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Background: Fenugreek, also known as Trigonella foenum-graecum L, is a natural plant 
that belongs to the Fabaceae family and has been known as a promising source of bioactive 
compounds. It has been widely used as traditional medicine since it has shown to lower 
blood glucose, manage cholesterol levels and further aid in the prevention and treatment of 
cancer. Herein, we aim to evaluate the anticancer activity of methanolic fenugreek seed 
extract against several cancer cell lines.
Methods: We sought to investigate the phytochemical classes present in multiple fenugreek 
seeds extracts using HPLC-DAD followed by LC/MS, predict and investigate anticancer 
activity using PASS online webserver, the CellTiter-Glo assay, evaluate ADME properties, 
and perform molecular docking for all bioactive compounds via Maestro software.
Results: Multiple extracts exhibited distinct phytochemical classes that demonstrated different 
biological activities. Fenugreek methanolic extract contains flavonoid chemical class, which 
showed the highest anticancer activity against the HCT8 cell line of colorectal cancer (IC50 of 
8.83 μg/mL), followed by KAIMRC1 breast cancer cell line (IC50 of 35.06 μg/mL), HL60 
leukemia cell line (37.80 μg/mL), MDA-MB-231 breast cancer cell line (38.51 μg/mL), and lastly, 
HCT116 colorectal cancer cell line with IC50 of 56.03 μg/mL. In contrast, the chloroform extract 
was inactive. The molecular docking study for all the bioactive compounds suggested that 
flavonoids F6 (−9.713 and −12.132), F7 (−10.166 and −12.411), and F11 (−10.084 and −13.516) 
possess the highest docking scores through SP and XP scores, respectively.
Conclusion: The obtained results confirm that the bioactive compounds present in fenu-
greek seeds exhibit anticancer activity against several cancer cells that can mediate via 
tubulin polymerization inhibition. Although our study has evaluated the anticancer potential 
of Trigonella foenum-graecum as a promising natural source for new anticancer agents, 
fenugreek biological activity needs further research and investigations on their mechanism of 
action and toxicity profile.
Keywords: fenugreek Trigonella foenum-graecum, tubulin inhibitors, computational 
pharmacokinetics ADME, QTOF-LC/Ms metabolites

Introduction
Cancer is recognized as a significant public health concern and is expected to rise as 
a result of changes in human lifestyles.1 Despite the variety of anticancer agents 
available nowadays, these agents only provide limited therapeutic benefits due to 
undesirable side effects and the development of chemoresistance.2 In the last few 
years, researchers have emphasized the need to discover novel chemotherapeutic 
drugs from natural resources, as the usage of herbs has provided a new therapeutic 
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approach in a variety of diseases. Moreover, it has been 
reported that the general community is using herbal pro-
ducts to complement or replace modern therapeutic med-
icine due to their potential safety profile and promising 
activity.3–6

Fenugreek, known as Trigonella foenum-graecum, or 
Hilbeh in the Middle East, belongs to the Fabaceae 
family.7 The extract of fenugreek contains numerous phyto-
chemical classes, including flavonoids, which are recognized 
as antioxidants that decrease oxidative stress.8 In addition, 
phytosterol diosgenin, a steroidal saponin with potential bio-
logical activities such as glucose preservation and lipid 
homeostasis, has a cytotoxic effect on lung cancer cells and 
an inhibitory effect of the hTERT gene. It also exhibits 
a potential anticarcinogenic activity toward breast cancer 
tissues due to its strong antioxidant effect.9–12 Moreover, 
the extract includes the soluble fiber galactomannan, which 
enhances blood glucose and lowers serum lipid in diabetic 
animal models, besides 4-Hydroxyisoleucine that stimulates 
insulin secretion and that has insulin-mimetic properties.13,14

Hence, a wide variety of fenugreek seeds medical 
applications are well known, including dysmenorrhea, 
alleviate painful uterine contractions during menstruation, 
diabetes, wound healing, and stimulation of milk 

production.15 Furthermore, several in-vivo and in-vitro 
studies have reported the promising anticancer activity of 
fenugreek extracts with the advantage of selective toxicity 
to cancer cells.16

Chatterjee et al studied the Trigonella foenum-graecum 
seeds extract on skin papilloma tumors. The authors found 
a remarkable reduction in tumor incidence compared to 
a control group by inhibiting the tumour necrosis factor 
(TNF) gene expression.17 Likewise, Trigonella foenum- 
graecum crude methanol extracts caused apoptosis induc-
tion in hepatocellular carcinoma (HepG2) using MTT 
assay.18 Another study examined the anticancer activities 
of fenugreek seed extract on MCF-7 breast cancer, HCAM 
liver cancer, and non-cancerous Vero cell lines and 
revealed that these seeds diminished cancer cell prolifera-
tion within the MCF-7 cell line. Unfortunately, no apop-
tosis or necrosis was observed.19

In a recent study, T. foenum-graecum extracts were 
tested on cancer cell lines, including Hep2, MCF7, and 
normal cell line HCEC. The methanolic extract showed 
considerable cytotoxicity to Hep2 and MCF7 cell lines, 
with IC50 values ranging from 2.85 to 3.14 g/L, which was 
higher than the cytotoxicity of reference drugs Paclitaxel 
and Tamoxifen. Importantly, these extracts demonstrated 
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no cytotoxicity against normal cells, indicating that they 
were selectively cytotoxic to cancer cells.20

Microtubule, a protein involved in the critical functions 
of several cells in the human body, has been proven to be 
a target in the development of novel anticancer agents.21 

Microtubules are formed when α- and β-tubulin heterodi-
mers polymerize to build a tube-shaped structure, which is 
then depolymerized in a dynamically balanced cycle.22 

Since various isotypes of tubulin are expressed in cancer-
ous cells, inhibiting these microtubules can interfere with 
neoplastic cell cycles and induce apoptosis. Indeed, multi-
ple anti-tubulin agents are naturally derived from plants, 
such as Taxanes and Vinca Alkaloids. These agents impair 
cell division by disrupting the equilibrium state of micro-
tubules via inhibiting polymerization or the depolymeriza-
tion process.23 Similarly, Nagireddy et al found that 
Noscapine analogs, derived from the Papaver somniferum, 
can inhibit tubulin protein and were considered a potential 
chemotherapeutic candidate for the treatment of pancreatic 
cancer. Furthermore, the presence of bromine in com-
pounds can suppress cell growth at the G2/M phase of 
MCF-7 cells and induce apoptosis.24

Thus, the main aim of this study is to obtain an appro-
priate extraction method of fenugreek seeds and to evalu-
ate the anticancer activity against various cancer cell lines. 
We also predict the pharmacokinetic properties and poten-
tial targets for the bioactive constituents that mediate the 
anticancer activity of fenugreek seed extract.

Materials and Methods
Fenugreek Seed Extraction Protocols
Seeds Collection
Seeds were purchased from a certified company called 
Mountain Rose Herbs. The purchased seeds are carefully 
selected to be organic, without additives, and free of pre-
servatives. Moreover, the seeds undergo more than 10 
quality control tests. The seeds Lot number is 24330-R. 
The seeds have an authentication certificate and certificate 
of analysis. The local herbs shops were avoided because of 
the high chance of adulterants.

Seeds Extraction
First, we followed the standard method of fenugreek 
extraction using the Soxhlet apparatus. 250 g of the 
seeds was grounded by a blender to semi-grounded 
seeds. An Erlenmeyer of 500 mL was used to weigh 75 
g of the grounded seeds. The seeds were placed in 3-filter 
tube each contains 75 g of grounded seeds to utilize it in 

the Soxhlet apparatus. Methanol was used as an extraction 
solvent, the volume was used as recommended by the 
manufacturer, and a 50-mL volume of solvent was intro-
duced into the extractor thimble from the top to facilitate 
flushing of the extractor chamber. After the extraction 
process has been done, the extraction was dried by rotary 
evaporator apparatus to get a powder form of the extrac-
tion. Further extraction has been done using other extract 
solvents by the maceration method. A 100 g of powder 
fenugreek was soaked with 1 liter of each solvent as 
follows: chloroform, water, diethyl ether, and methanol. 
The mixture was kept soaked under a magnetic stirrer hot 
plate at 40°C for 48 h. Then, the extract was collected and 
filtered using filter paper and bacterial filter. A rotary 
evaporator was used for the drying process, and all the 
extracts were stored in a 4°C refrigerator to be further 
used.

Chemical Identification
The extract obtained above was subjected to HPLC-DAD 
followed by LC/MS using the following protocol.

Chemicals
Formic acid and HPLC grade methanol were purchased 
from Sigma-Aldrich (St. Louis, MO, USA) and Honeywell 
(France), respectively.

RP-HPLC Method
All extracts were first injected into the Agilent 1260 
Infinity HPLC system (Agilent, Germany) with Diode- 
Array Detection (DAD) detector. The separation carried 
out in a reversed-phase mode using Phenomenex Kinetex- 
C18 column (4.6 mm × 250 mm, 5 μm) with the following 
elution gradient methanol to ultrapure water; 0–1 min, 5% 
B; 1–11 min, 5–100% B; 11–13 min, 95% B; 13–15 
min, 5% B; 15–16 min, 5% B using mobile phase 
A (0.1% HCOOH in water) and mobile phase B (0.1% 
HCOOH in Methanol). Samples were injected with 10 µL, 
with 16 min run time, and the flow rate was set as 1 mL/ 
min. The DAD collected UV spectrum at 200, 225, 250, 
275, 300, 325, and 350. The data were processed using 
ChemStation software.

LC-QTOF-MS Method
The analysis of all extracts was performed on Agilent 1260 
Infinity HPLC system (Agilent, Germany) coupled to Agilent 
6530 Quadrupole Time of Flight (Agilent, Singapore). 
Separation was performed using Agilent Extend-C18 column 
(2.1 mm × 50 mm, 1.8 μm) with the following elution 
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gradient; 0–1 min, 5% B; 1–11 min, 5–100% B; 11–13 
min, 95% B; 13–15 min, 5% B; 15–16 min, 5% B using 
mobile phase A (0.1% HCOOH in water) and mobile phase 
B (0.1% HCOOH in Methanol). The injection volume was 10 
µL, and the flow rate was set as 300 µL/min. The 
MS1acquisition method was achieved in positive mode with 
mass ranged from 100 to 600 m/z. The mass spectrometer 
parameters were set as follows: Gas Temperature = 300°C; 
Gas flow = 8 I/min; Nebulizer = 35 psig; SheathGas 
Temperature = 350 and SheathGas flow was 11. MS1 data 
was generated using the Agilent MassHunter qualitative ana-
lysis software.

In-vitro Anticancer Activity
The anticancer biological experiment was conducted at King 
Abdullah International Medical Research Center 
(KAIMRC), Riyadh, Saudi Arabia. To determine the effect 
of the fenugreek extracts on cell proliferation, MCF-7, MDA 
MB-231, KAIMRC1 (breast cancer cell lines), HCT8, and 
HCT116 (colorectal cancer cell lines) were used. All the cell 
lines were purchased from ATCC, USA, except KAIMRC1, 
which was isolated and established in the core laboratory 
facility KAIMRC, Riyadh KSA.25 All the cell lines were 
maintained in advanced DMEM containing 10% FBS, 1% 
L-glutamine, and 1% antibiotics (Pen-Strep). Cells were 
plated on flat-bottom white 96-well plates at a density of 
5×103 cells/well in a 100 μL growth medium. Serial dilu-
tions of the extracts, ranging from 100 to 0.01 μg/100µL cell 
culture media were made in triplicates and transferred to the 
cell culture plates containing the cells. Additional rows with 
only cells were added to account for the compounds and 
cells’ effect. Cells were incubated for 48 h at 37°C with 5% 
CO2. Cell viability was determined using the CellTiter-Glo 
assay (Promega) according to the manufacturer’s recom-
mendations. Luminescence was measured using the 
EnVision plate reader (Perkin Elmer), and readings were 
normalized to averaged DMSO controls and expressed as 
a relative percentage. Mitoxantrone was used as a positive 
control, data were analyzed with GraphPad Prism 8.1 soft-
ware, and the half-maximal inhibitory concentration (IC50) 
was determined.

ADME Using SwissADME Webserver
The calculations of the absorption, distribution, metabo-
lism, and elimination (ADME) properties of the fenugreek 
active compounds were performed using the SwissADME 
web server.26 The SMILES of each active compound were 
used as input to generate the ADME data, and the results 

were then compared and analyzed according to the 
reported literature values.

Prediction of Biological Activity Using 
PASS Online
The flavonoid-derived compounds from fenugreek metha-
nolic extract were analyzed using the online service 
Prediction of Activity Spectra for Substances (PASS) to 
determine the biological probability of a substance being 
active (Pa) or inactive (Pi).27

Molecular Docking Study on Tubulin
Protein and Ligands Preparation
The 3D crystal structure of Tubulin (PDB: 4O2B) was 
obtained from the RCSB protein data bank, and the structure 
was prepared using the Protein Preparation Wizard tool 
(PrepWizard, Schrödinger Release 2021-1). The 3D Tubulin 
structure was refined, minimized, and optimized with the 
OPLS4 force field. Unnecessary water molecules, substrates, 
ions, and other subunits were removed and the β-Tubulin 
subunit that contains the Colchicine binding site was main-
tained for the docking study. The 2D structures for ligands 
(F1-11, S1-3, D1-4, and Colchicine) were prepared using 
Schrödinger’s LigPrep tool, and several conformations were 
generated, optimized, and minimized for their lowest energy 
conformation.

Ligand-Protein Molecular Docking
A one-step docking tool was utilized to validate the dock-
ing modes, and the root-mean-square deviation (RMSD) 
values were below 0.366 Å for both standard precision 
(SP) and extra precision (XP) scoring functions of GLIDE. 
All the compounds were docking using SP and XP scoring 
functions, and post-docking analysis for the docked poses 
was performed. Moreover, the energies or the relative 
binding affinity for the best docking (complex) structures 
were carried out using Prime MM-GBSA in which VSGB 
was used as a solvation model and OPLS4 force field.

QikProp for Absorption, Distribution, Metabolism, 
and Excretion (ADME) Predictions
For all the ligands, the ADME parameters were calculated 
and computed using the QikProp tool, Schrödinger, LLC, 
New York, NY, 2021. More than twenty physical descrip-
tors were generated, and the most important parameters for 
drug development were chosen for further analysis.
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Results
Chemical Analysis and Compound 
Identifications in the LC/MS Based on the 
Solvent Used
Soxhlet Methanolic Extract
The extracted yield obtained was as follows: Soxhlet 
methanolic extract 68% of the started weight, chloro-
form extract 45%, water extract 73%, diethyl ether 
extract 67%, and methanol extract 84%. The obtained 
extracts were injected into LC/Ms, and the peaks total 
ion chromatogram, which shows high abundancy, was 
examined as shown in Figure 1. QTOF-LCMS is one of 
the recent methods that could be used to identify meta-
bolites, since we are handling the same seed that was 
analysed previously and identified, and their chemical 
structure was illustrated using NMR and chromatogra-
phy techniques. It is valid to tentatively map the specific 
mass value with the previously reported compounds 
isolated from the same seed.

Chloroform Extract
The obtained chloroform extract was injected into LC/Ms, 
and the peaks total ion chromatogram, which shows high 
abundancy, was examined as shown in Figure 2.

Water Extract
The obtained water extract was injected into LC/Ms, and 
the peaks total ion chromatogram, which shows high 
abundancy, was examined as shown in Figure 3.

Diethyl Ether Extract
The obtained water extract was injected into LC/Ms, and 
the peaks total ion chromatogram, which shows high 
abundancy, was examined as shown in (Figure 4).

Predicted Biological Activity of Bioactive 
Compounds Using PASS Online
The metabolic profiling results showed that the fenugreek 
seed extracts exhibited different phytochemical classes 
depending on the solvent used. Our results showed that 

Figure 1 The LC/MS spectrum for soxhlet methanolic extract.
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methanol extract was rich in flavonoids, while the chloro-
form extract was rich with Phytosterol Diosgenin 
(Spirostan) derivatives. The Prediction of Activity 
Spectra for Substances (PASS) online service was used 
to assess the potential pharmacological activities of all 
the three different phytochemical classes that are present 
in different extracts.27 As a result, compounds F6, F7, and 
F11 exhibited the highest probability of being active as 
anticarcinogenic and antineoplastic relative to the other 
compounds present in fenugreek extracts, as summarized 
in Table 1.

In-vitro AntiCancer Activity of Fenugreek 
Extracts Against Several Cancer Cell 
Lines
To confirm the predicted anticancer activity of fenugreek 
phytochemical compounds, the methanol and chloroform 
fenugreek extracts were examined against Leukemia can-
cer cell lines (HL60 and K562), breast cancer cell lines 

(KAIMRC1 and MDA-MB-231), colorectal cancer cell 
lines (HCT8 and HCT116), and also against normal pri-
mary fibroblasts P1 and normal blood cells N1 to deter-
mine the selectivity of these chemical classes. Methanol 
extract exhibited a promising anticancer activity on all the 
cell lines except the K562 Leukemia cell, as plotted in 
Figure 5. The highest inhibitory activity of the methanol 
extract was against the HCT8 cell line of colorectal cancer 
with an IC50 of 8.83 μg/mL, followed by KAIMRC1 
breast cancer cell line, HL60 leukemia cell line, MDA- 
MB-231 breast cancer cell line, and lastly HCT116 color-
ectal cancer cell line, with IC50 of 35.06, 37.80, 38.51, and 
56.03 μg/mL, respectively (presented in Table 2). On the 
contrary, the chloroform extract was inactive on all cell 
lines, as seen in Figure 6.

ADME Properties of Fenugreek Extracts 
Bioactive Compounds
The selection of the ADME properties that were assessed 
in this study was based on Lipinski’s rule of five (ROF) 

Figure 2 The LC/MS spectrum for chloroform extract.
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that estimates the drug-likeness properties of tested 
compounds.28,29 The pharmacokinetic properties of flavo-
noid derivatives (F1-F11) were within the acceptable range 
<500 Daltons in the molecular weight, except for F9 and 

F10 that were out of range, suggesting the bulkiness of 
these two compounds (Table 3, Figure 7).28 Flavonoid 
derivatives F6 to F11 showed greater than 5 in the number 
of H-bond donors, whereas F9 to F11 were out of range in 

Figure 3 The LC/MS spectrum for water extract.

Figure 4 The LC/MS spectrum for diethyl ether extract.
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the number of H-bond acceptors, which consequently 
would affect the blood-brain barrier (BBB) permeability 
and GI absorption. Moreover, all the flavonoid derivatives 
(F1-F11) showed low lipophilicity and high solubility 
profile that affected the BBB penetration and oral activity. 
Furthermore, it was predicted that F1 to F8 could poten-
tially have oral activities; however, F9 to F11 are orally 
inactive due to violation of two or more of Lipinski’s 
rules.

The pharmacokinetic properties of diosgenin derivatives 
were computed (Table 3, Figure 7), and all the four derivatives 
were within the acceptable range <500 Daltons in the mole-
cular weight and hydrogen bond donors and acceptors require-
ments. The computed lipophilicity (Log Po/w) and solubility 
(LogS) parameters of diosgenin derivatives were higher 

compared to the optimal range except for D4, suggesting 
these compounds D1 to D3 are highly lipophilic and thus 
poorly soluble.30,31 Additionally, most of the compounds 
were permeable to the BBB except for D2, and all the four 
derivatives demonstrated high GI absorption suggesting these 
diosgenin derivatives could be orally active, with no violation 
of two or more of Lipinski’s rules.

Moreover, the ADME predictions (Table 3, Figure 7) of 
polyphenol stilbenes derivatives were within the acceptable 
range <500 Daltons in the molecular weight and hydrogen 
bond donors and acceptors except for S1 that demonstrated 
H-bond donors of more than 5. All three derivatives showed 
good lipophilicity (LogPo/w) and solubility (LogS) values 
that were within the recommended range. Also, ADME 
results showed that S3 could penetrate the BBB, and this 
might be due to the balance between the solubility and 
lipophilicity values; however, the other two stilbenes S1 
and S2 derivatives could not penetrate BBB due to their 
low lipophilicity and high solubility.32 Additionally, S2 and 
S3 showed high GI absorption, whereas S1 showed low GI 
absorption that correlates with H-bond donor ability that 
affects the absorption. Overall, all the Stilbenes derivatives 
were predicted to be orally active due to no violation of two 
or more of Lipinski’s rules.

Docking of Fenugreek Bioactive Chemical 
Classes into Tubulin Crystal Structure
In this study, we sought to determine the potential mechan-
ism that mediates the anticancer activity of the fenugreek 

Table 1 Biological Activity Predictions Using PASS Online 
Webserver

Compounds Codes Type of Activity Pa Pi

F6 Anticarcinogenic 0.926 0.002

Antioxidant 0.831 0.003

Antineoplastic 0.828 0.009

F7 Anticarcinogenic 0.856 0.004

Antioxidant 0.802 0.003
Antineoplastic 0.800 0.012

F11 Anticarcinogenic 0.943 0.002

Antioxidant 0.915 0.003

Antineoplastic 0.854 0.007

Figure 5 The inhibitory activity of fenugreek methanol extract against six cancer cell lines.
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bioactive constituents. The colchicine (reference ligand) 
docking score with SP (−11.572) method was better com-
pared to the XP scoring (−7.707) function and a similar 
observation was found with MM/GBSA binding energy in 
which SP (−88.10 Kcal mol−1) was significantly higher 
compared to XP (−20.81 Kcal mol−1) docking (Table 4). 
From the docked compounds, the best ligand was F7 that 
demonstrated a value of −10.166 and −12.411 through SP 
and XP docking methods, respectively. It is worth men-
tioning that ligands demonstrated higher docking scores 
with XP scoring function; however, this was not the case 
with the reference ligand (colchicine). Moreover, ligand 
F11 exhibited the third-best docking scores with values of 
−10.084 for SP and −13.516 for XP docking methods. 
Ligand F6 exhibited the fourth-best docking values with 
−9.713 and −12.132, respectively, through SP and XP 
scoring functions. In the case of MM/GBSA binding 

energy, the order of the ligands is different, as ligand F6 
exhibits the highest binding energy, while F11 demon-
strates the lowest with both SP and XP scoring methods. 
Of note, all the ligands were docked into β-Tubulin using 
SP and XP; however, our results showed that the flavonoid 
chemical class exhibit the highest docking scores with 
tubulin confirming the above-discussed results.

The post-docking analysis of the ligands with SP docking 
function exhibited several valuable molecular interactions. 
For instance, colchicine exhibits multiple hydrogen bond 
(H-bond) interactions with residues Cys241, Val238, 
Val181, and Thr353 (Figure 8). While XP docking interac-
tion demonstrates less interaction while maintaining only one 
H-bond with Cys241 (Figure 9) that could explain the lower 
docking score compared to SP, and a similar trend was 
observed with the docked ligands. Moreover, multiple 
H-bonds interactions were demonstrated with the SP best 

Figure 6 The inhibitory activity of fenugreek chloroform extract against six cancer cell lines.

Table 2 The IC50 Values of Fenugreek Extracts Against Six Cancer Cell Lines

Cancer Leukemia Normal Primary 
Fibroblast

Normal Blood 
Sample

Breast Cancer Colorectal 
Cancer

Cell Lines HL60 K562 P1 N1 KAIMRC1 MDA- 
MB-231

HCT8 HCT116

IC50 

(µg/mL)

Fenugreek Methanol 

Extract

37.80 702.4 1888 17.38 35.06 38.51 8.831 56.03

Fenugreek 

Chloroform Extract

165.3 557.7 1516 155.0 411.3 - 424.5 410.4
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docking pose of ligand F6 with Asn249, Gln11, Glu183, 
Asn101, and Thr179. Using XP docking, ligand F6 demon-
strated additional two H-bonds interactions with Gln247 and 
Tyr224 residues. The highest SP docking score was attained 
by ligand F7 that showed H-bonds interactions with Asn101, 
Ser178, Lys254, Gln11, Gln247, and Val315. Using the XP 
scoring function, ligand F7 exhibited additional H-bonds 
with residues Cys241, Val238, Asn101, Asn249, Gln11, 
Gln247, and Glu183. Additionally, the H-bonds interactions 

exhibited by ligand F11 within the binding site involve 
Cys241, Asn101, Ser178, Val181, and Asn350 through the 
SP docking method, while XP docking exhibited six 
H-bonds interactions with Cys241, Asn101, Lys254, 
Ser178, Val181, and Val315.

Discussion
In Soxhlet methanolic extract, the first spectrum screening at 
Rt (0.691–1.294 min): The peaks, which appear at Rt range 

Table 3 The Pharmacokinetic ADME Properties of Fenugreek Bioactive Constituents

Compounds 
Codes

Molecular 
Weight

HB 
Donor

HB 
Acceptor

Log Po/w 
(WLOGP)

Log 
S (SILICOS- 

IT)

BBB 
Permeant

GI 
Absorption

Rule of Five (ROF)

Diosgenin 1 

(D1)

414.62 g/mol 1 3 5.71 High 

lipophilic

−4.49 Poorly 

soluble

Yes High Yes; 1 violation: MLOGP>4.15

D2 414.62 g/mol 0 3 6.00 Highly 

lipophilic

−5.20 

Moderately 

soluble

No High Yes; 1 violation: MLOGP>4.15

D3 412.60 g/mol 0 3 5.78 Highly 

lipophilic

−4.74 

Moderately 

soluble

Yes High Yes; 1 violation: MLOGP>4.15

D4 446.62 g/mol 2 5 3.94 −3.56 Soluble Yes High Yes; 0 violation

Stilbene 1 (S1) 420.41 g/mol 6 9 0.24 −1.71 Soluble No Low Yes; 1 violation: NHorOH>5

S2 404.41 g/mol 5 8 0.53 −2.30 Soluble No High Yes; 0 violation

S3 258.27 g/mol 3 4 2.76 −3.41 Soluble Yes High Yes; 0 violation

Flavonoid 1 

(F1)

286.24 g/mol 4 6 2.28 −3.82 Soluble No High Yes; 0 violation

F2 270.24 g/mol 3 5 2.58 −4.40 

Moderately 

soluble

No High Yes; 0 violation

F3 302.24 g/mol 5 7 1.99 −3.24 Soluble No High Yes; 0 violation

F4 330.29 g/mol 3 7 2.59 −4.63 

Moderately 

soluble

No High Yes; 0 violation

F5 286.24 g/mol 4 6 2.28 −3.82 Soluble No High Yes; 0 violation

F6 432.38 g/mol 6 10 0.05 −2.69 No Low Yes; 1 violation: NHorOH>5

F7 432.38 g/mol 7 10 −0.23 −2.38 soluble No Low Yes; 1 violation: NHorOH>5

F8 432.38 g/mol 7 10 −0.23 −2.38 soluble No Low Yes; 1 violation: NHorOH>5

F9 564.49 g/mol 10 14 −2.40 −0.71 soluble No Low No; 3 violations: MW>500, 

NorO>10, NHorOH>5

F10 594.52 g/mol 11 15 −3.04 −0.27 soluble No Low No; 3 violations: MW>500, 

NorO>10, NHorOH>5

F11 448.38 g/mol 7 11 0.49 −2.08 Soluble No Low No; 2 violations: NorO>10, 

NHorOH>5
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Figure 7 Log Po/w and LogS of fenugreek phytochemical classes.
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(0.691–1.294 min), are correlated with the compounds 
Quercitrin (F11) and Vicenin-1 (F9), respectively,33 F11 
with [M+H]+ 448.101 and molecular formula of 
[C21H20O11] +, and compound F9 with [M+H]+ 564.148 
and molecular formula of [C26H28O14]+. Second spectrum 
screening at Rt (4.712–5.110 min): The peaks, which appear 
at Rt range (4.712–5.110 min), are correlated with the com-
pounds Afroside (F6),34 F6 with [M+H]+ 432.106 and mole-
cular formula of [C21H20O10]+. Third spectrum screening at 
Rt (10.816–12.825 min): The peaks, which appear at Rt 
range (10.816–12.825 min), are correlated with the com-
pounds Naringenin (F2) and Vicenin-2 (F10), 
respectively,34 F2 with [M+H]+ 270.053 and molecular for-
mula of [C15H10O5] +, and compound F10 with [M+H]+ 
594.158 and molecular formula of [C27H30O15]+. Fourth 
spectrum screening at Rt (25.146–25.411 min): The peaks, 
which appear at Rt range (25.146–25.411 min), are asso-
ciated with the compounds Quercetin (F3) and Tricin-2 
(F4), respectively,34 F2 with [M+H]+ 270.053 and molecular 
formula of [C15H10O5] +, and compound F10 with [M+H]+ 
594.158 and molecular formula of [C27H30O15]+.

In chloroform extract, the first spectrum screening at Rt 
(10.348–12.645 min): The peaks that appear at Rt range 
(10.348–12.645 min) are correlated with the compounds 
Diosgenin-1 (D1),33 D1 with [M+H]+ 414.621 and mole-
cular formula of [C27H42O3]+. Second spectrum screening 
at Rt (25.835–26.934 min): The peaks that appear at Rt 
range (25.835–26.934 min) are related with the compounds 
(25R)-5x-Spirost-2-en-6-one (D3) and (25R)-2a,3az- 
Dihydroxy-5a-spirostan-6-one (D4), respectively,33 

Compound D3 with [M+H]+ 412.298 and a molecular for-
mula of [C27H40O3]+, and compound D4 with [M+H]+ 

446.303 and a molecular formula of [C27H42O5]+. Third 
spectrum screening at Rt (27.805–28.692 min): The peaks 
that appear at Rt range (27.805–28.692 min) are correlated 
with the compounds (25R)-3cx,5-Cyclo-5a-spirostan-6-one 

(D2) Compound D2 with [M+H]+ 432.106 and a molecular 
formula of [C21H20O10]+.33

In water extract, the first spectrum screening at Rt 
(0.752–1.266 min): The peaks that appear at Rt range 
(0.752–1.266 min) are associated with the compounds 
Rhapontigenin (S3) and Afroside (F6), respectively,34,35 

compound S3 with [M+H]+ 258.089 and molecular for-
mula of [C15H14O4]+, and compound F6 with [M+H]+ 
432.106 and molecular formula of [C21H20O10]+. Second 
spectrum screening at Rt (25.295–25.884 min): The peaks 
that appear at Rt range (25.295–25.884 min) are correlated 
with the compounds Desoxyrhaponticin (S2) and Vicenin- 
1 (F9), respectively,34,35 compound S2 with [M+H]+ 
402.147 and a molecular formula of [C21H24O8]+, and 
compound F9 with [M+H]+ 564.148 and a molecular for-
mula of [C26H28O14]+. Third spectrum screening at Rt 
(28.046–28.510 min): The peak that appears at Rt range 
(28.046–28.510 min) is correlated with the compound 
Rhaponticin (S1).35 Compound S1 with [M+H]+ 
420.3362 and a molecular formula of [C21H24O9]+.

In diethyl ether, the first spectrum screening at Rt 
(25.084–25.766 min): The peaks that appear at Rt range 
(25.084–25.766 min) are related with the compounds 
Desoxyrhaponticin (S2) and Vicenin-1 (F9), 
respectively,34,35 compound S2 with [M+H]+ 402.147 
and a molecular formula of [C21H24O8]+, and compound 
F9 with [M+H]+ 564.148 and a molecular formula of 
[C26H28O14]+. Second spectrum screening at Rt (25.146– 
25.411 min): The peaks that appear at Rt range (25.146– 
25.411 min) are correlated with the compounds 
Desoxyrhaponticin (S2) and Rhaponticin (S1), 
respectively,35 compound S2 with [M+H]+ 402.147 and 
a molecular formula of [C21H24O8]+, and compound S1 
with [M+H]+ 420.3362 and a molecular formula of 
[C21H24O9]+.

Using the PASS online webserver, the flavonoid class of 
compounds demonstrated the most promising anticancer and 

Table 4 SP and XP Glide Scores for the Best Docked Compounds/Protein Complexes with MM/GBSA Binding Energy Calculations

SP Docking XP Docking

Ligand Glide 
Score

Glide Energy 
(Kcal mol−1)

MM/GBSA Binding 
Energy (Kcal mol−1)

Glide 
Score

Glide Energy 
(Kcal mol−1)

MM/GBSA Binding 
Energy (Kcal mol−1)

Colchicine −11.572 −64.602 −88.10 −7.707 −40.594 −20.81
F6 −9.713 −65.402 −53.00 −12.132 −61.975 −52.68

F7 −10.166 −54.596 −43.56 −12.411 −50.704 −49.73

F11 −10.084 −54.034 −18.79 −13.516 −54.718 −12.25
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Figure 8 Ligand and protein molecular interactions for colchicine, F6, F7, and F11 with the β-Tubulin binding site using glide SP scoring tool.
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Figure 9 Ligand and protein molecular interactions for colchicine, F6, F7, and F11 with the β-Tubulin binding site using glide XP scoring tool.
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anti-neoplastic activities among others, while the polyphenol 
stilbenes and phytosterol diosgenin derivatives showed lower 
activity compared to flavonoids, suggesting the flavonoid class 
of compounds could be responsible for the anticancer activity 
of the fenugreek plant. Since flavonoids predominate in the 
methanolic extract, our in-vitro cytotoxicity findings appear to 
be consistent with previously reported studies that support its 
anticancer properties. For example, Torres et al found that 
THDF, a natural flavonoid, is a potent inhibitor of cytotoxic 
activity on human myeloid leukemia HL-60 and U937 cells.36 

Moreover, Centaureidin, a flavone derived from Polymnia 
fruticose, has been shown to inhibit tubulin polymerization, 
making it one of the first known flavonoids with an antimitotic 
effect.37 Furthermore, Liu et al proposed that Casticin, 
a polymethoxyflavone derived from Vitex rotundifolia, 
reduced the viability of glioma cells U251, U87, and U373, 
through a variety of mechanisms, one of which is attenuating 
the polymerization of tubulin.38 Similarly, Isoliquiritigenin, 
a flavonoid isolated from liquorice, has been shown to suppress 
proliferation and promote differentiation in glioma stem cells 
isolated from SHG44 human glioma cells.39 These studies 
confirm our results and suggest that fenugreek methanolic 
extract possesses a promising anticancer activity that can med-
iate through inhibition of tubulin polymerization as reported in 
the literature. Meanwhile, chloroform extract demonstrated 
less anticancer activity, confirming the predicted activities 
using PASS online webserver.

Furthermore, we assessed and evaluated the absorption, 
distribution, metabolism, and elimination (ADME) proper-
ties of natural active compounds present in the fenugreek 
seeds extract. Understanding the ADME parameters for the 
tested compounds allows the design and development of 
highly effective therapeutic agents with good pharmaceutical 
properties.40 Therefore, our results show that the most impor-
tant ADME parameters that possess a crucial role in the drug 
discovery process are acceptable among the three different 
classes. Additionally, since several reported studies have 
suggested β-Tubulin could mediate beneficial flavonoid 
effects, a molecular docking study with β-Tubulin was car-
ried out, and our docking results showed that flavonoids 
exhibit the highest docking scores with tubulin crystal struc-
ture, suggesting the cytotoxic activity of flavonoids could be 
mediated through inhibition of tubulin polymerization, 
which warrants further investigation.41–44

Conclusion
This study demonstrates that the use of solvents has 
a significant impact on the obtained phytochemical class 

present in the fenugreek seeds. Among the four various 
solvents used, the phytochemical class obtained with 
maceration using chloroform is steroidal skeleton dios-
genin, while methanol solvent contained the flavonoids. 
Furthermore, the computational activity predictions and 
in-vitro anticancer results confirmed the promising antic-
ancer activity of flavonoids against several cancer cell 
lines that can potentially mediate through inhibition of 
tubulin polymerization. Thus, fenugreek methanolic 
extract obtained from Trigonella foenum-graecum seeds 
exhibits anti-tubulin activity, and further research is 
needed to identify new chemotherapeutic agents with less 
harmful side effects.
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