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Abstract

Background: Polyherbal formulations, which combine multiple medicinal plants, may provide enhanced
immunomodulatory effects through synergistic interactions among their bioactive constituents. Objective:
This study aimed to evaluate the immunomodulatory effects of a polyherbal formulation on splenic white pulp
structure and splenic index in mice immunized with tetanus toxoid. Methods: Twenty-five male BALB/c mice
were randomly divided into five groups: a normal control group, a vaccine control group, and three treatment
groups receiving low, medium, or high doses of the polyherbal formulation for 28 days. Tetanus toxoid was
administered to the vaccine control and treatment groups on days 7 and 14. The splenic index was calculated
as the ratio of spleen weight (mg) to body weight (g). Splenic white pulp diameter was assessed histologically
in hematoxylin and eosin-stained spleen sections at 100x magnification. Data were analyzed using one-way
analysis of variance (ANOVA), followed by the least significant difference (LSD) post hoc test. Results: The
polyherbal formulation did not significantly affect the splenic index among the experimental groups (p =
0.103), indicating no significant splenic enlargement associated with treatment. In contrast, splenic white pulp
diameter increased significantly in all polyherbal treatment groups compared with the vaccine control group (p
< 0.001). The mean white pulp diameters were 354.2 um, 436.4 ym, and 518.0 ym in the low-, medium-,
and high-dose groups, respectively, demonstrating a dose-related increase in white pulp development.
Conclusion: The polyherbal formulation significantly increased splenic white pulp diameter without
significantly altering the splenic index. These findings suggest that the formulation may enhance local
adaptive immune responses without inducing significant systemic splenic enlargement in
tetanus-toxoid-immunized mice.
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INTRODUCTION

The use of traditional herbal medicines as immunomodulatory agents has attracted growing scientific
interest due to their ability to enhance immune defenses through naturally derived bioactive compounds.
Numerous clinical and experimental studies have demonstrated that herbal medicines offer several
advantages over conventional drugs, including a broader spectrum of biological targets, multi-pathway
interactions, and relatively low toxicity profiles [1,2]. Consequently, herbal medicine is increasingly recognized
as a viable option for promotive, preventive, and curative interventions against various diseases [3].

To optimize the therapeutic potential of herbal preparations, recent advances have increasingly
emphasized evidence-based standardization and novel delivery strategies, including nanotechnology-based
herbal formulations and herbal nanoparticles, to improve the solubility, stability, bioavailability, and
pharmacological activity of phytochemicals [4,5,6]. Plant-derived natural products also remain important
sources for drug discovery and therapeutic development because of their chemical diversity and multi-target
biological activities [7,8]. In addition, traditional and complementary medicine continues to be recognized
globally as an important health resource, with the World Health Organization emphasizing the need for
evidence-based integration, safety, quality, and regulation within health systems [9,10]. These developments
highlight the enduring relevance of herbal medicine in modern immunopharmacology, particularly for
supporting immune homeostasis and the immune system’s natural defense mechanisms [11].

Among recent innovations, the concept of polyherbal formulations, defined as combinations of multiple
medicinal plants within a single preparation, has gained particular attention. This approach, rooted in
Traditional Chinese Medicine for thousands of years, aims to achieve synergistic therapeutic effects through
the complementary actions of different plant constituents [4]. Polyherbal formulations may enhance therapeutic
efficacy, reduce the required doses of individual components, and minimize adverse effects [2, 5]. Moreover,
using a single polyherbal product simplifies patient compliance and promotes multi-target immune regulation,
aligning with the holistic principles of traditional medicine [5].

In this study, the selected polyherbal formulation comprises ingredients well known and widely used in
Indonesia as traditional jamu [6], including Zingiber officinale var. amarum (white ginger rhizome), Zingiber
officinale var. rubrum (red ginger rhizome), Blumea balsamifera (sambong leaves), Mentha arvensis (mint
leaves), Alstonia scholaris (pule bark), Myristica fragrans (nutmeg seed), Panax ginseng, and royal jelly. Each
component has documented immunomodulatory properties, contributing to the formulation’s expected
synergistic effects on cellular and humoral immunity [6,7].

Bioactive compounds from Zingiber officinale, such as gingerol, have demonstrated potent
immunostimulatory and anti-inflammatory effects, suggesting therapeutic potential for modulating immune-
related disorders [6,7]. In an in vitro study, gingerol and shogaol significantly enhanced B-lymphocyte
proliferation at 50 pg/mL under non-oxidative conditions, indicating a direct role in humoral activation [8].

Blumea balsamifera leaves contain quercetin, a flavonoid that increases circulating B lymphocytes and
stimulates antibody production in animal models of inflammation [9,10]. Mentha arvensis has been shown to
elevate immunoglobulin M and G levels in heat-stressed broiler chickens when administered as a 2% powder
supplement, thereby improving overall hematological and biochemical profiles [11]. Extracts of Myristica
fragrans regulate hepatic inflammation in high-fat diet-induced mice by suppressing the NF-kB signaling
pathway and downregulating the proinflammatory cytokines TNF, IL-6, and IL-1(3 [12]

Meanwhile, Panax ginseng is among the most widely studied herbal immunomodulators, containing
active ginsenosides that stimulate both cellular and humoral immune responses. Oral administration of
ginsenoside Rg3 for 19 days significantly increased serum IgG levels and the immune organ index in
cyclophosphamide-induced immunosuppressed mice [13]. In addition, royal jelly enhances the proliferation of
macrophages, B cells, and T cells [14,15], as well as natural killer (NK) cell activity, providing broad
immunostimulatory and protective effects in LPS-induced models [16,17].

Collectively, these findings suggest that the selected polyherbal formulation may enhance immune
activity, particularly by stimulating B-cell proliferation and antibody synthesis, both of which are key features of
humoral immunity. However, although the immunostimulatory potential of individual components has been
extensively reported, histological evidence confirming the combined polyherbal effect on lymphoid tissue
architecture remains limited.

The spleen is a crucial organ for evaluating immunostimulatory responses, serving as the largest
secondary lymphoid organ by filtering antigens from the bloodstream and coordinating adaptive immune
activation [18, 19]. Within the spleen, the white pulp is the primary site of humoral immune activity. It comprises
three microanatomical regions: the periarteriolar lymphoid sheath (PALS), rich in T cells; lymphoid follicles,
where B cells cluster and become activated; and the marginal zone, populated by macrophages, dendritic
cells, and B cells [20].
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After antigen exposure, mature B cells migrate from the bone marrow to the lymphoid follicles, recognize
antigens via B-cell receptors (BCRs), and proliferate to form germinal centers. Within these centers, B cells
undergo somatic hypermutation, clonal selection, and affinity maturation, ultimately differentiating into plasma
cells that produce immunoglobulins or into long-lived memory B cells [21, 22]. These dynamic changes are
reflected in the histological features of the splenic white pulp, making it a valuable tissue for assessing
immunostimulant activity.

The integrity and expansion of the white pulp, along with prominent germinal centers, serve as
histological indicators of effective humoral immune responses. Conversely, physiological stress or pathological
conditions can lead to splenic atrophy and reduced lymphoid follicle development, indicating impaired antibody
production [23]. Therefore, quantitative and qualitative assessments of white pulp diameter, follicular density,
and germinal center morphology provide critical evidence of adaptive immune activation.

Based on this rationale, the present research focuses on evaluating histological evidence of enhanced
humoral immunity in an animal immunogenicity model after administration of the selected polyherbal
formulation. It is hypothesized that the synergistic combination of the herbal components, through the actions
of gingerols, quercetin, ginsenosides, and other bioactive molecules, can promote splenic white pulp
proliferation and germinal center formation, reflecting organized and safe activation of the adaptive humoral
immune response.

This histological approach provides not only morphological evidence but also a mechanistic basis for
understanding how polyherbal formulations modulate immune architecture. The findings are expected to
contribute to the growing scientific foundation for developing safe, effective, and evidence-based polyherbal
immunostimulants, particularly in preventive and supportive therapies for infectious and immune-related
diseases.

MATERIALS AND METHODS
Materials

The polyherbal preparation used in this study was a commercially available tablet, Antangin JRG plus
Jahe Merah® (AJ; BPOM registration number TR152586931; PT Deltomed Laboratories, Indonesia), which
served as the polyherbal immunostimulant in tablet form. Each tablet contained 650 mg of test material.
According to the formulation description, AJ contains Zingiber officinale var. amarum rhizome 1000
mg, Zingiber officinale var. rubrum rhizome 500 mg, Blumea balsamiferaleaves 425 mg, Mentha
arvensis leaves 400 mg, Alstonia scholaris stem bark 124 mg, Myristica fragrans seeds 124 mg, Panax
ginseng 100 mg, and royal jelly 65 mg. Before administration, the tablet was powdered and suspended in 0.5%
CMC-Na and aquabidest. Twenty male BALB/c mice aged 8—12 weeks and weighing 30—-40 g were used as
experimental animals. Additional materials included Rat Bio feed, drinking water, bedding, tetanus toxoid
vaccine (Biofarma, Indonesia; 10 Lf/0.5 mL or 20 pug/0.5 mL), ketamine-xylazine, 4% paraformaldehyde in
phosphate-buffered saline (PBS), RNA Stabilization Solution, FavorPrep™ Tri-RNA, chloroform, isopropanol,
70% ethanol, DEPC, Excel RT™ series cDNA reverse transcription kit I, SensiFAST SYBR Lo-ROX, CD32
and GAPDH primers, 10% buffered formalin, graded alcohol solutions, xylol/xylene, liquid paraffin, albumin,
poly-L-lysine, hematoxylin-eosin staining reagents, DPX mounting medium, and immersion oil.
Tools

The equipment used in this study included latex gloves, masks, writing utensils, label paper, a ruler, a
logbook, a permanent marker, tissues, mouse cages with special ventilation (Individual Ventilated Cages),
mouse food and water containers, 1-cc syringes, a minor set, microtubes, capillary microhematocrit tubes, an
autoclave, a clean bench, an Eppendorf tube, a micropipette, D1000, D200, and D10 tips, an analytical
balance, a 96-well PCR plate, coverslips, microscope slides, cover glasses, a light microscope, a cryostat, a
staining jar, an incubator, a centrifuge, a Nanodrop, a thermal cycler, and an ABI 7500 RT-PCR machine.
Method
Experimental Animals and Grouping

Twenty-five male BALB/c mice (8—12 weeks old; 30—40 g) were used in this study. Animals were
acclimated for 7 days under standard laboratory conditions. After acclimation, mice were randomly assigned
to five experimental groups, including normal control (NC), vaccine control (VC), and three treatment groups
(T1, T2, and T3). The experimental design and workflow are illustrated in Figure 1.
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Animal Preparation and Grouping
Twenty-five male BALB/c mice (8-12 weeks, 3040 g) were acclimated for 7 days under
standard laboratory conditions. Animals were randomly assigned into 5 experimental groups (n
=5 per group).

v v v v v

NC vC T1 T2 T3
(Normal (Vaccine (Low Dose) (Medium Dose) (High Dose)
Control) Controf) 0502mgigBW || 0789 mgigBw || 1.183mgigBw

0.5% Na-CMC Tetanus Toxoid Formulation + TT Formulation + TT Formulation + TT
only (TT) vaccine only vaccine vaccine vaccine

v

Polyherbal Formulation Preparation

Polyherbal tablets (Antangin JRG) were powdered and suspended in 0.5% Na-CMC and

aquabidest to achieve standardized dosage concentrations.

v

Experimental Intervention (28 Days)

Oral Administration

Daily oral gavage of the polyherbal formulation
(or vehicle for controls) from Day 1 to Day 28.

Immunization Schedule
Day 7: Primary immunization with Tetanus
Toxoid (TT) vaccine (IM).

Day 14: Secondary (booster) immunization
with TT vaccine (IM).

15
|

Timeline (Days)

Start oral administration

Primary immunization
(TT vaccine, IM)

Booster immunization
(TT vaccine, IM)

m Terminal sampling

Terminal Sampling and Organ Processing (Day 28)

Animals were sacrificed on Day 28 using ketamine-xylazine anesthesia. Spleens were
harvested, weighed for splenic index calculation, and fixed in 10% buffered formalin. Splenic
tissues underwent dehydration, paraffin embedding, and were sectioned into 4-5 pm thick
slices.

v

Histological and Morphometric Evaluation

Staining Imaging Morphometry
Sections were stained with Microscopic examination was Measurement of splenic white
Hematoxylin-Eosin (H&E). | performed at 100x — pulp diameter and

magnification.

identification of germinal

center expansion using digital
imaging software.

Figure 1. Research procedure

Polyherbal Formulation and Immunization Schedule

The polyherbal formulation (containing Zingiber officinale, Panax ginseng, and royal jelly) was
administered orally via daily gavage for 28 consecutive days. Group T1, T2, and T3 received doses of 0.592
mg/20g BW, 0.798 mg/20g BW, and 1.183 mg/20g BW, respectively. To induce an immunogenic response,
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mice in the VC and all treatment groups were injected subcutaneously with 20 ug of Tetanus Toxoid (TT)
vaccine on days 7 and 14. The NC group received only a 0.5% Na-CMC placebo.
Spleen Harvesting and Histological Preparation

On day 28, animals were euthanized using ketamine-xylazine anesthesia. Spleens were harvested,
weighed to calculate the splenic index, and fixed in 10% buffered formalin. For histological analysis, tissues
were dehydrated in graded alcohol, cleared in toluene, and embedded in paraffin at 60°C. Paraffin blocks were
sectioned at 4 ym using a microtome and mounted on glass slides.
Staining and Histomorphometry Evaluation

Tissue sections were deparaffinized with xylene and rehydrated through a series of decreasing alcohol
concentrations. Sections were stained with Hematoxylin-Eosin (HE) to differentiate between red and white
pulp structures. To ensure objectivity, all samples were anonymized and coded before being examined
independently by a certified anatomical pathologist. The diameter of the splenic white pulp was measured at
100x magnification using digital imaging software. Three observers performed independent measurements to
ensure consistency and accuracy.
Ethical considerations

This study received ethical approval from the Health Research Ethics Committee, Faculty of Medicine,
under approval number KE/FK/1372/EC/2024 on September 5, 2024. The approval was subsequently
amended and re-approved on December 12, 2024, under the same approval number.
Data analysis

Data were analyzed using statistical methods, and results were presented as mean + SD. To assess
normality, the Shapiro-Wilk test (p>0.05) was performed, followed by Levene’s test for homogeneity (p>0.05).
If the data were both normally distributed and homogeneous, a one-way ANOVA (p<0.05) was used to assess
differences among groups. When significant differences were detected, post hoc analysis was performed using
the Least Significant Difference (LSD) test. Statistical significance was set at p<0.05 with a 95% confidence
interval.

RESULTS AND DISCUSSION
Splenic index

The splenic index is the ratio of spleen weight (mg) to body weight (g) in immunogenicity model animals
on day 28. This parameter serves as an indirect indicator of immunological status, as changes in the spleen-
to-body weight ratio often reflect variations in immune activity, lymphoid proliferation, or tissue perfusion
(25,26). The index was calculated using the following formula (1).

Spleen Weight (mg) (1)

Body Weight on Day 28 (g)

To evaluate the systemic physiological impact and ensure the safety profile of the polyherbal formulation,
the splenic index—a quantitative marker of immune activity and organ-level stress—was calculated for all
experimental groups. Individual splenic index values and statistical analyses are presented in Table 1.

Splenic Index =

Table 1. Splenic Index of Immunogenicity Model Animals

Variable Group Animal1 Animal2 Animal3 Animal4 Mean* SD W_Shaplro-
ilk p-value
NC 61.62 59.19 59.18 60.15 60.04+1.15 0.225
Splenic VC 60.86 58.62 60.54 60.36 60.10+1.00 0.128
Index T1 61.94 61.07 60.95 61.63 61.40+0.47 0.495
(mg/g) T2 62.35 62.19 60.82 60.43 61.45+0.97 0.249
T3 61.57 60.04 62.00 60.45 61.02+0.92 0.552

Note. Data are expressed as mean + SD (n=5). All diameter measurements were performed on day 28. Statistical
significance compared to the vaccine control (VC) group is indicated by * (p<0.05) and ** (p<0.001). NC: normal control
(0.5% Na-CMC); VC: vaccine control (tetanus toxoid); T1, T2, T3: treatment groups receiving low, medium, and high doses
of the polyherbal formulation plus tetanus toxoid vaccine, respectively

The Shapiro—Wilk test (Table 1) indicated that the data were normally distributed across all groups (p >
0.05), and Levene’s test confirmed homogeneity of variance (p = 0.470). Therefore, the data met the
assumptions for one-way ANOVA. The ANOVA results showed no statistically significant difference in splenic
index among groups (p = 0.119). LSD post hoc analysis also showed no significant difference between the
vaccine control group and the treatment groups (p > 0.05).
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Statistical analysis showed no significant difference in splenic index among the experimental groups (p =
0.119). These findings indicate that administration of the polyherbal formulation at the tested doses did not
cause marked changes in spleen weight relative to body weight over the 28-day experimental period.
Therefore, although the formulation was evaluated for its immunostimulatory potential, the unchanged splenic
index suggests that the tested doses did not induce apparent splenic enlargement or excessive immune-
related organ burden under the present experimental conditions [27,28,29].

Splenic index

Unlike the splenic index, the mean diameter of the splenic white pulp increased in a clear, dose-
dependent manner across the treatment groups. Quantitative measurements showed mean diameters of
231.6 £ 14 ym in the normal control (NC), 280.8 + 11 ym in the vaccine control (VC), 354.2 £ 15 ym in the low-
dose group (T1), 436.4 £ 21 ym in the medium-dose group (T2), and 518 + 21 um in the high-dose group (T3).
These results are summarized in Table 2, which presents the mean white pulp diameters and standard
deviations for all experimental groups. One-way ANOVA revealed a highly significant difference among groups
(p < 0.001). LSD post hoc analysis confirmed significant pairwise differences (p < 0.05), demonstrating a
consistent dose—response pattern following administration of the polyherbal formulation.

Histological examination corroborated the morphometric data and revealed that the spleen in all groups
exhibited normal histoarchitecture, with clearly differentiated white and red pulps. In the NC and VC groups,
the white pulp appeared smaller, with less compact lymphoid tissue surrounding the central arterioles
[30,31]. Conversely, in the treated groups (T1-T3), the white pulp regions were progressively enlarged,
displaying increased cellular density and more prominent periarteriolar lymphoid sheaths (PALS).
Furthermore, representative photomicrographs of splenic sections are shown in Figure 2, illustrating the
comparative morphology of the white pulp among groups. Collectively, these images demonstrate a clear
dose-dependent expansion of lymphoid follicles in animals receiving the polyherbal treatment compared with
the controls.

Table 2. Splenic Index of Immunogenicity Model Animals

Group
Variable NG ve T T2 T3
(0.592 mg/gWB) (0.789 mg/gWB) (1.183 mg/gWB)
Mean White
Bylp 231.6x14 280.8+11 354.2+15** 436.4£21** 518+21**
iameter
(Um)

Note. Data are expressed as mean + SD (n=5). All diameter measurements were performed on day 28. Statistical
significance compared to the vaccine control (VC) group is indicated by * (p<0.05) and ** (p<0.001). NC: normal control
(0.5% Na-CMC); VC: vaccine control (tetanus toxoid); T1, T2, T3: treatment groups receiving low, medium, and high doses
of the polyherbal formulation plus tetanus toxoid vaccine, respectively

No signs of necrosis, congestion, or architectural disruption were observed in any group. The splenic
capsule, central arteries, and the boundary between the red and white pulps remained intact. These findings
indicate that the observed enlargement of the white pulp occurred under physiological conditions. Overall,
administration of the polyherbal preparation resulted in a significant, dose-dependent increase in white pulp
diameter without altering splenic architecture, suggesting normal tissue integrity throughout the treatment
period [32,33].

This study aimed to evaluate the immunostimulatory activity of a polyherbal formulation by assessing
histological changes in the diameter of the splenic white pulp, a key indicator of humoral immune response, in
an immunogenicity model. The formulation consisted of natural ingredients Zingiber officinale var. amarum
(white ginger), Zingiber officinale var. rubrum (red ginger), Blumea balsamifera |leaves, Mentha arvensis
leaves, Alstonia scholaris bark, Myristica fragrans seed, Panax ginseng, and Royal jelly. The synergistic
interaction among these components positively affected immune responsiveness, as reflected in splenic
architecture.

The spleen is a secondary lymphoid organ that plays crucial roles in filtering blood, processing antigens,
and facilitating lymphocyte differentiation. It is anatomically divided into two distinct regions: the red pulp, which
removes senescent erythrocytes and recycles iron, and the white pulp, which contains lymphoid tissue where
immune cells, particularly B and T lymphocytes, interact with antigens [19,34]. Because of its role in both
innate and adaptive immunity, the spleen is a sensitive indicator of immunomodulatory effects,
especially in histological assessments that reflect lymphoid activation and cellular proliferation.
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Figure 2. Histological appearance of splenic tissue in immunogenicity model animals across all groups
(Hematoxylin-Eosin staining, 100x magnification). Visual Indicators: Black lines demarcate the boundaries of
the white pulp; white lines identify the germinal centers

The photomicrographs (Figure 2) illustrate the comparative morphology and dose-dependent white pulp
expansion observed on day 28. (a) Normal Control (NC): Group receiving standard feed/water and 0.5% Na-
CMC only. (b) Vaccine Control (VC): Group induced with Tetanus Toxoid (TT) vaccine without herbal treatment
(mean white pulp diameter: 287.3 ym). (c) T1 (Low Dose): Group treated with 0.592 mg/g BW polyherbal
formulation and TT vaccine (mean diameter: 359.8 um). (d) T2 (Medium Dose): Group treated with 0.789 mg/g
BW polyherbal formulation and TT vaccine (mean diameter: 445.5 uym). (e) T3 (High Dose): Group treated with
1.183 mg/g BW polyherbal formulation and TT vaccine, showing maximum lymphoid expansion (mean
diameter: 527.3 ym).

Although enlargement of the splenic white pulp suggests increased lymphoid activity and may reflect
activation of adaptive immune responses, this finding should be interpreted cautiously. The present study did
not measure serum IgM or IgG levels, nor did it assess antigen-specific antibody titers against tetanus toxoid.
Therefore, the observed increase in white pulp diameter cannot be taken as direct evidence of increased
antibody production or enhanced tetanus-specific humoral protection. Measuring total serum IgM and 1gG,
anti-tetanus toxoid antibody titers, and other functional immune parameters is needed to determine whether
the histological changes observed in the spleen reflect a stronger humoral immune response [35,36].

The primary histological parameter analyzed in this study was the white pulp diameter. White pulp
enlargement is generally associated with heightened immunological activity, particularly during antigenic
stimulation or after exposure to immunostimulants that promote lymphocyte proliferation and germinal center
formation [27,36]. Thus, morphological changes in splenic architecture provide crucial evidence of
systemic immune activation in vivo.

The splenic index, defined as the ratio of spleen weight to total body weight, is commonly used as a
quantitative indicator of immune status and splenic physiological load [28]. In this study, ANOVA and LSD tests
showed no significant differences in splenic index values among experimental groups. The absence of
statistically significant changes suggests that administration of the polyherbal formulation did not induce
splenomegaly or pathological hypertrophy. This finding implies that the formulation neither imposed
immunological stress nor elicited systemic toxicity [29,37].

This observation is critical from a pharmacological safety standpoint: an effective immunostimulant
should promote immune activation without compromising physiological balance or triggering uncontrolled
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immune proliferation. Therefore, the stable splenic index across treatment groups underscores the safety
profile of the tested formulation and supports its suitability for long-term use as a natural immunomodulator.

In contrast to the splenic index, the white pulp diameter differed significantly among treatment groups.
The most pronounced effect was observed in the high-dose treatment group (T3), with an average white pulp
diameter of 527.3 ym (Figure 2e). Morphologically, this enlargement signifies intense lymphoid activation and
proliferation, particularly of B lymphocytes within the germinal centers. B-cell proliferation in the spleen
indicates an adaptive immune response involving clonal expansion and antibody synthesis, likely triggered by
antigenic or bioactive stimulation from the polyherbal components.

The increased white pulp diameter, therefore, provides compelling histological evidence that the
polyherbal formulation functions not merely as a biochemical immunostimulant but also as an agent that
enhances the structural and functional maturation of secondary lymphoid tissues. This dual effect supports the
hypothesis that the formulation promotes both the qualitative and quantitative aspects of immune
responsiveness.

The observed enhancement of splenic white pulp structure aligns with previous reports indicating that
polyphenolic and flavonoid compounds can stimulate lymphocyte proliferation and expand lymphoid tissue.
Ethanol extracts rich in flavonoids have been shown to significantly increase both the diameter and area of the
splenic white pulp in Wistar rats, reflecting enhanced humoral immune responses. The immunostimulatory
effects of flavonoids are mediated through multiple mechanisms, including upregulation of interleukin-2 (IL-2)
production, modulation of B cell receptor signaling, and activation of transcription factors such as NF-kB and
STAT3, which regulate lymphocyte proliferation [30].

Among the herbal constituents, Zingiber officinale (ginger) is particularly noteworthy for its broad
spectrum of immunopharmacological activity. The bioactive compounds gingerol and shogaol possess strong
antioxidant and immunomodulatory properties [7,38]. These compounds not only scavenge reactive
oxygen species (ROS), protecting immune cells from oxidative damage, but also directly enhance humoral
responses by stimulating antibody production and lymphocyte proliferation.

In vitro studies have shown that gingerol and shogaol promote human B cell proliferation at
concentrations as low as 50 ug/mL, even under oxidative stress induced by paraquat exposure. [8] This finding
suggests that components of ginger may strengthen immune function by both reducing oxidative burden and
upregulating immune signaling pathways. Additionally, the coexistence of white and red ginger varieties in the
formulation may produce complementary effects: red ginger tends to have higher concentrations of gingerol
and shogaol, whereas white ginger contributes sesquiterpenes and diarylheptanoids that further support
antioxidant defense.

In addition to ginger, Blumea balsamifera (sembung) substantially contributes to the formulation’s
immunostimulatory potential. Its quercetin content has been shown to enhance peripheral B lymphocyte
populations and modulate cytokine profiles, particularly by elevating IL-4 and IL-10 levels [9, 10]. These
cytokines play pivotal roles in promoting humoral immunity and antibody class switching from IgM to 1gG, a
key indicator of long-term immune memory.

Panax ginseng, another major constituent, contains ginsenosides that activate macrophages and
dendritic cells, increase expression of MHC class Il molecules, and enhance antigen presentation efficiency.
Furthermore, ginsenosides have been reported to upregulate CD19 and CD40 signaling in B cells, thereby
promoting their differentiation into antibody-secreting plasma cells. The synergistic inclusion of Alstonia
scholaris bark, Myristica fragrans seed, and Mentha arvensis leaves further amplifies this immune response
by providing alkaloids, essential oils, and terpenoids that modulate both innate and adaptive immune pathways
[15,16].

Royal jelly, a non-plant component, has been extensively studied for its ability to stimulate the
proliferation of both B and T lymphocytes and to increase natural killer (NK) cell activity [17]. It contains peptides
and fatty acids, including 10-hydroxy-2-decenoic acid (10-HDA), which have been shown to enhance B cell
differentiation into immunoglobulin-producing plasma cells. Thus, the inclusion of Royal jelly in the formulation
not only strengthens the humoral arm of the immune response but also supports cytotoxic and regulatory
aspects of adaptive immunity.

From a mechanistic perspective, the dose-related enlargement of the splenic white pulp observed in
this study may reflect increased lymphocyte activation and proliferation within the spleen's immune-active
region. The mean white pulp diameter increased from 359.8 £ 13 uym in the low-dose group to 445.5 £ 13 ym
in the medium-dose group and 527.3 + 23 um in the high-dose group, indicating that higher doses of the
polyherbal preparation produced greater expansion of the splenic white pulp. Similar findings have been
reported in previous studies, in which herbal extracts containing bioactive compounds such as flavonoids
increased the diameter and area of splenic white pulp and germinal centers, supporting their role as natural
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immunomodulators [23]. In addition, an ethanol extract of Dioscorea alata was reported to significantly
increase splenic white pulp diameter at 50 and 250 mg/kg. However, a higher dose showed a lower response,
suggesting that the immunomodulatory effect of plant extracts may be dose-dependent or dose-optimal [24].
Therefore, the increased white pulp diameter in this study likely reflects enhanced proliferative and
differentiation events associated with humoral immune activation [20,39].

Additionally, bioactive constituents of the polyherbal formulation may enhance intercellular
communication within the spleen by upregulating cytokines such as IL-6, TNF-a, and interferon-y. These
cytokines are known to facilitate B cell proliferation and antibody production, and to promote helper T cell
activation, thereby providing co-stimulatory signals through CD40L-CD40 interactions [25].

The structural maturation of the white pulp also implies improved immunological architecture, including
well-developed germinal centers and mantle zones. This morphological organization supports efficient antigen
trapping, lymphocyte migration, and antibody secretion functions essential for robust humoral defense.

The absence of significant changes in the splenic index, coupled with pronounced histological
enhancement of the white pulp, indicates that the immune response induced by the polyherbal formulation is
physiological rather than pathological. In other words, the spleen’s functional enhancement occurs without
signs of splenic congestion, necrosis, or inflammatory infiltration, which are often associated with excessive
immune activation. These findings have therapeutic implications. The formulation could serve as a safe,
natural immunostimulant suitable for preventive and adjunctive applications, particularly in conditions
characterized by immunosuppression, such as chronic infection, aging, or stress-induced immunodeficiency.
Moreover, structural evidence of enhanced humoral activity supports its potential role as an adjuvant in
vaccination strategies, where improved B-cell activation and antibody production are desired outcomes.

CONCLUSION AND SUGGESTION

In conclusion, this study successfully provided histological evidence of enhanced humoral immunity by
a polyherbal formulation in an animal immunogenicity model. The research achieved its objective of
demonstrating that the formulation significantly improves the structure of the splenic white pulp by dose-
dependently expanding lymphoid follicles and germinal centers. Importantly, this enhancement occurred
without altering the splenic index or causing tissue damage, confirming that the formulation promotes immune
activation while maintaining physiological safety and avoiding systemic immune stress.

Based on these findings, the polyherbal formulation is suggested for application as a supportive natural
immunostimulant or a vaccine adjuvant to optimize adaptive immune responses, particularly in preventive
healthcare. To further validate its clinical utility, future studies should incorporate functional immunological
markers, such as antigen-specific antibody titers (IgG and IgM) and specific cytokine profiling, to fully elucidate
the molecular mechanisms underlying its synergistic effects in human translational models.
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