Toxicological Research

A

ORIGINAL ARTICLE q

Check for
updates

eISSN 2234-2753
pISSN 1976-8257

Toxicol Res. (2020) 36:79-88
https://doi.org/10.1007/s43188-019-00011-7

In-vivo antiproliferative activity of Morus latifolia leaf and bark
extracts against Ehrlich’s ascites carcinoma

Md. Shihabul Islam' - Chowdhury Arif Jahangir' - Md. Sifat Rahi' - Md. Mahmudul Hasan' - Salek Ahmed Sajib' -
Kazi Md. Faisal Hoque' - Md Abu Reza'

Received: 23 January 2019 / Revised: 6 April 2019 / Accepted: 25 April 2019 / Published online: 21 November 2019
© Korean Society of Toxicology 2019

Abstract

Cancer is the second death causing disease all over the world and until today 100 different types of cancer have been identi-
fied whose treatment methods consist of serious side effects on human body. To reduce the frequency of adverse effects of
cancer treatment, nowadays plant derived natural components are getting priority. The plant Morus latifolia is widely avail-
able in northern part of Bangladesh. The earlier researches suggested that popular varieties of some Morus sp. like Morus
alba, Morus indica etc. have good anti-proliferative activity. Hence, this study was designed to evaluate the anti-proliferative
activity of leaf and bark extracts of M. latifolia against Ehrlich’s ascites carcinoma (EAC) in vivo. The leaf and bark extracts
of M. latifolia were used in several bioassays including Brine shrimp lethality test, hemagglutination activity test, antioxidant
activity test, and cell growth inhibition test. Besides, fluorescence microscopy was performed to study apoptotic features
in EAC cells, and molecular analysis like real-time PCR were also conducted. The results of Brine shrimp lethality test,
hemagglutination activity test, and antioxidant activity assay supported the cell growth inhibition capability of leaf and bark
extracts which was confirmed by in vivo cell growth inhibition bioassay. Moreover, the experimental extracts were able to
induce cell apoptotis through altering the expression pattern of Bcl-2 and Bax genes. All of the results of this study suggest
that several noble compounds are present in M. latifolia plant extracts which are capable for healing cancer cells.
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Introduction

Morus latifolia is a shrub type plant growing as wild or
under cultivation in many temperate regions of the world
that is known as “Mulberry” in English and “Tut gach”
in Bengali. The green leaves of this plant are broadly used in
silk industries specially in feeding the silkworms in several
countries [1]. It is belonging to the Moraceae family with
Morus genus which comprises another 10—16 species includ-
ing M. laevigata, M. alba, M. indica, M. rubra, M. nigra etc.
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It is fast growing plant with 15-20 feet long normally and
35-40 feet long in rare cases [2].

The Morus sp. plants are rich in a number of ayurvedic
properties and medicinal components including vitamin-C,
phenolic acid, iron, tannin etc. [3]. In Indian subcontinent
and China, the ayurvedic properties of plants are thoroughly
used against different kinds of disorders and diseases from
the ancient time to today. Moreover, it has a tremendous
contribution in modern medical sciences to diminish the
human difficulties [4—6]. The M. latifolia plant is abundant
with secondary metabolites called anthocyanin which is one
of most excellent materials to many scientists for research
on different human abnormalities or diseases especially on
cancer [7].

Cancer is a class of diseases with unusual cell growth
due to fail in controlling the cell cycle. It also involve in
unorganized and unidentified cell division and destruction of
massive human life [8]. A statistics reported that in the year
of 2012, about 8.2 millions of people were died worldwide
and about 14.1 millions of new people were diagnosed with
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cancer. But these frequencies are gradually increasing day
by day [9]. Though cancer is a devastating and leading life
threatening disease, its treatment outcomes are still now so
poor with various adverse side effects. Due to severe draw-
backs of cancer treatment, scientists are still working to look
for plant derived natural compounds to treat cancer with
comparatively lower side effects [10, 11].

Plants are strongly considered as an important natural
resources of phytochemicals with different efficient bio-
activities that offer as drugs against several types of disor-
ders and diseases like cardiovascular disease, neurodegen-
erative disorders, inflammation, cancer etc. [12, 13]. About
70-80% of world population is directly or indirectly depends
on plants materials as their major treatment source and over
60% of antitumor supplements are generated from a number
of medicinal plants or plant parts. For these pharmacological
activities, plant samples become of a great interest on bio-
medical research for human benefit [14].

Anything that may cause to develop unusual potentiality
in a normal body cell is responsible for cancer. Generally,
different kinds of physical and chemical agents or activi-
ties including radiation, smoking, some pathogens, obesity
etc. play a vital role for cancer development by inducing
DNA damages as well as altering the normal sequence of
human genetics [15—-17]. The alteration of genome sequence
is known as mutation and it can change the normal protein
formation associated with regular cell division which sub-
sequently create a mass of cells (tumor) as well as cancer
[18]. In our body, this mutation can be done by the action of
free radicals which are being produced during normal physi-
ological processes and due to oxidative stress (OS). The anti-
oxidant property of plant materials can remove excessive
free radicals which lead to perform natural cell division and
growth [19, 20].

Lectins are an important carbohydrate binding protein
with several bioactivities like agglutination activity, cyto-
toxic activity, antimicrobial activity, anti-proliferative activ-
ity and so on. This protein is found in plant and animal as
well as some kinds of microorganism including fungi, bac-
teria, viruses etc. It is proved by many researchers that plant
lectin inhibits the cancer cell growth up to 30-60% and in
rare case this proportion reached near about 80% [21, 22].
Moreover, these proteins are responsible for cancer cell
agglutination as well as cancer cell aggregation. They can
also deflect the normal cell cycle by altering the non-apop-
totic G1 phase, arresting the G2/M phase, and ensuing cell
apoptosis [23].

Apoptosis is a normal physiological process that allows
removing abnormal or unwanted cells from the body through
a series of programmed cell death. In normal body, it is
very essential to keep the body fit and healthy by protect-
ing from pathogen invaded cells, discarding inflammatory
cells, and knocking out invasive cells [24]. The apoptosis
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process is regulated by the balanced function of different
types of pro-apoptotic (Bax, p 53, Bak) and anti-apoptotic
(Bcl-2, Bcl-X) genes. But the abnormal functions of these
genes alter the natural cell apoptosis which triggers the cell
division and cell proliferation in an irregular way leading
to development of tumor as well as cancer [25]. However,
induced apoptosis by plant based natural remedies are now
being used frequently in cancer treatment [26].

Mulberry is a well known medicinal plant in Bangladesh
and its several species have wonderful biological activities
including antioxidant, cytotoxicity, anti-inflammatory, anti-
diabetic, hepato-protective, anti-microbial, and anti-prolifer-
ation activity [27, 28]. But there is evident that no research
work has been done earlier on leaf and bark extracts of M.
latifolia in Bangladesh and that’s why these plant materi-
als have been chosen for the current investigation. In this
research work, the effects of selected extracts on EAC cells
growth through apoptosis process have been concentrated
by estimating the expression of apoptosis related genes like
Bax and Bcl-2.

Materials and methods
Chemical and reagents

1,1-Diphenyl-2-picrylhydrazyl (DPPH), Sodium Chloride
(NaCl), Sodium Citrate, Butylated hydroxyl toluene (BHT),
Trypan blue, and 4, 6-diamidino-2-phenylindole (DAPI)
were bought from Sigma Aldrich (USA). Hemagglutina-
tion buffer (20 mM Tris—HCI buffer, pH 7.8 containing 1%
NaCl and 10 mM CaCl,) and Phosphate buffer saline (PBS)
were prepared in our laboratory. RNAsimple Total RNA kit
and M-MLV (Moloney Murine Leukemia Virus) reverse-
transcriptase were purchased from Tiangen (Beijing, China).
Primers were custom synthesized from IDT (Integrated
DNA Technologies), Malaysia. GoTaq® gPCR Master Mix
(2x) was purchased from Promega, USA. All other chemi-
cals and reagents were of analytical grade.

Collection of plant materials and preparation
of extracts

The experimental plant materials (fresh leaf and bark of
M. latifolia) were collected from Bangladesh Sericulture
Research and Training Institute (BSRTI), Rajshahi, Bang-
ladesh. The plant samples were identified by Dr. Saidur Rah-
man, Chief Scientific Officer, BSRTI, Rajshahi, Bangladesh.
The collected materials were then washed with distilled
water for several times and kept for air drying. Later, the
dry leaf and bark were cut into small size and allowed for
drying in drier at 40 °C for 3 days and 10 days respectively.
By using an electrical grinder machine (Jaipan, India), the
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experimental specimens were grinded into fine powder and
preserved at room temperature. The resultant powders were
then dissolved into methanol followed by keeping on a shak-
ing (160 rpm) incubator at 37 °C for 24 h. Later, the samples
were sonicated by using sonicator (Soniprep 150, China) at
10 kHz for 20 min and filtered with vacuum pump filtration
system. The filtered materials were lyophilized and stored
at 4 °C for further used.

Hemagglutination assay

Hemagglutination assay for detecting the presence of lectin
and lectin like protein in leaf and bark extracts of M. latifo-
lia was conducted in U-bottomed 96-well micro titer plate
as stated by Kabir et al. [29] and Hasan et al. [30]. In brief,
firstly the mouse blood was collected into a beaker with anti-
coagulant reagent (sodium citrate), washed for several times
by using PBS, and prepared as 2% red blood cells (RBCs)
(v/v) in PBS. After that, the wells of micro titer plate were
filled by 50 pl of leaf and bark extracts of M. latifolia which
were serially diluted with same volume of hemagglutina-
tion buffer. Lastly, the 50 ul of 2% RBC suspension was
added into every well of the titer plate and kept at room
temperature for shaking. After 30 min, the titer plate was
observed carefully and agglutination of maximum dilution
was recorded which indicated the positive agglutination
activity of the experimental extracts.

Brine shrimp lethality test

Brine shrimp lethality assay of leaf and bark extract of M.
latifolia was performed by using shrimp nauplii (Artemia
salina L) as described previously [29]. According to the
method, initially the fresh brine shrimp eggs were taken
into brine solution (pH =7.0) prepared by dissolving 38 g of
NaClin 1 L distilled water for hatching. Then, 10 test tubes
were taken with 10 different concentrations (25, 50, 75, 100,
125, 150, 175, 200, 225, and 250 ug/ml) of leaf and bark
extracts separately and made the final volume up to 10 ml
by adding brine solution. Subsequently, 20 immature brine
shrimp nauplii were transferred into each test tube and the
test tubes were kept under observation at room temperature.
After 24 h, the proportion of mortality of the nauplii was
evaluated for every concentration and the LCs, values were
calculated by the Probit Analysis [31].

Antioxidant activity assay

Antioxidant activity of leaf and bark extracts were esti-
mated by using DPPH free radical scavenging bioassay that
is described as Brand-Williams et al. with a little changes
[32]. Based on this protocol, stock solution of experimental
extracts (1 mg/ml concentration) and methanolic solution of

DPPH (1 mg/25 ml concentration) were prepared. Then, ten
different concentrations (25, 50, 75, 100, 125, 150, 175, 200,
225 and 250 pg/ml) of stock solution were taken into ten
different test tubes and made volume up to 1 ml by adding
absolute methanol. After that, 1.5 ml of DPPH solution was
added in each test tube and kept them in a dark place at room
temperature to complete the reaction. After 30 min, the opti-
cal density of each solution was measured by using a spec-
trophotometer (GENESYS 10S UV-Vis, Thermo Scientific,
USA) at 517 nm. The BHT, methanol, and DPPH solution
were used as standard, blank, and control respectively. The
scavenging percentage of DPPH was evaluated by using the
following formula:

Percentage of DPPH scavenging = [(AO - Al) + Ao] %X 100%

where A, = absorbance of the control; A; = absorbance of
the leaf and bark extracts.

The 50% inhibition concentration (ICs) values was calcu-
lated by using regression line of gained scavenging percent-
ages and corresponding concentrations.

Experimental design and ethical clearence

Throughout the study, about 5-6 weeks old, fresh and
healthy Swiss Albino mice weighting 25+2 g were used
which were collected from the animal house of Department
of Pharmacy, Jahangirnagar University, Dhaka, Bangla-
desh. This experiment was authenticated by the members
of TAMEBBC (Institutional Animal, Medical Ethics, Bio-
safety and Bio-security Committee), Institute of Biological
Sciences (IBSc), University of Rajshahi, Bangladesh for
Experimentations on Animal, Human, Microbes and Liv-
ing Natural Sources, Memo no. 31/320-IAMEBBC/IBSc.
The experimental animals were nurtured in an animal
house with proper environmental condition (12 h dark and
12 h light cycle, 25 +2 °C temperature). The animals were
provided with food and water ad libitum. The Ehrlich’s
ascites carcinoma (EAC) cells used in this investigation
were initially collected from Protein and Enzyme labora-
tory, Department of Biochemistry and Molecular Biology,
University of Rajshahi, Bangladesh and there after these
cells were propagated in intra-peritoneal cavity of fresh
Swiss albino mouse. Before starting treatment, the mice
were divided into mainly three (03) groups and they are
expressed as control group, leaf treated group and bark
treated group. The leaf and bark treated groups were again
divided into three sub-groups namely group-1, group-2,
and group-3 which were received 50, 100, and 200 mg/kg
of experimental extracts respectively. Another group was
used as standard (Bleomycin treated) that was used only for
determination of cell growth inhibition. All of the groups
contained 6 animals. The EAC cells were injected into all
mice of each group at 1.72x 10° cells/ml concentration by
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successive needle aspiration with maintaining suitable steri-
lized condition. After 24 h of cell inoculation, the treatments
were begun for 5 consecutive days. Extracts were adminis-
tered to mice by dissolving in distilled water.

Determination of EAC cell growth inhibition ratio

The in vivo growth inhibition of EAC cells was estimated
using a standard method that narrated by Sur et al. [33]. For
this study, all the extract treated mice were sacrificed after
24 h of last treatment and EAC cell was harvested from the
intra-peritoneal cavity by using narrow needle. The collected
EAC cells were diluted initially with normal saline water
(1% NaCl) and then with trypan blue. The total number of
viable cells was counted on the hemocytometer using trypan
blue dye (0.5%) exclusion assay. The total viable cells in
every mouse of all groups were calculated by following the
equation:

The total number of EAC cell /ml

The average count per square X dilution factor

" Depths of fluid under cover slip x area counted

The percentage of growth inhibition was measured by

using following equation:
e Tw

Frequency of cell growth inhibition (%) = <1 - a) x 100
where Tw = average number of EAC cells of the treated
mice group and Cw = average of number of EAC cells of
the control mice group.

The group without any treatment and the group treated
with Bleomycin (anti cancer drug) were used as control and
standard.

Morphological observation of EAC cells

DAPI staining technique is one of the most promising meth-
ods to observe cellular morphology and this process was
used in the present investigation to examine the alteration of
EAC cells as well as cell apoptosis with slight modification
[9]. In this method, the EAC cells were collected from peri-
toneal cavity of control and treated mice and kept into small
glass tubes with 1% saline water. Then, 1 ml of isolated cells
was taken into 1.5 ml ependrop tubes and washed with PBS
for several times and every time the cells were centrifuged at
1200 rpm for 2 min. After washing well, 5 ul of DAPI stain-
ing solution was added into every microcentrifuge tubes and
kept them in dark for 30 min. Later, 200 ul of PBS was taken
into each test tube and again centrifuged at 1200 rpm for
2-3 min. Finally, the supernatant was removed and 200 ul
of PBS was added for another time to prepare a number of
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slides for observing the morphological changes in EAC cells
under fluorescence microscope (Olympus iX71, Korea).

Gene expression analysis

The gene expression analysis was carried out through
real-time polymerase chain reaction (real-time PCR) tech-
nique. The total RNA was extracted from both control and
treated mice EAC cells using RNAsimple Total RNA kit
(Tiangen, Beijing, China) following the manufacturer’s
instructions. The quantity of isolated RNA was measured
by using a nano-drop spectrophotometer (NanoDrop 2000,
Thermo Scientific, USA). The isolated RNA was reverse
transcribed into cDNA in a final volume of 20 pl reaction
mixture containing 3 pl total RNA, 2 ul of 10 mM oligo(dT),
2 ul of 10 mM dNTPs, 1 pl of TIANscript MMLYV reverse
transcriptase (Beijing, China), buffer 4 ul and 8 ul nucle-
ase free water according to the company’s guidelines. The
amplification of two genes Bcl-2 and Bax associated with
tumor development was performed using the synthesized
cDNA as template in real-time PCR technique where
GAPDH gene was used as reference. The primer sequences
for GAPDH, Bcl-2, and Bax given in Table 1. PCR reactions
in all cases were performed in triplicate in 10 ul volume
containing 5 pl GoTaq® qPCR Master Mix (2x) (Promega,
USA), 0.5 pl (10 mM) of each primer, 3 pl nuclease free
water and 1 pl template. Thermal cycling was carried out for
specific genes on corresponding cDNA samples in 48-well
reaction plates by using the Eco™ Real-Time PCR System
(Ilumine®, USA). PCR was conducted with the following
cycling parameters: 95 °C for 10 min, followed by 40 cycles
of 95 °C for 30 s, 52 °C for 30 s and 72 °C for 25 s. Reaction
specificity was confirmed by melt curve analysis at 95 °C for
155,60 °C for 15 s, 95 °C for 15 s. The AACq method was
used for the quantitation of gene expression using GAPDH
as an endogenous control.

Table 1 The sequence of primers used in real-time PCR technique

Primer  Sequence Tm (°C)
GAPDH Forward: 5-GTGGAAGGACTCATGACC 52
ACAG-3'
Reverse: 5'-CTGGTGCTCAGTGTAGCC
CAG-3'
Bcl-2 Forward: 5'-GTGGAGGAGCTCTTCAGGGA-3'

Reverse: 5-AGGCACCCAGGGTGATGCAA-3'
Bax Forward: 5'-CCTGCTTCTTTCTTCATCGG-3'
Reverse: 5'-AGGTGCCTGGACTCTTGGGT-3'
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Statistical analysis

All of experiments were done for thrice (n=3) except the
cell growth inhibition study where n=6. All the experimen-
tal results are represented as mean +SD (Standard Devia-
tion). The significance test was carried out by using SPSS-
16 software following one way ANOVA by Dunnett Post
hoc test by comparing with control. The levels of signifi-
cant were set up at 5%, 1% and 0.1% level where *P <0.05,
**P<0.01 and ***P <(0.001 respectively.

Results
Hemagglutination assay

The hemagglutination activity of leaf extract and bark
extract of M. latifolia was determined to check the pres-
ence of lectin or lectin like protein that is related to inhibit
cancer development. The minimum concentration of leaf
and bark extract to agglutinate the 2% RBC of mouse was
found as 1.56 ug/ml and 6.25 pg/ml respectively (Fig. 1).
This result indicated that leaf extract contains more lectin
protein and required little amount to agglutinate the RBC
than bark extract.

Brine shrimp lethality test

In vitro cytotoxic activity of leaf and bark extract of M. lati-
folia at different concentrations was evaluated by using the
brine shrimp lethality bioassay. The less toxic effects were
appeared at lower concentration of experimental extract and
it was increasing gradually at comparatively higher concen-
tration (Fig. 2). The LCj, value for leaf and bark extract
were 146+ 12 pg/ml and 205 + 18 pg/ml respectively. The
higher LCjs, values of leaf and bark extract expounded that
they had less toxic effect.

Fig. 1 Hemagglutination activ-
ity of leaf and bark extract of M.
latifolia. The extracts agglu- 50 25
tinate 2% RBC where control
showed no agglutination. The
leaf extract shows compara-
tively higher agglutination
activity on mouse RBC indicat-
ing presence of more lectins
than the bark extract

12.5

®®

Antioxidant activity assay

Antioxidant activity of leaf and bark extract was in dose-
depended fashion (Fig. 3). The ICs, value of leaf and bark
extracts were 98.58 +7.54 pg/ml and 233.08 +12.35 pg/ml
respectively, whereas the ICs, value of standard (BHT) was
53.12+5.24 pg/ml. Based on the result, leaf extract showed
better activity than bark extract.

Determination of EAC cell growth inhibition ratio

The growth of EAC cell was effectively inhibited by the leaf
and bark extract of M. latifolia in a dose-dependent manner.
The total number of EAC cells/ml for control, Bleomycin,
leaf, and bark treated mice are mentioned in Table 2. The
viability of EAC cells considerably went down in all treated
mice when compared with control group. After five consecu-
tive days of treatment, the percentages of EAC cell growth
inhibition were 42.3, 51.1, and 56 at 50, 100, and 200 mg/kg
leaf extract and 36.6, 46.9, and 52.2 at 50, 100, and 200 mg/
kg bark extract respectively. Whereas, treatment with Bleo-
mycin demonstrated 79% growth inhibition. However, the
leaf extract has relatively more anti-proliferative capacity
than the bark extract.

Morphological observation of EAC cells

According to the fluorescence microscopic observation, the
cells of control group mice were regular and round shaped
whereas the apoptotic cells or on-going apoptotic cells were
appeared with condensed chromatin, cell shrinkage, mem-
brane bleebing, and nuclear degradation as a result of treat-
ment with extracts. (Figure 4). The mean number of apop-
totic cells/slide (Fig. 5) illustrates that the leaf extract exhibit
comparatively more activity than bark extract.

Concentration (pg/ml)

6.25
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$889...

N N S\
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Fig.2 Evaluation of cytotoxic
activity of leaf and bark extract
of M. latifolia. Mortality fre-
quency of Brine shrimp nauplii
treated by leaf and bark extract
was increased in a dose-depend-
ent manner. The data are repre-
sented as mean+ SD (n=3)

Mortality (%)

Fig.3 Antioxidant activity 120
of leaf and bark extract of

M. latifolia. Leaf extract of

M. latifolia demonstrates the
higher scavenging activity than
bark extract when compare to
standard (BHT). The results
are represented as mean + SD
(n=3)

100

Scavenging %

——Lcaf
—i—Bark
0 25 50 75 100 125 150 175 200 225 250 275
Concentration (ug/ml)
T 'r____T
—o—Standard
=] caf
—i— Bark

100 150 200 250 300

Concentration (pg/ml)

Gene expression analysis

The Bcl-2 and Bax genes are related to cell apoptosis and
in the current experiment, down regulation in Bcl-2 and up
regulation in Bax were observed (Fig. 6). In case of bark
treatment, expression of Bcl-2 was decreased by 0.69, 0.51,
and 0.21 fold at 50, 100, and 200 mg/kg dose respectively.
On the other hand, expression of Bax was increased by 1.61,
2.99, and 5.17 fold at 50, 100, and 200 mg/kg dose respec-
tively. The expression of Bcl-2 was decreased by 0.77, 0.54,
and 0.27 fold at 50, 100, and 200 mg/kg leaf extract respec-
tively. Whereas expression of Bax was increased by 1.54,
2.75, and 4.81 fold due to treatment with leaf extract at 50,
100, and 200 mg/kg dose respectively.
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Discussion

Cancer is one of the deadly diseases that characterized by
abnormal and unorganized cell proliferation. There are
over 100 different types of cancer including lungs, prostate,
breast, liver, blood, brain, bone cancer etc. found in both
developed and developing countries with massive economi-
cal losses [34, 35]. This life threatening disease is caused
by both internal and external factors as well as alteration of
DNA repair genes, oncogenes and tumor suppressor genes.
These abnormalities of genes take place by free radicals
that are generated by excessive OS through normal body’s
functions [36]. The antioxidant property of phytochemicals
plays a central role to balance the OS that remove the free
radicals [37]. In this study, the leaf and bark extracts showed
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Table 2 Effect of bark and leaf extract of M. latifolia on EAC growth
inhibition

Groups Number of EAC cells Inhibition %
per ml (X 10%
Control 3.72+0.24 -
Standard (Bleomycin) 0.76 £0.14%** 79.7+14
Leaf
50 mg/kg 2.12+0.16* 42.3+09
100 mg/kg 1.82 +0.12%%* 51.1+0.1
200 mg/kg 1.64 +0.18%** 56.0+2.1
Bark
50 mg/kg 2.36+0.22% 36.6+1.8
100 mg/kg 1.98 +0.28%* 46.9+1.1
200 mg/kg 1.78 £0.16%%* 522+1.6
n=6

Significant at *p <0.05, **p <0.01, and ***p <0.001 in respect to the
control

pleasant antioxidant activity compared to BHT (standard).
But according to the results of ICs, value, the leaf extract
showed better antioxidant activity than bark extract.

The brine shrimp lethality assay was performed to detect
the cytotoxicity of experimented plant materials. The con-
siderable LCs, values of plant specimens reported the suit-
ability of further research and helped in considering the
extracts as biologically potent [38, 39]. However, the results
regarding brine shrimp lethality demonstrated considerable
LCjs, values indicating that they contain different kinds of
biologically active compounds which can inhibit cellular
growth.

Lectins are one kind of carbohydrates binding protein
that normally found in whole plant or plant parts [40]. It is
well known that the plant lectins are able to bind with cell

Control

50mg/Kg

Leaf Extract

o

membrane of different types of cancer cells leading to stun
their multiplication [41, 42]. A few researches evident that
the lectin has anti-proliferative activity against EAC cell line
[43, 44]. However, the hemagglutination assay reported the
minimal concentration of leaf and bark extracts to aggluti-
nate RBC of mouse at 1.56 pg/ml and 6.25 pg/ml respec-
tively. The result indicates that, the leaf extract contained
more lectin protein than bark extract which support the
higher EAC growth inhibitory effect of leaf extract.

The result of hemocytometric cell counting represented
that the leaf and bark extract treatment suppressed EAC cell
growth significantly. The leaf extract showed better EAC
growth inhibitory effect than bark when they were compared
with the inhibition frequency. These results proved that the
anti-proliferation activity of leaf and bark extracts of M.
latifolia is similar to other species of Morus genus as well
as other natural resources like tea, honey etc. [19, 45, 46].

According to the results regarding the morphological
study, several structural changes such as irregular shape,
shrinked cell membrane, chromatin condensation etc. were
appeared in EAC cells of extract treated mice, meanwhile
regular round shaped cells were found in control mice. A
significant number of abnormal cells were counted in treated
mice compared to control mice. Therefore, it can be said that
the experimental extracts deflect the normal structure of
EAC cells as well as prohibit their uncontrolled growth
through apoptosis.

Apoptosis is a natural path to eliminate the unhealthy and
unorganized cells from body without any harm of neighbor-
ing cells. It is characterized by membrane blebbing, nucleus
condensation, contraction of cell membrane, nuclear frag-
mentation, cell shrinkage etc. [47, 48]. It occurs by arresting
the cells at G1, S and G2/M phase of cell cycle to inhibit
the formation of tumor [49]. The abnormalities of apoptosis

100 mg/Kg 200 mg/Kg

] 4
/ <

e

Fig.4 Observation of EAC cells for both control and treated mice under fluorescence microscope. The white arrows indicate the shrinkage,
abnormal and irregular shaped in treated mice cells where round and regular shaped cells are appeared in control mice
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Fig.5 Average number of
apoptotic cells per slide. Sig-
nificant number of apoptotic
cells was found in treated group
compared to control group. The
result is presented as mean +SD
(n=3). Significance was set

at *p <0.05, **p<0.01, and
*#%p <(0.001 in respect to
control

Fig. 6 Effect of bark and leaf
extract of M. latifolia on expres-
sion pattern of Bcl-2 and Bax
gene in EAC cells in vivo. In
case of bark, A=Bcl-2 and
C=Bax. On the other hand,

in case of leaf, B=Bcl-2

and D =Bax. The results are
represented as mean +SD
(n=3). Significance levels were
determined and set at *p <0.05,
*#p <0.01, and ***p <0.001
compared to the control
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process play a vital role in formation of mass of cells called  Bak, Bok, Mtd, etc.). The down regulation of Bcl-2 fam-
tumor, subsequently allow the cells to divide and organize  ily genes and up-regulation of Bax family genes trigger the

in an unusual way which lead to cancerous development [S0,  formation of pore on membrane of mitochondria and eventu-
51]. This defect of apoptosis is largely depend on the imbal-  ally take place cell apoptosis through mitochondria mediated
anced interactions between anti-apoptotic proteins (Bcl-2,  intrinsic pathway [9, 52, 53].

Bcl-X, Bel-W, Mcl-1, etc.) and pro-apoptotic proteins (Bax,

@ Springer
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In this present investigation, expression of Bcl-2 and
Bax gene was analyzed. We found that leaf and bark extract
reduced the expression of Bcl-2 and increased the expres-
sion of Bax in dose-depended fashion. So, the leaf and
bark samples of M. latifolia inhibit the EAC cell growth
through intrinsic apoptotic process by creating a number of
cell abnormalities and can become a good source for fur-
ther research on cancer.
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