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ABSTRACT

Objective: Knowing that it contains gingerol chemicals, red ginger (Zingiber officinale var. Rubrum) has the potential as a natural
immunomodulator. Immunomodulating substances can affect how the human immune system responds by helping to keep the body in a
homeostatic state and rebalancing immune system imbalances. The goal of this study was to find out of the extract of red ginger inoculated by
Arbuscular Mycorrhizal Fungi (FMA) in different concentrations affected the reduction of IL-6 levels in test animals' serum in vivo.

Methods: Twenty-four white male mice were used in this study. Additionally, they were split into six groups, with the negative control group
received 0.5% Na CMC. The experimental group received red ginger extract at doses of 100 mg/kgBW, 200 mg/kgBW, 400 mg/kgBW, and
"Stimuno" 50 mg/kgBW, whereas the positive control received the Pfizer vaccine. The Pfizer vaccination was administered intramuscularly on day 0
to experimental animals in the positive control and experimental groups. Following that, they underwent a 14-day oral red ginger extract test. Using
the Enzyme-linked immunosorbent assay (ELISA) technique, the test was carried out to measure the concentration of IL-6 in the serum.

Results: The findings illustrated that the dose variations of 100, 200, and 400 mg/kgBW had a significant impact on the drop in IL-6 levels (p<0.05).

Conclusion: The findings indicate that red ginger ethanol extract, in a variety of dosages, may lower IL-6 levels. The largest reduction in IL-6 levels

was seen in the extract test group at a dose of 100 mg/kgBW.
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INTRODUCTION

The immune system is the body's defense system to protect the body
from the dangers that can be caused of pathogen attacks. Pathogens
such as bacteria, viruses, fungi, and parasites can cause infection.
Infectious diseases are one of the leading causes of death in the
world. The entry of those pathogenic elements into the body triggers
the formation of proinflammatory mediators, one of which is the
cytokine interleukin-6 (IL-6) [1]. IL-6 is the main precursor of
macrophages produced by a number of cells such as monocytes,
macrophages, T cells and B cells, polymorphonuclear leukocytes and
mast cells [1]. The mechanism of IL-6 formation in infected lesions
will be recognized by pathogen recognition receptors (PRRs) so that
immune cells stimulate various pathways including NF-kB and
increase cytokine mRNA transcription, especially IL-6 [1].

The body's defense system can be activated by giving a compound
called an immunomodulator. Immunomodulators are able to
modulate the human immune system by playing a role in
maintaining the body's homeostatic condition and helping the body
repair its immune system imbalance. The utilization of plants as
traditional medicine is considered to have its own advantages,
namely low toxicity, easy to obtain, cheap in price and relatively
non-toxic and less side effects [2]. This advantage has also been
empirically proven in traditional human direct use [2].

One of the plants that has been known to contain a number of bioactive
components as immunomodulators is ginger. In Indonesia, there are
three types of ginger plants that are cultivated, namely red ginger, large
white ginger/elephant ginger, and small white ginger/emprit ginger.
Red ginger is more widely used as a treatment because it has the highest
essential oil and oleoresin content among the three types of ginger. Red
ginger contains several chemical compounds, including gingerol,
shogaol, and zingerone which have anti-inflammatory, analgesic,
antioxidant and anticarcinogenic activities [3].

In this study, the red ginger was inoculated with Arbuscular
Mycorrhizal Fungi (AMF). Inoculation with mycorrhizae is one of the
efforts to obtain quality red ginger rhizomes and have resistance to

pathogen attack. Arbuscular Mycorrhizal Fungi (AMF) is a
mutualistic symbiotic association between soil fungi and the roots of
higher plants. There are at least five benefits of mycorrhizae for the
development of host plants, namely increasing nutrient absorption
from the soil, as a biological barrier against root pathogen infection,
increasing growth-promoting hormones, increasing host resistance
to drought, and ensuring the implementation of biogeochemical
cycles [4]. Red ginger rhizomes inoculated with mycorrhizae are
expected to have higher secondary metabolite content than red
ginger rhizomes that was not inoculated with AMF. Secondary
metabolites, apart from functioning to maintain their existence in
the environment in which they are located, can also be used as lead
compounds in the discovery and development of new drugs. In
addition, red ginger inoculated with Arbascular Mycorrhizal Fungi
(AMF) was able to suppress the development of bacterial wilt
disease caused by R. solanacearum ras 4 in ginger plants with
varying effectiveness in reducing disease [5].

Based on the research from (Ho et al, 2013) Ethanol extract from
fresh ginger 0.5 mg/ml can reduce the secretion of TNF-a, IL-1f, and
IL-6 in microglia culture models as much as 46.3%, 79.4%, and
77.8%, respectively. It is known that shogaol and gingerol
compounds can inhibits IL-1, IL-6, and TNF-a [6]. In a study
(Luhurningtyas et al, 2021) explained that the content of phenolic
compounds gingerol, zingeron, and shogaol in red ginger rhizome is
known to be able to reduce levels of TNF-a and IFN-Y in the
treatment group [7]. In this study, the extract of red ginger
inoculated by Arbuscular Mycorrhizal Fungi (FMA) in different
concentrations was tested to determine its effect on decreasing IL-6
levels in test animals' serum in vivo.

MATERIALS AND METHODS
IL-6 level determination

The animal model were grouped into six groups consisting of 4 mice
in each group. The test preparation was carried out for 14 d. There
were six groups in this study, they are was a negative control group
that was only given 0.5% Na CMC suspension, the second group was
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a positive control group that was only induced with 0.1 ml
intramuscular Pfizer vaccine (obtained from the Padang City
Government Health Department) on day 0. The third group, namely
the comparison group, which was previously induced with the Pfizer
vaccine and then given "Stimuno” (obtained from pharmacies in the
city of Padang) at a dose of 50 mg/kgBW. Three other test groups
were administered with Pfizer vaccine inducer on day 0 and red
ginger (harvested and collected from the village of Bari, Padang
Pariaman, West Sumatra) extract suspension at doses of 100 mg/kg
body weight, 200 mg/kg body weight, and 400 mg/kg body weight
on day-1 to day-14 orally. On the 15% day the mice were sacrificed
and blood was taken by cutting the neck veins. The blood was
collected into a tube, then centrifuged at 3000 rpm for 20 min.
Examination of the concentration of IL-6 in serum was carried out
using the Enzyme-linked immunosorbent assay (ELISA) method.

Data analysis

Data analysis was performed using SPSS 26 statistical software
using one-way ANOVA method. If there is a significant difference,
then proceed to use the Duncan Post Hoc Test to identify differences
between group.

Ethical consideration

This study has passed the ethical approval of the Research Ethics
Committee of Medical Faculty Andalas University in order to ptotect
human right and welfare of medical health research subject
(Number 745/UN.16.2/KEP-FK/20220).

RESULTS AND DISCUSSION

In this study, the Pfizer vaccine was used, which is one of the SARS-
CoV-2 vaccines. Pfizer vaccine is known to increase levels of
proinflammatory cytokines, especially IL-6 in the body [8]. Pfizer
vaccine is an mRNA-based Covid-19 vaccine, it is known that the
released mRNA is translated by the ribosome to produce a target
protein after the target protein is secreted by the cell, the protein
will be recognized by the immune system and stimulate an immune
response. Protein S can trigger a proinflammatory response via
TLR4, specifically induces the production of IL1-f and IL-6 [9, 10].
While the test preparation given in this test is expected to reduce the
concentration of IL-6 in the treatment. High concentrations of IL-6 in
humans can be associated with various systemic diseases such as
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malignancy, diabetes, central nervous system disease, inflammation
and autoimmunity. The administration of Pfizer vaccine by means of
the Pfizer vaccine dose in humans is known to be 0.3 ml, then the
quantity is converted to a mouse dose.

In the comparison group, stimulation was given. Stimuno was
chosen because it contains the active substance of Phyllanthus niruri
L. plant extract and is a class of phytopharmaceutical drugs and
several studies have shown that P. niruri L. herbs have properties to
increase the activity of the immune system or immunomodulators.
The content of flavonoids contained in P. niruri L. in stimuno will
work when the activity of the immune system decreases, the
flavonoid content of P. niruri L. will send intracellular signals to cell
receptors to increase its activity. On the other hand, if the immune
system works excessively, the P. niruri L. will be efficacious in
reducing the work of the immune system, in other words, the P.
niruri L. will function as a balancer for the immune system. In
addition, it is known that P. niruri L. as an immunostimulant can
increase the phagocytic activity of macrophages, due to an increase
in the levels of proinflammatory cytokines (IFN-y, TNF-& and IL-6),
and the number of CD4+and CD8+cells, which can increase the
proliferation and activation of immune cells. If phagocytosis in the
body increases, the immune system will increase, this is because the
pathogens that enter the body have been destroyed [11, 12]. To
determine the concentration of IL-6 cytokines after administration
of the extract, a standard curve of IL-6 was determined with a
concentration series of 0; 7.8; 15.6; 31.3; 62.5; and 125 pg/ml. The
maximum absorption length was measured at a wavelength of 450
nm. The results of the determination of the standard curve were
carried out using the four parameter logistic curve (4PL) method
according to the instructions in the kit and is a regression model that
is often used to analyze bioassays, especially ELISA. Analysis using
4PL has the advantage that it produces a wide range of curves so
that it can be used to predict the analyte content of the sample
accurately even though it is outside the standard concentration
range [13]. 4PL calculations require special software to be able to
find out the results. For this, the author uses a website, namely
https://www.aatbio.com/which provides 4PL logistic regression
calculations. The results of the determination of the IL-6 standard
curve can be seen in fig. 1.

The results of measuring the concentration of IL-6 in the test
treatment with the ELISA is listed in table 1.

o1 1 10 100
Concentration (pg/mL)

Fig. 1: IL-6 standard curve

Table 1: Concentration of IL-6

Replicate Concentration of IL-6 (pg/ml)
Control (-) Control (+) Stimuno 50 mg/kgBW 100 mg/kgBW 200 mg/kgBW 400 mg/kgBW

1 9.012 45.923 5.331 7.824 17.315 26.669

2 10.214 37.299 6.318 7.151 17.862 28.986

3 9.869 43.634 5.988 8.331 15.146 31.132

4 5.988 47.600 7.655 7.319 10.559 33.697
Average 8.771 43.614 6.323" 7.656" 15.220 30.121

+SD 1.923 4.512 0.978 0.533 3.321 3.001

"P<0.05 compared with negative control group
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Based on the table of the average concentration of IL-6 in each
group, it can be seen that the positive control treatment group had
the highest average value of IL-6 cytokines, which was 43.614
pg/ml. The increase in value is due to positive control group was
only given the Pfizer vaccine inducer as an antigen that has the
potential to induce an immune response and was not treated with
drugs or extracts, so there was no decrease in the concentration of
IL-6. It is known that the concentration of IL-6 in serum under
normal conditions ranges from 0-7 pg/ml [14]. Gingerol compounds
found in red ginger extract can inhibit cytokines in increasing
inflammatory cells through direct suppression of the expression of the
proinflammatory mediator COX2 and can inhibit the increase in NF-kB
which is one of the components of inflammation and is a transcription
factor that controls the release of a number of important genes in the
process of immunity and inflammation including IL-2, GM-CSF, IL-6
and TNF-alpha [15]. In the table the dose of 100 mg/kgBW has an
average IL-6 concentration of 7.656 pg/ml, this value indicates a
significant decrease in IL-6 concentration compared to the negative
control. At higher doses of 200 mg/kgBW and 400 mg/kgBW, the
average concentration values were 15.220 pg/ml and 30.121 pg/ml],
respectively. The inconsistency between increasing the dose and the
inhibition of IL-6 concentration can be explained according to the
literature that at increasing doses after a certain period the
modulation is not dose dependent but the modulation forms a
characteristic level of effectiveness [16]. In the study of natural
immunomodulators conducted by (Wang et al, 2020) there was also
an inconsistency where the administration of alkaloid compounds
isolated from the orchid plant (Dendrobium aphyllum) where at the
lowest dose concentration resulted in the highest decrease in IL-6
cytokines, while the highest dose administration resulted in a decrease
in cytokines. IL-6 was lower, this was due to the activation of NF-B at
high doses which stimulated the production of proinflammatory
cytokines so that the effectiveness of alkaloid compounds at high
doses was reduced [17].

CONCLUSION

Based on the results of the research that has been done, it can be
concluded that the administration of various doses of ethanol extract
of red ginger (Zingiber officinale var. Rubrum) significantly affected the
decrease in the concentration of IL-6 in male white mice (P<0.05)
based on the results of the one-way ANOVA test. The highest decrease
in IL-6 concentration was found at the extract dose of 100 mg/kgBW.
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