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Cancer remains a leading cause of mortality worldwide, driving the urgent need for safer and more effective treatment options.
Herbal medicine, with its diverse bioactive compounds, offers a promising source of novel anticancer agents that may enhance
therapeutic efficacy while minimizing adverse effects. This study explores the phytochemical composition and cytotoxic potential
of Ruta chalepensis extracts (acetone, aqueous, and hexane) in an in vitro model. According to high-performance liquid
chromatography (HPLC), the acetone and aqueous extracts were high in both flavonoids and monoterpenes, whereas the hexane
extract was high in fatty acids and triterpenoids. The cytotoxic effects of these extracts were tested using MTT assay against human
lung (A549) and prostate (PC3) cancer cell lines, as well as normal fibroblasts (CCD-1064SK). With ICs, values of
43.78 +1.18 ug/mL for A549 and 65.96 + 2.33 ug/mL for PC3, the acetone extract showed the most potent anticancer activity
among the examined extracts. These findings suggest that R. chalepensis acetone extract has the potential to be an effective

anticancer agent, which requires additional research into its bioactive components and mechanisms of action.

Keywords: A549; cell viability ICsp; cytotoxicity; MTT assay; PC3; Ruta chalepensis

1. Introduction

Cancer represents a heterogeneous group of disorders
characterized by abnormal and wuncontrolled cellular
proliferation, alteration of regulatory pathways, and the
ability to invade surrounding tissues and metastasize to
distant organs [1]. It remains the major cause of morbidity
and mortality worldwide. Approximately two-thirds of all
new cases and fatalities globally in 2022 were caused by 10
different types of cancer, according to recent estimates by
the Global Cancer Observatory [2]. Globally, lung cancer
was the most frequently diagnosed cancer, responsible for
2.5 million new cases, accounting for 12.4% of all newly
reported cancers. It was followed by female breast cancer
with 2.3 million cases (11.6%), colorectal cancer with 1.9
million cases (9.6%), prostate cancer with 1.5 million cases

(7.3%), and stomach cancer with 970,000 cases (4.9%) [2].
These statistics highlight the critical need for constant
development of therapeutic medicines that provide higher
efficacy while minimizing adverse effects [3]. Despite de-
velopments in traditional cancer treatments including
radiation, chemotherapy, and targeted therapies, limita-
tions such as multidrug resistance, nonspecific toxicity,
and lack of selectivity continue to impede their overall
success [4, 5]. As a result, there is an increased interest in
complementary and alternative therapies, particularly
those derived from natural sources [6]. In recent years,
medicinal plants have received increased attention as
possible sources of bioactive compounds with potent an-
ticancer properties. Many of these compounds have been
shown to affect critical molecular pathways involved in
tumor genesis, progression, and metastasis, offering
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a promising avenue for the discovery and development of
safer, more speciﬁc anticancer treatments [6, 7].

Medicinal plants have emerged as promising candidates
in cancer research due to their rich repertoire of bioactive
compounds [8, 9]. Several plant-derived compounds, such as
paclitaxel from Taxus brevifolia and vinblastine from
Catharanthus roseus, have been successfully integrated into
clinical cancer treatments, demonstrating the potential of
phytochemicals in drug discovery [10]. Many medicinal
plants’ full therapeutic potential and safety profiles remain
underexplored, particularly in cytotoxicity and possible
adverse effects [11].

Ruta chalepensis is a perennial aromatic herbaceous
plant belonging to the Rutaceae family. Its many pharma-
cological qualities have historically led to its use in folk
medicine, including anti-inflammatory, antispasmodic,
antimicrobial, and analgesic effects [12]. The plant’s thera-
peutic potential is attributed to its complex phytochemical
profile, encompassing alkaloids, flavonoids, coumarins,
phenolics, and essential oils [13].

In previous research, R. chalepensis exerted many bi-
ological activities like antioxidant [12, 14, 15], cytotoxic
activity [15, 16], antimicrobial properties [17, 18], and
antihemolytic [15]. The choice of extraction solvents sig-
nificantly impacts the bioactivity of plant extracts, as dif-
ferent solvents extract distinct classes of phytochemicals
[19]. Thus, this work intends to study the anticancer effect of
R. chalepensis.

For the first time, this study aims to examine the anti-
cancer effects of aqueous, acetone, and hexane extracts of
Ruta chalepensis on lung (A549) and prostate (PC3) cancer
cell lines in contrast to noncancerous fibroblast cells. Phy-
tochemical profiling will be performed with high-
performance liquid chromatography (HPLC), and cyto-
toxicity will be assessed using 3-[4,5-dimethyl-thiazol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT) tests. The findings
aim to highlight R. chalepensis’ therapeutic potential and
promote its usage in plant-based anticancer treatments.

2. Materials and Methods

2.1. Collection of Plants. Aerial samples of Ruta chalepensis
were effectively gathered from Amman County in Jordan in
May 2024. Prof. Sawsan Oran thoroughly identified and
authenticated these materials. Then a voucher specimen (No.
RC/2024/2) was kept in the Herbarium of the Department of
Biological Sciences at the University of Jordan, in Amman,
Jordan.

2.2. Preparation of Extracts. Initially, the plant’s leaves,
stems, and flowers were air-dried until desiccated. Once
thoroughly dried, the plant material was finely pulverized to
enhance the extraction efficiency. Next, a solvent—either
distilled water, acetone, or hexane—was selected to immerse
10 g of the powdered plant material in 100 mL of the chosen
solvent for 3days. After immersion, the mixture passed
through the Whatman filter paper (number one). Next, the
resultant liquid extract was run through a rotary evaporator,
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where the solvent evaporated under 50°C under supervision.
At last, the filtered extracts were left to completely dry; the
dried extract was kept at 4°C for subsequent use and
research [20].

2.3. HPLC Analysis. The phytochemical analysis of the ex-
amined extracts was performed using HPLC coupled with
mass spectrometry (MS) (Shimadzu, Japan). This setup
included the Control Bus Module-20A, Column Oven-30A,
Liquid Chromatograph-30AD, Auto Sampler SIL-30AC,
and LCMS-8030 Triple Quadrupole Mass Spectrometer.

25mg of the plant extract was dissolved in 1mL of
methanol, and 10 uL of this solution was injected into the
HPLC system. The chromatographic separation was carried
out using ACE 5 C18 column (250 X 4.6 mm, 5pum), pre-
serving a temperature of 30°C and a flow rate of 0.8 mL/min.
A gradient elution technique was run using a mobile phase
including water with 0.1% acetic acid (A), methanol with
0.1% acetic acid (B), and acetonitrile with 0.1% acetic acid
(C). The mobile phase’s starting composition was 80:12:8;
however, over 40-45 min, it was progressively changed to 25:
60:15. After reaching this final composition, the system was
reverted to the initial ratio (80:12:8) for an additional 5 min
to facilitate column reconditioning.

Prior to the HPLC injections, both the extract samples
and the solvents used for the mobile phase were filtered
through a 0.22 um filter system (Millipore Corp., Billerica,
MA, USA) to ensure purity. Each sample was analyzed in
triplicate.

2.4. Cell Culture. Prostate cancer PC3, human lung cancer
A549, and normal skin fibroblast CCD-1064SK were acquired
from the American Type Culture Collection (ATCC, Manassas,
VA, USA) and cultivated by ATCC protocols. While fibroblasts
were cultivated in Dulbecco’s Modified Eagle’s Medium
(DMEM) (Sigma, USA), A549 and PC3 cell lines were culti-
vated in RPMI1640 (Sigma, USA). The cells were cultured in
T25 culture flasks with the proper media supplemented with
10% fetal bovine serum (Cytiva, Austria), 1% penicillin-
streptomycin, 1% L-glutamine, and 1% 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), all of which were
acquired from EuroClone S.P.A., Italy. The cells were kept in
a humidified environment with 5% CO2 at 37°C. Every 2 days,
these cells are continuously inspected and validated.

2.5. Cell Viability Assay. Cell viability was assessed via
the MTT assay (ATCC® 30-1010K). Cells were seeded in
96-well plates (SPL Life Sciences Co., Korea) at a density of
10,000 cells per well and incubated for 24h. The
cells were treated with different extract concentrations
(3.125-200 pg/mL). Doxorubicin at doses 0.1-10 pug/mL was
used as a reference drug. All samples were dissolved in
DMSO, and the concentration did not exceed 0.1%. All
samples were measured in five repetitions. Fifteen micro-
liters of MTT reagent was added to each well and incubated
for 4 hours at 37°C. After removing the culture media, 100 pL
of stop solution was used to solubilize the formazan crystal
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TaBLE 1: Chemical composition of R. chalepensis aqueous extract.

No Compound name % composition Retention time (min)
1 2,2-Dimethyl-3-methylenebicyclo[2.2.1]heptane 8.0 0.9
2 1-Methyl-4-(1-methylethenyl)cyclohexene 6.0 1.2
3 Bicyclo[3.1.1]hept-2-ene, 2,6,6-trimethyl- 53 2.1
4 Unknown 7.3 6.9
5 3,7-Dimethyl-1,6-octadien-3-ol 5.8 13.9
6 7-Hydroxycoumarin 10.0 15
7 3,4-Dihydroxycinnamic acid 8.7 15.9
8 7-Hydroxy-6-methoxycoumarin 9.7 19.3
9 4-Hydroxy-3-methoxycinnamic acid 6.0 20.0
10 Rutamarin 114 21.0
11 3,3',4',5,7-Pentahydroxyflavone 9.2 231
12 5-O-Caffeoylquinic acid 7.3 253
13 Rutin 5.3 27.0
Total identified 92.7%
Phytochemical classification
Monoterpene 25.1%
Phenol 22.0%
Coumarin 19.7%
Flavonoid 14.5%
Alkaloid 11.4%

[21]. The absorbance at 570 nm was quantified utilizing an
HTX multimode microplate reader (BioTek, USA). The 50%
inhibitory concentration (ICsy) was determined utilizing
GraphPad Prism 8.0.2. The selectivity index (SI) was cal-
culated by dividing the IC5, value for normal fibroblast cells
(CCD-1064SK) by the ICs, value for the malignant cell lines
(A549 and PC3). SI=ICsq of each sample on normal cells
(CCD-1064SK) divided by ICs, of each extract on cancerous
cell lines (A549 and PC3). The SI reflects the sample’s se-
lectivity toward the examined cell lines. Samples with SI>2
were considered highly selective for cancerous cells [22].

2.6. Statistical Analysis. Statistical analysis was accom-
plished using GraphPad Prism 8.0.2 using two-way ANOVA
analysis. Results are presented as mean +SEM, and the p
value is expressed as p* <0.05, p** < 0.01, p*** <0.001, and
p " <0.0001.

3. Results

3.1. Phytochemical Analysis. A comprehensive chemical
analysis determined the composition of R. chalepensis ex-
tracts prepared with aqueous, acetone, and hexane solvents.
Tables 1, 2, and 3 present the findings, indicating significant
variations in component distribution based on solvent po-
larity. HPLC yielded retention times and peak intensities for
each identified compound (Figures 1(a), 1(b), and 1(c)).
The aqueous extract demonstrated significant levels of
monoterpenes (25.1%) and phenols (22%), with coumarins
(19.7%) and flavonoids (14.5%) present in lesser amounts.
Rutamarin (11.4%) was the predominant compound in the
alkaloid fraction, followed by 7-hydroxycoumarin (10%) and
3,3',4',5,7-pentahydroxyflavone (9.2%), which were also sig-
nificant constituents. A total of 92.7% of the extract’s com-
position was comprised of identified compounds (Table 1).

In the acetone extract, monoterpenes dominated at
35.7%, with flavonoids (24%) and alkaloids (13.5%) also
present in significant proportions. The primary compounds
identified were 4-thujene (8.9%), sophoretin (8%), and
flavonol, in addition to furanocoumarins (5.3%) and phe-
nolic acids (4.6%). 88.1% accounted for the identified
phytochemicals of the extract (Table 2).

High quantities of fatty acids (20.4%) and phenyl-
propenes (14.9%), together with considerable amounts of
triterpenoids (10.8%), and phytosterols (9%) were found in
the hexane extract. The most plentiful chemical was oleanic
acid (10.8%), then hexadecanoic acid (9.8%) and anise
camphor (8%). Sesquiterpene showed a small amount of
B-germacrene (3.4%) and P-caryophyllene (2%) (Table 3).

Generally, the solvent-specific chemical profiles of
R. chalepensis extracts show that while the hexane extract is
concentrated in fatty acids and triterpenoids, aqueous and
acetone extracts are mostly constituted of monoterpenes and
flavonoids. These differences highlight how phytochemical
extraction and possible biological consequences depend on
solvent polarity.

3.2. The Cytotoxic Activity of Various R. chalepensis Extracts.
The results revealed that R. chalepensis extracts exhibited cy-
totoxic effects against A549 and PC3 cancer cell lines (Table 4
and Figure 2). The acetone extract showed the most pro-
nounced activity (ICsp: 43.78+1.18ug/mL for A549,
65.96 +2.33 ug/mL for PC3) and greater selectivity compared
to other extracts. The aqueous and hexane extracts exhibited
moderate cytotoxicity but with reduced selectivity. Doxoru-
bicin exhibited the greatest potency (ICsq: 0.93 +0.094 pg/mL
for A549, 2.71 £0.70 ug/mL for PC3) although showing much
greater toxicity to normal fibroblasts. The results indicate that
the acetone extract of R. chalepensis may possess significant
anticancer potential with less toxicity to normal cells.
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TaBLE 2: Chemical composition of R. chalepensis acetone extract.
No Compound name % composition Retention time (min)
1 D-Limonene 3.0 1.2
2 Pinene 4.9 2.8
3 4-Thujene 8.9 4.1
4 Methyl chavicol 3.0 5.0
5 Anise camphor 2.0 5.1
6 2-Isopropyl-5-methylphenol 4.5 6.1
7 2-Camphanone 5.7 6.4
8 3-Carvomenthenone 21 9.1
9 Borneo camphor 1.6 9.4
10 Isobornyl alcohol 3.0 11.1
11 Unknown 6.1 13.9
12 Hexahydrothymol 2.0 15.0
13 3,4,5-Trihydroxybenzoic acid 3.2 15.4
14 3,4-Dihydroxycinnamic acid 1.4 16.1
15 Unknown 2.3 16.9
16 5-Methoxypsoralen 5.3 19.9
17 Fagarine 6.2 211
18 Haplopine 7.3 221
19 Sophoretin 8.0 22.8
20 Cannabiscetin 6.5 252
21 Rutamarin 5.6 25.5
22 Unknown 3.5 26.1
23 Sophorin 3.9 27.1
Total identified 88.1%
Phytochemical classification
Monoterpene 35.7%
Flavonoid 24.0%
Alkaloid 13.5%
Furanocoumarin 5.3%
Phenylpropene 5.0%
Phenol 4.6%
TaBLE 3: Chemical composition of R. chalepensis hexane extract.
No Compound name % composition Retention time (min)
1 (R)-Limonene 45 53
2 Sabinene 6.2 4.8
3 Methyl chavicol 6.9 21.3
4 Anise camphor 8.0 18.1
5 3-Carvomenthenone 9.2 9.2
6 B-Germacrene 34 26.1
7 B-Caryophyllene 2.0 26.3
8 5-Methoxypsoralen 4.5 3.9
9 Hexadecanoic acid 9.8 25
10 cis-9,12-Octadecadienoic acid 5.3 23.8
11 Unknown 4.0 17.3
12 Octadecanoic acid 5.3 254
13 Rutamarin 6.6 1.2
14 Stigmasterin 3.7 23.4
15 B-Sitosterol 5.3 224
16 Oleanic acid 10.8 27.9
17 Unknown 4.5 28.4
Total identified 91.5%
Phytochemical classification
Fatty acid 20.4%
Monoterpene 19.9%
Phenylpropene 14.9%
Triterpenoid 10.8%
Phytosterol 9.0%
Flavonoid 6.6%
Sesquiterpene 5.4%
Furanocoumarin 4.5%
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Figure 1: HPLC chromatogram of R. chalepensis (a) aqueous extract, (b) acetone extract, and (c) hexane extract.

4, Discussion

Synthetic drugs used to treat cancer are often the cause of
major harmful effects. Medicinal plants offer reasonably
priced, less adverse effects than synthetic drugs, readily
available sources of phytochemicals with potent anticancer
action as a good replacement. Among the substances that
have shown promise in stopping metastases, cancer cell
proliferation, and causing death include flavonoids, alka-
loids, terpenoids, phenols, and saponins [23].

The phytochemicals present in R. chalepensis extracts
reveal the large amount of secondary metabolites as

therapeutic agents for enhancing health and avoiding diseases.
The chemical composition that raises a plant’s medicinal
potential influences climate, soil, genotype, developmental
stage, and other biological and environmental factors [24].
Choosing the suitable extraction solvent will also help max-
imize these phytochemicals’ concentration and efficacy [25],
opening the path for creative plant-based medicinal
approaches.

The chemical analysis in this study shows different bio-
active profiles that may have anticancer effects. The aqueous
extract, rich in monoterpenes, phenols, and coumarins, in-
cludes rutamarin, known for inducing apoptosis and
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TaBLE 4: ICsy values (ug/mL) (mean+SEM) and selectivity index (SI) of R. chalepensis acetone, aqueous, and hexane extracts and
doxorubicin against the human lung and prostatic cancer cell lines compared with normal fibroblast cells.

IC5¢ normal

Compounds Calllgg;‘] ?11\1;%19) SI Icgflo‘:f:(();tcag; SI skin fibroblast
(CCD-1064SK)
R. chalepensis acetone extract 43.78 +1.18° 223 65.96 +2.33° 1.48 97.47 £2.21
R. chalepensis aqueous extract 51.17 £ 0.87¢ 1.80 71.52+2.16° 1.29 92.30+1.24
R. chalepensis hexane extract 70.41 +0.90° 1.83 72.64+1.17° 1.78 129.0 +£2.03
Doxorubicin 0.93 +0.094" 1.06 2.71+0.70° 0.37 0.99 £0.05

Note: Values are the
comparisons test.
p**<0.01.

bp*** <0.001.

“p* T <0.0001.

R. chalepensis acetone extract

mean of five replicates + SEM. Statistical analysis was performed using two-way ANOVA followed by Dunnett’s multiple

R. chalepensis aqueous extract

150 =
— 100 4 I ¥ —
o\" =
£ L] £
E 50 o 7
< <
g 2
= =
© 0 T T T §_I © 0 T T 2]_0
D.5 1.0 1.5 2.0 2.5 .5 1.0 1.5 2.5
_50 Concentration (pg/mL) _50 Concentration (pg/mL)
—@- A549 —@— A549
-#- PC3 —&- PC3
—A— Fibroblast —A— Fibroblast
(a) (b)
R. chalepensis hexane extract Doxorubicin
150 — 150 =
~ 100 -k I ~ 100
X x
Z % Z
,'_(.': 50 = ;é 50
2 g
3 3
0 T T T 0 1
.5 1.0 1.5 2.0 2.5 2.5 3.0 3.5 4.0 4.5
_50 Concentration (pg/mL) 50 - Concentration (pg/mL)
—@— A549 @ A549
—& PC3 —& PC3

—A— Fibroblast

(c)

—o— Fibroblast

(d)

FiGgure 2: Comparative cytotoxic activity of (a) R. chalepensis acetone, (b) R. chalepensis aqueous, and (c) R. chalepensis hexane extracts and
(d) doxorubicin against the human lung (A549), prostatic cancer (PC3), and normal skin fibroblast (CCD-1064SK) cell lines.

inhibiting cancer cell proliferation [26]. It also has 3,3',4',5,7-
pentahydroxyflavone, which is known for its protective and
cytotoxic properties [27]. 7-hydroxycoumarin also exists in it,
which intercalates DNA and stops the cancer cell cycle [28].

The acetone extract is defined by the presence of
monoterpenes, flavonoids, and alkaloids. For instance, 4-
thujene (alkaloids) exhibited cytotoxic and antiproliferative
characteristics, as described by Alexa et al. [29], whereas
sophoretin is documented for its capacity to induce

apoptosis and inhibit metastasis [30]. Furanocoumarins can
inhibit cancer by DNA crosslinking [31].

The hexane extract is rich in fatty acids and triterpenoids.
It comprises oleanic acid, which inhibits the migration of
cancer cells and induces apoptosis [32], together with
hexadecanoic acid, which prevents the proliferation of
cancer cells [33]. These products demonstrate various ap-
plications in cancer treatment, emphasizing their distinct
phytochemical compositions.
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The findings indicate that R. chalepensis extracts exhibit
notable cytotoxic effects against A549 and PC3 cancer cell lines,
with the acetone extract demonstrating the highest activity and
selectivity. The moderate cytotoxicity observed in the aqueous
and hexane extracts, along with their lower SIs, suggests
a weaker therapeutic potential compared to the acetone extract.
In contrast, doxorubicin exhibited the highest potency but
showed significant toxicity toward normal fibroblasts, high-
lighting its lack of selectivity.

The higher SIs of the acetone extract suggest its potential
as a safer anticancer agent, offering effective tumor in-
hibition with reduced toxicity to normal cells. These results
emphasize the need for further investigation into the bio-
active compounds responsible for cytotoxicity and their
underlying mechanisms of action. Future studies should
focus on isolating key phytochemicals, exploring their
molecular interactions, and evaluating their efficacy in
in vivo models to assess their therapeutic potential.

In a comparative analysis to the present study, an in-
vestigation conducted in Saudi Arabia, the essential oil
derived from R. chalepensis exhibited a limited inhibitory
effect on the PC-3 (prostate cancer) cell line, while dem-
onstrating a significant inhibitory impact on the A2780
(ovarian cancer) cell line [34]. The methanolic extract of
R. chalepensis demonstrated cytotoxic effects on HEP-G2
and L5178Y-R cells, while showing no impact on normal
VERO, PBMC, and J774A.1 cells [15].

A subsequent study demonstrated that the essential oil
derived from R. chalepensis displayed anticancer effects
across multiple cancer cell lines, such as HEK293, NCI-N87,
K562, MIA-Paca2, U20S, U87-MG, JIMT-T1, MRC-5,
A549, and PC3 [35]. The oil extract exhibited cytotoxicity
against MCF-7, T47D, and Caco-2 cancer cell lines in a dose-
dependent manner [12].

5. Conclusion

The phytochemical study of R. chalepensis extracts dem-
onstrated varying contents according to the solvent used.
The acetone extract showed a high concentration of
monoterpenes, flavonoids, and alkaloids with 4-thujene
(8.9%) and sophoretin (8%) as the primary components.
The aqueous extract was rich in rutamarin (11.4%), while
fatty acids (20.4%) and phenylpropenes (14.9%) dominated
the hexane extract. Furthermore, the acetone extract dem-
onstrated the most potent effects and higher selectivity for
cancer cells, while the aqueous and hexane extracts showed
moderate activity. The results indicate that the acetone
extract had considerable potential as an anticancer agent
with minimal damage to normal cells. Future studies should
focus on clarifying the mechanism of action of the acetone
extract, exploring its potential in combinatorial medicines,
and conducting in vivo studies to confirm its therapeutic
efficacy and safety.
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