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ABSTRACT 
 
Cancer is the second most deadly disease worldwide. However, its therapeutic 
treatment still faces several impediments mainly related to the severity of side 
effects and multidrug resistance of current cancer chemotherapeutics. This 
suggests a permanent need towards searching new compounds which could be 
less cytotoxic to normal cells and overcome drug resistance. Syzygium guineense is 
a plant of the Myrtaceae family widely distributed in tropical countries used in 
traditional Cameroonian medicine for the treatment of liver cirrhosis and vaginal 
infections. In this study, we investigated the cell growth inhibitory potential of leaf 
and bark extracts of S. guineense on human cervical cancer cells, SiHa and HeLa, 
followed by the study of the effects of active fractions on cell cycle as well as their 
potential to induce apoptosis.  The Bax and Bcl-2 protein content were assessed in 
the most sensitive cell line (SiHa). The GC/MS analysis helped to identify the 
putative compounds responsible for the anti-proliferative and cytotoxic effects. 
The results clearly showed that fractions L4 and L5 derived from the ethanolic leaf 
extracts exerted the most potent anti-proliferative effect in both SiHa and HeLa 
cells. GI50 values were respectively 48.11 and 33.64 µg/mL in SiHa and 56.43 and 
41.69 µg/mL in HeLa. Treatment of cells with L4 and L5 caused prominent S and 
G2/M phase arrest in SiHa and HeLa, respectively. The characterization of the 
mechanism underlying the apoptotic effect in SiHa showed an upregulation of Bax 
and a down regulation of Bcl-2. These results suggest anti-proliferative potential 
of S. guineense secondary metabolites due to cell cycle arrest and apoptosis 
induction mediated through Bax-dependent mitochondrial pathway. 
 
Key words: apoptosis, Bax, Bcl-2, cell cycle, SRB assay, Syzygium guineense. 

 
Abbreviations: Bcl-2, B-cell lymphoma 2; DMEM, Dulbecco’s Modified Eagle Medium; FBS, Fetal bovine serum; HPV, 
Human Papilloma Virus; RPMI, Roswell Park Memorial Institute Medium; PMSF, phenylmethanesulfonyl fluoride; SDS-
PAGE, Sodium Dodecyl Sulfate-polyacrylamide gel electrophoresis; TBST, TrisBuffered Saline with Tween. 
 
 
INTRODUCTION 
 
Cancer is a class of diseases in which a cell or a group of 
cells exhibit unrestrained growth, invasion and metastasis 
resulting from a disruption of tissue homeostasis. 
According to GLOBOCAN, 18.1 million new cases and 9.6 
million deaths occurred in 2018 (Bray et al., 2018). Current 
estimates indicate that women represent almost the half of 
the global burden with cervical cancer ranking as the fourth 
most common cancer after breast, colorectal and lung 

cancers (Ferlay et al., 2014). In 2012, about 528.000 new 
cases were recorded worldwide and cervical cancer only 
lead to 266.000 deaths (Ferlay et al., 2014). In Cameroon, 
13.8% of all female malignancies are linked to cervical 
cancer which is the second most common gynecological                   
and the second leading cause of death among women 
(Enow et al., 2012). 

Due to severe side effects of surgery, radiotherapy and 
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chemotherapy as well as their high cost, phytotherapy is 
encouraged for the management of cancer. In fact, 
approximately 60% of all drugs undergoing clinical trials 
now for the multiplicity of cancers are either natural 
products or natural derived- compounds (Newman and 
Crgag, 2016). Plant extracts can therefore be regarded as 
chemical libraries of structurally diverse compounds and 
their investigation constitutes a promising approach in 
drug discovery. 

Syzygium guineense (Willd.) is a Cameroonian plant used 
by populations as spice. In African traditional medicine, this 
plant is used to treat amenorrhea, sexually transmitted 
diseases and its antibacterial properties have been 
demonstrated on E. coli, commonly involved in cervico-
vaginal infections (Tsakala et al., 1996). The chemical 
composition of its methanolic extract of leaves revealed the 
presence of triterpenes (Djoukeng et al., 2005). Stem bark 
extracts were found to be rich in phenolic compounds, a 
well-known class of secondary metabolites endowed with 
promising anticancer properties (Pieme et al., 2014). 
Moreover, S. aromaticum has been proved to be a suitable 
source of betulinic acid, one of anticancer compounds 
currently undergoing clinical studies (Abdalrahim et al., 
2012). However, the anticancer properties of S. guineense 
have not been explored much, although plants from the 
same genus have shown such effects on several cancer cell 
lines (Banerjee et al., 2011). Hence, this study was 
undertaken to investigate the anticancer effects of crude 
extracts from Syzygium guineense var. macrocarpum on two 
human cervical cancer cell lines, and elucidate the 
mechanism underlying the anticancer effect of the most 
active fractions, as well as to determine their 
phytochemical composition. 
 
 
MATERIALS AND METHODS 
 
Plant harvesting and extracts preparation 
 
Leaves and barks of Syzygium guineense (Willd.) were 
harvested in Centre Region of Cameroon in November 2014 
and identified by comparison to voucher number 4985HNC. 
The air-dried leaves and barks were ground and extracted 
as described by Tankeu et al. (2016). The aqueous and 
water-ethanol extracts were lyophilized while the 
ethanolicones were dried in an oven at 50C. The resulting 
crude extracts were labeled as follows L1 (crude ethanol 
extract from leaves); L9 (crude aqueous extract from 
leaves); L10(crude aqueous ethanol extract from leaves); B1 
(crude ethanol extract from barks); B2 (crude aqueous 
extract from barks) and B3 (crude aqueous ethanol extract 
from barks).  

The crude ethanolic extract of leaves was subjected to 
vacuum chromatography over silica gel (200–300 mesh), 
elution was done with hexane, ethyl acetate and methanol 
by increasing the polarity of the mixture of solvents. All the  

 
 

 
collected sub-fractions (200 mL) were grouped into four 
fractions according to thin layer chromatography (TLC) 
monitoring and labeled as follows: L4: Fraction F1 
hexane/ethylacetate 6/4 (v :v); L5: Fraction F2 (hexane 
/ethylacetate  4 /6 (v : v); L6: Fraction F3 (ethyl acetate: 
methanol (7/3); L7: Fraction F4 methanol. 
 
 
Cytotoxic effect of plant extracts on different cancer cell 
lines 
 
For the cytotoxicity assay, the SulfoRhodamine B (SRB) 
assay which is the standard method recommended by the 
NCI for the anticancer screening drug was performed as 
described by Chavan-Rohit et al. (2016). Growth inhibition, 
anti-proliferative and cytotoxic parameters of crude 
extracts and fractions were determined. Four different 
concentrations of 100, 50, 10 and 1 µg/mL of each extract 
were tested. Normal Peripheral blood Lymphocytes 
(NPBLs) were used as normal cells and Adriamycin was 
used as positive control and tested at 80, 40, 20 and 10 
µg/mL. Briefly, about 5,000 cells were plated in 96 well 
plates in 100 µL of medium and incubated for 24 h and then 
cells were exposed to different concentrations of plant 
extracts followed by further 48 h incubation. Then, the cells 
were fixed with 50 µL of 30% (wt/v) tricholoro acetic acid  
and kept at 4°C for 1 h. Plates were washed repeatedly four 
times and allowed to dry, and then stained with 50 µL of 
0.4% SRB dye for 30 min. The excess dye was removed by 
repeated washing with 1%(v/v)acetic acid solution and 
plates were kept for drying. The protein-bound dye was 
dissolved in 10 mMTris-base solution (pH 10.5). The optical 
densities (OD) were measured at 540 nm using a micro-
plate reader (Sunrise Model, Tecan Company, Germany). All 
the experiments were repeated three times and each 
concentration was plated in triplicate. Two plates serving 
as TZ were always kept and optical densities were 
measured after 24 h of incubation (at the time of drug 
addition to the test plates). 

Three measurements were obtained: TZ: Average value of 
OD readings of the whole control plate 24 h after seeding 
the cells; Control (C): Average value of eight wells kept as 
control (72 h post seeding cells; Ti: Average value of OD 
readings of three wells of each concentration 48 h after 
drug addition. 

The percent control growth was determined according to 
the equation: % Growth = 100 × [(Ti-Tz)/C-Tz]. A dose-
response curve for each compound and each cell line was 
plotted. From each the dose-response curve for each 
compound, the equation of the linear curve was used to 
calculate the GI50, TGI and LC50 values as follows: GI50= 
Concentration of the drug that produces 50% of growth 
inhibition; TGI = Concentration of the drug that produces 
total inhibition of cells;LC50 = Lethal concentration 50 is the 
concentration of the drug that kills 50 % of cells (cytotoxic 
parameter). 
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DNA content and cell cycle phase distribution 
 
About 0.2×106 cells/mL per well were treated with plant 
extracts at 20, 40,60, 80, 100 µg/mL, for 24 h. Cells were 
harvested and washed with 1 mL of 1X PBS twice and 
centrifuged at 1000 rpm for 10 min at 4C. Then, cells were 
fixed using chilled 70% alcohol, washed again and the pellet 
was re-suspended in 500 µL of 1X PBS. 50 µL of RNase A 
(100 µg/mL) and 50 µL of 0.4µg/ml of propidium iodide 
(PI)were added and incubated at 37C in the dark for 30 
min. Finally, cells were acquired immediately on flow 
cytometer FACS Calibur (Becton Dickinson, San Jose, USA). 
Etoposide was used as positive control. The resulting DNA 
distributions were analyzed by Modfit 2.0 for the 
proportions of cells in G0-G1, S- phase and G2/M phases of 
the cell cycle and apoptosis. 
 
 
Analysis of Bax and Bcl-2 protein expression by 
western blot 
 
Only SiHa cell line was used since it was more sensitive 
than HeLa according to SRB results. The method of Sun et 
al. (2018) with some modifications was used. Cells were 
treated for 6, 12 and 24 h with L4 and L5. For each period of 
time, a control was kept. Cells were treated at 100 and 80 
µg/mL, respectively for L4 and L5, the concentrations of L4 
and L5 which showed the highest percentage of apoptotic 
cells after cell cycle analysis. For protein expression 
analysis,  control and treated cells were harvested and 
centrifuged at 1200 rpm for 10 min. Cell pellets were 
washed with 1X PBS and stored at - 80°C. Cell lysates were 
obtained by sonication with lysis buffer which contained 
0.5 M Na3VO4 and 0.5M PMSF. The total protein content in 
the collected supernatant was quantified using the 
Bradford method. 

For β-actin, Bax, and Bcl-2, the protein samples were 
separated by 15% SDS-PAGE. The protein samples were 
then transferred onto a nitrocellulose membrane and 
blocked with 5% skim milk for 4 h. Anti-Bax, Anti-Bcl-2 
antibody (1:1000) and anti-β-actin antibody (1:2000), 
diluted in 3% BSA, was added to the membrane and the 
membrane was incubated at 4°C overnight. After three 
washes with TBST, the immune complex was recognized by 
a secondary antibody conjugated with horseradish 
peroxidase (1:2000). After three washes with TBST, the 
peroxidase activity was visualized using the ECL kit. The 
densitometric analysis of the bands was determined using a 
gel documentation system (Gel Analyzer, ShineTech, 
Beijing, China). 
 
 
GC/MS analysis of fractions L4 and L5derived from 
crude ethanolic extract of leaves 
 
The GC/MS analysis of hexane/ethyl acetate fractions L4 

 
 
 
and L5 was performed according to the method described 
by Salim et al. (2013) . Identification was made by 
comparison of their mass spectra with those stored in NIST 
library. The relative percentages of chemical constituents in 
crude extract and fractions from leaves were calculated 
based on GC peak areas and expressed as percentage.  
 
 
Statistical analysis 
 
The anti-proliferative experiments were done in triplicates 
and each data point represents the average of 3 
independent experiments. The distributions of the data are 
abnormal. The data were expressed as mean ± SD. Data 
were analyzed using SPSS (Version 20.0.) One way analysis 
of variance was applied to observe the significance between 
the groups and post hoc Duncan’s multiple range tests was 
performed at p < 0.05. Generation of graphs was completed 
using Graph Pad Prism® version 5.0 for Windows 
(GraphPad Software, San Diego California USA). 
 
 
RESULTS 
 
The results of the anti-proliferative effect of the crude 
extracts and fractions of S. guineense on cervical cancer 
cells (SiHa and HeLa) are shown in Figure 1. This figure 
clearly showed a selective cytoyoxic effect of extracts 
towards cancerous cells as compared with normal 
peripheral blood lymphocytes (NPBLs). The percent control 
growth of both crude extracts and fractions was above 90% 
at all the tested concentrations upon treatment of NPBLs 
(Figure 1i to k). A dose-dependent inhibition of cervical 
cancer cells growth upon treatment with crude extracts and 
fractions was also observed. SiHa cell line was found to be 
more sensitive to S. guineense extracts and fractions as 
compared with HeLa cells. The aqueous extract of bark 
(Extract B2; Figure 1b and f) showed increased growth 
inhibitory and cytotoxic effect (p<0.05) on both cell lines as 
compared with its ethanolic (Extract B1) and hydro-
ethanolic counterparts (Extract B3). The GI50 and TGI values 
for extract B2 were 84.5 and 140 μg/mL respectively, and 
LC50 = 195.5 μg/mL on SiHa while GI50 for ethanolic and 
hydro-ethanolic extracts was 361.70 and 551µg/mL, 
respectively. In contrast, among the leaf extracts, the 
ethanolic one (Extract L1) inhibited more efficiently the 
growth of SiHa and HeLa than its counterparts with 
respective GI50 values of 122.3 and 126.4 μg/mL 
respectively (Figure 1a and e; Tables 1 and 2), whereas that 
of aqueous and hydro-ethanolic ranged from 210.5 to 813.5 
µg/mL. The lowest Total Growth Inhibition (TGI) and 
Lethal Concentration 50(LC50) values were also observed 
with the same extract at 285.1 and 205.8 μg/mL, 
respectively on HeLa (Table 1). 

Out of the four fractions derived from the leaf ethanolic 
extract, L4 and L5 showed the best anti-proliferative activity  
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Figure 1: Percent control growth of Human cervical cancer cell line (HeLa) treated with crude extracts and fractions of S. guineense ; a:  Leaves ; b:  Barks; C: Fractions derived from crude 
ethanolic extract of leaves; d: Adryamicin (positive control). a-d; effects on Hela  cells; e-h: effects on SiHa cells, L1 (crude ethanol extract from leaves); L9 (crude aqueous extract from leaves); 
L10 (crude aqueous ethanol extract from leaves); B1 (crude ethanol extract from barks); B2 (crude aqueous extract from barks) and B3 (crude aqueous ethanol extract from barks). L4: Fraction 
hexane /ethyl acetate 6 /4 (v : v); L5: Fraction (hexane /ethyl acetate 4 /6 (v : v); L6: Fraction (ethyl acetate: methanol (7/3); L7: Fraction pure methanol ; i-k: effects on Normal Peripheral blood 
Lymphocytes; Values are mean ± SD of three determinations). 
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Table 1: Anti-proliferative and cytotoxic parameters of crude extracts of leaves of S. guineense on Human Cervical cell line (HeLa). 
 

Parameter HeLa LC50 (µg/mL) TGI (µg/mL) GI50 (µg/mL) 

Leaves extracts of 
S. guineense 

L1 285.1 205.8 126.4 
L9 1739.6 1276.6 813.5 

L10 448.9 330.4 211.8 
     

Barks extracts of S. guineense B1 591.2 433.6 276.1 
B2 204.8 149.9 95.0 
B3 NE NE NE 

     

Fractions of Ethanolic extract 
of Leaves of S. guineense 

L4 126.7 91.6 56.4 
L5 99.1 70.4 41.7 
L6 276.0 201.2 126.5 
L7 259.3 183.5 107.7 

 

NE: Not Evaluable; L1 (crude ethanol extract from leaves); L9 (crude aqueous extract from leaves); L10 (crude  aqueous ethanol extract from 
leaves); B1 (crude ethanol extract from barks); B2 (crude aqueous extract from barks) and B3 (crude aqueous ethanol extract from barks). L4: 
Fraction hexane /ethylacetate 6 /4 (v : v); L5: Fraction (hexane/ethylacetate 4 /6 (v : v); L6: Fraction (ethyl acetate: methanol (7/3); L7: 
Fraction pure methanol. 

 
 

Table 2: Anti-proliferative and cytotoxic parameters of crude extracts of leaves of S. guineense on human cervical cell line (SiHa). 
 

 SiHa LC50 (µg/mL) TGI (µg/mL) GI50 (µg/mL) 

Leaves extracts of 

S. guineense 

L1 323.4 222.8 122.3 

L9 NE NE NE 

L10 553.1 381.8 210.5 
     

Barks extracts of S. guineense B1 894.8 628.2 361.7 

B2 195.5 140.0 84.5 

B3 1429.7 990.4 551.0 
     

Fractions of Ethanolic extract 
of Leaves of S. guineense 

L4 125.9 87.0 48.1 

L5 97.0 65.1 33.2 

L6 444.0 300.0 156.1 

L7 1956.7 1305.6 654.5 
 

NE: Not Evaluable; L1 (crude ethanol extract from leaves); L9 (crude aqueous extract from leaves); L10 (crude  aqueous ethanol extract from 
leaves); B1 (crude ethanol extract from barks); B2 (crude aqueous extract from barks) and B3 (crude aqueous ethanol extract from barks). 
L4: Fraction hexane /ethylacetate 6 /4 (v : v); L5: Fraction hexane /ethylacetate 4 /6 (v : v); L6: Fraction (ethyl acetate: methanol (7/3); L7: 
Fraction pure methanol. 

 
 
profile (p<0.05) both in SiHa and HeLa cell lines (Figure 1c 
and g). At 50 μg/mL, fraction L5 had a quasi-cytostatic effect 
and became cytotoxic (cell death) beyond 50 µg/mL on 
both cell lines. This cytotoxic effect justifies the negative 
percent control growth observed with this fraction, as 
shown in Figure 1c and g. Similarly, fraction L4 showed a 
cytostatic effect at 100 μg/ml on HeLa cells and a cytotoxic 
effect at the same concentration on SiHa. These anti-
proliferative and cytotoxic effects of fractions L4 and L5 are 
further supported by GI50, total growth inhibition and LC50 
values as shown in Tables 1 and 2. On SiHa cell line, L4 
exhibited GI50 and TGI values of 48.1 and 87 μg/mL, 
respectively while L5 demonstrated a slightly better activity 
with GI50 and TGI of 33.2 and 65.1 µg/ml, respectively. The 
same fractions were also the most active on HeLa but with 
slightly higher anti-proliferative and cytotoxic parameters 
(Figure 1c and Table 1). Positive control Adriamycin 

exhibited strong anti-proliferative efficacy against both 
these cell lines (Figure 1d and h) 

Moreover, cell cycle analysis was done by flow cytometry 
to study the effects of L4 and L5 treatment on the different 
phases of cell cycle as well as their ability to induce 
apoptosis. It emerged from cell cycle analysis results 
(Figure 2) that L5 inhibited cell proliferation by blocking the 
cells in S and G2/M phase in SiHa and HeLa cell lines, 
respectively with 29.88% and 60.75% as compared to the 
untreated cells (10.01% and 19.69%)(Figures 3B and 3D).  
Nonetheless, it is noticeable that at 100µg/mL there is a 
marked increase in the S phase population concomitantly 
with a drop in the number of G2/M cells (74.95% versus 
1.68%). Conversely,fraction L4 did not induce any major 
effect on the cell cycle of SiHa cells while it induced a G2/M 
phase arrest in HeLa cells with 79.07% of cells at 100µg/ml 
as compared to the untreated control cells(19.69%) 
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Figure 2: Cell cycle analysis of SiHa and HeLa cells treated with fractions L4 and L5. 
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Figure 3: Effects of fractions L4 and L5 on cell cycle and DNA content of SiHa and HeLa cells. 
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Figure 4: Expression profile of pro-apoptotic protein Bax and anti-apoptotic protein Bcl-2 in human cervical cancer cell line (SiHa) A: Bax; B: Bcl-2. 

 

 
 
 (Figures 3A and 3C).  

In parallel with the alterations observed in the 
phases of the cell cycle after treatment with the 
fractions L4 and L5, a sub-G1 peak characteristic of 
the apoptotic cells was also observed. The analysis 
revealed the induction of a dose-dependent 
apoptosis (Figure 3A, C, and D). Nonetheless, it is 
noteworthy that the highest percentage of apoptotic 
cells was rather observed at 80 µg/mL with L5 on 
SiHa cells (Figure 3B). 

Although apoptosis involves both intrinsic and 
extrinsic pathways, tumors arise more frequently 
through dysregulation of the intrinsic pathway. To 
gain insights into the molecular pathway involved in 

L4 and L5-induced cell death, the protein expression 
profile of pro-apoptotic Bax and anti-apoptotic Bcl-
2 was studied by western blotting. The results 
showed a concomitant upregulation of Bax and 
down-regulation of Bcl-2 after 6 h of treatment of 
SiHa cell line with L5 (Figures 4A, 5 and 6). This 
upregulation of the pro-apototic protein Bax 
decreases gradually with the time and seems to 
return to the normal almost after 24 h of treatment, 
accompanied by an up-regulation of Bcl-2 as 
compared with the control (Figure 5). In the case of 
fraction L4, Bax was down-regulated after 6 h and 
seems to return to the normal level after 24 h. 
Similarly, the level of Bcl-2 decreased after 6 and 12  

h but returns to the basic level as compared with 
the control after 24 h (Figure 4B). However, the 
Bax/Bcl-2 ratio (Figure 6) showed a significant 
difference only after 6 h of treatment of cells with 
fraction L5 as compared to the control. 

Since the biological activities of plant extracts are 
related to their content in certain class of secondary 
metabolites, the phytochemical analysis of L1-
derived fractions L4 and L5 was done by Gas 
Chromatography/ Mass Spectrometry. Fractions L4 
and L5 showed 149 and 126 peaks respectively 
(Figure 7A and B). Methyl hydrogen disulfide was 
the main compound in L4(54.58%), the remaining 
compounds fall into classes of terpenes, fatty acids,  
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Figure 5: Western blot analysis of Bax and BcL-2 proteins expression profile in human Cervical cancer cell line (SiHa) ; Ctr: Control. 

 
 

 
 

Figure 6: Expression profile of ratio Bax/Bcl2 in human cervical cancer cell line (SiHa). 
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Figure 7: Chromatograms of GC/MS analysis of fractions L4 and L5 derived from ethanolic crude extract from leaves of Syzygium 

guineense ; A: L4: hexane-ethyle acetate 80:20 (v:v). B: L5 hexane-ethyle acetate 60:40 (v:v). 

 
 
 

Table 3: Major compounds of interest found in fraction L4 derived from crude ethanolic extract of leaves by GC/MS analysis. 

 

RT Common name % Area Systematic name 

0.996 - 54.58 Methyl hydrogen disulfide 

1.099 - 0.45 Methacrolein 

1.169 - 5.46 Ethyl Acetate 

1.317 - 0.01 Cyclohexane 

17.963 - 0.40 Copaene 

19.127 α-Bourbonen e 0.07 1H-3a,7-Methanoazulene, 2,3,4,7,8,8a-hexahydro-3,6,8,8 

19.373 Spathuleno l 0.04 1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7-trimethyl-4- 
methylene- 

19.692 β- cubebene 0.02 1HCyclopenta[1,3]cyclopropa[1,2]b enzene, octahydro-7-
methyl-3- 

methylene-4-(1-methylethyl)-, 

20.416 acoradiene 0.03 Spiro[4.5]dec-7-ene, 1,8-dimethyl-4-(1-methylethenyl)- 

21.459 Curcumene 9.04 Benzene, 1-(1, 5-dimethyl-4-hexenyl)-4-methyl- 

22.115 α- bergamotene 0.40 Bicyclo[3.1.1]hept-2-ene, 2,6- dimethyl-6-(4-methyl-3 

22.406 - 0.89 Ledol 

22.713 - 0.69 Cedrene 

26.263 - 0.16 tau.muurolol: 

26.795 Trans-nuciférol 1.50 6-(p-Tolyl)-2-methyl-2-heptenol 

31.792  1.76 .alpha.-Bisabolol 

32.337 phytol 1.49 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 

 
 
sterols, and hydrocarbons (Table 3). Unlike in L1 and L4, L5 

mainly contained dimethylsulfoxonium formyl-methylide 
(20.27%) followed by sulfurous, nitrogen and oxygenated 
hydrocarbons (Table 4). 

DISCUSSION 
 
Natural products have proven to be very useful in 
anticancer drug development over the last decades,
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Table 4: Major compounds of interest found in fraction L5 derived from crude ethanolic extract of leaves by 

GC/MS analysis. 
 

RT % Area Sytematic Name 

3.097 20.27 Dimethylsulfoxoniumformylmethylide 

3.170 9.7 Hepta-4,6-diyn-2-ol 

3.201 9.31 Sulfurdioxide 

3.292 10.56 Tetrafluoroformamidine 

3.398 3.87 Aminomethanesulfonicacid 

3.457 2.40 Disulfide, dimethyl 

3.630 4.42 Ethene, 1,1-difluoro- 

3.675 6.98 Ethene, 1,2-difluoro- 

3.722 4.78 Methanesulfonylazide 

3.767 1.05 Methanesulfonic anhydride 

3.795 2.99 (N-(-2-Acetamido))-2-aminoethanesulfonic acid 

3.892 4.02 Dimethyl sulfone 

3.972 2.15 Tetrazolo[1,5-b]pyridazine, 6-chloro- 

3.990 1.08 2-Propanol, 1,3-dichloro- 

4.205 1.34 2-Aminoethyl hydrogen sulfate 

4.280 3.89 3-Thiatricyclo[3.1.1.0(2,4)]heptane 3-oxide 

4.372 2.51 Sulfurousacid, dimethyl ester 

4.421 1.94 Methanesulfonylchloride 

4.450 1.40 Thiophosphordiamide, S-methyl ester 

 
 
 
particularly those derived from terrestrial plants. SRB assay 
is one of the most widely used methods for drug-
cytotoxicity testing and the standard method recommended 
by National Cancer Institute (NCI) for anticancer drug-
screening. Based on this method, our results clearly showed 
that, extracts from S. guineense exhibited a growth 
inhibitory potential against the tested cervical cancer cell 
lines. These results are in agreement with those of Banerjee 
and Narendhirakannan (2011) who reported also the anti-
cervical cancer proliferative effect of ethanolic extract of 
Syzygium cumini. 

Fractions L4 and L5 derived from ethanolic extract of 
leaves showed a significant increase (about two fold) of the 
growth inhibitory and cytotoxic potential as compared with 
the mother crude ethanolic both in SiHa and HeLa cells. 
These results show that the fractionation process resulted 
in the isolation of molecules responsible for the observed 
anti-proliferative effect in fractions L4 and L5. Moreover, 
these bioactive compounds are suggested to  be of low 
polarity since fractions L4 and L5 are mixtures of 
compounds eluted with the 80:20 and 60:40 hexane-ethyl 
acetate mixture (v: v), respectively. The phytochemical 
profile of these fractions further supports this hypothesis 
by their richness in terpenes and fatty acids, which are 
known low polarity metabolites (Pejin et al., 2014). 
Moreover several studies reported the anti-proliferative 
effect of terpenes (Cavalieri et al., 2011). 

A number of biological effects such as enzyme 
modulators, cell cycle disruption and apoptosis triggering 

have been reported as molecular mechanisms involved in 
the anticancer activity of plant extracts  (Pieme et al., 2014). 
Thus, cell cycle analysis revealed an increase in S phase 
cells population in SiHa upon treatment with L4 and L5, 
suggesting that the latter arrested SiHa cells at the S phase 
by stimulating the cells from the G0/G1 phase to the S phase, 
thereby preventing the cells from undergoing mitosis and 
subsequently inhibiting their proliferation. Conversely, 
both fractions rather induced a G2/M phase arrest on HeLa 
cells. However, both fractions can be considered as mitosis 
inhibitors on both the cell lines. Additionally, L4 and L5 

triggered apoptosis in both the cell lines which justifies the 
observed cytotoxicity. These results are in agreement with 
several research data dealing with the mechanism of action 
underlying the anticancer effect of natural products (Singh 
et al., 2010; Belayachia et al., 2017). Furthermore, Banerjee 
et al. (2011) demonstrated that S. cumini extract inhibits 
growth and induces apoptosis in HeLa and SiHa cervical 
cancer cells.  

One mechanism evolved by cancer cells responsible for 
their uncontrolled proliferation is to escape or resist 
apoptotic cell death either by up-regulating anti-apoptotic 
proteins or down regulating pro-apoptotic proteins. Our 
results of expression profile of pro-apoptotic protein Bax 
and anti-apoptotic protein Bcl-2 by western blot analysis 
clearly showed an increase in Bax and a decrease in Bcl-2 
expression after 6 h. Bax might suppress the effect of Bcl-2 
thereby contributing to the outer mitochondrial membrane 
permeability required for the release of apoptogenic factors  
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involved in the execution of cell death by promoting 
caspase activation or by acting as caspase-independent 
death effectors (Pawlowski and Kraft, 2000). Consistent 
with our data, it has been suggested that a high ratio of 
Bax/Bcl-2 can lead to a collapse of the mitochondrial 
membrane potential resulting in apoptosis (Teijido et al., 
2010). Moreover, it has been greatly reported that Bcl2 is 
inactivated by phosphorylation when cells are arrested in 
G2/M phase (Tashiro et al., 1998). This hypothesis also 
agrees with our data in HeLa treated cells. Nonetheless, 
although we did not study the effect on tumor suppressor 
protein P53, another mechanism could be the activation of 
P53 which might stimulate the synthesis of P21, thereby 
preventing the kinase activity of Cdk/Cycline B which 
catalyzes the phosphorylation of serine/threonine residue 
in the cell cycle regulatory target proteins. The S phase 
arrest exhibited in SiHa also comforts the hypothesis in 
favor of P53 activation and subsequently increased the 
synthesis of P21. Absolutely, P53 activation appears as the 
common pathway to be triggered in order to exert both S 
and G2/M phase arrests since P21 can inhibit respectively 
cycline A/Cdk2 and Cycline B/Cdk 1 complexes, thereby 
inducing both S and G2/M phase arrests. Compounds such 
as phytol, α-bisabolol, cedrene and copaene, found in 
fraction L4, could be responsible for the observed anti-
proliferative and cytotoxic effects. In fact, several research 
data dealing with the effect of these compounds on cell 
cycle have been reported so far (Pejin et al., 2014; Bonifacio 
et al., 2012). However, the major compounds identified in 
fraction L5 have not yet been reported in the literature as 
endowed with anticancer effect. This suggests that either 
identified minor compounds reported in the literature for 
their anticancer activity might be responsible for the best 
activity exhibited by this fraction, or major compounds may 
have intrinsic anticancer effect not yet elucidated. 
Nonetheless, major compounds could also act 
synergistically with minor ones leading to an improvement 
of the overall anticancer effectiveness of fraction L5 . 
 
 
CONCLUSION  
 

The current study demonstrated that S. guineense possess 
anti-proliferative effect on SiHa and HeLa cells. Our results 
indicated that fractions L4 and L5 derived from the crude 
ethanolic extract inhibited the proliferation of SiHa and 
HeLa cell lines at a dose- and time-dependent manner via S 
and G2/M phase arrests, respectively as well as 
mitochondrial apoptotic programmed cell death. These 
data may complement its use for the treatment and 
management of cancer in Africa since it is used in African 
traditional medicine to manage various ailments. However, 
more studies on their mode of action will be relevant to 
deeply understand the molecular pathway involved in the 
observed anti-proliferative properties. Toxicities studies 
should also be performed to assess its safety and optimize 
its potential use as a lead in anticancer therapy. 
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