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Abstract

Mangrove plants are one of the most extensive biodiversity in Jambi. Besides functioning as 
a coastal ecosystem protector, it also has any potential of its chemical content. The study of 
mangrove’s bioactive compound is important to generate a new therapeutic agent. This study 
aims to obtain chemical compounds that have cytotoxic activity, reveal the chemical formula 
and molecular structure of that active compound, and determine the cytotoxic activity level 
of active compound from perepat (Sonneratia alba) root extract. The extract was isolated 
and purified using Liquid Vacuum Chromatography, Graphitation Column Chromatography, 
and Thin Layer Chromatography. The isolate was characterized using FT-IR spectropho-
tometry. Our result found that it corresponds to the β-sitosterol compound group with a high 
similarly chromophore. Furthermore, both of the extract and isolate was tested for toxicity 
activity using the Brine Shrimp Lethality Test (BSLT) method using Artemia salina shrimp 
larvae. Herein, we reported that acetone isolated extract possesses lower cell death average 
100% (start 200 μg/ml) than isolate extract 80% (50μg/ml). Furthermore the toxicity of total 
extract has LC50 23,98 (μg/ml), while Isolate 10,04 (μg/ml). From the LC50 value, it can be 
concluded that the toxicity of the extract lower than the isolate, and both were classified as 
very toxic compounds, and very potential to be developed into anti-cancer drug compounds.
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Introduction
Cancer is a very dangerous disease and 
the second leading cause of death globally 
after cardiovascular disease. Once cancer is 
diagnosed, the patient may require medical 
treatment and specialized care for months 
and even years. In 2014 WHO reported 
that an estimated 7.4 million deaths in the 
world caused by cancer, somehow that is 
approximately 70% of deaths in the world 
caused by cancer occur in both low-and 
middle-income countries.1 

Over the last few decades, there has been 

growing alternative for cancer treatment, such 
radiation, surgery, and chemotherapy, even 
synthetic drugs.2 Hence, cancer treatment in 
this way is considered to be unsatisfactory 
and selective because it has a mechanism of 
action that not only damages DNA in cancer 
cells but also in normal cells around it and 
provides considerable side effects.1,3 On the 
other hand, posing heal and resistance use of 
that treatment, especially in poor countries or 
communities, also more costly even might not 
be available anytime. That is the most reason 
that encourages people to look for alternative 
treatment using natural material, because not 
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only safer regarding genetic effect and low-
cost but also it may minimize side effects. 
The utilization of natural materials (plant), 
specifically to elucidate and found the 
sources of new-anticancer compounds which 
is very potential. Historically, plant extract 
has been used for a long time as medicine for 
treating may illnesses. Among the plant, ones 
of plant that has the potential to be explored 
are Mangrove Perepate (Soneratia alba).4 
Unfortunately, the Province of Jambi is one 
of the provinces that have great potential for 
mangroves. This plant grows along the coast-
line in West Tanjung Jabung Regency and 
East Tanjung Jabung Regency.5 

The previous research has been reported 
that the secondary metabolites alkaloids, 
phenolics, flavonoids, tannins, terpenoids, 
and saponins are present in S.alba. 
Technically we need to use various solvents 
with different polarities to be able to isolate 
a single compound that can have maximum 
potential as a drug compound such as 
n-hexane (non-polar), ethyl acetate (semi-
polar), and methanol (polar).5 The secondary 
metabolites distribute in both leaf, and 
fruit which are contain flavonoids, tannins, 
saponins, and steroids.6 Furthermore, 
triterpenoid (oleanolic acid, ursolic acid, 
lupeol, squalene) and sterol (β-sitosterol 
and stigmasterol) obtained from the leaves, 
stems, and bark of S. alba’s methanol extract 
promising to act as antioxidants and anti-
cancer agents.7 Generally, the secondary 
metabolites alkaloids, phenolics, flavonoids, 
tannins, terpenoids, and saponins have the 
potential as anticancer agent.7–9

The antioxidant activity assay of perepat root 
plant extracts (Sonneratia alba) we did by 
DPPH (2,2-diphenyl-1-picrylhydrazyl) free 
radical reduction method and showing that 
ethyl acetate extract from the parts of perepat 
plant leaves and fruit had a high percentage 

of inhibition ie, 79.45 and 69.96%.10 Further 
assays of antioxidant activity on S. alba leaf 
extract, reported by testing of red blood cells 
of thalassemia patients. The results in the 
ability of  S. alba extract to overcome oxidative 
stress and the ability of antioxidant activity 
from S. alba is an opportunity to looking for 
an anticancer compounds candidate.11 Based 
on several studies showing that plants that are 
active as antioxidants somehow also correlate 
with anticancer activity.1,3,9 This seems that 
by the existence of research reports regarding 
the cytotoxic activity of this plant as reports 
in the previous study which show that the 
methanol extract of S. alba leaves is toxic 
with an LC-50 value of 743,019 ppm.4,12 

Moreover, in this study, we isolated chemical 
compound and elucidated of the structure 
of the compound which has the potential 
as an anticancer from S. alba root extract. 
This research was carried out by several 
methods to achieve the research objectives 
include isolation, structure determination, 
and anticancer potential activity through 
cytotoxicity assay. The isolation protocol 
was following both granular gradient and 
purification with various chromatographic 
techniques. The structure of the isolated 
compounds then determined based on 
spectroscopic data, which includes the UV-
Visible Spectrum and FT-IR spectroscopy.8 
Moreover, the cytotoxic activity of the 
isolated compounds was tested by the Brine 
Shrimp Lethality Test (BSLT) method.13

Methods
Sample and Material Preparation 
The sample is Mangrove’s root (S. alba) 
which was obtained from Kampung Laut 
Village, Kuala Jambi District, East Tanjung 
Jabung Regency, Province of Jambi, 
Indonesia. The samples were taken randomly 
then dried and mashed to form a powder. 
All of the organic solvents that we used are 
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CH3OH (MERCK); n-hexane, Ethyl Acetate 
(Sigma-Aldrich), Acetone (MERCK), HCl 
(Sigma-Aldrich), and amoxicillin (MERCK) 
was purchased from a company. Apart from 
that, we use Larvae of Shrimp was collected 
from seawater.

Extraction and Fractionation of Organic 
Compounds 
The mangrove perepat roots were cut into 
small pieces, dried up, and mashed using 
a grinder to obtain a powder. The fine-
grained macerated with n-hexane, ethyl 
acetate, and methanol for 24 h.  Maceration 
is repeated three times then, concentrated 
on three different macerates using a rotary 
evaporator. For each macerate, we examined 
the cytotoxic activity test. Furthermore, the 
cytotoxic active extract was carried out by 
separation and purification.4

The fraction of Extract Compound
To verified the specific compound and its 
effect, we were carried out separation and 
purification from the total extract compound 
to become single-compound by thin-layer 
chromatography in solvents with various 
eluents. Furthermore, the active fraction 
was vacuum using column chromatography 
and silica gel as a stationary phase with a 
ratio of 1:20. The sample was prepared by 
pre-absorption and eluted using eluent with 
increased polarity effect, then eluent stored in 
bottles grouped into column fraction of TLC 
resultants. Each of column fractionation then 
evaporated using a rotary evaporator and 
determine for its cytotoxic activity. To the 
increasing quality of the active fraction, then 
the total extract compound was separated 
and purified by both chromatography and 
recrystallization techniques to obtain a pure 
active compound which has cytotoxicity 
activity.14 In order that we also carried out 
identification compounds using UV-Vis.

Cytotoxicity Assay
The solution was prepared into 3 different 
concentration (1000,100, and 10µg/ml 
respectively), and used for analysis. Then, 
each solution we divided into 3 vials (test) 
and 1 vial (control). The raw solution made 
by dissolving 20 mg of the sample into 2 ml 
of methanol, were dissolved into distilled 
water to reach 1000; 100; and 10 µg/ml of 
the solution 500 µl; 50µl; and 5µl from the 
raw solution into distilled water. The vials 
contained the solution, were put in a vacuum 
desiccator then vacuumed until all the solvents 
evaporated, then added approximately 50 µl 
DMSO+ 2ml seawater into all of the vials. 
Moreover, 10 of larvae shrimp were put into 
the solution, then seawater were added up to 
5 ml. The cytotoxic activity was observed 
from Larvae mortality after 24 hours. The 
resultant obtained were calculated LC-50 by 
probit analysis.13

Results and Discussion
Separation and Purification of Compound
Sonneratia alba root powder was extracted 
in stages based on the level of polarity 
using n-hexane (non-polar), ethyl acetate 
(semipolar), and ethanol (polar) solvents. 
Each extract was concentrated in vacuo and 
toxicity was tested by orientation with the 
BSLT method with bioindicator of A. salina 
shrimp larvae.13 Furthermore, the extract was 
carried out by separation and purification 
using column chromatography techniques.4

15 grams of ethanol extract was pre-adsorption 
and put in a vacuum chromatography column 
(6 x 20 cm), then eluted with a mixture of 
n-hexane: ethyl acetate (9:1 to 2:8) with total 
200 mL each. The eluent is collected in bottles 
(±200mL), each of eluate then analyzed 
using TLC using UV lamp stain appearance. 
The eluate with the following same stain 
pattern then combined into one fraction, 
concentrated and obtained seven combined 
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fractions F1 - F6.  Based on result, it appears 
that the vial in F.2 has sediment, we guest 
it may content specific compound, it raise a 
question to verify. Furthermore, the sediment 
was purified by recrystallization technique 
then analyze using TLC. The results just one 
stain appears and it is a compound F2.

The Isolate Belongs to Steroid Groups
Our preliminary studies, the phytochemical 
assay of fraction 2 showing that are positive in 
steroid (seem that belongs to steroid groups). 
The identification of isolate was carried 
out using a UV-Vis spectrophotometer and 
FTIR (Perkin Elmer Inc) spectroscopy. This 
characterization to confirm and found the 
compound’s group that been isolated. The 
results of the analysis we presented in Figure 
1 and Table 1. From the UV-Vis spectrum, 
we then predict the functional group of the 

compound as shown in Table 1.

Characterization of Compound
The isolates obtained from the results of 
separation using the Liquid Vacuum Column 
(LVC) are Steroid compound groups. We 
verified and analyzed then, using UV-Vis 
spectrophotometer. Our results from UV-Vis 
for pure isolates fraction 2 of ethanol root 
extract of the fast root in Figure 1 showed a 
maximum absorption peak that is at 266 nm 
wavelength with absorbance value 1, 1896 
A. The absorption peak corresponds to the 
molecular structure of the compound which 
indicates the presence of conjugated bonds. 
Generally, Based on previous studies, for 
compounds with conjugated bonds occurring 
at π → π *. Where the electron transition 
from π → π * is a chromophore that is 
typical for a C = C double bond system. 

Figure 1. UV-Vis Spectrum of fraction 2
 (Isolated compound) Leaves

Isolate of 2nd Fraction Functional Group

Figure 2. β-sitosterol structure with 
the main chain aliphatic C-H, and 

the -OH functional group

3404.89 cm-1 O-H
2938.15 cm-1 -CH aliphatic (CH3)
2864.86 cm-1 -CH aliphatic (CH2)
1468.49 cm-1 Bending Vibration of C-H
13.77.84 cm-1 Bending Vibration of C-H
961.25 cm-1 -
833.95 cm-1 C-H alkena/aromatic
741.38 cm-1 -

Table 1. The Result of FT-IR Compound of F.2 
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cm-1. This estimation is reinforced by the 
appearance of absorption in the wavelength 
number area of 1468.49cm-1 and 1377.84cm-1, 
and there is the absorption of the fingerprint 
absorption area in the range 650-1000 cm-1, 
at 961.25 cm-1, 833.95 cm-1 and 741.38 cm-1 
which shows the bending vibration C = CH in 
the form of aromatic rings.

Based on the results of UV-Vis and FTIR 
characterization it is assumed that the 
compound in fraction 2 is a steroid group, 
high possibility to β-sitosterol, due to this 
compound has a similar spectrum with 
β-sitosterol compounds, which is confirm by 
previous studied.15

Cytotoxicity Assays
To verify the toxicity of both total extracts 
and isolate we have carried out toxicity 
assays at the variation of concentration. The 
extract was used 0, 10, 50, 200, 500, 750, and 

This chromophore group is a system that has 
electron molecular orbitals in orbitals π, and 
compounds containing molecular orbitals π 
are compounds containing atoms which have 
electron pairs conjugated with other atoms 
that have orbitals π.1,15

From the FTIR spectrum data analysis, it 
is known that isolate F.2 has absorption at 
wavelength number 3404.89 cm-1 with weak 
absorption which is thought to be an uptake 
of -OH functional groups from intermolecular 
hydrogen bonds. The presence of –OH group 
is supported by absorption at wave number 
1057 cm-1 from stretching vibrations of 
primary C-O alcohol.8,10 The presence of a 
sharp band at wave number 2938.15 cm-1 and 
2864.86 cm-1 is a stretch of the aliphatic C-H 
group. The presence of stretching-aliphatic 
stretch absorption suggests the possibility 
of the presence of a methyl group (CH3) at 
2938.15 cm-1 and methylene (CH2) at 2864.86 

Table 2. Toxicity Test Result for Total Ethanol Extract

Concentration (μg/mL) Log- Concentration Death Average % of Death
0 0 0.3 3.33
10 1 3.3 33
50 1.69 6.3 63
200 2.30 10 100
500 2.69 10 100
750 2.87 10 100
1000 3.0 10 100

Table 3. Toxicity Effect of Toxicity Test Result for Isolate Compound

Concentration (μg/mL) Log- Concentration Death Average % of Death
0 0 1.3 13

6.25 0.79 6.0 60
12.50 1.09 6.3 63

25 1.39 7.6 76
50 1.69 8.0 80
100 2.0 8.0 80
150 2.17 8.0 80
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1000 (μg/ml) respectively while, the isolate 
concentrations were used 0, 6.25, 12.5, 25, 50, 
100, and 150 (μg/ml) respectively. In every 
single concentration, we repeated three times 
for each sample. The resultant of extract and 
isolate F2 toxicity present in Table 2 and the 
data of toxicity test results of isolates are listed 
in Table 3.

Then the data is analyzed by probit and the curve 
is obtained between the log concentration (x) 
and the probit value (y). Based on the straight 
line equation above, it can be determined the 
LC50 value of extracts and isolates by entering 
the value of y = 5 into a straight line equation 
of the formed curve, so that the value of x is 
obtained. The LC50 value is the antilog of the 
value of x. LC-50 values from toxicity testing 
of acetone extract and isolates from pedada 
leaves can be seen in Table 4.

The toxicity test against Artemia Larvae 
Saline Leach with Brine Shrimp Lethality Test 
Method (BSLT)
Mangrove is known by the public with a 
perepat plant, which is one type of mangrove 
that has potential as a medicinal ingredient. 
Coastal communities on the island of 
Mantehage used materials from the genus 
Sonneratia mangroves to cure muscle aches, 
lumbago, rheumatism, malaria, wounds, and 
tuberculosis. Previous studies have shown that 
ethyl acetate extract and methanol extract of S. 
alba leaves are active as antioxidants with 79 
percent inhibition, 45%, and 73.88%. Ethanol 
extract also has active compounds as oxidative 
stress inhibitors which are tested in vitro by 

the CAP-e (Cellular Antioxidant Protection in 
erythrocytes) method. The antioxidant activity 
of S. alba leaves is related to the content of its 
compounds, namely phenolic, flavonoids and 
tannins.10,11 

Phytochemically, several groups of compounds 
can act as antioxidants, alkaloids, steroids, 
flavonoids, phenols, and others. From the 
isolate we obtained, it has similarities with a 
steroid compound, β-sitosterol. This compound 
is known to have good antioxidant activity as 
can be developed as an anti-oxidative stress 
drug, which is a cancer factor.15–18 The results 
of our tests are testing the level of total toxicity 
of the extracts and isolates that we get. 

Toxicity is the relative toxicity associated 
with its potential to cause negative effects 
on living things which can be influenced by 
several factors, including the composition and 
type of toxin, toxicant concentration, duration 
and frequency of exposure, environmental 
characteristics, and species of recipient biota. 
Compounds that have toxicity properties can 
be classified as: Very Toxic (LC50; 1-30 μg 
/ ml), Medium Toxic (30-100 μg / ml), Low 
toxicity (100-1000 μg / ml), and non-toxic ( > 
1000 μg / ml).2,20

In this study, we found a group of sitosterol 
compounds and their LC50 values were 
analyzed. The LC50 value is an indication of 
the toxicity for a substance or compound that 
causes approximately 50% death in animal 
testing. The results were present in Table 2 and 
3, showing the toxicity of extracts LC50 values 

Table  4. L-C50 Value of Extract and Isolate F.2

Sample Linear Regression Formula LC50 (μg/ml)
Extract y = 1.330x + 3.153

R² = 0,988
23.98

Isolate y = 1.004x + 3.993
R² = 0.966

10.04
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23.98 μg/ml while, 10.04 μg/ml for Isolate 
LC50 values. The extract is toxic if it has an 
LC50 ≤ 1000 μg/mL value, a pure compound 
is said to be toxic if it has an LC50 value of ≤ 
30 μg/mL. If a plant extract is toxic according 
to the LC50 value with the BSLT method, then 
the plant can be developed as an anti-cancer 
drug. This is possible because, in the testing 
of the extract, there are many secondary 
metabolites remain, which are suggestions 
that contain antagonistic properties. Herein, 
a compound may inhibit the activity of other 
compounds. Whereas for isolates from the 
results of phytochemical screening it is known 
to be a class of Steroid compounds. According 
to that, most of the compounds in their pure 
form have toxic properties.16,17 

Conclusion
Our finding in this research is that the 
compound in fraction 2 belongs to the steroid 
group with high possibility is β-sitosterol, 
due to this compound has a similar spectrum 
with β-sitosterol compounds. Somehow, 
the β-sitosterol compound is widely used 
as a component of medicine. Moreover, we 
reported that the toxicity assay of total extracts 
had LC50 values of 23.98 μg/ml while 10.04 
μg/ml for Isolate LC50 values. It seems that 
both of them are classified into very toxic 
compounds, and is promising to be developed 
into anti-cancer drug compounds. Albeit, the 
total toxicity of the extract was lower than 
that of the isolate, indicating that the cytotoxic 
compound was successfully isolated in 
fraction 2.
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