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ABSTRACT

Zingiber cassumunar Roxb (Bengal ginger) is among the medicinal plants possessing
immunomodulatory potentials. It contains curcumin and some volatile compounds that reportedly
exhibit immunomodulatory activities. This study set out to examine and determine the effect of ethyl
acetate fraction of Z. cassumunar rhizome extract on phagocytic activity of macrophages and
lymphocyte proliferation in vitro. Z. cassumunar rhizomes were macerated with 96% ethanol solvent
and then fractionated using ethyl acetate. Macrophages and lymphocytes were isolated from male Balb/C
mice; the former was tested for its phagocytic activity using latex bead assay, while the latter was
examined for its proliferation using the MTT assay. The extracts were prepared with different
concentrations: 25, 50, and 100 ug/m, and the effects of these treatments on the test mice were compared
to the negative control group. The results showed that the ethyl acetate fraction of Z. cassumunar
rhizome extract elevated the phagocytic activity of macrophages, as evident from an increase in active
phagocytes (SFA) and phagocytosis index. Extracts at 100 pg/mL produced the highest percentage of
SFA and phagocytic index. Also, the ethyl acetate fraction of Z. cassumunar rhizome extract could
increase lymphocyte proliferation significantly compared to the negative control (p<0.05). Overall, these
activities prove that Z. cassumunar rhizomes have the potential as an immunomodulatory agent.
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INTRODUCTION

Zingiber cassumunar Roxb, or Bengal ginger, is a traditional herbal medicine used for treating
various diseases, including diarrhea, fever, stomachache, rheumatism, asthma, phlegm, worm infection,
and jaundice. Previous studies have reported that the rhizome of this plant contain antioxidant (Bua-in
and Paisooksantivatana, 2009; Chanwitheesuk et al., 2005; Pal et al., 2011; Vankar et al., 2006),
immunomodulatory (Chairul et al., 2009), anti-inflammatory (Somchit and Shukriyah, 2003), and
antibacterial properties (Kamazeri et al., 2012). Essential oil and curcumin derivatives are believed to
be the components responsible for this rhizome’s antioxidant and immunomodulatory activities (Nagano
et al., 1997). Essential oils are primarily composed of sabinene, pinene, caryophyllene oxide, and
caryophyllene (Bhuiyan et al., 2008).

Prior scholars have confirmed that the administration of Z. cassumunar rhizome extract can
increase the phagocytic capacity and NO secretion of macrophages, indicating its effectiveness as an
immunostimulant for, among others, adjuvant therapy in malaria (Nurkhasanah et al., 2017).
Furthermore, curcumin in this rhizome is known for its immunostimulant properties that can increase
Reactive Oxygen Species (ROS), which in turn activates signals involving Peroxism Proliferator-
Activated Gamma Receptors (PPAR-) and Nrf2 (Nurmasari et al.,2014).

In the immune system, some cells, like macrophages, play an essential role in maintaining immune
response to invaders. An increase in macrophage activity represents improved immune responses against
bacteria, viruses, and other invaders (Hirayama et al., 2018). In addition to having a long life span and
several granules, macrophages release various substances, including lysozyme, complement, interferon,
and cytokines, all of which contribute to nonspecific and specific immune defenses. Besides,
macrophages play a significant part in the immune system, i.e., as effector cells and antigen-presenting
cells (APC); the latter is a crucial step in cell signaling and activation of the adaptive immunity (Taylor
et al., 2005). Lymphocytes determine the development of adaptive responses to a specific antigen
(LaRosa and Orange, 2008).

The current study was designed to find the active fraction of Zingiber cassumunar extract
responsible for high immunostimulant activity. This activity was analyzed from the capability of this
fraction to increase macrophage activity and lymphocyte proliferation.

MATERIALS AND METHODS
Materials

The sample used in this study was the rhizome of Zingiber cassumunar Roxb obtained from a
local market in Yogyakarta and identified in the Laboratory of Biology, Universitas Ahmad Dahlan. The
rhizome was dried and ground and then sifted using siever No 40.

Methods
Preparation of ethyl acetate fraction

A total of 200 grams of Z. cassumunar rhizome powder was macerated using 96% ethanol with a
ratio of 1:5 at room temperature. The results of the maceration were evaporated in a rotary evaporator
at a temperature of 50°C, continued with evaporation using a water bath until a concentrated extract was
formed. Afterward, the extract was diluted using the n-hexane solvent, and the nonsoluble fraction was
diluted with ethyl acetate. The soluble ethyl acetate fraction was separated and evaporated to create ethyl
acetate fraction.

Thin-layer chromatography (TLC)

The components of the fraction were determined using the TLC method and curcumin compounds
as a standard. (Boscolo et al., 2003). The mobile phase used was chloroform: dichloromethane (3.25:
6.75), while the stationary phase was silica gel GF254. UV 365 nm and UV 254 nm were used as the
component detectors (Yusuf and Nurkhasanah, 2015).
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Macrophage phagocytosis assay

The macrophages were isolated from peritoneal macrophages of Balb/C strain mice. All test
animals in this study were treated following the principle of animal welfare, and every method used in
this study has been approved by the research ethics committee of Universitas Ahmad Dahlan, with
reference number 011804063.

The isolated macrophages were incubated for 24 hours. Afterward, in the phagocytosis test, each
well was added with 200 pL of medium containing 5 x 10° cells and incubated in a 5% CO; incubator
at 37° C for 1 hour. Then, each well was added with 800 pL of complete medium and incubated in a 5%
CO incubator at 37 °C for 24 hours.

The medium was discarded, and each sample was added with 500 pl of the ethyl acetate fraction
of Z. cassumunar rhizome extract and incubated in a 5% CO2 incubator at 37° C for 60 minutes.
Afterward, each well was washed three times with 200 ul of PBS to remove any latex beads that were
not phagocytosed. The plate was dried and fixed with absolute methanol for 30 seconds, and then the
methanol was removed and dried for 10 minutes before added with 50 ul of Giemsa for 20 minutes. The
remaining Giemsa was discarded, rinsed with water, and then dried. The coverslip was placed on the
object glass, and the macrophages were observed under a microscope with 100x magnification
(Nurkhasanah et al., 2017).

Lymphocyte proliferation assay

The lymphocyte cells were isolated from the spleen organ of the Balb/C mice. The spleen tissue
was aseptically isolated and transferred to a 50-mm petri dish containing 10 mL of RPMI to produce a
lymphocyte suspension. Afterward, this suspension was added with 5 mL of ammonium chloride tris
buffer and allowed to stand at room temperature for 15 minutes. Ten mL of the suspension was added
with RPMI and centrifuged at 3,200 rpm, 4°C for 4 minutes. The precipitate was separated from the
supernatant and washed twice with RPMI, then added with a complete medium. Lymphocyte cells were
counted using a hemocytometer.

A total of 100 pl of lymphocytes with a concentration of 1.5 x 10° cells/mL were distributed into
a 96-wells microplate. This microplate underwent a three-stage incubation: first, each well was added
with 10 pl of the ethyl acetate fraction of Z. cassumunar rhizome extract and incubated in a 5% CO-
incubator at 37°C for 24 hours. Second, each well was added with 10 pl of PHA (Phytohaemaglutinin)
and incubated again for four days in a CO- incubator. Third, each well was added with 10 ul of MTT 5
mg/mL, followed by four hours of incubation at 37°C. The living cells would react with MTT, producing
a purple color. After a stopper reagent (10% SDS in 50 ul HCI 0.01 N) was added to each well, the
microplate was stored at room temperature for 12 hours in a dark condition. Then, the absorbance values
were assessed using an ELISA reader at a wavelength of 595 nm (Adhila et al., 2019).

RESULTS AND DISCUSSION

The fractionation of the ethanol extract of Z. cassumunar rhizome using ethyl acetate produced a
percent yield of 19.9%. The TLC results detected two curcumin derivatives in this fraction. Figure 1,
the chromatogram of the ethyl acetate fraction, shows five spots under the UV light 254 nm. An active
curcumin compound could be detected in Rf 0.22 (Figure 1) with the same color of standard. A previous
study (Rafi et al., 2011) showed that the elution of Z. cassumunar rhizome extract resulted in five spots,
proving that this extract indeed contains curcumin. Another curcumin derivative, namely dimethoxy
curcumin, was also detected in the extract, with an Rf value of 0.37.

The effect of ... (Nurkhasanah et al.,)



234 ISSN: 2088 4559; e-ISSN: 2477 0256

Figure 1. The TLC profiles of Zingiber cassumunar extract under (A) UV 254 and (B) UV 366
lights (curcumin standard (a), chloroform extract (b), ethyl acetate fraction (c), and
methanol extract (d) of Z. cassumunar rhizome)

Increased phagocytic activity

An increase in phagocytic activity was expressed as the percentage of active phagocytic cells and
phagocytosis index. Active phagocytic cells were active macrophages that phagocytosed the latex beads.
The phagocytic activities of macrophages after treatment with the ethyl acetate fraction of Z. cassumunar
rhizome are presented in Table 1.

Table 1. The phagocytic activities of macrophages treated with the ethyl acetate fraction of
Zingiber cassumunar extract

Treatments Active Phagocytic Cells (%)  Phagocytosis Index
Control 9.54 +0.238 1.22 +0.029
Group 25 pg/mL 31.63+ 1.289* 1.60+ 0.059*
Group 50 pg/mL 42.54+ 0.951* 1.35+ 0.009*
Group 100 pg/mL 52..57+ 0.893* 1.87+ 0.024*

*Significantly different from the control group (p<0.05)

Table 1 shows that the percentage of active phagocytic cells increased with the increase in
extract concentration. The growing number of active phagocytic cells was detected in the 100 ug/mL
treatment group. Compared to the control group, the phagocytosis index of the treatment groups also
significantly increased (p<0.05).

The results showed that the ethyl acetate fraction of Z. cassumunar extract prepared in three
different concentrations, i.e., 25, 50, and 100 pg/mL, could increase the phagocytic activity of
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macrophages. Also, the curcumin content is a proven immunostimulant that can increase Reactive
Oxygen Species (ROS), which in turn, activates signals involving Peroxism Proliferator-Activated
Gamma Receptors (PPAR) and Nrf2. Activation of these two signals on monocytes and macrophages
increases CD36 expression and, consequently, phagocytic macrophage (Nurmasari et al., 2014).
Macrophage activation is also mediated by Fc (fragment crystallizable) receptor activation, a protein
found on the surface of certain cells in the immune system including macrophage. The activation of Fc
receptors results the activation of macrophage (Taylor et al., 2005; Underhill and Ozinsky, 2002).

This hypothetical mechanism is supported by previous research, in which Z. cassumunar has been
found to increase nitrite oxide (NO) production in mice infected by P. berghei and, subsequently, the
phagocytosis activity of macrophages (Nurkhasanah et al., 2019).

Lymphocyte proliferation after treatment

The lymphocyte proliferation assay was used to determine the response of regulatory components
in the immune system. Lymphocytes can distinguish foreign bodies from their own tissues because they
have receptors located on the surface of the cell, Toll Receptor Cell (TCR) cells (Baratawidjaya, 2006).
Lymphocytes, when stimulated with antigens, will activate and produce lymphokines and proliferate.
The dendritic cells in the spleen produce antigens that are captured by T cells in other parts of the body,
produce cytokines, and stimulate lymphocyte proliferation and differentiation. The results are
summarized in Table 2.

Table 2. The absorbance of lymphocyte cells of male Balb/C mice in the MTT test after receiving
the ethyl acetate fraction of Zingiber cassumunar extract

Treatments Absorbance
Control 0.12 £0.019
Group 25 pg/mL 0.364 £0.041*
Group 50 pg/mL 0.274 £ 0.077*
Group 100 pg/mL 0.156 0.074

*Significantly different from the control group (p<0.05)

Lymphocytes, as a specific immune response, are related to T cells. T cell lymphocytes also play
a role in the activation and proliferation of B cells in producing antibodies and in the activation of
macrophages in phagocytosis (Vogt and Schulte, 2011). Increasing lymphocyte proliferation by
antigens involves this following mechanism: the antigen binds to the T cell surface receptor and will
induce IL-1 expression from APC, which activates G-protein to produce an enzyme called phospholipase
C. The enzyme phospholipase C will hydrolyze phosphatidylinositol bisphosphate (PIP2) to produce
glycerol (DAG) and inositol triphosphate (IP3) as a reactive product. Then, the amount of Ca?" released
into the cytoplasm increases due to stimulation by IP3. Because an increase in Ca" will stimulate protein
kinase C and 5-lipoxygenase enzymes. The result of the IL-2 stimulation will produce and activate B
cells T cells for proliferation (Otsuka et al., 2006).

Table 2 shows that the ethyl acetate fraction of Z. cassumunar extract increased the proliferation
of lymphocyte (p<0.05), but this correlates negatively with the concentration of the administered extract.
If the number of lymphocytes is adequate to eliminate invaders, there will be a feedback mechanism
suppressing the proliferation.

Furthermore, the Stimulation Index Proliferation (SIP) was calculated using the absorbance
value obtained using the ELISA reader (Norian et al., 2015). SIP compares lymphocytes proliferation
between the treatment group and control group (Table 3).
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Table 3. Stimulation Index Proliferation (SIP) of lymphocytes after receiving the ethyl acetate
fraction of Zingiber cassumunar extract

Treatments Stimulation Index Proliferation
Group 25 pg/mL 9.441 £ 1.445
Group 50 pg/mL 6.318 £ 2.663
Group 100 pg/mL 2.254 + 2.581

Table 3 shows that the ethyl acetate fraction of Z. cassumunar extract at 25 and 50 mg/I could
increase lymphocyte proliferation, but when administered at 100 mg/l, the extract did not induce such a
significant increase compared to the normal. If lymphocyte proliferation activity increases, it will not
only increase cytotoxic T cells, but it will also increase Th cells that help the response of B cells in
binding to two specific antigens. An increase in lymphocyte proliferation of the test animals also takes
place after receiving some secondary metabolites of herbal medicines (Boscolo et al., 2003; loannone et
al., 2013). Treatments using ingredients containing some flavonoids are proven to increase lymphocyte
proliferation through the activation of NFKB transcription factor and modulating of some cytokines
(loannone et al., 2013). A previous study also confirms that Zingiber cassumunar extract increases the
expression of interleukin-10 and interleukin-14 (Nurkhasanah et al., 2019).

CONCLUSION

The ethyl acetate fraction of the Zingiber cassumunar rhizome can increase the phagocytic
activity of macrophages and lymphocyte proliferation, indicating its potential development as an
immunomodulatory agent.
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