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INTRODUCTION
Cervical cancer remains one of the leading causes 

of cancer-related deaths among women worldwide, with an 
estimated 604,000 new cases and 342,000 deaths reported in 
2020 [1]. While advances in early detection and treatment have 
improved survival rates, the development of chemoresistance and 

severe side effects associated with conventional chemotherapeutic 
agents highlight the urgent need for alternative, more effective, 
and less toxic therapeutic approaches [2,3]. Natural products 
derived from medicinal plants have gained significant attention 
in recent years due to their potential anticancer properties and 
reduced toxicity profiles [4,5].

Aside from being a quite promising source of 
therapeutic drugs for various diseases, natural products are 
also an excellent source of chemotherapeutic agents [6]. Many 
research has been focused on natural products for the discovery 
and development of anti-cancer agents, one of which is the 
potential of Cyperus rotundus L. C. rotundus, commonly known 
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ABSTRACT
Apoptosis, or programmed cell death, is a crucial mechanism in preventing cancer growth, and one of the targets is 
reducing the expression of the anti-apoptotic protein Bcl-2. This study aimed to evaluate the potential of fractions 
from nutsedge (Cyperus rotundus) essential oil in inducing apoptosis and inhibiting the progression of cervical 
cancer. The researchers investigated the apoptosis-inducing activity of these fractions against the HeLa cervical 
cancer cell line using in vitro and in silico approaches. The cytotoxic effects were assessed through an MTT assay 
on HeLa cells cultured in 96-well plates. Additionally, flow cytometry with Annexin/PI staining was employed to 
analyze the induction of apoptosis by the fractions. The immunocytochemical staining of cells was also implemented 
to assess Bax and Bcl-2 expressions. The biologically active compound in fractions was screened using a molecular 
docking approach to Bcl-2 co-crystalized structure and their pharmacokinetics and toxicity profile were assessed. 
The cytotoxic activity differed significantly from each fraction. The highest cytotoxicity was observed in fraction 
1 (IC50: 8.307 + 0.186 mcg/ml), and the lowest cytotoxicity was observed in fraction 4 (IC50:>500 mcg/ml). 
Fraction 1 decreased the Bcl-2 expression and increased the Bax expression. Molecular docking screening revealed 
that 5-(7a-isopropenyl-4,5-dimethyl-octahydro-inden-4-yl)-3-methyl-pent-2-en-1-ol was predicted as the main 
contributor to apoptosis-inducing activity of fraction 1. The supplementation of fraction 1 induces cell apoptosis on 
HeLa cells, indicating the potential of this fraction of nutsedge essential oil for developing an anti-cervical cancer 
agent.
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Dr. Yuliyanti, Laboratory of Botany, Department of Biology, 
Faculty of Mathematics and Natural Science, Lampung 
University. The collected C. rotundus were sorted from 
unnecessary components and cleaned in a free-flowing water 
chamber. More after, the C. rotundus were then air-dried in a 
room temperature for 7 days. Approximately 10 kg of air-dried 
purple nutsedge rhizome were distilled using water distillation 
in round bottom flasks for 4 hours. The MgSO4.7H2O was added 
to the obtained essential oil to remove the water content. 15 ml 
of essential oil was produced and stored in a dark and closed 
glass bottle. The essential oil was then fractionated by inserting 
8 g of essential oil into a column chromatography loaded with 
50 g of silica gel 60 and eluted with 1 L MeOH-CHCl3 (3:97). 
The fractions were collected into each 10 mL fraction tube and 
analyzed using GC-MS.

In vitro cytotoxic activity
The cytotoxic test was assessed using an MTT 

(3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium 
bromide) dye reduction assay, based on a method described by 
Mosmann [21] with minor modification. A 96-well microculture 
plate was used for the experiment. A HeLa cell suspension of 
2 × 104 cells was dissolved in 100 µl culture medium (RPMI 
1640) containing 0.5% FBS in each well of the plate. The cells 
were then starved for 24 hours in a 5% CO2 incubator at 37°C. 
Following starvation, the media was removed and replaced with 
fresh media containing 10% FBS, and test solutions (fractions 
and doxorubicin) were administered in 8 serial doses (80; 40; 
20; 10; 5; 2.5; 1.25; 0.625 μg/ml) with three replications. The 
cultures were then incubated, added MTT (10 μl each well in 
100 μl of cell suspensions), and incubated for 4 hours more 
at 37°C in a 5% CO2 incubator. The last process was done 
by adding 100 μl of SDS (sodium dodecyl sulfate) (10% in 
0.01N HCl) to each well and further incubated overnight. The 
absorbance of each culture solution was measured at 596 nm 
using an ELISA reader. The cell viability was counted using the 
following formula as explained by Utami et al. [13]:

    (A-B)
Cell viability (%) =  × 100
    (C-B)

where:

A = Average absorbance of media + cell + test material

B = Average media absorbance

C = Average absorbance of media + cell

Apoptosis test
The apoptosis test was employed using a method 

described by Susianti et al. [12]. The most active fraction 
(exhibiting the most potent cytotoxic activity/lowest IC50) was 
used for the apoptosis test on HeLa cells. HeLa cells were 
inserted into a 6-well microplate. Each well was filled with  
1 × 106 cells/well in 500 μl of media (FBS 0.5%). Microcultures 
were incubated in an incubator for 24 hours. Then, the media in 
the microculture is removed, replaced with media (10% FBS), 
and given the test material dd into three groups (control, ½ IC50, 
IC50). The microcultures were additionally incubated overnight.

as purple nutsedge, is a perennial sedge widely distributed in 
tropical and subtropical regions [7]. The essential oil extracted 
from its tubers has been traditionally used in various folk 
medicine practices for its anti-inflammatory, antimicrobial, and 
antioxidant properties [8,9]. Recent studies have suggested that 
the C. rotundus essential oil possesses potent cytotoxic activity 
against various cancer cell lines, including breast, lung, and 
cervical cancer cells [10–16]. 

The anti-cancer and cytotoxic potential of C. rotundus 
is ascribed to its rich spectrum of chemical constituents, which 
are pivotal in its biological efficacy [17]. Several studies have 
underscored the presence of various active compounds in 
C. rotundus, including sesquiterpenes such as cyperotundone, 
isocyperotundone, and cyperusol A flavonoids like quercetin, 
myricetin, and kaemferol, and alkaloids such as rotundine A, 
rotundine B, and rotundine C [18–20]. However, its fractions 
and the underlying molecular mechanisms by which this 
fraction exerts its anticancer effects, particularly in cervical 
cancer, remain largely unexplored.

In this study, we investigated the anticancer potential 
of the diterpene alcohol fraction isolated from C. rotundus 
essential oil against HeLa cervical cancer cells in vitro and 
in silico. Specifically, we aimed to elucidate the molecular 
mechanisms underlying the apoptotic effects of this fraction 
by evaluating its impact on the expression of Bcl-2 and Bax 
proteins. Our findings contribute to the growing body of 
knowledge on the therapeutic potential of natural products in 
cancer treatment and provide insights into the development of 
novel, targeted approaches for cervical cancer management.

MATERIALS AND METHODS

Chemicals and reagents
All chemicals and reagents used in the present study 

were analytical grade. The chemicals used for fractionation 
were provided by Merck, Germany including ethyl acetate, 
ethanol, methanol, choloroform, and toluene. The HeLa cells 
were obtained from the parasitology laboratory, Faculty of 
Medicine, Gadjah Mada University, and the polyconal antibody 
rabbit anti-human bcl-2 and bax were obtained from Bioss. 
The reagents for cytotoxic and apoptosis studies were RPMI 
1640 media (Gibco, USA), fetal bovine serum (FBS) (Sigma-
Aldrich, Singapore), penicillin-streptomycin (Sigma-Aldrich, 
Singapore), fungison (Gibco, USA), bicarbonate sodium 
(Bratachem, Indonesia), HEPES (Sigma-Aldrich, Singapore), 
DMSO (Sigma-Aldrich, Singapore), aquabidest (Bratachem, 
Indonesia), yellow MTT (Sigma-Aldrich, Singapore), sodium 
dodecyl sulfate (SDS) (Bio-Rad, Indonesia), acridine orange 
(Bio-Rad, Indonesia), ethydium bromide (Bio-Rad, Indonesia), 
Phosphate buffer serum, tripsin EDTA (Gibco, USA), annexin-V 
fluos-Pi (Roche, Switzerland), biotinylated secondary antibody, 
streptadivin-HRP, diaminobenzydine tetrahydrochloride 
(DAB), and mayer hematoxyline (Dako, Denmark).

Sample collection, extraction, and fractionation
Cyperus rotundus was collected from wild areas 

surrounding Bandar Lampung City, Lampung Province, 
Indonesia. The samples were botanically identified by 
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Before the treatment of the sample, a flow cytometry 
reagent was prepared by mixing 100 µl of buffer, 2 µl of PI, and 
Annexin-V. One well requires 650 μl buffer, 12 μl PI, and 12 μl 
Annexin-V. Eppendorf was wrapped in aluminum foil, as the 
reagent is not light-resistant. The preparation of this reagent is 
carried out with gloves due to carcinogenic compounds.

After making the flow cytometry reagent, the next 
step is sample preparation. One conical was prepared for one 
type of treatment and was marked on each conical. Media was 
taken from the well with a 1 ml micropipette and transferred 
to the conicle. 1 ml of PBS was added to each well and then 
transferred into the conicle. Trypsin-EDTA 0.25% (200 μl/well) 
was added and incubated at 37°C for 5 minutes followed by 
the addition of 1 ml of RPMI media and monitored under a 
microscope. The culture medium in the wells was displaced 
into the conical and centrifuged at 600 rpm for 5 minutes. The 
media is removed by pouring and then washing each pellet 
with 500 μl of cold PBS by resuspension so that the pellets that 
settle below dissolve in PBS. The pellet was transferred into 
an Eppendorf and centrifuged at 2,000 rpm for 3 minutes. The 
media was discarded, Annexin V-PI (100 μl) and buffer (350 μl) 
were added and incubated at 25°C for 10 minutes. The solution 
was transferred to the flow tube. The cell suspension is ready 
to be injected into the flow cytometer, and then the data on the 
computer is ready to be read.

Immunocytochemical staining of Bcl-2 and Bax expression
The most active fraction was used to assess Bcl-2 

and Bax expression on the HeLa cell. Immunocytochemical 
staining was implemented by culturing the cell in two 24-well 
microplates (for Bcl-2 and Bax, respectively) covered with 
coverslips. Each well was filled with 1 × 105 cells in 500 μl 
0.5% FBS and incubated for 24 hours.

A glass micro slide was taken, coated with a coverslip, 
incubated at 25°C for 1 hour. The coverslip-coated slides were 
then fixated with methanol for 5 minutes and washed with 
aquadest for 5 minutes. The slides were dipped in peroxidase-
blocking solution for 10 minutes and incubated in prediluted 
blocking serum for 10 minutes at room temperature. 50–100 
μl primary antibody (1:100) was then applied and incubated at 
4°C humidified freezer overnight, followed by washing in PBS. 
A 50–100 μl biotinylated secondary antibody was added and 
incubated at 25°C for 15 minutes.

Furthermore, the slides were washed with PBS and 
incubated in streptavidin-HRP for 10 minutes, followed by 
a wash with PBS, applied with 100 μl DAB, incubated for 
5 minutes, and washed with free-flowing water for 5 minutes. 
Counterstained was undertaken using 50–100 μl Mayer 
hematoxylin, washed with free-flowing water, and incubated at 
25°C for 30 minutes. The slides were then dipped in ethanol, 
adding a few drops of mounting medium Entellan. The slides 
were observed under the microscope at a magnification of 400x.

In silico molecular docking prediction
Compounds found in fractions were subjected 

to molecular docking using Autodock 4.2 equipped with 
the Autodock Tool user interface (The Scripps Research 
Institute). The ligand preparation was initially performed 

before molecular docking by drawing their 2D structure using 
Chemdraw Ultra 12.0 and converting to 3D using Chem 
3D Pro. The ligand structure was optimized by applying 
MM2 energy minimization and saved in PDB format. The 
Bcl-2 was pointed out as the target macromolecule, and the 
crystallographic structure was retrieved from the Protein Data 
Bank (rcsb.org) with PDB ID: 4IEH [22]. The macromolecule 
was prepared in Biovia Discovery Studio to remove water, 
ligands, and heteroatoms. For docking purposes, the 
crystallographic structure of Bcl-2 was further processed in 
Autodock by adding hydrogen atoms. On the other hand, 
the center node and a number of rotatable bonds were set 
to ligands. The docking process was implemented to Bcl-2 
active site (x: 12.153, y: 25.794, z: 11.85) with an adjustment 
of gridbox size (50 × 50 × 50; spacing 0.375 Ǻ). The flexible-
rigit docking was carried out using 100 runs of Genetic 
Algorithm with default crossreff and mutation with an output 
of Lamarckian GA. The molecular docking was undertaken as 
many as three repetitions.

In silico pharmacokinetics and toxicological assessment
The Pharmacokinetics profile and the toxicological 

properties were assessed using biosig online pkCSM tool [23]. 
The screening used the canonical smile of the molecules to be 
inputted on the web server. The assessment was subjected to 
adsorption, distribution, metabolism, excretion (ADME), and 
toxicity parameters.

Statistical analysis
Statistical analysis of the cytotoxic data was undertaken 

using GraphPad Prism version 9.5.1. The probit analysis was 
used to convert the cell viability in a dose-response curve to 
obtain the IC50. The significance of the result was assessed 
using One-Way ANOVA followed by a Tukey’s test.

RESULT AND DISCUSSION

Fractionation
The fractionation yielded four fractions of varying 

masses (0.967 g, 5.291 g, 0.832 g, and 0.237 g), whose chemical 
compositions were subsequently analyzed via GC-MS. The 
chromatographic profiles, illustrated in Figure 1, exhibited a 
marked diversity in both the number and relative abundance of 
constituent peaks, where each peak corresponds to a distinct 
chemical compound present within the fraction. Remarkably, 
fraction 1 displayed the highest degree of complexity, 
comprising 67 discernible peaks, followed by fractions 4, 3, and 
2 with 60, 59, and 50 peaks, respectively. Despite sharing several 
compounds across all fractions, as elucidated in Table 1, the 
incomplete separation of certain constituents suggests that the 
fractionation process was suboptimal, potentially attributable 
to the inadequate mobile phase employed. Additionally, the 
incomplete separation phenomenon could also be affected 
by the inability of silica gel used as the stationary phase to 
effectively separate chemical compounds due to their similar 
physicochemical properties [24]. This inefficient resolution 
highlights the critical need for further optimization of the mobile 
phase composition as well as the stationary phase to enhance the 
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fractionation efficacy and achieve comprehensive separation of 
all components in subsequent isolation procedures.

Cytotoxic activity
The cytotoxic potential of the fractions was evaluated 

against HeLa cervical carcinoma cells, employing doxorubicin 
as a positive control, wherein cell viability and density 

served as indicators. The dose-response curves depicted in 
Figure 2 unequivocally demonstrate an inverse correlation 
between fraction concentration and cell viability, with higher 
doses eliciting more potent cytotoxicity across all fractions. 
Notably, the cytotoxic activity exhibited a marked divergence, 
with fraction 1 proving the most efficacious, followed by 
fractions 2, 3, and 4, as quantified in Table 2. This disparity 

Figure 1. GC chromatogram of CrEO fractions. 

Fraction 1

Fraction 3 Fraction 4

Fraction 2

Table 1. Chemical composition of CrEO fractions observed by GC-MS. 

Compounds Formula Abundance (%)

Fraction 1 Fraction 2 Fraction 3 Fraction 4

Longiverbenone C15H24O 17.55 31.58 6.27 20.64

β-selinene C15H24 8.75 4.85 10.07 9.09

Caryophyllene oxide C15H24O 6.23 3.78 6.42 3.90

5-(7a-isopropenyl-4,5-dimethyl-octahydro-inden-4-yl)-3-
methyl-pent-2-en-1-ol

C20H34O 4.54 ND ND ND

2(3H)-naphthalenone C15H22O ND 7.97 5.81 7.02

1,6,6-trimethylhexahydro-1H-[1,3]dioxolo[4’,5’:4,5]
cyclopenta[1,2-c]isoxazol-4-ol  

C14H22N2 7.35 ND ND ND

4,4-dimethyl-3-ethyl-2-(2’-methyl-1’-propenyl)-2-
cyclohexenone

C14H22O ND 4.38 ND ND

1,2-ethandiol C2H6O2 ND 4.37 4.37 ND

1-cycloheptene C15H24 ND ND ND 3.90

*ND = Not detected. 
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Apoptosis assessment
In the quest to elucidate the apoptotic potential of the 

fractions, flow cytometric analysis coupled with the Annexin/
PI assay was employed, wherein the most active fraction, 
identified as fraction 1 with the lowest IC50 value, was subjected 
to rigorous evaluation. An overview of the flow cytometric data 
obtained is presented in Figure 3. This technique provides a 
comprehensive visualization of living and deceased cells in 
the form of a quadrant-based diagram, with the R1 quadrant 
representing viable cells, R2 corresponding to early apoptosis, 
R3 depicting late apoptosis, and R4 indicating necrosis. 
Aligned with the objectives of this study, the percentages of 
cells occupying the R2 (early apoptosis) and R3 (late apoptosis) 

in cytotoxic potency is attributable to the distinct chemical 
compositions of each fraction, both in terms of the nature and 
relative abundance of constituent compounds. Fraction 1’s 
superior cytotoxicity against HeLa cells can be ascribed to the 
presence of high levels of specific bioactive molecules, two of 
which were exclusive to this fraction. Additionally, fraction 
2 displayed promising anti-proliferative effects, significantly 
outperforming the remaining fractions. However, it is 
noteworthy that while fractions 1 and 2 exhibited substantial 
cytotoxicity, their potency was inferior to the clinically 
employed chemotherapeutic agent doxorubicin. Nonetheless, 
these fractions warrant further investigation as prospective 
anticancer agents, given the well-established antineoplastic 
potential of numerous natural products documented 
extensively in the scientific literature.

Cyperus rotundus L. has garnered substantial 
scientific interest due to its remarkable cytotoxic potential 
across a diverse array of malignant cell lines, solidifying its 
medicinal value as a prospective chemotherapeutic agent. The 
hydro-methanolic extract derived from the stems of this species 
has exhibited a modest yet discernible apoptosis-inducing 
capability in K562 and L1210 leukemia cells. In a study, Sayed 
et al. [25] elucidated the cytotoxic propensities of steroid 
glycosides isolated from purple nutsedge stems against murine 
lymphoma cells (L5178Y). Corroborating these findings, Kilani 
et al. [26] unveiled that tuber extracts of C. rotundus exerted 
cytotoxic effects on L1210 leukemia cells by potentiating 
apoptosis. Intriguingly, comparative investigations have shed 
light on the differential cytotoxic potencies of chloroform 
and methanolic extracts against HeLa and SiHa cell lines, 
wherein the chloroform extract exhibited a pronounced 
superior efficacy, as reported by Susianti [27]. Remarkably, 
the ecological provenance of C. rotundus appears to modulate 
its cytotoxic capacity, as Utami et al. [13] elegantly delineated 
that specimens indigenous to highland regions exhibit an 
augmented potency against HeLa cells relative to their lowland 
and coastal counterparts. Furthermore, the essential oil distilled 
from purple nutsedge has also been demonstrated to exert 
cytotoxic effects on HeLa cells, as reported by Susianti et al. 
[12], further solidifying the auspicious therapeutic potential of 
this prodigious medicinal plant across its diverse specturm of 
phytochemical constituents.

Figure 2. Effect of supplementation of CrEO fraction cell viability of the HeLa 
carcinoma cells. 

Table 2. Cytotoxic activity of C. rotundus fractions on HeLa cells. 

Samples IC50 ± SD (µg/ml)

Fraction 1 8.307 ± 0.186a

Fraction 2 21.377 ± 9.543a

Fraction 3 >100a

Fraction 4 >100a

Doxorubicin 5.588 ± 0.490a

aTreatments not sharing the same letters in the same row are significantly 
different by ANOVA followed by a Tukey’s test (p < 0.05). 

Figure 3. Apoptosis test result with flowcytometry method. (a) positive control, (b) fraction 1 at 4.154 µg/ml, and (c) fraction 1 at 8.307 µg/ml. 
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a molecular docking approach was employed. Molecular 
docking simulations were performed against Bcl-2, considering 
the observed inhibition of Bcl-2 expression by CrEO fractions 
in vitro. To validate the docking protocol, a redocking simulation 
of the Bcl-2 native ligand was undertaken, wherein the docked 
pose was compared to the initial native ligand conformation. 
The accuracy of the protocol was substantiated by observing 

quadrants were amalgamated to quantify the overall proportion 
of cells undergoing apoptosis. Remarkably, the data revealed a 
striking dose-dependent elevation in the frequency of apoptotic 
cells upon supplementation with fraction 1, as meticulously 
tabulated in Table 3. This profound correlation between fraction 
concentration and apoptotic induction underscores the profound 
cytotoxic potential of this active fraction, warranting further 
investigation into its therapeutic applications and mechanisms 
of action.

Bcl-2 and Bax expression
The supplementation of fraction 1 exerted a profound 

impact on the expression of the apoptotic regulators bcl-2 and 
bax in HeLa cells. Remarkably, a dose-dependent increase in 
bax expression was observed concomitantly with a decrease 
in bcl-2 levels, as elegantly depicted in Table 4. The anti-
cancer mechanisms of action exhibited by natural products, 
particularly essential oils, are inherently diverse and intricate. 
Certain compounds can impede cellular proliferation and/or 
induce apoptosis by modulating the expression of proliferative 
genes or apoptosis regulators, culminating in cell cycle arrest 
[28]. Additionally, some constituents of essential oils exert anti-
cancer effects by interfering with cell signaling and angiogenesis 
pathways [29]. In the present study, we unveil that fraction 
1 of C. rotundus essential oil (CrEO) exhibits remarkable 
potential as an anti-cancer candidate by inducing apoptosis 
through the inhibition of Bcl-2 and concomitant upregulation 
of Bax expression, as vividly illustrated in Figure 4. These 
findings underscore the imperative for further elucidation of 
the molecular mechanisms underpinning the cytotoxic and 
therapeutic effects of this bioactive fraction.

Molecular docking prediction
To elucidate the bioactive compounds underpinning 

the cytotoxic and apoptosis-regulating effects of CrEO fractions, 

Table 3. Apoptosis activity of fraction 1. 

Group Cell apoptosis (%) ± SD

Control 2.383 ± 0.276a

½ IC50 4.730 ± 0.200a

IC50 11.153 ± 0.150a

aTreatments not sharing the same letters in the same row are significantly 
different by ANOVA followed by a Tukey’s test (p < 0.05). 

Table 4. The influence of supplementation of fraction 1 on Bax and 
Bcl-2 expression in HeLa cell. 

Groups Expression (%)

Bcl-2 Bax

Control 93.700 ± 6.29a 15.097 ± 5.89b

½ IC50 64.094 ± 16.53a 27.571 ± 4.99b

IC50 40.231 ± 19.61a 52.837 ± 11.90b

aTreatments not sharing the same letters in the same row are significantly 
different by ANOVA followed by a Tukey’s test (p < 0.05). 

Table 5. Docking score of CrEO fractions on Bcl-2. 

Ligands Docking score

ΔG (kcal/mol) Ki (µM)

Longiverbenone −6.49 ± 0.005 17.537 ± 0.009

β-selinene −7.08 ± 0.008 6.41 ± 0.089

Caryophyllene oxide −6.60 ± 0.017 14.52 ± 0.352

5-(7a-isopropenyl-4,5-
dimethyl-octahydro-inden-4-
yl)-3-methyl-pent-2-en-1-ol

−7.26 ± 0.064 4.79 ± 0.498

2(3H)-naphthalenone −5.42 ± 0.005 107.00 ± 0.377

1,6,6-trimethylhexahydro-
1H-[1,3]dioxolo[4’,5’:4,5]
cyclopenta[1,2-c]isoxazol-4-ol  

−4.77 ± 0.031 332.32 ± 1.127

4,4-dimethyl-3-ethyl-2-
(2’-methyl-1’-propenyl)-2-
cyclohexenone

−6.20 ± 0.01 28.52 ± 0.486

1,2-ethandiol −2.25 ± 0.01 22174 ± 2.94

1-cycloheptene −4.53 ± 0.005 474.19 ± 4.78

Native ligand −14.52 ± 0.05 0.022 ± 0.002

Figure 4. Immunocytochemical stained HeLa cell under the microscope 
(magnification 400x). A. Expression of Bax, B. Expression of Bcl-2. Note: red 
arrow indicated the cells express Bax/Bcl-2, yellow arrow indicated the cell 
does not express Bax/Bcl-2.

A B

Figure 5. Superimposed of the best re-docking model to Bcl-2 with RMSD 
value of 1.559 Ǻ (Original: green; Re-docked: blue)
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the structural similarity between the docked pose and the native 
ligand, as depicted in Figure 5, with a root-mean-square deviation 
(RMSD) of 1.559 Å. An RMSD value below 2 Angstroms (Å) 
is generally considered adequate to validate a docking protocol 
effectively [30,31]. This benchmark indicates that the projected 
binding orientations closely resemble the experimental 
structures, considering the natural flexibility of proteins and the 
simplifications employed in docking algorithms [32].

A total of 9 major compounds identified across all 
fractions were subjected to molecular docking simulations 
against Bcl-2 to discern potential apoptosis inducers in HeLa 
cells. Table 5 reveals that 5-(7a-isopropenyl-4,5-dimethyl-
octahydro-inden-4-yl)-3-methyl-pent-2-en-1-ol exhibited the 
most promising docking score among the evaluated compounds, 
albeit not surpassing the affinity of the native ligand. The potent 

cytotoxic activity of fraction 1 was hypothesized to stem from 
the presence of this compound, which was absent in the other 
fractions. The conformation adopted by 5-(7a-isopropenyl-
4,5-dimethyl-octahydro-inden-4-yl)-3-methyl-pent-2-en-1-
ol within the Bcl-2 active site renders it more conducive to 
interact with essential amino acid residues. Figure 6 illustrates 
the differential interactions between 5-(7a-isopropenyl-4,5-
dimethyl-octahydro-inden-4-yl)-3-methyl-pent-2-en-1-ol and 
the native ligand with crucial amino acid residues of Bcl-2. The 
types of amino acids, interactions, and their respective numbers 
vary substantially, leading to distinct binding strengths to Bcl-
2, thereby potentially accounting for the observed cytotoxic 
effects [33,34].

In silico pharmacokinetics and toxicological assessment
The comprehensive evaluation of the pharmacokinetic 

and toxicological profiles of the identified chemical constituents 
in CrEO fractions was conducted to ascertain their suitability for 
therapeutic development. The ADME parameters, and toxicity 
assessments were interpreted according to the guidelines 
established by Pires et al. [23]. Considering the prospective oral 
administration route, the initial parameter scrutinized was the 
absorption profile of the molecules. Several indices, including 
human intestinal absorption (HIA) and Caco-2 permeability, 
were employed to gauge the absorption potential. As depicted in 
Table 6, all identified compounds exhibited excellent absorption 
profiles, characterized by HIA values exceeding 80% and 
Caco-2 values greater than 0.90, indicating favorable intestinal 
permeability, as per the criteria proposed by Pérez et al. [35].

The distribution profile screening (Table 7) unveiled 
that most compounds identified in CrEO fractions exhibited a 
high volume of distributions (VD > 0.45 log l/kg), indicative 

Table 6. Adsorption profile of CrEO fractions. 

Compounds Caco-2 HIA (%)

Longiverbenone 1.171 87.467

β-selinene 1.429 95.574

Caryophyllene oxide 1.414 95.669

5-(7a-isopropenyl-4,5-dimethyl-octahydro-inden-4-
yl)-3-methyl-pent-2-en-1-ol

1.525 95.215

2(3H)-naphthalenone 1.650 90.299

1,6,6-trimethylhexahydro-1H-[1,3]
dioxolo[4’,5’:4,5]cyclopenta[1,2-c]isoxazol-4-ol  

1.136 100

4,4-dimethyl-3-ethyl-2-(2’-methyl-1’-propenyl)-2-
cyclohexenone

1.53 95.341

1,2-ethandiol 1.552 86.376

1-cycloheptene 1.374 96.014

Figure 6. Molecular interactions of native ligand (A) and 5-(7a-isopropenyl-4,5-dimethyl-octahydro-inden-4-yl)-3-methyl-pent-2-
en-1-ol (B) with Bcl-2.
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Table 7. Distribution profile of CrEO fractions. 

Compounds VDss (log L/Kg) BBB permeability  
(log BB)

CNS Permeability  
(log PS)

Fraction Unbound 
(Fu)

Longiverbenone  0.619 0.661 −2.52 0.312

β-selinene 0.639 0.816 −1.461 0.089

Caryophyllene oxide 0.564 0.647 −2.521 0.327

5-(7a-isopropenyl-4,5-dimethyl-octahydro-inden-4-
yl)-3-methyl-pent-2-en-1-ol

0.468 0.73 −1.772 0

2(3H)-naphthalenone 0.234 0.086 −1.98 0.443

1,6,6-trimethylhexahydro-1H-[1,3]dioxolo[4’,5’:4,5]
cyclopenta[1,2-c]isoxazol-4-ol  

0.178 −0.186 −3.032 0.683

4,4-dimethyl-3-ethyl-2-(2’-methyl-1’-propenyl)-2-
cyclohexenone

0.351 0.6 −2.2 0.311

1,2-ethandiol −0.359 −0.319 −2.916 0.849

1-cycloheptene 0.298 0.323 −2.69 0.621

Table 8. Metabolism profile of CrEO fractions. 

Compounds CYP2D6 
substrate

CYP3A4 
substrate

CYP1A2 
inhibitor

CYP2C19 
inhibitor

CYP2C9 
inhibitor

CYP2D6 
inhibitor

CYP3A4 
inhibitor

Longiverbenone No No No No No No No

β-selinene No Yes Yes No No No No

Caryophyllene oxide No No Yes Yes Yes No No

5-(7a-isopropenyl-4,5-dimethyl-octahydro-inden-
4-yl)-3-methyl-pent-2-en-1-ol

No Yes Yes No No No No

2(3H)-naphthalenone No No No No No No No

1,6,6-trimethylhexahydro-1H-[1,3]
dioxolo[4’,5’:4,5]cyclopenta[1,2-c]isoxazol-4-ol  

No No No No No No No

4,4-dimethyl-3-ethyl-2-(2’-methyl-1’-propenyl)-
2-cyclohexenone

No No No No No No No

1,2-ethandiol No No No No No No No

1-cycloheptene No No No No No No No

Table 9. Excretion profile of CrEO fractions. 

Compounds Total clearance 
(ml/minute/kg)

Renal 
OCT2 

substrate

Longiverbenone 7.21107479 No

β-selinene 14.9279441 No

Caryophyllene oxide 8.03526122 No

5-(7a-isopropenyl-4,5-dimethyl-
octahydro-inden-4-yl)-3-methyl-pent-2-
en-1-ol

19.9526231 No

2(3H)-naphthalenone 1.69044093 No

1,6,6-trimethylhexahydro-1H-[1,3]
dioxolo[4’,5’:4,5]cyclopenta[1,2-c]
isoxazol-4-ol  

15.2405275 No

4,4-dimethyl-3-ethyl-2-(2’-methyl-1’-
propenyl)-2-cyclohexenone

20.7014134 No

1,2-ethandiol 4.21696503 No

1-cycloheptene 1.60694125 No

Table 10. Toxicity profile of CrEO fractions. 

Compounds AMES 
toxicity

Hepatotoxicity

Longiverbenone No No

β-selinene Yes No

Caryophyllene oxide No No

5-(7a-isopropenyl-4,5-dimethyl-
octahydro-inden-4-yl)-3-methyl-pent-
2-en-1-ol

No No

2(3H)-naphthalenone No Yes

1,6,6-trimethylhexahydro-1H-[1,3]
dioxolo[4’,5’:4,5]cyclopenta[1,2-c]
isoxazol-4-ol  

No No

4,4-dimethyl-3-ethyl-2-(2’-methyl-1’-
propenyl)-2-cyclohexenone

No No

1,2-ethandiol No No

1-cycloheptene No No
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developing 5-(7a-isopropenyl-4,5-dimethyl-octahydro-inden-
4-yl)-3-methyl-pent-2-en-1-ol as a novel anti-cancer agent, 
particularly for cervical cancer.

CONCLUSION
In conclusion, this study unveiled the remarkable 

cytotoxic potential of the diterpene alcohol fractions derived 
from CrEO against HeLa cervical cancer cells. Notably, fractions 
1 and 2 exhibited potent cytotoxicity, with fraction 1 emerging 
as the most active. Mechanistic investigations revealed that 
fraction 1 potentiated apoptosis in HeLa cells by upregulating 
the pro-apoptotic protein Bax while concomitantly inhibiting 
the anti-apoptotic Bcl-2 protein. Molecular docking simulations 
and pharmacokinetic evaluations identified 5-(7a-isopropenyl-
4,5-dimethyl-octahydro-inden-4-yl)-3-methyl-pent-2-en-1-ol 
as the key bioactive constituent underpinning the cytotoxic 
and apoptosis-inducing activities of fraction 1. This compound 
exhibited stable binding to the Bcl-2 active site, interacting with 
crucial amino acid residues implicated in modulating apoptosis. 
Moreover, 5-(7a-isopropenyl-4,5-dimethyl-octahydro-
inden-4-yl)-3-methyl-pent-2-en-1-ol displayed favorable 
pharmacokinetic properties, including excellent absorption, 
distribution, metabolism, and excretion profiles, coupled with a 
desirable toxicity profile. Collectively, these findings accentuate 
the therapeutic potential of the diterpene alcohol fractions, 
particularly fraction 1, as a novel anticancer agent targeting 
cervical cancer. The identification of 5-(7a-isopropenyl-4,5-
dimethyl-octahydro-inden-4-yl)-3-methyl-pent-2-en-1-ol as the 
primary bioactive constituent offers a promising lead for the 
development of targeted therapies against cervical malignancies 
by modulating the intrinsic apoptotic pathway.
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of substantial tissue distribution. However, a few compounds, 
such as 2(3H)-naphthalenone, 1,6,6-trimethylhexahydro-
1H-[1,3]dioxolo[4’,5’:4,5]cyclopenta[1,2-c]isoxazol-4-ol, and 
1-cycloheptene, demonstrated moderate (−0.15 – 0.45 log l/kg) 
or low (< −0.15 log l/kg) VD values. The volume of distribution 
reflects the extent to which a molecule is distributed across 
tissues or confined to the plasma compartment. Furthermore, 
all compounds exhibited high plasma protein binding, as 
evidenced by their low free fraction (Fu) values, potentially 
influencing their pharmacodynamic profiles. Remarkably, most 
CrEO compounds were predicted to cross the blood–brain 
barrier (BBB) (log BB > 0.3). However, despite this ability, not 
all compounds readily penetrated the central nervous system 
(CNS), as indicated by their log PS values (Table 6), with only 
β-selinene and 2(3H)-naphthalene exhibiting favorable CNS 
permeability (log PS > −0.2).

The metabolism profile of CrEO fractions was assessed 
by evaluating their potential to inhibit or act as substrates for 
CYP450 enzymes, which play a pivotal role in drug metabolism. 
Inhibition or induction of these enzymes can significantly 
influence the toxicity and therapeutic effects of a molecule 
[36,37]. As described in Table 8, among all compounds, only 
β-selinene and caryophyllene oxide interacted with CYP450 
isoforms. Specifically, β-selinene acted as a CYP3A4 substrate 
and a CYP1A2 inhibitor, while caryophyllene oxide inhibited 
CYP1A2, CYP2C19, and CYP2C9.

The excretion profile was evaluated by assessing the 
total clearance and the compounds’ interactions with the renal 
organic cation transporter 2 (OCT2), either as substrates or non-
substrates. Total clearance and OCT2 interactions are crucial 
factors influencing a molecule’s bioavailability, half-life, and 
subsequent dosing regimens [38]. Table 9 describes all identified 
compounds in CrEO fractions that have total clearance > 1 ml/
minute/kg. Paine et al.  [39] divided the total clearance of a 
molecule into three categories, including high (CLtot > 1 ml/
minute/kg), medium (CLtot > 0.1 ml/minute/kg to < 1 ml/
minute/kg), and low (CLtot ≤ 0.1). Thus, all compounds can be 
specified to have high total clearance. Additionally, none of the 
compounds act as renal OCT2 substrate, diminishing the risk of 
their interaction when consumed with other molecules that act 
as OCT2 inhibitors [40].

The toxicological assessment encompassed 
evaluations of mutagenicity (AMES toxicity) and hepatotoxicity 
to ascertain the safety profiles of the identified compounds in 
CrEO fractions. Table 10 revealed that several components, 
such as β-selinene and 2(3H)-naphthalenone, exhibited poor 
toxicity profiles by inducing mutagenicity and hepatotoxicity, 
while most compounds displayed excellent toxicity profiles.

The comprehensive pharmacokinetic and 
toxicological profiles of the identified compounds in CrEO 
fractions provide a rational basis for further development. 
Notably, 5-(7a-isopropenyl-4,5-dimethyl-octahydro-
inden-4-yl)-3-methyl-pent-2-en-1-ol emerged as the most 
promising candidate, exhibiting excellent pharmacokinetic 
and toxicity properties, coupled with its potential to inhibit 
Bcl-2 expression by stably binding to the Bcl-2 active site 
and interacting with several essential amino acid residues. 
These findings underscore the compelling prospect of 
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