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Immunomodulatory Activity of Alcoholic Extract of Different Fruits in Mice
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Abstract: One of the most valuable gifts by the nature is fruit. In human nutrition, fruits are the cheapest
source of natural nutritive foods that help in building resistance against diseases. In the present study, the
fruits were selected on the basis of their ethnomedicinal use against infectious pathogens and autoimmune
diseases. The ethanol extracts of Punica granatum L, Annona squamosa L and Cucumis melo have been
investigated for their effect of cell mediated and humoral components of the immune system in mice. The
test animals were divided in to three groups and three fruit extracts were injected into mice. The blood
samples of fruits extracts administered mice were collected after 1st and 3rd weeks. The results suggest that
the fruit extracts of Punica granatum, Annona Squamosa and Cucumis melo significantly stimulated both
CMI and humoral immunity in mice compared to control animals. As evidenced by the enhancement of
T cell, B cell count, Antibody titration, Delayed type hypersensitivity and IgG concentration.
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INTRODUCTION

Immunomodulation is the process that can alter the
immune system of an organism by interfering with its
function. If it results in an enhancement of immune
r e a c t i o n  n a m e d  a s  i m m u n o m o d u l a t i o n .
Immunomodulatory agents may selectively activate
either cell mediated or humoral Immunity. The primary
target of the immunomodulatory compounds is believed
to be the macrophages, which play a key role in the
generation of an immune response. The immune system
is known to be involved in the pathophysiologic
mechanism of many diseases[13]. 

In recent days, lot of medicine, chemicals as well
as natural products have been introduced in order to
stimulate the non-specific defense mechanism as well
as specific immune responses if the treatment is
followed by infection or vaccination. These are termed
as immunostimulants[5]. Traditional Indian system of
medicine like Siddha and Ayurveda has suggested
means to increase the body's natural resistance to
disease. A number of fruits used in the traditional
medical system of remedies in India. They have been
shown to possess immunostimulating activity acting at
different levels of the immune system[2,3].

Punica granatum is a medicinal fruit claimed to
possess number of therapeutic uses Yenfeng Li et
al.,[15] reported that Punica granatum is an important
source of compounds and has been used for folk

medicine for many centuries. It has been used in the
prevention of atherosclerosis, stomach diseases,
dysentery, diarrhea, stomachache, dyspepsia bronchitis
and cardiac, brain diseases and chest troubles.  Annona
squamosa,[12] indicated in the treatment of anemia,
malignant tumors, burning sensation, cough and for
strengthening muscles. Cucumis melo[1,6] recommended
for treating abrasions, moisturizer for the skin,
stomachic and used in the first aid treatment for burns.
The objective of the present investigation was to study
the immunomodulatory activity of the alcoholic extract
of the fruits such as Punica granatum, Annona
squamosa and Cucumis melo in animal models.

MATERIALS AND METHODS

2.1 Fruits Material and Extract Preparation: Three
different fruits such as Punica granatum, Annona
squamosa and Cucumis melo were allowed to air dry
and afterwards powdered in a grinder. Five grams of
powdered fruit material were dissolved in 50ml of
ethanol and kept overnight in an orbitary shaker. The
obtained extracts were filtered with Whatman no.2
filter paper and the filtrate collected. The solvent was
then removed from the filtrate under reduced pressure
to obtain the dry extract. The dried extracts were then
suspended in Dimethyl sulfoxide (DMSO), to get a
final concentration of 5mg / ml.
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2.2 Animals and Treatment: For this experiment,
mice weighing 24 + 0.2 gm (35 days old) were
recruited from the acclimatized stock. These animals
were housed in designed cage with provision for
systematic supply of pellets and water ad libitum. The
animals were divided into four groups consisting of six
animals each. A group of six untreated mice served as
control and 3 different fruits extract (Punica granatum,
Annona squamosa and Cucmis melo) were administered
into mice. After exposure period, blood samples were
collected in 1st and 3rd weeks.

2.3 Immunological Assay: Immunomodulatory activity
was estimated using B cell count, antibody titration,
immunoglobulin concentration, delayed type
hypersensitivity and T cell counts as parameters. While
the first three parameters have been shown to be
correlated with humoral immunity, the latter two
parameters are indicators of cellular immunity.

2.3.1 B Cell Erythrocyte Rosette Assay: Blood is
collected from fruits extracts treated and control mice.
The percentage of B cell in mice against different fruit
exposure at different time interval was observed using
rosette technique method.

2.3.2 Immunoglobulin Concentration: Total serum
immunoglobulin concentration was studied by Mullen,
1975 method for mice. The blood was collected from
the control and fruit extract injected mice. Then the
serum was collected by centrifugation at 3000 rpm for
20 minutes. Then, the 1 x equilibrium buffer was
prepared and add serum in column and then add equal
amount of equilibrium buffer and then eluted serum
was collected with help of eppendorf contain 20µl
neutralizing buffer and take O.D value at 280 nm in
spectrophoto meter.

2.3.3 Antibody Titre: From the normal and antigens
injected mice, serum sample taken, the antibody levels
were estimated. Quantitation of serum antibodies were
carried out by antibody titre plate technique[7]

containing respective antigens. 25µl of physiological
saline was added into all wells of microtitre plate, and
then 25µl of antiserum added into the first well of
microtitre plate, the antiserum was serially diluted in
the well of the first row till the 11th well of the
microtitre plate leaving the 12th well as positive control.
Then 25µl of 1% test antigen in saline was added to
all the wells of the microtitre plate. The plate was hand
shaken for the effective mixing of reagents and
incubated for an hour at 37° C. The highest dilution of
serum samples which shows detectable agglutination
was recorded and expressed in log 2 of the serum.

2.3.4 T Cell Erythrocyte Rosette Assay: Blood cells
collected from treated and control mile using heparin
pretreated vials. The percentage of T cell in mice
against different fruit exposure at different time interval
was observed per hundred lymphocytes observed using
rosette technique method.

2.3.5 Delayed Type Hypersensitivity: Delayed type
hypersensitivity was studied by Tamang et al., method
for mice. The experimental mice were sensitized with
DNCB. A positive response is conventionally assessed
as qualitatively in different durations. Responses can be
graded with 3-4 mm = +; 5-8mm = ++, 9-11=+++;
12mm or more = ++++. Mice were sensitized by
subcutaneous injection in the intranasal region with 0.5
ml of Freunds adjuvant containing 500 mg of by an
intradermal injection to sterile phosphate buffer with a
Vernier caliper prior to challenge, i.e. 0th, 3rd   and 24th

hour post challenge, each with three readings. The
increase in skin thickness (MST) of mice was obtained
after deducting the skin thickness of the same saline
before challenge. Overall MST was obtained by taking
the mean of individual mice with group.

RESULTS AND DISCUSSION

T Lymphocytes counts using rosette techniques
revealed significant changes in fruits treated mice when
compared to control. Data presented in table 1 show
that feeding of Punica granatum resulted in the % of
T cell count was increased (58%) compared to control
Group. There was no any other change were showed in
Annona squamosa treated animals after 3rd week, but
the significant increase was observed in B cell count.
The augmentation of the humoral responsiveness to
SRBC in rats as consequence of both pre and post
immunization drug treatment indicates the enhanced
responsiveness of macrophage, T and B - lymphocyte
subsets involved in antibody synthesis Mungantiwat et
al.,[10]; Benacerrat,[4]. Peter Hokland et al.,[11] studied
that mouse erythrocyte rosette formation with malignant
human B-lymphocytes and the result showed of B cell
was 5%. 

The highest rank number of the serum was
considered as an antibody titre. The haem-agglutination
antibody titre values was observed and shown in the
table 2. The solvent fruit extracts injected into mice
and that produce antiserum in mice and that antiserum
react with the bacterial antigen by haem-agglutination
method. Here, the fruit extract stimulate the mice
immune system to resist the pathogenic bacteria. Some
of the fruit such as Punica granatum, Annona
squamosa and Cucumis melo act as immunomodulator 
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Table 1: Enumeration of B cell and T cell using Erythrocyte rosette forming assay on mice to three different fruit extract.
Sl. No Test Antigen % of B cells in mice against % of T cells in mice against different fruit

different fruit exposure at  exposure at different time interval
different time interval
---------------------------------------------------------- -------------------------------------------------------------------
After 1st week After 3rd week After 1st week After 3rd week

1. Control 24 36 43 58
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2. Punica granatum 27 39 46 59
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3. Annona Squamosa 29 43 46 58
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4. Cucumis Melo 28 45 44 57

Table 2: Antibody titre value of mice against different fruits extract
Sl. No Test Antigen Antibody Titre Value

-----------------------------------------------------------------------
After 1st week After 3rd week

1. Control 2 log2 2 log2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2. Punica granatum 8 log2 9 log2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3. Annona Squamosa 4 log2 4 log2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4. Cucumis Melo 6 log2 7 log2

or immunostimulator. Jozwik et al., studied antibody
titres against Canine Distemper Virus in vaccinated and
unvaccinated dogs. The results showed that the mean
antibody titre in vaccinated dogs (114+ 8.2) indicated
immunity and was significantly higher when compared
with unvaccinated animals (29 + 8.8) or with dogs with
unknown vaccination history (29 + 5.0). Anju puri et
al.,[2] studied that the feeding of Prunus amygdalus and
Buchanania lanzan significantly stimulated both cell
mediated immunity (CMI) and humoral immunity (HI)
in BALB/c mice as evidenced by the enhancement of
MMI, HA titres and PFC counts, Euryale ferox,
Phoenix dactylifera and Zingiber officinale, however
stimulated humoral immunity to a greater extent than
CMI. The present result is in consistence with these
findings. 

When the fruit extracts Punica granatum, Annona
Squamosa and Cucumis melo (Table 4) injected into
mice paw, after 3hrs the paw volume increased to
8mm. Then after 24 hrs there is no increase in paw
volume. So that fruit extracts treated group of mice
produced significant decrease in paw swelling which
suggests cell mediated immune response[14,8]. Delayed
type hypersensitivity reaction in Amaranthus spinosus
and it resulted into increase in paw volume, because in
that study SRBC was used as antigen[13]. 

The level of IgG (Table 3) was higher in Punica
granatum and Cucumis melo treated animals’
comparison to Annona Squamosa treated animals.
Studies of Krakowski et al on stimulation of pregnant
sows with dimer of lysozyme and levamisole showed
that the immunostimulators significantly increased the
level of IgG. The fruit showed immunomodulating
activity in delayed hypersensitivity reaction the fruit
extract does not increase after 24 hrs because B cell
involved in the reaction and the fruit extract suppress
the antigenic cell mediated immune response. It is
interesting to note that three fruits may have
immunostimulating and immunosuppressant activity due
to the presence of various glycosides, tannins, phenols
and flavonoids. Therefore, present investigation may
demonstrate immunomodulator activity of three
different fruit extracts. In conclusion, the finding in this
study suggests that the three fruits possess
immunomodulatory activity in mice. The present study
is a preliminary attempt in evaluating the
immunomodulatory activity of fruit extracts. Further
pharmacological investigations are warranted in this
direction for establishing its detailed mechanism of
action and for substantiating its traditional and folk
claims.

Table 3: Immunoglobin concentration of Fruit extracts injected mice
Sl. No Test Antigen % of modification (Ig) Ig concentration (µg\ml)
1. Control 0 17.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2. Punica granatum 9.4 18.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3. Annona Squamosa 2.9 17.5
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4. Cucumis Melo 9.4 18.6
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Table 4: Evaluation of Delayed type hypersensitivity response against freunds ajuvant test in mice exposed to three different fruit extracts.
Sl. No Groups Paw Volume (mm)

--------------------------------------------------------------------------------------------------------------------
0 hours 3 hours 24 hours After 24 hours

1. Control - - - -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2. Punica granatum + + + +
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3. Annona Squamosa + ++ ++ +
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4. Cucumis Melo + ++ ++ +
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