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Abstract 

Introduction:  
Acute bacterial rhinosinusitis (ABRS) is an inflammation of the paranasal sinuses caused by bacterial 

infection, primarily involving inflammatory responses and oxidative stress. While antibiotics are the 

standard treatment, their effectiveness can sometimes be limited. Kaempferia galanga (K. galanga), a 

medicinal plant known for its anti-inflammatory and antioxidant properties, has shown potential as a 

therapeutic agent. This study aimed to evaluate the therapeutic efficacy of K. galanga extract in a mouse 

model of ABRS. 

 

Materials and Methods:  
An in vivo experimental study was conducted using Sprague-Dawley rats with induced ABRS. The 

animals were randomly divided into three treatment groups that received K. galanga extract at doses of 

150 mg/kg (KG150), 300 mg/kg (KG300), or 450 mg/kg (KG450) based on body weight. Therapeutic 

effects were assessed by measuring serum levels of MDA, NF-κB, and CRP.  

 

Results:  
Eighteen rats with ABRS were included in the study. The KG300 group exhibited significantly lower 

levels of MDA, NF-κB, and CRP compared to the KG150 and KG450 groups (p < 0.05). These findings 

suggest that the 300 mg/kg dose of K. galanga extract provides optimal therapeutic benefit. 

 

Conclusion:  
K. galanga extract at 300 mg/kg demonstrated the most potent anti-inflammatory and antioxidant 

effects in a mouse model of ABRS, indicating its potential as an effective alternative or adjunctive 

therapy. 
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Introduction 
Acute bacterial rhinosinusitis (ABRS) is a 

common inflammatory condition affecting the 

paranasal sinuses, often caused by bacterial 

infections that exacerbate mucosal inflammation 

and oxidative stress (1,2).  

The pathophysiology of ABRS involves the 

overproduction of reactive oxygen species 

(ROS) and the activation of pro-inflammatory 

cytokines, leading to mucosal damage and 

compromised sinus function (3).  

Key biomarkers such as MDA, NF-κB, and 

CRP are crucial in understanding the severity of 

oxidative stress and inflammation associated 

with ABRS (4,5). 

The conventional treatment for ABRS mainly 

involves antibiotics and corticosteroids. 

However, increasing concerns about antibiotic 

resistance and the side effects of long-term 

corticosteroid use highlight the need to explore 

alternative therapies with anti-inflammatory and 

antioxidant properties (6). Kaempferia galanga 

L., commonly known as aromatic ginger or 

"kencur" in Indonesian, is a medicinal plant 

traditionally used in Southeast Asian countries to 

treat various ailments, including respiratory 

disorders (7). 

Phytochemical studies have identified several 

bioactive compounds in K. galanga, especially 

ethyl p-methoxycinnamate (EPMC), which 

exhibits significant anti-inflammatory and 

antioxidant effects.  

EPMC has been shown to inhibit the 

production of pro-inflammatory mediators such 

as interleukins and to suppress NF-κB pathway 

activation, thereby reducing inflammatory 

responses (8,9). Furthermore, studies have 

demonstrated the antioxidant potential of K. 

galanga extract, which effectively neutralizes 

free radicals and reduces lipid peroxidation, as 

shown by lower MDA levels in various in vivo 

models (10).  

The regulation of oxidative stress by K. 

galanga is crucial, given ROS's role in the 

development of ABRS (11). 

Given these pharmacological properties, this 

study aims to investigate the therapeutic effects 

of K. galanga extract in a mouse model of 

ABRS. By measuring levels of MDA, NF-κB, 

and CRP, we strive to clarify the anti-

inflammatory and antioxidant mechanisms of K. 

galanga and provide a scientific basis for its 

potential as an alternative treatment for ABRS. 

Materials and Methods 
Study Design 

This study employed an in vivo experimental 

design with a post-test-only control group. The 

research was carried out over 12 months at the 

Center for Food and Nutrition Studies, 

Universitas Gadjah Mada, and the Anatomical 

Pathology Laboratory, Faculty of Medicine, 

Universitas Sebelas Maret, Surakarta. All animal 

procedures were performed in accordance with 

the ethical principles outlined in the Declaration 

of Helsinki and were approved by the 

institutional animal ethics committee. 

Induction of ABRS Mouse 

A male Sprague-Dawley mouse, 2 months old 

and weighing 150-200 grams, was used in this 

study. The animals were obtained from the 

Center for Food and Nutrition Studies at 

Universitas Gadjah Mada. Before the 

experiment, the mouse underwent a 7-day 

acclimatization period under standardized 

environmental conditions with free access to 

food and water.  

To induce ABRS, S. aureus inoculum was 

prepared by incubating bacterial stock cultures 

in 10 mL of nutrient broth at 37°C for 24 hours. 

The bacterial suspension was then centrifuged at 

3,500 rpm for 15 minutes, and the supernatant 

was discarded.  

The pellet was resuspended in 10 mL of sterile 

0.85% NaCl, resulting in a final bacterial 

concentration of approximately 3 × 10⁹ 

CFU/mL. Each mouse received 40 μL of the 

prepared inoculum intranasally into each nostril 

using a micropipette. Within 48 hours after 

inoculation, the onset of rhinosinusitis was 

confirmed through clinical signs, including nasal 

discharge, perinasal swelling, labored 

respiration, behavioral changes, anorexia, 

pyrexia, and altered vocalization. 

Preparation of Kaempferia galanga Extract 

Rhizomes of Kaempferia galanga L. were 

collected from Kemuning, Central Java, an 

upland area at an elevation of 800–1,200 meters 

above sea level, and harvested at 7 to 10 months 

of maturity. Extraction was carried out in the 

phytochemistry laboratory at Dr. Sardjito 

General Hospital, Tawangmangu.  

The cleaned rhizomes were dried, ground into 

a fine powder, and 350 g of the powder was 

macerated in 96% ethanol for 72 hours at room 

temperature with occasional stirring. The 

macerate was filtered daily under vacuum, and 
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the filtrate was concentrated using rotary 

evaporation at temperatures below 50°C to 

obtain the ethanol extract. 

Experimental Groups 

After successfully inducing ABRS, all mice 

were randomly assigned to three treatment 

groups (KG150, KG300, and KG450) using a 

simple randomization method. A computer-

generated random-number table was used to 

ensure equal group sizes (n = 6 per group). 

Allocation concealment was maintained by 

labeling cages with numeric codes, and the 

investigator conducting the biochemical 

analysis was blinded to group assignments. 

Group KG150 received 150 mg/kg body 

weight, KG300 received 300 mg/kg, and 

KG450 received 450 mg/kg.  

The extract was administered once daily for 

seven consecutive days. On day 8, the mice 

were euthanized by cervical dislocation for 

further analysis (Figure 1). 

 

 
Fig 1. Study Flowchart 

Biomarker Evaluation 

The main outcome parameters included serum 

levels of MDA, NF-κB, and CRP.  

Blood samples were collected via orbital sinus 

puncture under light anesthesia.  

The samples were centrifuged to separate the 

serum, which was then analyzed using enzyme-

linked immunosorbent assay (ELISA) kits 

according to the manufacturer’s protocols. 

Statistical Analysis 

All data are presented as mean ± standard 

deviation (SD). Before performing statistical 

tests, the data distribution was checked for 

normality using the Shapiro–Wilk test, and 

Levene’s test was used to assess the 

homogeneity of variances. Since the 

assumptions of normality and equal variances 

were met, a one-way analysis of variance 

(ANOVA) was conducted to compare 

biomarker levels (MDA, NF-κB, and CRP) 

across the three treatment groups. When the 

overall ANOVA showed statistical 

significance, Fisher’s Least Significant 

Difference (LSD) post hoc test was used to 

identify pairwise differences between groups. 

All statistical analyses were performed using 

IBM SPSS Statistics version 20.0 (IBM Corp., 

Armonk, NY, USA), with p-values < 0.05 

considered statistically significant. 

 

Results 
A total of 18 mice with ABRS were included 

in the study and evenly divided into three 

treatment groups.  

The ANOVA test revealed statistically 

significant differences among the groups for all 

evaluated biomarkers. Notably, the group 

receiving 300 mg/kg of K. galanga extract 

(KG300) consistently showed the lowest levels 

of MDA, NF-κB, and CRP. These findings are 

summarized in (Table 1).

Table 1. ANOVA test between groups 

Parameters KG 150(n = 6) KG 300(n = 6) KG 450(n = 6) p-value 

MDA 4.91 ± 0.42 3.42 ± 0.04 4.03 ± 0.13 0.001 

NF-κB 113.56 ± 7.8 84.33 ± 0.65 95.13 ± 2.16 0.001 

CRP 1.1 ± 0.02 0.9 ± 0.01 0.97 ± 0.01 0.001 

 
 

To better determine the most effective dose, a 

post-hoc LSD test was conducted. The results 

confirmed that the KG300 group had 

significantly lower levels of all 

inflammatory,oxidative stress, and apoptotic 

markers compared to the KG150 and KG450 

groups. This suggests that administering K. 

galanga extract at 300 mg/kg of body weight is 
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the most effective treatment for reducing 

ABRS-related pathophysiology. Detailed 

results of the LSD post-hoc analysis are 

displayed in Table 2. 
 

Table 2. Post-hoc test between groups 

Parameter Group p-value 
CI 95% 

Lower Upper 

MDA KG150 vs KG300 0.000 0.98 1.99 

 KG150 vs KG450 0.006 0.37 1.39 

 KG300 vs KG450 0.027 -1.12 -0.09 

NF-κB KG150 vs KG300 0.000 19.86 38.6 

 KG150 vs KG450 0.003 9.05 27.79 

 KG300 vs KG450 0.030 -20.18 -1.45 

CRP KG150 vs KG300 0.000 0.17 0.23 

 KG150 vs KG450 0.000 0.1 0.17 

 KG 300 vs KG450 0.003 -0.1 -0.03 

 

Discussion 
The present study shows that K. galanga 

ethanol extract, especially at a dose of 300 

mg/kg body weight, significantly reduces 

inflammation and oxidative stress in a mouse 

model of ABRS. These previous results support 

existing research highlighting the 

pharmacological potential of K. galanga in 

controlling inflammatory pathways and 

oxidative stress markers (12,13).  

Inflammation is a key feature of ABRS, 

characterized by elevated levels of pro-

inflammatory cytokines and activation of NF-

κB signaling pathways (14,15). In this study, 

administering K. galanga extract resulted in a 

notable decrease in NF-κB levels, with the most 

significant effect at 300 mg/kg. This suggests 

that K. galanga may exert anti-inflammatory 

effects by inhibiting key inflammatory 

mediators. Previous studies indicated that K. 

galanga contains compounds that reduce the 

production of pro-inflammatory cytokines.  

A study by Wang showed that K. galanga 

essential oil significantly decreased 

inflammatory markers in a zebrafish model of 

oxidative stress, underscoring its potential for 

treating inflammatory conditions (10).  

Oxidative stress also plays a key role in the 

development of ABRS, often indicated by 

increased MDA levels, a marker of lipid 

peroxidation (16). The current study found a 

significant reduction in MDA levels after 

administering K. galanga extract, especially at 

the 300 mg/kg dose, demonstrating its strong 

antioxidant ability. The antioxidant effects of 

K. galanga are linked to its high flavonoid 

content, including kaempferol and luteolin, 

which neutralize free radicals and inhibit 

oxidative stress pathways (10). These 

compounds help stabilize cell membranes and 

prevent oxidative damage in inflamed tissues 

(13,17,18). 

Interestingly, the 450 mg/kg dose of K. 

galanga extract did not further improve 

biomarker levels and was less effective than the 

300 mg/kg dose in this model. This non-linear 

dose–response may reflect a pharmacodynamic 

window in which bioactive constituents exert 

maximal beneficial effects. At higher 

concentrations, phenolic compounds can 

display altered redox behavior or cytotoxicity, 

reducing overall antioxidant and anti-

inflammatory effects. Proposed mechanisms in 

the literature include metal-catalyzed pro-

oxidant reactions, redox cycling of phenolics, 

and metabolic overload of detoxifying systems 

(19,20). However, further pharmacokinetic and 

toxicity studies are needed to confirm the dose-

related effects observed in this study. 

Classical non-steroidal anti-inflammatory 

drugs (NSAIDs) primarily inhibit 

cyclooxygenase (COX) enzymes, thereby 

reducing prostaglandin synthesis and producing 

anti-inflammatory and pain-relieving effects 

(21). In contrast, K. galanga appears to act 

mainly by modulating cytokine production and 

NF-κB signaling, with additional antioxidant 

activity (10).  

In the study by Samodra & Febrina, an ethanol 

extract of K. galanga was administered orally 

to male rats before carrageenan-induced paw 

edema, compared with the positive control, 

diclofenac sodium.  

The results showed significantly reduced 

edema at the 5th and 6th hours. They achieved an 

inhibition rate in the K. galanga group 

comparable to, or in some cases better than, that 

of the diclofenac sodium group (22). 
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Meanwhile, another study by Jagadish et al. 

tested various K. galanga extracts in both acute 

and chronic rat inflammation models, finding 

that K. galanga significantly suppressed 

neutrophil infiltration and thus slowed both 

acute and chronic inflammation. Although the 

authors used a standard NSAID, diclofenac 

sodium, as a reference, the effect of the K. 

galanga extract was strong but did not fully 

match that of the NSAID in all models (23). 

 

Conclusion 
In summary, this study concludes that K. 

galanga extract at a dose of 300 mg/kg is the 

most effective treatment due to its anti-

inflammatory and antioxidant effects in mice 

with ABRS. While the study offers valuable 

insights into the therapeutic potential of K. 

galanga extract in ABRS, we acknowledge 

several limitations.  

First, the sample sizes in each group were 

relatively small, which limits the ability to detect 

more subtle effects. Second, the study relied on 

systemic serum biomarkers, without 

histopathological scoring of the sinus mucosa or 

measurement of local cytokines. Third, we did 

not use a standard treatment, such as an 

antibiotic or NSAID, as a positive control, nor 

did we perform pharmacokinetic or formal 

toxicity tests to establish safety margins. 

Future work should involve histopathological 

evaluation and local tissue cytokine profiling to 

confirm effects at the mucosal level. It should 

also conduct full dose-range and 

pharmacokinetic/ toxicity studies to determine 

the therapeutic window and clarify the effects of 

high doses. Comparing K. galanga directly with 

standard anti-inflammatory agents in head-to-

head trials, isolating and testing major active 

constituents to identify which components drive 

the observed effects, and assessing chronic and 

bacterial-clearance outcomes are also necessary. 

Additionally, exploring combination strategies 

with antibiotics will help evaluate clinical 

translatability. 
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