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Immunostimulatory effect of Mimusops elengi

Linn stem bark in mice
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Objectives: To scrutinise the immunostimulatory activity of methanolic extract of bark of Mimusops elengi Linn (MEMEL) in
mice. Materials and Methods: The MEMEL was administered orally at the dose of 10, 20, 40 mg/kg/day body weight in mice. The
immunostimulatory activities on specific and non-specific immunity were studied by carbon clearance test (CCT), haemagglutination
antibody (HA) and delayed type hypersensitivity, using sheep red blood cells (SRBC) as the antigen. Distilled water served as a control
in all the tests and vitamin E 150 mg/kg was used as standard. Result: Oral administration of MEMEL showed a dose-dependent
increased immunostimulatory response. Phagocytic index was found to be increased significantly (P < 0.01) in CCT. The production
of circulatory antibody titre (humoral antibody response) was increased significantly (P < 0.01) and delayed type hypersensitivity
reaction was found to be augmented less significantly (P < 0.05) by increasing the mean footpad thickness at 48 hr in response to
SRBC as an antigen. Conclusion: This finding suggests that the MEMEL possesses potential for augmenting immune activity by

cellular and humoral-mediated mechanisms.
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INTRODUCTION

Natural products have provided significant value to the
pharmaceutical industry over the past half century!" and
played a vital role throughout the world in treating and
preventing human diseases.”” In the present day, there
is widespread interest in herbal drugs. These interests
mainly appear from the belief that herbal medicines
are safe, inexpensive and have no adverse effects. It
is no speculate that the world’s one-fourth residents
i.e. 1.42 billion people, are dependent on conventional
medicines for the treatment of various ailments.?!
Traditional systems of medicine such as Ayurveda play
a critical role in current healthcare, predominantly in the
treatment of diseases where suitable treatments are not
existing.? Modulation of immune responses to treat the
diseases has been of curiosity for many years and the
notion of ‘Rasayana’is based on associated principles.?
The Rasayana classes of medicinal plants in Ayurveda
are reported to have a triphasic activity, i.e. the
capability to develop health and longevity, enhance
memory, intelligence, and youthfulness and improve
complexion. The use of medicinal plant commodities
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as immunomodulators as probable therapeutic measure
is becoming a new theme of scientific investigations.!®!

Mimusops elengi linn (Sapotaceae) is a non-rasayana
immunomodulatory Indian medicinal plant, usually
identified as Bakul and Spanish cherry. It is considered
as a blessed plant among Hindus and has obtained key
place in spiritual texts as well as in prehistoric Sanskrit
literature.l” In the traditional Indian system of medicine,
the Ayurveda and various folk system of medicine,®
Mimusops elengi acquire several medicinal properties
such as astringent, tonic and febrifuge, etc.’! Preclinical
studies have revealed that the bark possess anti-anxiety,
anti-hyperlipidaemic, anti-ulcer, anti-convulsant,
anti-inflammatory, analgesic, anti-pyretic, anti-oxidant,
cytotoxic, antidiabetic, diuretic and hypotensive
activities."”! Chemical studies have shown that bark
contains taraxerone, taraxerol, spinasterol,'! sodium
salt of betulinic acid, urosolic acid and fatty acid esters
of alpha-spinasterol.l'”

A stem bark of Mimusops elengi Linn has been used
by Ayurvedic practitioners, in rural Maharashtra, to
improve the immune system and to battle a number
of diseases. However, there are no scientific details
available in the literature on the immunomodulatory
activity of Mimusops elengi Linn bark extract. Also it has
been reported that this plant has contained betulinic
acid, a steroidal pentacyclic triterpenoid, as one of the
phytomolecule which has proved to be an effective lead
for immunomodulatory activity. Therefore, the present
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study was undertaken to measure the immunostimulatory
activity of the methanolic extract derived from the bark
of Mimusops elengi (MEMEL) in relation with its folklore
medicinal properties.

MATERIALS AND METHODS

Plant Material

The fresh bark of Mimusops elengi was gathered in the month
of November from Sangavi, Pune District, Maharashtra
state, India. The plant was identified and authenticated by
Botanical Survey of India, Pune, and a voucher specimen
was deposited with a voucher specimen sample No.
MIESIV 1.

Extraction

The dried bark was crushed to moderately coarse powder.
The bark powder passing through a 40-mesh sieve was
used for the extraction procedure. Bark powder (500 g) was
fed into a Soxhlet extractor and extracted with Methanol
at 35-45°C temperature for 5 days. After ensuring entire
extraction, the extract was collected, filtered and dried
under vacuum using a rotary vacuum evaporator (VFD-L)
the yield was found to be 7% w/w. Extract was stored in an
air-tight glass container till further use.

Animals

Male Swiss albino mice weighing 18-25 g were obtained
from National Institute of Biosciences, Pune, and were
housed in groups of 5 to 6. All mice were fed with pellet
diet, and water ad libitum. Mice were maintained at 22 + 1°C
with 60% relative humidity, and kept under 12-h light and
dark cycles. The animals were allowed to adapt to laboratory
conditions prior to experimentation. All experiments
were conducted during the light period of 12 hours of the
day/night cycle. All the experiments were permitted and
conducted as per the guidelines of Institutional Animal
Ethical Committee (Approval no. CPCSEA/IAEC- 005/2012).

Acute Oral Toxicity Study

The acute toxicity study was carried out according to the
limit test described in the OECD guidelines. Briefly, a test
dose of 2 g/kg and 5 g/kg were given orally to the mice.
All the animals survived the toxicity studies at the dose
200 mg/kg body weight. Based on the study; doses of 10,
20 and 40 mg/kg body weight were selected for animal
experiments.!"!

Preparation of Antigen (Immunisation)

Sheep Red Blood Corpuscles (SRBCs)

Fresh blood was collected from sheep’s sacrificed in the
local slaughter house in a sterile bottle containing Alsever’s
solution (0.8% sodium citrate, 0.05% citric acid, 2% dextrose,
and 0.42% sodium chloride) in 1:1 proportion. Blood was
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kept in the refrigerator and processed for the preparation
of SRBCs batch, by centrifuging at 2000 rpm for 10 minutes
and washing with physiological saline four to five times and
then suspending into buffered saline for further use. The
animals were immunised by injecting 1-ml of 20% SRBC,
intraperitoneally (i.p.).l™

Carbon Ink Suspension

Commercially available Camel brand black ink suspension
was purchased from the local market and diluted in a ratio
of 1:50 with normal saline and used for carbon clearance
test (CCT) in a dose of 1 m1/200 g body weight.[*]

Evaluation of Immunomodulatory Activity

Treatment Protocol

Mice were divided into five groups consisting of six animals
each randomly. In Group I, control animals received
normal saline for 7 days per oral (p.o.). In Group II, animals
received vitamin E (150 mg/kg i.p.) as standard. MEMEL
extract was dissolved in distilled water to prepare different
doses (10, 20 and 40 mg/kg body weight) and administered
orally with the help of gastric canula in Groups III, IV and
V, respectively. The control animals were administered with
equivalent volume of distilled water as vehicle. The animals
were immunised by injecting 1 ml of 20% SRBCi.p. The day
of immunisation was considered as day 0.

Carbon Clearance Test

On 7™ day of treatment animals of the entire group will
received an intravenous injection of (0.1 ml/kg of body
weight) of Indian ink dispersion (per warmed at 37°C).
Blood samples will collected from retro-orbital bleeding by
using glass capillaries at an interval of 0 min and 15 min
after the injection of ink dispersion.l"”? Blood samples were
added to 4 ml of 0.1% sodium carbonate solution to lyses
the erythrocytes. Absorbance of these samples will be
measured at 660 nm using UV visible spectrophotometer.!!®!
The mean of phagocytic index will be calculated of each
group of animals

_InoD: -InOD:
t2—t1

K

Where, OD1 and OD2 depict the optical densities at times
t, (0 min) and t, (15 min), respectively.'>"®

Haemagglutination Titre

Blood samples were collected in micro-centrifuge tubes
from individual animal by retro-orbital plexus on the 7" day
and serum was separated. Antibody levels were determined
by haemagglutination technique.”! Briefly, equal volumes
of individual serum samples of each group were pooled.
Two-fold dilutions of pooled serum samples were made
in 25-ul volumes of normal saline in micro-titration plate
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and to that were added 25 ul of 1% suspension of sheep
red blood cells in saline.™ After mixing, the plates were
incubated at room temperature for 1 hr and examined for
haemagglutination under microscope. The reciprocal of the
highest dilution of the test serum giving agglutination was
taken as the antibody titre."”!

Delayed Type Hypersensitivity

On day 7™ all animals from all the groups were challenged
with (20 ul of 1%) SRBC in sub-plantar region of right hind
paw.?2 Footpad oedema in mice was used for detection of
cellular immune response. On 7™ day, the thickness of right
hind footpad was measured using digital plethysmometer
and inject 20-ul volume of 1% sheep RBC in the sub-plantar
region of right hind paw.* Footpad reaction was assessed
after 24 hrs and 48 hrs i.e. on 8" and 9" day in terms of
increase in the thickness of footpad due to oedema caused as
aresult of hypersensitivity reaction, with the help of a digital
plethysmometer.” The footpad reaction was expressed as
the difference in the thickness (mm) between the pre and
post-right hind foot pad injected with SRBC.[?

Statistical Analysis

Data is expressed as Mean + SEM and was analysed for
significance of variance by one-way ANOVA followed by
Tukey multiple comparison tests using PRISM software.

RESULT

Acute Oral Toxicity Study

Acute oral toxicity study of MEMEL in mice did not show
any changes in the behaviour, autonomic profiles and no
mortality were observed in all treated and controlled groups
of the mice up to the dose of 200 mg/kg.

Carbon Clearance Test

The phagocytic activity of the reticulo-endothelial system is
generally calculated by the rate of removal of carbon particles
from the blood stream. MEMEL improved non-specific
immunity as evidenced by increased phagocytic index in
the CCT. The phagocytic index for the control group was
found to be 0.00388 +0.00076, whereas the extract increased
itt0 0.0218+0.01028, 0.02436 + 0.01612 and 0.03392 + 0.01529
at doses of 10, 20 and 40 mg/kg, respectively [Table 1]. The

MEMEL at a dose of 40 mg/kg showed significant (P <0.01)
increased in phagocytic index when compared to control
group [Figure 1].

Haemagglutination Titre

The haemagglutination titre was used to assess humoral
immune response. The augmentation of the humoral
immune response to SRBCs by methanol extract was
evidenced by increase in the antibody titre. Administration
of MEMEL (10, 20 and 40 mg/kg) produced dose related
increase in humoral antibody titre. The antibody titre for the
control group was found to be 5.8 + 0.83666 but at doses of
10, 20 and 40 mg/kg of MEMEL, it increased to 5.2 +0.83666,
7.4 +1.14018 and 8.2 + 1.48324, respectively [Table 1]. The
antibody titre level was found to be significantly (P <0.01)
high in animals treated with higher dose (40 mg/kg) of
MEMEL as compared to the control group [Figure 2].

Delayed Type Hypersensitivity (DTH)

Effect of MEMEL on cell-mediated immune response
by DTH-induced footpad oedema is measured by
footpad thickness in the hind paw using plethysmometer.
Administration of methanol extract dose not produced
dose dependent increase in thickness of footpad of mice as
a measure of DTH response. The mean difference (48 and
24 hrs) of paw oedema for the control group was found
to be 0.178 + 0.00837 but at doses of 10, 20 and 40 mg/kg
of MEMEL, it increased to 0.179 + 0.00837, 0.190 + 0.01
and 0.200 + 0.01732, respectively [Table 1]. In which
40 mg/kg dose of MEMEL elicited a less significant (P <0.05)
increase in footpad thickness as compared to the control
group [Figure 3].

DISCUSSION

Immunomodulation involves the modulation of the immune
responses through motivation or inhibition may aid in
maintaining a disease-free state.™! If the improvement of
immune reactions occurs it is named as an immunostimulative
which primarily implies stimulation of non-specific
system, i.e. macrophages, complement, granulocytes,
certain T-lymphocytes and different effectors substances.
Immunosuppression implies mainly to reduce resistance
against infections, stress and may occur on account of

Table 1: Effect of Mimusops elengi on phagocytic activity, humoral immune response and cell-mediated immune

response by DTH

Groups (n=6) Treatment, dose and route

Control Distilled water, 10 ml/kg, (p.0.)

Standard Vitamin-E, 150 mg/kg, (p.o0.)

ME (10 mg/kg) 1% SRBC, 0.1 ml/kg, (i.p.)+MEMEL, 10 mg/kg (p.0.)
ME (20 mg/kg) 1% SRBC, 0.1 ml/kg, (i.p.)*MEMEL, 20 mg/kg (p.0.)
ME (40 mg/kg) 1% SRBC, 0.1 ml/kg, (i.p.)*MEMEL, 40 mg/kg (p.o.)

Phagocytic index Antibody titre Mean difference of paw oedema
0.00388+0.00076
0.04358+0.00071*** 8.8+0.44721***
0.0218+0.01028
0.02436+0.01612
0.03392+0.01529** 8.2+1.48324**

5.8+0.83666 0.178+0.00837

0.396£0.0114***

0.179+0.00837
0.190+0.01

0.200+0.01732*

5.2+0.83666
7.4+1.14018

Results are expressed as mean+S.E.M (n=6), one-way ANNOVA followed by Tukey multiple comparison test.*P<0.05, **P<0.01, ***P<0.001, When compared with control groups.

DTH - Delayed type hypersensitivity; SRBC — Sheep red blood corpuscles
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environmental or chemotherapeutic factors.”™ The results
gained in the present study specify that Mimusops elengi
is a potent immunostimulant drug which shows activity
by stimulating both specific and non-specific immune
mechanisms.

The role of phagocytosis is the elimination of microorganisms
and foreign bodies, dead or injured cells.* Phagocytosis
represents a key innate defence mechanism against ingested
particulates including whole pathogenic microorganisms.!
The particular cells that are expert of phagocytosis include
neutrophils, blood monocytes and tissue macrophages.
In a view of the essential role played by the macrophages
in synchronising the progression and presentation of
antigen to B-cells, MEMEL was estimated for its effect
on macrophage phagocytic activity.”! Increase of carbon
clearance is a display of enhanced in vivo phagocytic activity
and also potential of granulopoetic system in elimination of
foreign particles. MEMEL at a dose of 40 mg/kg enhanced
the phagocytic function by clearing the carbon particle
produced phagocytic response.

The index of humoral immune response is the raise in
antibody titre value due to boost in immune response.!'”
SRBC cells decreases the antibody titre level; thus it serves as
anideal standard to evaluate whether the immune response
is important. The humoral immunity involves interaction of
B cells with the antigen and their consequent proliferation
and differentiation into antibody-secreting plasma cells.?"
Antibody functions as the effectors of the humoral response
by binding to antigen and neutralising it or facilitating its
elimination by cross-linking to form clusters that are more
readily ingested by phagocytic cells.” In the present study,
control group showed significant inhibition in antibody

titre response whereas the 40 mg/kg dose of MEMEL show
a significant (P < 0.01) augmentation. This augmentation
of the humoral response to SRBC antigen by increase in
haemagglutination antibody titre indicated the enhanced
responsiveness of macrophages and T- and B-lymphocyte
subsets involved in antibody synthesis.

Cell-mediated immunity (CMI) involves effector
mechanisms carried out by T-lymphocytes and their
products (lymphokines).! DTH reaction involves the
immuno-inflammatory reaction, in which macrophages
and Th1 cells play major role. These reactions require a
specific antigenic substance which will release cytokines
by activation with T-lymphocytes.? DTH is a part of the
process of graft rejection, tumour immunity and most
important immunity to many intracellular infectious
micro-organisms, especially those causing chronic
diseases viz., tuberculosis. In this study, SRBC was used as
the antigenic substance which elicits the hypersensitivity
reaction in mice. DTH reaction is measured by footpad
thickness, after 48 hr of antigenic challenge and subsequent
immunisation with SRBC, the animal showed significant
increase in volume of paw oedema due to production of
antibodies in response to the antigen. The 40 mg/kg dose
of MEMEL elicited a less significant (P < 0.05) increase in
footpad thickness as compared to the control group, which
signifies that 40 mg/kg dose of MEMEL has stimulatory
effect on lymphocytes and accessory cell types required
for the expression of the reaction and thus increases cell
mediated immunity. Even though, the present study did
not give the entire view of the mechanism whereby the
methanolic extract modulates the immune system so
further studies should be carried out to find out exact
mechanism of action Mimusops elengi.
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Figure 1: The effect of Mimusops elengi on phagocytic activity [Control: Group
received only vehicle i.e., normal saline; Standard: Group treated with 150 mg/kg
i.p. of vitamin E; 10 mg/kg: Group treated with 10 mg/kg of MEMEL; 20 mg/kg:
Group treated with 20 mg/kg of MEMEL; 40 mg/kg: Group treated with 40 mg/kg
of MEMEL] Results are expressed as Mean + SEM (n = 6), one-way ANNOVA
followed by Tukey multiple comparison test.*P < 0.05, **P < 0.01, ***P < 0.001,
when compared with control groups
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Figure 2: The effect of Mimusops elengi on humoral immune response (HA
Titre)[Control: Group received only vehicle i.e., normal saline; Standard: Group
treated with 150 mg/kg i.p. of vitamin E; 10 mg/kg: Group treated with 10 mg/kg
of MEMEL; 20 mg/kg: Group treated with 20 mg/kg of MEMEL; 40 mg/kg: Group
treated with 40 mg/kg of M EMEL] Results are expressed as Mean + SEM (n
= 6), one-way ANNOVA followed by Tukey multiple comparison test. *P < 0.05,
**P < 0.01, **P < 0.001, when compared with control groups
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Figure 3: The effect of Mimusops elengi on cell-mediated immune response by
DTH [Control: Group received only vehicle i.e., normal saline; Standard: Group
treated with 150 mg/kg i.p. of vitamin E; 10 mg/kg: Group treated with 10 mg/kg
of MEMEL; 20 mg/kg: Group treated with 20 mg/kg of MEMEL; 40 mg/kg: Group
treated with 40 mg/kg of MEMEL] Results areexpressed as Mean + SEM (n = 6),
one-way ANNOVA followed by Tukey multiple comparison test.*P < 0.05, **P <
0.01, ***P < 0.001, when compared with control groups

Findings of the present study establish that these extracts
have appreciable immunostimulatory activity. Both low
dose (10 mg/kg, p.o) as well as high dose (40 mg/kg, p.o)
of Mimusops elengi stimulates immune system by acting
through cellular and humoral immunity in experimental
models of immunity in animals. However, high dose was
found to be most efficient than the low dose. However,
further studies are required to support these conclusions.
The difference in the way these extracts affected cell
stimulation or inhibition perhaps indicates their various
mode of actions and raises the need for further investigations
in particular the possible action of the extracts in interfering
with cell signalling and cytokines production.
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