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ABSTRACT

The use of medicinal plants is increasing due to the search for alternative resources to treat
diseases such as hypertensions and infection. Along with the development in science, preventive
action should take place to prevent our body from suffering from these diseases. This can be done
by increasing the human immune status with immunomodulatory agents. Binahong empirically
have benefits for wound healing. The purpose of this research was to investigate the
immunomodulatory effect of ethanolic extract of binahong leaves. The non-specific modulatory
effects of the ethanolic extracts of binahong leaves on the immune systems were measured based
on phagocytosis index and phagocytosis capacity. Tests were conducted on strain Balb/C male
mice at the age of 6-8 weeks. Mice were administered orally with the extract of binahong leaves
(doses of 25, 50, 75 mg/kgBW) for 14 days. The test results with the index parameters and
macrophages phagocytosis capacity at doses of 50 and 75 mg/kgBW did not significantly
increased when compared with the controls. From these results, we concluded that the ethanolic
extract of binahong leaves with a dose of 25, 50 and 75 mg/kgBW cannot significantly the activity
of macrophages by phagocytosis index parameters and phagocytosis capacity significantly.

Keywords: Anredera cordifolia; immunomodulatory agent; macrophage; phagocytosis capacity;
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INTRODUCTION

Medicinal plants have been used as an
alternative to synthetic drugs, for a long time.
Medicinal plants are potential sources of drugs
and are widely used to gain health benefit
empirically  (Rodriguez et al., 2018).
Medicinal plants are used because they are
easier to obtain, cheaper than synthetic drugs
and have less side effect (Wardhani and
Sulistyani, 2013). Various diseases such as
hypertension, diabetes mellitus, headache,
inflammation and modulation of the immune
system have been widely treated with
medicinal plants (Leligia et al., 2017; Putri et
al., 2017).

Binahong (Anredera cordifolia (Ten.)
Steenis) is one of the species from the family
of Basellaceae, which has fleshy leaves and
thick aerial tubers. It is widely used as a

medicinal plant in Indonesia. Binahong leaves
are used for treatment of wounds, refreshing
the body, headache and lowering blood
pressure. Ether fraction of binahong leaves
extract exhibited antioxidant activity measured
by DPPH (1,1-diphehyl-2-picrylhydrazyl)
(Ardianti and Guntarti, 2014). Binahong
leaves extract accelerated wound healing
infected by Staphylococcus aureus in mice.
Binahong leaves extract also inhibited the
growth of Staphylococcus aureus and as a
result, the healing process the wounds is
faster than wound healing without binahong
leaves extract (Umar et al., 2012). Topical
application of binahong leaves extract makes
wound healing process faster, IL-6 level
higher and increases vascular endothelial
growth factor (VEGF) production in burns
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infected by  Pseudomonas
(Sukrama et al., 2017).

We therefore designed this study to
determine the immunomodulatory effects of
binahong leaves extract by measuring
phagocytosis activity and phagocytosis index.
The antimicrobial-antioxidant activity was
correlated with immunomodulatory effects
(Umar et al., 2012; Yuniarti and Lukiswanto,
2017). Phagocytosis ratio indicates the
percentage of active macrophage to 100
macrophages, and phagocytosis  index
indicates the number of latex able to be
consumed by active macrophages. These
number are compared to the controls.

aeruginosa

METHODS
Research Materials

CMC-Na, Distilled water, alcohol 70%,
ethanol 96% (General Labora), methanol,
Giemsa 20%, latex beads (Sigma™), RPMI
medium 1640 (Gibco™), FBS (Sigma™),
Fungizone (Gibco™), pen-strep (Gibco™),
PBS (Sigma™), hepatitis B  vaccine
(Euvax™),

Preparation of sample

Binahong plant leaves were obtained from
the District Secang, Magelang, Central Java.
The identify was authenticated by the

Department of Pharmaceutical Biology,
Faculty of Pharmacy, Universitas Gadjah
Mada in certificate number

UGM/FA/2413/M/03/02. Based on the results,
the plants studied is binahong (Anredera
cordifolia (Tenore) Steenis).

Preparation of animal test

Male mice, strain Balb/c aged 6-7 weeks
weighing 25-35 g were obtained from the
Animal Cage Test Faculty of Pharmacy,
Universitas Gadjah Mada. The protocol of the
study was approved by the Ethics Commission
for Preclinical Trials of Integrated Research
and Testing Laboratory (LPPT), Universitas

Gadjah Mada with certificate number
00123/04/LPPT/X/2017.
8

Extraction of binahong leaves

Binahong leaves were obtained from
Secang, Magelang Regency, Central Java
Province, Indonesia. Powdered leaves material
of Anredera cordifolia was macerated with
ethanol 96% (2x) for 24 hours each, filtered
and the filtrates obtained were combined and
evaporated in vacuum to give thick liquid
material of ethanol extract. The ethanol extract
with the dose of 25, 50 and 75 mg/kgBW were
given orally to assess its immunomodulatory
effects by measuring macrophage activity
using phagocytosis index and phagocytosis
capacity and compared with normal and
CMC-Na groups.

Immunomodulatory assay (macrophage
activity assay)
Preparation of macrophage cells

Macrophage cells were isolated from
BALB/c mice (6-8 weeks old). Mice were
euthanized with neck dislocation and 10 mL of
cold RPMI medium were then injected inside
the stomach. After 3-5 minutes, the RPMI was
withdrawn from the stomach using syringe
and put into a conical flask, centrifuged at
1,500 rpm (4°C, for 10 minutes). The
supernatant was removed and the residue
resuspended with RPMI (80% FBS). The
numbers of cells was calculated with
hemocytometer, diluted with RPMI (80%
FBS) till 2.5 x 106/mL cells density was
obtained. The cells suspension that had been
cultured on 24 wells (200 pL/well, 5x105
cells/well) plate for 24 hours was put in round
coverslips, incubated in a CO2 (5%) incubator,
at 37°C for 30 minutes and then complete
medium, containing 10% FBS, fungizone
0.5% and penicillin streptomycin 2% (1.0 mL)
was added to each well and then incubated for
another 2 hours. The cells were washed twice
with RPMI, and then complete medium (1.0
mL) was added to each well and incubated for
the next 24 hours (Hartini et al., 2013).

Macrophages activity measurement
Macrophages activity measurement was
done involving latex (2 pm in diameter) as
substrates (suspended in PBS, at 25 X
107/mL). The cells suspension (200 pL) was
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added into each well containing peritoneum
macrophages, then incubated for another 60
minutes in a CO: incubator. The cells
suspension was washed 3 times with PBS in
order to remove particles. The cells suspension
was dried at room temperature and then fixed
with methanol. Coverslips were dyed with
Giemsa 20% for 20 minutes, washed with
aquadest, lifted up from the wells and re-dried
at room temperature. The macrophages
activity was calculated as the number (%) of
consumed latex (substrates), visualized by
light microscope (magnified 400x) as seen as
Figure 1. Phagocytosis ratio was indicated by
the percentage of active macrophage in 100
macrophages, and phagocytosis index was
indicated by the number of latex able to be
consumed by active macrophages (Hartini et
al., 2014). These data were compared to the
controls.

RESULTS AND DISCUSSION

The parameters of the observed activity of
macrophages were phagocytosis capacity of
macrophages and macrophage phagocytosis
index. Macrophage phagocytosis capacity was

obtained by calculating the percentage of the
number of active macrophages phagocyted
latex beads per 100 macrophages observed,
whereas macrophage phagocytosis index was
obtained by counting the number of latex
beads phagocyted per 100 macrophages
(Jensch-Junior et al., 2006). These parameters
would be able to show immunostimulatory
effects of ethanolic extract of binahong leaves.
Macrophages were isolated from the
peritoneal cavity of mice because the number
of macrophages in the peritoneal cavity is
larger than the other organs and easy to obtain
from the peritoneal fluid. The medium used
was RPMI because this medium can attract
macrophages in the peritoneal cavity and
provide nutrition such as vitamins, amino
acids, and essential materials required for
macrophage cell culture processes. Liquids
that have been isolated from the peritoneal
cavity contains not only macrophage cells but
also granulocytes and lymphocytes. Peritoneal
fluid that was place into a conical flasks was
centrifuged to separate macrophage cells from
other cells such as lymphocytes and
granulocytes (Hay and Westwood, 2002).

Figure 1. Macrophage observation under microscope magnification 400x. A: active macrophage; B: inactive
macrophage.
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Figure 2. Results of statistical analysis of phagocytosis index (A) and phagocytosis capacity (B).

Table 1. Phagocytosis Capacity and Phagocytosis Index of Binahong Leaves Ethanolic Extracts

Phagocytosis Capacity Phagocytosis Index
Results Mean £SD Results Mean £SD
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Hepatitis B vaccine was administered
intraperitoneally on day 5 and 12 as an
immune booster. The first vaccination was
done to activate the non-specific and specific
immune system and the second vaccination
was done to increase the expression of the
immune system (as a booster) so it is easier to
analyze. Surgery was performed on the 15th
day because the immune system will be
activated optimally up to 3 days after
induction of the vaccine and gradually decline
thereafter (Abbas et al., 2014).

Quantification of macrophages was
performed using latex beads with a size of 3
um which were resuspended in the serum of
test animals. The size of the latex beads that
resemble the size of bacteria could trigger
macrophage phagocytosis by being perceived
as foreign particles. The addition of serum of
the test animals into the latex suspension
would help the macrophage phagocytosis
process as serum would facilitate the
introduction of the antigen by macrophages
(Harvath and Terle, 1999).

Based on our results which was presented
in Table I, after examining macrophage
phagocytic  capacity and  macrophage
phagocytosis index, the ethanolic extract of
binahong leaves at dose of 25, 50 and 75
mg/kgBW did not significantly enhance the
ability of macrophage through an increase of
both parameters compared with the control
group 0.5% CMC-Na. A significant difference
was found only in the phagocytosis index data
for the dose group 75 mg/kgBW when
compared with the normal group, as seen as in
Figure 2.

According to previous research, 70%
ethanolic extract of binahong leaves dose of
50 mg/ kgBW could raise the profile of
leukocytes as an increase in total leukocytes,
neutrophils and total monocytes in guinea pigs
(Wijayanti et al., 2018). In addition, the
ethanolic extract of binahong leaves at
concentrations of 50% and 100% could
increase the phagocytic monocytes with in
vitro method (Wahyukundari and Praharani,
2016). Monocytes are produced by the bone
marrow which would circulate in the blood
before it becomes differentiated in the tissue to
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macrophages. Other studies found that
binahong leaves extract can also increase the
production of interleukin-6 in the blood
plasma of mice during the healing of burns.
Interleukin-6 is a cytokine produced by T-cells
and macrophages to stimulate the immune
response during an infection or during the
healing process (Sukrama et al., 2017). From
the previous research of Sukrama et al., (2017)
and Wijayanti et al., (2018), ethanolic extract
of binahong leaves has the effect to increase
the response of the immune system, but in the
present study, the increasing phagocytosis
capacity and phagocytosis index were not
significant when compared to the control
group.

Research by Wijayanti et al., (2018) was
using a guinea pig test animals while this
study used Balb/c strain mice. Previous
research was conducted to see the effect of
binahong leaves extract on blood leukocytes
profile and the average number of descendants
of the test animals. The increase in the number
of monocytes as one of the parameters of
blood leukocytes profile in these studies was
not always followed by an increase in activity
of macrophages in the tissue. Monocytes from
the blood can differentiate into multiple cell
types of the immune system and in such a
network of dendritic cells, osteoclasts and
macrophages depends on the existing stimulus
inside the body. Monocyte activity in the
network tends to be more specific and
different in each tissue. The difference is
caused by different stimuli derived from the
macrophage microenvironment (Hulin et al.,
1995).

Research conducted by Wahyukundari et
al. (2016) was performed in vitro by taking
blood monocytes. Experiments in vitro have
less variables that cannot be controlled as
compared to experiments in vivo. In vivo
experiments  involve  factors including
pharmacokinetics (absorption, distribution,
metabolism and excretion) and the first-past
effect that could affect the availability of the
extract in the body. In addition, the
physiological state of the test animals such as
hormones could also influence the effect of the
test sample. Absorption through the oral drug
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has a lower bioavailability compared with
administration by injection and the drug can
be metabolized by gastrointestinal fluids or
often called first-past experience effect
(Atanasov et al., 2015).

Another factor that could affect the results
when compared with previous studies was the
source of the sample. Wahyukundari and
Praharani (2016) collected the binahong leaves
from Jember, East Java whereas in this study
the binahong leaves were collected from
Secang, district of Magelang, Central Java.
Different areas could cause differences in the
content of secondary metabolites in plants
because each area has different soil nutrients.
Differences in soil nutrients would affect the
availability of nutrients and plant precursor to
form secondary metabolites (Salim et al.,
2017).

CONCLUSION

Ethanolic extract of binahong leaves at
dose of 25, 50 and 75 mg/kgBW cannot
significantly  increase the activity of
macrophages by  phagocytosis  index
parameters and phagocytic capacity.
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