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Abstract
Context: Scyphiphora hydrophyllacea is a shrub mangrove plant of the family 
Rubiaceae and not yet been studied for anti-hepatocarcinogenic effects. 
Objectives: We investigated possible in vitro anti-hepatocarcinogenic 
and antioxidant properties of S. hydrophyllacea. Materials and Methods: 
Dried leaves of S. hydrophyllacea were sequentially extracted into hexane, 
chloroform, ethyl acetate, and methanol and tested for cytotoxicity 
on HepG2 cells by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) and sulforhodamine B assays, and for antioxidant activities by 
the free radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and 2,2’-azino-bis-
3-ethylbenzthiazoline-6-sulfonic acid (ABTS) assays. Total phenolic and 
flavonoid contents were estimated in all four extracts. The hexane and 
chloroform extracts were tested for pro-apoptotic properties in HepG2 
cells, and bioactive components were identified by gas chromatography–
mass spectrometry (GC-MS) analysis. Results: The hexane and chloroform 
extracts showed dose-dependent and time-dependent cytotoxic effects. 
Morphological changes observed under fluorescence microscope related 
to apoptosis, and significant (P < 0.001) increases in caspase 3 and 9 levels 
were observed in hexane and chloroform extract-treated cells. Slight DNA 
fragmentation was observed only in response to the chloroform extract. 
mRNA expressions of p53 and Bax were significantly upregulated by low 
doses of hexane and chloroform extracts. Highest antioxidant activity was 
observed in the methanol extract. GC-MS profiles identified 24 and four 
major compounds in the hexane and chloroform extracts, respectively. 
These included some known anticancer compounds such as lupeol. 
Conclusion: Cytotoxicity, antioxidant effects, and apoptosis-related 
changes exerted by hexane and chloroform extracts of S. hydrophyllacea 
concluded that these two extracts are good source for isolation of possible 
anticarcinogenic compounds.
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SUMMARY
•  The hexane and chloroform extracts of Scyphiphora hydrophyllacea showed 

dose-dependent and time-dependent cytotoxic effects.
•  Morphological changes related to apoptosis and significant (P < 0.001) 

increases in caspase 3 and 9 levels were observed in hexane and chloroform 
extract-treated cells.

•  mRNA expressions of p53 and Bax were significantly upregulated by low 
doses of hexane and chloroform extracts.

•  Highest antioxidant activity was observed in the methanol extract.
•  GC-MS profiles identified 24 and four major compounds in the hexane and 

chloroform extracts, respectively.

Abbreviation used: DPPH: 1,1-diphenyl-2-picryl-hydrazyl, ABTS: 2,2’-azino-
bis-3-ethylbenzthiazoline-6-sulfonic acid, GC-MS: gas chromatography–
mass spectrometry, DNA: deoxyribonucleic acid, HCC: Hepatocellular 
carcinoma, GAE: gallic acid equivalents, SRB: sulforhodamine B, MTT: 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, AO/EB: 
acridine orange/ethidium bromide, GAPDH: Glyceraldehyde 3-phosphate 
dehydrogenase, IC50: half maximal inhibitory concentration; QE: quercetin 
equivalents, HE: hexane extract, CE: chloroform extract, EAE: ethyl acetate 
extract, ME: methanolic extract, TPC: total polyphenol content, TFC: total 
flavonoid content, ANOVA: Analysis of variance

INTRODUCTION
Hepatocellular carcinoma (HCC) has been rated as the fifth most 
commonly occurring cancer and the third most common cause of 
cancer-related deaths in the world. There are several treatment options 
available for HCC including liver transplantation, surgical resections, 
radiofrequency ablations, transarterial chemomobilization, and 
radiomobilization.[1] Locoregional therapies and surgical treatments for 
HCC have advanced in the past few years, but the recurrent HCC has 
remained a problem faced by clinicians worldwide.[2] Chemotherapy 
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and radiotherapy treatments for HCC cause survival of patients with 
severe adverse effects including cirrhosis.[3] Therefore, it is essential to 
search for new anticancer agents for HCC with fewer adverse effects. 
Many anticancer drugs now available in the market and drugs that are 
currently under clinical trials in humans are phytochemicals.[4]

During the past few years many have researched the presence of 
therapeutically useful compounds in mangrove plants. Most of the 
mangroves are woody plants growing along seashores in tropical and 
subtropical areas and contain plenty of chemical constituents with 
potential medicinal values.[5,6] Scyphiphora hydrophyllacea is one of the 
shrub mangrove plants and grows to about 3 m in height. It belongs 
to the family Rubiaceae. It is distributed from Southeast Asia to New 
Caledonia.[7] S. hydrophyllacea is reported to contain flavonoids, 
terpinoids, and iridoids as major phytochemicals. Two noriridoids and 
iridoids have also been isolated from this plant.[8] There are no reports 
on possible cytotoxic, apoptic, and antioxidant effects of this plant on 
HepG2, human hepatoma cells.
Therefore, this study was carried out with the objectives of assessing (a) 
possible cytotoxic and apoptotic effects of S. hydrophyllacea grown in 
Sri Lanka on HepG2 cells and (b) to identify the active phytochemical 
constituents with anticancer activity from the leaves of this plant.

MATERIALS AND METHODS

Chemicals
All the chemicals and cell culture reagents used in the study were 
purchased from Sigma-Aldrich (St. Louis, MO, USA) and American 
Type Culture Collection, respectively.

Plant material
Healthy, mature S. hydrophyllacea leaves were collected from the 
mangroves park, Kadolkele, Negombo, in the Western Province of Sri 
Lanka (Lat. 7°11’54.03’’ Long. 79°50’30.94’’), during April 2013 and 
voucher specimen (S-11) authenticated by Mr. W.A. Sumanadasa, of 
the National Aquatic Resources Research and Development Agency, 
Negombo, Sri Lanka has been deposited in the Institute of Biochemistry 
Molecular Biology and Biotechnology, University of Colombo, Sri Lanka.

Preparation of plant extracts
Leaves of the plants were dried at room temperature and ground into 
powder using an electrical grinder. Sixty grams of ground plant material 
were extracted sequentially in to hexane, chloroform, ethyl acetate, 
and methanol at room temperature. Subsequently, each extract was 
filtered and concentrated in a rotary evaporator (Rotavapor R-/; BÜCHI 
Labortechnik AG, Flawil, Switzerland) and stored at 20°C until used.

Phytochemical investigations
Total phenolic content
The total phenolic content of all four extracts was measured by the Folin 
Ciocalteau reagent as previously reported.[9] Gallic acid was used as the 
standard and results expressed as milligrams of gallic acid equivalents 
(GAE) per gram extract (dry weight), that is, mg GAE/g extract (dry 
weight).

Total flavonoid content
Dowd method adapted from Meda et al., 2005[10] was used to determine 
the total flavonoid content. Methanol (5 mL) containing 2% AlCl3 was 
added to 1 mL of extract diluted in methanol and incubated for 1 h at 
room temperature. Then, the absorbance was measured at 415 nm using 
the Synergy HT Multi-Mode Microplate Reader (Bio-Tek Instruments, 

Winooski, VT, USA). Total flavonoid content was expressed as quercetin 
equivalents per extract dry weight (mg/g).

Antioxidant activity
1,1-Diphenyl-2-picrylhydrazyl radical scavenging ability assay
1,1-Diphenyl-2-picryl-hydrazyl (DPPH) radical was used to determine 
the radical scavenging activities of all four extracts as described by 
Mothana et al.,[11] with slight modifications. The reaction mixture was 
made by adding 100 μL of the extract diluted in methanol, 25 μL of 1 mM 
DPPH and 75 μL of methanol in to the 96-well plate. After incubating 
the plate for 30 min at 37°C, decline in the absorbance was observed at 
517 nm by using Microplate Reader (Synergy HT Multi-Mode). Ascorbic 
acid was used as the standard. Scavenging activity was determined using 
following equation.
Scavenging activity (%) = {(Ac – As)/Ac} 100, where Ac and As are 
the absorbance of control and test samples, respectively. The data are 
presented are mean ± SD (n = 3) and expressed as IC50 (half maximal 
inhibitory concentration) value.

2, 2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid
2,2’-Azino-bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS) free 
radical scavenging activity of the extracts was determined by the method 
described by Re et al.[12] ABTS working solution was prepared by mixing 
equal volumes of 7 mM ABTS stock solution and 2.4 mM potassium 
persulfate stock solution and the mixture was kept in the dark for 5 h 
at room temperature. After diluting the mixture with phosphate-buffer 
saline (PBS, pH 7.4), absorbance was read at 734 nm. Samples diluted in 
PBS were further mixed with the solution of the radical cation ABTS+ 
and the decrease in the absorbance was noted after 10 min at 734 nm. 
Trolox (concentrations of 1.1, 1.7, 2.3, 2.9, and 3.5 μg/mL) was used as 
the positive reference. The data are presented are mean ± SD (n = 3) and 
expressed as IC50 (The half maximal inhibitory concentration) value.

Cell culture maintenance
HepG2 cells were cultured in a humidified environment (37°C, 95% air, 
5% CO2) in complete culture medium consisting of Dulbecco’s modified 
Eagle’s medium supplemented with 10% (v/v) fetal bovine serum, 50 IU/
mL penicillin and 50 μg/mL streptomycin.
Cells were trypsinized and seeded (5 × 103 cells/well) in 96-well cell 
culture plates to study the cytotoxicity of extracts or, in appropriate 
concentration, to set up assays for other studies.

Assessment of cytotoxicity
Cytotoxicity of the solvent extracts on HepG2 cells was evaluated 
using sulforhodamine B (SRB) and 3-(4,5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide (MTT) assays as previously described by 
Samarakoon et al.[13] Cells were incubated for 4, 24, and 48 h with different 
concentrations of the extracts (10, 20, 50,100, and 200 µg/mL). Cells were 
subjected to either MTT or SRB assays at the end of the incubation.

Effect on apoptosis
Hexane and chloroform extracts that demonstrated highest cytotoxicity 
were chosen to study pro-apoptotic effects. Effects of the active extracts 
on apoptosis were evaluated by (a) analysis of morphological changes 
related to apoptosis, (b) DNA fragmentation analysis, and (c) caspase 3 
and 9 activities as described in the following sections.

Analysis of morphological changes by fluorescent microscopy
Morphological changes of the cells treated with hexane and chloroform 
extracts and control (untreated) cells were investigated under fluorescence 
microscope after staining with acridine orange/ethidium bromide (AO/EB) 
as described by us with slight modification.[14] Briefly, cells were seeded at a 
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concentration of 2 × 105 cells/mL in 24-well culture plates on cell culture-
treated cover clips. The cells were exposed to different concentrations of 
the hexane and chloroform extracts (0–400 μg/mL) for 24 h. Changes in 
the nuclei of cells after AO/EB staining were observed under a fluorescence 
microscope at 24 h postincubation (Olympus, BX51TRF, Japan).

Evaluation of caspase 3 and caspase 9 activities
HepG2 cells (4 × 105 cells/mL) were incubated with different concentrations 
of either the hexane (12.5, 25, and 50 µg/mL) or the chloroform (25, 50, and 
100 µg/mL) extract for 24 h to study the effect on caspases. Caspase 3 and 
caspase 9 activities were measured using commercially available reagents 
(GenScript, Piscataway, USA) according to the manufacturer’s instructions.

DNA fragmentation assay
HepG2 cells (2 × 105 cells/ mL) were treated with 200 and 400 µg/mL of 
either the hexane or the chloroform extract for 24 h and harvested by 
trypsinization and centrifugation. DNA fragmentation assay was carried 
out as described by Samarakoon et al.[15]

Evaluation of mRNA expression of p53 and Bax by real-time 
quantitative polymerase chain reaction
HepG2 cells were seeded in the 25 cm2 cell culture flasks (4 × 105 cells/mL) 
and allowed to attach overnight. The cells were then treated with different 
concentration of either hexane (12.5, 25 µg/mL) or chloroform (25, 50 µg/mL) 
extracts for 24 h. Following incubation, total RNA was extracted using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, CA, USA) 
according to manufacturer’s instructions. An equal amount of total RNA from 
each sample was then reverse transcribed into cDNA using random primers. 
cDNA was mixed with 1 µL each of following gene-specific primers (0.2 
mM): (i) Bax forward primer (5’- TCCAGGATCGAGCAGGGCGAA-3’) 
and reverse primer (5’- CGATGCGCTTGAGACACTCGCT-3’), (ii) 
p53 forward primer (5’- TCTGGCCCCTCCTCAGCATCTT-3’) and 
reverse primer (5’- TTGGGCAGTGCTCGCTTAGTGC-3’), and (iii) 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) forward primer 
(5’- GGCATTGCCCTCAACGACCAC-3’) and reverse primer (5’- 
ACATGACAAGGTGCGGCTCCCTA-3’). MESA Green qPCR mastermix 
Plus for SYBR assay (Eurogentec, Seraing, Liège, Belgium) was used to carry 
out real-time quantitative polymerase chain reaction. Reaction mixture was 
amplified by 40 cycles (denaturation, 95°C for 30 s; annealing, 58°C for 1 
min; and extension, 72°C for 1 min) using an Mx 3000p Real-Time PCR 
System (Stratagene, La Jolla, CA, USA). Gene expression was quantified 
using the 2(-ΔΔCt) method.[16]

Gas chromatography–mass spectrometry analysis of hexane and 
chloroform crude extracts
Phytochemical investigations of the hexane and chloroform crude 
extracts were carried out using Agilent gas chromatography-mass 
spectrometry (GC-MS) machine (Model 7890 GC, 5975-C MS; Agilent, 
Palo Alto, USA). The ionization voltage was 70 eV and the injector and 
detector temperatures were 260 and 320°C, respectively. The capillary 
column used was J&W DB 5 MS (30 m in length, 250 µm internal 
diameter, and 0.25 µm thickness). The oven temperature started at 
110°C (isothermal for 5 min), and was ramped up to 280°C at 20°C/
min (isothermal for 1 min) and up to 320°C at 20°C/min (isothermal 
for 5 min). Helium was used as the carrier gas at a flow rate of 1.5 mL/
min with an injector volume of 1 µL with splitless mode. Prior to the 
injection, hexane crude extract was dissolved in hexane (1 mg/mL) and 
filtered through 0.2 µm syringe. NIST library search program was used 
to compare the mass spectras of compounds identified.

Statistical analysis
All the experiments were carried out in triplicate and results were 
expressed as mean ± SD (standard deviation) of at least three independent 

experiments. Graph Pad Prism (version 5.0; Graphpad Software, La Jolla, 
CA, USA) was used to perform the statistical analyses. One-way analysis 
of variance (ANOVA) followed by multiple comparisons by the Dunnett’s 
test was used to assess the gene expression analysis and caspase activity.  
P < 0.05 was considered as statistically significant.

Results
Determination of total phenolic, flavanoid content, and free 
radical scavenging activities
As evident from [Table 1], total phenolic content was highest in the ethyl 
acetate extract, followed by the chloroform extract. Methanolic extract 
showed the highest flavanoid content followed by hexane, ethyl acetate, 
and chloroform extracts.
Both DPPH and ABST assays showed that the methanolic extract has 
the highest free radical scavenging activity. The lowest free radical 
scavenging activity was in the ethyl acetate extract as measured by the 
DPPH assay and in the hexane extract as measured by the ABTS assay. 
Both assays showed a moderate activity in the chloroform extract.

Cell viability
We examined the inhibitory effect of S. hydrophyllacea extracts on the 
growth of HepG2 cells using MTT and SRB assays for 4, 24, and 48 h. 
Hexane and chloroform extracts inhibited cell growth in a concentration-

Table 1: Total polyphenol and flavonoids contents and DPPH/ABTS free 
radical scavenging activity of four solvent extracts

Extract TPC
mg GAE/g 

TFC 
mg QE/g

DPPH (IC50 
µg/mL) 

ABTS (IC50 

µg/mL)

HE 53.90 ± 2.15 5.34 ± 1.71 254.90 ± 12.10 233.40 ± 
36.10

CE 211.6 ± 12.30 0.46 ± 0.98 77.77 ± 3.787 63.97 ± 3.39
EAE 436.81 ± 

15.40
5.49 ± 0.99 343.10 ± 18.34 157.20 ± 

29.81
ME 166.20 ± 

11.30
12.61 ± 0.15 22.18 ± 1.32 21.86 ± 2.57

Trolox 3.42 ± 1.40 2.90 ± 1.63

ABTS: 2,2’-azino-bis-3-ethylbenzthiazoline-6-sulfonic acid, DPPH: 1,1-diphenyl-
2-picryl-hydrazy, HE: hexane extract, CE: chloroform extract, EAE: ethyl acetate 
extract, ME: methanolic extract, TPC: total polyphenol content, TFC: total 
flavonoid content. Trolox was used as the positive reference for DPPH and ABTS 
assays. Results are expressed as the mean ± SD of three parallel measurements. 
GAE: gallic acid equivalents, QE: quercetin equivalents.

Table 2: The in vitro cytotoxic activities of the four solvent extracts of S. 
hydropyllacea leaves

  SRB assay MTT assay

Time (h) 4 24 48 4 24 48

Hexane >1000  82.52 ± 
12.46

62.16 ± 
11.23 > 1000 80.93 ± 

9.34
61.15 
± 5.64

Chloroform >1000  111.8 ± 
21.59

63.01 ± 
8.97 > 1000 118.10 ± 

22.12
60.40 
±4.57

Ehtyl 
acetate >1000  528.5 ± 

32.54
651 ± 
23.67 > 1000 639.00 ± 

15.63
600.40 
± 18.43

Methanol >1000  791.7 ± 
21.67 >1000 >1000 732.90 ± 

43.45 >1000

Paclitaxel* 28.88 ± 
2.46

 6.3 ± 
1.29

2.86 ± 
0.38

26.68 
± 3.21

5.35 
±2.91

2.99 ± 
0.21

IC50 values are expressed in µg/mL. MTT = 3-(4,5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide; SRB = sulforhodamine B
*Paclitaxel as positive control.
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dependent and time-dependent manner. The results are shown in  
Table 2. The IC50 value obtained for all the plant extracts against 
HepG2 cell was greater than 2 mg/mL at 4 h after incubation and 
hence considered non cytotoxic. However, the hexane and chloroform 
extracts exhibited significant cytotoxic effects with the IC50 values of 
82.52 ± 12.456 (hexane) and 111.8 ± 21.587 (chloroform) µg/mL for SRB 
assay and 80.93 ± 9.343 (hexane) and 118.1 ± 22.123 (chloroform) µg/
mL for MTT assay at 24 h after incubation. Ethyl acetate and methanol 
extracts showed less cytotoxicity to HepG2 cell (>500 µg/mL). Exposure 
to the hexane and chloroform extracts for 48 h enhanced the cytotoxic 
effects with the IC50 values of 62.16 ± 11.23 (hexane) and 63.01 ± 8.965 
(chloroform) µg/mL for SRB assay and 61.15 ± 5.643 (hexane) and 60.40 
± 4.567 (chloroform) µg/mL for MTT assay. Further investigations 
were carried out to evaluate whether apoptosis was the mechanism 
responsible for the cytotoxic effects of hexane and chloroform extracts 
in HepG2 cells.

Fluorescent microscopy observations to evaluate apoptotic 
effects
Fluorescent microscopy observations of cells revealed that significant 
morphological changes related to apoptosis had occurred in the cells 
treated with the hexane and chloroform extracts when compared with 
control cells [Figure 1A]. Cells stained uniformly green by acridine 
orange represents untreated control cells, whereas cells appear in yellow 
color represent early apoptotic cells, and cells appear in reddish stained 
represent late apoptotic cells.

Caspase 3 and caspase 9 activities
As shown in Figure 2, caspase-3 and caspase-9 activity in HepG2 cells 
significantly (P < 0.001) increased in response to the hexane extract at 
lower doses (12.5 μg/mL), whereas the chloroform extract increased 
the activation of both the caspases at higher dose (50 μg/mL).  Since 
expression of caspases is a characteristic feature in early apoptotic cells, 

Figure 1: Morphological changes related to apoptosis observed under fluorescent microscope and DNA fragmentation analysis. [A] HepG2 cells treated 
with either the hexane or the chloroform extract for 24 h stained with acridine orange/ethidium bromide (AO/EB). A Control cells; B, D, F cells treated 
with 10, 100, 400 μg/mL of the hexane extract, respectively. C, E, G cells treated with 10, 100, 400 μg/mL of the chloroform extract, respectively. [B] DNA 
fragmentation in HepG2 cells following treatment with hexane and chloroform extracts analyzed by agarose gel electrophoresis.
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doses less than IC50 values were selected for the present experiment at 24 
h after incubation in order to avoid late apoptotic changes in the cells.

DNA fragmentation
Slight DNA fragmentation was observed following exposure of HepG2 
cells to the chloroform extract for 24 and 48 h, whereas no DNA 
fragmentation was evident in cells treated with the hexane extract for 24 
and 48 h [Figure 2B].

Effect of S. hydrophyllacea on Bax and p53 gene expression in 
HepG2 cells
In the present study, a dose-dependent significant upregulation of pro-
apoptotic Bax and p53 were observed in both hexane and chloroform extract-
treated HepG2 cells at 24 h after incubation suggesting activation of apoptosis 
via a p53-related mechanism [Figure 3]. However, p53 expression was slightly 

reduced at high doses (25 µg/mL hexane and 50 µg/mL chloroform extracts) 
of hexane and chloroform extracts than the expression level at the low dose 
(12.5 µg/mL hexane and 25 µg/mL chloroform extracts).

GC/MS analysis
GC-MS analysis of the hexane and chloroform extracts of the leaves of 
S. hydrophyllacea tentatively identified 28 major lipophilic compounds 
including sterols, fatty acids, long-chain hydrocarbons, and an unknown 
compound [Tables 3].

Discussion
Much attention has been focused on exploiting the cytotoxic effects of 
natural compounds and plant-based remedies to discover novel and 
effective treatment modalities for different types of cancers including 

Figure 2: Activation of caspase 3 and caspase 9 in HepG2 cells 24 h after treatment with the hexane and chloroform extracts. Caspase 3 (A), caspase 9(B) 
activity of hexane extract treated cells. Caspase 3 (C), caspase 9 (D) activity of chloroform extract treated cells.***P<0.001.
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hepatocellular carcinoma.[17] Results of the present study demonstrated 
that the hexane and chloroform extracts of S. hydrophyllacea leaves 
exert a strong dose-dependent and time-dependent cytotoxicity on 

HepG2 cells as assessed by MTT and SRB assays, whereas ethyl acetate 
and methanol extracts had no significant cytotoxicity. Apoptosis is 
an essential aspect of the development and health of a multicellular 
organism. During apoptosis, cell death occurs in a well-controlled 
and regulated manner.[18] Investigations with many medicinal and 
other plants have demonstrated that apoptosis is a major mechanism 
through which they mediate anticancer effects. Results obtained in the 
present study also confirm that apoptosis could indeed to be a major 
mechanism through which the hexane and chloroform extracts mediate 
their antihepatocarcinogenic effect. AO/EB staining of HepG2 cells 
revealed that morphological changes related to apoptosis occurs in a  
dose-dependent manner, although a considerable smearing pattern of 
DNA was observed only in the HepG2 cells treated with the highest dose 
of chloroform extract.
Two major pathways (extrinsic and intrinsic) are involved in the 
regulation of apoptosis. Both these pathways converge to a common 
pathway by specific proteases called “caspases,” a family of enzymes that 
act as death effector molecules in various forms of cell death.[19] Two 
classes of caspases are generally involved in the regulation and execution 
of apoptosis: the initiator caspases, which include caspases 2, 8, 9, and 10 
and the effector caspases, which include caspases 3, 6, and 7.[20] Results of 
the present study demonstrate that the hexane and chloroform extracts 
of S. hydrophyllacea activated both caspase-3 and caspase-9 in HepG2 
cells in a time-dependent and dose-dependent manner.
Besides, caspases there are a number of genes involved in mediating 
apoptosis. Bcl-2 family of proteins such as pro-apoptotic Bax and 
anti-apoptotic Bcl-2 are mainly involved in the regulation of intrinsic 
pathway of apoptosis.[21] Pro-apoptotic Bax is involved in the regulation 
of apoptosis via activation of initiator caspases. The p53 gene is a tumor 
suppressor gene and it initiates apoptosis by activating expression of  
pro-apoptotic Bcl-2 family members such as Bax. Another anti-apoptotic 
protein, Survivin, is also believed to be regulated by p53[22] In the present 
study, a dose-dependent significant upregulation of pro-apoptotic 

Table 3: Major compounds in the hexane and chloroform extracts of Scyphiphora hydrophyllacea tentatively identified by GC-MS analysis

Hexane extract Chloroform extract

Retention Time 
(min)

Area (%) Name of the Compound Retention Time 
(min)

Area (%) Name of the Compound

5.407 0.91 Hexadecane 23.22 3.10 Decahydro-8a-ethyl-1, 1, 4a, 
6-tetramethylnapthalene

7.398 2.95 n-hexadecanoic acid 33.54 1.16 Phenol, 2,2¢-methylenebis 
[6-(1,1-dimethylethyl)-4-methyl

8.068 0.96 9,12,15- Octadecatrienoic 
acid

40.27 3.15 8-Morpholino-4-cyclooctene-1-one 
oxime

8.260 4.88 9,12,-Octadecadienoic acid 43.77 25.76 Unknown

8.369 3.12 Octadecadienoic acid
9.239 1.47 Eicosanic acid
10.410 0.92 Docosane
10.982 3.7 1-Pentadecane
11.874 12.25 Hexacosane
12.041 1.96 Tetracosane
12.267 0.96 1-iodohexadecane
12.735 1.83 Hentriacontane
12.735 1.83 1-Docosene
12.987 1.55 Alpha-Tocopherol
13.639 2.31 Camposterol
13.639 2.31 5-Cholesten-3β-ol-7-one
13.781 1.59 Stigmasterol
13.781 1.59 Cholesta-6,22,24-triene,4,4-

dimethyl

GC-MS: gas chromatography–mass spectrometry

Figure 3: Relative gene expression levels of p53 and Bax in HePG2 cells 
treated with the (a) hexane and (b) chloroform extracts. *P
P < 0.05, ** P < 0.01.
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Bax and p53 were observed in both hexane and chloroform extract-
treated HepG2 cells at 24 h after incubation, suggesting activation of 
apoptosis via a p53-related mechanism. However, p53 expression was 
slightly reduced at high doses of chloroform and hexane extracts despite 
enhanced apoptosis. Reasons for this discrepancy are not clear. It is 
possible that high doses of chloroform and hexane extracts activate other 
downstream apoptotic molecules such as apoptosis inducing factor.[23]  
Presence of fragmented DNA after exposure to chloroform extract 
results from caspase activity; AO/EB staining and gene expression 
analysis suggest that chloroform extract mediate apoptosis via caspase 
and p53-dependent pathway, which finally leads to DNA fragmentation. 
Absence of DNA fragmentation in hexane extract-treated HepG2 cells 
results from caspase activity; AO/EB staining and gene expression 
analysis suggest that hexane extract also mediate apoptosis via caspase 
and p53-dependent pathway without the activation of endonuclease G, 
which is necessary for apoptotic DNA fragmentation.[24]

Use of medicinal plants with high amount of antioxidant compounds has 
been suggested as an effective therapeutic method for hepatic damages.[25]  
Phenolic compounds are known to be potential antioxidants and there 
is a close correlation between the content of phenolic compounds and 
antioxidant activity in plant extracts.[26] Flavonoids, which are naturally 
available in plants, are believed to mediate positive effects on human 
health.[27] Research on flavonoid derivatives has proved that they contain 
anticancer, anti-inflammatory, antibacterial, and anti-allergic activity. 
Flavonoids have also been proven to be highly effective scavengers of 
most oxidizing molecules.[28] In the present study, ethyl acetate extract 
of S. hydrophyllacea leaves showed the highest total phenolic content 
followed by chloroform, methanol, and hexane extracts. Methanol 
extract contained the highest flavonoid content. Interestingly, both 
the ethyl acetate extract having the highest total phenolic content and 
the methanol extract having the highest flavonoid content were not 
cytotoxic. Furthermore, the free radical scavenging activity was low 
in the ethyl acetate extract, whereas the methanolic extract had the 
highest free radical scavenging activity. The second highest free radical 
scavenging activity was seen in the cytotoxic chloroform extract, 
which had the lowest level of flavonoids and a moderate level of total 
phenolic content. Both the DPPH and ABTS assays are widely used to 
evaluate free radical scavenging activities of plant extracts. 2,2-DPPH 
and ABTS are two free radicals used in these assays, respectively. 
Our results suggest that the flavonoids in the methanol extract and 
phenolic content in the chloroform extract are likely to be more potent 
mediators of free radical scavenging activity than similar compounds 
in the other extracts tested.
GC-MS analysis of the hexane and chloroform extracts of  
S. hydrophyllacea leaves have shown that the hexane extract is rich 
in sterols and fatty acids such as Β-Sitosterol, octadecadienoic acid, 
and lupeol, whereas the chloroform extract contain decahydro-8a-
ethyl-1,1,4a,6-tetramethylnapthalene, phenol, 2,2’-methylenebis 
[6-(1,1-dimethylethyl)-4-methyl-8-morpholino-4-cyclooctene-1-one 
oxime, and an unknown compound. Β-Sitosterol, octadecadienoic 
acid, and lupeol found in the hexane extract have been reported to be 
cytotoxic, and apoptosis inducing in other cancer cell lines include 
human gastric (SGC-7901), hepatocellular carcinoma (BEL-7402), and 
leukemia (HL-60) tumor cells.[29,30] Further studies are needed to isolate 
the active antihepatocarcinogenic and antioxidant compounds from the 
active extracts of S. hydrophyllacea

Conclusion
Results of the present study demonstrated the presence of anticancer 
compounds in mangrove plant S. hydrophyllacea. Of the four solvent 
extracts, hexane and chloroform extracts showed greater cytotoxicity to 

HepG2 cells. Furthermore, these two extracts exert apoptotic and anti-
oxidant effects. Cytotoxic and apoptosis-related studies of hexane and 
chloroform extracts allow us to conclude that these two extracts are good 
source for isolation of possible anticarcinogenic compounds.
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