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ABSTRACT

Objective: The objective of this research was to evaluate for the 1st time the anticancer activities of sarcophytol M (1), alismol (2), 
alismoxide  (5), 7β-acetoxy-24-methylcholesta-5-24 (28)-diene-3,19-diol (7), erythro-N-dodecanoyl-docosasphinga-(4E,8E)-dienine (8), and 24 
methylcholesta 5,24(28)-diene-3β,7β,19-triol (9), isolated from the soft coral Lithophyton arboreum in liver (HepG2), lung (A549), and breast (MDA) 
cancer cell line.

Methods: Anticancer activities of the compounds were tested using (XTT) 2,3-bis-(2-methoxy-4-nitro- 5-sulfophenyl)-2H-tetrazolium-5-carboxanilide, 
Na2) in vitro assay in order to estimate the cytotoxicity and to determine the IC50s. The free radical scavenging activity of the compounds were 
measured by 1,1-diphenyl-2-picryl-hydrazil (DPPH•). All compounds were screened at 100 µg/ml while the most potent active compounds were 
assayed at lower concentrations.

Results: Compounds (7) and (9) showed a strong cytotoxic effect with IC50 of 6.07, 8.5 µg/ml in HepG2, 6.3, 5.5 µg/ml in MDA cells, and 5.2, 9.3 µg/ml 
in A549 cancer cell lines, respectively. In addition, moderate cytotoxicity was shown by compound (2) (IC50 16.5, 15, and 13 µg/mL) in HepG2, MDA, 
and A549 cancer cell lines, respectively.

Conclusion: The results obtained in this research work indicated a promising potential cytotoxicity of compounds (7) and (9) compared to its safety 
margins in Vero cells, and the expected cytostatic effect of compound (2) can be used in drug cocktails for the treatment of the major cancer types’ 
lung, breast, and liver cancer.
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INTRODUCTION

Natural products derived from marine organisms have been identified 
as promising sources of anticancer drug candidates in pharmaceutical 
industries. Steroids are considered as major natural compounds in 
soft corals [1]. A  multitude of studies mentioned a wide range of 
pharmacological activity for these compounds such as anti-inflammatory 
[2], antifouling [3], and anticancer [2,4,5]. In our previous work, the 
soft coral Litophyton arboreum total extract has been found to show 
promising anticancer activity in the ovarian (Hela) and leukemia (U937) 
cell lines, these findings supported the isolation, and the purification of 
the most active compounds that showed promising cytotoxic activity and 
high safety margins reported in our previous study [6]. To continue our 
line of research on the anticancer activities potentially these compounds, 
we assess for the 1st time, the anticancer activities of these compounds in 
liver (HepG2), breast (MDA), and lung (A549) cancer cell lines.

METHODS

Marine-derived compounds
Nine compounds, sarcophytol M (1), alismol (2), alismoxide (5), 
7β-acetoxy-24-methylcholesta-5-24(28)-diene-3,19-diol (7), erythro-N- 
dodecanoyl-docosasphinga-(4E,8E)-dienine (8), and 24-methylcholesta- 
5,24 (28)-diene-3β,7β,19-triol (9) were isolated and identified from the 
soft coral L. arboreum in our previous study [6] as shown in Fig. 1.

Only six of the compounds (1, 2, 5, 7, 8, and 9) were subjected to this 
evaluation due to their availability.

Cell culture
All the cell lines were obtained from VACSERA (the holding company for 
biological products and vaccines). Media were purchased from Lonza 

Verviers SPRL, Belgium. Trypsin-EDTA, fetal bovine serum (FBS), and 
antibiotics (penicillin, streptomycin, and fungizone) were acquired 
from SeraLab, UK.

Cells were maintained in culture flasks in complete medium provided with 
10% heat-inactivated FBS and antibiotic cocktail (100 U/mL penicillin, 
100 g/L streptomycin, and 250 g/L fungizone). Then, cells were cultured 
and maintained in a humidified atmosphere at 37°C and 5% CO2.

Cytotoxicity was measured by the 2, 3-bis-(2-methoxy-4-nitro-5-
sulfophenyl)-2H-tetrazolium-5-carboxanilide, Na2) (XTT) using the 
colorimetric cell proliferation kit II (F. Hoffmann-La Roche Ltd.). Cells 
(100 µl) were seeded (concentration 1 × 105 cells/mL) into a microtiter 
plate and incubated for 24 h to allow the cells to adhere. Compounds 
were dissolved in DMSO to a stock solution of 20  mg/ml and then 
serially diluted from 50 to 1.56 µg/ml, added to the plates, and incubated 
for 72  h. A  positive control drug for cytotoxicity, actinomycin D, with 
concentrations ranging from 0.5 to 0.002 µg/ml, negative control of cells 
with 2% DMSO was included in the study. After 72 h incubation, XTT was 
added to a final concentration of 0.3 mg/mL, and the cells incubated for 
2–3 h. The absorbance of the developed color was spectrophotometrically 
determined using a multiwell plate reader which measured the optical 
density at 450 nm with a reference wavelength of 690 nm.

The assay is based on the ability of live cells to reduce the yellow water-
soluble XTT into an insoluble formazan product enhancement of the 
antiherpetic effect of trichosanthin by acyclovir and interferon  [7]. 
Compounds were first screened for their in vitro cytotoxicity at a 
concentration of 50  µg/ml in HepG2  cells. Active compounds were 
further tested at concentrations that ranged from 50 to 1.6 µg/ml against 
HpG2, MDA, and A549 cancer cell lines. A fourth non-cancerous cell line 
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(Vero) was also included for the most active compounds to determine 
selectivity indices (SI) which represented the overall activity of the 
compounds. The higher SI values the more selective the compound.

Free radical scavenging activity
The free radical scavenging activity of compounds was measured by 
1,1-diphenyl-2-picryl-hydrazil (DPPH•) using the method of Shimada 
et  al. [8]. All compounds were screened at 100 µg/ml while the most 
Potent active compounds (gave more 90%) were assayed at 25–75 µg/ml. 
Briefly, 0.1 mM solution of DPPH• in methanol was prepared. Then, 1 ml 
of this solution was added to 3 ml of compound solution at different 
concentrations (25–75 µg/ml). The mixture was shaken vigorously and 
allowed to stand at room temperature for 30 min. Then, the absorbance 
was measured at 517 nm in microplate reader. The lower absorbance of 
the reaction mixture indicated higher free radical scavenging activity [9].
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Where, A0 was the absorbance of the control reaction and A1 was the 
absorbance in the presence of the sample.

Statistical analysis
Mean IC50 is the concentration of compounds which reduces cell growth 
by 50% under the experimental conditions and is the average of at 
least three independent reproducible measurements. The IC50 values 
were performed using GraphPad Prism (SanDiego, USA). Data were 
expressed as means ± standard deviations (SD).

RESULTS

Cytotoxicity
The pure compound where an IC50 value is <10  µg/mL is reported 
as strongly cytotoxic [10]; hence, the cytotoxicity of the compounds 
was screened for their cytotoxicity at a concentration of 25 µg/ml in 
HepG2 cells.

Results showed weak cytotoxic activity for the compound (8) at 
25  µg/ml (viability 80%). Compounds (1) and (5) showed strong 
toxicity when tested at 25 µg/ml, viability of the cells ranged from 30 
to 10%. Compounds (2), (7), and (9) showed high toxicity (viability 
<10%) when tested at 25 µg/ml (Fig. 2).

The most active compounds (2), (7), and (9) were then subjected to further 
study to determine the IC50 values in HepG2, MDA, and A549 cell lines.

Cytotoxicity IC50 determination
Table 1 shows the half inhibitory concentration of the active compounds; 
compound (2) demonstrated a promising cytotoxicity with IC50s of 4.5, 
7.02, and 9.3  µg/ml, compound (7) showed strong cytotoxicity with 
IC50 of 4.5, 7.02, and 9.3 µg/ml, and compound (9) revealed a strong 
cytotoxic activity with IC50 (6.07, 6.3, and 5.2 µg/ml) when compared 
to cells treated with actinomycin D which showed IC50 of 17.67, 11.88, 
and 7.8 µg/ml in HepG2, MDA, and A549 cells, respectively, with high SI.

Free radical scavenging activity
Compounds were tested at the concentrations ranged from 100 to 
500  µg/ml; the three compounds exhibited very weak scavenging 
activities as shown in Table 2.

DISCUSSION

Recent studies reported the strong bioactivities of steroids and 
triterpenoids [11]. In this study, triterpenoids showed also the highest 
activities among the different tested compounds. Compound (7) from 
the soft coral nephtheachabroli and compound (9) from the soft coral 
Litophyton viridis revealed comparable potential cytotoxic effect against 
various human cancer cell line such as prostate cancer cell line LNCaP 
with IC50 (15.5 and 4.9 µg/mL) [7], HT-29 (0.87 and 0.72 µg/mL), KB (0.38 
and 0.58 µg/mL), and P-388 (0.42 and 0.24 µg/mL), respectively [12]. 
Compound (7) showed superior activity as compared to that of 
compound (9). Compound (9) showed immunosuppressive action [13] 
and when mixed with different tissue homogenates in vivo, it revealed 
preventive activity against lipid peroxidation [14]. The chemical 
skeleton of compounds (7) and (9), especially at C-19 in addition to the 
5-ene B ring, which is noticed in an 8β, 9α-half-chair conformations, 
implicated effectively with the activity and the mode of interaction 
with the cell membranes. Meanwhile, the potency of the activity of such 
compounds stems from the blockage of the hydroxyl group at C-7 of 
compound (7) which enhances its lipophilicity [15]. This confirms the 
role of lipophilicity in the pharmacological activity of the compounds as 
it increases the ability of the drug penetration for different biological 
membranes and tissues. This constitutes a lead factor in the interaction 
of drugs with biological systems [16].

The promising cytotoxic effect has been shown by compound (2) (4.52, 
7.02, and 9.23 μg/mL) in HepG2, MDA, and A549 cancer cell lines, 
respectively. The compound was previously characterized by being 
cytostatic (antiproliferative) in HeLa cells [6]. Cytostatic compounds 
are a good candidate in the production of drugs cocktails as it does not 
kill cancer cells, but it suppresses its proliferating while another drug 
is treating it.

According to the National Cancer Institute, it had long been hypothesized 
that antioxidants can protect against cancer as they scavenge reactive 
oxygen species that can deteriorate DNA. Despite this fact, a new scope 
of research confirms that the existence of high levels of antioxidants 
has been found to prevent a specific free radical damage associated 
with cancer development, and the antioxidants have been shown to 
trigger cancer metastasis. In melanoma mouse models, the researcher 
investigators have demonstrated higher levels of oxidative stress in 
circulating cancer cells than in cancer cells in primary tumors, and 
they suggested that the oxidative stress can actually interfere with the 
development of metastatic tumors. The treatment of these mice with 
antioxidants suppressed the oxidative stress in the circulating cancer 
cells and enhanced their capability to metastasize [17]. Another study in 
mouse models of human lung cancer suggested that supplementing 
the antioxidants N-acetyl cysteine or Vitamin E in the diet of mice 
substantially increased the size and stage of the tumors [18]. The weak 
free radical scavenging activities of the three most cytotoxic compounds 

Fig. 1: The chemical structure of Litophyton arboreum isolated 
compounds [6]

Fig. 2 : Viability percentage of HepG2 cells treated with Litophyton 
arboreum isolated compounds at 25 µg/ml. *Values are expressed 

as mean ± standard deviation of the three replicates
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tested in this study can then be an advantage for the record of drug 
design, especially for lung cancer.

Determination of antioxidant activity by one method cannot identify 
all possible mechanisms. Therefore, different free radical scavenging 
methods should be considered in future research [19].

CONCLUSION

The current approach provides important insights into marine steroids 
which are considered as the most active chemical class for the discovery 
of bioactive anticancer drugs. In this work, we report for the 1st  time, 
the cytotoxic effect of 7β-acetoxy-24-methylcholesta-5-24 (28)-diene-
3,19-diol (7) and 24-methylcholesta-5,24(28)-diene-3β,7β,19-triol (9) 
on the major cancer types (liver, lung, and breast cancer cells).

Polyhydroxylated sterols, especially those derived from the marine 
organism, showed a potent cytotoxic impact on cancer cell lines. This 
sheds light on the importance of this chemical skeleton in developing 
active anticancer drugs from marine organisms. The mechanism of 
cytotoxic activity with the weak antioxidant activity of the compounds 
has more to be explained in further studies, but it can be considered as 
an advantage as it will not interfere with the metabolic mechanism of the 
cells. The polyhydroxysterols skeleton of our compounds is similar to 
the human sterols, so it can be accounted as promising lead compounds 
for the development of new, safe, and effective chemotherapy.
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Table 2: The scavenging percentage of the tested compounds 
compared to the positive controls Vitamin C and BHA

Compound Scavenging (%) 
Compound 2 10.8
Compound 7 22.4
Compound 9 14.5
*The IC50 value of the positive control, Vitamin C, was measured as 
12±3.5 µg/ml. *The IC50 of the positive control, BHA, was measured as 53±3.1 
µg/ml. BHA: Butylated hydroxyanisole

Table 1: The half inhibitory concentration of the active compounds in HepG2, MDA, A549, and Vero cell lines as well as their SI

Cell lines Compound 2 Compound 7 Compound 9 Actinomycin D

IC50±SD (µg/ml) SI IC50±SD (µg/ml) SI IC50±SD (µg/ml) SI IC50±SD (µg/ml) SI
HepG2 cells 4.52±0.1113 2.93 6.07±0.09286 1.19 8.5±0.1898 1.4 17.67±0.102 0.43
MDA cells 7.02±0.08407 1.88 6.3±0.1909 1.14 5.5±0.2104 2.2 11.88±0.3.4 0.63
A549 cells 9.23±0.1062 1.43 5.2±0.1465 1.38 9.3±0.9093 1.3 15.62±0.130 0.48
Vero cells 13.23±0.1062 7.2±0.1465 12.3±0.9093 7.52±0.201
*Values are expressed as mean±standard deviation of the three replicates. SI: Selectivity indices


