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ABSTRACT

Immunomodulator is an agent to activate and modulate the immune response. It is one of the
approaches to prevent chronic disease and maintain homeostasis. Recently, plant
phytochemicals have been developed as prospective immunomodulatory agents. Genitri
(Elaeocarpus ganitrus), a local plant cultivated in Indonesia, exhibited various biological
properties and potential as an immunomodulatory agent. This study aims to identify the
potency of genitri as immunomodulatory agent through leukocyte profiling. Genitri leaf (P1),
seed (P2), and fruit (P3) were prepared as powder and administered to male wistar rats
weighted 250-300 g twith six replications for 28 days. The total leukocytes were counted and
leukocytes were being profiled following the treatment with genitri powder then compared
with control treatment (P0). The immunomodulatory activity of genitri was shown by the
increased leukocytes count following treatment. Based on data from the treatment group (P2),
genitri seeds were able to increase leukocytes by 10595.83 cells/pl. The highest total
leukocytes were found in treatment P2 with total leukocytes 10595.83 cells/pul. Based on the
leukocyte profile, lymphocytes and monocytes were found to be the highest in all treatments.
Treatment with genitri was able to stimulate an increase in lymphocytes and monocytes. An
increase in total leukocytes given genitri is an indication of an increased immune response.
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INTRODUCTION

Immune system is a structure complex
including cells, chemicals, and that provide
function protection against foreign antigens,
such as bacteria, fungi, parasites, toxins, and
viruses that may lead to infection. The immune
system is mediated by leukocytes, consisting of
lymphocytes, monocytes, neutrophils,
macrophage, also specific immune systems such
as antibodies, proteins, and cytokines (Marshall
et al,, 2018; Navegantes et al., 2017; Sun et al,,
2021). The elevating production of leukocytes,
antibodies, proteins, and cytokines are the sign

and

of immune system activation. Once the immune
system is activated, antigens elimination may

occur, preventing the infection or further disease
(Luster et al,, 2005; Sun et al., 2021).

Modulating the immune response is an
approach to prevent the occurrence of chronic
disease, as well as maintaining the homeostasis
system (Strzelec et al, 2023).
the agent  for
immunomodulators is important to stimulate the
immune response as a preventive strategy in
attenuating symptoms of disease (Arscott et al,,
2011; Majka et al, 2017; Zhang et al., 2015).
Currently immunomodulatory drug development
faces challenges in developing safe and effective
drugs (Bindu etal., 2020; Shi et al., 2021). The use
of immunomodulators is necessary for the body
to improve the

immune

Developing potential

immune system. Current
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immunomodulatory treatments, ranging from
classic pharmacological approaches, biologic
strategies, and genomic strategies, showed a
prospect in treating as well as preventing
various diseases (Hultquistetal., 2016; Lee etal,,
2021; Shi et al, 2021). Recently, potential
immunomodulatory agents are still developed
(Sultana et al,, 2020; Strzelec et al.,, 2023). One of
the promising immunomodulatory agents is
from plant phytoconstituents (Hooda et al,
2024; Rahman et al,, 2016).

Plant contains various phytochemicals
which exhibit various biological properties. It
may perform various medicinal activities, such
as anti-inflammatory, antidiabetic, antivirus,
anti-bacteria, antihypertensive, anticancer, and
others. The phytochemicals, such as flavonoid,
alkaloid, phenol, terpenoid, and tannin, are
natural bioactive compounds produced as plant
secondary metabolites (Agidew, 2022; Saranraj
et al, 2016; Selvakumar et al, 2018). The
production was a response to stimuli, such as
stress, infection, nutrition, and climate change.
The secondary metabolites are potential for
treatment and therapy (Ali et al., 2021; Bhatti et
al, 2022; Mahmoudi 2024). Some
medicinal plants are proven clinically and widely
used in the for supplements,
cosmetics, traditional drugs, and food.
Interestingly, Indonesia is a country with high
biodiversity, approximately 30.000 to 40.000
plant species while 2500 to 7500 of those species
are medicinal plants (Cahyaningsih et al., 2021;
Ministry of National Development Planning,
2016; Myers et al., 2000). Those are valuable for
drugs, cosmetics, and applied in traditional and
modern ways (Ministry of Agriculture, 2014;
Ministry of Agriculture, 2015; Liu, 2022).

Genitri (Elaeocarpus ganitrus) is one of
medicinal plants cultivated in Indonesia. Though
it is rich in biological properties, the seeds are
widely used as traditional jewelry. Recently
genitri is widely explored in medicinal areas,

et al,

industries

later discovered for its activities as antidiabetic,
anticholesterol, antioxidant,
inflammatory, this is the

and anti-

presence of
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phytochemical constituents (Manoharan &
Chitra, 2022; Primiani et al., 2022; Primiani et al,,
2024; Tripathi et al,, 2014; Vinay et al,, 2021).
Previous study showed antiinflammatory and
antibacterial activities of
Phytoconstituents of genitri
performed inhibitory activity against COX-2
(Primiani et al., 2022). The seed extracts prevent
Staphylococcus aureus and Escherichia coli
infection, indicated by the inhibitory zone of the
bacteria agar (Primiani et al,, 2024). The activity
of genitri in modulating immune response also
could be an indication of the immunomodulatory
activity of genitri. Based on the results of
research, genitri
antibacterial activity (Primiani et al, 2021).
Though genitri has wide beneficial use, the
exploration of genitri’s potential benefits is still
limited. This study aims to identify the
immunomodulatory potency of genitri through
leukocyte profile on the mice treated with genitri
extracts.

genitri.
fruit extracts

previous seeds have

METHOD
Sample collection

Genitri leaf, seed, and fruit was gathered
from the forest edge of Desa Plumpung, Magetan,
East Java. Leaf, seed, and fruit were identified at
Plant Taxonomy Laboratory, Universitas PGRI
Madiun with identification number 117/Taxo-
Plant/Biology/IX.H.

Animal model

The animal study has been approved by the
Research  Ethics Committee  Padjadjaran
University with ethical clearance number
442 /UN6.KEP/EC/2021.The 4-5 months of 24
male wistar rat with 250-300 g weight were
obtained from LPPT Universitas Gadjah Mada.
Rats were maintained for 7 days with the access
to food and drink ad libitum according to the
standard maintenance procedure (Afrianti et al,,
2017).

Preparation of genitri powder
Make simplicia leaf, seed, and fruit 250 g
each. Each part of genitri (leaf, seed, and fruit)
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was prepared in powder form. Leaf, seed, and
fruit were cleansed with water and dried at 40° -
60°C for 15 minutes until the
concentration reached 3%. Leaf, seed, and fruit

water

of genitri were grinded with 60 mesh sieves until
formed as a powder.

Treatment with genitri powder

Rats were grouped into four treatment
groups, consisting of 8 rats in each group. The
treatment groups included control (P0), rats-
induced genitri leaf powder (P1), rats-induced
genitri seed powder (P2), and rats-induced
genitri fruit powder (P3). Rats in each group
were administered with genitri powder with
0.25 - 1 g/kg weight through oral gavage. For
each 1 g powder was diluted in a 6 ml aquadest
(Hohakay et al., 2019; Salim et al,, 2018). Each
treatment was replicated 6 times during a total
28 days of treatment (Ali et al.,, 2021).

Histological analysis

Blood histological preparate was prepared
by standard Hematoxylin-Eosin (HE) staining
(Alturkistani et al., 2015). Total leukocytes were
counted by microhematocrit. Total leukocytes
count was applied to the formula:

nxp

v
total cells counted

p ; dilution
v = volume of four squares counted (each 0.1 mm3)
RESULTS AND DISCUSSION

Leukocytes or white blood cells are part of
the immune system which participated during
body defense (Sun et al., 2021), circulated in the
blood and performed inflammatory and cellular
responses to the antigens
Pluempitiwiriyawej, 2015). According to the
data, this study found that genitri powder raises
the total leukocyte of male wistar rats (Table 1).
The total leukocytes of rats-treated genitri
powder were three times more than control
(3870.83 cells/pul). The highest total leukocytes
were exhibited by rats-induced genitri seed
powder (P2) with 10595.83 cells/pl. It is one of
the signs that the immune system is rising. When

(Prinyakupt &

the leukocytes are recruited, there is a
mechanism of protective and pathological
immune response (Luster et al, 2005).

Leukocytes play an important role in the immune
response, as protection against pathological
conditions. Leukocytes have the ability to
phagocytose foreign objects. Leukocytes also
have the ability to penetrate the walls of blood
capillaries and then enter cells or tissues
(Marshall et al., 2018; Sun et al., 2021).

White blood cells, or leukocytes, are
components of the immune system that
contribute to both the innate and humoral
immune responses (Bonilla & Oettgen, 2010;
Turvey & Broide, 2010). The total leukocyte
count is an important indicator used to detect
infection, inflammation, and immune system
activation (Sun et al, 2021). When the body
encounters an experiences
inflammation, the immune system may respond

infection or

by recruiting leukocytes to the affected area.
Therefore, the total leukocyte count can serve as
a marker for immune response activation
(Marshall et al., 2018).

Table 1. Total leukocytes count

Treatment Total leukocytes (cell/ul)
Control (Po) 3870.83

Leaf (P1) 10366.66

Seed (P2) 10595.83

Fruit (P3) 10170.83

Some types of leukocytes, such as B cells, T
cells, neutrophils, and monocytes support the
regulation of immune defense and inflammation
(Kelly et al, 2007). This study showed total
leukocytes in all treatments were higher than
control. However, the number of each leukocyte
type was not similarly increased in the rat-
treated genitri group (Figure 1). Treatment of
genitri powder also able to maintain the
condition of blood histological structure as in
normal condition (Figure 2). The number of
basophil of rat-reated genitri group was higher
than control. However, the eosinophil of the
control group was higher than all rat-treated
genitri groups. The lowest eosinophil level was
shown in the rat-treated genitri leaf extract (P1).
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The neutrophil segment of the control group was
slightly higher than rat-treated genitri seed
extract (P2) and rat-treated genitri fruit (P3). It
might be the sign that the neutrophil segment
was not optimally stimulated by genitri extracts.
It is also similarly observed in the basal
neutrophil level, which is the basal neutrophil
level of rat-treated genitri extracts was higher

than control treatment. Thus, the genitri extracts
probably do not stimulate neutrophil. Based on
the data, lymphocyte and monocyte of the rat-
treated genitri extracts was significantly higher

than PO. Treatment of genitri extracts
successfully modulates leukocyte components,
dominated by segmented neutrophil,

lymphocyte, and monocyte.

7
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Figure 1. Types of leukocytes in each treatment.
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Figure 2. Types of leukocytes observed in preparat. (a) Monocyte, (b) Lymphocyte, (c) Segmented Neutrophil,
(d) Basalis Neutrophil, (e) Basophil, (f) Eosinophil.

Neutrophils are polymorphonuclear cells
(PMNs) that are key components of the
nonspecific immune system, responding rapidly
to antigens. Lymphocytes are mononuclear cells
that play a role in the immune system. There are
types of lymphocytes, namely B
lymphocytes and T lymphocytes (Luster et al.
2005). Neutrophils, monocytes, and

two
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macrophages are essential components of the
innate immune system, working to eliminate
antigens through phagocytosis. This mechanism
differs from that of basophils, mast cells, and
eosinophils,  which by  releasing
proinflammatory mediators to target antigens
(Borriello et al. 2017; Karasuyama et al., 2011).
According to the results of this study, giving

act
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genitri (leaf, seeds, and fruit) can increase the
number of leucocytes. Neutrophil were found in
the greatest number (Figure 1).

Treatment with genitri seed extract (P2)
has been shown to increase the total leukocyte
count and the percentage of lymphocytes.
Lymphocytes play a critical role in the immune
system, producing possessing
memory functions for antigens, regulating
immune response, mediating cells for virus-
infected and tumor cells (Mestanova & Varga,
2016; Orakpoghenoretal., 2019). Previous study
reported that plants exhibit phytochemicals
which are able to stimulate the lymphocytes
production  (Mukherjee et al, 2014;
Sriwanthana, et al., 2007). It is also observed in

antibodies,

the P2 of this study, showing the stimulation of
total leukocytes and leading to a stimulated
immune system.

Genitri has phytoconstituents with
complex mechanisms that are able to stimulate
the immune system (Shukla et al., 2014; Shukla
et al. 2022). As a medicinal plant, the bioactive
compounds of genitri exhibited
biological activities, including antibacterial, anti-
inflammatory,
immunomodulator (Brindha, 2016; Primiani et
al., 2021; Primiani et al, 2022; Shukla et al,,
2022). The LCMS analysis of genitri revealed the
flavonoid in average 1.9 - 2.58% of the total 72
detected bioactive compounds (Primiani et al.
2021). Previous studies mentioned the potency
of flavonoids as immunomodulatory agents
(Brindha, 2016; Peluso et al, 2015). The
mechanism of genitri as anti-inflammatory acts
on the production of interleukin IL13, IL 6 3, IL8
B, and TNFa in the blood cells (Prabowo et al,,
2021; Zaragoza et al., 2020). It also prevents the
COX-1 and COX-2 by
suppressing prostaglandin production, lessening
the inflammatory cells production (Ribeiro et al.,
2015a; 2015b; Qu et al., 2021). Genitri seeds
contain terpenoids, dominated by elaeocarpucin
which composed 0.7 - 1.45% of compounds. It
potentiates to inhibit inflammation allergic
reaction by preventing mast cells degranulation

various

antioxidant, and

inflammation via

(Kim et al, 2018; Primiani et al., 2021). The
mechanism of terpenoids able to decrease PGE2,
TNFa, NO. IL6 dan IL [ secretion from
macrophage (Sarkar & Bhattacharjee, 2019).
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CONCLUSION

Treatment with genitri extracts was able
to increase the total leukocytes count. The
highest leukocytes count observed on the
treatment with genitri seed extracts (P2) which
successfully increase the total leukocytes to
10595.83 cell/uL. Segmented neutrophil is the
most abundant leukocyte observed in all
treatments, followed by lymphocytes and
monocytes with the percentage 21.6%, 54.5%,
and 17%, respectively.
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