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ABSTRACT

In this modern age cancer is still a prevalent disease. Even with advancements of technology, current treatments for
cancer still have various side-effects that sometimes create more harm to the patient. A complete solution for cancer is
still not found yet. Recently, mangroves were shown to be promising sources of new drugs. The species Avicennia
marina was suggested to be anti-cancerous, thus it could be a potential anticancer drug. This study was conducted to
evaluate the viability of A. marina root ethyl acetate extract as a possible anticancer drug, and to determine whether its
anticancer mechanisms are by counteracting the reactive oxygen species as an antioxidant. The extract was subjected to
total phenolic and flavonoid content tests, to determine the bioactive compounds, which are thought to be directly related
to antioxidant activities. The DPPH method was used to evaluate the antioxidant activity of the extract. Brine shrimp
(Artemia salina) was subjected to the extract to determine its toxicity, and determined its anticancer properties against
cancer cell lines HT29 (colon), HeLa (cervix) and T47D (breast) by MTT Assay. Results showed that the extract has
moderate amounts of phenolic and flavonoids, moderate antioxidant activity, not toxic to normal cells but toxic towards
cancer cells.
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1. INTRODUCTION an adverse effect on other healthy cells [12]. Natural
ingredients have attracted the interest of some researchers
Cancer is a second cause of death in the United States as they have shown to have minimal to no side effects

after cardiovascular diseases in 2019 according to the [19,12] and that approximately half of drugs approved by
Centers for Disease Control and Prevention (CDC), as the Food and Drug Administration (FDA) came from

well as the top four leading causes of death in different natural ingredients.
countries globally according to estimates from the World . . L
Health Organization (WHO) [23]. The number of cases Around 80% of anticancer drugs came or mimic

natural ingredients [18]. In recent years, mangroves have

of cancer globally is expected to keep rising in the future, X o4
been of interest to scientists and researchers lately due to

with some estimates as high as 47% increase in global

cases in 2040 [23, 5]. Thus, it is of high importance that its peculiar habitat, which might indicate they have
a cure for cancer is found. in order to reduce and chemical compounds or secretes chemical compounds

potentially eradicate the cases of cancer and also deaths that help them thrive iTl harsh conditions t}_lat could be
useful for humans. This is proven by studies and was

by cancer. . . . ; .
reviewed in 2002, stating that there are various chemicals
Various treatments have been made to cure cancer, that can be characterized from mangroves, and that each
including surgery, chemotherapy, radiotherapy, and mangrove plant has different chemicals [3]. A species of
targeting therapy. But all of these procedures have side mangrove, 4. marina (Figure 1), has shown that it
effects, such as anemia, malaise, vomiting, susceptibility contains bioactive compounds that are an effective
with infection, even, for radiotherapy treatment can cause cytotoxic and show antitumor characteristics [8]. It has
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also been studied as a potential anticancer material by
testing it against several lines of cancer cells [22].
Screenings have shown positive results, which indicates
that it might be a possible source of an anticancer drug.

Kingdom : plantae

Genus : Avicennia

Family : Acanthaceae

Species : Avicennia marina

Similar name : grey mangroves or white mangroves

Figure 1. Morphology of Avicennia marina (a) leaves
(b) Root (source: personal document)

This study was conducted to evaluate the viability of
A. marina root ethyl acetate extract as a possible
anticancer drug, and to determine whether its anticancer
mechanisms are by counteracting the reactive oxygen
species as an antioxidant.

2. MATERIALS AND METHOD

2.1. Extraction Sample of A. marina Root

About 1000 g of dry powder samples of A. marina
root were macerated in ethyl acetate in a sealed glass
vessel for 24 hours with three replicates. After 24-hour
filtrate was filtered using filter paper. Maceration was
done three times to get as many extracts as possible. After
maceration, the filtrates were evaporated to obtain
concentrated extract of 4. marina.

2.2. Evaluation of Total Phenolic Content

The method described is adapted from Audah et al.
[2]. The sample was taken 0.5 ml and mixed with 1 ml of
sodium carbonate (2% w/v) and 0.5 ml of Folin-Ciocalteu
reagent (10% v/v). The solution was mixed by using a
vortex at each step and incubated for half an hour in a
dark chamber. Absorption was measured using UV-Vis
spectrophotometer at 765 nm. A standard curve made of
Gallic acid was prepared by diluting 1000 ppm stock
solution with 75% ethanol solution to yield 0, 6.25, 12.5,
25, 50, 100, 200 ppm. The results were calculated
according to the standard curve and are expressed as both
ppm and milligram Gallic Acid Equivalent per gram
extract (mg GAE/g extract).

2.2. Evaluation of Total Flavonoid Content
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The method described is also adapted from Audah et
al. [2]. The sample was taken 0.15 ml and was mixed with
0.45 ml 75% ethanol. The solution was vortexed to
ensure thorough mixture and then the sample was mixed
with 0.03 ml of 10% aluminum chloride, vortexed and
then added 0.03 ml of 1 M potassium acetate and lastly
mixed with 0.84 ml distilled water. The mixture was then
vortexed and incubated in a dark chamber for 30 minutes.
The absorbance was measured using the UV-Vis
spectrophotometer at 415 nm. The standard curve was
made with quercetin and was prepared by diluting the
1000 ppm stock with the 75% ethanol to yield 0, 6.25,
12.5, 25, 50, 100, 200 ppm. The results were calculated
according to the standard curve and expressed as both
ppm and milligram Quercetin Equivalent per gram
extract (mg QE/g extract).

2.3. Evaluation of Antioxidant Activity with
DPPH Method

The method described was adopted from Manuella et
al. [17]. Stock solutions of 100 ppm DPPH (Mr = 394.32
g/mol) were prepared by diluting 10 mg of DPPH powder
in ethanol 75% to reach the final volume of 100 ml. In
aluminum foil covered test tubes, samples with
concentrations of 6.25, 12.5, 25, 50, 100 ppm were
prepared by adding 75% ethanol until 0.75 ml. Ascorbic
acid solutions as positive control were also created with
the same concentrations. Then, 750 pL of 100 ppm
DPPH solution were added to each of the test tubes and
then vortexed. Controls were prepared by creating DPPH
solutions of equal concentrations as the samples. The
blank was made using 1.5 ml of 75% ethanol. The test
tubes were incubated in a dark chamber for 30 minutes at
room temperature. Absorbance was read at 517 nm using
the UV-Vis spectrophotometer. The result is expressed as
Inhibition Concentration at 50% (ICso). There are five
categories of antioxidant activity, namely very strong
(range <50 ppm), strong (range 50-100 ppm), moderate
(range 101-250 ppm), low (range 251-500 ppm), and
inactive (range >500 ppm) [14].

2.5. Brine Shrimp Lethality Test

The Brine Shrimp Lethality Test was adopted from
Harwig J, Scott PM [15]. Samples were given 20 pL
Tween-80 and made into concentrations of 1600, 800,
400, 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.5625 ppm by
adding seawater until 1 ml in each well. Each well was
given 10 A. salina that had been grown previously and
observed after 24 hours, 48 hours, and 168 hours. The
amount of nauplii that survived will determine the
sample’s Lethal Concentration 50% (LCso).

2.6. In Vitro Cytotoxicity Assay (MTT Assay)

In Vitro Cytotoxicity Assay (MTT Assay) was
adopted from Mosmann, T [16]. Cell lines (Cervix cancer
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(HeLa), colon cancer (HT29), breast cancer (T47D)) are
going to be inoculated on the wells with their respective
media, with 100 pL complete growth media per well,
with each well containing 10000 cells. A series of
concentrations from 1000, 500, 250, 125, 62.5, 31.25,
15.625, 7.8125 ppm, 100 pL of active extract will be
added to the inoculant and are going to be incubated for
24 hours in incubator at CO2 5%, 37 °C. 100 pL of
monoculture tetrazolium salt (MTT) will be added and
re-incubated for 4 hours. Living cells will react with the
MTT and form purple-colored formazan. Formazan
formed will be dissolved in Dimethyl Sulfoxide (DMSO)
and will be read by spectrophotometer at 595 nm.

3. RESULTS AND DISCUSSION

3.1. Phenolic Content of A. marina Root
Extract

Total phenolic content test results indicated that A.
marina root extract contains small amounts of phenolic
compounds, which, according to Batubara et al. [4], the
phenolic compounds contained in the leaf extract are
saponin and steroid. However, according to Das et al. [8],
the plant 4. marina should contain some types of
quinones. The quantified result is shown in table 1 below.
The plant 4. marina contains 24.8667 £ 0.782901 ppm or
mg GAE/g extract total phenolic contained within 1
mg/ml (1000 ppm) sample, a value obtained from a linear
equation that UV-Vis spectrophotometer produced,
which is y = 0.0115x + 0.04726. This value gives a yield
0f2.48%.

Table 1. Phenolic content of A. marina root extract

Phenolic Content . o
(mg GAE/g) Yield (%)
24.86 +£0.78 2.48

Category

Moderate

The quantity of phenolic compounds is in accordance
with previous studies [4, 8], which found only a small
quantity of bioactive compounds. Despite the seemingly
small amount, it is categorized as moderate according to
Quisti et al. [21]. Saponin content is further examined by
conducting a qualitative saponin test, which resulted in
no saponin detected in the sample. This result is in
contrast to Batubara et al. [4], however, it is in line with
the research of Khafagi et al. [17] which stated that no
traces of saponin is found in their A. marina sample. A
much more rigorous characterization of the chemicals
contained within the sample, possibly also fractionation,
is required to be done in the future in order to determine
the phenolic contents of the mangrove 4. marina.

3.2. Flavonoid Content of A. marina Root
Extract

This research conducted two types of flavonoid tests,
quantitative and qualitative. Quantitative flavonoid tests
results are shown in Table 2 below. Quantitative
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Flavonoid content tests have shown that A. marina
contains 15.9467 + 1.572938 ppm or mg GAE/g extract
of flavonoid contained within 1 mg/ml (1000 ppm)
sample, a value obtained from a linear equation that UV-
Vis spectrophotometer produced, which is y = 0.00736x
- 0.01523, which gives a yield of 1.59% (Table 2). The
results of the study can be categorized as moderate level,
following the total phenolic content grouping, namely
High (Range>70 mg GAE/g extract), moderate (Range
10-70 mg GAE/g extract) and low (Range <10 mg GAE/g
extract) [23].

Table 2. Flavonoid content of A. marina root extract

Flavonoid Content
Yield (%
(mg QE/g) )
1595+ 1.57 1.59

Category

Moderate

However, this result is contradicted by the qualitative
flavonoid test, which turned out negative. The negative
result is supported by Batubara et al. [4], however, it
could be a potential false negative due to the quantity of
flavonoids in the sample. A more sensitive qualitative
flavonoid test could be conducted in the future, otherwise
characterization of the chemicals could provide more
data regarding whether there actually are flavonoid
contained in the mangrove

3.3. Antioxidant Activity of A. marina Root
Extract

Antioxidant activity test of 4. marina root extract was
carried out by the DPPH method. The basic principle of
this method is that the DPPH solution which is purple
will change color to yellow if it reacts with antioxidant
compounds. The color change results in a decrease in
absorbance at a wavelength of 517 nm. Antioxidant
activity tests were also carried out on ascorbic acid as a
positive control for comparison.

Table 3. Antioxidant activity of 4. marina root extract

ICs0 (mg/mL)
Sample ICso0 DPPH Catego
(pm) _Inhibition (%) gony
szcefzma 15091 = 43.92 Moderate
marina 27.19
Ascorbic 231+ Very
corl Sl 96.33 Strong

The absorbance obtained from the sample
concentration series was converted into % inhibition of
DPPH, which then made an equation curve between the
concentration of % inhibition to determine the ICso value,
short for 50% inhibitory concentration of free radical
activity, of A. marina extract. The smaller the ICso value
of a substance or test sample the better the antioxidant
activity of the ingredient.

The results are shown in table 3. Results put the
sample in moderate range (101-250 ppm) [14]. This
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moderate antioxidant activity could be caused by the
phenolic compounds as well as the flavonoid compounds
that were detected in the sample, as antioxidant properties
have been linked to be caused by these compounds [9,
10].

3.4. Toxicity of A. marina Root Extract

Toxicity evaluation was done using the brine shrimp
lethality test (BLST) with Artemia salina L. shrimp
larvae as test subjects. The mortality rate of the subjects
was calculated after the 24-hour incubation period ended.
The resulting percentage of mortality rate of the subjects
was 0% at the highest extract concentration (1500 ppm)
and every concentration below.

This result can be interpreted as there is no risk of
death equal to a concentration of 1500 ppm. This is
supported by negative control, i.e the shrimp larvae are
given a sample without death after 24 hours incubation.
Several shrimp larvae were found to be faster and active
after being treated by the sample and a 24-hour
incubation period. This relates to mangrove extracts
which provide nutrition against 4. salina because some
mangroves are used as a food source for humans [18].
This effect could possibly be contributed by the steroidal
compounds contained in the sample, as steroids have
been used to treat wasting conditions [11], but future
research should be done in order to obtain further insight
regarding this phenomenon.

Positive Control. Blank
without Tween. Blank
with Tween

Sample with concentration
1600 ppm

Sample with concentration
800 ppm

AN

Sample with concentration
400 ppm

Sample with concentration
200 ppm

Sample with concentration
100 ppm

Figure 2. BSLT Test Documentation.

The BSLT method is used to see the toxicity level of
an ingredient is to the shrimp larvae, with the end result
of'this test is to obtain a 50% Lethal Concentration (LCso)
value. LCs is the concentration of the sample extract that
causes the death of shrimp larvae by 50% after 24-hour
incubation. Based on the research results of the A. marina
extract toxicity test, because the percent of mortality at
the highest concentration is zero percent, it can be
concluded that the 4. marina root extract has an LCso >
1500 ppm.

According to Clarkson et al. [6], the mangrove extract
in this experiment has a non-toxic level of toxicity
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because the LCso value of the sample is greater than 1000
ppm. This is in line with the goal, as the mangrove extract
used as the sample potentially contains bioactive
compounds that are safe (non-toxic) for use as a drug
ingredient. The test can be seen in Figure 2.

3.5. Cytotoxic Activity of A. marina Root
Extract Against Cancer Cell Lines

The effectiveness of flavonoids is widely studied in
its interactions with many pathways to disease inhibition,
especially in antioxidant and anticancer activities. There
are several mechanisms associated with SAR flavonoids
in treating cancer, namely induction of apoptosis,
cytotoxicity, inhibition of receptors and metabolism,
inhibition of carcinogenic enzymes and induction of
differentiation [13, 22, 26].

The method used in this study is cytotoxicity.
Cytotoxicity tests are standardized evaluations to
determine whether an ingredient contains biologically
dangerous substances. One method commonly used for
cytotoxicity testing is MTT. The principle of this method
is the reduction of yellow salt tetrazolium of MTT (3-
(4,5-dimethyltyliazol-2-il)-2,5-diphenyltetrazolium
bromide) by the reductase system. Tetrazolium succinate
which belongs to the respiration chain in the
mitochondria of living cells forms purple formazan
crystals and is insoluble in air. Addition of stopper
reagent (detergent in nature) will dissolve this colored
crystal which is then absorbed using a UV/VIS
spectrophotometer with a wavelength of 595 nm. The
intensity of the purple color is proportional to the number
of living cells. The higher the purple color, the greater the
number of living cells.

Anticancer cytotoxic test in this study was conducted
on 3 types of cancer cell lines including breast cancer
cells (T47D), cervical cancer cells (HeLa), and colorectal
cancer cells (HT29). In addition, cytotoxicity tests on
normal cells hADSC (human adipose derived stem cells)
were used as a comparison. MTT Assay results showed
that the extract is non-toxic to the mesenchymal/human
adipose derived stem cell. Result shows that the
absorbance values from the sample are almost the same
as the cell and medium control (the negative control), that
could be interpreted as most cells are still viable just like
the negative control, which are untreated (Table 4).

Table 4. ICso value of citotoxic test agains cancer cells
and normal cells

ICs0 (mg/mL)
Sample Stemcell HT29 HelLa T47D
hADSC Cells Cells Cells
Avicennia - 12.17 2276 163.61
marina
Cisplatin 12.68 11591 1.86 31.08
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Table 4 and Figure 3 shows the results of A.marina
extract cytotoxicity test on three cancer cells and normal
cells. The plant A. marina extract gives a cytotoxic effect
on the three cancer cells with the best ICso value, namely
to colorectal cancer cells (HT29), with the smallest ICso
value among the ICso of other cancer cells, significantly
less than the control cisplatin (CDDP). Since the ICso
value indicates the 50% inhibitory effect of cancer cell
growth, the smaller ICso is desirable because with a small
concentration the cancer cell growth can be inhibited by
as much as 50%.

Cell Inhibition Activity of A. marina

200
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100 7 ™

=
o ,\fm

7.8125 15625 317257625 125 250 500 = 1000
0

—— HT29
Hela

T47D

Cell Inhibition Activity (%)
°

-100 hADSC
-150

-200
Concentration (ppm)

Figure 3. Cell inhibition effects of sample towards 3
cancer cell lines HT29, HelLa, T47D, and normal cell
line hADSC.

Normal cells were treated with the same series of
extract concentrations as the cancer cells, and the results
shows that the extract did not provide inhibitory effects.
Instead of inhibiting growth, the results suggest that it
activates and invigorates the cells to allow proliferation,
albeit results showing not consistently enough to create a
high correlation, it still shows that most of the sample
proliferated (Figure 4).

Cell Enhancement Activator

]2; /\/ \/

e\ O

OR

hADSC Cell Viab

0 200 400 600 800 1000

Concentration (ppm)

Figure 4. Cell enhancement activity of hADSC. WO
indicates data including outliers, OR indicates data

The level of anticancer activity in the extract was
grouped into 4 categories, namely active (ICso range < 20
mg/mL), moderately active (ICso range > 20-100
mg/mL), weak (ICso range > 100-1000 mg/mL) and not
active (ICso range > 1000 mg/mL) [1]. Based on this, 4.
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marina mangrove root extract has more potential to
inhibit the growth of HT29 colorectal cancer cell lines
with the active category. However, it does not rule out the
possibility of inhibiting cervical and breast cancer cell
growth, because based on Table 4 the ICso value of
mangrove extracts against cancer cells is in the range of
20-100 mg/mL, which is moderate inhibition activity for
cervical cancer cell line HeLa, and 100-1000 mg / mL,
which is weak inhibition activity for breast cancer cell
line T47D.

In addition to using A. marina’s roots ethyl acetate
extract as a potential anticancer drug, anticancer drug
research can be done with other mangrove spesies. One
of them is Xylocarpus granatum which can also be used
as a potential anticancer drug. The extract X. granatum
was found to be capable of inhibiting breast cancer cells
(T47D), cervical cancer cells (HeLa), colorectal cancer
cells (HT29). In addition, normal cells hADSC (human
adipose derived stem cells) were used as a comparison.
Tests of the extract were performed by using MTT
cytotoxicity assay to determine extract efficacy
compared with CDDP against several cell lines. The
cytotoxicity result for X. granatum were similar to the
cytotoxicity result for A. marina. Anticancer activity
from X. granatum was found to be present in extract with
the highest potency reached against colorectal cancer
HT29 (Table 5), with extract anticancer 1Cso.

Table 5. Anticancer ICso for extract and CDDP against
cancer cells

Anticancer MTT cytotoxity ICso (ppm)

Sample

hADSC HT-29 HeLa T47D
Activator
X (>73.8) 4250+ 55957+ 7776+
granatum  Inhibitor 36.56 857.79 66.70
(<73.8)
Cisplatin ~ 12.68+ 11591+ 1.86 £ 31.08 +
(CDDP) 4.59 32.47 1.38 13.95

This suggested that the extracts of X. granatum had
was successfully delivered to both hADSC and cancer
cell lines due to the antioxidant compound’s structures
which was said to be lipophilic. Anticancer activity of
extract was attributed to the phenolic configuration and
side groups of flavonoids, similar to its antioxidant
activity yet to be known for its exact mechanism [7] .

4. CONCLUSION

Ethyl acetate root extract of Avicennia marina have
shown to have moderate bioactive compounds and
antioxidant activity. The extract is also non-toxic towards
normal cells, as indicated by brine shrimp lethality test
and MTT assay towards normal cells, but highly toxic
towards the cancer cell lines used in this study, namely
HT29, HeLa and T47D cell lines. The sample seemed to
have a compound that can specifically target specific
cancer cell lines, or a group of compounds that do so.
Since it is highly specific and non-toxic towards normal
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cells, it has potential to be further developed as an
anticancer drug, although not for all cancer types tested.
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