of hybridization events.***! However,
research has been quite limited on populations of fenugreek
by the application of ISSR, RAPD and AFLP techniques.™?®!

A study conducted using 61 Fenugreek accessions utilizing
RAPD markers. DNA from young leaves extracted and used
18 random primers for amplification. Polymorphism varied
from 33.33% to 100%, with an average of 52.85% for each
primer. The genetic similarity among accessions varied from
0.66 to 0.90, indicating moderate to high variability; thus,
RAPD markers were effective for assessing genetic diversity




Table 1: Plant parts and its traditional uses

Plant part Traditional uses References

Seeds Used as antidiabetic agent, lactation promoter, treatment of weakness and edema in [12]
legs and remedy for burns.

Leaves Reduction of menstrual pain and stomach problems; anti-inflammatory paste for [12]
eczema and rash treatment.

Roots Used as tonic and has antioxidant effects. [12]

Stem General medicinal and nutritional support; fodder for livestock; used in various [13,14]
compound formulations in traditional medicine systems.

Sprouts (germinated  Improved antioxidant and antidiabetic profiles); food use as fresh vegetable; modern [15]

seeds) functional food application.

a2

S

Figure 1: Pharmacological activity of fenugreek
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Figure 2: Secondary metabolites in fenugreek

and facilitating fenugreek breeding.**! Another research on
five fenugreek varieties using RAPD and AFLP markers
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and concluded that both are valuable for genetic diversity,
and concluded that AFLP is more reliable for genetic
fingerprinting. In addition, AFLP marker technique is used
to determine genetic variation, as well as to design variety
markers in plants. This technique is reliable when combined
with a separation system that is able to resolve DNA fragments
size of 50-550 base pairs at single-base-pair resolution.?”

Simple sequence repeats (SSRs) are effective PCR-based
markers for detecting high genetic variability. A study at
Jawaharlal Nehru Krishi Vishwa Vidyalaya analyzed 27
fenugreek genotypes and grouped them into eight clusters,
confirming SSRs as valuable tools for genetic diversity
assessment and breeding programs.?!! Metabolomics linked
fenugreek biomarkers and its pharmacological benefits are
shown in Table 5.




armacology

N.. .“NQQ»U\

GL09L1
0
i)
_ Il
OVO O
soseasIp |elanss jsuliebe %/
8¢ $108]040 puE "salliaaold [eiqoldlwilue pue juepixoljue sey }| HO O low/bzgleel OHD pioe diozusg
_” “_ Q 13 Q Q 7~ b2y @ 29, .
L6001
O« O 0
S8SBaSIP JIUOIYD PUB SS81IS SAIIBPIXO /O\ /O\ /O
Bunequwoo ul sigenjen wayy Buniew sjosye onagelpiue _ _ __
pue ‘aAiosjoidoinap ‘elqosoiwnue ‘Alojewwejul-ue O~ O LD
_ . NAY  NR 7 . 2.9, 6
[e1] juepixonue Buipnjour ‘epim s ebues Aanoeolq Jisy L o) a low/By 19y | OHD uuewno)
191°9¢€
Im n_v %o/_n_v\ox
IO'w\O/”_u‘,aO/w_\oﬂo\OVo\O/OI
0RO
seseasip 21Uy jsurebe sjoejoid pue ‘uonewweyul yo—d %y ploe
[62] Bulonpas pue wsijogelaw a8soon|b jo uonenbai sajowoid //o jow/61e¥5¢ Kot ate) oluaboiolyn
€90°0¢t
0)
Y
O NGZ~S)
HO™ /n_v\ ~OH
[s2] Ayanoe Aloyewiweyjul-jue pue JUEPIXOIUE SSBSSOd HO low/61 192} ‘0°HD [ojjeboiAd
¢L0'v9l
Ox5-OH
_
o)
PN
saseasIp Ueay pue n_u\ _n_v
snjljjow sajagelp ‘1adoued Se Yons saseasip paje|al Ssalls O O
SAIJEPIXO Jea1} pUE Juanaid 0} sdjay pUE SISSaIIS SAIEPIXO HO w OH
[21] 1sureBe sjjeo sjoej0.d ey} AnAnoe Juepixonue ybiy sey i HO low/B Z1°0L1 *0°"HD pIoe oD  SpIO. dljousyd
ssew uoljsodwod spunodwod dno.b
saoualajey saladoud annoeolg ainjonJis [ealwayn Jejnoajopy Jejnoajoyy aAnoeolg |ediwayooliyd

)}oaibnusj JOo SJUBNIISUOD |BOIWBYJ0IAYd g dlgeLl

Asian Journal of Pharmaceutics ¢ Jan-Mar 2026 * 20 (1) | 49




Sadhana, et al.: Fenu,

N...N&RDU&

2018l
"7
\O/ \O/ €
i
o =0
fo]
soseasip \n_u
oljogelaw Buijjosuod ul sdigy ‘saniaioe aaoe104d oipied ?
[vel ‘aAIj08]01doINBU puE dljageIpliue ‘Alojewwejul-Iue Sey }| Ho— "o low/B g1 'v61 "0"H™0 pioe oljnie-
790’01
o
AN
70
o~ O
NN ™
¥ OH
soseasIp |e1qoJoiW |
[eg] sjuanald ‘punodwod JuepIXoiue pue |eldloeguER SS9SS0d HO jow/6 L0} o°W’ [oyosien
7807091
it
O/O\o
abewep pajejal-ssalls n_v
[e€] aAnepIxo ayebniw o} sdjgy pue AlAloe Juepixoiue sey HO” X0 low/b G189} 'O°H’D pioe oljjluep
S60°ZLL
it
N
JA
|
7
|0JU0D BseasIp S Jawiayz|y ul sdjay yoiym I pioe
[1e] ‘Aunnoe Aionqgiyur eselsysauljoyo |A1eoe i ajos e sheld o~ 2o low/6 9'081 ‘O°H°D  oleyeD-suel|
9t1'96C
n_v_._
_O.___OH
7
Oﬂw\o/w\o/ﬂ
O/%“O/_n_u\oﬂo
Ainful om0
o€ anssI} saonpal Il pue ‘s}oaye aAoaloldoiydau ssassod OH jow/b 61°20€ OH'D pioe oi6e||3
_“ ”_ Q Q | @ 8 .9, 7t @
ssew uoljsodwod spunodwod dno.b
saoualaley saipadoud annoeolg ainjonJis [eajway) Je[nasjop Jejnaajopy aAnoeolg |ealwayooifyd

(penunuo)) :g alqel

Asian Journal of Pharmaceutics ¢ Jan-Mar 2026 * 20 (1) | 50




armacology

62z cELy
HO HO
S A om
1, w\ /H_U..,fr
IO/u_u_\oﬂn_v O/w\oloI
o) 0. O. Q. OH
UIMS Ul UOITewWw.o]) ajulIm jusraid ~5” /n_v_\ /n_v_\ ﬂm\
0} sdjay pue ‘uoneipAy unps seouryua ‘sisayiuAs uabe|j0o OO
ey’ 1¥] oyl seinadoid sey sjorixe ¥eai1bnua) You-uIxelinos| I jow/b y°gsh *5%H"%n UIXS)IAOS|
6cCeLy
Iﬂ I@
Os...\._u \O/.\._u..aOI
_..O/w_\oﬂw O/n_u\oloI
O/O“O/O\O/O\O”O\OI
soladoud Jaoueonue pue dljagelpnue sassassod 1l I _
0S| JI pUB ‘UOoIIBWIO} B]}ULIM JuBABId pue ‘uoiBwWWEUI OO
lov'9] S90NPaJ PUE J08)40 JUBPIXOIUE SBY UIXS)IA ‘SOIIBWS0D U L low/6 ¥'2ey '0%H"%D UIXSYA
1827085
HO
HO,,, n_v\m/n_u _LOH
HO n_u\O/O\o.st
IOIU\&/U\O
A
HO™ 1) O HO
NN
seseasip g
h ! N e
oljogelaW pue Jenoseaoipied jsurebe sjosjold ‘Auanoe P
HO o)
[6€] aAljos)0idosEA pUE ‘AlojEWWE]UI-UE ‘JUBPIXONUE SEy }| W low/B G019 *0"H D unny
851262
HO
|
HO_ D
i
OVO\O/O\O/O\U/O\OI
Il I Il
NI O
sisojdode pue uonelbiw |80 Jeoued sjqIyul pue HO w w
[8e'z€] 10191S9|0Yd JaMO| O} PUE ‘|aAs] 8s0oN|B poo|q sere|nbay O HO jow/6 £2'208 “O"H" MNEIEIle) SplouoAe|d
veeLLE
O €,
7N 40H
Th \O' I w
o9—0 P 0
T m O
PSP N \Ov\l ¥,
o} 7 N, O°H
Ayedoud Jsoueoiue \W_/ b 4O
sey pue ‘uoljesausbai |90-g Bunowoud ‘uonesoes P ”_v.sofo
[og‘se] ulnsu Buioueyus Aq uswebeuew sejagelp Ul sdiay 1o~y ow/b 9y 1t 0%H% ulusbsoiqg suiuodes
ssew uoljsodwod spunodwod dno.b
saoualaley saladoad aanoeolg ainjonJis [eaiway) Jejnosjopy Jenoajoy aAnoeolg [eaiwayooliyd

(penunuo)) :g alqel

Asian Journal of Pharmaceutics * Jan-Mar 2026 < 20 (1) | 51




Sadhana, et al.: Fenu,

‘Juswabeuew sonagelp ul pasn sjoaye olwadA|biedAynue

LOVEL

O fHD

Il |
IO\O/O\O/OZOI
N fm_u

auIoNs|os| spioe

lov] pue olwepidiyadAynue sugiyxe pioe ouiwe snbiun low/b 21 2y 1 ‘ON"H"D AxoipAH-  ouiwe payipo
80l'¢sl
HY, \of
9—97 “0—0°H
senjen onnadelay sey osje pue i ”_u ”_u
[sp] Ansnpul Alawnypiad ul pasn pue aoueibel) S| J0) UMOU SI )| o7 vo  jow/b 5gGL o*u”o |oojeur]
8017¢S1
N_._oﬂn_V
SN
Il [
O/O\O/OI
sjonpoud a1ed [elo pue aIeduS h_V
47 Ul pasn pue uoijosjul [ebun) pue |elisloeq jsulebe s109]0.d 1| *HO [ow/o 2 %91 O'HDO |ousbn3 S9|lIe|OA
[¥] 6 6 d - 6 0% 6
90901
O *HO
| "™\ _O°H
Auadoid uabouloseonue sey pue sjueld ul 8oueI9|0} O\O/O\Z/
[ev] ssalls pue ‘Alaioe Juepixonue ‘ymmolb jueld sejowold 3 - O°H  low/bGL /L ON""H’D eureeg-sudAlH
280°0¢€L
me
.N
YR
OVO\O/O“O
[enualod onnadelay) apim sey pue Alisnpul 0119wIsod Ul _
6¢ pasn Ajspim pue ‘wsijogelsw pidi| pue 8s0oNn|b seaoidw 1 0 [ow/O ¥ LEL ON'HO auljjsuobu | splojex|y
l62] A d 6 d 6 *ON“H" 6
ssew uoljsodwod spunodwod dno.b
saoualaley saipadoud annoeolg ainjonJis [eajway) Je[nasjop Jejnaajopy aAnoeolg |ealwayooliyd

(penunuo)) :g alqel

Asian Journal of Pharmaceutics * Jan-Mar 2026 « 20 (1) | 52




Table 3: Chemical characterization of fenugreek essential oils from leaves and fruits across distinct origins

Country Compound Content Plant part used Detection method References
India Cubenol 38.17  Seeds GC-MS [47]
Gamma-non-alactone 3.69
Dodecanoic acid 2.4
Hexahydrothymol 15
Ledene oxide 1.05
Palmitic acid 0.90
Bulgaria Phytol 1.14 Seeds GC-MS [47]
Menthol 0.94
Lauric acid 0.97
Palmitic acid 2.56
y-n-Amylbutyrolactone 1.78
Cuminol 2.66
Cubinol 28.8
n-Docosane 11
Benzoic acid 3.1
Palmitic acid 2.75
Sudan Oleic acid 9.09 seeds GC-MS [48]
0-Cymol 27.69
p-Mentha-1,4-diene 23.92
Dioctyl butylphosphonate 8.72
Saudi Arabia 90ctadecenamide (2) 17.14
Stearic acid 13.51
Carvene 36.46
Clionasterol 10.95
Bangladesh 14 compounds identified Varies  Seeds GC-MS [49]
Morocco Methyl palmitate Major [50]

GC-MS: Gas chromatography-mass spectrometry

traditional and modern medicine. To reveal the chemical
composition, the phytochemical screening of the methanolic
extracts of the seeds was conducted by using standard
phytochemical detection procedures with the addition of
gas chromatography-mass spectrometry (GC-MS) analysis.
These researches established the existence of carotenoids,
polyphenols, alkaloids, fatty acids, essential oils, proteins
with essential amino acids, and significant amounts of iron,
ascorbate (vitamin C), and folate. Moreover, GC-MS profiling
was effective in determining a wide range of compounds that
were in the seed extract.’ The Phytochemical constituents of
fenugreek are presented in Table 2.

GENOME-WIDE ASSOCIATION STUDIES

Genome-wide association studies (GWAS) have become a
powerful approach for identifying trait-linked loci in fenugreek
due to its predominantly self-pollinating nature. In 112 Egyptian
genotypes, double digest restriction-site associated DNA
sequencing generated 153,881 single nucleotide polymorphisms
(SNPs), with significant markers associated with seed length,
width, and seed color. RNA-seq—based analyses identified over
3,800 SNPs related to abiotic stress response and diosgenin
(DIO) biosynthesis. Recent studies on Indian and North African
germplasm are further applying SNP-based GWAS to map loci

.. L . . o [5153]
controlling yield, flowering time, and key biochemical traits. Trigonella hamosa (branched fenugreek) was investigated

using a hydro-methanolic extract, which underwent detailed
phytochemical profiling and multiple in vitro bioactivity
assays, including antioxidant, antidiabetic, antimicrobial,

PHYTOCHEMICAL SCREENING OF

ESSENTIAL OIL FROM FENUGREEK

Fenugreek dried seeds find extensive use in food and
beverage industries as a flavoring additive as well as in both
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antiviral, and thrombolytic tests. GC-MS analysis identified
22 bioactive compounds. Subsequent molecular docking
studies showed promising binding interactions with the
o-amylase enzyme, highlighting its potential for future drug




development.5 The nutraceutical property of fenugreek are
shown in Table 4.

Phytochemical screening of fenugreek gum

Fenugreek gum is a natural polysaccharide containing a
broad spectrum of secondary metabolites with methanol and
aqueous extracts show the richest qualitative phytochemical
profile. Preliminary phytochemical screening to detect
major groups of compounds such as steroids, fats and
oils, alkaloids, proteins, saponins, tannins, phenolic
compounds, flavonoids, and carbohydrates. The Chemical
characterization of fenugreek essential oils from leaves and
fruits across distinct origins shown in Table 3. The results
showed that methanol and aqueous extracts contain rich
phytoconstituents, indicating that polar solvents are more
efficient for extracting bioactive components from fenugreek
gum. High-performance thin-layer chromatography also

Table 4: Nutraceutical property

Component used Beneficial effects
Good for heart’®”

Reduce the risk of constipation®®

Seeds

Digestive effect!®”]
Immunomodulatory effect5®¢
Reduces blood sugar levelst®"
Anti-inflammatory!®?!
Hepatoprotective (63
Anti-obesity®
Wound healing!®s!
Muscle performance enhancement®
For decreasing blood pressure!*®
Shields cells from oxidation!®®
Hypocholesterolemic!®®!
Seeds and leaves Helps decrease hypertension®®®
Shields cells from oxidation!®®
Anticancert®864

Leaves Galactagogue!®”

used to determine retention factor values and peak areas of
components in different extracts, confirming that fenugreek
gum is chemically diverse and has potential applications
in pharmaceuticals, nutrition, and other industries due
to the combined presence of nutritionally valuable and
pharmacologically active compounds.>®

PHARMACOLOGICAL ACTIVITY

Antidiabetic potential

Biochemical profile of fenugreek consists of a number
of bioactive compounds that have significant place in
the control of metabolism-related disorders. Secondary
metabolites in fenugreek are shown in Figure 2. It is also
important to note that a water-soluble dietary fiber (SDF)
extracted using fenugreek seeds grown in Canada has shown
a strong capability of reducing the level of blood glucose. The
demonstration of the effect of the galactomannan fraction
of fenugreek in inhibiting the intestinal uptake of glucose
significantly was demonstrated in controlled in vitro studies
using lean and obese rodent models, hence substantiating the
role of fenugreek in glycemic regulation.[® The subsequent
studies on the antidiabetic effects of SDF extracted using
fenugreek clarified that the compound prominently
improves the homeostasis of glucose, basically by slowing
the processes of carbohydrate digestion and absorption.[®
A 10-day clinical intervention assessed the effects of the
fenugreek seed powder supplementation in patients having
the Type 1 diabetes diagnosis. Findings revealed that feeding
on fenugreek resulted in a significant 54% reduction of
24 h urinary glucose excretion, which was an effective
way of regulating hyperglycemia among this group of
patients.’"” These observations demonstrate the feasibility
of use of fenugreek as supplementary therapeutic agent in
the treatment of diabetes. In the framework of the Egyptian
traditional medicine, fenugreek is held in high regard due to
its strong hypoglycemic effects. A study conducted in vitro
also revealed that has shown the dose-dependent suppressions
of a-amylase activity by fenugreek extract.!”"!

Table 5: Metabolomics-linked fenugreek biomarkers and its pharmacological benefits
Linked diseases

Metabolite

Metabolomics approach

Model used for the study References

Trigonelline Type 2 diabetes,

glucose homeostasis

Targeted LC/UPLC-MS/MS
quantification in fenugreek

In vivo (rats), in vitro; [90]
quantitative in extracts

extracts and germinating seeds.

Insulin secretion, insulin
resistance, metabolic
syndrome

4Hydroxyisoleucine

Diosgenin Dyslipidemia, cancer

linked disease

UPLC-MS/MS targeted
metabolite method from
fenugreek extract.

Quantified with UPLC-MS/MS

In vivo (rats), in vitro; [90]
targeted quantification

In vivo (animal models), [91]
networktype analyses

LC: Liquid chromatography, UPLC-MS/MS: Ultra-performance liquid chromatography-tandem mass spectrometry

Asian Journal of Pharmaceutics ¢ Jan-Mar 2026 « 20 (1) | 54




Cardio protective property

Fenugreek contains Coumarin, which helps stop platelets
from clumping too much, lowering the chance of blood clots
that can trigger irregular heartbeats or strokes. Researchers
tested fenugreek in rats with chemically induced heart
attack-like damage (using isoproterenol) and found that
taking it orally really protected the heart. It reduced heart
muscle damage, eased oxidative stress, boosted antioxidant
enzymes like superoxide dismutase and catalase, and lowered
thiobarbituric acid reactive substances (TBARS) level-a
sign of less fat damage in the heart.’” Diabetes often leads
to heart complications, including diabetic cardiomyopathy,
where heart cells die off due to high sugar, inflammation, and
oxidative stress. A study on diabetic rats given streptozotocin
showed that fenugreek seed extract improved metabolism,
cut down heart cell death (apoptosis), and helped preserve
normal heart structure. Most of this protection came from
reducing oxidative stress and preventing excessive cell loss
in the heart.”” Overall, these results highlight fenugreek’s
real potential for supporting heart health-both by preventing
clots and shielding the heart in diabetes.

Parkinson’s disease

It is the common neurodegenerative disorder that affects
people all over the world. Its characterised by symptoms
such as slowness of the movement (Bradykinesia) muscle
stiffness, postural imbalance and gait problem in latest stages
people also experience anxiety and depression.¥ Mostly
Parkinson’s disease occurs due to the loss of dopamine-
producing neurons in the substantia nigra pars compacta
(SNC) region of brain.”! Exact cause for this disease
is unknown. Oxidative stress is one of the major factor
responsible for neuronal damage. Modern treatment is
levodopa and dopamine helps to relieve the symptoms, but
it also causes side effects.’® Hence, natural components with
antioxidants and neuro productive properties are exposed.
Neuro productive effects against oxidative stress are present
in Trigonelline, which is present in fenugreek. Experiment
of rat model of disc degeneration induced by six hydroxyl
dopamine (60HDA) by a dose of Trigonelline (100 mg/kg)
restore the dopamine-producing neuron in the (SNC), and it
enhance anti apoptotic activity, indicates it role in controlling
Parkinson disease.!”!

Antioxidant

Antioxidants are molecular substances that can inhibit the
oxidative phenomenon that causes unstable atoms and thus
prevent the damages of cells and tissues caused by oxidation
and minimize the occurrence of the human and animal
diseases, including cancer, heart diseases and Alzheimer.
Different fractions from germinated fenugreek seeds
were evaluated for antioxidant activity, with the aqueous
fraction showing the highest effect. The strong antioxidant
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potential is likely due to the presence of flavonoids and
polyphenols.[®! The antioxidants are neutralizers of the free
radicals, and thus reduce the intensity and occurrence of
associated pathologies.”? Fenugreek has a protective effect
on fatty acid breakdown and increases antioxidant defences
that are enzyme-based.l”® Different solvents such as methanol,
ethanol, hexane, dichloromethane, acetone and ethyl acetate
are used in the extraction process of fenugreek seeds, giving
the extracts free -radical neutralizing properties.l’”!

A comparative study showed that fenugreek contains higher
levels of bioflavonoids and polyphenols than coriander,
contributing to its stronger antioxidant potential. Antioxidant
activity was evaluated using nitro blue tetrazolium and
hydrogen peroxide scavenging assays. Trigonella species
demonstrated the highest superoxide and free radical
scavenging ability.® Fenugreek contains flavonoids that
prevent the accumulation of intracellular reactive oxygen
species, and have a protective effect on mitochondrial DNA,
protecting it against oxidative damage, therefore, alleviating
mitochondrial dysfunction.!*!!

Anti-inflammatory activity

Fenugreek is an ancient herb whose medicinal qualities are
well established, and most especially its anti-inflammatory
effect. Polycystic ovary syndrome is a common endocrine
disease among women that triggers the development of
metabolic disturbances and chronic low-grade inflammation.
The anti-inflammatory effect of fenugreek seed extract was
evaluated in an in vitro study using protein denaturation tests,
membrane stabilization tests and erythrocyte sedimentation
rate tests. The extract performed better than celecoxib, which
is a common non-steroidal anti-inflammatory medication, in
all concentrations.® Other findings showed that the aqueous
extract alleviated ulcerogenesis.[! Moreover, in a mouse-
based diabetes model, the use of fenugreek reduced the
macrophage infiltration into adipose tissue and suppressed
the expression of proinflammatory genes in the mRNA.5

Obesity

In animal research, obesity is a progressive result of the
deposit of excessive body fat, which leads to the development
of undesirable health conditions and aggravates other health
issues. In a controlled study on 32 male rats, a high-calorie diet
successfully induced obesity, leading to adverse metabolic
changes. When fenugreek seed powder was administered,
key physiological and biochemical parameters gradually
returned to near-normal levels. Fenugreek supplementation
reduced body fat accumulation and adipose tissue deposition,
highlighting its anti-obesity potential. In addition, its
aqueous extract improved glucose and lipid metabolism,
lowered TBARS levels, and enhanced antioxidant enzyme
activity, suggesting protective effects against obesity-related
complications.’*#3]




Asthma

Human study

Asthma refers to a chronic respiratory illness. The condition
is managed by the use of corticosteroids, and a study
investigating the effect of fenugreek seed extract on patients
with mild asthma reported that fenugreek acts as a lung tonic
and could be used in the management of mild asthma.[¢

Animal model

Mice were used in an experiment to test fenugreek seeds as
a treatment of allergic asthma, which in Persian medicine
is referred to as Rabi, with the key aim of suppressing the
infiltration of Th2 cytokines that cause inflammation by
lowering the levels of mRNA expression in bronchoalveolar
lavage fluid. The results showed that aqueous seed extract
of fenugreek suppressed the mucus hypersecretion,
peribranchial and perivascular inflammatory conditions, and
hyperplasia of the goblet cells in the lung tissues compared to
ovalbumin-sensitized controls, which implies that the extract
is the most suitable intervention to treat allergic asthma.l!

Gastroprotective effects

Animal trails

Fenugreek seed has nutraceutical properties and has
been used traditionally to treat gastrointestinal disorders,
especially gastric ulceration. The rats were starved (24 h)
followed by administration of either aqueous extract
(1, 2 or 3 mL/kg), gel fraction (500, 600 and 700 mg/kg)
or omeprazole (10 mg/kg™") through gastric intubation in a
controlled experimental design. One hour post-dosing, each
animal was given 1.5 mL of HCl-ethanol mixture, which was
a mixture of HCl, 150 mM dissolved in 70% v/v ethanol,
which was the vehicle of control. The findings revealed
that the orally administered fenugreek seed fractions have
a profound gastro-protective effect, and the flavonoid and
polysaccharide components of the gel fraction have been
discovered as the major mediators of this property.®”

Antimicrobial activity

Fenugreek seeds have inbuilt antibacterial properties.
Pharmacological activity of fenugreek are presented in
Figure 1. The antibacterial activity of seed extracts was
determined against six bacterial isolates consisting of
Pseudomonas aeruginosa, Proteus mirabilis, Salmonella
typhi, Escherichia coli, and Vibrio parahaemolyticus that
were collected in different clinical sources, including stool,
wound exudate, urine and skin lesions. The largest inhibition
zones were observed with Staphylococcus aureus and P.
aeruginosa with a 22 mm and 17 mm against the extract,
respectively.® Another study matched the antimicrobial
efficacy of 7. foenum-graecum phytoconstituents to that
of 0.2% chlorhexidine (CHX). The preparations under
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study were fenugreek absolute, DIO, and furanone. The
evidence demonstrates that fenugreek extract may be a better
alternative to CHX in the gingival and periodontal infection
management.!”!

Future prospects

The genetic diversity and biochemical composition of
T. foenum-graecum have been studied using molecular
markers, including RAPD, AFLP, ISSR and SSR, and initial
phytochemical surveys, as reported, but the combination of
state of art multi-omics technologies has not yet been fully
developed. The available literature supports the therapeutic
use of active constituents of fenugreek (steroidal saponins,
flavonoids, alkaloids, and other phytochemicals) in the
treatment of diabetes, inflammation, and cardiovascular
conditions. However, the cellular signaling pathways,
pharmacokinetics and clinical efficacies of these metabolites,
in leaves, seeds, and processed products, remain unknown
to us and deserve all possible research. Additional
investigation is essential to define distinct therapeutic
requirements of metabolic syndromes, weight management,
and neuroprotection, especially by use of phylogenomics
and SNP-based genomic mapping. Therefore, future studies
must strive to harmonize the time-tested applications with
the current genetic-enhancement and precision-gene-editing
technology, including CRISPR-Cas9, and at the same time
facilitate the application of sustainable agronomic strategies
that would increase the production of health-promoting
nutraceuticals in this ancient medicinal herb.

CONCLUSION

This in-depth exploration sheds light on the incredible
versatility of fenugreek (7. foenum-graecum), underscoring
its status as a powerhouse crop packed with nutrients and a
valuable medicinal ally, especially in its seeds and leaves.
Techniques such as RAPD, AFLP, ISSR, and SSR have
revealed impressive genetic variation among different strains
and varieties, setting the stage for smarter breeding programs.
At the same time, its rich mix of bioactive elements likes
steroidal saponins, flavonoids, alkaloids, proteins, fibers,
vitamins, and mineral drives a host of health perks, from
managing diabetes and reducing inflammation to safeguarding
the heart and providing antioxidant support, as shown in early
laboratory and animal studies. While fenugreek has long been
a staple in traditional healing practices, unlocking its true
power will require robust, large-scale human trials to solidify
its effectiveness against metabolic disorders and beyond.
Moving forward, merging time-honored knowledge with
cutting-edge science such as phylogenomics, metabolomics,
transcriptomics, SNP-based mapping, and CRISPR gene
editing, holds the key to decoding its secrets, paving the path
for innovative advances in nutraceuticals, drugs, and tougher,
more sustainable crop strains.
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