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Abstract 

 The pharmacological research of Manihot esculenta has stated the potential present as an interesting 

cytotoxic activity caused by several compounds contained in this species. However, the research on 

Melanoma Malignant cells (B16-F10 cancer cells) has never been studied. In this study, the steroid 

compounds isolated from the tuber of Sao Pedro Petro (1 variety of species M. esculenta Crantz) were 

studied in vitro and further evaluated using the western blot technique. Three steroid compounds, namely 

β-sitosterol (1), Campesterol (2), and Cholesterol (3), were obtained from the n-hexane extract of fresh 

Cassava tubers (Manihot esculenta Crantz). The chemical structures of compounds 1 - 3 were determined 

through various spectroscopic techniques such as HR-TOFMS, and NMR (1H, 13C, DEPT 135 °, HMQC, 

HMBC, 1H-1H COSY), along with a comparison to previously reported spectral data. Additionally, the 

apoptotic signaling pathway was investigated using RT-qPCR and western blot analysis. Among the 3 

compounds, Campesterol (2) exhibited the highest IC50 value and demonstrated significant inhibition of 

B16-F10 cell proliferation by inducing apoptosis through caspase-3 activation. In conclusion, our study is 

the first to show that steroid compounds isolated from M. esculenta have activity against B16-F10 cells. 

This provides insight that steroids have the potential as chemopreventive agents to treat melanoma skin 

cancer. 
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Introduction 

 Manihot esculenta Crantz, a member of the spurge family, is the sole plant in its genus used for food 

in its native South America. It is often regarded as one of the largest sources of nutritional carbs for human 

consumption and is widely grown for industrial reasons in Brazil. Historical records indicate that cassava 

was introduced to various regions, including India, Java-Indonesia and the Philippines, during the late 18th 

century. The M. esculenta Cr. plant is abundant in a wide range of essential macronutrients and 

micronutrients. Additionally, it contains valuable antioxidants like à-carotene, as well as vitamins A and C, 

anthocyanins, steroids, saponins and glycosides [1-3]. Cassava can serve as both a nutritional food source 

and a therapeutic plant due to its nutrient makeup. It is often farmed as an annual crop in tropical and 

subtropical countries, largely for its starchy tuberous roots, which are an essential supply of carbohydrates 

[4,5]. 
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In a study by Widiastuti et al. [6], M. esculenta C. has 99 varieties in Indonesia. They found that 47 

varieties were safe for consumption, and the rest were not because they had a cyanogenic potential of more 

than 50 ppm. Based on data from Widiastuti et al. [7] they stated the cassava tubers that had CP above 50 

ppm, namely Sao Pedro Petro from Cisarua, Bogor, where the results obtained had a cytotoxic effect on 

murine leukemia cancer cells P-388 with IC50 values for ethanol, n-hexane, ethyl extracts. Ethyl acetate and 

n-butanol, respectively, for 61.2, 15.8, 39.9 and 50.3 µg/m. 

The earlier research documented the presence of flavonoid compounds in the leaves of Manihot 

utilissima Pohl. Among the flavonoids, quercetin-3-O-rutinoside, a member of the flavonoid group, was 

discovered in cassava root variety Sao Pedro Petro originating from Cisarua, Bogor. In addition to 

flavonoids, steroids were also detected in the roots of M. esculenta. [8]. One of the steroid compounds 

isolated by Sinaga et al. was stigmasterol, evaluated against MCF-7 Breast cancer, and classified as an 

inactive compound. Conversely, the previous research. reported 2 steroid compounds from the stem of M. 

esculenta C. These 2 compounds were tested for their biological activity against 4 bacteria, namely 

Staphylococcus aureus, Streptococcus, Escherichia coli, and Pseudomonas aeruginosa. The test results 

indicated that these 2 compounds did not have activity against all the tested bacterial cells [9]. 

Skin cancer, including both melanoma and non-melanoma, develops due to the abnormal growth of 

cells in skin tissue. It is the most frequently diagnosed cancer worldwide, particularly in areas with 

predominantly white populations, where the incidence rate is steadily increasing [10]. B16-F10 is a type of 

melanoma cell derived from murine C57BL/6 and is used as a human tumor model [11]. These cells are 

derived from the B16 cell line based on their ability to metastasize to the lungs after intravenous injection 

in vivo and then formed in vitro after 1 cycle (B16-F1) or 10 (B16-F10) [12,13]. B16-F10 is a cell subline 

that can metastasize to the lungs. As much as 40 % of B16-F10 cells are used in in vivo studies to study 

metastasis and solid tumor formation [14-16]. B16-F10 cells are resistant to interleukin (IL)-2 

immunotherapy in high dose [17]. In addition, melanoma cells are known to resist chemotherapeutic agents 

doxorubicin and cisplatin [18]. 

One variety of the species Manihot esculenta Crantz is Sao Pedro Petro. This variety has not been 

extensively studied for the isolation of its compounds that play a role as skin cancer inhibitors. Therefore, 

this research aims to isolate these compounds and test their activity through the Induction of Apoptosis 

using the western blot method. 

 

Materials and methods 

Experimental section 

Tools and materials 

A Waters Xevo QTOF MS was used to capture mass spectra. NMR data were collected using a Jeol 

spectrometer at 500 MHz for 1H and 125 MHz for 13C, with TMS serving as the internal standard. Silica 

gel 60 was used for column chromatography. TLC plates were precoated with GF254 silica gel (Merck, 

0.25 mm), and detection was achieved by spraying with a 10 % H2SO4 in Ethanol solution, followed by 

heating. 

 

Isolation of compounds from Manihot esculenta Crantz 

Cassava (Manihot esculenta Crantz) was cultivated in Cisarua, Bogor, West Java, Indonesia. The 

fresh cortex of cassava roots (5 kg) was subjected to exhaustive extraction with 49 L of ethanol at room 

temperature. After removing the solvent through vacuum evaporation, the resulting concentrated ethanol 

extract (340.01 g) was first mixed with water and then sequentially partitioned with n-hexane, ethyl acetate, 

and n-butanol. The evaporation of these fractions yielded crude extracts of n-hexane (10.90 g), ethyl acetate 

(25.18 g), and n-butanol (228.63 g), respectively. 

The n-hexane fraction (10.90 g) was fractioned by vacuum liquid chromatography in silica gel 60 

using gradient eluent of n-hexane, Ethyl acetate, and MeOH (10 %), according to TLC results obtained 8 

fractions (A-H). Fraction B (1.2 g) was chromatographed on a column of silica gel and eluted with a 

gradient of n-hexane, Ethyl acetate, and MeOH (10 %) to give thirteen subfractions (B1-B7). Subsfraction 

B2 was combined (111.3 mg) and chromatographed on a column of silica gel, eluted with an isocratic eluent 

of n-hexane: Ethyl acetate (9:1), and obtained compound 3 (12.2 mg). Subsfraction B3 was combined 

(221.9 mg) and chromatographed on a column of silica gel, eluted with an isocratic eluent of n-hexane: 

Ethyl acetate (7:3) obtained compound 1 (22.2 mg). Subsfraction B3B was combined (47.6 mg) and 

chromatographed on a column of silica gel, eluted with an isocratic eluent of n-hexane: Ethyl acetate (8:2) 

obtained compound 2 (7.1 mg) [19,20]. 
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B16-F10 Melanoma cell 

B16-F10 cell was acquired from American Type Culture Collection (ATCC® CRL-6475™, 

Manassas, Virginia, USA). The medium used was Dulbecco’s Modified Eagle’s Medium (DMEM high 

glucose) (Cat. No. 11965118, Gibco, New York, USA) added with 10 % Fetal Bovine Serum (FBS) (Cat. 

No. 10082147, Gibco) and 1 % Penicillin-streptomycin (Cat. No. 15140112, Gibco). Cell incubation was 

conducted at 37 °C in a 5 % CO2 incubator (Cat. No. 8000DH, Thermo Fisher Scientific, Waltham, 

Massachusetts, USA). 

 

Antiproliferation assay 

B16-F10 melanoma cells were seeded at a density of 1.7×104 cells per well in 96-well microplates 

(Cat. No. 701001, Nest, Jiangsu, China) and allowed to incubate for 24 h. Subsequently, the cells were 

exposed to different concentrations (1,000; 500; 250; 125; 62.50; 31.25; 15.63; 7.81 µg/mL) of M. esculenta 

ethanol extract, n-hexane fraction, ethyl acetate fraction, and n-butanol fraction. Cisplatin (Cat. No. 

C2210000, EDQM, Strasbourg, France) at a concentration of 42.97 µg/mL was used as a positive control, 

while 2 % DMSO (Cat. No. 102952, Merck Millipore, Massachusetts, USA) was used as the solvent 

control. DMEM was used as the media control, and untreated cells in DMEM were included as a control 

group. The cells were incubated for 48 h, and then Presto blue reagent (Cat. No. A13261, Thermo Fisher 

Scientific) was added to each well. Following a 2-hour incubation, absorbance at 570 and 600 nm was 

measured with a multimode reader (Cat. No. M200 Pro, Tecan, Männedorf, Switzerland). Following that, 

cell viability and IC50 values were computed [21,22]. 

 

Western blot B16-F10 

Melanoma cells were cultured in a 24-well microplate (Cat. No. 702001, Nest) at a density of 1.0×105 

cells per well for a duration of 24 h. Following this, the cells were subjected to treatment using an ethyl 

acetate fraction derived from M. esculenta, with concentrations varying at 125; 62.50; 31.25; 15.63 μg/mL, 

and cisplatin at 42.97 μg/mL serving as the positive control. The incubation period lasted for 10 h. 

Subsequently, the cells were collected and processed in vitro. A lysis buffer of 100 µL per well was added, 

comprising a mixture of RIPA and sample buffer in a 1:1 ratio, along with protein inhibitor and DTT (Cat. 

No. V3151, Sigma Aldrich). 

The samples were heated at 96 °C for 5 min before being quickly frozen in a deep freezer for 2 - 3 

min. SDS-PAGE (Cat. No. A25977, Thermo Fisher Scientific) was used to separate 10 µL of the lysate 

protein for 120 min. The SDS-PAGE gel was then transferred to a nitrocellulose membrane (Cat. No. 

10600002, GE Healthcare, Illinois, USA) with a pore size of 0.45 μm using blotting equipment (Cat. No. 

B1000, Thermo Fisher Scientific) for 30 min. The membrane was then rinsed with Phosphate Buffer Saline 

Tween-20 0.1 % (PBST) (Cat. No. 18912014, Gibco) and incubated for 30 min with a blocking solution 

containing 0.25 % BSA. 

The immunoblotting procedure on the membrane involved the use of primary antibodies targeting 

caspase-3 (Cat. No. #14220, Cell Signaling, Massachusetts, USA) at a dilution of 1:300, followed by an 

overnight incubation at 4 °C. Subsequently, the membrane was subjected to 3 washes with 0.1 % PBST, 

and appropriate secondary antibodies (anti-rabbit, Cat. No. C90501-02, Li-Cor, Nebraska, USA) were 

applied at a dilution of 1:10,000. Protein detection on the membrane was performed using the LICOR 

Odyssey system (CLx Imaging System, Li-Cor, Nebraska, USA). Image J software from the National 

Institutes of Health (NIH) in Bethesda, Maryland, USA was used to determine the thickness of the protein 

band. After stripping the membranes, they were incubated with Glyceraldehyde-3-Phosphate 

Dehydrogenase (GAPDH) (Cat. No. AF5718-SP, RnD System, Minnesota, USA) as an internal control 

[23-25].  

 

Results and discussion  

The results of compound isolation  

The cortex of fresh cassava roots from Manihot esculenta Crantz was finely ground and subjected to 

sequential extraction using ethanol. The resulting extract was then partitioned into fractions using n-hexane, 

ethyl acetate, and n-butanol. The n-hexane fraction was further purified using column chromatography with 

silica gel 60, employing a gradient elution method. The obtained fractions were subjected to multiple rounds 

of normal-phase column chromatography to isolate steroid compounds [1-3]. 

• β-Sitosterol (1). White solid; 1H-NMR (CDCl3, 500 MHz) See Table 1; 13C-NMR (CDCl3, 150 

MHz), see Table 1; HRTOF-MS (positive ion) m/z 415.3744 [M+H]+, (calculated C29H50O+, m/z 415.3790) 
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• Campesterol (2). White waxy solid; 1H-NMR (CDCl3, 500 MHz) see Table 1; 13C-NMR (CDCl3, 

150 MHz), see Table 1. HRTOF-MS (positive ion) m/z 401.3744 [M+H]+, (calculated C29H50O+, m/z 

401.3790) 

• Cholesterol (3). White solid; 1H-NMR (CDCl3, 500 MHz) See table 1; 13C-NMR (CDCl3, 150 

MHz), see Table 1; HRTOF-MS (positive ion) m/z 387.3669 [M+H]+, (calculated C27H46O+, m/z 

387.7141). 

 

The results of compound isolation 

Elucidation of compound 1 

Compound 1 was obtained as a white solid. The mass result of compound 1 should be 415.3744 

[M+H]+, (calculated 415.3790). The 1H-NMR (CDCl3 500 MHz) spectrum of 1 showed the presence of 6 

methyl proton sp3 at δH 0.68 (3H, s, H-18), 0.79 (3H, d, H-27), 0.82 (3H, d, H-26), 0.83 (3H, t, H-29), 0.99 

(3H, d, H-21) and 1.01 (3H, s, H-19) that was indicative of the presence of sitosterol groups [26], 11 

methylene proton sp3 at δH 1.04; 1.35 (2H, H-22), 1.13; 1.61 (2H, H-15), 1.18; 1.89 (2H, H-1), 1.19; 2.03 

(2H, H-12), 1.20 (2H, H-23), 1.27 (2H, H-28), 1.35; 1.86 (2H, H-16),1.51 (2H, H-11), 1.85; 1.56 (2H, H-

2), 1.53 (2H, H-7), 2.28 (2H, H-4), and also 7 methine proton sp3 at δH 0.97 (1H, H-24), 0.98 (1H, H-9), 

1.00 (1H, H-14), 1.10 (1H, H-17), 1.37 (1H, H-20), 1.70 (1H, H-25), 1.93 (1H, H-8), 1 oxygenated methine 

proton at δH 3.53 (1H, m, H-3), and 1 olefinic methine at δH 5.35 (1H, d, H-6). 

The 13C and DEPT 135° NMR spectrum of compound 1 showed the presence of 6 methyl carbons 

sp3 at δc 12.0 (C-29), 12.1 (C-18), 18.9 (C-21), 19.5 (C-19), 20.0 (C-26), and 29.1 (C-27), 11 methylene 

carbon sp3 at δc 21.2 (C-11), 23.2 (C-28), 24.4 (C-15), 26.1 (C-23), 28.4 (C-16), 31.8 (C-2), 32.0 (C-

7),34.0 (C-22), 37.4 (C-1), 39.9 (C-12), 42.4 (C-4). Seven methine carbons sp3 at δc 29.2 (C-25), 31.9 (C-

8), 36.3 (C-20), 42.5 (C-24), 50.2 (C-9), 56.1 (C-17), 56.9 (C-14), 1 oxygenated methine carbon at δc 71.9 

(C-3), 1 olefinic methine carbon at δc 121.9 (C-6), 2 quarternary carbons sp3 at δc 36.6 (C-10), 45.8 (C-

13) and 1 carbon olefinic quarter at δc 140.9 (C-5). The HMBC correlation of 1 showed that proton 6 at 

δH 5.35 ppm correlated to C-7 (δc 32.0 ppm); C-8 (δc 32.0 ppm); C-10 (δc 36.6 ppm) and C-4 (δc 42.4 

ppm), proton 21 at 0.99 ppm correlate to C-17 (δc 56.1 ppm); C-20 (δc 36.3 ppm) and C-22 (δc 34.0 ppm), 

proton 29 at 0.83 ppm correlate to C-28 (δc 23.2 ppm). The cross peak of 1H-1H-COSY spectra observed 

that H2/H3/H4 indicates that the hydroxy group at C-3 and H6/H7/H8 indicate a double bond at C5/C6. 

Compound 1 agreed well with data from the literature [27], identified as β-sitosterol and can be seen in 

Figure 1. 

 

 

Figure 1 (a) Structure of β-Sitosterol (1) and (b). Selected COSY and HMBC correlations of β-Sitosterol 

(1). 

 

Elucidation of compound 2 

Compound 2 was obtained as a white waxy solid. The mass result of compound 2 should be 401.3744 

[M+H]+, (calculated 401.3790). The 1H-NMR (CDCl3 500 MHz) spectrum of compound 2 showed the 

presence of 6 methyl protons sp3 at δH 0.68 (3H, s, H-18), 0.85 (3H, t, H-28), 0.82 (3H, d, H-27), 0.84 (3H, 

d, H-26), 0.92 (3H, d, H-21) and 1.00 (3H, s, H-19), 10 methylene proton sp3 at δH 1.04; 1.35 (2H, H-22), 

1.13; 1.61 (2H, H-15), 1.15; 1.89 (2H, H-1), 1.19; 2.03 (2H, H-12), 1.20 (2H, H-23), 1.35; 1.86 (2H, H-

16), 1.51 (2H, H-11),1.53 (2H, H-7), 1.85; 1.56 (2H, H-2), 2.28 (2H, H-4) and also 7 methine proton sp3 at 

δH 0.97 (1H, H-24), 0.98 (1H, H-9), 1.00 (1H, H-14),1.10 (1H, H-17), 1.37 (1H, H-20), 1.70 (1H, H-25), 

1.93 (1H, H-8), 1 oxygenated methine proton at δH 3.53 (1H, m, H-3), and 1 olefinic methine at δH 5.34 

(1H, d, H-6). 
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The 13C and DEPT 135 ° NMR spectrum of compound 2 showed the presence of 6 methyl carbon sp3 

at δC 11.9 (C-18), 18.8 (C-21), 19.4 (C-26, C-19), 22.6 (C-27), 22.8 (C-28), 10 methylene carbons sp3 at δc 

21.1 (C-11), 24.3 (C-15), 23.9 (C-23), 28.3 (C-16), 31.7 (C-2), 31.9 (C-7), 34.0 (C-22), 37.3 (C-1), 39.5 

(C-12) and 42.3 (C-4), 7 methine carbon sp3 at δc 28.1 (C-25), 31.9 (C-8), 36.3 (C-20), 39.4 (C-24), 50.1 

(C-9), 56.2 (C-17), 56.8 (C-14), 1 oxygenated methine carbon at δc 71.9 (C-3), 1 olefinic methine carbon 

at δc 121.8 (C-6), 2 quarternary carbon sp3 at δc 36.6 (C-10), 42.3 (C-13) and 1 carbon olefinic quarter at 

δc 140.8 (C-5). Compound 2 agreed well with data from the literature [27], identified as campesterol and 

this compound can be seen in Figure 2. 
 

 
Figure 2 (a) Structure of Campesterol (2) and (b) Selected COSY and HMBC correlations of Campesterol 

(2). 
 

Elucidation of compound 3 

Compound 3 was obtained as a white solid. The mass result of compound 3 should be 387.3669 

[M+H]+, (calculated 387.7141). The 1H-NMR (CDCl3 500 MHz) spectrum of compound 3 showed the 

presence of 5 methyl protons sp3 at δH 0.66 (3H, s, H-18), 0.83 (3H, d, H-27), 0.85 (3H, d, H-26), 0.90 (3H, 

d, H-21) and 0.99 (3H, s, H-19), 11 methylene protons sp3 at δH 0.94 (2H, m), 1.06; 1.32 (2H, H-22), 1.13; 

1.77 (2H, H-15), 1.15; 1.83 (2H, H-1), 1.16; 2.00 (2H, H-12), 1.25 (2H, H-23), 1.35; 1.85 (2H, H-16), 1.51 

(2H, H-11), 1.58 (2H, H-7), 1.81; 1.56 (2H, H-2), 2.28 (2H, H-4), and also 6 methine protons sp3 at δH 0.97 

(1H, H-9), 1.04 (1H, H-14),1.10 (1H, H-17), 1.36 (1H, H-20), 1.80 (1H, H-25), 1.93 (1H, H-8), 1 

oxygenated methine proton at δH 3.53 (1H, m, H-3), and 1 olefinic methine at δH 5.34 (1H, d, H-6). 

The 13C-NMR spectrum of compound 3 displayed the presence of various carbon types. It exhibited 

5 sp3 methyl carbons at δC 11.9 (C-18), 18.8 (C-21), 19.5 (C-19), 22.6 (C-26), and 22.9 (C-27). Additionally, 

there were 11 sp3 methylene carbons at δc 21.2 (C-11), 23.9 (C-23), 24.4 (C-15), 28.3 (C-16), 31.7 (C-2), 

31.9 (C-7), 35.9 (C-22), 37.3 (C-1), 39.6 (C-24), 39.9 (C-12), and 42.4 (C-4). Furthermore, 6 sp3 methine 

carbons were observed at δc 28.1 (C-25), 31.9 (C-8), 36.2 (C-20), 50.2 (C-9), 56.2 (C-17), and 56.9 (C-14). 

The spectrum indicated the presence of 1 oxygenated methine carbon at δc 71.9 (C-3) and 1 olefinic methine 

carbon at δc 121.8 (C-6). There were 2 sp3 quarternary carbons at δc 36.6 (C-10) and 42.4 (C-13), along 

with 1 olefinic quartet carbon at δc 140.8 (C-5). Compound 3 agreed well with data from the literature [27], 

identified as cholesterol and this compound can be seen in Figure 3.  
 

 
Figure 3 (a) Structure of Cholesterol (3) and (b) Selected COSY and HMBC correlations of Cholesterol 

(3). 

 A comparison of the results of the 3 compounds is summarized in Table 1. 
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 The bioactivity of steroid compounds  

In the initial stage, cytotoxic testing of compounds 1 - 3 was carried out on HeLa cells for 48 h, which 

showed cytotoxic activity, namely campesterol compound 2 with an IC50 value of 234 µg/mL, while other 

compounds showed an IC50 value of > 500 µg/mL. Sureshkumar et al. analyzed in silico 8 compounds, 

sterol group, from the plant Calotropis gigantea, where one of these compounds was campesterol [28]. The 

results of the docking analysis showed that campesterol had maximum potential against HPV16 

oncoprotein E6 cervical cells, but there has been no further research into this in vitro, so this study was 

carried out with in vitro cytotoxic activity test of campesterol on skin Melanoma B16-F10 cells [29,30]. 

Based on the category of cytotoxic compounds according to Saini et al., campesterol was toxic to Melanoma 

B16-F10 cancer cells (IC50 160.4 µg/mL), less toxic to MCF-7 breast cancer cells (IC50 276.2 µg/mL) and 

oral cavity Cal 27 (IC50 314.9 µg/mL), and not toxic to A549 lung cells (IC50 > 500 µg/mL). Campesterol 

was able to inhibit the proliferation of B16-F10 cells, as indicated by its IC50 value of 160.4 μg/mL. An 

IC50 value represented the concentration at which a substance inhibited the growth of cells by 50 %. In this 

case, campesterol’s IC50 value was greater than that of cisplatin (42.2 μg/mL), which suggested that 

campesterol was less potent than cisplatin in inhibiting cell proliferation. The analysis of cell viability was 

carried out, and the results showed that when B16-F10 cells were treated with campesterol, their cell 

viability decreased by more than 50 % compared to untreated cells. This was supported by noticeable 

alterations in cell morphology compared to the control group. Morphological cell changes included 

alterations in cell shape, size, and other visible characteristics. In this case, campesterol’s cytotoxic activity 

was considered moderate, while cisplatin served as the positive control with higher cytotoxic activity 

[31,32] (Figure 4). 

 

Table 1 NMR data (500 MHz for 1H and 125 MHz for 13C, in CDCl3) for 1 - 3. 

 

Position 

1 2 3 

13C 

NMR 

δC 

1H NMR δH  

(Σ H mult, J = Hz) 

13C 

NMR 

δC 

1H NMR δH (Σ H 

mult, J = Hz) 

13C 

NMR 

δC 

1H NMR δH  

(Σ H mult, J = Hz) 

1 37.2 
1.18 (1H, m); 1.89 

(1H, m) 
37.3 

1.15 (1H, m); 1.89 

(1H, m) 
37.3 

1.15 (1H,m); 1.83 

(1H,m) 

2 31.6 
1.85 (1H, m); 1.56 

(1H, m) 
31.7 

1.85 (1H, m); 1.56 

(1H, m) 
31.7 

1.81 (1H,m); 1.56 

(1H,m) 

3 71.8 3.53 (1H, m) 71.9 3.53 (1H, m) 71.9 3.53 (1H,m) 

4 42.4 2.28 (2H, m) 42.3 2.28 (2H, m) 42.4 2.28 (2H,m) 

5 140.9 - 140.8 - 140.8 - 

6 121.9 5.35 (1H, d, 3.5) 121.8 5.34 (1H, br d, 5.0) 121.8 5.34 (1H, brd, 5.5) 

7 32.0 1,53 (2H,m) 31.9 1.53 (2H, m) 31.9 1.58 (2H,m) 

8 32.0 1.93 (1H, m) 31.9 1.93 (1H, m) 31.9 1.93 (1H,m) 

9 50.2 0.98 (1H, m) 50.1 0.98 (1H, m) 50.2 0.97 (1H,m) 

10 36.6 - 36.6 - 36.6 - 

11 21.1 1.51 (2H, m) 21.1 1.51 (2H, m) 21.2 1.51 (2H,m) 

12 39.9 
1.19 (1H, m); 2.03 

(1H, m) 
39.5 

1.19 (1H, m); 2.03 

(1H, m) 
39.9 

1.16 (1H,m); 2.00 

(1H,m) 

13 45.8 - 42.3 - 42.4 - 

14 56.9 1.00 (1H, m) 56.8 1.00 (1H, m) 56.9 1.04 (1H,m) 

15 24.4 
1.13 (1H, m); 1.61 

(1H, m) 
24.3 

1.13 (1H, m); 1.61 

(1H, m) 
24.4 

1,13 (1H,m); 1,77 

(1H,m) 

16 28.4 
1.35 (1H, m); 1.86 

(1H, m) 
28.3 

1.35 (1H, m); 1.86 

(1H, m) 
28.3 

1.35 (1H,m); 1.85 

(1H,m) 

17 56.1 1.10 (1H, m) 56.2 1.10 (1H, m) 56.2 1.10 (1H, m) 

18 12.1 0.68 (3H, s) 11.9 0.68 (3H, s) 11.9 0.66 (3H, s) 

19 19.5 1.01 (3H, s) 19.4 1.00 (3H, s) 19.5 0.99 (3H, s) 
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Position 

1 2 3 

13C 

NMR 

δC 

1H NMR δH  

(Σ H mult, J = Hz) 

13C 

NMR 

δC 

1H NMR δH (Σ H 

mult, J = Hz) 

13C 

NMR 

δC 

1H NMR δH  

(Σ H mult, J = Hz) 

20 36.3 1.37 (1H, m) 36.3 1.37 (1H, m) 36.2 1.36 (1H,m) 

21 18.9 0.99 (3H, d, 6.0) 18,8 0.92 (3H, d, 7.0) 18.8 0.90 (3H, d, 6,5) 

22 34.0 
1.04 (1H, m); 1.35 

(1H, m) 
34.0 

1.04 (1H, m); 1.35 

(1H, m) 
35.9 

1.06 (1H, m); 1.32 

(1H,m) 

23 26.1 1.20 (2H, m) 23,9 1.20 (2H, m) 23.9 1.25 (2H,m) 

24 42.5 0.97 (1H, m) 39.4 0.97 (1H, m) 39.6 0.94 (2H,m) 

25 29.2 1.70 (1H, m) 28.1 1.70 (1H, m) 28.1 1.80 (1H, m) 

26 20.0 0.82 (3H d, 4.0) 19,4 0.84 (3H, d, 7.0) 22.6 0.85 (3H, d, 2.5) 

27 19.1 0.79 (3H, d, 6.0) 22,6 0.82 (3H, d, 7.0) 22.9 0,83 (3H, d, 2.5) 

28 23.2 1.27 (2H, m) 22,8 0.85 (3H, t, 7.0) - - 

29 12.0 0.83 (3H, t) - - - - 

 

 

Control–DMSO 

 

Control+Cisplatin 

 

Medium cell 

 

 

Figure 4 Changes in melanoma cell morphology (B16F10) treated with campesterol. 

 

 The results of the campesterol cytotoxic test on several types of cells showed the most significant cell 

proliferation inhibition activity against melanoma skin cancer cells (B16-F10). Hence, additional 

investigations were conducted to elucidate the molecular mechanism responsible for the cytotoxic impact 

of campesterol on B16-F10 melanoma cells. Apoptosis, a programmed form of cell death, can be activated 

by both internal and external signals [33,34]. Apoptosis comprised 2 primary signaling pathways: the 

extrinsic pathway and the intrinsic pathway. The intrinsic apoptotic pathway was primarily involved in the 

anticancer effects observed in this study [35-37]. One of the signaling of apoptosis was through caspase by 

activating caspase-9 and caspase-3, where caspase-9 was activated and induced by the apoptosome, then 

processes downstream caspases, such as caspase-3 to carry out the apoptotic process [38-40]. 
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Caspase-9 and caspase-3 gene expression  

The molecular mechanism of campesterol-induced apoptosis was examined by assessing apoptosis-

related changes at the gene expression (mRNA) level. Cells were treated with a dose of ½ IC50, then 

compared with positive controls of cisplatin and GAPDH as internal controls. RT-qPCR results showed 

that campesterol could inhibit the growth of B16-F10 melanoma cells and experienced an increase in 

caspase-3 expression by 2.5 times and caspase-9 by 1.3 times, while cells treated with cisplatin control 

experienced an increase in caspase-3 expression by 2.6 times and caspase-9 1.9 times when compared to 

controls. This demonstrated the involvement of caspase in campesterol-induced apoptosis, which occured 

intrinsically as a result of campesterol treatment in B16-F10 melanoma cells (Figure 5). 

 

  
 

 

Figure 5 Relative ratio of caspase-3 and caspase-9 gene expression in campesterol-induced B16-F10 

melanoma cells. 

 

 

Expression of caspase-9 and caspase-3 proteins  

After it was known that the death of B16-F10 melanoma cells treated with campesterol occurred 

through the process of inducing apoptosis from the mRNA level, then western blot testing was carried out 

on cells that had been treated. The work was carried out with 3 repetitions, where code 1 was internal 

control, code 2 was positive control, code 3 was ½ dose from IC50 and code 4 was the same as IC50 (160.4 

µg/mL). 

The western blot analysis results demonstrated an elevation in the expression levels of several pro-

apoptotic proteins, specifically cleaved caspase-9 and cleaved caspase-3 (Figure 6), where the induction 

of cleaved caspase-9 and cleaved caspase-3 occurred at 1.1 - 1.6 times compared to controls, parallel to the 

previous study where campesterol was shown to be able to induce apoptosis via caspase-9 and caspase-3 

proteins in ovarian cancer cells in a dose-dependent manner. The synthesized caspase-9 and caspase-3 

proteins have the same expression pattern as the genes encoding these proteins, meaning that all genes were 

expressed and translated into proteins. The increased expression of caspase-9 and caspase-3 upon activation 

and during division suggested the intrinsic apoptotic pathway as the mechanism underlying B16-F10 

melanoma cell death [40,41]. 
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Figure 6 Analysis of protein expression of caspase-9 and caspase-3 in melanoma cells (B16-F10) treated 

with campesterol. (A) changes in protein expression levels (1: Negative control, 2: Cisplatin control, 3: 

½C50 4: IC50), (B) Relative ratio of protein expression of caspase-3, cleaved caspase-3, caspase-9 and 

cleaved caspase-9. 

 

 

Conclusions 

The findings revealed that 3 well-known steroids, namely β-sitosterol (1), Campesterol (2), and 

Cholesterol (3), were successfully isolated from the n-hexane extract of fresh roots of Cassava (M. esculenta 

C.). Notably, Campesterol (2) exhibited the highest IC50 value compared to β-sitosterol (1) and Cholesterol 

(3). This indicated that Campesterol (2) significantly impeded the proliferation of B16-F10 cells by 

inducing apoptosis through caspase 3 activation. These results provided valuable insights into the potential 

use of Campesterol (2) as a chemopreventive agent for combating melanoma skin cancer. 
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