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Abstract

Background: Epithelial ovarian cancer (EOC) is a deadly gynecological cancer among women worldwide. Ministering ovarian can-
cer with classic chemotherapy medications can cause various side effects. Thus, in recent years, the anticancer potential of medicinal
plants has been noticed in complementary cancer treatment due to their high efficacy and low toxicity. The anti-proliferative po-
tential of Xanthium strumarium leaf and seed extract against several cancer cell lines was reported; however, there is no report on
the effect of its root so far.
Objectives: In this study, the antitumor effect of X. strumarium root extract was evaluated on the SK-OV-3 ovarian cancer cell line,
and metabolic alterations were identified.
Methods: Cancer cells were cultured and ministered with different concentrations of ethanolic root extract. The antitumor effect of
the root extract was determined by MTT assay, and cell metabolites was extracted. Finally, the metabolome profile was characterized
and analyzed by 1H NMR-based metabolomics.
Results: The IC50 value of the root extract of X. Strumarium was 30µg/mL after 48 hours, which exhibited anticancer activity against
SK-OV-3 ovarian cancer cells. Aminoacyl-tRNA synthesis, glycerolipid metabolism, fatty acid biosynthesis, and biotin metabolism
were the most affected metabolic pathways involved in the growth inhibition of cancer cells.
Conclusions: In the current study, the ethanolic root extract of X. Strumarium reveals antitumor activity against SK-OV-3 ovarian
cancer cells and could affect vital metabolic pathways.
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1. Background

Epithelial ovarian cancer (EOC) is one of the women’s
most typical and highly malignant gynecological cancers.
Globally, the number of women with ovarian cancer is
about 313959, with 207252 deaths yearly (1). The American
Cancer Society, in 2021, declared that about 109000 women
were diagnosed with ovarian cancer in the USA, among
which about 33000 patients had expired (2). Around
90% of all ovary, fallopian tubes, and primary peritoneal
cancers are epithelial tumors. There are three forms of
standard therapy for advanced ovarian cancer: Surgery,
chemotherapy, and radiation. The considerably effective
chemotherapy drugs to treat ovarian cancer are platinum
analogs such as cisplatin and carboplatin after the opti-
mal surgical cytoreduction (3). However, the disease re-

turns in most patients with progressive ovarian cancer due
to a boost in serum CA125 levels (4). Many reports have
stated that ministering ovarian cancer with established
chemotherapy drugs can induce various side effects. In
contrast, natural compound-based drugs can affect inva-
sive cancer growth with fewer side effects. Therefore, re-
searchers have recently concentrated on the potential use
of medicinal plants as biological anticancer agents due to
their high biological activity and low toxicity (5).

Xanthium strumarium is a medicinal plant naturally
found as a weed that belongs to the Asteraceae (Composi-
tae) family. It has been extensively naturalized in Brazil,
Malaysia, China, India, North America, and Iran. Many
investigations have reported the various pharmacological
activity of the X. strumarium, such as anticancer effects (6,
7). The anti-proliferative potential of X. strumarium leaf
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extract against several cancer cell lines was reported, i.e.,
SK-MEL-2 (Melanoma), A549 (lung), SK-OV-3 (ovary), HTC-
15 (colon) and XF498 (CNS) (8, 9). It has been found that
the seed extract of X. strumarium could also inhibit the
growth of the L929, HEPG2, A549, and Jurkat cell lines (10).
The anticancer effect of X. Strumarium root extract on S180
and HEPG2 cancer cell lines has likewise been established
(10). Coumarins, a phenylpropanoid, were found just in
the roots of this plant rather than in other parts of this
plant. It has been revealed that coumarin derivatives could
inhibit the growth of OVCAR-3(ovary), HL-60 (leukemia),
MCF7 (breast), H727(lung), A549 (lung), ACHN (renal), and
many cancer cell lines (11). Coumarins also could coun-
teract the side effects caused by radiotherapy (12). As the
root of X. strumarium is enriched with coumarin, our exper-
iment evaluated the anti-proliferation potential of X. stru-
marium root extract against an ovarian cancer cell line.

Metabolomics is an analytical profiling approach for
estimating and comparing vast numbers of metabolites
in biological samples (13). NMR-based metabolomics
is an emerging technology utilized to describe cancer
metabolism, with potential use in clinical diagnosis and
follow-up of cancer treatment (14).

2. Objectives

The current investigation focuses on the anticancer ac-
tivity of root extract of X. strumarium on the human ovar-
ian cancer cell line Skov3 to see if it could successfully in-
fluence the growth of these epithelial ovarian cancer cells.
Eventually, the metabolome profile and the most signifi-
cant metabolic pathways influenced by root extract are ex-
amined to determine how this extract might affect the dis-
ease. However, this data output will be used for further in-
vestigation in drug modeling in combination with other
omics data.

3. Methods

3.1. Plant Extract

Xanthium strumarium roots were gathered from the
Kermanshah region, Iran, and authenticated by the Cen-
tral Herbarium of Tehran University under voucher No
48241. Roots were rinsed, dried, and grounded. Roots were
extracted with 500 mL of 80% ethanol by the Soxhlet appa-
ratus. The extract was cleaned with charcoal to remove the
color pigments. A Rotary evaporator removed the solvent,
and the aliquots of pure extract were stored in a sterile re-
ceptacle at 4°C for further use.

3.2. Cancer Cell Culture

SK-OV-3 (human ovarian cancer cell line) was received
from the Pasteur Institute of Iran. Cancer cells were cul-
tured in RPMI-1640 complete medium supplemented with
10% FBS and penicillin/streptomycin (100X) as an antibi-
otic. Cells were maintained and grown in a CO2 incubator
at 37°C until they reached > 85% confluence

3.3. Measurement of Total Phenolic Content

The total phenolic content (TPC) of X. Strumarium root
extract was determined using the Folin-Ciocalteu assay,
and Gallic acid was used as the external calibration stan-
dard (15).

3.4. MTT Assay

The impact of root extract on cell viability was esti-
mated using 3-(4,5 dimethylthiazol-2-yl)-2,5 diphenyl tetra-
zolium bromide (MTT) assay. Eight thousand cells/well
were seeded and incubated for 24 hour at 37°C. The root
extract was added (600, 60, 30, 20, 15, 12, and 6 µg/mL) in
each well. After 48 hours, 20 µL MTT solution was added
to each well and incubated for 3 hours. Also, 200 µL of
DMSO was added and shaken for 20 min to dissolve the for-
mazan crystals. The absorbance was taken at 540 nm by
Eliza Reader. Three independent experiments assessed all
the tests and control (PBS) in triplicate. The half-maximal
inhibitory concentration (IC50) was calculated using the
following formula:

% Inhibition

= 100− CorrectedmeanAbsorbance of sample

CorrectedmeanAbsorbance of control
× 100

(1)

3.5. Cell Extraction

Five control and 5 test samples were prepared, contain-
ing 70 × 106 cells/mL each. According to the associated
IC50 value, test samples were treated with 9000 µg/mL
of root extract, incubated, trypsinized, and centrifuged at
1000 rpm (4°C) for 5 min. To each sample, PBS was added
and centrifuged again. Then 0.5 mL of methanol and 1 mL
of cold chloroform were added to every 107 cells, and sam-
ples were vortexed. An equal volume of chloroform: Deion-
ized distilled water was added to the samples, sonicated (10
minutes), and centrifuged at 4000 rpm (4°C) for 15 min,
leading to the formation of two layers. The top hydrophilic
and bottom lipophilic layers were separated, transferred
to clean tubes, and lyophilized to achieve the 1H NMR spec-
trum (16).
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3.6. 1H NMR Spectroscopy

Samples were resuspended in 700 µL of 100mM phos-
phate buffer (pH 7.0) prepared in D2O, having one mM TSP
as an internal reference and 2 mM imidazole as a pH in-
dicator. Lipophilic samples were resuspended in 700 µL
of deuterated chloroform. Samples were centrifuged at
10000 rpm for 10 minutes at 4°C. 500 µL of the extracted
samples were moved to NMR probes and scrutinized on a
Bruker AV-500 NMR spectrometer with a field gradient op-
erating at 500.13 MHz for proton observation at 298 K. One-
dimensional 1H NMR spectra were registered using a 10-
µs pulse, 0.1 s mixing time, 3.0 s relaxation delay, 6009.6
Hz spectral width, and 3000 transients with standard 1D
NOESY pulse sequence to suppress the residual water peak
(17).

3.7. Data Analysis

Spectra were preprocessed utilizing the ProMetab
function file (V.3.3) in the MATLAB package (v.7.8.0.347). In
the following, each spectrum was aligned and binned at
0.005 ppm. The peak at 4.7 ppm (water) was eliminated.
Multivariate data analysis was conducted using the clas-
sification PLS-DA method. The discrimination chemical
shifts were reported as score plots, loading plots, and VIP
scores. Projected chemical shifts were taken to the HMDB
database to find outliers, and corresponding metabolites
were specified. MetaboAnalyst (V.4.0), a set of online tools
for metabolomics data analysis and interpretation, was
employed to specify the altered metabolic pathways in this
investigation.

4. Results

4.1. Total Polyphenol Content

The total phenolic content of the root extract of X. Stru-
marium was 6000 µg/mL.

4.2. Proliferation Assay

The IC50 value of the root extract of X. Strumarium
was 31.7 µg/mL (Table 1), which showed anticancer activity
against SK-OV-3 ovarian cancer cells.

4.3. Effect of Xanthium strumarium Root Extract on
Metabolome Profile

1H NMR spectroscopy exhibited that the root extract
of X. Strumarium influenced metabolites (Tables 2 and 3)
and metabolic pathways (Figure 1). PLS-DA analysis leads
to data classification in this research, displayed as loading
plots among the selected components (Figure 2).

Table 1. Cytotoxicity of Xanthium strumarium Root Extracts on Ovarian Cancer SK-OV-
3 Cell Line a ,b

Extract
Concentration

% Cell Viability
Test 1

% Cell Viability
Test 2

% Cell Viability
Test 3

0 µg/mL + PBS
(standard)

100 100 100

6 97 100 96

12 81 91 81

15 75 82 73

20 63 64 63

30 48 46 48

60 37 40 39

600 13 20 32

31.7 50 - -

a Cells were treated with various concentrations of Xanthium strumarium root
extracts for 48 hours. PBS was used as standard.
b IC50 values were found for cell line treatments performed in triplicate Xan-
thium strumarium root extract. IC50 was 31.7 µg/mL.

4.4. Pathway Analysis

HMDB database was used to find the significant
metabolites associated with the NMR chemical shifts. Also,
affected metabolic pathways related to these separated
outliers were identified by the MetaboAnalyst online tools
and the KEGG database. Tables 4 and 5 exhibit metabolome
analysis results. The most important pathway was taken
for the discussion section.

The loading 1-axis shows the magnitude of the spectral
bins. The loading 2-axis indicates the correlation of the
bins to the predictive variation. The collected spots were
the shared metabolites in both cell groups, while scattered
spots were targeted metabolites in the current study.

VIP score measures the variable’s importance (chemi-
cal shifts) in the PLS-DA model (Figure 3). The Y-axis displays
the VIP scores associated with each variable on the X-axis.
The colored boxes on the right demonstrate the metabo-
lite concentrations in the experimental and control cell
groups.

5. Discussion

Cancer cells require several vital nutrients to reach
their changing metabolic needs as they progress through
stages of development compared to normal cells. Our find-
ings depict that the root extract of X. Strumarium has favor-
able anticancer activity in the epithelial ovarian cancer SK-
OV-3 cell line. Like many other cancer types, epithelial ovar-
ian cancer reprograms its metabolism during progression,
converting from oxidative phosphorylation to glycolysis,
a phenomenon recognized as the Warburg effect (17). Al-
terations in several metabolic pathways, such as glycolysis,
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Figure 1. 1H NMR spectra of hydrophilic (A) and lipophilic (B) of SK-OV-3 ovarian cancer cells
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Figure 2. PLS-DA loading plot for hydrophilic (A) and lipophilic (B) groups of SK-OV-3 ovarian cancer cells
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Figure 3. VIP scores for hydrophilic (A) and lipophilic (B) groups of SK-OV3 ovarian cancer cells
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Table 2. Metabolites Altered in Hydrophilic Group

Metabolites HMDB (No.)

1. Hypo taurine HMDB0000965

2. Tetrahydrofolic acid HMDB0001846

3. 5-(2-Hydroxyethyl)-4-methyl-thiazole HMDB0032985

4. Glycerol HMDB0000131

5. O-tyrosine HMDB0006050

6. 2-Amino-3-phosphonopropionic acid HMDB0000370

7. Deoxyadenosine HMDB0000101

8. Coenzyme A HMDB0001423

9. Rhamnose HMDB0000849

10. Erythrose HMDB0002649

11. Beta-leucine HMDB0003640

12. Gluconic acid HMDB0000625

13. D-xylitol HMDB0002917

14. Cysteine glutathione disulfide HMDB0000656

15. L-tyrosine HMDB0000158

16. Ethen deoxyadenosine HMDB0001786

17. D-alanine HMDB0001310

18. L-alanine HMDB0000161

19. Tryptamine HMDB0000303

20. 14-beta-D-glucan HMDB0006944

21. Methylmalonic acid HMDB0000202

22. 15-anhydrosorbitol HMDB0002712

23. D-arabitol HMDB0000568

24. A-Ketoglutaric acid oxime HMDB0002467

27. Methyl isothiocyanate HMDB0034106

28. Glycerol 3-phosphate HMDB0000126

30 D-ribonolactone HMDB0001900

31. Gamma-cyclodextrin HMDB0029927

32. 5-Thymidylic acid HMDB0001227

33. 4-hydroxyproline HMDB0000725

34. D-mannose HMDB0000169

35. L (-)-nicotine HMDB0001934

36. L-proline HMDB0000162

37. D-galactose HMDB0000143

38. Chlormezanone HMDB0015309

39. 5-methoxytryptophol HMDB0001896

40. Hydroxypropionic acid HMDB0000700

41. L-homoserine HMDB0000719

43. 2 3-Dihydroxyvaleric acid HMDB0000421

44. L-glutamine HMDB0000641

45. 5-hydroxytryptophol HMDB0001855

46. Ribitol HMDB0000508

47. Propylene glycol HMDB0001881

Table 3. Metabolites Altered in Lipophilic Group

Metabolites HMDB (No.)

1. Caproic acid HMDB0000535

2. 2-oxohexane HMDB0005842

3. Propane HMDB0031630

4. Valeric acid HMDB0000892

5. 3-methylheptane HMDB0031583

6. Rhamnose HMDB0000849

7. Decanal 1 HMDB0011623

8. 2-heptanone HMDB0003671

9. Hexacosanoic acid HMDB0002356

10. Heptanoic acid HMDB0000666

11. Heneicosanoic acid HMDB0002345

12. Diethylthiophosphate HMDB0001460

13. Octanol HMDB0001183

14. Heptadecanoic acid H MDB0002259

15. Nonivamide HMDB0029846

16. Octadecanol HMDB0002350

17. Elaidic acid HMDB0000573

18. Pantothenic acid HMDB0000210

19. Lignocerane HMDB0034282

20. Nonacosane HMDB0034288

21. Nonadecane HMDB0034289

22. Tricosanoic acid HMDB0001160

23. Arachidic acid HMDB0002212

24. Pimelic acid HMDB0000857

27. Ethyl tetradecanoate HMDB0034153

28. 5-methoxydimethyltryptamine HMDB0002004

30. 1-octacosanol HMDB0034380

31. Hexadecane HMDB0033792

32. Nonadecanoic acid HMDB0000772

33. Cis-aconitic acid 1 HMDB0000072

34. Capric acid HMDB0000511

35. 2-dodecanone 1 HMDB0031019

36. Pelargonic acid HMDB0000847

37. L-tyrosine 1 HMDB0000158

38. Docosanol 1 HMDB0014770

39. Tridecane 1 HMDB0034284

40. Undecane 1 HMDB0031445

41. Oenanthic ether HMDB0000798

42. 17-epiestriol 1 HMDB0000356

43. Valproic acid 1 HMDB0001877

44. Octacosanoic acid HMDB0002348

45. Glycogen HMDB0000757

46. L-isoleucine HMDB0000172

47. 1-pentadecene HMDB0031082

48. Stearic acid HMDB0000827

49. Naringin HMDB0002927

50. Dl-2-aminooctanoic acid 1 HMDB0000991

51. Oleic acid HMDB000207
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Table 4. Pathway Analysis for Hydrophilic Groups of SK-OV-3 Ovarian Cancer Cells
Were Treated by Xanthium strumarium Root Extract a

Pathways, Metabolites Total Hits Raw P

Aminoacyl-tRNA synthesis 75 5 0.0088

L-glutamine

L-alanine

L- tyrosine

L-proline

Tetrahydro folic acid

Glycerolipid metabolism

Glycerol 3-phosphate glycerol Propylene
glycol

32 3 0.0172

Taurine and hypotaurine metabolism

Hypotaurine L-alanine 20 2 0.0463

Pentose and glucoronate interconversion

Ribitol D-xylitol D-arabitol 53 3 0.0633

Thiaminmetabolism

L-tyrosine 5-(2hydroxyl)-4 methyl thiazol 24 2 0.0644

Alain aspartate and glutamate metabolism

L-glutamine L-alanine 24 2 0.0644

Pyrimidine metabolism

L-glutamine methylmalonic acid
5-thymidylic acid

60 3 0.0851

a Total, the total number of metabolites in the pathway; Hits, altered hy-
drophilic metabolites in the pathway; Raw P, the original P-value calculated
from the enrichment analysis.

Table 5. Pathway Analysis for Lipophilic Groups of SK-OV-3 Ovarian Cancer Cells Were
Treated by Xanthium strumarium Root Extract a

Pathways, Metabolites Total Hit Raw P

Fatty acid biosynthesis

Capric acid, oleic acid, stearic acid 49 3 0.0238

Biotin metabolism

Pimelic acid 11 1 0.1331

Citrate cycle (TCA cycle)

Cis-aconitic acid 20 1 0.2291

Aminoacyl-tRNA synthesis

Leucine, L-tyrosine 75 2 0.2513

Thiamin metabolism

L- tyrosine 24 1 0.2684

a Total, the total number of metabolites in the pathway; Hits, altered lipophilic
metabolites in the pathway; Raw P, the original P-value calculated from the en-
richment analysis.

the tricarboxylic acid cycle, amino-acid metabolism, and
lipid metabolism, were seen in the sera of epithelial ovar-
ian cancer patients. These metabolic pathways are bonded,

so their disruption leads to the initiation and progression
of cancer (18).

In this investigation, various metabolites altered af-
ter the cells were treated with root extract of X. Stru-
marium. Plotting these altered metabolites showed that
Aminoacyl-tRNA synthesis, glycerolipid metabolism, fatty
acid biosynthesis, and Biotin metabolism were the most af-
fected metabolic pathways in cell growth inhibition.

The absorption of amino acids in cancer cells is faster
than in healthy cells. It has been declared that balanced
amino acid nutrients support the proliferation of cancer
cells, whereas unbalanced amino acid nutrients suppress
tumor cell proliferation (19). It was reported that the re-
duction of essential amino acids leads to a disturbance in
the metabolism of cancer cells and prevents the growth of
tumors by inhibiting protein synthases (20). The attach-
ment of amino acids to specific tRNAs in protein synthe-
sis is catalyzed by aminoacyl tRNA synthases, which play
an essential role in the survival of cancer cells. Aminoa-
cyl tRNA is the first protein biosynthesis product (21). It
was exposed that the destruction of leucyl tRNA synthases
in lung cancer cells reduced the ability of cell migration
and colony formation (22). It has also been reported that
increased expression of leucyl tRNA synthases was found
in cancer cells, which seems to be recognized as a poten-
tial metabolic target (23). Leucyl tRNA synthase is asso-
ciated with the AIMP1 protein and other multi-functional
proteins. In genotoxicity, these proteins stimulate the P53
activity, then adjust the P21 expression. P21 protein is an es-
sential intermediate through which P53 promotes cell cy-
cle inhibition (24). It has been stated that serum trypto-
phanyl levels are related to colon cancer cells’ survival (25).
For glioblastoma multiforme tumors, it has been shown
that the expression of several ARS genes, including CysRS,
ASnRs, PhenRS, GlnRS, and ValRS, leads to more growth of
cancer cells (26). Also, it was proposed that increased ex-
pression of the ThrRS gene is directly related to the risk of
ovarian, breast, and lung cancers (27). In animal models,
it was found that high levels of MetRS can be a marker for
an increased risk of death due to lung cancer (28). It was
also reported that anti-ThRS could inhibit the growth of Ju-
rkat and CEM cancer cell lines compared to control cells
(26). In this research, the metabolites of L-glutamine, L-
alanine, L-tyrosine, L-proline, and Tetrahydrofolic acid al-
tered the aminoacyl tRNA biosynthesis pathway. A compar-
ison of our results with previous findings indicated that
the root extract of X. strumarium could disrupt the activ-
ity of tRNA synthase enzymes, thus, restricting the forma-
tion of the aminoacyl tRNAs, which inhibits the growth of
SK-OV-3 ovarian cancer cells. Leucyl tRNA synthase and glu-
tamyl tRNA synthase have more potential for metabolic an-
ticancer targets than other enzymes.

Jundishapur J Nat Pharm Prod. 2023; 18(2):e135038. 7



Malekzadeh R et al.

Tetrahydrofolic acid, one of the metabolites altered
in this pathway, is made by dihydrofolate reductase from
folic acid, an inactive biochemical substance. Tetrahy-
drofolic acid enters the cells, used in red blood cell pro-
duction, purine nucleic acid synthesis, thymidylate syn-
thase metabolism, and amino acid metabolism (29). There-
fore, it seems that X. strumarium root extract has inhib-
ited the growth of the SK-OV-3 ovarian cancer cells, maybe
by changing the tetrahydrofolic acid cofactor, the active
form of folic acid, and also by disrupting the metabolism
of amino acids.

Alterations in the normal metabolism of lipids, espe-
cially serum triglycerides, have been detected in patients
with breast and ovarian cancer, which indicates a posi-
tive correlation between the level of triglycerides and the
risk of progression of these cancers (30). A positive re-
lationship was reported between serum triglycerides and
esophageal, colorectal, lung, renal, and thyroid cancer
(31). A partial connection was discovered between serum
triglyceride levels and thyroid cancer in men and endome-
trial, cervical, and bladder cancer in women (32). Also, a di-
rect correlation was found between serum triglyceride lev-
els and gynecological cancers (33). In this research, Glyc-
erol 3-phosphate, glycerol, and propylene glycol metabo-
lites have changed in the glycerolipid pathway. According
to the KEGG database, altered propylene glycol metabolite
can motivate alcohol dehydrogenase enzyme, reducing
propylene glycol and inhibiting the SK-OV-3 ovarian can-
cer cell line. Also, altered glycerol and glycerol 3-phosphate
metabolites can cause disorders in fatty acid metabolism
and the glycolysis cycle. Hence, it seems that X. strumarium
root extract was able to inhibit the growth of SK-OV-3 ovar-
ian cancer cells, probably by reducing their energy.

Variations in lipid metabolism were discovered in pa-
tients with ovarian and recurrent cancer (34). Fatty acid
(FA) synthesis is the creation of fatty acids from acetyl-
CoA and NADPH through the action of enzymes called fatty
acid synthase (FASN). In cancer cells, most FAs are synthe-
sized by FASN for essential changes. Therefore, FASN has
been considered a marker for diagnosis, prognosis, and a
therapeutic target in cancer (35). Palmitic acid promotes
cell proliferation because of amplified expression of FASN
in ovarian cancer cells, and suppression of this enzyme
causes apoptosis and cancer cell death (36). It was reported
that increased FASN gene expression occurs in many tu-
mors such as breast, prostate, colon, and ovary due to the
non-reaction of tumors to regulatory messages and their
greater affinity towards the lipogenesis pathway (37). It
has been revealed that stearic acid has a negative role in
DNA damage that stimulates cell alteration and tumor gen-
esis (36). It has also been detected that decreased levels of
stearic acid and oleic acid in serum-initiated malignancy

in cells (38).
It was reported that an increase in oleic acid and a de-

crease in stearic acid was shown in several cancer types
such as breast, liver, lung, pancreas, colon, and prostate
(39). It has also been exposed that oleic acid has inhibited
the activity of FASN, and the malonyl CoA has accumulated,
suppressing HER2 oncogene expression (40, 41).

This research alters oleic acid, capric acid, and stearic
acid metabolites in fatty acid biosynthesis. Therefore, oleic
and stearic acid can be potential therapeutic targets in
ovarian cancer. A comparison of our results with previ-
ous findings revealed that X. Strumarium root extract could
probably prevent the growth of SK-OV-3 cancer cells by in-
hibiting FASN activity.

Biotin is an essential cofactor for carboxylases made
from pimelic acid, coenzyme A, ATP, and mg2+. It has been
demonstrated that altered pimelic acid inhibits biotin pro-
duction. Biotin disturbs the activity of the pyruvate car-
boxylase enzyme. It disrupts the gluconeogenesis pathway
in cancer cells, leading to the inability of cancer cells to
produce glucose and a decrease in cellular energy (42). It
was also reported that altered pimelic acid had inhibited
biotin synthesis, and the acetyl-CoA carboxylase enzyme
has been disrupted, preventing malonyl CoA production,
a substrate for fatty acid synthesis. Finally, the fatty acid
biosynthesis pathway has been disturbed, and cancer cells’
energy has been reduced (43). In this research, pimelic acid
metabolite has changed in the biotin metabolism path-
way, so pimelic acid can be a potential therapeutic target
in ovarian cancer. A comparison of our findings with pre-
vious results represented that X. strumarium root extract
could probably inhibit the growth of SK-OV-3 ovarian can-
cer cells by disrupting the biotin metabolism pathway, dis-
rupting fatty acid synthesis, and reducing cellular energy.

5.1. Conclusions

In the present investigation, the ethanolic root extract
of X. Strumarium reveals antitumor activity against SK-OV-
3 ovarian cancer cells. Lipid metabolism was the most af-
fected metabolic pathway involved in cell growth inhibi-
tion and could be a potential medicine target in ovarian
cancer treatment. However, further studies are required
to validate these findings along with the various potential
fractions of the root extract of this plant, in addition to the
SK-OV-3 cell’s transcriptome and genomic data.
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