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Medicinal plant-derived bioactive compounds have recently gained more interest in biological research
as an important source of novel drug candidates. Phyllanthus acidus (L.) is a widely distributed herbal
medicinal plant naturally used in Ayurvedic medicine in Bangladesh. The present study focused on
exploring the biological potential as well as the inhibitory effect of EAC cell growth with a comparative
analysis between Phyllanthus acidus fruit pulp and seed. Crude methanol extract of P. acidus (MEPA) fruit
pulp and seed was assessed as DPPH and NO free radical scavengers. While Brine Shrimp lethality bioas-
say, the standard protocol of phytochemical screening and hemagglutination assay were performed suc-
cessively to determine the toxic effect on normal cells, the identification of some crucial phytochemicals,
and the existence of lectin protein. EAC (Ehrlich’s Ascites Carcinoma) cell growth inhibition was deter-
mined by hemocytometer and morphological changes of EAC cells were observed by a fluorescence
microscope using Swiss albino mice. The IC50 value of MEPA fruit pulp and seed was obtained as
57.159 mg/ml and 288.743 mg/ml respectively where minimal toxic effects on Brine Shrimp nauplii
demonstrates that it is a good source of natural antioxidant compounds. Again, MEPA fruit pulp and
seed-mediated effective agglutination of mouse blood erythrocyte strongly support the presence of lectin
protein. Furthermore, MEPA fruit pulp and seed extract-treated EAC cells showed 65.71% and 28.57%
growth inhibition respectively. The fluorescent microscopic examination of EAC cells treated with
MEPA fruit pulp has shown more remarkable structural changes in the nucleus than that of seed.
Based on the above findings, the present study reveals that MEPA fruit pulp can be considered as a novel
biological candidate for the treatment of fatal diseases shortly.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Medicinal plants are the most reliable sources for exploring the
biological activities of natural products. They also have a signifi-
cant number of applications in the pharmaceutical, ingredients,
insecticides, dyes, flavorings, and fragrance sectors (Vuorela
et al., 2012). Nowadays, researchers have introduced medicinal
plant-derived natural products as an alternative to synthetic drugs
due to the side effects, high treatment costs, and insufficient drug
supply. The World Health Organization (WHO) reports that around
80% of the World’s population relies on conventional herbal
medicines for their primary health care considered to be very safe
due to minimal or no side effects (Farnsworth et al., 1985; Kim
et al., 2017).
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Oxygen is a crucial organic component of aerobic life, but its
reduced form, such as ROS (reactive oxygen species), is one of
the most toxic substances responsible for causing several diseases
such as inflammation, carcinogenesis, atherosclerosis, neurodegen-
erative disorders, cardiovascular dysfunction, etc. (Stankovic et al.,
2011). Superoxide anion and hydroxyl radicals are the two most
common examples of oxidation–reduction (redox) reactions pro-
duced as a by-product (Halliwell, 2006; Saeed et al., 2014). ROS
homeostasis has reached the balance between ROS development
and ROS scavenging in cellular organisms by antioxidant com-
pounds. However, antioxidant substances may neutralize or scav-
enge free radicals that are typically involved in oxidative stress-
mediated cellular damage (Dakah et al., 2014; Yıldırım et al.,
2000). A recent study reported that antioxidant components
including phenols, flavonoids, carotenoids, alkaloids, terpenoids
have been used for several biological activities such as anti-
oxidative, anti-inflammatory, anti-hepatotoxic, antimicrobial, and
anti-carcinogenic effects (Brooks et al., 2020; Figueroa et al.,
2014; Kumarappan et al., 2012). Moreover, Plant lectins, a unique
group of proteins and glycoproteins, have been found to have
potential anti-carcinogenic effects (Kabir et al., 2015). It is well
documented that traditional medicine is one of the primary health
care systems for treating disorders in many other developing coun-
tries, such as Bangladesh (Dubey et al., 2004; Moniruzzaman et al.,
2015). Again, Bangladeshi people have traditional medical practice
as an integral part of their culture due to the availability of medic-
inal plants in that locality. Therefore, the assessment of local flora
for the detection of different biological potentials is the first step
necessary for the isolation and characterization of drug-leading
bioactive compounds.

Phyllanthus acidus(L.) Skeels, belonging to Phyllanthaceae fam-
ily (Brooks et al., 2020), is a widely distributed herbal medicinal
plant, particularly grown in Bangladesh and the Southern part of
India (Jain and Singhai, 2011). This plant is locally known as Amla
or Orbori in Bangladesh (Pasha and Uddin, 2019) and Otaheite
gooseberry or star gooseberry in India (Brooks et al., 2020), which
is typically an intermediary between shrubs and trees, reaching 2
to 9 m (6½ to 30 ft) high. P. acidus fruits have already been identi-
fied as an abundant source of ascorbic acid, fibers, phenolics, flavo-
noids, and carotenes while seeds are used as cathartic (Brooks
et al., 2020; Unander et al., 1990). Many parts of this plant have
historically been used in the treatment of various vitiated condi-
tions such as jaundice, bronchitis, constipation, diarrhea, bilious-
ness, urinary concretions, and piles (Kirtikar and Basu, 1987; Tan
et al., 2020). Also, the plant is essential to increase eyesight, mem-
ory, and relieve pain from cough, psoriasis, skin disorders, and
sudorific (Banik et al., 2010; Devi and Paul, 2011).

Keeping in view the medicinal benefit of P. acidus (L.), the cur-
rent research has been designed to test the crude methanol extract
of P. acidus (L.) (MEPA) fruit pulp and seed-mediated biological
properties i.e. antioxidant activity, cytotoxicity, phytochemical
screening, hemagglutination activity, and evaluation of EAC cell
growth inhibitory effect with morphological changes of EAC cell
nuclei. A comparative analysis of these two extracts was also car-
ried out based on the results of the biological assays mentioned
above.
2. Materials and methods

2.1. List of chemicals and reagents

2,2-diphenyl-1-picrylhydrazyl (DPPH), DAPI fluorescent dye
and 0.4% trypan blue dye (Sigma chemical company, USA), Ethanol
and Methanol (Sigma chemical company, USA), Ascorbic acid (Mer-
ck, Germany), De-ionized water, Sodium chloride (NaCl), Mayer’s
2015
reagent, Hydrochloric acid (1.5 %v/v), Wagner’s reagent, Chloro-
form, Concentrated Sulphuric acid, Fehling’s solution, 5% FeCl3
solution, Ninhydrin solution, Hemagglutination or PBS buffer
(20 Mm Tris-HCl buffer, 1% NaCl, 10 mM CaCl2, pH 7.8), Artemia
salina leach (Brine eggs), Sea salt (NaCl) (Roth Chemicals, India).

2.2. Collection of plant samples

Fresh P. acidus (L.) fruits were collected from the germplasm
bank of Bangladesh Agricultural Research Institute (BARI), Raj-
shahi, Bangladesh in October 2017 during fruiting. The plant part
was kindly provided by Dr. Alim Uddin, Chief Scientific Officer of
BARI. Afterward, fruit samples were authenticated by the tax-
onomist of the Department of Botany, University of Rajshahi,
Bangladesh.

2.3. Preparation of crude methanol extract

The crude methanol extract of desired samples was prepared
following the method described by Olayaki et al. (2015) with slight
modification. At first, collected fruit samples were sterilized with
distilled water and then fruit samples (flesh) were cut into small
pieces. Then seeds were isolated from flesh and both samples were
dried in the drier at 30� C for 7 days. After that dried samples were
grinded to make a coarse powder and preserved at room tempera-
ture. 100 g of flesh powder and 20 g of seed powder was then
extracted with 100% methanol and shacked at 140 rpm for 2 h sep-
arately. Then the shacked samples were sonicated by using a son-
icator and shaken overnight at 140 rpm. Again the samples were
filtered by vacuum filter and then the filtrates were evaporated
by using a rotary evaporator at 35 �C temperature. Finally, dark
brownish-green semisolid extracts in both cases were obtained
and stored at �20 �C for further experiments.

2.4. Determination of antioxidant activity

a) DPPH free radical scavenging assay
DPPH was used to evaluate the free radical scavenging activity

of crude methanol extract of P. acidus (MEPA) fruit pulp and seed
following DPPH assay based on the method described by Parejo
et al. (2000) with a slight modification. At first, the stock solution
of DPPH was prepared by dissolving 24 mg of DPPH into 100 ml
methanol and stored at �20℃ until use. Then, 1 mg of MEPA fruit
pulp and seed were dissolved into 1 ml distilled water separately
to prepare the dose for treatment. Afterward, MEPA fruit pulp,
seed, and Ascorbic acid (Aa) mediated stock solutions were taken
in different test tubes at different concentrations ranging from
12.5 to 200 mg/ml. After that 1.5 ml of DPPH solution was added
to each test tube. Then the reaction mixture of each test tube
was shaken vigorously and incubated at room temperature for
30 min in a dark place to complete the reaction. After incubation,
the absorbance of decolorized DPPH was measured at 517 nm
using a spectrophotometer against a blank solution (Methanol). A
typical standard solution contained all reagents except desired
plant extract or Ascorbic acid was considered as control. The per-
centage (%) of inhibition activity was calculated from the following
equation;

% I = {(A0 – A1)/A0} �100
Where A0 is the absorbance of the control (without extract) and

A1 is the absorbance of extract.
Then the scavenging percentages of DPPH free radical for differ-

ent concentrations were plotted against concentration and finally,
the IC50 value was calculated from the equation of the graph.

b) Determination of nitric oxide (NO) scavenging assay
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Nitric oxide free radical scavenging activity of methanol extract
of P. acidus fruit pulp and seed was determined according to the
method described by Marcocci et al. (1994) with some modifica-
tions. A volume of 2 ml of 10 mM sodium nitroprusside dissolved
in 0.5 ml phosphate buffer saline (pH 7.4) was mixed with 0.5 ml of
desired fruit pulp and seed extract at various concentrations in dif-
ferent test tubes. The reaction mixture was then incubated at 25 �C.
After 150 min of incubation, the incubated mixtures were then
mixed with 0.5 ml of Griess reagent (0.33% sulfanilic acid and
0.1% NED in 20% glacial acetic acid). After that, the mixture was
again incubated at room temperature for 30 min and then the
absorbance of each reaction mixture was measured at 550 nm
through transferring into a cuvette. Ascorbic acid was used as a ref-
erence standard. The amount of nitric oxide free radical inhibition
was calculated using the following equation:

Percentage (%) of inhibition of NO free radical = [{A0 – A}/
A0] � 100

Where A0 is the absorbance of blank control (NO radical solu-
tion without test sample) and A is the absorbance of the test sam-
ple. Finally, the percentage (%) of inhibition was plotted.

2.5. Determination of cytotoxicity through Brine Shrimp lethality
bioassay

Cytotoxic activity was done by Brine Shrimp lethality bioassay
following the method of Islam et al. (2018a), Meyer et al. (1982)
with Artemia salina nauplii. For this experiment, at first Brine
Shrimps were hatched in a 1L beaker filled with NaCl solution at
the concentration of 38 g/L. Then 10 test tubes were taken and
filled with 25 ml NaCl solution in each test tube. After that 20 nau-
plii were taken in each test tube with the help of a micropipette
and then crude MEPA fruit pulp and seed were added into the test
tubes at different doses. Finally, the test tubes were incubated at
room temperature for 24 h and the 50% lethal concentration
(LC50) value was estimated by using a regression line obtained
from the plotting of mortality percentages against different
concentrations.

2.6. Determination of phytoconstituents

Preliminary phytochemical analysis of crude MEPA fruit pulp
and seed were conducted based on the following standard proto-
cols described by Miah et al. (2020), Bhandari et al. (2017), and
Senguttuvan et al. (2014) to detect the presence of phytocon-
stituents including alkaloids, phenols, flavonoids, steroids, sapo-
nins, tannins, glycosides, terpenoids, proteins, and carbohydrates
in studied materials.

2.6.1. Test for alkaloids
2.6.1.1. Mayer’s test. For this test, a few drops of Mayer’s reagent
and 2 mg of respective MEPA fruit pulp and seed extract were
mixed separately. The formation of white or pale yellow precipi-
tate was indicated the presence of alkaloids (Bhandari et al., 2017).

2.6.1.2. Wagner’s test. In case of Wagner’s test, at first hydrochloric
acid (1.5 %v/v) was added to 2 mg of crude methanol extract of P.
acidus (L.) (MEPA) fruit pulp and seed until the media was acidic
and then a few drops of Wagner’s reagent were added. Yellow or
brown precipitation was indicated the presence of alkaloids
(Bhandari et al., 2017).

2.6.2. Test for flavonoids
For the flavonoid test, 1 mg of respective plant extracts were

first dissolved into distilled water in different testubes and then
concentrated HCl was added from the side of testubes. The pres-
2016
ence of the flavonoid was confirmed by red color formation
(Zhishen et al., 1999).

2.6.3. Test for steroids
Firstly, 1 mg of MEPA fruit pulp and seed extract was dissolved

into 10 ml of chloroform in two testubes separately for the detec-
tion of steroids. Then an equal volume of concentrated Sulfuric acid
was added by the side of testubes. The presence of steroids was
indicated by the formation of red color in the upper layer and
the turn of Sulfuric acid layer into yellow color with green fluores-
cence (Senguttuvan et al., 2014).

2.6.4. Test for terpenoids
While for the detection of terpenoid, 5 mg extract was taken

from both samples of P. acidus and mixed with 2 ml of chloroform
and then 3 ml of concentrated Sulfuric acid were added to form a
layer. Reddish-brown colored precipitate formation at the interface
was indicated the presence of terpenoids (Uddin et al., 2012).

2.6.5. Test for glycosides
A small amount of MEPA fruit pulp and seed were taken first

and then dissolved into distilled water to identify glycosides. After
that Fehling’s solution was added within the dissolved watery
extract in both cases within separate testubes where the brick-
red precipitate formation was indicated the presence of glycosides
in the experimental sample (Nisar et al., 2011).

2.6.6. Test for saponins
In case of the saponin test, 5 ml of aqueous extract in both cases

was strongly shaken in different testubes. The presence of persis-
tent frothing upon warming for 2–3 min was indicated the evi-
dence of saponins presence in studied materials (Bhandari et al.,
2017).

2.6.7. Test for tannins
For detecting the presence of tannins, 1 mg extract in both cases

was taken in different test tubes and continuously stirred with dis-
tilled water. Then 5% FeCl3 solution was added in two test tubes
separately. The absence of blue-black color precipitation was
directly indicated the absence of tannins (Siddhuraju and
Manian, 2007).

2.6.8. Test for phenols
First, 1 mg MEPA fruit pulp and seed extract was dissolved into

1 ml of distilled water in different test tubes and after that 5% FeCl3
solution was added into two test tubes separately. The presence of
phenolic compounds in both extracts was detected based on the
formation of a dark green color (Siddhuraju and Becker, 2003).

2.6.9. Test for proteins
For the detection of proteins, 2–3 mg of MEPA fruit pulp and

seed extract dissolved in distilled water were taken in two test
tubes and then 3–4 drops of ninhydrin solution were added and
finally kept on a water bath to give heat. The appearance of purple
or violet color was indicated the presence of protein (Bhandari
et al., 2017).

2.6.10. Benedict’s test for carbohydrates
Again, for the identification of carbohydrates, 0.5 mg extract

from both fruit pulp and seed of P. acidus (L.) were taken firstly
in different test tubes, and then 1 ml distilled water was added into
the test tubes separately. Finally, 5–8 drops of Fehling’s solution
(hot) were added. The presence of brick-red precipitate formation
was indicated the presence of carbohydrates (Bhandari et al.,
2017).
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2.7. Determination of lectin protein activity

Haemagglutination is a specific form of agglutination which is
involved to agglutinate the red blood cells (RBCs) in the presence
of lectin proteins. The presence of lectin activity of crude MEPA
fruit pulp and seed was estimated following hemagglutination
assay described by the method of Islam et al. (2018a). At first,
1 mg crude extract from both samples was weighted, and then
working extracts were prepared through centrifugation at
8000 rpm for 15 min. Again, 2% suspension (w/v) of RBCs was pre-
pared with hemagglutination buffer through the centrifugation of
collected mouse blood. After that hemagglutination reaction was
performed in 96-well microtiter U-bottomed plates described by
Hasan et al. (2019) with a slight modification. For performing this
reaction, first of all, 50 ml of hemagglutination buffer was taken in
every well of titer-plate, and then 50 ml prepared extracts of both
samples were added to the first well of titer plate and serially
diluted into the successive wells with PBS buffer (pH 7.4). Finally,
an aliquot of 50 ml of 2% RBCs suspension was added to each well.
PBS buffer along with 2% RBCs suspension without the extract was
considered as control. Then this titer plate was shaken by a micro-
shaker at 300 rpm for 20 min and after shaking placed on a table
under room temperature. After 15–20 min, the agglutination of
blood erythrocytes was observed and agglutination activity was
assessed based on the rough granules within the titer plate.
2.8. Experimental animal care with ethical permission

The current experimental technique was carried out after get-
ting the permission of the Institutional Ethics Committee for the
experimentations on animal, human, microbes, and living natural
sources (225/320-IAMEBBC/IBSc), Institute of Biological Sciences,
University of Rajshahi, Bangladesh.

For conducting such kind of experiment, female Swiss albino
mice (weighing between 15 and 20 g) were collected from the
Department of Pharmacy, Rajshahi University, Rajshahi. Then the
mice were grouped and housed in plastic cages with not more than
five animals per cage and maintained under standard laboratory
conditions (temperature 25 ± 2 �C; humidity 55 ± 5%) with 12
dark/light cycles. Standard dry pellet diet (collected from ICDDR,
B) and water ad libitum were supplied for their survival. Besides,
the mice were adapted in our laboratory conditions for 7 days
before starting the final experiment.
2.9. Propagation and inoculation of EAC cell into normal Swiss albino
mice

Ehrlich’s Ascites Carcinoma (EAC) cells are commonly used in
the field of ascitic tumor research worldwide due to the fastest-
growing capacity and the easiest transferrable property
(Rajkapoor et al., 2007; Zahan et al., 2019). Initial inoculum of
EAC cells was provided by the Indian Institute of Chemical Biology
(IICB), Kolkata, India. Then the continuous propagation of EAC cells
into normal mice peritoneum was properly maintained in the lab-
oratory biweekly via intraperitoneal (i. p.) injections of 1 � 106 to
2 � 106 cells suspended in 0.3 ml of the sterile saline solution fol-
lowing the protocol of Alam et al. (2016). In brief, first in vivo prop-
agated EAC cells were drawn out from ascitic fluid of tumor-
bearing Swiss albino mice at the respective log-phases of tumor
cells. Then the freshly drawn fluid was diluted with normal saline
(1% NaCl solution) and the number of tumor cells was adjusted to
approximately 1 � 106 cells/ml by counting cell numbers with the
help of a hemocytometer. The viability of tumor cells was observed
by trypan blue dye (0.4%) exclusion assay. Finally, 100 ml tumor cell
suspension was injected into each mouse intraperitoneally (i. p.)
2017
and proper aseptic condition was maintained throughout the
process.

2.10. Determination of EAC cell growth inhibition

EAC cell growth inhibition was determined based on the tech-
nique of Kabir et al.(2015) with slight modification. To evaluate
the cell growth inhibition, three groups of Swiss albino mice (5
in each group) weighting 20–25 g were used where 1 � 106 EAC
cells/ml were inoculated intraperitoneally (i. p.) on each group of
mice on the day ‘‘000. Hence, group one mice was used as positive
control while MEPA fruit pulp and seed extract-treated mice were
considered as group 2 and 3 respectively. MEPA fruit pulp and seed
extract treatments (100 mg/kg body weight/day) were started after
24 h of EAC cell inoculation and continued for six days. Then mice
from each group were sacrificed on day seven and intraperitoneal
EAC cells were harvested.

After the collection of EAC cells, they were counted by a hemo-
cytometer. The total number of cells in MEPA fruit pulp and seed
extract-treated groups were then compared with the control
group. Following formula was used to calculate the percentage of
cell growth inhibition:

% Cell growth inhibition =(1-Tw/Cw) � 100
Where Tw = Mean of the number of tumor cells of the treated

group of mice and Cw = mean of the number of tumor cells of
the control mice group.

2.11. Evaluation of morphological changes of EAC cells

To observe the morphological changes of the EAC cell, the asci-
tic fluid obtained from treated mice of each group were stained
with DAPI fluorescent dye and kept in dark condition at 37 �C for
15 min. After that continuous washing and re-suspension strategy
were performed with PBS buffer to take the visual images of EAC
cell morphology under the fluorescence microscope (Olympus
ix71, Korea). Next, 5 ml supernatant was placed on a microscopic
slide and the whole technique was done following the method of
Miah et al. (2020) and Islam et al. (2015).

2.12. Statistical analysis

All results are expressed as mean ± SEM and carried out in trip-
licates for the determination of significant differences between the
mean of two test samples. Hence, all data were assessed by one-
way ANOVA followed by Duncan’s multiple range test (DMRT)
and t-test using SPSS software 16 where P < 0.05 was considered
as statistically significant and all of the graphs prepared by using
GraphPad Prism 9 software.
3. Results

3.1. Evaluation of antioxidant activity

3.1.1. DPPH free radical scavenging assay
DPPH is a stable free radical and the color change of DPPH is

proportional to the decrease of absorbance number that indicates
significant free radical scavenging activity of test samples. Again,
the higher DPPH scavenging activity indicates a higher antioxidant
activity. The IC50 value for scavenging of DPPH free radical by
MEPA fruit pulp and seed was found to be 57.159 ± 0.210 mg/ml
and 288.743 ± 0.194 mg/ml respectively compared to the IC50 value
of ascorbic acid which was approximately 9.888 ± 0.150 mg/ml at
different concentrations. The highest scavenging activity of
88.39% for MEPA fruit pulp and 31.60% for MEPA seed was esti-
mated at the concentration of 200 mg/ml while ascorbic acid exhib-



Fig. 1. The antioxidant activity of MEPA fruit pulp and seed. (A) DPPH free radical
scavenging % of MEPA fruit pulp and seed extract at different concentrations along
with Ascorbic acid standard. (B) Comparison of IC50 value of MEPA fruit pulp and
seed extracts with standard Ascorbic acid at different concentrations. Data are
expressed as mean ± SEM (n = 3), where significance level was considered at
P < 0.05.
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ited the highest inhibition of 92.14% at the same concentration
(Supplementary Table S1). The percentage (%) of scavenging activ-
ity with different concentrations and IC50 value of MEPA fruit pulp
and seed compared to ascorbic acid are shown in Fig. 1.

3.1.2. Nitric oxide (NO) scavenging assay
The reduction capability of NO was determined by the decrease

in absorbance than control at 550 nm induced by antioxidant com-
pounds. NO free radical inhibition activity of MEPA fruit pulp, seed,
and Ascorbic acid (standard) is shown in Fig. 2 at different
concentrations.

3.2. Determination of cytotoxicity

The lethal concentration value(LC50) of test samples was calcu-
lated from the regression equation obtained by plotting the sample
concentration against the mortality percentage of Brine Shrimp
nauplii. The LC50 value of MEPA fruit pulp and seed was obtained
as 485.005 mg/ml and 665.393 mg/ml respectively which is shown
in Fig. 3.

3.3. Determination of phytoconstituents

On preliminary phytochemical analysis, the methanol extract of
P. acidus (MEPA) fruit pulp shows the presence of alkaloids, phe-
nols, flavonoids, terpenoids, glycosides, proteins, carbohydrates
where steroids, saponins, and tannins phytochemicals are absent.
On the other hand, MEPA seed demonstrates the presence of alka-
loids, phenols, glycosides, saponins, protein, and the absence of fla-
vonoids, steroids, terpenoids, tannins, and carbohydrates. Hence,
the presence of phytochemicals is shown by (+) sign and the
absence of phytochemicals is shown by (-) sign. Phytoconstituent
determination results are shown in Table 1.

3.4. Assessment of lectin protein activity

The presence of lectin protein which is ubiquitously found in
plants and other organisms was determined by the hemagglutina-
tion assay. This experiment exhibits that MEPA fruit pulp and seed
have high agglutination activity against 2% RBCs suspensions at the
lowest concentration of 31.25 mg/well where the negative control
wells did not show any kind of agglutination activity. The aggluti-
nation activity of MEPA fruit pulp and seed is demonstrated in
Fig. 4.

3.5. Determination of EAC cell growth inhibition

The number of viable EAC cells of the control group was found
to be 7.0x106cells/ml, where in case of the fruit pulp extract-
treated group was found to be 2.4x106cells/ml and the seed
extract-treated group was found to be 5.0x106cells/ml shown in
Fig. 5. Hence, 65.71% (B) and 28.57% (C) EAC cell growth inhibition
were determined in both cases respectively shown in Table 2.

3.6. Observation of morphological changes of EAC cell under the
fluorescence microscope

Morphological changes of EAC cells collected from both control
mice and mice treated with MEPA fruit pulp and seed extract were
examined by DAPI staining assay after sacrificing on 7thday. The
result of EAC cell observation from control mice and both extracts
treated mice under a fluorescence microscope is manifested in
Fig. 6. Under the microscopic observation, EAC cells nuclei from
the control group were found as round, regular, and homoge-
neously stained with DAPI (1 mg/1.6 ml) shown in Fig. 6(A),
Whereas, some of the EAC cells treated by MEPA fruit pulp and
2018
seed were shown fragmented nuclei where more fragmented
nuclei were observed in case of fruit pulp than seed shown in
Fig. 6 (B) & (C).
4. Discussion

A large number of drugs have been developed recently from
plant-derived natural compounds to treat severe disorders without
any toxic effect (Newman and Cragg, 2016) and Phyllanthus acidus
is considered a good source of medicine due to its extensive appli-
cation in aspect of the treatment of inflammation and pain, oxida-
tive stress-related disorders, hepatic injury, and gonorrhea
(Chakraborty et al., 2012). Therefore, it is decided to check the bio-
logical potentiality and EAC cell growth inhibition activity of this
plant part specifically fruit pulp and seed which is available in Ban-
gladesh round the year.

The antioxidant activity of P. acidus fruit pulp and seed extract
has been tested following two widely used methods such as DPPH
and NO scavenging assay. DPPH free radical scavenging assay is a
rapid, simple, and inexpensive method widely used to test the abil-
ity of antioxidant compounds found in various parts of plant sam-
ples (Lee et al., 2007). However, previous studies on a few species
of this genus have been already shown promising antioxidant
activity(Andrianto et al., 2017; Habib et al., 2011). The result of this
test typically indicates that MEPA fruit pulp has a strong ability to
scavenge DPPH free radical than MEPA seed when compared with
the IC50 value of Ascorbic acid standard. The IC50 value of MEPA
fruit pulp and seed was found to be 57.159 lg/ml and
288.743 lg/ml respectively while the IC50 value of Ascorbic acid



Fig. 2. Nitric Oxide (NO) Scavenging activity. NO free radical scavenging % of MEPA fruit pulp and seed along with standard Ascorbic acid at different concentrations. Results
are expressed as mean ± SEM (n = 3), where significance level was considered at P < 0.05.

Fig. 3. Cytotoxic activity of MEPA fruit pulp and seed at different concentrations.
LC50 values of MEPA fruit pulp and seed are compared with control group which
typically indicates that both are significantly different from each other, where
significance level was set at P < 0.05.

Table 1
Results of phytochemical screening of MEPA fruit pulp and seed.

Phytochemicals MEPA fruit pulp MEPA seed

Alkaloids + +
Flavonoids + –
Steroids – –
Terpenoids + –
Glycosides + +
Saponins – +
Tannins – –
Phenols + +
Proteins + +
Carbohydrates + –

Fig. 4. Hemagglutination activity of MEPA fruit pulp and seed where both extract
showed agglutination activity against RBCs at the concentration of 31.25 mg/well.
Here, control well did not show any agglutination activity.
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was 9.888 lg/ml. In case of IC50 value, the mean with different let-
ters also express that they are significantly different at P < 0.05
level which is done by Duncan’s multiple-range test. On the other
hand, Nitric oxide (NO) is a crucial bio-regulatory molecule
required for several physiological processes. Positive NO test also
2019
demonstrates that MEPA fruit pulp has higher inhibitory activity
than MEPA seed in a dose-dependent manner but less inhibitory
effect is found in both cases when compared with standard Ascor-
bic acid. Based on these results, it can be easily mentioned that P.
acidus fruit pulp is a potential source of antioxidant compounds
(Chakraborty et al., 2012).



Fig. 5. Haemocytometric observation of EAC cells where (A) indicates viable EAC cells in control group without any treatment, (B) and (C) indicate MEPA fruit pulp and seed
extract treated viable EAC cells respectively.

Table 2
Effects of MEPA fruit pulp and seed extract treated EAC cell growth inhibition in
in vivo condition. Data are expressed as mean�SEM (n = 3).

Name of the
Experiment

Dose (mg/kg
body weight /
day) (i. p.)

Viable EAC cells on day
seven after inoculation of
tumour (cells/ml)

% of cell
growth
inhibition

1. EAC + Control No treatment (7.0�0:117Þ�106 ——————
2. EAC + MEPA

fruit pulp
extract

100 (2:4�0.019)�106 65.71%

3. EAC + MEPA
seed extract

100 (5.0�0.045)�106 28.57%
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Again, cytotoxicity was determined following Brine Shrimp
lethality bioassay at different concentrations to predict the toxic
effect on normal cells (Saha et al., 2013). The MEPA fruit pulp
and seed were exhibited lower toxicity against Brine Shrimp nau-
plii although the mortality rate of Brine Shrimp nauplii was
increased by increasing the concentration of test samples. For
MEPA fruit and seed, LC50 value was obtained as 485.005 mg/ml
and 665.393 mg/ml repectively which would be considered as a
potential cytotoxic and toxic substance as LC50 is <1 000 mg/mL
(Islam et al., 2013). Hence, a comparison of LC50 value indicates
that both experimental samples have lower toxic effects on Brine
shrimp nauplii and their effect is statistically significant (P<0.05
by t-test). Based on the result of LC50 value, MEPA fruit pulp and
seed can be considered as a promising biological agent for conduct-
ing further experimentations in future as they have low toxicity on
normal cells (Islam et al., 2018a,b). Based on phytochemical analy-
sis report, it can be further assessed that the desired plant samples
specially MEPA fruit pulp might be a novel source of medicines
than MEPA seed due to the possessing of effective phytocom-
pounds those have great medicinal value (Bhandari et al., 2017).

Moreover, it is well established that lectins are carbohydrate-
binding proteins and capable to agglutinate blood erythrocytes in
in-vitro conditions (Kabir et al., 2013). Therefore, it can be hypoth-
esized from the obtained result of hemagglutination activity test
Fig. 6. The morphological changes of EAC cells under the fluorescence microscope induc
control mice showed regular and round-shaped nuclei while (B) and (C) indicates the E
morphological and structural changes of nuclei.
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that the agglutination of mouse erythrocyte induced by MEPA fruit
pulp and seed is possibly due to the presence of lectin or lectin-like
protein. Further, the agglutination activity of MEPA fruit pulp at
different wells compare to MEPA seed typically indicates that it
is a good source of lectin or lectin-like carbohydrate-binding pro-
teins. Hence, agglutination may occur when lectin interacts with
sugar moieties present on the cell surface of mouse blood erythro-
cytes (Sultan et al., 2009).

EAC cell is commonly used for anti-proliferative study in world-
wide. Besides, several studies have been already reported that
plant-derived extracts have toxicity against EAC cells and possess
anticancer activity in tumor-forming experimental animals
(Kakoti et al., 2015). Mice in each group were sacrificed on day
seven and then total intraperitoneal EAC cells were harvested to
dilute into 1% normal saline. Viable cells were first identified by
using trypan blue dye and counted by a hemocytometer following
the method of (Tennant, 1964). Besides, the total number of viable
cells in the treated groups was compared with those of the control
group. Based on the result of cell count, viable EAC cells were found
as the decreased number in case of MEPA fruit pulp and seed
extract treated mice mentioned as 2.4x106cells/ml and 5.0x106-
cells/ml compared to control mice that showed 7.0x106cells/ml.
However, it typically suggests the cell growth inhibition property
mediated by MEPA fruit pulp and seed extract (Bala et al., 2010;
Senthilkumar et al., 2008). Furthermore, more effective cell growth
inhibition has been observed in MEPA fruit pulp treated group
(65.71%) in compare to seed extract group (28.57%) based on the
result. Therefore, it can be easily concluded that our experimental
samples have the efficacy of anti-proliferative property against EAC
cells where many other similar studies also support this activity
(Al-Mamun et al., 2016b; Islam et al., 2014).

DAPI is a fluorescent stain that is extensively used in fluores-
cence microscopy and it can pass only through an intact cell mem-
brane. Therefore, it is used to stain both live and fixed cells. Though
it passes through the membrane of live cells but the effectiveness
of the stain is lower (Kerr et al., 1972). Apoptotic morphological
alterations such as fragmented nuclei and nuclear condensation
ed by MEPA fruit pulp and seed extract. Here, (A) represents EAC cells derived from
AC cells of MEPA fruit pulp and seed extract-treated mice with the appearance of
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among the neighboring cells have been observed by fluorescence
microscopy in treated groups compared to the control group (Al-
Mamun et al., 2016a). Besides, more condensed and fragmented
nuclei have been found in case of MEPA fruit pulp treated EAC cell
images rather than the seed extract which may be due to the initi-
ation of EAC cell apoptosis (Hasan et al., 2019; Zahan et al., 2019).
These results indirectly indicate that lectin-like proteins present in
Phyllanthus acidus fruit pulp and seed extract may be responsible
for the induction of morphological alterations of EAC cells (Islam
et al., 2014; Singh et al., 2017). Finally, it can be suggested that P.
acidus fruit pulp has potential EAC cell growth inhibition activity
because of its good antioxidant property along with other biologi-
cal nature, and that’s why it can be used as a novel anticancer drug
development process after further molecular analysis.

5. Conclusion

The present study shows that there is strong biological evidence
for P. acidus (L.) fruit pulp and seeds. Based on the above findings,
MEPA fruit pulp directs high antioxidant activity, a considerable
amount of essential phytochemicals, a low toxic impact on normal
cells, and a good source of lectin protein compared to seeds.
Besides, effective EAC cell growth inhibition properties with some
remarkable morphological changes in the nucleus have also been
identified in both cases, but a more effective result has been
achieved in case of MEPA fruit pulp. To get relief from debilitating
disorders, MEPA fruit pulp is, therefore, to be considered a more
promising therapeutic source than seed. Further studies may be
conducted in the future to identify specific bioactive molecules
as a novel therapeutic agent for the treatment of cancer, diabetes,
cardiovascular disorders, etc.
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