Simple antiproliferative/antiapoptotic effects of hydroethanolic extract of Smilax kraussiana using Allium cepa


Abstract 
This study investigated the antiproliferative and cytotoxic effects of a hydroethanolic extract of Smilax kraussiana using Allium cepa (onion) as a model. Phytochemical screening revealed the presence of bioactive compounds, including flavonoids, saponins, tannins, cardiac glycosides, steroids, and alkaloids, while anthraquinones were absent. Acute toxicity tests in mice yielded an LD50 of 774.5 mg/kg, with severe toxicity observed at concentrations ≥1000 mg/kg. In the Allium cepa assay, the extract exhibited dose-dependent root growth inhibition, with near-complete suppression at 16 mg/ml, indicating potent phytotoxic (herbicidal) effects. Morphological changes, including root discoloration and reduced mitotic activity, were observed, with mitotic inhibition ranging from 7.29% (1 mg/ml) to 62.5% (16 mg/ml). Chromosomal aberrations and reduced cell division suggested genotoxic and antiproliferative properties, potentially linked to flavonoid-mediated interference with cell signaling pathways. Thin-layer and column chromatography identified a steroidal component in the dichloromethane fraction, warranting further isolation. The results demonstrate the cytotoxic properties of S. kraussiana, reinforcing its ethnomedicinal applications while stressing the importance of controlled dosing given its toxicity at elevated levels. The observed antiproliferative activity indicates potential anticancer uses, although additional in vivo research is necessary to confirm its safety profile and mode of action. These findings reveal the plant's dual functionality, thus serving as both a medicinal resource and a source of bioactive compounds with phytotoxic effects, offering valuable insights for pharmaceutical and agricultural applications.
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Introduction
Smilax kraussiana Meisn., a member of the Smilacaceae family, is one of approximately 300-350 species within the Smilax genus distributed across temperate, tropical, and subtropical regions globally. This climbing flowering plant, also referred to as West African sarsaparilla (synonymous with Smilax anceps Willd.), thrives in savannas and forests of western tropical Africa and South Africa. Characterized by its robust, prickly stems reaching 5 meters in length, the vine features hooked thorns and coiled tendrils at leaf bases. Its alternate leaves (4–14 cm long) exhibit an ovate to nearly circular shape with leathery texture, prominent venation, and a mildly sweet-acidic taste. The plant produces unisexual flowers (3–5 mm) with greenish-white to brownish perianths, followed by purplish-black globose berries (8–10 mm) upon ripening (Adegoke et al., 1968; Sanjib et al., 2018). 
Sarsaparilla (Smilax kraussiana) serves multiple therapeutic roles in traditional medicine, functioning as a tonic to enhance vitality, a diaphoretic to promote sweating, and diuretic to increase urine output. Its stimulant properties are known to boost metabolic activity and support glandular function. Additionally, Smilax species are traditionally employed to combat infections and inflammation, particularly those involving the skin and gastrointestinal tract (Tashnova et al., 2012).
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Figure 1. Picture of the Smilax kraussiana plant.

Across diverse cultures, the plant has been utilized to address a wide range of ailments, including gout, arthritis, fever, digestive issues, skin conditions (e.g., eczema, ulcers), venereal diseases (e.g., gonorrhea, syphilis), reproductive health concerns (e.g., infertility, menopause), and inflammatory disorders like rheumatism and psoriasis. Beyond medicinal applications, sarsaparilla is valued in the food industry as a flavoring and foaming agent in products such as root beer, candies, and dairy desserts (Espinoza-Pérez et al., 2021), as well as a taste-masking agent in pharmaceuticals (Coupland & Hayes, 2014). The plant's bioactive constituents, including parillin (smilacin), alkaloids, flavonoids, saponins (e.g., sarsaponin), glycosides, and steroids, underlie its pharmacological effects. This study specifically evaluated the median lethal dose (LD50), general toxicity, and cytotoxic/genotoxic potential of S. kraussiana extracts on Allium cepa root meristem cells.

Methods
Collection of plant material and sample preparation 
Dried plants of Smilax kraussiana were bought from Olosha herbal medicine market, Olosha Mushin, Lagos state. The plants were identified and authenticated by Mr. O.V. Akintola, retired agronomist at the Agrochemical division, National Oil and Chemical Marketing Company, now Con Oil. Debris was removed from the dried plants, and the plant was cut into smaller pieces. They were then placed in the oven at 40◦c for 24 hours for complete drying. The plants were then pulverized into powder using a kitchen blender.

Extraction and fractionation of the plant material
For extraction, 700g of powdered plant material was macerated in 4 liters of 30:70 aqueous-methanol for seven days. The mixture underwent sequential filtration through cotton wool followed by Whatman No.1 filter paper. The resulting extract was concentrated at 40°C in a water bath, yielding 66.853g of a dark brown viscous residue. From this crude extract, 25g was aqueous-suspended and sequentially partitioned with n-hexane, dichloromethane, ethyl acetate, and butanol to obtain four fractions: n-hexane (1.476g), dichloromethane (2.088g), ethyl acetate (1.544g), and butanol (1.094g). The crude methanol extract was used for phytochemical screening, acute toxicity testing, and general toxicity/genotoxicity testing using Allium cepa. Thin layer chromatography was carried out on the crude extract and the different fractions to determine the components that are present. A further column chromatography was carried out on the dichloromethane fraction to separate the components into single spots.

Phytochemical screening of Smilax kraussiana
The methanolic extract of S. kraussiana was analyzed for secondary metabolites using established protocols (Odebiyi et al., 1978; Sofowora, 1993; Trease and Evans, 1989) with modifications from recent studies (Ogechukwu et al., 2021; Chukwuemerie et al., 2022; Nwankwo et al., 2022; Bunu et al., 2022, 2023a). Steroids/triterpenes were identified through two tests: (1) Salkowski test (reddish-brown precipitate at chloroform-sulfuric acid interface) and (2) Lieberman Burchard test (color transition from violet to blue-green). Anthraquinones were detected by ammonium-induced pink/violet coloration in the benzene layer. Saponins showed persistent frothing in aqueous solution, while cardiac glycosides produced a characteristic violet ring in the Keller-Killiani test.
Tannins were confirmed through: (1) Ferric chloride test (blue-black precipitate) and (2) bromine water discoloration. Alkaloid screening involved four precipitation tests: Mayer's (creamy), Dragendorff's (reddish-brown), Wagner's (reddish-brown), and Hager's (yellow). Flavonoids were identified by (1) sodium hydroxide-induced yellow coloration (reversible with HCl) and (2) Shinoda test (pink/red color with magnesium and HCl). These comprehensive tests confirmed the presence of diverse bioactive compounds in the extract.

Chromatography 
The separation and isolation of the components of the extract was carried out using thin-layer chromatography (TLC) and column chromatographic methods.
Analytical thin layer chromatography
The phytochemical components were separated and analyzed using analytical thin layer chromatography (TLC). Methanol-reconstituted samples (crude extract and fractions) were carefully spotted 2 cm from the base of a TLC plate using capillary tubes, with 1 cm spacing between applications. After air-drying, the plate was transferred to a pre-cleaned chromatographic tank pre-saturated for 1 hour with N-hexane:ethyl acetate (2:1 v/v) mobile phase
The chromatographic separation was performed in a closed system with the plate positioned vertically, ensuring the sample origins remained above the solvent front. Component migration occurred through differential partitioning between the stationary phase and mobile phase, resulting in distinct bands. Post-development, separated components were visualized under UV light (254 nm and 356 nm) and by chemical staining (10% sulfuric acid spray followed by oven drying). The resolved spots were marked, counted, and their migration patterns recorded for further analysis.

Column Chromatography
The wet packing method was used in packing the silica gel into the column. Flash column chromatography was used for the chromatographic process. The dichloromethane fraction was mixed with some amount of silica gel using methanol in a beaker, the mixture was allowed to dry. 40g of silica was mixed with methanol to form a slurry, which was then introduced into the column, and the column was then stabilized. The dried mixture of dichloromethane fraction mixed with silica gel was gradually introduced into the column. On introduction of the sample into the column, the eluent was continuously added to the top of the column to avoid cracks that might form within the silica gel column if it dries up, making the components fall down the cracks instead of positioning between the mobile and stationary phases.  Elution commenced with N-hexane (100%), followed by gradient elution with the introduction of ethyl acetate as summarized in Table 1. A total of 67 fractions were collected in test tubes.  The different fractions obtained were spotted on TLC plates developed in the chromatographic tank and viewed under UV light at absorbance of 254 nm and 365 nm to determine the number of spots in each fraction. 

Table 1. Column chromatography of the DCM fraction of Smilax kraussiana.
	S/No.
	Solvent system
	Volume used
	Fractions

	1
2
3
4
5
	N-hexane 100%
N-Hex-ETA (97:3)
N-HEX-ETA (95:5)
N-HEX-ETA (90:10)
N-HEX-ETA (80:20)
	200ml
100ml
200ml
200ml
200ml
	0-1
2-5
6-12
13-20
21-29

	6
7
8
9
	N-HEX-ETA (70:30)
N-HEX-ETA (60:40)
N-HEX-ETA (50:50)
N-HEX-ETA (30:70)
	200ml
200ml
200ml
400ml
	30-38
39-46
47-54
55-67

	Note: N-HEX = N-Hexane, ETA = Ethyl acetate.



Fractions 5-30 were monitored by thin layer chromatography using the solvent system N-hexane: ethyl acetate (4:1).  The fractions were pooled together based on their similarities observed on the TLC plates, and were further separated using Sephadex L-20.  

Gel Filtration of Fraction 5-30
Sephadex L-20 was soaked in methanol for 5 hours, stirred to form a slurry, and then poured carefully into a column. Fractions 5-30, weighing 0.243g, were then fractionized with Sephadex and eluted with pure methanol, collecting 3 ml of the aliquot each. In all, 30 fractions were collected and attention was drawn to 20, 21,22,23,24, and 25 after being monitored by thin layer chromatography based on the prominent spot observed using N-hexane and ethyl acetate (9:1) as solvent system. A further analysis using nuclear magnetic resonance (NMR) and UV/VIS spectroscopy will be carried out in a further spectral study.

Lethal toxicity determination
The median lethal dose (LD50) was determined following Lorke's method. Ten (10) animal groups, each comprising three mice, were established after an overnight fasting period. Test subjects received intraperitoneal injections of S. kraussiana extract at graduated doses ranging from 0.5 to 4.5 g/kg body weight, with administration volumes between 0.06 mL and 0.7 mL. Following treatment, all animals were monitored continuously for 24 hours to document mortality and observable toxicological symptoms. The resultant mortality data served as the basis for LD50 computation through established toxicological calculations.

Allium cepa bioassay 
Following an adapted protocol from Rank and Nielsen (1993), uniform onion bulbs (84-90g, 4.5-5.0cm diameter) were prepared by removing outer scales and root plates while preserving root primordia. After 24-hour hydration in distilled water at 25°C in darkness, bulbs with 1-1.7cm roots were selected and randomly allocated to six treatment groups (n=2 bulbs/group). The control group (Group 1) received distilled water, while experimental groups (Groups 2-6) were exposed to serial dilutions (1-16 mg/mL) of S. kraussiana methanolic extract for 96 hours under identical conditions. Root growth parameters (length and number) were quantitatively measured to determine EC50 values. For cytological analysis, four roots per bulb were fixed in ethanol:acetic acid (3:1 ratio), stored in 70% ethanol, then hydrolyzed (1N HCl, 50°C) and stained (2% orcein). Cellular examination involved squash preparation microscopy (40×) with manual counting of 200 cells per slide using four slides per treatment.

Experimental Result
Percentage yield of the extract and the different fractions
The percentage yield was calculated using the formula:
   %yield = Total weight of methanol extract×   100
                            Total weight of powdered plant
                          = 66.853   × 100
                              700 
                          = 9.550%
 N-hexane fraction: %yield= 1.476÷25*100 = 5.90%, DCM fraction: %yield = 2.088÷25*100 = 8.35%, Ethyl acetate fraction: %yield = 1.544 ÷ 25*100 =6.18%, Butanol fraction: %yield = 1.094 ÷ 25*100 = 4.38%
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Figure 2. Plant concentrations (A) control and 1mg/ml concentration. (B)  Control and 2mg/ml concentration. (C) control and 4mg/ml concentration. (D)  control and 8mg/ml concentration. (E) Control and 16mg/ml concentration.


TLC analysis of the Sephadex fraction
Rf value = Distance moved by the substance (Ds)/Distance moved by the solvent front (Df).

Table 2. Rf value of the Sephadex LH20 fraction of TLC
	Sample Tubes 
	Ds
(cm)
	Df
(cm)
	Rf value

	6 (2 spots)
	2.0
1.4
	3.4
3.4
	0.59
0.41

	7-9 (3 spots)
	3.3
2.0
1.4
	3.4
3.4
3.4
	0.97
0.59
0.41

	10-15 (5 spots)
	3.1
2.8
2.2
1.2
0.7
	3.2
3.2
3.2
3.2
3.2
	0.97
0.88
0.68
0.38
0.22

	16 (4 spots)
	3.1
2.8
2.2
1.2
	3.2
3.2
3.2
3.2
	0.97
0.88
0.68
0.38

	17-20 (2 spots)
	3.1
2.2
	3.2
3.2
	0.97
0.68

	21-25 (1spot)
	3.2
	3.4
	0.94
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Figure 3. TLC of the plant extract and the different fractions

Phytochemical screening
Phytochemical screening carried out on the methanol extract shows the following phyto-constituents as summarized in Table 3.
Table 3. Phytochemical screening of the Methanol extract of Smilax kraussiana
	Test
	Observation
	Inference
	Result

	Test for carbohydrate/starch. Molisch’s test.
	Two layers were formed. The acid layer below the test solution, on shaking, a dark brown-green colour was observed.
	Carbohydrate/starch present
	+

	Test for phenols
	A green-black (dark) colouration was observed.
	Phenol present
	+

	Test for flavonoids
	A brick-red colouration was observed.
	Flavonoid present
	+

	Test for saponins
	Persistent Frothing on warming.
	Saponin present
	+

	Test for tannins.
(a) Ferric chloride test.

(b) Bromine test.
	
A blue-black precipitate was observed.
Discolouration of the solution was observed.
	
Tannin present

Tannin present
	
+

+

	Test for cardiac glycosides.
	A violet ring was observed at the interface.
	Cardiac glycoside present
	+

	Test for anthraquinones
	No colour change was observed.
	Anthraquinone absent
	-

	Test for steroidal/triterpene.
(a) Salkowski test.
	A reddish-brown colouration was observed at the interface.
	Steroidal/triterpene present
	+

	Test for alkaloids
a) Dragendorf reagent
b) Wagner’s reagent
c) Hagger’s reagent 
d) Mayer’s reagent
	
A red precipitate was observed.
A turbid precipitate was observed.     
A yellow precipitate was observed                                                                  
	
Alkaloid present
Alkaloid present
Alkaloid present
	
+
+
+


+ = positive, - = negative

Acute toxicity test result
The toxicity test result shows that at 600 mg/ml concentration, no animal died, and at 1000mg/ml concentration, all animals died. The physical signs of toxicity range from decreased motor activity with intermittent stretching, increased respiratory rate, restlessness, gasping, and death.


Figure 4. Acute toxicity test.  LD50 = (1000 x 600)1/2 = 774.5mg/kg. Calculation of doses: Lowest dose = 1/20 * 774.5=38.7 mg/kg. Middle dose = 1/10 * 774.5 = 77.5 mg/kg. Highest dose = 1/5 * 774.5 = 154.9 mg/kg.

The acute toxicity test results demonstrate a clear dose-dependent increase in lethality for the tested substance over 24 hours. In the control group (0 = distilled water), no mortality (0/3) was observed, confirming the absence of toxicity from the solvent alone. Doses of 500 and 600 mg/ml also resulted in no deaths (0/3), indicating these concentrations were below the toxic threshold. At 800 mg/ml, one out of three subjects died (33% mortality), while 900 mg/ml caused two deaths (67% mortality), marking the onset of significant toxicity. All doses from 1000 mg/ml up to 4500 mg/ml resulted in 100% mortality (3/3), indicating severe acute toxicity at these levels. The LD50 is estimated to lie between 800–900 mg/ml, and the highest non-lethal dose (MTD) appears to be 600 mg/ml. These findings suggest that the extract is highly toxic at concentrations of 1000 mg/ml and above, warranting further investigation for safety assessment (Figure 4).


Allium cepa bioassay 
The study found that S. kraussiana extract significantly inhibited Allium cepa root growth in a dose-dependent manner, with higher concentrations (up to 16 mg/ml) causing near-complete suppression. The results suggest potential phytotoxic effects, indicating possible herbicidal or allelopathic applications (Figure 5).
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Table 4. Morphological effect of S. kraussiana at different concentrations on Allium cepa root tip cells after 96 hr exposure.
	Treatment group conc.
	Shape of root tip
	Colour of root tip

	
	Straight
	Crochet hooks
	Bulbs
	Broken tips
	White
	Pale brown
	Dark brown

	Control
	Yes
	No
	No
	No
	Yes
	No
	No

	 S. kraussiana
	
	
	
	
	
	
	

	1mg/ml
2mg/ml
4mg/ml
8mg/ml
16mg/ml
	Yes
Yes
Yes
Yes
Yes
	No
No
No
No
No
	No
No
No
No
No
	No
No
No
No
No
	Yes
No
No
No
No
	No
Yes
Yes
No
No
	No
No
No
Yes
Yes




Table 5. Antiproliferative activity due to S. kraussiana extract at different concentrations on Allium cepa meristematic cells after 96 hr exposure.
	Conc.
	No. of cells examined
	No. of dividing cells
	Mitotic index (MI)
	% mitotic inhibition
	Aberrant cells
	Frequency of aberrant cells (%)

	Distilled water
	800
	77
	9.6
	0.0
	0
	0

	S. kraussiana
	
	
	
	
	
	

	1mg/ml
2mg/ml
4mg/ml
8mg/ml
16mg/ml
	800
800
800
800
800
	71
65
58
39
29
	8.9
8.1
7.3
4.9
3.6
	7.29
15.6
23.95
48.95
62.5
	20
24
24
30
25
	2.5
3.4
3.4
3.8
3.1


Frequency of aberrant cells = (No. of aberrant cells ÷ No. of cells examined) * 100, MI = (No. of dividing cells ÷ No. of cells examined) * 100, Mitotic inhibition = (MI of control – MI of treated group ÷ MI of control) *100.

Discussion	
Extraction is a separation process consisting of the separation of a substance from a mixture. It is the crucial step in the analysis of medicinal plants. It is necessary to extract the desired chemical components from plant materials for further separation and characterization. From the extraction carried out, the percentage yield of the methanolic extract of Smilax kraussiana obtained was 9.550%. The partitioned n-hexane, dichloromethane, ethylacetate, and butanol fractions gave yields of 5.90% n-hexane fraction, 8.35% dichloromethane fraction, 6.18% ethylacetate fraction, and 4.38% butanol fraction, respectively. This indicates that the methanol extract of Smilax kraussiana contains mainly semi-polar and non-polar components. The Thin Layer Chromatography carried out on the methanol extract and the various partitioned fractions showed that the dichloromethane and n-hexane fractions have more components with different colours than the others. This indicates that many of the constituents in the plant are non-polar. The TLC carried out on the Sephadex fraction of the DCM fraction indicates the presence of many components. a single component with blue colouration when sprayed with 10% sulphuric acid was isolated, which indicates the presence of a steroidal component (Sasidharan et al., 2011).
Phytochemical analysis revealed that S. kraussiana contains several bioactive compounds, including carbohydrates/starch, saponins, tannins, flavonoids, cardiac glycosides, steroids/triterpenes, phenols, and alkaloids, though anthraquinones were not detected. These findings are consistent with earlier reports by Nwafor et al. (2004).
Acute toxicity refers to harmful effects occurring within 24 hours from either a single exposure or multiple short-term exposures (IUPAC, 1997; MSDS Hyperglossary, 2006). In our evaluation of S. kraussiana, complete mortality occurred at 1000 mg/kg while 600 mg/kg showed no lethality, yielding an LD50 of 774.5 mg/kg. Based on this value, we established three test doses: 38.7 mg/kg (low), 77.5 mg/kg (medium), and 154.9 mg/kg (high). These findings align with Allium cepa assays showing minimal cytotoxicity at 200 mg/mL, suggesting that therapeutic potential exists below cytotoxic thresholds.
Current scientific investigations of medicinal plants with established pharmacological properties and health benefits, particularly for chronic conditions requiring extended treatment durations, are increasingly examining their potential mutagenic and carcinogenic effects in humans. This focus stems from the fact that these plants contain bioactive secondary metabolites that serve protective functions but may exhibit varying degrees of toxicity when purified. The findings of this research demonstrate that S. kraussiana's methanolic extract induces dose-dependent suppression of root development (affecting both length and quantity), alters root morphology, and exhibits anti-mitotic properties in Allium cepa assays. The extract's inhibitory effect on onion root growth manifested at an EC50 value of 9.49 mg/ml, confirming its cytotoxic action on root cells - a phenomenon similarly documented for other traditional Nigerian medicinal plants, including M. lucida, C. citratus, O. gratissimum, A. indica, C. papaya, M. indica, and R. vomitoria (Oyedare et al., 2009; Akinboro & Bakare, 2007; Bunu et al., 2023b).
The experimental results revealed consistent growth inhibition across all tested extract concentrations relative to the aqueous control. This inhibitory effect intensified progressively with concentration, as evidenced by complete growth arrest at 8-16 mg/ml doses, while 1 mg/ml produced results comparable to controls. Morphological analysis showed concentration-dependent root discoloration (from white at 1 mg/ml to dark brown at higher doses) and maintained straight root morphology (indicating non-carcinogenicity). Cellular examinations demonstrated progressively reduced mitotic activity across concentrations (8.9-3.6% mitotic index reduction from 1-16 mg/ml), suggesting interference with normal cell cycle progression. This mito-depressive effect (Badr & Ibrahim, 1987) likely results from multiple mechanisms, including: G1/G2 phase cell cycle blockade, impaired DNA/protein synthesis, disrupted microtubule assembly, and insufficient ATP production for proper spindle function and chromosome segregation (Majewska et al., 2003). The dark root discoloration at elevated concentrations corresponds with cellular necrosis, while the preserved root morphology confirms the absence of tumorigenic potential.
The elongation of roots in Allium cepa, consistent with other plant species, results primarily from cellular expansion within the root tip's elongation zone, where critical differentiation processes occur (Cordoba-Pedrosa et al., 2004). This cellular expansion mechanism involves multiple coordinated biological activities: absorption of water, translocation of nitrogen compounds, enhanced carbohydrate biosynthesis, and increased plasticity of both plasma and vacuolar membranes (Gonzalez-Reyes et al., 1999). Key regulatory molecules in these processes include ascorbate metabolites and enzymatic factors like asparagine synthase and membrane-bound ATPases (Yuan et al., 2024). When these fundamental processes are disrupted, whether by plant-derived compounds or environmental toxins, the consequences include diminished cell wall extensibility, dysregulation of vacuolar homeostasis (the vacuole being a membrane-bound organelle containing aqueous solutions of nutrients and waste products), cytotoxic damage, cellular necrosis, and consequent root growth suppression (Gonzalez-Reyes et al., 1999). These mechanistic insights suggest that S. kraussiana's inhibitory effects on root elongation and branching observed in our study likely involve interference with one or more of these essential cellular expansion and differentiation pathways operating in the root's elongation zone.
Cellular systems possess sophisticated response mechanisms to various stressors, mediated through signal transduction pathways that control critical processes including growth, multiplication, and programmed cell death. Central to these pathways are kinase enzymes that regulate protein activity through targeted phosphorylation events. Notably, flavonoid compounds can modulate these pathways by either preventing phosphorylation of growth factor receptors or competitively inhibiting their ligand binding (Hou et al., 2004; William et al., 2004; Lambert et al., 2003). Through their anti-inflammatory properties, flavonoids additionally suppress the generation of reactive oxygen species by inflammatory enzymes and mediators that normally stimulate cell proliferation and blood vessel formation while preventing apoptosis. Therefore, flavonoids exert triple actions: inhibiting cell multiplication, blocking angiogenesis, and promoting apoptotic pathways (Cho et al., 2003; O'Leary et al., 2004; Steele et al., 2003). The assessment of chromosomal abnormalities and meristematic cell division defects in onion root tips serves as an important biosafety indicator for evaluating potential product toxicity (Vicentini et al., 2001).

Conclusion
From the experiment carried out and the results obtained, it can be concluded that S. kraussiana has many components, and a single steroidal component; the weight obtained was not enough to carry out further analysis. The cytotoxic and genotoxic activity is concentration-dependent. The study suggests that, though S. kraussiana has a beneficial effect as a medicinal herb, there is a need for safe dose administration for short periods in human phytomedicine. Thus, further analysis should be carried out for the identification of the various components, and a large amount of the extract should be used in the fractionation to obtain enough yield. The cytotoxic effect of the plant suggests that the plant may have a potential anticancer effect, since it has an antiproliferative effect; hence, the need to conduct further in vivo genotoxic tests. 
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