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Introduction

Abstract: Polycystic Ovary Syndrome (PCOS) is a highly prevalent endocrine disorder
associated with hyperandrogenism, inflammation, and immune system dysfunction.
Elevated levels of testosterone are known to affect lymphocyte profiles and contribute to
the inflammatory processes in PCOS. The aim of this study was to evaluate the impact of
red ginger extract (Zingiber officinale var. rubrum) on lymphocyte subpopulations in a
testosterone-induced PCOS rat model. This experimental study involved 30 female
Rattus norvegicus divided randomly into five groups: a normal control, a PCOS control
(testosterone-induced without treatment), and three PCOS treatment groups receiving
different doses of red ginger extract. PCOS induction was done using testosterone
propionate. Following the treatment period, lymphocyte subpopulation analysis was
performed using flow cytometry based on the CD4*, CD8", and CD62L" surface markers.
The results indicated significant differences in the expression of CD4*, CD8*, and CD62L*
among all red ginger treatment groups compared to the PCOS control group (p < 0.05),
suggesting an immunomodulatory effect of red ginger. In conclusion, the administration
of red ginger extract was able to modulate the lymphocyte subpopulation profile in the
PCOS model, potentially contributing to controlling immune responses associated with
hyperandrogenism.

Keywords: Red ginger; Results flow cytometry of lymphocyte cells; Testosterone
Propionate

with disrupted immune response, primarily involving
changes in adaptive T cell subsets rather than absolute

Women with Polycystic Ovarian Syndrome (PCOS)
experiencing insulin resistance often present with
hyperinsulinemia, which can compromise the response
to ovulation induction. The high LH levels characteristic
of insulin-resistant individuals contribute to reduced
oocyte quality. Conventional induction agents do not
effectively lower the elevated insulin, luteinizing
hormone, or androgen levels (Lizneva et al., 2016;
Mareta et al., 2018). Treating hyperinsulinemia in PCOS
patients will improve folliculogenesis, leading to
ovulation and high pregnancy rates (Baptiste et al., 2010;
Wang et al., 2020). PCOS is increasingly recognized as a
low-grade chronic inflammatory condition associated
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changes in the total number of CD4 or CD8 cells.
Previous investigations have wuncovered that the
inflammatory pathway in PCOS is closely related to
metabolic disorders, including insulin resistance, which
contributes to ovarian dysfunction and a decline in
oocyte quality (Tang et al., 2015).

PCOS is a heterogeneous endocrine disorder
characterized by ovulation dysfunction,
hyperandrogenism, and polycystic ovary morphology,
affecting approximately 5-21% of women of
reproductive age. This syndrome is often accompanied
by insulin resistance and obesity, both of which
exacerbate metabolic and inflammatory disorders
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(Cholili & Wiyasa, 2022; Zuo et al, 2016). Using
testosterone propionate administration can be an
effective method for creating animal models that exhibit
a physiopathology similar to that seen in women with
Polycystic Ovary Syndrome (PCOS) (Sam, 2019; Taylor
etal., 2019).

The relationship between PCOS and inflammation
has been extensively studied, particularly in Indonesia,
confirming that this condition is consistently associated
with insulin resistance, obesity, and metabolic disorders
that trigger low-grade chronic inflammation. The
correlation between PCOS and inflammation has been
widely reported, including evidence of disruptions in
the regulation of the adaptive immune system. Franciska
et al. (2025) demonstrated an imbalance between pro-
inflammatory Thl7 cells and anti-inflammatory
regulatory T cells (Treg) in PCOS patients with insulin
resistance, emphasizing the immune mechanisms
involved in the disease's pathogenesis. This discovery
aligns with reports confirming that insulin resistance
and obesity trigger systemic inflammatory responses
that exacerbate PCOS symptoms (Wahyuni et al., 2015).
On the other hand, red ginger (Zingiber officinale var.
rubrum) has been extensively explored in Indonesia as an
anti-inflammatory and immunomodulatory agent. Its
bioactive components, such as gingerol and shogaol,
have been proven capable of suppressing pro-
inflammatory mediators including IL-6, TNF-a, and IL-
1B, while simultaneously increasing antioxidant
capacity (Marlina et al., 2023). These findings strengthen
the relevance of red ginger to be tested for its effects on
lymphocyte markers and metabolic inflammatory
conditions such as PCOS (Handayani et al., 2022; Leslie
& Gunawan, 2023; Luhurningtyas et al, 2021).
Nutritional intervention and anti-inflammatory diets in
PCOS patients have been reported to reduce
inflammatory markers, thus supporting the idea that
modulation of metabolic-inflammatory pathways is a
potential strategy in PCOS management (Setiawan et al.,
2018).

Red ginger, also known as Zingiber officinale var.
rubrum, is often utilized for its aromatic and pungent
flavor as a rhizome (lksan et al., 2023). Red ginger
(Zingiber officinale var. Rubrum) has been widely utilized
in various applications, ranging from food processing to
traditional medicine (Asyik et al., 2025; Winarni et al.,
2023). The red ginger (Zingiber officinale var. rubrum)
Has been thoroughly examined in Indonesia for its anti-
inflammatory and immunomodulatory properties. Its
main bioactive compounds, gingerol and shogaol, have
been shown to suppress major proinflammatory
mediators such as IL-6, TNF-a, and IL-1p, while
enhancing antioxidant defenses through modulation of
the oxidative stress pathway (Carmona & Pereira, 2013;
Marlina et al, 2023; Tosi et al, 2017). These
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characteristics prove that red ginger may have beneficial
effects on metabolic-inflammatory conditions, including
PCOS.

Although the red ginger plant's active ingredients
possess anti-inflammatory and antioxidant properties,
additional clinical studies are required to identify the
correct dosage, efficacy, and potential adverse reactions
of red ginger for treating PCOS (Velaga et al., 2017).
Shogaol and gingerol are bioactive phenolic compounds
with anti-inflammatory and antioxidant properties.
These compounds regulate the immune response by
controlling inflammatory signaling pathways and
reducing excessive cytokine production, rather than by
increasing overall CD4 or CD8 T cell populations
(Pertiwi et al., 2022; Supu et al., 2018). These compounds
inhibit the expression of pro-inflammatory mediators
involved in chronic inflammation processes (Diapati et
al., 2020; Rachman, 2019; Riduan, 2015).

In the research conducted by Puspita et al. (2024),
the approach used still focused on reducing insulin and
IL-6 levels through a high-protein diet intervention in
the PCOS insulin resistance model, so that the adaptive
immune aspect has not been part of the analysis.
Meanwhile, Fahrumnisa (2019) highlights the potential
of Curcuma longa in improving PCOS conditions, but
has not evaluated changes in lymphocyte subsets that
play a role in the inflammatory pathogenesis of PCOS.
Research on red ginger conducted by Dwiloka et al.
(2023), Mantiri et al. (2013), Marsenia et al. (2025), Siregar
et al. (2022), Verawati et al. (2023) only emphasizes
biological effects such as hypocholesterolemic,
antibacterial, in silico-based immunomodulatory,
increased mineral content, or analgesic activity, without
linking red ginger to immune response regulation in
PCOS. Based on these limitations, this study offers
novelty in the form of the first analysis that evaluates the
effect of red ginger administration on CD4-CD8-
CD62L-G1 (R1) lymphocyte subsets using flow
cytometry in the context of PCOS prevention in Rattus
norvegicus. This approach provides a new scientific
contribution by opening an understanding regarding the
role of adaptive immune modulation by red ginger on
PCOS development, which has never been reported in
the nine previous studies.

According to a review of previous research, to date
there have been no studies specifically investigating the
role of red ginger (Zingiber officinale var. rubrum) in
modulating the adaptive immune response in Polycystic
Ovary Syndrome (PCOS), particularly through the
analysis of the CD4-CD8-CD62L-G1 (R1) lymphocyte
subset using flow cytometry. Previous works have
predominantly focused on general metabolic and
inflammatory parameters, such as insulin levels,
proinflammatory cytokines, or hormonal profiles,
without directly assessing the involvement of the
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adaptive immune system in PCOS pathogenesis. Hence,
this study presents scientific novelty by integrating a
cellular immunology approach to evaluate the
preventive effect of red ginger ethanol extract on PCOS
development, which has not been reported in prior
investigations.

This investigation is essential given that PCOS is
increasingly understood as a chronic metabolic-
inflammatory disorder that involves not only hormonal
imbalances but also accompanying adaptive immune
system dysfunction. Conventional PCOS therapy
typically focuses on ovulation induction or improving
insulin resistance, yet it does not optimally target the
underlying immunological inflammatory mechanisms
that contribute to decreased oocyte quality and impaired
ovarian function. A natural substance-based approach,
such as using red ginger with its anti-inflammatory and
immunomodulatory properties, has the potential to
serve as a safer and more sustainable preventive
strategy. Thus, the results of this study are expected to
provide a scientific contribution to understanding the
role of adaptive immune modulation in PCOS and to
open opportunities for developing preventive herbal-
based therapies.

Based on this background, the author wants to
analyze the administration of ethanol extract of red
ginger (Zingiber officinale var. rubrum) through the results
of flow cytometry of lymphocyte cells through CD4-
CD8-CD62L-G1=R1 in preventing the occurrence of
Polycystic Ovary Syndrome (PCOS) in Rattus norvegicus
rats.

Method

This research took place in April 2025 at the
Laboratory of the Faculty of Veterinary Medicine,
Airlangga University, Surabaya. The ethics approval
certificate was obtained from the Faculty of Veterinary
Medicine, Airlangga University on April 28, 2025,
bearing the number 2.KEH.59.04.2025. This study
employed only a post-test design within the framework
of a Completely Randomized Design (CRD), in which 30
rats were randomly divided into five groups.

Thirty Rattus norvegicus rats (100-200 g) were
acclimated for two months. Despite the standard
acclimation period usually being shorter, an
intentionally extended duration was applied to stabilize
hormonal and metabolic profiles before androgen
induction, particularly as endocrine parameters are the
main outcomes of current investigation.

Experimental animals were divided into five
groups (I-V). Group I (negative control) received
standard food and water without any additional
treatment. No vehicle was administered to avoid the
emergence of unnecessary variables, as both
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testosterone propionate and extract were given in a
stable form without additional solvents. = Group II
(positive control) received testosterone propionate at a
dose of 100 mg/ kg body weight, subcutaneously, once a
day for 21 days, and was terminated on the 22nd day.

Ethics Commtes, Faculty of Veterinary N

(Noo LKEH .00 M5, Apeil 38, 200%)

I aramals erminated on Day 22

mwetry (FK UB

Figure 1. Research flowchart

Group III (treatment 1) received 200 mg/kg BW of
red ginger ethanol extract for 3 days, followed by co-
administration of testosterone propionate (100 mg/kg
BW) and the same extract dose for 21 days, and was
terminated on day 22. Group IV (treatment 2)
underwent the same protocol using 400 mg/kg BW of
the extract, and Group V (treatment 3) used 800 mg/kg
BW (Chaudhari & Nampoothiri, 2017; Ebeye et al., 2025;
Gulan et al., 2019). Ovarian tissues were preserved in
PBS. Flow cytometry was conducted at FK UB Malang,
and glucose concentrations were assessed via
glucometer. Each treatment group received the extract
for three days as a pre-treatment phase to allow the
active compounds (gingerol and shogaol) to reach stable
physiological levels before testosterone induction. This
pre-treatment approach is commonly used in prevention
models to assess protective effects.
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Afterwards, the extract was administered
simultaneously with testosterone propionate (100
mg/kg BW, subcutaneously, once daily) for an
additional 21 days. The simultaneous administration
was intentionally used as a preventive protocol to
evaluate the protective effect of red ginger on the
characteristics of PCOS induced by testosterone. All
animals were terminated on day 22.

The ovarian tissue samples were preserved in PBS
for this study, which concentrates on cell-based
immunological evaluation using flow cytometry rather
than histopathological analysis. Flow cytometry analysis
was performed at FK UB Malang. Blood glucose levels
were measured with a glucometer after a standardized
fasting period as an initial metabolic indicator.

Result and Discussion

Table 1 implies a trend where the treatment group
(P1-P3) showed an increase in the number of CD4 cells
compared to the positive group (K2). This increase is
more pronounced at higher doses, as seen from the
higher accumulation of CD4 values in P2 and P3.

The study findings revealed that the flow
cytometry results on the lymphocyte cells of Rattus
norvegicus rats varied. There were K1 (healthy group),
K2 (sick group), P1 (EJM treatment 200 mg/kg/BW), P2
(EJM treatment 400 mg/kg/BW), P3 (EJM treatment 800
mg/kg/BW), which were treatment groups given red
ginger (Zingiber officinale var. rubrum).

T8 e
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Table 1. Flow Cytometry Results on Cluster of
Differentiation 4 (CD4)
Cluster Of Differentiation 4 (CD-4)
K1 K2

(Negative) (Positive) Pl P2 P3
Replicate % gated % gated % gated % gated % gated
1 2.37 5.18 1.31 10.32 7.45
2 3.04 5.71 1.90 6.66 1.14
3 0.34 0.86 243 2.69 9555
4 0.53 0.78 5.20 518  20.54
5 1.33 1.17 3.31 946 10.32
6 1.26 117 5819 2,63 7476
Mean 1.47 249 1205 2034 34.96

Table 2. Flow Cytometry Results of Cluster of
Differentiation 4 (CD4) Lymphocyte Cells in the Healthy
Group (K1), Sick Group (K2), Treatment Group Given
200 mg/kg/BB Red Ginger Extract (P1), Treatment
Group Given 400 mg/kg/BB Red Ginger Extract (P2),
Treatment Group Given 800 mg/kg/BB Red Ginger

Extract (P3)
Cluster of Differentiation 4 (CD4)

Group Mean + SD c
K1 (negative) 13.90 +£29.80

K2 (positive) 1.13+0.71

P1 34.60 £39.70 <0.001*
P2 47.70 £37.90

P3 74.80 + 34.50

(*): significant a=0.05

Figure 2. The results of flow cytometry Cluster of Differentiation 4 (CD4) in lymphocyte cells show that: A. healthy group
mean+SD 13.90 £ 29.80. B. Sick group mean+SD 1.13 + 0.71. C. P200 group mean+SD 34.60 + 39.70. D. P400 group mean+SD
47.70 £37.90. E. P800 group mean+SD 74.80 + 34.50. F. The results of one-way anova statistics show significant results

Table 2 shows the Cluster of Differentiation 4 (CD4)
lymphocyte cells, showing that Group I, the healthy

group, is significantly different from Group II, the sick
group, with a p value of 0.001. Group I, the healthy
378
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group, is also very significantly different from Group 111,
the treatment group given 800 mg/kg/BW red ginger
ethanol extract, with a p value of 0.001.

The results of flow cytometry Cluster of
Differentiation 4 (CD4) in lymphocyte cells showed that
the treatment group was significantly different from the
positive group. Treatment group 3 (P3) with the
administration of 800 mg/kg/BW red ginger ethanol
extract was better than Treatment group 1 (P1) with the
administration of 200 mg/kg/BW red ginger ethanol
extract and Treatment group 2 (P2) with the
administration of 400 mg/kg/BW red ginger ethanol
extract.

Table 3. Flow Cytometry Results on Cluster of
Differentition 8 (CD8)

Cluster Of Differentiation 8 (CD-8)

K1 K2

(Negative) (Positive) Pl P2 P3
Replicate % gated % gated % gated % gated % gated
1 0.12 0.91 0.40 0.39 3.24
2 6.73 1.17 0.70 0.21 0.90
3 0.22 0.19 0.28 1.05 97.73
4 0.51 0.81 0.39 0.75 9542
5 1.45 5.05 0.86 9817 1.70
6 0.75 17.96 60 6.80 95.57
Mean 1.63 4.34 1043 17.89  49.09

Table 3 presents the fluctuation of CD8 lymphocyte
percentage between replications in all groups, with the

A. B.
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negative group (K1) showing consistently low values,
while the positive group (K2) indicates a slight increase
within the low to moderate range. The treatment groups
(P1-P3) exhibit a greater increase in CD8 expression,
including some extreme values, such as 60.00% in P1 and
97.73% and 95.57% in P3, which are common biological
variations in flow cytometry analysis due to differences
in gating, cell distribution, and individual responses to
testosterone induction and red ginger extract
administration.

Table 4. Flow Cytometry Results of Cluster of
Differentiation 8 (CD8) Lymphocyte Cells in the Healthy
Group (K1), the Sick Group (K2), the Treatment Group
Given 200 mg/kg/BW Red Ginger Extract (P1), the
Treatment Group Given 400 mg/kg/BW Red Ginger
Extract (P2), the Treatment Group Given 800
mg/kg/BW Red Ginger Extract (P3)
Cluster of Differentiation 8 (CD8)

Group Mean + SD P
K1 (negative) 10.30 £ 21.00
K2 (positive) 434 +6.89
P1 21.10 +35.90 <0.001*
P2 50.10 +38.70
P3 74.60 £ 23.80

(*): significant a=0.05
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Figure 3. The results of flow cytometry Cluster of Differentiation 8 (CD8) in lymphocyte cells showed in the groups: A. Healthy
group mean+SD; 13.90+29.80. B. Sick group mean+SD; 1.13+0.71. C. P200 group mean+SD; 34.60+39.70. D. P400 group
mean#SD; 47.70+£37.90. E. P800 group mean+SD; 74.80+34.50. F. The results of one-way anova statistics showed significant

results
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Table 4 shows that Cluster of Differentiation 8
(CD8) lymphocyte cells in Group I, the healthy group,
are significantly different from Group II, the sick group,
with a p value of 0.001. Group I, the healthy group, is
very significantly different from Group III, the treatment
group given 800 mg/kg/BW red ginger ethanol extract,
with a p value of 0.001.

The flow cytometry analysis of Cluster of
Differentiation 8 (CD8) in lymphocyte cells indicated
that the treatment groups differed significantly from the
positive control group. Treatment group 3 (P3), which
received 800 mg/kg BW of red ginger ethanol extract,
demonstrated superior results compared to Treatment
group 1 (P1) receiving 200 mg/kg BW and Treatment
group 2 (P2) receiving 400 mg/kg BW.

Table 5. Flow cytometry Results on L-Selectin (CD26L)
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(P1-P3), an increase in CD62L expression is observed
with some extreme values, such as 58.19% in P1 and
94.60% and 95.55% in P2 and P3. These extreme values
represent common biological variation in flow
cytometry, attributable to differences in gating strategy,
inherent cellular response, and the experimental effects
of either testosterone propionate induction or red ginger
extract administration.

Table 6. Flow Cytometry Results of L-Selectin (CD26L)
in Lymphocyte Cells of the Healthy Group (K1), the Sick
Group (K2), the Treatment Group Given 200
mg/kg/BW Red Ginger Extract (P1), the Treatment
Group Given 400 mg/kg/BW Red Ginger Extract (P2),
the Treatment Group Given 800 mg/kg/BW Red Ginger
Extract (P3)

L-Selectin (CD26L)

L-Selectin (CD26L) Group Mean + SD p
K1 K2 P1 P P3 K1 (negative) 13.90 +£29.80
(Negative) (Positive) K2 (positive) 1.13+£0.71
Replicate % gated % gated % gated % gated % gated P1 34.60 +39.70 <0.001*
1 2.37 5.18 1.31 1032 745 P2 47.70 £37.90
2 3.04 5.71 1.90 6.66 114 P3 74.80 + 34.50
3 0.34 0.86 243 2.69 95.55  (*): significant a=0.05
4 0.53 0.78 520 518 20.54
5 1.33 117 331 94.60 10.32 Table 6 shows that L-Selectin (CD62L) lymphocyte
6 1.26 117 5819  2.63 7476  cells in Group I, which is the healthy group, are
Mean 147 249 1205 20.34 34.96  significantly different from Group II, which is the sick
group, with a p value of 0.001. Group I, the healthy
Table 5 illustrates the fluctuation of CD62L

expression in six replications in each group, with the
negative (K1) and positive (K2) groups showing
relatively low and stable values. In the treatment groups
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group, is very significantly different compared to Group
III, the treatment group given 800 mg/kg/BW of red
ginger ethanol extract.

Figure 4. Flow cytometry results of L-Selectin (CD26L) in lymphocyte cells show: A. healthy group mean+SD; 10.30+21.00. B.
Sick group mean+SD; 4.34+6.89. C. P200 group mean+SD; 21.10+35.90. D. P400 group mean+SD; 50.10+38.70. E. P800 group
mean*SD; 74.60+23.80. F. The statistical results of one-way anova show significant results
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Discussion

Herbal ingredients can be defined as medicines
containing active ingredients derived from traditional
plants commonly used in the treatment of diseases by
local communities. Most herbal plants that function as
health supplements (Rasyid et al., 2024) contain essential
oils and secondary metabolites (Yanis et al., 2024).
Herbal medicinal products are a mixture of organic
chemical compounds obtained (Wahyuni et al., 2023)
from the processing of some or all parts of traditional
plants (Sam, 2019). The use of herbal products, or what
in Indonesia is known as nutritional support and general
body health, requires intervention in the form of therapy
(Taylor et al., 2019). Phytochemicals are also a major
focus of the government in efforts to overcome drug
imports. Medicinal plants are rich in bioactive
compounds like flavonoids, alkaloids, saponins,
steroids, and terpenoids. These compounds possess
diverse biological properties such as antimicrobial,
antioxidant, and immunomodulatory effects (Rasmi et
al., 2023; Wulandari & Yuniarti, 2023). The advantage of
herbal ingredients compared to modern medicines is
that herbal ingredients are believed to have fewer side
effects than modern medicines (Nurhayati &
Medistriani, 2024; Sari et al., 2025), in addition to herbal
ingredients containing various active substances that
work synergistically to produce various benefits in one
extract (Carmona & Pereira, 2013).

Based on previous research, there has been no in
vivo research data on the use of ethanol extract of red
ginger (Zingiber officinale var rubrum) to prevent
Polycystic Ovary Syndrome (PCOS) in Rattus
norvegicus mice. The ethanol extract of red ginger
contains active substances that have antioxidants and
anti-inflammatory properties. The research chose to
utilize the red ginger variety (Zingiber officinale var
rubrum) due to previous in vitro studies indicating its
superior anti-inflammatory properties when compared
to other ginger varieties (Pertiwi et al., 2022; Supu et al.,
2018). The preference for red ginger (Zingiber officinale
var. rubrum) reflects findings from High Performance
Liquid Chromatography (HPLC) analyses showing
elevated concentrations of 6-gingerol and 6-shogaol
relative to those measured in elephant ginger and emprit
ginger (Riduan, 2015).

Examination of the active ingredients in the red
ginger ethanol extract, performed at the Pharmacology
Laboratory of Brawijaya University Malang, confirmed
the presence of anti-inflammatory compounds such as 6-
shogaol and 6-gingerol. These components inhibit the
activation of protein kinase B (Akt) and nuclear factor
kappa B (NF-xB), leading to enhanced anti-
inflammatory cytokine production and reduced pro-
inflammatory cytokine levels. In vitro experiments
showed that red ginger ethanol extract exhibited
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immunomodulatory, anti-inflammatory, and
antioxidant effects, which can be seen from changes in
the expression of three gene categories, namely immune
system signaling, anti-inflammatory cytokines, and
antioxidants (Lushchak & Gospodaryov, 2012).

The research design utilized the induction of
testosterone propionate for 21 days to establish a PCOS
model, however, based on the results, the induction did
not fully produce a consistent portrayal of PCOS across
all groups. The inconsistencies in this model raise issues
of internal validity as the treatment effects become
difficult to separate from the instability of the disease
model itself. Hence, conclusions regarding the potential
protective effects of red ginger on PCOS should be
interpreted cautiously as the treatment effectiveness was
tested on a model that was not fully developed
optimally.

The administration of red ginger doses (200-800
mg/kgBW) has been proven to improve immune
parameters such as CD4, CD8, and L-selectin. Yet, the
improvement in these parameters does not result in
complete recovery of ovarian structure in all PCOS-
induced groups. This suggests that although red ginger
has immunomodulatory and anti-inflammatory effects,
the dose, duration of administration, or level of ovarian
damage due to androgen induction is not sufficient to
demonstrate a conclusively protective effect on the
ovaries. Thus, the interpretation of ginger's effectiveness
should take into consideration therapeutic limitations in
the context of induction duration and disease
progression.

The preparation process of red ginger ethanol
extract and examination of bioactive content of 6-
gingerol and 6-shogaol has been carried out; yet some
methodological steps such as the final concentration of
the extract, the standardization method of active
compound levels, and quality control have not been
detailed extensively. The lack of this information could
potentially decrease the reproducibility of the research
because other researchers may not be able to repeat the
procedure with the same consistency of extract levels.
Likewise, variations in immune responses may also be
influenced by uncertainties in material standardization.

Data analysis indicates changes in immunological
markers, however, the relationship between the increase
in these markers and the degree of improvement in
PCOS has not been deeply or quantitatively analyzed.
The lack of further analysis, such as correlation between

hormone levels, ovarian morphology, and
immunological markers, limits the strength of
mechanistic ~ interpretation. = Although  ginger's

immunomodulatory effects are well documented,
analytical evidence supporting its comprehensive
protective role remains limited.

381



Jurnal Penelitian Pendidikan IPA (JPPIPA)

The administration of red ginger ethanol extract in
groups P1-P3 pointed to an increase in CD4, CD8, and L-
selectin levels compared to the sick group. This increase
may be linked to the bioactive mechanisms of ginger,
particularly 6-gingerol and 6-shogaol, which are known
to inhibit NF-xB activation, thereby reducing
proinflammatory cytokine production and suppressing
systemic inflammation. This decrease in inflammation
allows the adaptive immune system to function more
optimally, as reflected in the increased lymphocyte
proliferation observed in the CD4 and CDS8 data.
Further, ginger is also reported to modulate L-selectin
expression, an important adhesion molecule for
lymphocyte homing and trafficking, so the elevated L-
selectin levels in groups P1-P3 reflect an improvement in
the immune cell migration ability to target tissues. As
such, the pharmacological mechanisms of ginger align
with the findings of increased CD4, CD8, and L-selectin
in this study.

The results of a systematic review and meta-
analysis conducted on research on red ginger using the
Randomized Controlled Trials (RCT) method, showed
that oral consumption of red ginger was able to reduce
inflammatory markers in blood serum, including TNF-a
(Morvaridzadeh et al., 2021).

This research in vitro study, ginger extract was
proven to be able to increase insulin release in pancreatic
B cells of rats (Chakraborty et al, 2012). A glucose
tolerance test confirmed that the ethanol extract of red
ginger also increased plasma insulin levels, thereby
lowering blood glucose levels (Rani et al., 2011). One of
the most important components of red ginger in
reducing blood glucose levels is gingerol, which shows
a protective effect on pancreatic p-cells in DM rats and
restores plasma insulin levels (Li et al., 2012; Nazir et al.,
2014). On the other hand, it can lower blood glucose
levels by increasing serum insulin levels and also
reducing  serum  glucose and  fructosamine
concentrations. Bahri et al. (2023) state that Zingiber
Officinale (ginger extract), can be used as an alternative
antibiotic to replace synthetic antibiotics. This is
supported by research results of Farlikhatun et al. (2025)
which recommend red ginger as therapy, because its
effectiveness has been proven in the wound healing
process. The combination of antidiabetic drugs can
enhance antioxidant defenses and reduce oxidative
damage in the kidneys and pancreas of diabetic rat
models (Gaytan et al., 2002; Hu et al., 2011).

Red ginger is known as an herbal plant containing
chemical compounds that can be beneficial in treating
various diseases, such as those with anti-inflammatory
and antioxidant properties. These effects are due to the
bioactive components contained in red ginger, such as 6-
gingerols and 6-shogaol. In this study, flow cytometry
results on lymphocytes given red ginger showed intact
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lymphocytes, while the positive control group
developed polycystic ovary syndrome (PCOS). This
indicates that red ginger administration protects ovarian
cells.

Based on previous research, administration of
testosterone propionate for 21 days by interperitoneal
injection macroscopically gives a picture of polycystic
ovary syndrome (PCOS) while red ginger can actually
act as an anti-inflammatory. In groups III, IV, V with
testosterone propionate administration, treatment was
not given for more than 21 days because it can cause
damage to the ovaries so that it cannot be cured. The
results of flow cytometry of lymphocyte cells in this
study showed polycystic ovary syndrome (PCOS) in all
treatment groups given red ginger (groups III, IV, and
V) and a picture of polycystic ovary syndrome (PCOS)
in the treatment group without red ginger (group I). In
addition to being caused by insufficient testosterone
administration, insufficient red ginger dosage, and the
duration of red ginger dosage also play a role.

Although there was an increase in immune markers
(CD4, CDS, and L-selectin) in the treatment group, this
improvement has not completely suppressed the
pathologic process of PCOS. The increase in CD4/CD8
in groups P1-P3 indicates immune activation and
recovery of adaptive immune response due to the anti-
inflammatory effects of ginger. Nevertheless, this
response is not strong enough to balance
hyperandrogenism and chronic inflammation, which
are the basis of PCOS pathophysiology. This can be seen
from the continued presence of PCOS features in all
groups receiving testosterone propionate, including
those given ginger. Hence, these findings suggest that
although ginger has a positive immunomodulatory
effect, the duration of administration, dosage, and level
of ovarian damage due to androgen induction may not
allow for full recovery of ovarian structure.

Overall, the data suggests that red ginger is capable
of enhancing immune cell activity by improving the
parameters of CD4, CDS8, and L-selectin. Yet, this
immune enhancement does not automatically eliminate
the PCOS condition, thus further research with higher
doses, longer durations, or combination with other
therapies is needed to optimize the protective effects of
red ginger on reproductive pathology.

Conclusion

The administration of red ginger (Zingiber
officinale var. rubrum) extract highlights a potential
protective effect in a testosterone-induced polycystic
ovary syndrome (PCOS) model in Rattus norvegicus.
The most optimal response was observed at a dose of 800
mg/kg body weight, which exhibited a better

immunological profile compared to doses of 200 mg/kg
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BW and 400 mg/kg BW. The ethanol extract of red
ginger increased the expression of CD4*-CD8*-CD62L*
lymphocyte subpopulations during the Gl phase,
indicating immunomodulatory activity. These findings
suggest that red ginger may contribute to the regulation
of immune responses associated with PCOS and holds
potential as a complementary herbal agent in PCOS
management, thus warranting further investigation. In
essence, these results highlight the potential of red
ginger as a supportive herbal agent in PCOS
management, although further studies are required to

elucidate its molecular mechanisms and clinical
relevance.
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