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Abstract 
Liver cancer is a terrifying disease with limited treatment options and is 
responsible for global health and economic burden. Most anticancer options 
have severe adverse effects, including non-specific modes of action that 
aggravate the challenges of exploring effective, safe, and economical 
therapeutic sources. The current study aimed to decipher the cytotoxicity of 
ethanol (ECA) and n-hexane (HCA) extracts of a potential medicinal plant 
Cassia angustifolia on human liver cancer (HepG2) and noncancer human 
embryonic kidney (HEK-293) cells. Cassia angustifolia extracts were 
investigated first to profile phytocompounds through gas chromatography-
mass spectrometry (GC-MS). Varying concentrations of C. angustifolia extract 
(10, 50, 100, 200, and 400 µg/mL) were evaluated for cytotoxicity through 
the MTT assay, cell viability assay, and morphological examination using a 
Floid cellular imaging station. Results of GC-MS analysis identified 45 
compounds in ECA and HCA extracts, from which 10 compounds were 
common in both extracts. Most of them are reported to have 
antiproliferative activity. The ECA and HCA extracts showed potent 
cytotoxicities (IC50= 62 and 67 µg/mL) in HepG2 cells, while minimal effects 
on noncancer HEK-293T cells (IC50= 245 and 482 µg/mL) were recorded. The 
viability of cancer (HepG2) cells was calculated to be 98%, 79%, 45%, 30%, 
and 25% for ECA and 95%, 68%, 55%, 40%, and 31% for HCA extract, 
respectively. Significant percent viabilities on noncancer (HEK293T) cells 
were observed to be 95%, 90%, 88%, 76%, and 61% with ECA extract, and 
97%, 95%, 88%, 75%, and 62% with HCA extract compared to those of 
untreated (UT) (100%) and DMSO (100%) treated cells. Cisplatin (positive 
control) exhibited ˂40% and ˂38% viabilities of cancer and normal cells, 
respectively. Morphological examination revealed that proliferation was 
reduced at 100, 200, and 400 μg/mL of the ECA extract and 200 and 400 
μg/mL of the HCA extract on HepG2 cells. The HEK-293T cells did not show a 
noticeable decrease in viability by both extracts. In conclusion, C. angustifolia 
extracts showed considerable anticancer activity due to bioactive 
phytocompounds and were comparable to cisplatin (an FDA-approved drug). 
After further isolation and validation, the identified phytocompounds can be 
available as safer anticancer candidates against liver cancer. 
 

ARTICLE TYPE 
Research Paper (RP) 
 
SECTION 
Human Biology (HB) 
 
HANDLING EDITOR 
Ashraf, M.A.B. (HB) 
 
ARTICLE HISTORY 
Received: 11 Apr, 2023 
Accepted: 25 Oct, 2023 
Published: 04 Jul, 2024 
 
KEYWORDS 
Chronic disease; 
Cytotoxicity;  
Liver cancer; 
Medicinal plants: 
Phytocompounds; 
Senna 

 



Kalsoom et al 

 

114 

Introduction  

Cancer is characterized by the uncontrolled proliferation of subtly altered normal human cells. The 
overall mortality rate is predicted to increase from one million in 2020 to more than 1,6 million in 2050, 
causing a significant global health and economic burden. Globally, hepatocarcinoma (HCC) ranks sixth 
among the most prevalent cancers, with approximately 4.7% (841,000) new cases and 8.2% (782,000) 
deaths due to HCC in 2018 (Bray et al., 2018). Over the past 40 years, the cases of HCC have increased 
three times in the United States (USA), maybe due to the maturation of chronic hepatitis C (CHC) 
infection in the population. In East Asia, chronic hepatitis B patients had a 0.2% frequency of developing 
HCC, whereas cirrhosis patients had 3.7%. Chronic HCV infection is nearly 17 times more prone to 
develop HCC, the primary cause of most HCC in developed nations (Samant et al., 2021).  

Intervention strategies are needed, such as chemo-preventive medications that affect early cancer 
initiation and act by delaying, preventing, or reversing epithelial-mesenchymal transition and acting as 
anticancer therapeutic agents (Khalil et al., 2015). The use of chemotherapeutic drugs for cancer is a 
promising area, which is engaged in reducing the effects of carcinogenic agents and have low toxicity 
while being highly effective for reducing tumor growth. The search for naturally occurring anticancer 
drugs has recently received more attention from the scientific community because of their bioactive 
components. Most of these bioactive chemicals influence signal transduction pathways contributing to 
the induction of apoptosis, progression of cell events, and proliferation. Literature has shown that herbal 
treatments are more effective and have lesser adverse effects than those of synthetic/allopathic 
medications (Al-Dabbagh et al., 2018).  

The significance of plants in conventional medicines used as raw stuff in pharmaceutical industries is 
at the highest level. Phytocompounds, which have tremendous therapeutic potential in medicinal plants, 
offer a revolutionary advantage because of their hidden potential against various ailments, including 
cancer (Bisht et al., 2021). Polyphenols comprise a large group of naturally occurring antioxidants and 
volatile compounds that can protect against cardiovascular diseases, inflammations, neurodegenerative 
disorders, and cancers. The health benefits conferred by flavonoids, a class of secondary metabolites, are 
attributed to antioxidant activity in bio-signaling pathways (Pinto et al., 2021). Numerous in vitro 
investigations have described the anticancer properties of these compounds by activating DNA repair 
stimulation, enzymatic inhibition, antioxidant mechanisms, and releasing protective enzymes. Some 
phytochemicals show significant clinical results based on their toxicity, efficacy, pharmacokinetics, safety 
data, and approval in cancer treatment, such as vinca alkaloids or paclitaxel (Roy and Bharadvaja, 2017). 
GC-MS is one of the best approaches to profile the phytoconstituents for identifying novel biologically 
active compounds like polyphenols, alkaloids, saponins, terpenes, and flavonoids from plant extracts 
(Talib and Aftab, 2021). 

Cassia angustifolia, (also known as Senna) is highly acknowledged in the Pharmacopeia of the USA 
because of its therapeutic effects on typhoid, anemia, toxicity, and cholera (Albrahim et al., 2021). Its 
leaves and seeds have abundant pharmacological characteristics, including antibacterial, anticancer, 
antifungal, anti-inflammatory, antioxidant, antidiabetic, hepatoprotective, and hypercholesterolemia. 
Cassia angustifolia maintains hepato-protective activity by regulating liver enzymes in case of liver injury. 
The high consumption of C. angustifolia demands isolation and purification of the bioactive compounds 
and revealing their anticancer potential (Zeeshan et al., 2018).  

Currently, therapeutic options for liver cancer include chemo-preventive therapy, radiotherapy, and 
surgery. Nevertheless, no effective and specific anti-liver cancer medication is available without 
hazardous effects. The study was planned to profile the phytoconstituents and investigate the 
therapeutic potential of C. angustifolia extracts against the liver cancer (HepG2) cell line. 

Materials and Methods 

Collection and identification of the plant  

Leaves of the medicinal plant species, Cassia angustifolia, were collected in the summer from 
district Lahore and identified by a taxonomist (Prof. Zaheeruddin Khan) at the GC University, Lahore, 
Pakistan, under herbarium No. GC. Herb. Bot. 3908.  

Preparation of plant leaf extracts 

The leaves of C. angustifolia were dried for seven days in shade and then ground to powder form in 
a laboratory grinder (Thomas Scientific). The ground leaves (300 g) were soaked in 1 litre of ethanol 
(90%) and n-hexane (95%) at 37 °C for two weeks. Filtration was done using a filter paper (Whatman No. 
1) and collected in reagent bottles. The filtrates from both extracts were concentrated using a rotary 
evaporator (Heidolph, Germany) at 40 oC. The extracts were dried further by lyophilization (freeze-
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drying) and stored for further analysis (Kalsoom et al., 2022). 

Yield of plant extracts  

The yield of dried extracts was calculated using the following equation: 
 
                      Percent yield of extract (g) = W1 / W2 X 100 
 

W1 represents the plant extract weight, and W2 represents the powdered material weight (Tulashie et 
al., 2021). 

Characterization of plant extracts 

The lyophilized ethanol (ECA) and n-hexane (HCA) extracts of C. angustifolia were sent to the 
International Center of Chemical and Biological Sciences (ICCBS) HEJ, University of Karachi, Karachi, 
Pakistan, for gas chromatography-mass spectrometric (GC-MS) analysis to profile phytocompounds 
(Painuli et al., 2016). The instrument, Agilent Technologies (7890A) GC-MS triple quad system with EI and 
CI ion source, was used for phytochemical analysis. Helium (99.99%) was used as a transporter gas at the 
rate of 1 mL per minute. The injector was run at 250 oC, while the oven operated at a holding time of 60 
oC, followed by 10 oC per minute to 310 oC per 4 minutes. The National Institute of Standards and 
Technology (NIST) database, which contains over 62,000 patterns, was used to identify by comparing the 
spectra of known and unknown compounds. The peak area expression of the "TIC" (total ionic 
chromatogram) was used to measure the relative percentage levels of each component.    

Cancer cell cultivation  

Liver cancer (HepG2) and normal (HEK-293T) cell lines were arranged from the Cell-Bank 
(IMBB/CRiMM), The University of Lahore, Pakistan. Heat-inactivated fetal bovine serum (FBS) (Sigma-
Aldrich), 100 U/mL Penicillin-Streptomycin (Caisson), and Dulbecco's Modified Eagle's Medium (DMEM) 
(Caisson) were used to grow cancer cells. On the other hand, Minimum Essential Media (MEM) (Gibco) 
was used for the normal human kidney cells (HEK-293T) with FBS (15%) and incubated at 37 °C with 5% 
CO2. Slight modifications were made to the passage procedure after the cells reached 80% confluent. 
After removing the medium, PBS was used to wash the cells (Inovatiqa). To carry out trypsinization, 
trypsin (3 mL) (Gibco) was added till the adherent cells dislodged from the surface of the flask. Complete 
media (5 mL) was added to halt the reaction, and centrifugation was carried out at 1500 rpm for 5 
minutes. As a part of the passage procedure, every 3 mL of cell suspension was transferred to a flask 
measuring T75 cm2 (Masuku and Lebelo, 2019). 

Cytotoxicity analysis of C. angustifolia extracts by MTT Assay  

The C. angustifolia leaf extracts were evaluated for in vitro cytotoxicity on HepG2 and HEK-293T cell 
lines. Trypsin was used to detach the cells and then centrifuged. The cells were resuspended in the FBS 
medium, calculated using a haemocytometer, placed in 96-well microtitre plates, and incubated for 24 
hours at 37 °C with 5% CO2. The MTT assay was carried out using the method reported by Kalsoom et al. 
(2022). The stock solutions of ECA and HCA extracts were prepared using DMSO (Invitrogen Inc., USA) at 
a concentration of 160 mg/mL. A 96-well microtitre plate with 5 × 104 cells per well was seeded. The cells 
were then administered to 400, 200, 100, 50, and 10 µg/mL concentrations. The final stage was to 
incubate at the previously specified temperature with 5% CO2. For HEK-293T cells, the same protocol was 
repeated using the MEM medium and 15% FBS. The cancer HepG2 and noncancer HEK-293T cells were 
used to evaluate the toxic properties of leaf extracts. Cisplatin drug (10 µg/mL) (Receipt No, 651278) and 
DMSO (0.1%) were used as positive and negative controls, respectively. The cells cultivated and treated 
with plain DMEM media containing 2% FBS were used to compare before and after treatment effects. 
The medium was aspirated, and a microscope was used to determine the level of cellular proliferation. 
The MTT reagent (20 µL) (Invitrogen Inc., USA) was added to the wells and then incubated for another 
two hours. After removing the supernatant, DMSO (150 µL) was used, and the formazan crystals were 
broken down by shaking the plates on a plate shaker. After incubation for 15 minutes, the absorbance 
spectra were measured at 570 nm using a spectrophotometer (BIO-RAD). For every sample, the reactions 
were carried out in triplicate. IC50 concentrations were calculated by applying the linear regression 
method (Kalsoom et al., 2022).  

Cell Viability/Adhesion assay  

In 9 mL of PBS, 0.1% WV of crystal violet (Sigma-Aldrich) was added to make a working solution. The 
cell viability (CV) assay was carried out adopting the protocol reported by Nawaz et al. (2021) with minor 
modifications. In a 96-well microtitre plate, HepG2 and HEK-293T cells (5 × 04 cells/well) were added in a 
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complete media (200 µL). The incubation for 72 h was spent at the predetermined temperature of 37 °C 
with humidity and 5% CO2. For 10 minutes, the cells were fixed with 70% ethanol. After that, the CV 
solution (100 µL) was used to stain the cells and allowed to stay for 30 min. PBS was used to clear the 
cells from debris, and triton X-100 solution (200 µL) (Sigma-Aldrich CAS#9036-195) was added to remove 
the cellular stains. After 30 minutes of incubation at room temperature, the optical densities (OD) of the 
samples were measured at 570 nm using a spectrophotometer. 

Percentage calculation of cell viability  

The mathematical formula (equation) was used to determine the percentage of viable cells (Larsson 
et al., 2020). 

                  Percent Cell viability = Mean absorbance of treated cells *100 
                                                           Mean absorbance of control 

Morphological examination 

The morphological variations in HepG2 and HEK-293T cells were observed and compared to the 
control group to examine the impact of plant extracts on cancer and non-cancerous cell proliferation 
using a phase contrast microscope and Floid Cell Imaging Station. 

Data analysis 

The experiments were performed in triplicates, and the data were presented as mean ± SD. A one-
way analysis of variance (ANOVA), Graph Pad Prism 8.0 and Tukey's test were used to analyze the 
interaction of three variables. The linear regression approach was used to determine IC50 values. A P-
value of ˂ 0.05 with a 95% confidence interval (CI) was considered statistically significant (Kalsoom et al., 
2022).  

Results 

The extract yield is the amount of extract obtained from the amount of total raw plant material 
used. The maximum percent yield obtained from the ECA and HCA extracts was 16.38% and 15.64%, 
respectively.  

Phytochemical analysis of C. angustifolia extracts by GC-MS 

The ECA and HCA extracts demonstrated the existence of various bioactive phytocompounds at various 
retention times through GC-MS. A total of 26 and 29 compounds were profiled in the ECA and HCA 
extracts. The identified phytocompounds are listed in Table 1, along with their molecular formulae (MF), 
retention times (RT), molecule weights (MW) and area sum percentages. 

Cytotoxic effect of C. angustifolia extracts on HepG2 and HEK-293T cell lines 

 In the MTT assay, increasing concentrations (10, 50, 100, 200, and 400 µg/mL) of the ECA and HCA 
extracts were used to evaluate the cytotoxicity levels on the HepG2 and HEK-293T cell lines (Figure 1). 
Plant extracts exhibited a concentration-dependent decrease in cell growth at 72 h with IC50=62 µg/mL 
for ECA and IC50=67 µg/mL for HCA extracts on the liver cancer (HepG2) cell line. IC50 values reveal the 
better antiproliferative effects of ECA compared to those of HCA. However, the HCA extract showed less 
toxicity toward the liver cancer cells. The higher concentrations (200 and 400 µg/mL) of the ECA and HCA 
extracts showed better cytotoxicity when compared with the negative control (DMSO) and untreated 
(UT) cells. Both extracts, ECA (IC50=245 µg/mL) and HCA (IC50=482 µg/mL), showed less cytotoxicity on 
the HEK-293T cells. Cisplatin, on the other hand, always had a severe cytotoxic response not only toward 
cancer but also to healthy cells by restricting the growth, proliferation, and adhesion capacity.  

Cell viability analysis of C. angustifolia extracts on HepG2 and HEK-293T cell lines  

The crystal violet method calculated the percent cell viability of the HepG2 and HEK-293T cells 
treated with the ECA and HCA extracts. Various concentrations (10, 50, 100, 200, and 400 µg/mL) of both 
extracts showed percent viabilities of 98%, 79%, 45%, 30%, and 25% for the ECA and 95%, 68%, 55%, 
40%, and 31%   HCA extract, respectively (Figure 2). The results were comparatively analyzed with DMSO 
(0.1%) and UT (100%), which showed a significant decrease in cell number, revealing that both extracts 
had cytotoxic effects on the selected cell lines according to their concentrations. However, the results 
demonstrated the negligible effect of the ECA (95%, 76%, 74%, 70%, and 64%) and HCA extracts (92%, 
85%, 77%, 78%, and 74%) on the viabilities of the HEK-293T cells. In comparison, cisplatin showed an 
inhibition of ˂ 40% in cancer cells and ˂ 38% in normal cells. The difference in inhibition was noticeable 
at all concentrations. Our findings revealed a statistically significant correlation (R2 =0.9616, 0.9444, 
0.9954, and 0.9891, P-value < 0.05) for both ECA and HCL extracts.  
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Table 1. GC-MS identified phytocompounds from C. angustifolia extracts 
 

Compounds name 
Molecular 
formula 

RT 
ECA extract HCA extract 
MW Area % MW Area % 

Isoamyl acetate C7H14O2 7.7 130 0.29 130 0.71 
2,3-dihydroxypropyl acetate C5H10O4 10.0 - - 134 0.27 
2,7,10-trimethyldodecane C15H32 10.6 212 0.32 - - 
Octadecane C18H38 13.5 254 0.66 - - 
Dihydroactinidiolide C11H16O2 14.0 - - 180 0.28 
Fumaric acid, ethyl 2-methylallyl ester C10H14O4 14.4 - - 198 0.19 
Ethyl alpha-D-glucopyranoside C8H16O6 14.9 208 1.73 - - 
2,6,10-trimethyltetradecane C17H36 15.9 240 0.68 - - 
Phenol,  
2-methyl-5-(1,2,2-trimethylcyclopentyl)-, (S)- 

C15H22O 16.4 - - 218 0.18 

Myristic acid C14H28O2 16.5 - - 228 0.17 
1,5,9,9-tetramethyl-spiro*3.5+nonan-5-ol C13H24O 16.6 - - 196 0.15 
3,7,11,15-tetramethyl-2-hexadecen-1-OL C20H40O 17.3 296 0.36 278 0.62 
7,9-di-tert-butyl-1-oxaspiro *4.5+deca-6,9-diene-
2,8-dione 

C17H24O3 18.4 276 0.95 - - 

Palmitic acid C16H32O2 18.9 256 6.03 - - 
n-hexadecanoic acid C16H32O2 19.0 - - 256 8.97 
Ethyl palmitate C18H36O2 19.4 284 2.58 284 0.61 
Phytol, isophytol C20H40O 21.7 296 6.04 296 2.22 
Linolenic acid C18H30O2 22.3 278 8.39 278 18.06 
(9Z,12Z)-ethyl octadeca-9,12-dienoate C20H36O2 22.9 308 1.45 - - 
Ethyl 9,12,15-octadecatrienoate C20H34O2 23.1 306 3.15 - - 
Phytol C20H40O 24.6 - - 296 3.79 
1-monolinolein C21H38O4 42.8 354 0.45 - - 
1-monolinolenoyl-rac-glycerol C21H36O4 42.9 352 1.32 - - 
Heptacosane C27H56 43.1 380 1.59 380 4.39 
(E,E,E,E)-squalene C30H50 44.6 410 19.26 410 28.29 
Heptacosane C30H50 45.3 410 1.02 - - 
Nonacosane C29H60 45.3 - - 408 2.14 
1-heptatriacotanol C37H76O          45.6 536 1.88 - - 
1,6,10,14,18,22-tetracosahexaen -3-ol, 2,6,10,15, 
19,23-hexamethyl -, (all-E)- 

C30H50O 45.6 - - 426 1.39 

2,2,4-trimethyl-3-*(3E,7E,11E)-3, ,8,12,16-
tetramethylheptadeca-3, 7,11,15-
tetraenyl+cyclohexan-1-ol 

C30H52O 45.7 - - 428 0.4 

2,2-dimethyl-3-(3,7,12,16,20-pentamethyl-
3,7,11,15,19-heneicosapentaenyl)-,(all-E)- 

C30H50O 46.2 - - 426 0.38 

1,6,10,14,18,22-tetracosahexaen -3-
ol ,2,6,10,15,19,23-hexamethyl-,(all-E)- 

C30H50O 46.3 - - 426 0.39 

24,25-dihydroxycholecalciferol C37H76O 46.6 416 0.4 - - 
Gamma-tocopherol C28H48O2 46.6 - - 416 0.66 
hentriacontane C31H64 47.0 - - 436 1.56 
Octacosyl acetate C30H60O2 47.0 452 2.21 - - 
Vitamin E C29H50O2 47.3 430 11.15 430 16.88 
Stigmasterol C29H48O 48.4 412 1.52 412 0.8 
Clionasterol C29H50O 48.9 414 1.62 414 0.7 
Stigmasta-5,22-dien-3-ol acetate C31H50O2 49.7 - - 454 0.42 
Triacontyl acetate C32H64O2 49.9 - - 480 0.65 
Silane, dimethyl(docosyloxy)butoxy- C28H60O2Si 50.1 456 15.2 - - 
Stigmastan-3,5-diene C29H48 50.4 - - 396 0.7 
Ethyl iso-allocholate C26H44O5 52.6 - - 436 0.57 
Androst-7-ene-6,17-dione, 2,3,14-trihydroxy-, 
(2beta, 3beta, 5alpha)- 

C19H26O5 52.6 334 9.75 - - 

ECA: Ethanol extract of C. angustifolia; HCA: hexane extract of C. angustifolia; RT: retention time; MW: molecular 
weight 
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Figure 1. Graphical representation of the antiproliferative effect of C. angustifolia extracts on HepG2 and HEK-
293T cells (A) Inhibitory effects of ECA extract on HepG2 cell line. The MTT assay showed increased mortality of 
cancer cells at all concentrations; (B) Dose-dependent antiproliferative effect of HCA concentrations represents a 
significant decrease in HepG2 cells; (C) HEK-293T cell line showed minimal or no response with ECA extract 
exposure; (D) HCA effects on healthy cell line also showed less or no activity. Cisplatin response revealed more 
encouraging effects against normal and cancer cell lines. The data is represented as the mean ± SD of each 
group. *P ˂ 0.05, **P ˂ 0.01, and ***P ˂ 0.001 indicate statistically significant differences between the control 
and treated cells. UT: Untreated; DMSO: Dimethyl sulfoxide; MTT: (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide); ECA: Ethanol extract of C. angustifolia; HCA: n-hexane extract of C. angustifolia  
 

Morphological examination of HepG2 and HEK-293T cells treated with ethanol extract of C. 
angustifolia  

The morphological changes in the cancer HepG2 and noncancer HEK-293T cells were observed using 
an imaging station and an inverted phase contrast microscope after 72 h of treatment with the ECA 
extract (Figure 3). The cells were seeded in a 96-well plate and treated with 10, 50, 100, 200, and 400 
μg/mL concentrations of the ECA extract. The proliferation of the liver cancer cells was significantly 
reduced at 100, 200, and 400 μg/mL concentrations of the ECA extract. However, a distinctive change in 
the growth of cells was noticed after 72 h of incubation. This observation supports the conclusion that 
the ECA extract has potential antiproliferative effects against the HepG2 cells at higher concentrations. 
No significant changes in the HEK-293T cells were observed at different doses (10, 50, 100, 200, and 400 
μg/mL) of the extract. The cisplatin (positive control) showed significant morphological effects on both 
cancer and noncancer cell lines. 

Morphological examination of HepG2 and HEK-293T cells treated with n-hexane extract of C. 
angustifolia 

Changes in the morphology of liver cancer (HepG2) cells were noticed after the treatment of the 
HCA extract in a dose-dependent manner (10, 50, 100, 200, and 400 µg/mL) compared to the negative 
control (DMSO). Higher concentrations (200 and 400 µg/mL) of the HCA extract showed significant 
results such as shrinkage of cells, and cytoplasmic condensation (Figure 4). The HEK-293T cells did not 
show marked damage to the cells by the HCA extract, however, cisplatin induced cell rounding and 
growth restriction-like changes in the cancer cells as well as in the healthy ones.  
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Figure 2: Cell viability analysis of C. angustifolia extracts on HepG2 and HEK-293T cells; (A) Cell viability 
percentage was evaluated by the crystal violet staining method represented as a trend-line slope. ECA extract 
concentrations exhibited a promising reduction in the percent viability of HepG2 cells; (B) The HCA extract 
concentrations exhibited a strong dose-dependent decrease in cancer HepG2 cells; (C) The effect of ECA extract 
on the HEK-293T cell line showed a slight fall in percent viability; (D) the HCA extract did not show severe toxicity 
on normal cells. All treatments differed significantly from untreated and control groups and are expressed as *P 
˂ 0.05, **P ˂ 0.01, ***P ˂ 0.001. UT: Untreated; DMSO: Dimethyl sulfoxide; ECA: Ethanol extract of C. 
angustifolia; HCA: n-hexane extract of C. angustifolia 

 
Figure 3. Morphological representation of HepG2 and HEK-293T cells exposed to different concentrations of C. 
angustifolia ethanol extract; (a) Morphological characteristics of HepG2 cells treated with 10, 50, 100, 200, and 
400 µg/mL concentrations of the ECA extract for 72 h; (b) HEK-293T cells represent normal morphology. Cisplatin 
revealed strong effects on both cell lines. UT: Untreated; DMSO: Dimethyl sulfoxide; ECA: Ethanol extract of C. 
angustifolia 
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Figure 4: Morphological representation of HepG2 and HEK-293T cells exposed to different concentrations of C. 
angustifolia n-hexane extract; (a) Effect of HCA extract at 10, 50, 100, 200, and 400 µg/mL concentrations on the 
HepG2 cells for 72 h; (b) The HEK-293T cells represent normal morphology at all concentrations. Cisplatin had a 
strong effect on both cell lines. UT: Untreated; DMSO: Dimethyl sulfoxide; HCA: n-hexane extract of C. 
angustifolia 

Discussion 

The current study investigated the extracts of Cassia angustifolia that possess a variety of 
phytoconstituents, including alkaloids, anthocyanins, anthraquinones, carbohydrates, cardiac glycosides, 
diterpenes, flavonoids, leucoanthocyanins, phenols, phytosterols, saponins, tannins, and terpenoids; all 
these have been documented to possess anticancer, antibacterial, antioxidant and other bioactivities 
(Table 1). Based on the percent composition, the notable compounds in the ECA extract were squalene 
(19.26%), silane, dimethyl (docosyloxy)butoxy ( 15.2%), vitamin E (11.15%), androst-7-ene-6,17-dione, 
2,3,14-trihydroxy-, (2beta, 3beta,5alpha) (9.75%), linolenic acid (8.39%), phytol (6.04%), and palmitic acid 
(6.03%). Squalene, a triterpene, is a precursor of non-steroidal cholesterol. It is synthesized as acetyl-
CoA, a metabolic intermediate reported to have anti-atherosclerotic, anticancer, and antioxidant 
properties (Purkiewicz et al., 2022). Linoleic acid is an essential polyunsaturated omega-3 fatty acid and 
an intermediary in the biosynthesis of hormone-like eicosanoids, and it controls immune response and 
inflammation (Shim et al., 2014). Phytol is a diterpene acyclic alcohol that induces acidic vesicle 
formation, protein kinase B (Akt), p70S6K activation, and the mTOR (mechanistic target of rapamycin) 
pathway to be downregulated in human gastric adenocarcinoma (AGS) cells (Islam et al., 2018). Palmitic 
acid (6.03%) acts as 5-alpha-reductase inhibitor in developing prostate cancer (CaP). It also demonstrates 
antimicrobial, anti-fibrinolytic, anti-inflammatory, antioxidant, hemolytic, metabolic, and anticancer 
activities in several types of cancers (Zhu et al., 2021). The presence of GC-MS profiled biologically active 
phytochemicals in the ECA plant extract are known to be suitable for addressing different ailments 
(Gomathi et al., 2015). On the other hand, as in the ECA extract, the HCA extract also possessed large 
amounts of chief biologically active chemicals, including squalene (28.29%), linolenic acid (18.06%), 
vitamin E (16.88%), heptacosane (4.39%), and phytol (3.79%). Out of 45, 10 phytocompounds (Isoamyl 
acetate, 3,7,11,15-tetramethyl-2-hexadecen-1-OL, ethyl palmitate, phytol, linolenic acid, heptacosane, 
(E,E,E,E)-squalene, vitamin E, stigmasterol, and clionesterol (Table 1). 

The results showed that the ECA (IC50=62 µg/mL) and HCA extracts (IC50=67 µg/mL) displayed 
significant antiproliferative activity on HepG2 cells, while HEK-293T (ECA: IC50=245 µg/mL; HCA: 
IC50=482 µg/mL) has shown minimal cytotoxicity against higher concentrations (Figure 1). Ahmed et al. 
(2016) used Cassia angustifolia extracts (ethanol and methanol) and obtained the IC50 and cell viability 
at 100, 150, 200, and 250 µg/µL against cancer (MCF-7, HeLa, and HepG2) and normal (HCEC) cell lines 
using the MTT calorimetric assay. Ethanol concentrations showed 28% viability with IC50 =7.28 μg/μL in 
the HepG2 cells. Methanol exhibited 33% viability with IC50 = 5.45 µg/µL in HeLa cells and 43% with IC50 
= 4 µg/µL in MCF-7 cells. Noncancer (HCEC) cells exhibited 100% viability toward both extracts (Ahmed et 
al., 2016). The authors also showed that the alkaloids in the C. angustifolia extracts exhibited significant 
antiproliferative activity on HepG2 cells, arbitrated by an extracellular signal-regulated kinase (ERK) 
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inhibition, a member of the family of mitogen-activated protein kinases involved in cell growth and 
regulation, and downregulation of cyclin D1. Thus, it can be presumed that Senna is a potent antitumor 
agent or, at least, can be used as an adjuvant in treating colorectal and liver cancer (Al-Dabbagh et al., 
2018). Our study showed significant antiproliferative activity for HepG2 compared to the HEK-293T cells 
at all tested concentrations. The MTT assay authorizes to explore the cytotoxic properties of the C. 
angustifolia extract concentrations against the cancer HepG2 cell line compared to the normal HEK-293T. 
Therefore, the substantial cytotoxic effect of the ECA and HCA extracts can be attributed to the 
occurrence of valuable anticancer phytochemicals.  

A cytotoxic potential of the ECA and HCA extract concentrations was employed to assess the 
viability of the HepG2 and HEK-293T cells by the crystal violet assay (Figure 2). There is an inverse 
correlation between the ECA extract and the cell viability of cancer cells. It was also noticed that the 
cancer cell viability reduced with increased concentrations of the extracts after 72 h of incubation. Cassia 
angustifolia extracts were toxic to the HepG2 cells where the percent cell viability was reduced to 98%, 
79%, 45%, 30%, and 25% for ECA and 95%, 68%, 55%, 40%, and 31% for the HCA extract. The literature 
reported the maximum percentage of cell viability (92%) in C. angustifolia ethanolic leaf extract in the 
HepG2 cells at 200 μg/mL (Ahmed et al., 2016). However, the liver cancer cells have shown cell viability of 
30% for the ECA and 40% for the HCA extracts at 200 μg/mL, indicating that our results are much better 
than the previously reported against hepatocellular carcinoma. The HEK-293T cells demonstrated 
negligible effects of the ECA and HCA extracts at all concentrations revealing their specific action towards 
cancer cells only, and safe for normal cells. In contrast, cisplatin showed less than 40% in the cancer cells 
and 38% in the normal cells.  

In this study, the ECA and HCA extracts exhibited various apoptotic characteristics, including 
apoptotic body formation, blabbing of the membrane, and shrinkage of cells. The results were 
comparatively analyzed with UT (100%), and DMSO-treated cells showed a significant decrease in cell 
number (Figure 3; Figure 4). According to the results, the viability of the cells was reduced significantly 
when the extract concentrations increased. Furthermore, the apoptotic morphological changes became 
more evident with increasing concentrations of leaf extracts. 

Conclusion  

In the current research, both ethanol and hexane extracts of C. angustifolia leaves exhibited a strong 
cytotoxic potential on liver cancer (HepG2) and minimal effects on healthy (HEK-293T) cells. The GC-MS 
analysis proved the presence of bioactive phytocompounds, responsible for the anticancer action of C. 
angustifolia extracts. Further research is necessary to isolate the active compounds and reveal their 
underlying mechanisms to cause cytotoxicity in cancer cells. 

 
Acknowledgement 
The authors acknowledge the financial and technical support from the Pakistan Council of Scientific and 
Industrial Research (PCSIR), Institute of Molecular Biology and Biotechnology, and Centre for Research in 
Molecular Medicine (IMBB-CRiMM), The University of Lahore, Lahore, Pakistan. Research collaboration 
with Dr. Tahir Muhammad, New York Medical College, NY, UAS is also highly acknowledged. 

 

Declaration of Author(s), Editor(s) and Publishers  

Supplementary material 
No supplementary material is included with this manuscript. 
 
Conflict of interest 
The authors declare no conflict of interest. 
 
Source of funding 
The authors acknowledge the financial support from the Pakistan Council of Scientific and Industrial 
Research (PCSIR), Institute of Molecular Biology and Biotechnology, and Centre for Research in 
Molecular Medicine (IMBB-CRiMM), The University of Lahore, Lahore, Pakistan. 
 
 
 
 



Kalsoom et al 

 

122 

Contribution of authors 
Conceptualization and designing the study: AK, AA, HS, TM. Conduction of experiments: AK. Data 
collection, analysis, and interpretation: AK, MIJ, AA, HS, TM. Preparation of manuscript first draft: AK, 
AA, HS, TM, MIJ, TM, TM. Revision of manuscript: AK, AA, HS, MIJ, TM, TM. 
 
Ethical approval 
As per clarification of corresponding author, this research does not directly involve human or animal 
subjects. Therefore, a certificate of ethical approval is not applicable. 
 
Handling of bio-hazardous materials 
The authors certify that all experimental materials were handled with care during collection and 
experimental procedures. After completion of experiment, all materials were properly discorded to 
minimize any types of bio-contamination(s). 
 
Availability of primary data and materials 
As per editorial policy, experimental materials, primary data, or software codes are not submitted to the 
publisher. These are available with the corresponding author and/or with other author(s) as declared by 
the corresponding author of this manuscript. 
 
Authors’ consent  
All contributors have critically read this manuscript and agreed for publishing in IJAaEB. 
 
Disclaimer/Editors’/publisher’s declaration 

All claims/results/prototypes included in this manuscript are exclusively those of the authors and do 
not inevitably express those of their affiliated organizations/enterprises, or those of the 
publisher/journal management, and the editors/reviewers. Any product mentioned in this manuscript, or 
claim rendered by its manufacturer, is not certified by the publisher/Journal management. The journal 
management disown responsibility for any injury to organisms including humans, animals and plants or 
property resulting from any ideas/opinions, protocols/methods, guidelines or products included in the 
publication. 

References 

Ahmed, S.I., Hayat, M.Q., Tahir, M., Mansoor, Q., Ismail, M., Keck, K., Bates, R.B. (2016). Pharmacologically active 
flavonoids from the anticancer, antioxidant and antimicrobial extracts of Cassia angustifolia Vahl. BMC 
Complementary and Alternative Medicine 16(1):1-9. DOI: 10.1186/s12906-016-1443-z 

Albrahim, J.S., Alosaimi, J.S., Altaher, A.M., Almulayfi, R.N., Alharbi, N.F. (2021). Employment of Cassia angustifolia 
leaf extract for zinc nanoparticles fabrication and their antibacterial and cytotoxicity. Saudi Journal of 
Biological Sciences 28(6):3303-3308. DOI: 10.1016/j.sjbs.2021.02.075.  

Al-Dabbagh, B., Elhaty, I.A., Al Hrout, A., Al Sakkaf, R., El-Awady, R., Ashraf, S.S., Amin, A. (2018). Antioxidant and 
anticancer activities of Trigonella foenum-graecum, Cassia acutifolia and Rhazya stricta. BMC Complementary 
and Alternative Medicine 18(1):1-12. DOI: 10.1186/s12906-018-2285-7 

Bisht, R., Bhattacharyya, A., Shrivastava, A., Saxena, P. (2021). An overview of the medicinally important plant type 
III PKS derived polyketides. Frontiers in Plant Science 2155. DOI: 10.3389/fpls.2021.746908. 

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R.L., Torre, L.A., Jemal, A. (2020). Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA-A Cancer 
Journal for Clinicians 70(4):313-313. 

Gomathi, D., Kalaiselvi, M., Ravikumar, G., Devaki, K., Uma, C. (2015). GC-MS analysis of bioactive compounds from 
the whole plant ethanolic extract of Evolvulus alsinoides (L.) L. Journal of Food Science and Technology 
2(2):1212-7. doi: 10.1007/s13197-013-1105-9.  

Islam, M. T., Ali, E.S., Uddin, S.J., Shaw, S., Islam, M.A., Ahmed, M.I., Atanasov, A.G. (2018). Phytol: A review of 
biomedical activities. Food and Chemical Toxicology 121:82-94. DOI: 10.1016/j.fct.2018.08.032 

Kalsoom, A., Altaf, A., Ashraf, M., Ali, M. M., Aftab, S., Sattar, H., Maqbool, T. (2022). In vitro evaluation of cytotoxic 
potential of Caladium lindenii extracts on human hepatocarcinoma HepG2 and normal HEK293T cell 
lines. BioMed Research International 1279961: DOI: 10.1155/2022/1279961. 

Khalil, M.I., Ibrahim, M.M., El-Gaaly, G.A., Sultan, A.S. (2015). Trigonella foenum (Fenugreek) induced apoptosis in 
hepatocellular carcinoma cell line, HepG2, mediated by upregulation of p53 and proliferating cell nuclear 
antigen. BioMed Research International. DOI: 10.1155/2015/914645  

Larsson, P., Engqvist, H., Biermann, J., Werner Ronnerman, E., Forssell-Aronsson, E., Kovacs, A., Parris, T.Z. (2020). 
Optimization of cell viability assays to improve replicability and reproducibility of cancer drug sensitivity 
screens. Scientific Reports 10(1-12):5798. DOI: 10.1038/s41598-020-62848-5 

https://doi.org/10.3389/fpls.2021.746908


INTERNATIONAL JOURNAL OF APPLIED AND EXPERIMENTAL BIOLOGY (2024): VOL. 3, NO. 2, 113-123 
 

 

123 

Masuku, N.P., Lebelo, S.L. (2019). Investigation of the effects of Kigelia africana (Lam.) Benth. extracts on TM3 
Leydig cells. Asian Journal of Pharmaceutical and Clinical Research 12(10):87-92. DOI: 
10.22159/ajpcr.2019.v12i10.34163 

Nawaz, A., Jamal, A., Arif, A., Parveen, Z. (2021). In vitro cytotoxic potential of Solanum nigrum against human 
cancer cell lines. Saudi Journal of Biological Sciences 28(8):4786-4792. DOI: 10.1016/j.sjbs.2021.05.004 

Painuli, S., Rai, N., Kumar, N.A.V.I.N. (2016). Gas chromatography and mass spectrometry analysis of a methanolic 
extract of leaves of Rhododendron arboreum. GAS 9(1):101-4. ISSN - 0974-2441 

Pinto, T., Aires, A., Cosme, F., Bacelar, E., Morais, M. C., Oliveira, I., Cardoso, J.F., Anjos, R., Vilela, A., Gonçalves, B. 
(2021). Bioactive (Poly) phenols, volatile compounds from vegetables, medicinal and aromatic 
plants. Foods 10(1):106. DOI: 10.3390/foods10010106 

Purkiewicz, A., Czaplicki, S., Pietrzak-Fiedko, R. (2022). The occurrence of squalene in human milk and infant 
formula. International Journal of Environmental Research and Public Health 19(19):12928. DOI: 
10.3390/ijerph191912928 

Roy, A., Bharadvaja, N. (2017). Medicinal plants in the management of cancer: a review. International Journal of 
Alternative and Complementary Medicine 9(2):00291. DOI: 10.15406/ijcam.2017.09.00291 

Samant, H., Amiri, H.S., Zibari, G.B. (2021). Addressing the worldwide hepatocellular carcinoma: epidemiology, 
prevention, and management. Journal of Gastrointestinal Oncology 12(Suppl 2):S361. 

Shim, Y.Y., Gui, B., Arnison, P.G., Wang, Y., Reaney, M.J. (2014). Flaxseed (Linum usitatissimum L.) bioactive 
compounds and peptide nomenclature: A review. Trends in Food Science & Technology 38(1):5-20. DOI: 
10.1016/j.tifs.2014.03.011 

Talib, F., Aftab, T. (2021). FTIR, HPLC, GC-MS analysis and investigation of hypoglycemic effects of leaves extracts of 
Fagonia indica. Pharmacognosy Communications 11(2):109-118. DOI: 10.5530/pc.2021.2.21 

Tulashie, S.K., Adjei, F., Abraham, J., Addo, E. (2021). Potential of neem extracts as natural insecticide against fall 
armyworm (Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae). Case Studies in Chemical and 
Environmental Engineering 4:100130. DOI: 10.1016/j.cscee.2021.100130 

Zeeshan, U., Barkat, M.Q., Mahmood, H.K. (2018). Phytochemical and antioxidant screening of Cassia angustifolia, 
Curcuma zedoaria, Embelia ribes, Piper nigrum, Rosa damascena, Terminalia belerica, Terminalia chebula, 
Zingiber officinale and their effect on stomach and liver. Matrix Science Pharma 2(2):15-20. DOI: 
10.26480/msp.02.2018.15.20 

Zhu, S., Jiao, W., Xu, Y., Hou, L., Li, H., Shao, J., Kong, D. (2021). Palmitic acid inhibits prostate cancer cell 
proliferation and metastasis by suppressing the PI3K/Akt pathway. Life Sciences 286:120046. DOI: 
10.1016/j.lfs.2021.120046 


