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Cancer is a complex health issue that today’s medical science is dealing with, which has a mortality 
rate that is almost identical to that of cardiac disorders. Because of the adverse effects of the majority 
of the medications used in its therapy, managing it remains a major concern despite the availability 
of numerous remedies. This article attempts to contribute to the scientific developments in the 
Solanaceae family’s anti-cancer field. Thus, this study consisted of isolating β-amyrin, cedryl acetate, 
lupeol, and 2-pentadecanone, 6,10,14-trimethyl from Cestrum aurantiacum to determine the anti-
tumor activity. The plant material was dried, pulverized, and small-scale extraction was done. Brine 
shrimps, cell lines (A549, Hela, HEPG), and Caenorhabditis elegans were used initially to examine 
three solanaceous plant extracts (Solanum villosum (SV), Cestrum aurantiacum (CA), and Brugmansia 
suaveolens (BS)). The best results were shown by ethanol extract of Cestrum aurantiacum that why 
large-scale extraction and GCMS of this extract were done. The antitumor potential can be explained 
by the presence of β-amyrin, cedryl acetate, lupeol, and 2-pentadecanone, 6,10,14-trimethyl.

Keywords  Cancer, Cestrum aurantiacum, GCMS, Lupeol

Abbreviations
CME	� Crude Methanol Extract
A549	� Lung Cancer Cells
Hela	� Cervical Cancer Cells
HEPG	� Liver cancer cells
SV	� Solanum villosum
CA	� Cestrum aurantiacum
BS	� Brugmansia suaveolens
GCMS	� Gas Chromatography Mass Spectrometry
ICMR	� Indian Council of Medical Research
TCM	� Traditional Chinese Medicine
HPLC	� High-performance liquid chromatography
DMSO	� Dimethyl sulfoxide
PMAS	� Pir Mehr Ali Shah
BSLT	� Brine shrimp lethality test
MTT	� 3-(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
NGM	� Nematode Growth Medium
C. elegans	� Caenorhabditis elegans
E. coli OP50 culture	� Escherichia coli OP50 culture
HPLC-DAD	� High-performance liquid chromatography with diode-array detection
ROS	� Reactive oxygen species
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Cancer is the second leading cause of death worldwide after heart disorders. Every year, about 6 million individuals 
lose their lives to cancer, out of 10 million diagnoses1. Lung, mouth, stomach, and esophageal cancers are more 
common in men, but breast, uterine, and cervical cancers are more common in women, according to The National 
Cancer Registry Programme Report, 2020 of Indian Council of Medical Research (ICMR). According to estimates, 
the number of cancer cases will probably increase from 13.9 lakh in 2020 to 15.7 lakh by 2025. Even though cancer 
patients now have more options because of advancements and innovation in the field, it is crucial to provide anti-
cancer drugs that are non-toxic, widely accessible, and reasonably priced2. The anti-cancer potential of over 3000 
plants has been revealed worldwide3. Currently, natural plant products account for around 60% of the anti-cancer 
drugs now in use4. It’s interesting to note that 90 of the approximately 120 medications used to treat cancer come 
from plants2.

Solanaceae is one of the diverse plant families of the 405 angiosperm groups, with a wide range of beneficial 
chemical components5. The Solanaceae family is significant for both medicinal and economic plants6. 
Conversely, some of the most significant Solanaceae plants influenced the early phases of medical plant-based 
drug development and are still valued in herbal medicine7. There are over 2700 species in the Solanaceae family, 
divided into 98 genera8. Numerous traditional medical systems, such as Ayurveda, Traditional Chinese Medicine 
(TCM), Siddha, Unani, and homeopathy, employ some of the alkaloids found in the Solanaceae family7,9. 
Considering the enormous anti-cancer potential of Solanaceae plants, we designed the current investigation 
by selecting three Solanaceae plants (Solanum villosum (SV), Cestrum aurantiacum (CA), and Brugmansia 
suaveolens (BS) to search for anti-cancer compounds.

Leaves of Brugmansia suaveolens are traditionally applied in northern Peru for treating wounds10. Flowers and 
leaves are used for curing infections, mental weaknesses, and menstrual pain. It is utilized as an aphrodisiac11. 
The stem is applied externally for skin anomalies for rapid healing12. Brugmansia has hallucinogenic effects, 
it also has anti-inflammatory, antirheumatic, and analgesic properties13. Solanum villosum leaves and fruits 
are eaten or made into decoctions to cure stomach problems like dysentery and diarrhea. This is common in 
traditional African medicine14. The plant is frequently eaten as a vegetable, particularly in East Africa, where its 
high nutrient profile is thought to support immunity and overall health15. Applying crushed leaves straight to 
cuts and wounds speeds up the healing process. The antibacterial qualities of the plant are thought to aid in the 
prevention of infections. It also has anti-inflammatory properties16. Traditional use of extracts supports their use 
in treating a variety of illnesses due to their antibacterial and antifungal properties17.

Genus Cestrum comprises more than 300 species and is widely distributed in tropical and subtropical 
areas around the world like Bangladesh, India, the United States, Australia, South America and southern 
China.18,19 Cestrum species have a long history in folk medicine for the treatment of several diseases and health 
disorders.18,20Different species belonging to the Cestrum genus were previously investigated for their chemical 
constituents, e.g., parquine, carboxyparquine and steroids. Glycosides were also identified in Cestrum diurnum.21 
whereas saponins were identified in Cestrum parqui.22,23.

A variety of bioactive chemicals found in Cestrum plants have been linked to their cytotoxic and antitumor 
effects. The pharmacological actions of Cestrum species are attributed to the presence of flavonoids, alkaloids, and 
saponins, as revealed by phytochemical research.19,24. Due to the substantial cytotoxic effects these compounds 
have demonstrated against various cancer cell lines in vitro, Cestrum species are promising candidates for 
developing anticancer drugs. For instance, Nasr et al. 24 studied extracts from two Cestrum species and found 
promising cytotoxic effects against certain cancer cells, confirming the traditional use of these plants for medical 
purposes.

Cestrum aurantiacum (Orange cestrum) is a plant used for various medicinal purposes in traditional South 
Asian medicine, especially Ayurveda. The plant is mostly known for its therapeutic properties in many traditional 
healing methods. Roots and leaves have been used for their anti-inflammatory properties. Occasionally, they are 
used as decoctions or applied as poultices to relieve joint pain, muscle pains, and swelling. It has antimicrobial 
properties and is frequently used to treat fungal diseases, wounds, and skin infections. It can also be used to 
relieve constipation, bloating, and stomach pain. It may be used as a traditional remedy for respiratory conditions 
including colds and coughs. Occasionally, preparations that aid in clearing respiratory passages contain it. The 
plant has been used in some cases as a febrifuge to help reduce fever, although it has to be used with caution 
as certain parts of the plant can be poisonous when consumed in the wrong way. The plant is often used in 
controlled doses in traditional practices and caution is advisable when using it as a medicine.25.

The current study aimed to use bioassay-guided purification to extract the main antitumor components of 
solanaceous plant species.

Materials and methods
Reagents
Solvents of the high-performance liquid chromatography (HPLC) grade, such as acetone, methanol, acetonitrile, 
hexane, ethanol, Deionized water and DMSO were used.

Collection and identification of plants
From spring 2017 to spring 2018, solanaceous plant species were collected from different areas of Pakistan. 
Solanum villosum was collected from Narowal, province of Punjab. Cestrum aurantiacum and Brugmansia 
suaveolens were collected from Islamabad. Prof. Dr. Rahmatullah Qureshi, identified the specimens and 
voucher specimens were stored for future use as reference (Voucher # 168, 221, 339). After the plants were 
completely dried, a fine powder was made and preserved. All research studies and methods were carried out 
per institutional, national, and international guidelines and legislations. We got the appropriate permissions and 
licenses for the collection of plant specimens from the Administration Department, PMAS-Arid Agriculture 
University Rawalpindi, and the Department of Agriculture, Government of Punjab, Pakistan.
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Small-scale extraction
The plant material that had completely dried out was ground into a powder, and by utilizing a technique designed 
by Panda et al.26, small-scale extraction was accomplished. Ten milliliters of solvent (hexane, chloroform, 
Acetone, ethanol, and water) was used with 1 g of plant powder (S. villosum, C. aurantiacum, and B. suaveolens).

After every four hours, the tubes were put in a sonicator bath for one hour. One milliliter of aliquots from 
each fraction was dried in a Savant SpeedVac Concentrator 200H.

Cytotoxic activities
Brine shrimp lethality assay
For brine shrimp assay cysts of Artemia salina were hatched in two-chambered containers with small holes in 
the partitioning wall. For seawater 38 g/L sea salt was taken in a beaker and oxidation of this water was done 
by using a magnetic stirrer for approximately 2 h. After approximately 48 h’ cysts hatched and swam through 
the hole to the illuminated chamber, from where shrimps were collected for an experiment. The tested extracts 
were dissolved in 100% DMSO and used as a stock solution at a concentration of 60 mg/mL. Utilizing artificial 
seawater, different concentrations were prepared from stock. Artificial seawater was employed as a negative 
control, and nicotine was used as a positive control. Ten phototropic nauplii were introduced to each container 
and cultured for 24  h at room temperature. Dead nauplii were counted and the percentage of lethality was 
calculated after 24 h.27.

Percentage of Death = (Total nauplii−Alive nauplii) / Total nauplii × 100.

In-vitro cytotoxicity assay (MTT assay)
The KU Leuven Zoology Department’s Animal Physiology and Neurobiology lab provided the cell lines. The 
cells were stored in liquid nitrogen stock, Thawing was done before use. After thawing, the cells were moved to 
a sterile falcon tube, and 5 mL of cell culture medium was added. The density of the cells was examined under 
a microscope, after which 2 mL of cell culture had been transferred. A cell culture flask was filled with 15 mL of 
Dulbecco’s Modified Eagle’s Medium (DMEM). The flask was then incubated at 37 °C for 24 h in an incubator 
with 5 percent CO2 to allow the cell to attach to and develop on the flask’s surface.

In a flask, 5 mL of complete media was added to trypsinized cells. In a 15 mL falcon tube, centrifuged for 
5 min at 500 rpm. The medium was withdrawn, and cells were re-suspended in complete media (1.0 mL). Cells 
were counted, and full media was used to dilute it to 75,000 cells per mL in a 96-well plate. Fill each well with 100 
µL of cells (7500 total cells) and set it in a CO2 incubator overnight. The next day, tested extracts were added, and 
the ultimate amount was held at 100 µL each well. Each well received 20 µL of 5 mg/mL MTT. As a control, MTT 
was added to one set of wells with no cells. These plates were incubated in a CO2 incubator for 3.5 h at 37 °C. 
Absorbance was measured at 590 nm using a 620 nm reference filter.28.

C. elegans lethality assay
C. elegans were cultured on Nematode Growth Medium (NGM). The N2 wild-type C. elegans strain was utilized. 
C. elegans were treated to synchronization at the L4 larval stage. 96-well microplate with a flat bottom from TPP 
Techno Plastic Products AG in Switzerland was used. A 96-well microplate with 189 μL of E. coli OP50 culture 
(OD = 0.5 at 620 nm) was filled with synchronized C. elegans 10 μL, or roughly 40 to 45 numbers of L4 larvae. 
Plant extract in the amount of 1 μL was tested; 1 μL of DMSO was used as a solvent control, and 1 μL of 50 μM 
Levamisole was used as a positive control. Worms and extracts were combined, and then a 96-well microplate 
was put into a WMicroTracker (Phylumtech, Argentina) device and incubated for 24 h at 20 °C. Every 30 min, 
the WMicroTracker measured and recorded the worm movement in each well. To determine the relative activity, 
the percentage of the average movement over 24 h of test samples with extract compared to the DMSO control 
was employed.29.

Large-scale extraction
For large-scale extraction, a big container containing 2000 mL of ethanol HPLC grade from Sigma (Germany) 
was filled with 200  g of plant powder (C. aurantiacum). The container was kept at room temperature for a 
full day. To increase the extraction yield, the container was submerged in a water bath sonicator four times 
for a duration of sixty minutes each. There was a minimum 6-h pause between each sonication to allow the 
suspension to reach room temperature.

The plant material was filtered using VWR Grade 313 size 5  lm filter paper after the fourth sonication to 
obtain the dry residue. The filtrate was then evaporated using a rotary evaporator (BUCHI rotavapor R-100), and 
the weight of the first dried extract was determined. The recovered ethanol was utilized once more for a second 
extraction using the same protocol for twenty-four hours. The filtrate was then again evaporated using a rotary 
evaporator to obtain the dry extract.

To extract every ingredient from the plant powder, the same process was carried out repeatedly. The dried 
material’s final weight was computed. For additional examination, the plant extract was kept in storage at 4 °C.

Purification
A silica gel was used to bind the plant extract, and a silica column was made. Hexane, ethyl acetate, methanol, 
and acetic acid were blended into eluates using a step gradient that increased in polarity. Finally, 100% acetic 
acid was used to elute the column.

Reverse-phase high-performance liquid chromatography analysis
A Shimadzu LC-20AT system with an LC-20AT quaternary pump and an online degasser (DGU20A3/DGU-
20A5) was used to perform high-performance liquid chromatography (HPLC–DAD) analyses. Lab Solution 
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software was used to obtain the data. The HPLC column was in the reverse phase. The mobile phase consisted of 
acetonitrile, water, and 0.1% trifluoroacetic acid (TFA).

Gas chromatography-mass spectrometry
The peaks that were collected were put via gas chromatography. Using an internal diameter of 0.18 mm and 
a thickness of 0.18 mm, a Restek RXi-5sil MS 20 m column was employed, and the NIST 14 MS library was 
utilized to search the spectrum.

Results
Brine shrimps, cell lines (A549, Hela, HEPG), and C. elegans were used initially to examine three solanaceous 
plant extracts (S. villosum (SV), C. aurantiacum (CA), and B. suaveolens (BS)). The extract of C. aurantiacum was 
shown to have a broader spectrum of efficacy against all the tested activities. The cytotoxic activity of all three 
solanaceous plant extracts was examined by using different solvents from low polarity to high polarity (hexane, 
chloroform, acetone, ethanol, and water). The findings indicated that the most active ingredients were in the 
ethanol extract of C. aurantiacum (Figs. 1, 2 and 3).

Therefore, ethanol was used to conduct a large-scale extraction, and the resulting extract was then further 
divided into 220 fractions using column chromatography (Fig.  4). All fractions were evaluated for activity 
against Hela cell line; fractions 31–38, 54–57 and 122–128 were confirmed to be active (Fig. 5). After being 
dried, the active portions were weighed. A serial dilution approach was used to test the active fractions against 
the HeLa cell line once more (Fig. 6). The results showed that fractions 31–38 consistently exhibited cytotoxic 
activity, suggesting the presence of a potent active antitumor component. Consequently, fractions 34 and 37 
underwent further separation with the use of a mobile phase comprising acetonitrile and water. Hela cells were 
used to evaluate all 60 subfractions once more, and the results showed that there were two active subfractions in 
each fraction (Fig. 7 and 8). For identification, active peaks were subjected to GCMS (Fig. 9, 10, 11 and 12). It 
was determined that compound 1 was β-amyrin, compound 2 was cedryl acetate, compound 3 was lupeol, and 
compound 4 was 2-pentadecanone, 6,10,14-trimethyl.

Discussion
There are around 300 species of the genus Cestrum (Family Solanaceae), which is extensively spread in 
tropical and subtropical regions of the world, including Bangladesh, India, the United States, Australia, South 
America, and southern China.18,19 In traditional medicine, Cestrum species have long been used to treat 
a variety of illnesses and ailments.18,20 In Chinese traditional medicine the leaves of C. nocturnum to cure a 
variety of ailments. The plant exhibited biological actions that were detectable, such as antitumor, antioxidant, 
hepatoprotective, cytotoxic, antibacterial, anticonvulsant, larvicidal, anti-inflammatory, analgesic, antitumor, 
and wound healing. Previous studies on the chemical composition of various Cestrum species, such as parquine, 
carboxyparquine, and steroids, were conducted. While C. parqui was found to contain saponins, C. diurnum was 

Fig. 1.  Mean % lethality of brine shrimp in different solvents of selected plant species. 
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also shown to contain glycosides.24 Cestrum aurantiacum was least investigated, β-amyrin, cedryl acetate, lupeol, 
and 2-pentadecanone, 6,10,14-trimethyl were isolated from this species.

β-amyrin has been identified from different plants i-e from 5 varieties of Humulus lupulus30. Celastrus 
hindsii  leaves31, Alstonia boonei32 and several materials have been found to contain amyrin, including an 
ethanolic fraction of the oleogum resin from Ferula gummosa33, methanolic extract of Carpobrutus edulis34 
Chloroform extract of Euphorbia tirucalli L.35leaves of Ficus benjamina36 leaves of Pyrenacantha staudii,37 Olea 

Fig. 2.  Inhibitory effects (%) of selected plants on various cell lines using different solvents.
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europea L. leaves (ethanol extract)38. Leaves of Tectona philippinensis and Rhus alata39 and Piptadenia Africana 
stem bark also contain β-Amyrin40.

The chemical structure of β-amyrin (3β- hydroxy-olean-12-en-3-ol) is also depicted in Figure and its formula 
is C30H50O. The infra-red spectrum of β-amyrin shows the presence of a hydroxyl function and the olefinic 
moiety at a spectrum of 3360 and 1650 cm-1 and MS studies of β-amyrin confirm a parent ion peak at m/z 
426 (M +)41, other work of HR-EI-MS m/z: 426.2975 (calcd. for C30H50O, 426.3861) (Jabeen et al., 2011). The 
melting point of β-amyrin is 189–191 ºC42.

Cedryl acetate is a sesquiterpene compound, the pure chemical is crystalline, which is derived from 
natural oils found to be volatile in nature. A tricyclic sesquiterpene called cedryl acetate was discovered in 

Fig. 4.  An overlay chromatogram of an ethanol extract of Cestrum aurantiacum from a silica gel column; 
fractions were taken per minute.

 

Fig. 3.  Percentage lethality of C. elegans in different solvents of selected plant species.
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the plant Psidium caudatum. Cedryl acetate exhibits antiglucosidase action. Cedryl acetate is also present in 
Cunninghamia lanceolata  var. konishii.43 In vitro anticancer, and antimicrobial activities of the Heartwood 
Essential Oil of Cunninghamia lanceolata var. konishii was evaluated from Taiwan, the oil exhibited cytotoxic 
activity against human lung, liver and oral cancer cells.44 Crataegus Azarolus L has Cedryl acetate so evaluated 
for its antioxidant, Anti-Inflammatory, and Antiproliferative Activities.45 It has Density 0.999 g/mL at 25 °C. 
Melting point 44–46 ℃. The boiling point is 291.7 °C at 760 mmHg.43.

A hydroxy group replaces the hydrogen at the 3beta position of the pentacyclic triterpenoid lupane to form 
lupeol, which is present in fruits and vegetables, preferentially caused significant head and neck squamous cell 
carcinoma (HNSCC) cell death in vitro but had little to no impact on a normal tongue fibroblast cell line. 
The primary mechanism of lupeol’s anticancer effects against HNSCC has been found to be down-regulation 
of NF-kappaB. Lupeol alone was discovered to reverse the NF-kappaB-dependent epithelial-to-mesenchymal 
transition, which not only reversed tumor growth but also impaired HNSCC cell invasion. Lupeol and cisplatin 
together had a synergistic impact that in vitro chemosensitized HNSCC cell lines with significant NF-kappaB 
activity46. Previously it has been reported from different plants like Derris scandens, Albizia procera, and 
Diospyros rhodocalyx.47 Nyctanthes arbor-tristis was also invested for lupeol compound.48.

2-pentadecanone, 6,10,14-trimethyl is present in the aerial parts of Andrographis paniculata49 leaves of 
Combretum latifolium50 Crinum latifolium L.51 and Curcuma aromatica Salisb52 while in the flower of Jasminum 
graniflorum53 and also in the Rumex vesicarius54. This substance is a member of the sesquiterpenoids class of 
organic substances. These terpenes have three isoprene units following one another with density 0.590336 and 
Electronegativity -4.861.

Correlation between identified compounds and the investigated biological activities
β-Amyrin and biological activities
According to Sandeep et al.55, β-amyrin demonstrated cytotoxicity in brine shrimp lethality assays, a standard 
screening method for bioactive compounds. This cytotoxicity may be attributed to its ability to disrupt cellular 
membranes and induce apoptosis in these organisms. A study by Moy et al.56showed that β-amyrin induces 
apoptosis in A549 cells, reducing cell proliferation and survival. The apoptosis-inducing ability of β-amyrin in 
A549 cells supports its potential as an anticancer agent. Gautam et al.57highlighted the anticancer properties of 
β-amyrin, demonstrating its ability to inhibit cell growth and induce cell cycle arrest in HeLa cells. This action 
in HeLa cells is linked to β-amyrin’s anti-inflammatory and apoptosis-inducing properties.  Bhuvaneshwaran 
et al.58reported that β-amyrin suppresses liver cancer cell proliferation and induces apoptosis through ROS 
generation. Its ability to induce oxidative stress makes it effective in liver cancer cells, corroborating its anticancer 
action. The antioxidant activity of β-amyrin was demonstrated in C. elegans by Rani et al.59, where it was shown 
to protect against oxidative stress. This suggests that β-amyrin may offer protective effects beyond cancer studies 
to stress and aging-related models in C. elegans.

Cedryl acetate and biological activities
Cedryl acetate is a sesquiterpene ester with antimicrobial, anti-inflammatory, and potential anticancer activities.

Subramanian et al.60found that cedryl acetate exhibited cytotoxic effects in brine shrimp assays, suggesting 
it may disrupt cellular integrity Cedryl acetate’s cytotoxic effects in brine shrimp may be related to its ability to 

Fig. 5.  The cytotoxic activity of the Cestrum aurantiacum fractions obtained by the silica column.
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induce apoptosis or cell membrane disruption. In a study by Sharma et al.61, cedryl acetate was shown to have 
anti-inflammatory effects in lung cancer models. Its anti-inflammatory properties could contribute to reducing 
lung cancer cell proliferation, possibly by inhibiting inflammatory pathways that promote cancer growth. Prasad 
et al.62reported that cedryl acetate has anti-cancer effects by inducing apoptosis in HeLa cells Cedryl acetate’s 
potential to induce apoptosis in cervical cancer cells further supports its use as a therapeutic agent. Reddy et 
al.63showed that cedryl acetate has antioxidant properties that could influence liver cancer cells by mitigating 
oxidative damage This suggests cedryl acetate may modulate oxidative stress pathways involved in liver cancer 

Fig. 6.  Cytotoxic activity of most active fractions of Cestrum aurantiacum against hela cell line using a twofold 
dilution protocol. 
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progression.The antimicrobial activity of cedryl acetate was studied by Das et al.64, where it showed potential 
toxicity to C. elegans under laboratory conditions: Its toxicity could be related to the disruption of cellular 
functions in C. elegans, possibly through membrane destabilization.

Lupeol and biological activities
Lupeol is a triterpene known for its anticancer, anti-inflammatory, and antioxidant effects. Shah et al.65found 
that lupeol exhibited significant cytotoxicity in brine shrimp assays Lupeol’s cytotoxicity is likely due to its ability 
to induce apoptosis or interfere with cellular metabolism. Tripathi et al.66 demonstrated that lupeol inhibits 
A549 cell proliferation and induces apoptosis via the activation of caspase-3 and -9. Lupeol’s apoptosis-inducing 
activity in A549 cells is key to its anticancer effects. Borse et al.67 showed that lupeol has potent anti-proliferative 
and apoptotic effects in HeLa cells, reducing cell viability and migration. Lupeol’s anticancer action is further 
confirmed in cervical cancer models by inhibiting growth and metastasis. Anwar et al.68 found that lupeol 
suppresses liver cancer cell proliferation by inhibiting the PI3K/AKT signaling pathway. Lupeol’s inhibition of 
critical signaling pathways in liver cancer cells supports its potential as an anti-liver cancer agent. Ali et al.69 
reported that lupeol extends lifespan and promotes antioxidant activity in C. elegans, indicating its protective 
effects against oxidative stress. The ability of lupeol to protect C. elegans from oxidative damage further supports 
its antioxidant and health-promoting effects.

2-Pentadecanone, 6,10,14-trimethyl and biological activities
2-Pentadecanone, 6,10,14-trimethyl is a ketone compound known for its antimicrobial and possible anticancer 
effects. Chavan et al.70 reported that 2-pentadecanone exhibited cytotoxicity in brine shrimp lethality tests. Its 
cytotoxicity is linked to its ability to disrupt cellular membranes or induce apoptosis. Sharma et al.71 found that 

Fig. 7.  (a) HPLC chromatogram of fraction 34 (Cestrum aurantiacum); fractions were collected per minute. 
(b) Tested for activity (percentage inhibition of cancer cells). 
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Fig. 9.  Mass spectra of Compound 1 (β-Amyrin) and its structure.

 

Fig. 8.  (a) HPLC chromatogram of fraction 37 (Cestrum aurantiacum); fractions were collected per minute. 
(b) Fractions tested for activity (percentage inhibition of cancer cells). 
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2-pentadecanone inhibits the growth of A549 cells by inducing cell cycle arrest and apoptosis. The compound’s 
ability to halt cell cycle progression and induce apoptosis makes it a potential anticancer agent.

Kumar et al.72 suggested that 2-pentadecanone shows promising anti-cancer activity in HeLa cells by altering 
cell morphology and inducing cytotoxicity. The anti-cancer effect in HeLa cells indicates that this compound may 
interfere with cellular integrity or metabolism. Venkatesan et al.73 showed that 2-pentadecanone has potential 
anticancer properties in liver cancer models, possibly by inducing oxidative stress and apoptosis. Its oxidative 
stress-inducing properties align with its role in liver cancer treatment. In C. elegans, 2-pentadecanone showed 
toxicity, possibly by affecting metabolic pathways or inducing cellular stress. Its toxicity in C. elegans highlights 
its potential for further study in toxicity and metabolic disruption.

Fig. 12.  Mass spectra of Compound 4 (2-Pentadecanone, 6,10,14-Trimethyl) and its structure.

 

Fig. 11.  Mass spectra of Compound 3 (Lupeol) and its structure.

 

Fig. 10.  Mass spectra of Compound 2 (Cedryl Acetate) and its structure.
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Across several model systems, these studies demonstrate a high correlation between the biological activities 
of the substances β-amyrin, cedryl acetate, lupeol, 2-pentadecanone, and 6,10,14-trimethyl. Their potential as 
anticancer medicines are suggested by their shared capacity to induce apoptosis, inhibit cell proliferation, and 
function as antioxidants. These correlations, which were derived from various research papers, highlight the 
therapeutic value of these compounds in cancer treatment.

Conclusion
This study highlights the anticancer potential of ethanol extracts from Cestrum aurantiacum, with the identification 
of key bioactive compounds such as 2-pentadecanone, 6,10,14-trimethyl; lupeol; cedryl acetate; and β-amyrin. 
Notably, lupeol and 2-pentadecanone, 6,10,14-trimethyl are reported for the first time in the genus  Cestrum, 
while β-Amyrin marks its debut from Cestrum aurantiacum. These findings underscore the untapped therapeutic 
potential of this plant and its unique phytochemical profile. Moving forward, the exploration of these compounds 
through advanced biological assays, molecular docking, and in vivo studies could provide deeper insights into their 
mechanisms of action against cancer. Furthermore, integrating modern approaches like nanocarrier systems for 
targeted delivery and AI-driven compound screening could propel these bioactives toward clinical relevance. This 
work lays a foundation for the future of plant-based oncological therapeutics, bridging traditional knowledge with 
cutting-edge science.

Data availability
Data available on request from the corresponding author (Yamin Bibi).
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