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Unraveling the Nephroprotective Potential of Curcuma 
zedoaria Against Chronic Kidney Disease: A Network 
Pharmacology Approach
Emirsyah Harahap, Thomson Parluhutan Nadapdap, and Ali Napiah Nasution

ABSTRACT: Chronic kidney disease (CKD) remains a major global health concern with limited treatment 
options. Curcuma zedoaria, a traditional medicinal plant, has shown potential in managing inflamma-
tory and oxidative stress-related conditions. This study aimed to explore its nephroprotective mechanisms 
through a network pharmacology approach. A total of 12 bioactive compounds were identified from C. 
zedoaria and screened for drug-likeness. SwissTargetPrediction revealed multiple molecular targets, 
with curdione, dehydrocurdione, and curcumin showing the highest connectivity. Integration with CKD-
associated genes from GeneCards and GSE66494 datasets yielded 241 common targets. Using Cytoscape, 
a compound–target–disease network was constructed, highlighting key biological processes such as in-
flammation, apoptosis, and fibrosis. PPI analysis identified top hub proteins including HSP90AA1, STAT3, 
SRC, AKT1, MAPK1, and MAPK3. Functional enrichment via GO and KEGG pathways revealed significant 
involvement of EGFR tyrosine kinase inhibitor resistance and HIF-1 signaling pathways. These findings 
suggest that C. zedoaria exerts protective effects through a multitarget mechanism modulating critical 
pathways in CKD progression. This study provides a theoretical basis for further experimental validation 
and supports the potential use of C. zedoaria as a complementary therapy in CKD management.
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1. Introduction

Chronic kidney disease (CKD) represents a 
major global public health challenge, affecting 
approximately 10% of the world population. It is 
defined as abnormalities in kidney structure or 
function that persist for more than three months, 
with implications for long-term health outcomes 
[1]. CKD progresses silently and is often associat-
ed with comorbidities such as diabetes mellitus, 
hypertension, and cardiovascular diseases [2]. 
The progressive loss of renal function leads to the 
accumulation of metabolic waste products, elec-
trolyte imbalance, and systemic inflammation, 
which further exacerbate tissue damage and or-
gan dysfunction [3]. Despite significant advance-
ments in medical care, current therapeutic strate-
gies primarily aim at managing symptoms and 
delaying disease progression rather than offering 
curative solutions [1]. Hence, there is a pressing 
need to explore novel therapeutic agents particu-
larly those derived from natural sources that can 
target multiple pathological pathways simultane-
ously with minimal side effects.

In recent decades, there has been a resurgence 
of interest in traditional medicinal systems due 
to their holistic approach to disease manage-
ment [4]. These systems emphasize the use of 
plant-based formulations that exert their effects 
through modulation of multiple biological targets, 
aligning well with the complex etiology of chronic 
diseases like CKD. Among the numerous medici-
nal plants studied for their therapeutic potential, 
Curcuma zedoaria, commonly known as zedoary, 
stands out due to its wide array of pharmacologi-
cal activities, including anti-inflammatory, anti-
oxidant, antifibrotic, and immunomodulatory ef-
fects [5–7]. While traditionally used for digestive 
ailments and inflammatory conditions, emerging 
evidence suggests that C. zedoaria may also offer 
chronic kidney disease, functional enrichment 
analysis, hub targets, network pharmacology pro-
tection against organ-specific injuries, including 
those affecting the kidneys [7].

The therapeutic potential of C. zedoaria stems 

from its rich phytochemical profile, which in-
cludes sesquiterpenes, curcuminoids, flavonoids, 
and other bioactive compounds. Notable among 
these are germacrone, curzerene, furanodiene, 
and β-elemene, which have demonstrated pro-
tective effects in various experimental models of 
oxidative stress and inflammation [7]. Oxidative 
stress and chronic inflammation are key drivers 
in the pathogenesis of CKD, contributing to glo-
merular hyperfiltration, podocyte injury, tubu-
lointerstitial fibrosis, and endothelial dysfunction 
[8]. The ability of C. zedoaria constituents to mo-
dulate redox-sensitive signaling pathways such as 
Nrf2/Keap1 and NF-κB, along with their capacity 
to inhibit pro-inflammatory cytokines and matrix 
metalloproteinases, makes this plant a promi sing 
candidate for nephroprotection [9]. However, 
despite several experimental studies suggesting 
its renal protective effects, the molecular mecha-
nisms behind these actions remain poorly char-
acterized.

One of the major challenges in understan ding 
the therapeutic effects of herbal medicines lies in 
their complexity: they typically contain dozens 
of bioactive components, each capable of inter-
acting with multiple molecular targets [10]. This 
polypharmacological nature cannot be adequate-
ly addressed by conventional single-target drug 
discovery approaches. To overcome this limita-
tion, network pharmacology has emerged as a 
powerful interdisciplinary tool that integrates 
systems biology, computational modeling, and 
pharmacoinformatics to unravel the intricate in-
teractions between drugs, targets, and diseases 
[11]. By constructing multi-layered networks, 
such as compound-target, target-disease, and 
protein-protein interaction (PPI) networks—net-
work pharmacology allows researchers to identi-
fy core regulatory nodes and functional pathways 
involved in drug action, providing mechanistic in-
sights that guide hypothesis-driven experimental 
validation.

This study aims to bridge this knowledge gap 
by conducting a systematic network pharmac-
ology-based analysis of C. zedoaria in the context 
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of chronic kidney disease. We employed a multi-
disciplinary approach involving the identification 
of bioactive compounds, prediction of potential 
therapeutic targets, integration with CKD-related 
genes, construction of interaction networks, and 
functional enrichment analysis. Through this in-
tegrative strategy, we sought to uncover the mo-
lecular underpinnings of C. zedoaria -mediated 
nephroprotection, identify key hub targets, and 
map the most relevant biological pathways in-
volved in its therapeutic mechanism. Our findings 
are expected to provide a theoretical framework 
for future in vitro and in vivo studies, laying the 
groundwork for the development of herbal-de-
rived therapeutics targeting multiple aspects of 
CKD pathology.

2. Methods

2.1. Collection of bioactive compounds in C. 
zedoaria
Bioactive compounds present in C. zedoaria 

were systematically retrieved from the Dr. 
Duke's Phytochemical and Ethnobotanical 
Databases (https://phytochem.nal.usda.gov/ ), a 
comprehensive and publicly accessible resource 
containing detailed information on plant-derived 
chemical constituents and their associated 
biological activities. A search was conducted 
using the full scientific name C. zedoaria to obtain 
all reported compounds. To ensure relevance for 
pharmacological investigation, only naturally 
occurring compounds with confirmed presence in 
the plant and documented evidence of biological 
activity were selected. Compounds lacking 
experimental validation or those identified as 
synthetic derivatives were excluded from further 
analysis. In addition, to prioritize compounds 
with potential therapeutic value, a bioactivity 
count filter was applied, retaining only those 
associated with at least one recorded biological 
effect. Additionally, the pkCSM server (http://
biosig.unimelb.edu.au/pkcsm) was employed 
to evaluate the pharmacokinetic properties of 

the selected compounds [12]. Those fulfilling 
Lipinski’s Rule of Five including molecular 
weight ≤ 500 Da, LogP ≤ 5, hydrogen bond donors 
≤ 10, and hydrogen bond acceptors ≤ 5 were 
considered drug-likeness and were retained 
for subsequent target prediction and network 
analysis. This multi-step screening process 
ensured that only naturally derived, bioactive, and 
pharmacokinetically favorable compounds were 
advanced for further investigation, enhancing the 
likelihood of identifying therapeutically relevant 
candidates involved in nephroprotection.

2.2. Target prediction and construction of 
compound-target-disease network

Potential molecular targets of the identified 
C. zedoaria compounds were predicted using 
the SwissTargetPrediction server (http://www.
swisstargetprediction.ch/), which employs 
ligand-based similarity methods to forecast 
interactions between small molecules and 
protein targets [13]. Only predictions with a 
probability score >0 were considered reliable 
and were selected for further processing [14,15].
The potential targets of from compounds of C. 
zedoaria and thiers targets with disease were 
constructed by Cytoscape 3.10.3 [16].

2.3 Identification of chronic kidney disease 
(CKD)-related genes

To establish a disease-specific target profile, 
genes linked to chronic kidney disease were 
obtained from the GeneCards database (https://
www.genecards.org/), which aggregates gene-
disease associations from multiple authoritative 
sources [17]. A keyword-based search using 
"chronic kidney disease" was performed and to 
enhance specificity and ensure compatibility 
with pharmacological and network analyses, 
only genes encoding protein-coding sequences 
were retained. Non-protein-coding elements 
such as long non-coding RNAs, microRNAs, 
and pseudogenes were systematically removed 
from the dataset. The final list of protein-coding 
CKD-related genes was used for downstream 
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integration with compound targets.

2.4 Screening of differentially expressed 
genes (DEGs) from GSE66494 dataset

To identify gene expression changes relevant 
to CKD pathology, we analyzed the GSE66494 
microarray dataset from the Gene Expression 
Omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/), which contains transcriptomic 
profiles from renal biopsy samples of CKD 
patients and healthy controls [18]. Differential 
gene expression analysis was performed using 
the R/Bioconductor package 'limma'. Genes 
showing statistically significant differences were 
defined by thresholds of adjusted p-value < 0.05 
and log2 fold change > 1 [19]. These differentially 
expressed genes (DEGs) were then integrated 
with the previously compiled list of CKD-related 
protein-coding genes to refine the disease-
associated target pool.

2.5 Protein-protein interaction (PPI) 
network construction and hub target 
identification

To further explore functional relationships 
among the shared therapeutic targets of C. zedo-
aria and CKD identified through Venn diagram 
analysis, a PPI network was constructed. The in-
tersected target list comprising CKD-associated 
genes obtained from GeneCards and differen-
tially expressed genes from the GSE66494 da-
taset, along with compound-related targets was 
uploaded to the STRING database (v12) [20]. 
Only interactions corresponding to Homo sapi-
ens were selected, with a minimum confidence 
score of 0.9 to ensure high reliability of predicted 
interactions [21]. The resulting PPI network was 
exported in TSV format and imported into Cyto-
scape v3.10.3 for visualization and topological 
analysis. Within Cytoscape, the CytoHubba plu-
gin was utilized to identify key hub targets based 
on number of degree, a measure of the number 
of interactions per node within the network [22]. 
The top ten targets with the highest degree val-
ues were considered as central regulatory nodes 

likely involved in mediating the nephroprotective 
effects of C. zedoaria. This approach facilitated 
the identification of potential key molecular pla-
yers and provided insights into the multi-target 
mechanisms underlying the plant's therapeutic 
activity in CKD.

2.6 Functional enrichment analysis
To elucidate the biological functions and path-

ways associated with the shared therapeutic 
targets identified through Venn diagram analy-
sis, functional enrichment analyses were per-
formed. The intersected target list was uploaded 
to the web-based analytical tool which available 
at http://www.bioinformatics.com.cn/. The da-
tabase consist of  integratation of Gene Onto-
logy (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analyses. 
GO terms were categorized into three domains: 
biological process (BP) , molecular function (MF) 
, and cellular component (CC) , providing insights 
into the functional roles of the targets. KEGG 
pathway analysis identified key signaling and 
metabolic pathways potentially modulated by C. 
zedoaria [23]. Statistical significance was deter-
mined using the Benjamini-Hochberg correction 
method, with a threshold of p < 0.05 considered 
significant [24]. This comprehensive enrichment 
analysis provided mechanistic insights into the 
molecular processes and pathways underlying 
the nephroprotective effects of C. zedoaria in CKD. 

3. Result and discussion

3.1. Identification of bioactive compounds in C. 
zedoaria and their target profiles
A systematic search of Dr. Duke's Phytochemi-

cal and Ethnobotanical database identified a total 
of 19 naturally occurring bioactive compounds 
in C. zedoaria. To ensure relevance for pharma-
cological investigation and drug-like properties, 
these compounds were filtered based on adher-
ence to the Lipinski Rule of 5, which predicts 
oral bioavailability and drug-likeness [25]. After 
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Table 1.   Physicochemical properties and biological activity of natural compounds in C. zedoaria

Compounds Activity count Molecular weight Log P Rotatable bonds H-bond acceptors H-bond donors

Curcumin 135 368.385 3.3699 8 6 2

Eucalyptol 67 154.253 2.7441 0 1 0

Alpha-Pinene 28 136.238 2.9987 0 0 0

Dehydrocurdione 8 234.339 3.6174 0 2 0

Curdione 6 236.355 3.5532 1 2 0

Zingiberene 6 204.357 4.8913 4 0 0

Bisdemethoxycurcumin 5 308.333 3.3527 6 4 2

D-Borneol 4 154.253 2.1935 0 1 1

Curcumol 3 236.355 3.1123 1 2 1

Curcumenol 3 234.339 3.1765 0 2 1

Procurcumenol 2 234.339 3.0191 0 2 1

Epigoitrin 2 129.184 0.4457 1 2 1

Figure 1.   Number of predicted targets associated with major bioactive compounds of C. zedoaria

Figure 2.   Compound–Target–Disease network of C. zedoaria in CKD. In the network, yellow circular nodes repre-
sent shared molecular targets of the compounds, red triangular nodes indicate bioactive compounds, the 
green diamond represents CKD, and the edges denote the interactions among these entities
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applying this criterion, 12 compounds were re-
tained for further analysis (Table 1). These com-
pounds were selected based on their documented 
presence in C. zedoaria, evidence of biological ac-
tivity, and compliance with pharmacokinetic pa-
rameters.

To assess the potential therapeutic relevance 
of these compounds, their predicted molecular 
targets were obtained using Swiss Target Predic-
tion. Figure 1 illustrates the number of predicted 
targets for each compound. Among the bioactive 
compounds identified in C. zedoaria, curdione ex-
hibited the highest number of predicted targets, 
with a total of 77. This was closely followed by 
procurcumenol (73 targets), bisdemethoxycur-
cumin (71 targets), and dehydrocurdione (70 
targets), indicating their potential as multitarget 
agents. Curcumin showed interaction with 68 
targets, suggesting significant biological activity. 
Other compounds such as D-borneol (29 targets) 
and curcumol (25 targets) also demonstrated 
moderate target interactions. Compounds like 
curcumenol (18 targets) and alpha-pinene (14 
targets) had relatively fewer connections, while 
eucalyptol (4 targets) and epigoitrin (1 target) 
displayed limited target associations. Notably, 
zingiberene did not show any predicted targets, 
suggesting minimal molecular interaction within 
the context of this study. This variation in target 
profiles suggests that different compounds may 
exert their effects through distinct or overlapping 
mechanisms, contributing to the multitargeted 
nature of C. zedoaria.

To explore the multitarget mechanisms un-
derlying the nephroprotective potential of C. 
zedoaria, an integrated compound–target–dis-
ease network was constructed using Cytoscape 
v3.10.3 and is presented in Figure 2. This net-
work visualizes the complex interactions among 
selected bioactive compounds from C. zedoaria, 
their predicted molecular targets. The network 
reflects the polypharmacological nature of C. ze-
doaria, demonstrating how its active constituents 
may exert synergistic effects by modulating inter-
connected signaling pathways. This network pro-

vides a valuable framework for understanding 
the potential molecular basis of C. zedoaria for 
further experimental validation

3.2. Identification of CKD-associated targets
A comprehensive list of genes associated with 

CKD was generated by integrating differentially 
expressed genes from clinical datasets with cu-
rated disease-gene associations. Analysis of the 
GSE66494 dataset revealed significant gene ex-
pression changes between CKD patients and 
healthy controls. The top 100 differentially ex-
pressed genes (Figure 3), including 50 upregu-
lated and 50 downregulated, were selected based 
on their expression magnitude and statistical sig-
nificance. These gene expression findings were 
combined with data from the GeneCards data-
base, which provided an extensive collection of 
CKD-related genes. After merging both datasets 
and eliminating duplicates, a final set of 13,878 
unique CKD-associated targets was obtained. 
These targets represent key molecular players 
involved in various pathological processes linked 
to CKD, such as inflammation, oxidative stress, 
fibrosis, and immune dysfunction. The integra-
tion of experimental and literature-based data 
yielded a robust set of disease-relevant targets 
that reflect the complex molecular landscape of 
CKD. This expanded target list serves as a valu-
able resource for uncovering potential interac-
tions with bioactive compounds from C. zedoaria 
and understanding their therapeutic relevance in 
renal disease. 

3.3. Investigation of hub targets
To understand the potential molecular mecha-

nisms by which C. zedoaria may exert therapeutic 
effects in CKD, a total of 241 intersecting targets 
were identified by overlapping the predicted 
targets of C. zedoaria-derived compounds with 
known CKD-related genes (Figure 4). These over-
lapping targets represented approximately 1.7% 
of the entire CKD-associated target database, 
suggesting a selective interaction with disease-
relevant biological processes. The intersecting 

Unraveling the Nephroprotective Potential of Curcuma zedoaria Against Chronic Kidney Disease: A Network Pharmacology 



MPI (Media Pharmaceutica Indonesiana) ¿ Vol. 7  No. 1 ¿ Juni 2025 91

Figure 3.   Volcano plot of differentially expressed genes in CKD dataset. Red dots represent significantly upregu-
lated genes, while blue dots indicate significantly downregulated genes. Gray dots denote genes with no 
significant change

Figure 4.   Overlapping targets and PPI network of C. zedoaria and CKD. (A) Venn diagram showing 241 intersect-
ing targets between C. zedoaria -associated compounds and CKD-related genes, accounting for 1.7% of 
the total CKD gene dataset. (B) PPI network of the intersecting targets constructed using STRING and 
visualized in Cytoscape. Node size and color intensity both correspond to degree, with larger and darker 
nodes indicating proteins with more interactions
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targets were used to generate a protein–pro-
tein interaction (PPI) network, and topological 
analysis revealed several highly interconnected 
hub nodes. As shown in Figure 5, the top ten hub 
targets were identified based on their degree 
values, indica ting their potential central roles in 
the therapeutic mechanism of C. zedoaria against 
CKD. From this analysis, ten key proteins were 
highlighted as hub targets (Figure 5A), includ-
ing Heat Shock Protein 90 Alpha Family Class A 
Member 1 (HSP90AA1; degree = 23), SRC Proto-
Oncogene, Non-Receptor Tyrosine Kinase (SRC; 
degree = 22), Signal Transducer and Activator of 
Transcription 3 (STAT3; degree = 21), AKT Ser-
ine/Threonine Kinase 1 (AKT1; degree = 20), 
Mitogen-Activated Protein Kinase 1 (MAPK1; de-
gree = 20), Mitogen-Activated Protein Kinase 3 
(MAPK3; degree = 18), E1A Binding Protein P300 
(EP300; degree = 16), BCL2 Apoptosis Regulator 
(BCL2; degree = 16), Estrogen Receptor 1 (ESR1; 
degree = 16), and Epidermal Growth Factor Re-
ceptor (EGFR; degree = 14) (Figure 5B). These 
hub nodes represent central regulators within 
the network and are likely to have significant 
roles in mediating the pharmacological effects of 
C. zedoaria in CKD.

HSP90AA1 encodes a chaperone protein 
that maintains the stability and function of vari-
ous signaling proteins. It has been implicated in 
oxidative stress responses and may regulate the 
stability of fibrosis-related factors in CKD [26]. 
STAT3, a key transcription factor, is known to me-
diate inflammatory and fibrotic gene expression. 
Its aberrant activation contributes to renal scar-
ring and chronic inflammation, both hallmarks 
of CKD progression [27]. SRC is a tyrosine kinase 
that plays a role in transducing signals for cell 
adhesion, proliferation, and fibrotic responses; 
its dysregulation can lead to tissue remodeling 
in diseased kidneys [28]. AKT1 functions in the 
PI3K/AKT pathway, promoting cell survival and 
metabolic regulation. Overactivation of AKT1 
has been associated with impaired autophagy 
and tubular injury in CKD [29]. The mitogen-
activated protein kinases MAPK1 (ERK2) and 
MAPK3 (ERK1) are involved in cellular responses 
to stress, inflammation, and growth factors [30]. 
Persistent MAPK signaling can exacerbate renal 
fibrosis and hypertrophy [31]. EGFR regulates 
epithelial regeneration and survival but, when 
overactivated, may promote fibrotic changes and 
glomerular injury [32]. ESR1, or estrogen recep-

Figure 5.   Identification of top 10 hub targets based on degree in the PPI Network. (A) Network layout of the top 10 
hub proteins, where node color intensity reflects degree, with darker nodes indicating higher connectiv-
ity. (B) Bar graph ranking the hub proteins by degree value, showing HSP90AA1, SRC, and STAT3 as the 
most connected targets, suggesting their critical regulatory roles in the CKD-related network

Unraveling the Nephroprotective Potential of Curcuma zedoaria Against Chronic Kidney Disease: A Network Pharmacology 



MPI (Media Pharmaceutica Indonesiana) ¿ Vol. 7  No. 1 ¿ Juni 2025 93

tor alpha, influences renal physiology through 
hormonal modulation, with evidence suggesting 
its protective effects against oxidative damage 
and inflammation in renal tissue [33]. BCL2 is an 
anti-apoptotic protein that prevents programmed 
cell death. While beneficial in preventing tubular 
cell loss, excessive BCL2 activity may hinder the 
clearance of damaged cells, thereby contributing 
to fibrosis [34]. Lastly, EP300 encodes a histone 
acetyltransferase that serves as a transcriptional 
co-activator and plays a role in chromatin remod-
eling. EP300 has been linked to the regulation of 
fibrotic and inflammatory gene expression, sug-
gesting its involvement in long-term epigenetic 
alterations during CKD development [35].

In summary, these ten hub proteins are closely 
linked to the key biological processes underlying 
CKD, including inflammation, oxidative stress, 
apoptosis regulation, and fibrogenesis. Their cen-
trality in the PPI network underscores their po-
tential as therapeutic targets modulated by active 
compounds in C. zedoaria. These targets will be 
further explored through pathway enrichment 

and molecular docking analyses to validate their 
relevance in C. zedoaria-based interventions for 
CKD.

3.4. GO and KEGG-based functional annotation 
of core targets
To further elucidate the biological functions 

and signaling pathways associated with the top 
hub targets, enrichment analyses were per-
formed using GO and KEGG databases. These 
analyses provided comprehensive insight into 
the biological processes (BP), cellular compo-
nents (CC), molecular functions (MF), and key 
signaling pathways potentially regulated by C. 
zedoaria-associated targets in the context of 
CKD. The GO enrichment analysis revealed that 
the candidate targets were primarily involved 
in several critical biological processes, including 
peptidyl-serine modification, response to oxida-
tive stress, response to monoamine stimulus, and 
response to hypoxia (Figure 6). These processes 
are highly relevant to CKD pathology, as oxidative 
stress and hypoxic injury are central contributors 

Figure 6. GO enrichment analysis of overlapping targets. Bar plot showing the top enriched terms from three GO 
categories: biological process (BP, orange), cellular component (CC, green), and molecular function (MF, 
blue)
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to renal inflammation, fibrosis, and progressive 
nephron loss. From the cellular component ca-
tegory, enriched terms included synaptic mem-
brane, postsynaptic membrane, membrane raft, 
and GABA receptor complex, suggesting possible 
interactions with membrane-bound receptors 

or ion channels in renal tissue. In the molecular 
function category, significant terms such as neu-
rotransmitter receptor activity, nuclear receptor 
activity, ligand-activated transcription factor ac-
tivity, and protein kinase activity were identified. 
These findings suggest that the core targets may 

Figure 7. KEGG pathway enrichment and mapping of hub targets. (A) Bubble plot of the top enriched KEGG path-
ways associated with overlapping targets. Bubble size reflects the number of involved genes, and color 
intensity indicates statistical significance (p-value). (B) Detailed KEGG pathway map of the EGFR tyro-
sine kinase inhibitor resistance pathway. Highlighted red nodes represent hub targets mapped within 
the pathway, including STAT3, AKT1, SRC, MAPK1, MAPK3, BCL2, and EP300, suggesting their functional 
relevance in CKD-related signaling and therapeutic modulation by C. zedoaria
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function through transcriptional regulation and 
intracellular signal transduction, particularly in 
response to stress stimuli and hormonal cues.

In addition to GO terms, KEGG pathway analy-
sis was conducted to explore specific disease-
related and regulatory pathways (Figure 7A). 
Among the most significantly enriched pathways 
were neuroactive ligand–receptor interaction, 
acute myeloid leukemia, EGFR tyrosine kinase in-
hibitor resistance, and the HIF-1 signaling path-
way. Notably, the EGFR tyrosine kinase inhibitor 
resistance pathway (Figure 7B) showed substan-
tial involvement of the hub targets, including 
STAT3, AKT1, SRC, MAPK1, MAPK3, BCL2, and 
EP300. This pathway is of particular interest in 
CKD, as it intersects with inflammation, apopto-
sis resistance, cellular proliferation, and epithe-
lial-to-mesenchymal transition (EMT) mecha-
nisms known to drive renal fibrosis and disease 
progression [36,37]. The enrichment of HIF-1 
signaling further supports the involvement of 
hypoxia-driven gene expression changes in CKD 
pathogenesis [38,39]. The identification of can-
cer-related pathways such as PD-L1 checkpoint 
regulation also reflects the shared molecular fea-
tures between renal injury and tumor-like tissue 
remodeling processes, including chronic inflam-
mation and resistance to cell death [40].

Taken together, the GO and KEGG analyses 
highlight a complex network of biological func-
tions and signaling cascades regulated by C. zedo-
aria-derived targets. These targets appear to act 
through modulation of oxidative stress respons-
es, hypoxia adaptation, inflammatory signaling, 
and transcriptional regulation, supporting their 
potential utility in the development of multi-tar-
get therapies for CKD.

4. Conclusion

This study employed a network pharmacology 
approach to explore the nephroprotective po-
tential of C. zedoaria in CKD. Through systematic 
target prediction and integration with CKD-asso-

ciated genes, 241 shared targets were identified. 
Network analysis highlighted key compounds 
such as curdione and dehydrocurdione, which in-
teract with central hub proteins including STAT3, 
MAPK3, AKT1, and HSP90AA1 that involved in in-
flammation, oxidative stress, and fibrosis. Func-
tional enrichment revealed significant involve-
ment of pathways such as EGFR tyrosine kinase 
inhibitor resistance and HIF-1 signaling, suggest-
ing that C. zedoaria exerts its effects through mul-
titarget modulation of CKD-related mechanisms. 
These findings provide a theoretical basis for fur-
ther experimental studies on the therapeutic ap-
plication of C. zedoaria in renal diseases.

References

1. Chen TK, Knicely DH, Grams ME. Chronic kidney 
disease diagnosis and management: A review. 
JAMA. 2019;322(13):1294–304. 

2. Francis A, Harhay MN, Ong ACM, Tummalapalli 
SL, Ortiz A, Fogo AB, Fliser D, Roy-Chaudhury 
P, Fontana M, Nangaku M, Wanner C, Malik C, 
Hradsky A, Adu D, Bavanandan S, Cusumano A, 
Sola L, Ulasi I, Jha V. Chronic kidney disease and 
the global public health agenda: An international  
consensus. Nat Rev Nephrol. 2024;20(7):473–85. 

3. Romagnani P, Agarwal R, Chan JCN, Levin A, 
Kalyesubula R, Karam S, Nangaku M, Rodríguez-
Iturbe B, Anders HJ. Chronic kidney disease. Nat 
Rev Dis Prim. 2025;11(1):8. 

4. Rizvi SAA, Einstein GP, Tulp OL, Sainvil F, Branly 
R. Introduction to traditional medicine and their 
role in prevention and treatment  of emerging 
and re-emerging diseases. Biomolecules. 
2022;12(10):1442. 

5. Lobo R, Prabhu KS, Shirwaikar A, Shirwaikar 
A. Curcuma zedoaria Rosc. (white turmeric): A 
review of its chemical,  pharmacological and 
ethnomedicinal properties. J Pharm Pharmacol. 
2009;61(1):13–21. 

6. Chun-Bin S, Yi Y, Qin-Yi W, Yang L, Jing-Ze Y, Hai-
Jing X, Si-Qi Z, Jiong H, Jing W, Fei-Yu L, Jin-Yuan 
Y, Jia-Li Y, Yang ZS. The main active components 

Emirsyah Harahap, Thomson Parluhutan Nadapdap, and Ali Napiah Nasution



MPI (Media Pharmaceutica Indonesiana) ¿ Vol. 7 No. 1 ¿ Juni 202596

of Curcuma zedoaria reduces collagen deposition 
in  human lung fibroblast via autophagy. Mol 
Immunol. 2020;124:109–16. 

7. Dosoky NS, Setzer WN. Chemical composition and 
biological activities of essential oils of curcuma  
species. Nutrients. 2018;10(9). 

8. Stenvinkel P, Chertow GM, Devarajan P, Levin A, 
Andreoli SP, Bangalore S, Warady BA. Chronic 
inflammation in chronic kidney disease 
progression: Role of Nrf2. Kidney Int reports. 
2021;6(7):1775–87. 

9. Saha S, Buttari B, Panieri E, Profumo E, Saso L. An 
overview of Nrf2 signaling pathway and its role 
in inflammation. Molecules. 2020;25(22). 

10. Wang H, Chen Y, Wang L, Liu Q, Yang S, Wang C. 
Advancing herbal medicine: Enhancing product 
quality and safety through robust  quality control 
practices. Front Pharmacol. 2023;14:1265178. 

11. Zhai Y, Liu L, Zhang F, Chen X, Wang H, Zhou 
J, Chai K, Liu J, Lei H, Lu P, Guo M, Guo J, Wu J. 
Network pharmacology: A crucial approach in 
traditional Chinese medicine  research. Chin Med. 
2025;20(1):8. 

12. Pires DE V, Blundell TL, Ascher DB. pkCSM: 
Predicting small-molecule pharmacokinetic and 
toxicity properties using graph-based signatures. 
J Med Chem. 2015;58(9):4066–72. 

13. Daina A, Michielin O, Zoete V. 
SwissTargetPrediction: Updated data and new 
features for efficient prediction of  protein 
targets of small molecules. Nucleic Acids Res. 
2019;47(W1):W357–64. 

14. Sugianto AB, Jamil AS, Muchlisin MA. Unveiling the 
pharmacological potential of Annona squamosa 
fruit: A network pharmacology approach. J Med 
Pharm Chem Res. 2025;7(3):410–421.

15. Daina A, Michielin O, Zoete V. 
SwissTargetPrediction: Updated data and new 
features for efficient prediction of protein 
targets of small molecules. Nucleic Acids Res. 
2019;47(W1):W357-W364.

16. Shannon P, Markiel A, Ozier O, Baliga NS, Wang 
JT, Ramage D, Amin N, Schwikowski B, Ideker 
T. Cytoscape: A software environment for 
integrated models of biomolecular  interaction 

networks. Genome Res. 2003;13(11):2498–504. 
17. Stelzer G, Rosen N, Plaschkes I, Zimmerman S, 

Twik M, Fishilevich S, Stein TI, Nudel R, Lieder 
I, Mazor Y, Kaplan S, Dahary D, Warshawsky D, 
Guan-Golan Y, Kohn A, Rappaport N, Safran M, 
Lancet D. The GeneCards suite: From gene data 
mining to disease genome sequence analyses. 
Curr Protoc Bioinforma. 2016;54:1.30.1-1.30.33. 

18. Nakagawa S, Nishihara K, Miyata H, Shinke H, 
Tomita E, Kajiwara M, Matsubara T, Iehara N, 
Igarashi Y, Yamada H, Fukatsu A, Yanagita M, 
Matsubara K, Masuda S. Molecular markers 
of tubulointerstitial fibrosis and tubular cell 
damage in  patients with chronic kidney disease. 
PLoS One. 2015;10(8):e0136994. 

19. Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, 
Smyth GK. limma powers differential expression 
analyses for RNA-sequencing and microarray  
studies. Nucleic Acids Res. 2015;43(7):e47. 

20. Szklarczyk D, Kirsch R, Koutrouli M, Nastou K, 
Mehryary F, Hachilif R, Gable AL, Fang T, Doncheva 
NT, Pyysalo S, Bork P, Jensen LJ, von Mering C. 
The STRING database in 2023: Protein-protein 
association networks and functional  enrichment 
analyses for any sequenced genome of interest. 
Nucleic Acids Res. 2023;51(D1):D638–46. 

21. Iksen I, Witayateeraporn W, Wirojwongchai T, 
Suraphan C, Pornputtapong N, Singharajkomron 
N, Nguyen HM, Pongrakhananon V. Identifying 
molecular targets of Aspiletrein-derived 
steroidal saponins in lung cancer using network 
pharmacology and molecular docking-based 
assessments. Sci Rep. 2023;13(1):1545

22. Chin CH, Chen SH, Wu HH, Ho CW, Ko MT, Lin 
CY. CytoHubba: identifying hub objects and sub-
networks from complex interactome. BMC Syst 
Biol. 2014;8(Suppl 4):S11. 

23. Luo W, Brouwer C. Pathview: An R/Bioconductor 
package for pathway-based data integration and  
visualization. Bioinformatics. 2013;29(14):1830–
1. 

24. Yang L, Wang P, Chen J. 2dGBH: Two-dimensional 
group Benjamini-Hochberg procedure for false 
discovery rate control in two-way multiple 
testing of genomic data. Bioinformatics. 

Unraveling the Nephroprotective Potential of Curcuma zedoaria Against Chronic Kidney Disease: A Network Pharmacology 



MPI (Media Pharmaceutica Indonesiana) ¿ Vol. 7  No. 1 ¿ Juni 2025 97

2024;40(2):btae035.
25. Lipinski CA, Lombardo F, Dominy BW, Feeney 

PJ. Experimental and computational approaches 
to estimate solubility and permeability in drug 
discovery and development settings. Adv Drug 
Deliv Rev. 1997;23(1–3):3–25.

26. Musiał K, Zwolińska D. Heat shock proteins 
in chronic kidney disease. Pediatr Nephrol. 
2011;26(7):1031–7. 

27. Yu JT, Fan S, Li XY, Hou R, Hu XW, Wang JN, Shan 
RR, Dong ZH, Xie MM, Dong YH, Shen XY, Jin J, Wen 
JG, Liu MM, Wang W, Meng XM. Novel insights into 
STAT3 in renal diseases. Biomed Pharmacother. 
2023;165:115166. 

28. Wang J, Zhuang S. Src family kinases in chronic 
kidney disease. Am J Physiol Renal Physiol. 
2017;313(3):F721–8. 

29. Kim IY, Park YK, Song SH, Seong EY, Lee DW, Bae 
SS, Lee SB. Role of Akt1 in renal fibrosis and 
tubular dedifferentiation during the  progression 
of acute kidney injury to chronic kidney disease. 
Korean J Intern Med. 2021;36(4):962–74. 

30. Feliers D, Kasinath BS. Erk in kidney diseases. J 
Signal Transduct. 2011;2011:768512. 

31. Geng XG, Ma A, He JZ, Wang L, Jia YL, Shao GY, Li 
M, Zhou H, Lin SG, Ran JH, Yang BX. Ganoderic 
acid hinders renal fibrosis via suppressing the 
TGF-β/Smad and MAPK signaling pathways. Acta 
Pharmacol Sin. 2020;41(5):670–7.

32. Cao S, Pan Y, Terker AS, Arroyo-Ornelas JP, Wang Y, 
Tang J, Niu A, Kar SA, Jiang M, Luo W, Dong X, Fan 
X, Wang S, Wilson MH, Fogo A, Zhang MZ, Harris 
RC. Epidermal growth factor receptor activation 
is essential for kidney fibrosis development. Nat 
Commun. 2023;14(1). 

33. Ma HY, Chen S, Du Y. Estrogen and estrogen 
receptors in kidney diseases. Ren Fail. 
2021;43(1):619–42. 

34. Liu XQ, Jiang L, Li YY, Huang YB, Hu XR, Zhu 
W, Wang X, Wu YG, Meng XM, Qi XM. Wogonin 
protects glomerular podocytes by targeting 
Bcl-2-mediated autophagy and apoptosis in 
diabetic kidney disease. Acta Pharmacol Sin. 
2022;43(1):96–110.  

35. Rubio K, Molina-Herrera A, Pérez-González 
A, Hernández-Galdámez HV, Piña-Vázquez C, 
Araujo-Ramos T, Singh I. EP300 as a molecular 
integrator of fibrotic transcriptional programs. 
Int J Mol Sci. 2023;24(15). 

36. Zhuang S, Liu N. EGFR signaling in renal fibrosis. 
Kidney Int Suppl. 2014;4(1):70–4. 

37. Cao S, Pan Y, Terker AS, Arroyo-Ornelas JP, Wang Y, 
Tang J, Niu A, Kar SA, Jiang M, Luo W, Dong X, Fan 
X, Wang S, Wilson MH, Fogo A, Zhang MZ, Harris 
RC. Epidermal growth factor receptor activation 
is essential for kidney fibrosis  development. Nat 
Commun. 2023;14(1):7357. 

38. Fu Q, Colgan SP, Shelley CS. Hypoxia: The force 
that drives chronic kidney disease. Clin Med Res. 
2016;14(1):15–39. 

39. Foresto-Neto O, da Silva ARPA, Cipelli M, Santana-
Novelli FPR, Camara NOS. The impact of hypoxia-
inducible factors in the pathogenesis of kidney 
diseases: A link through cell metabolism. Kidney 
Res Clin Pract. 2023;42(5):561–78. 

40. Hayashi A, Ishihara H, Kawabe M, Kato K, 
Nakashima A, Yamamoto I, Sakano T, Kobashi H, 
Morita M, Yokoo T, Urashima M. Increased serum 
soluble PD-l1 levels in patients with advanced 
stages of chronic  kidney disease. Front Med. 
2025;12:1530804. 

Emirsyah Harahap, Thomson Parluhutan Nadapdap, and Ali Napiah Nasution


