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ARTICLE INFO ABSTRACT

Received on: 12/03/2023 Cyperus rotundus L. is a weed that can be developed as an anti-cervical cancer agent. Cyperus rotundus L. produces
Accepted on: 07/07/2023 various secondary metabolites influenced by environment-related abiotic factors. Variations in the chemical
Available Online: 04/10/2023 composition of C. rotundus L. can affect its cytotoxic activity. This study was undertaken to determine the influence of

ecological zones on the chemical composition and cytotoxic activity of C. rotundus L. The samples were collected from
the highland, lowland, and coastal areas in the Lampung province, Indonesia, and extracted with ethanol (technical
grade, 96%). The chemical compositions of the extracts were examined using gas chromatography-mass spectrometry
analysis, and the cytotoxic activity was assessed in HeLa cervical cancer cells by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay using a 96-well microplate. The results showed that C. rofundus L. from three
different ecological zones had different chemical compositions and cytotoxic activities. The C. rotundus L. extracts
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compositions. from the highland area had a moderate cytotoxic activity with an IC, value of 69.26 pg/ml, whereas those from the
lowland and coastal areas did not have cytotoxic activity. This cytotoxic activity potential was due to the presence
of methyl trisporate B, 3-selinene, and longiverbenone. Further research is warranted regarding other environment-
related abiotic factors that could influence the chemical composition and cytotoxic activity of C. rotundus L.
INTRODUCTION 2019). HPV16 and HPV18 are found to be highly prevalent in

most cervical cancer cases, which are transmitted through sexual
contact and lead to a squamous intraepithelial lesion (Zhang ef al.,
2020).

Cervical cancer is the fourth most common female cancer
in terms of morbidity after breast, colorectal, and lung cancer, with
a global annual prevalence of 600,000 new cases and 340,000
deaths (Cohen ef al., 2019; Sung et al., 2021). One of the major

causes recognized as an important etiological agent of cervical used in the community. Despite evidence of their promising results
cancer is the human papillomavirus (HPV) infection, which is in treating cervical cancer therapy, several drawbacks such as low
responsible for 99.7% of cervical cancer incidence (Johnson et al., efficacy, nonspecificity, and high cost have been pointed out as the
main problems for patients receiving these therapies (Shafabakhsh
et al., 2019). Additionally, other cancer chemotherapy-related
problems are the resistance to anticancer drugs and highly toxic

Numerous cervical cancer therapies, including
chemotherapy, radiotherapy, and surgery, are available and widely
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Miller et al., 2010). This high toxicity of cancer chemotherapy
encourages scientists to combat the toxicological problem by
discovering new drug candidates that provide high efficacy with
low toxicity and minor side effects.

One of the wild plants with the potential to be developed
as an anticancer agent is Cyperus rotundus L. Several studies
regarding the anticancer and cytotoxic activity of Cyperus
rotundas L. have been reported (Mannarreddy et al., 2017;
Simorangkir et al., 2019). Susianti et al. (2018) showed that C.
rotundus L. has cytotoxic activity on HeLa cells. Another recent
study showed that C. rotundus L. provides a cytotoxic effect on
the HeLa human cervical carcinoma cell by regulating apoptosis-
associated gene expression (Lin ef al., 2019). This anticancer and
cytotoxic potential of C. rotundus L. is attributed to the presence
of important chemical components that play a role in its biological
activity (Hu et al., 2017). A number of articles demonstrated
that C. rotundus L. possesses numerous active compounds such
as sesquiterpenes (i.e., cyperotundone, isocyperotundone, and
cyperusol A) (Wang et al., 2021), flavonoids (i.e., quercetin,
myricetin, and kaemferol) (Samariyaand Sarin,2013),and alkaloids
(i.e., rotundine A, rotundine B, and rotundine C) (Jeong et al.,
2000). However, the presence of those components in C. rotundus
L. is diverse depending on the ecological conditions (Lawal and
Oyedeji, 2009), which can influence the pharmacological activity
of C. rotundus L. Nonetheless, no research has been conducted on
the effects of the ecological zone on the cytotoxic activity of C.
rotundus L.

Therefore, this study aims to compare the cytotoxic
activities of C. rotundus L. collected from three different ecological
zones against HeLa human cervical cancer cells in vitro.

MATERIALS AND METHODS

Materials

Fresh C. rotundus L. rhizomes were collected from
Lampung province, Indonesia. The HeLa cells were obtained from
the Medical Parasitology Laboratory, Faculty of Medicine and Public
Health, Universitas Gadjah Mada. The chemicals and reagents were
as follows: Roswell Park Memorial Institute (RPMI) 1640 media
(GIBCO), fetal bovine serum (FBS) (Sigma-Aldrich), penicillin-
streptomycin  (Sigma-Aldrich), fungison (GIBCO), Sodium
bicarbonate  (Sigma-Aldrich), 4(2-hydroxyethyl)-1-piperazine-
ethane-sulphonic acid (Sigma-Aldrich), dimethyl sulfoxide (Sigma-
Aldrih), aquabidest (Bratachem), ethanol 70% (Bratachem),
ethanol 96% (Bratachem), yellow 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) (Sigma-Aldrich), trypan blue
(Sigma-Aldrich), and sodium dodecyl sulfate (SDS) (Bio-Rad).

Methods

Sample collection and extraction

The C. rotundus L. rhizome was collected from three
different locations based on the altitude of the area: the highland,
lowland, and coastal areas located in Lampung province,
Indonesia. Then, 500 g of fresh samples was grounded and
extracted by maceration technique using 1 1 ethanol (technical
grade, 96%) for 24 hours at room temperature. The liquid extract
was then evaporated using a rotary evaporator to obtain the solid
extract. The following equation was used to calculate the yield of
the extract:

Extract weight (g)

% yield of extract = % 100%.

Sample weight (g)

In vitro cytotoxic assay

The entire process for in vitro cytotoxic assay was
undertaken following the methods of Susianti et al. (2018) with
some minor modifications as mentioned below:

Preparation of RPMI 1640 media

100 ml of RPMI 1640 was mixed with 2% penicillin-
streptomycin and 0.5% fungison. FBS 10% was added to half of
the media for the treatment (media B), where the other half was
only mixed with FBS 0.5% for starvation purposes (media A).

HelLa cells harvesting

HeLa cells were extracted from a tissue culture flask by
trypsinization using 0.5% trypsin. The cells were then incubated
with 5% CO, at 37°C for 10 minutes, followed by adding 1 ml
media for cell resuspension. The cell density was measured by
observing 10 ul cells mixed with 40 pl 0.4% trypan blue on the
microscope assisted with a hemocytometer. The cell concentration
per ml was the average of cells in each grid on the hemocytometer
(four grids with dimensions 1 x 1 x 0.1 mm) multiplied by 10%
The cytotoxic assay needs 2 x 10%/100 pl of media in each well.
Then, the cell suspension was diluted according to the number of
cells to be filled in each well.

Cytotoxic test

The cytotoxic test was conducted by MTT assay using
a 96-well microplate. About 2 x 10* HeLa cells suspended in
media B were inserted into the well plate and incubated with 5%
CO, for 24 hours at 37°C. After the incubation, media B in the
well plate was removed, replaced with fresh media A, and treated
according to Table 1. Microculture was further incubated with 5%
CO, for 24 hours at 37°C. After the second incubation, media A
was removed and replaced with fresh 100 pl of media A and 10
ul of MTT reagent. The microculture was then incubated with 5%
CO, for 4 hours, and 100 pl of 10% SDS was added in 0.01% HCI.
The microplate was shaken for 5 minutes at room temperature,
wrapped with aluminum foil, and incubated at room temperature
overnight. The microplate was then measured using an ELISA
reader at 4 595 nm. The percentage of cell viability was evaluated
using the following equation:

% cell viability = % 100%,

where A is the mean control cell absorbance; B is the
mean control media absorbance; C is the mean sample absorbance.

Data from the cytotoxic MTT assay were then analyzed
using the percentage of the live cells from each sample to the
response-dose curve to obtain the IC,.

Cytotoxic data analysis

The cell viability counting from the cytotoxic assay
was statistically analyzed using Minitab 19.0 software. The non-
normally distributed data were analyzed using Kruskal-Wallis and
post hoc Mann—Whitney tests, whereas the normally distributed
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Table 1. Microculture insertion scheme for cytotoxic assay.

1 2 3 4 5 6 7 8 9 10 11 12
A X, X, X, Y, Y, Y, Z, Z, Z, S MD PC
B X, X, X, Y, Y, Y, Z, Z, Z, S MD PC
C X, X, X, Y, Y, Y, Z, Z, Z, S MD PC
D X, X, X, Y, Y, Y, Z, Z, z, S MD PC
E X X X, Y, Y, Y, Z, Z, Z, S MD PC
F X, X, X, Y, Y, Y, Z, Z, Z, S MD PC
G X, X, X, Y, Y, Y, Z, Z, Z, S MD PC
H X, X, X, Y, Y, Y, Z, Z, Z, S MD PC

Note:

X, —X: The media + HeLa cells + C. rotundus L. extract collected from the highland area.
Y —Y: The media + HeLa cells + C. rotundus L. extract collected from the lowland area.
Z ~Z,: The media + HelLa cells + C. rotundus L. extract collected from the coastal area.

S: The control cell (media + HeLa cell).
MBD: The control media.
PC: The positive control.

data were analyzed using one-way ANOVA and Posthoc Dunnett’s
and Fisher’s tests.

Chemical composition analysis

The chemical components of the samples were analyzed
using gas chromatography-mass spectrometry (GC-MS) analysis.
The peaks observed in the chromatogram were then assessed by
comparing their MS data with the library reference.

Molecular docking prediction

The molecular docking study was conducted on
cyclin-dependent kinase 2 (CDK2), Murin Double Minute 2
(MDM2)-p53, and caspase-9. The crystallographic structure of
the macromolecules was retrieved from Protein Data Bank (PDB)
with the PDB IDs for CDK2 (2UZE), MDM2-p53 (4IPF), and
caspase-9 (3D9T). The BIOVIA Discovery Studio Visualizer was
used to remove water, ligands, and other unnecessary components
to prepare the macromolecule for molecular docking. The 3D
structure of the chemical compounds of C. rotundus L. was obtained
from the PubChem database. The molecular docking study was
undertaken using AutoDock 4.2, assisted by AutoDock Tools.
The chemical compounds were docked to the active site of the
macromolecule following the binding site of the native ligand of
each macromolecule. The docking parameters use the default value
with 100 runs of the Genetic Algorithm (GA) and Lamarckian GA
as the output. Compounds with the smallest binding free energy and
inhibition constant (Ki) were declared the best compounds.

RESULTS AND DISCUSSION

Sample collection and extraction

Cyperus rotundus L. rhizomes were collected in January
2021 from three different locations in Lampung province,
Indonesia, with the specific locations as follows: Talang Sepuh
(highland coordinate -5.377263, 104.792544), Sukarame (lowland
coordinate —5.3790486, 105.3041975), and Pasir Sakti (coastal
coordinate —5.5383300, 105.7876040). Plant samples were
identified by Dr. Sri Wahyuningsih, and a voucher was kept in our

Table 2. The yield of C. rotundus L. collected from three different
ecological zones.

Ecological zone Weight of extract Yield
Highland 65g 13%
Lowland 3g 6%
Coastal 07¢g 1.4%

department with identification number 001CYPBL. According to
the botanical identification, C. rotundus belonged to the Plantae
kingdom, the Poales order, the Cyperaceae family, the Cyperus L.
genus, and the C. rotundus L species. The extracts obtained from
the three locations differed slightly in terms of yield, as shown in
Table 2.

As shown in Table 2, the altitude greatly influences
extract yield. The higher the altitude, the higher the yield of
extracts. Indeed, the main compound in C. rotundus L. is essential
oils with high volatility characteristics. In the highland areas, the
content of essential oils increased, as it increases proportionally
with the elevation of the altitude (Lallo er al., 2022). The
production of essential oil is affected by several factors, including
plant species-related biotic factors and environment-related abiotic
factors (Boaro ef al., 2019). In this study, environment-related
abiotic factors are recognized as the main factors influencing
the production of essential oils. The ecological zones where the
samples were collected have different temperatures, with the
annual average temperature being 24°C-30°C, 24°C-32°C,
and 24°C-34°C for Talang Sepuh, Sukarame, and Pasir Sakti,
respectively.

Chemical composition analysis

The gas chromatography-mass spectrometry results
revealed that the extracts of C. rotundus L. collected from three
locations have slightly different chemical compositions. The
extracts collected from the highland, lowland, and coastal areas
have 118, 42, and 87 chemical constituents, respectively. The GC
chromatograms of extracts are illustrated in Figure 1.
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As illustrated in Figure 1, extracts collected from
the highland area provide 118 peaks indicating that GC-MS
detects 118 chemical compounds. Among these constituents,
six major components were observed: 8-selinene, caryophyllene
oxide, longiverbenone, cyperotundone, methyl trisporate B, and
2,5-octadecadienoic acid-methyl ester. In the lowland ecological
zone, 42 chemical compounds were observed in an extract with
four main constituents: cyperotundone, n-hexadecanoic acid,
chlorfenapyr, and diisooctyl phthalate. On the other hand, 87
chemical compounds were observed with seven major constituents,
namely, cyperotundone, a-neoclovene, caryophyllene oxide,
panaxjapyne A, methyl trisporate B, n-hexadecanoic acid, and
oleic acid. The comparison of the major chemical constituents of
three different extracts is summarized in Table 3.

As described in Table 3, one compound was found
in all extracts, and several are present in only one or two.
Cyperotundone is the only compound found in all extracts with
different amounts in each extract. This compound was most
abundant in C. rotundus L. extract collected from the highlands

compared to the other ecological zones. Caryophyllene oxide
and methyl trisporate B were found in the highland and coastal
areas and were not detected in the lowland areas. In contrast,
longiverbenone, §-selinene, and 2,5-ocatdecadienoic acid-methyl
ester were only found in the highland extract; n-hexadecanoic
acid and chlorfenapyr only in the lowland extract; a-neoclovene,
panaxjapyne A, and oleic acid were only in the coastal extract.
This difference might be attributed to the influence of the nutrients
in each ecological zone, which play a vital role in the secondary
metabolites biosynthesis pathway by acting as cofactors of
enzymes and electron transfer (Bhat ef al., 2020). However, soil
elements related to the environmental conditions of the ecological
zone of the samples were not observed in this work. We assumed
that individual changes in environmental factors such as light,
temperature, soil fertility, and salinity may alter the chemical
content of C. rotundus L., which is also explained by Yang et al.
(2018), who found that production of secondary metabolite in
plant strongly depends on those environmental factors even when
other parameters remained stable.
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Figure 1. Chromatogram of C. rotundus L. extracts collected from three ecological zones.
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Table 3. The main chemical composition of C. rotundus L. extracts
collected from three different ecological zones.

Chemical compounds Area (%)
Highland lowland Coastal
Cyperotundone 11.21 8.83 10.53
Caryophyllene oxide 3.04 - 2.73
Longiverbenone 3.75 - -
d-selinene 7.62 - -
Methyl trisporate B 2.13 - 4.72
n-Hexadecanoic acid - 8.70 3.82
Chlorfenapyr - 12.86 -
Diisooctyl phthalate - 11.23 -
a-Neoclovene - - 2.42
Panaxjapyne A - - 3.57
Oleic acid - - 4.15
2,5-Ocatdecadienoic acid- 4.07 ) )

methyl ester

Cytotoxic activity

The cytotoxic activity of C. rotundus L. extracts
collected from three ecological zones was tested on HeLa cervical
cancer cells. The cytotoxic activity of the extracts was determined
by observing the cell density and viability. The result revealed
that the cell density of the HeLa cells treated with C. rotundus L.
extracts collected from the highland areas decreased, which was
slightly lower than that of the positive control. However, the cell
density of HeLa cells treated with C. rotundus L. extracts collected
from the lowland and coastal areas remained constant with no
significant change. The cell death was determined by observing
the cell viability response to each treatment’s concentration.
The higher the cell viability, the lower the cytotoxic effect of C.
rotundus L. extracts.

As illustrated in Figure 2, C. rotundus L. extracts collected
from three ecological zones possess different cytotoxic activity on
HeLa cervical cancer cells in a concentration-dependent manner.
Cyperus rotundus L. extract collected from highlands decreased
more than 50% of the viability of the HeLa cells in the concentration
of 62.5 pg/ml, whereas the extracts from the lowland and coastal
areas need 500 pg/ml and >500 pg/ml, respectively. Accordingly,
the IC50 value of extract from the highland, lowland and coastal
areas were 69.26 pg/ml, 43.49 = 1.78 g/ml, and 108.51 mg/ml,
respectively. It indicates that C. rotundus L. collected from the
highland area was more potent than those from the lowland and
coastal areas.

The difference in the cytotoxic activity of C. rotundus
L. extracts collected from three different ecological zones was
attributed to the variation in the chemical compositions in each
extract. 8-Selinene and longiverbenone were the main constituents
of C. rotundus L. extract collected from highlands, which were
not found in the lowland and coastal areas. Studies regarding
the cytotoxic activity of those compounds have revealed that
d-selinene and longiverbenone have cytotoxic activity (Keawsa-
ard et al.,2012; Rahman and Anwar, 2010). In doing so, d-selinene

Eall i . )
Cell viability (%)

7]
2]
i

250 125 625 3325 1563

Concentration (pg/mL)
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Figure 2. Cytotoxic activity of C. rotundus L. extracts collected from three
different ecological zones on HeLa cells. ip < 0.05 indicates a significant
difference compared with doxorubicin. All concentrations from all groups were
analyzed using Kruskal-Wallis and post hoc Mann—Whitney tests, while each
concentration from each group was tested using one-way ANOVA and post hoc
Dunnett’s tests.

and longiverbenone were presumed to play a significant role in the
cytotoxic activity of C. rotundus L. extract.

Molecular docking prediction of bioactive compounds

The bioactive compound with cytotoxic activity from C.
rotundus L. samples collected from Lampung, Indonesia, was
determined by observing their ligand-protein complex affinity
on CDK2, MDM2-p53, and caspase-9 using molecular docking.
However, the validation of docking methods was initially
undertaken to identify the parameters that will be used for the
docking process of the test compounds. In the validation process,
the root means score deviation (RMSD) obtained from the re-
docking of the native ligand is critical to confirm the validation
result. The RMSD value less than 2 A is a criterion that indicates
the docking methods are valid because as the RMSD value gets
closer to zero, the pose of the re-docking ligand and the original
native ligand becomes more similar (Santos et al., 2020). The
validation result is illustrated in Figure 3.

As shown in Figure 3, the re-docking of the native
ligand of each target macromolecule obtained an RMSD value <2
A, indicating that the docking method was valid. Therefore, the
docking parameters can be applied for further molecular docking
of the test compounds. The complex ligand-protein affinity was
assessed by observing the binding free energy, inhibition constant
(Ki), and molecular interactions. Ligands with the lowest (more
negative) binding free energy and inhibition constant (Ki) are
considered well-bound, indicating that they have a better affinity
with the macromolecule. The docking results of C. rotundus L.
bioactive are shown in Table 4.

Chemical compounds derived from C. rotundus L.
have different affinities to each target macromolecule. Every
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compound tends to be well-bound and interacts with one or more
macromolecules. As described in Table 4, in caspase-9, the two
best compounds, methyl trisporate B and &-selinene, possess
more negative binding free affinity and smaller Ki compared to
any other C. rotundus L. compounds with a binding free energy
of —6.84 and —6.32 Kcal/mol and Ki of 9.68 and 23.33 uM,
respectively. The compounds fit in the caspase-9 pocket and
interact with several important amino acid residues, as illustrated
in Figure 4. Methyl trisporate B interacts with Arg-308 and Gly-
306 via hydrogen interaction, whereas d-selinene interacts with
Trp-310, Leu-307, Arg-307, and Cys-309 via pi-sigma, alkyl,
and pi-alkyl interactions. Additionally, diisooctyl phthalate and
longiverbenone also showed a potential activity on caspase-9, but
their affinity was less than that of methyl trisporate B.

In CDK2, methyl trisporate B and diisooctyl phthalate
are the best compounds with the lowest binding free energy and Ki
than other C. rotundus L. compounds. They possess an excellent
affinity with CDK2 by interacting with various amino acid
residues in the CDK2 binding pocket. As illustrated in Figure 5,
methyl trisporate B interacts with Lys-89, Asp-86, and Leu-83 via
hydrogen bond, while diisooctyl phthalate interacts with Lys-89,
Ile-10, Val-18, Phe-80, Val-64, Ala-31, Leu-83, Leu-134, Ala-144,
and Asp-86 via hydrogen bond, pi-sigma, and alkyl interactions.

Figure 3. The molecular docking validation result. (a) Caspase-9 (RMSD 1.59
A), (b) CDK2 (RMSD 1.67 A), and (c) MDM2-p53 (RMSD 1.77 A). Note:
green color for re-docking ligand.

Other potential compounds from C. rotundus L. for inhibitor
CDK2 were 8-selinene and longiverbenone. Their complex ligand-
protein affinity with CDK2 was close to that of methyl trisporate B
and diisooctyl phthalate.

In MDM2-p53, methyl trisporate B and d-selinene
possess more negative binding free energy and lower inhibition
constant (Ki) than other C. rotundus L. compounds. They fit in the
MDM2-p53 binding pocket and interact with several important
amino acid residues in the MDM2-p53 active site. Methyl
trisporate B has a binding free energy of —7.03 Kcal/mol and Ki
of 7.03 uM and interacts directly with GIn-55, Gly-54, and His-92
via hydrogen bond and pi-sigma interaction. In contrast, 3-selinene
provides binding free energy —6.65 Kcal/mol and Ki 13.37 uM and
directly interacted with Tyr-96, Ile-95, Leu-53, Leu-50, and His-92
via alkyl and pi-alkyl interactions, as illustrated in Figure 6. Other
compounds such as longiverbenone and cyperotundone, even
though their affinity with MDM2-p53was not better than those of
methyl trisporate B and 6-selinene, they also have the potential to
be the MDM2-p53 inhibitor indicated by their binding free energy
and Ki close to that of methyl trisporate B and 8-selinene.

Therefore, methyl trisporate B and d-selinene were the
compounds to contribute the most to C. rotundus L. cytotoxic
activity. Methyl trisporate B was found in extracts collected
from the highland and coastal areas, whereas 6-selinene was only
found in extracts collected from the highlands. Obviously because
highland extracts have &-selinene, they have high cytotoxic
activity on HeLa cervical cancer cells compared to the extracts
from the coastal and lowland areas. Additionally, extracts from
the highland also possess longiverbenone contributing to the
cytotoxic activity of C. rotundus L., which was not found in
extracts from the lowland and coastal areas. Indeed, the presence
of these compounds makes C. rotundus L. extracts collected
from the highland more potent than those from the lowland and
coastal. This result is reinforced by several findings that revealed
longiverbenone and d-selinene possess cytotoxic activities by
inhibiting various human cancer cell lines (Keawsa-ard et al.,
2012; Rahman and Anwar, 2010). However, the cytotoxicity of
methyl trisporate B has not been reported. Our finding provides
insight into the potential of methyl trisporate B as a novel
anticancer agent. Further research, including molecular dynamic

Table 4. The docking scores of the bioactives from C. rotundus L. extracts.

Binding free energy (Kcal/mol)

Inhibition constant (Ki) (uM)

Compounds
Caspase-9 CDK2 MDM2-p53 Caspase-9 CDK2 MDM2-p53
Cyperotundone -5.97 =7.03 —6.30 41.77 6.98 24.29
Caryophyllene oxide —5.85 —6.94 —6.05 51.12 8.16 36.65
Longiverbenone —6.20 =733 —6.53 28.75 4.26 16.22
d-selinene —6.32 -7.49 —6.65 23.33 3.24 13.37
Methyl trisporate B —6.84 —8.80 =7.03 9.68 0.36 7.03
n-Hexadecanoic acid —4.24 —6.88 —4.29 775.56 9.04 714.38
Chlorfenapyr —5.41 -7.08 -5.76 108.64 6.43 60.31
Diisooctyl phthalate —6.24 -7.69 —5.68 26.67 232 68.57
Panaxjapyn A —5.62 —6.40 —5.46 75.65 20.28 100.07
Oleic acid -4.13 =7.67 —4.74 938.28 2.39 333.24
Native ligand -9.35 -10.19 —9.23 0.14 0.03 0.17
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Figure 4. 3D molecular interactions of (a) methyl trisporate B and (b) 3-selinene
with caspase-9.

Figure 5. 3D molecular interactions of (a) methyl trisporate B and (b) diisooctyl
phthalate with CDK2.

simulation and in vitro assay, must be undertaken to justify methyl
trisporate B potential as an anticancer candidate.

CONCLUSION

Ecological zones influence the chemical compositions
and cytotoxic activity of C. rotundus L. The chemical compositions
of C. rotundus L. collected from three ecological zones were
slightly different. The cytotoxic activities of three C. rotundus L.
extracts were also diverse. Cyperus rotundus L. extracts collected
from the highland were more potent on HeLa cells with moderate
cytotoxic activity than the lowland and coastal ones. This potential
cytotoxic activity of C. rotundus L. extracts collected from the
highland areas was attributed to the presence of methyl trisporate
B, d-selinene, and longiverbenone.
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