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Paronychia, a periungual infection often involving anaerobic bacteria and marked inflammation, is usually 
managed with broad-spectrum antibiotics. However, metronidazole’s selective anti-anaerobic activity and anti-
inflammatory properties may offer a superior therapeutic option. This research aimed to elucidate the potential 
therapeutic targets and molecular mechanisms by which metronidazole exerted its effects in paronychia. Network 
pharmacology approaches were used to predict metronidazole’s candidate targets for paronychia followed by 
molecular docking using AutoDock software to assess binding interactions between metronidazole and the 
predicted proteins. The results showed that heat shock protein 90 alpha family class A member 1 (HSP90AA1) and 
hematopoietic cell kinase (HCK) were identified as key molecular targets, exhibiting stable binding conformations 
and favorable binding free energies with metronidazole, which suggested that the efficacy of metronidazole in 
paronychia might involve dual regulatory mechanisms through modulation of HSP90AA1 and HCK signaling 
pathways. This study provided both a theoretical foundation and a methodological framework for further 
exploration of metronidazole's pharmacological actions in inflammatory dermatological disorders. 
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Introduction 
 
Paronychia is an inflammation of the periungual 
skin and underlying soft tissues affecting toenails 
or fingernails, which exhibits a high incidence 
across all age groups including infants and young 
children [1]. Chronic paronychia defined as 
inflammation persisting for over six weeks is 
characterized by fluctuating discomfort and 
variable disease severity, alternating between 
mild and severe phases. Common complications 
include recurrent pain, granulation tissue 
hyperplasia, nail matrix damage, and scarring, 

while, in severe cases, amputation may be 
necessary [2–5], significantly impairing patient 
quality of life [6]. 
 
Although the pathogenesis of chronic paronychia 
remains incompletely understood, studies reveal 
a transition from aerobic bacterial predominance 
in mild cases to an enrichment of anaerobic 
microorganisms such as Anaerococcus in more 
severe stages accompanied by a decline in 
beneficial aerobic flora [7]. This dysbiotic shift 
may hinder colonization by protective bacteria 
and exacerbate the condition. Metronidazole 
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may serve as a supplementary treatment option 
for paronychia [8]. Current standard 
management of acute paronychia includes 
warm-water soaks, topical antiseptics or 
antibiotics, and, when indicated, surgical 
drainage [9]. Systemic therapy often involves 
Cephalexin and, in cases of methicillin resistant 
Staphylococcus aureus (MRSA) suspicion, 
trimethoprim-sulfamethoxazole [10]. Chronic 
paronychia often requires avoidance of irritants 
and topical antifungal agents with or without 
corticosteroids, but many patients experience 
prolonged inflammation and frequent relapse 
[11]. These limitations highlight the need for 
alternative or adjunctive therapies [12]. Network 
pharmacology, first introduced by Hopkins et al. 
in 2007, integrates pharmacology, 
bioinformatics, network analysis, and systems 
biology to investigate drug actions at the systems 
level [13, 14]. By modeling drugs and biological 
systems as interconnected networks, it enables 
identification of interactions among compounds, 
targets, and disease pathways, facilitating 
prediction of therapeutic effects and adverse 
reactions and guiding drug discovery and 
repurposing strategies [15]. This approach 
constructs multilayer “drug–target–disease” and 
protein–protein interaction networks, from 
which key nodes are identified using network 
topology parameters such as degree centrality 
and betweenness centrality, revealing the multi-
target mechanisms of drug action. Molecular 
docking is a computational strategy that 
simulates the interaction between ligands and 
target receptors to predict binding modes and 
affinities, providing insight into molecular 
recognition and guiding rational drug design [16, 
17]. 
 
This study employed network pharmacology to 
predict metronidazole’s potential targets and 
enriched pathways in paronychia followed by 
molecular docking analysis to evaluate 
metronidazole–target interactions, thereby 
preliminarily elucidating the molecular 
mechanism of metronidazole treatment for 
paronychia. This research provided a theoretical 
rationale for the clinical application of 

metronidazole in paronychia management, 
potentially informing optimized dosing strategies 
and improving patient outcomes. 
 
 

Materials and methods 
 
Prediction of metronidazole targets 
The simplified molecular input line entry system 
(SMILES) structure of metronidazole was 
obtained from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/), then input 
into the similarity ensemble approach (SEA) 
database (http://sea.bkslab.org/) and 
PharmMapper database (http://lilab.ecust.edu. 
cn/pharmmapper/) to predict potential drug 
targets. After removing duplicate entries, a 
comprehensive target gene set for 
metronidazole was established. 
 
Acquisition of paronychia-related target genes 
Paronychia-associated genes were retrieved 
using the keywords “paronychia,” “nail,” and 
“inflammation” from the GeneCards database 
(https://www.genecards.org). After 
deduplication, UniProt (https://www.uniprot. 
org) was used to verify and correct gene 
annotations, yielding a curated dataset of 
paronychia-related targets. 
 
Identification of intersection targets between 
metronidazole and paronychia 
The refined target lists for metronidazole and 
paronychia were combined using an online Venn 
diagram analysis tool (Venny 2.1) 
(https://bioinfogp.cnb.csic.es/tools/venny) to 
identify shared targets, representing putative 
therapeutic targets of metronidazole in 
paronychia. 
 
Construction of a multilayer network model of 
“Metronidazole–intersection targets–
paronychia” 
A multilayer network integrating metronidazole, 
intersection targets, and paronychia was 
constructed and analyzed for topological 
features using Cytoscape 3.9.1 
(https://cytoscape.org). 

https://pubchem.ncbi.nlm.nih.gov/
http://sea.bkslab.org/
http://lilab.ecust.edu.cn/pharmmapper/
http://lilab.ecust.edu.cn/pharmmapper/
https://www.genecards.org/
https://www.uniprot.org/
https://www.uniprot.org/
https://bioinfogp.cnb.csic.es/tools/venny
https://cytoscape.org/
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Protein-protein interaction (PPI) network 
construction 
The intersection targets were imported into the 
search tool for the retrieval of interacting 
genes/proteins (STRING) (v11.5) (https://string-
db.org) database with the species limited to 
homo sapiens and interaction score threshold set 
above 0.400. After removing isolated nodes, 
Cytoscape 3.9.1 was used to visualize the PPI 
network. Core therapeutic genes were then 
identified by intersecting the top candidates from 
maximum clique centrality (MCC), degree 
centrality, and betweenness centrality 
algorithms via the CytoHubba (version 0.1) 
(http://apps.cytoscape.org/apps/cytohubba). 
 
Molecular docking study 
The 3D structures of proteins encoded by key 
genes were retrieved from the research 
collaboratory for structural bioinformatics (RCSB) 
protein data bank (https://www.rcsb.org). In 
PyMOL 2.5 (https://pymol.org/2), redundant 
ligands and unrelated protein chains were 
removed. Receptor models were prepared in 
AutoDock by deleting water molecules and 
adding polar hydrogens. The metronidazole 
ligand was similarly dehydrated and protonated. 
Docking simulations were performed with 
AutoDock Vina (version 1.1.2) 
(http://vina.scripps.edu) using a grid box 
centered on the binding site and 20 docking runs 
per complex. Final docking poses were visualized 
in PyMOL 2.5. 
 
 

Results 
 

Acquisition of common targets 
In this study, 70 metronidazole-related targets 
were retrieved from the SEA and PharmMapper 
databases with duplicates removed and entries 
curated. Paronychia-associated targets were 
obtained from the GeneCards database and 
similarly filtered, yielding 8,276 unique disease-
related targets. Venn diagram analysis then 
revealed 49 overlapping targets (Figure 1). 
 
 

 
 
Figure 1. Venn diagram of metronidazole and paronychia related 
pathogenesis target. 

 
 
Construction of the metronidazole–target–
paronychia network diagram 
A network map linking metronidazole, its 49 
intersection targets, and paronychia was 
generated, which demonstrated that 
metronidazole engaged multiple paronychia-
associated proteins, reflecting its therapeutic 
efficacy through coordinated, multi-target 
modulation (Figure 2). 
 
 

 
 
Figure 2. Metronidazole-target-paronychia network diagram. 

 
 
Protein-protein interaction (PPI) network 
analysis 

https://string-db.org/
https://string-db.org/
http://apps.cytoscape.org/apps/cytohubba
https://www.rcsb.org/
https://pymol.org/2
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The 49 intersection targets were imported into 
the STRING database to construct the protein–
protein interaction (PPI) network. This network 
comprised 49 nodes and 68 edges with a 
clustering coefficient of 0.431, indicating a 
pronounced modular structure (Figure 3). 
Enrichment analysis yielded a P value of 0.0108, 
confirming that these targets clustered non-
randomly within common biological processes or 
pathways. Core genes HSP90AA1, EGFR, SKP1, 
and HCK were identified via CytoHubba, 
representing potential key mediators of 
metronidazole’s effects in paronychia treatment. 
 
 

 
 
Figure 3. PPI network diagram of paronychia treated with 
metronidazole. 

 
 
Molecular docking analysis of metronidazole 
with core target proteins 
Molecular docking of metronidazole with the 
core proteins HSP90AA1 (Figure 4), epidermal 
growth factor receptor (EGFR), SKP1, and 
hematopoietic cell kinase (HCK) (Figure 5) was 
performed using AutoDock Vina. The lowest 
binding free energies were −5.6, −4.9, −4.3, and 
−5.2 kcal/mol for HSP90AA1, EGFR, SKP1, and 
HCK, respectively, indicating strong and stable 
ligand–receptor interactions. Generally, binding 
energies below −5.0 kcal/mol are considered to 
reflect favorable binding affinity. 

 
 
Figure 4. Docking of metronidazole with HSP90AA1. 

 
 

 
 
Figure 5. Docking of metronidazole with HSK. 

 
 

Discussion 
 
Chronic paronychia is typified by recurrent 
periungual erythema and edema, resulting in 
persistent discomfort and delayed resolution. It 
is a multifactorial condition driven by 
interactions among diverse microorganisms and 
mechanical factors. Standard treatments 
primarily employ topical antifungal agents and 
corticosteroid creams. However, the efficacy of 
antifungal therapy remains contentious [18, 19], 
and prolonged corticosteroid use can lead to 
adverse effects such as skin atrophy [20]. Our 
previous work demonstrated that anaerobic 
bacteria exacerbated the severity of paronychia 
[7]. A clinical study of metronidazole in 
paronychia treatment reported significant 
efficacy and a favorable safety profile. Despite its 
empirical use, the precise mechanisms 
underlying metronidazole’s therapeutic action 
remain unclear due to challenges in establishing 
reliable in vitro and in vivo models of paronychia. 
This study employed network pharmacology and 
molecular docking to identify the target genes of 
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metronidazole in paronychia treatment. Network 
pharmacology, an emerging interdisciplinary 
approach, integrates the polypharmacological 
properties of drugs with the network 
architecture of biological systems to elucidate 
complex drug–system interactions [21]. Due to 
the lack of subtype classification in existing 
databases, this study retrieved disease-related 
targets for both metronidazole and paronychia 
without distinguishing between acute and 
chronic forms. A total of 49 overlapping targets 
were identified, and a multilayer 
“metronidazole–target–paronychia” network 
alongside a PPI network was constructed. Core 
genes HSP90AA1, EGFR, SKP1, and HCK were 
selected. Molecular docking revealed strong 
interactions between metronidazole and the 
proteins HSP90AA1 and HCK. HSP90AA1 encodes 
the inducible heat shock protein HSP90α, a 
molecular chaperone that is markedly 
upregulated under stress conditions such as 
hyperthermia, infection, and inflammation [22]. 
HSP90 proteins are evolutionarily conserved 
chaperones that assist nascent client proteins in 
achieving their native conformations, 
orchestrate assembly and disassembly of 
macromolecular complexes, facilitate refolding 
of misfolded proteins, and promote clearance of 
protein aggregates. They cooperate with the 
ubiquitin–proteasome system to degrade 
irreversibly misfolded proteins and ensure 
correct subcellular localization, thereby 
maintaining protein homeostasis [23]. EGFR is a 
well-characterized HSP90 client whose stability is 
regulated by HSP90α [24]. Upon binding its ligand 
epidermal growth factor (EGF), EGFR modulates 
inflammatory responses, promotes angiogenesis, 
and stimulates fibroblast and keratinocyte 
proliferation and migration, thereby enhancing 
wound contraction and epithelialization to 
facilitate healing [25]. Recent evidence indicated 
that EGF also exerted anti-inflammatory effects 
in skin by inhibiting interferon-γ–induced 
expression of pro-inflammatory genes including 
the chemokine CXCL10, cytokines IL-6 and IL-1A, 
the MHC class II antigen–associated gene HLA-
DMA, and the inflammasome activator GBP5, 
thus preserving immune homeostasis in the 

cutaneous microenvironment [26]. Clinical 
observations further revealed that use of EGFR 
inhibitors (EGFRIs) and tyrosine kinase inhibitors 
targeting EGFR (EGFR-TKIs), which reduced EGFR 
signaling, could induce paronychia in treated 
patients [27, 28]. HCK, a Src family tyrosine 
kinase, is predominantly expressed in 
hematopoietic cells including macrophages, 
monocytes, and neutrophils, where it mediates 
pivotal immune signaling processes [29]. HCK 
regulates macrophage function by inhibiting 
autophagy pathways, skewing differentiation 
toward a pro-inflammatory phenotype, and 
enhancing secretion of cytokines such as CD54 
(ICAM-1), IL-6, CXCL10, and TNF-α [30]. 
Importantly, the HSP90AA1/HSP90α axis and 
HCK signaling pathways functionally synergize to 
regulate CXCL10 and IL-6 expression. Based on 
these mechanisms, metronidazole might exert 
anti-inflammatory effects via a dual regulatory 
pathway, which included that it upregulated 
HSP90AA1 to stabilize EGF/EGFR signaling and 
suppressed the IFN-γ–mediated inflammatory 
cascade, while it inhibited HCK-driven pro-
inflammatory macrophage differentiation, 
synergistically reducing key inflammatory 
mediators. Metronidazole not only retains its 
potent activity against anaerobic bacteria but 
also leverages its anti-inflammatory properties to 
provide a combined therapeutic effect in 
paronychia. This dual action overcomes the 
limitations of corticosteroid monotherapy that 
lacks antimicrobial efficacy and antifungal 
treatment that lacks anti-inflammatory benefit. 
This study offered a theoretical framework and 
experimental direction for further elucidation of 
metronidazole’s mechanisms in paronychia 
management. 
 
 

Acknowledgements 
 

This study was funded by the Investigator-
Initiated Clinical Trial program of the Fifth 
Affiliated Hospital of Sun Yat-sen University 
(Grant No. YNZZ2022-02) and the National Key 
Research and Development Program of China 
(Grant No. 2024YFB3614303). 



Journal of Biotech Research [ISSN: 1944-3285] 2025; 23:104-109 

 

109 

 

References 
 

1. Desai AD, Wang Y, Nadarajah CC, Lipner SR. 2022. Cross-

sectional analysis of paronychias in the National Electronic 

Injury Surveillance System 1999–2018. Skin Appendage Disord. 

8(6):454–461.  

2. Tabassum H, Adil M, Amin SS, Mohtashim M, Bansal R, Agrawal 

D. 2020. The impact of onychopathies on quality of life: A 

hospital-based, cross-sectional study. Indian Dermatol Online J. 

11(2):187–194.  

3. Lee KW, Burm JS, Yang WY. 2013. Keloid formation on the great 

toe after chronic paronychia secondary to ingrown nail. Int 

Wound J. 10(2):200–202. 

4. Yorulmaz A, Yalcin B. 2020. Paronychia and periungual 

granulation as a novel side effect of ibrutinib: A case report. Skin 

Appendage Disord. 6(1):32–36. 

5. Riesbeck K. 2003. Paronychia due to Prevotella bivia that 

resulted in amputation: Fast and correct bacteriological 

diagnosis is crucial. J Clin Microbiol. 41(10):4901–4903. 

6. Belyayeva E, Gregoriou S, Chalikias J, Kontochristopoulos G, 

Koumantaki E, Makris M, et al. 2013. The impact of nail 

disorders on quality of life. Eur J Dermatol. 23(3):366–371. 

7. Li Y, Ma H, Xue L, Chen H, Pang R, Shang Y, et al. 2021. 

Imbalanced dermic microbiome aggravates inflammation in 

toenail paronychia. Front Cell Infect Microbiol. 11:781927. 

8. Li X, Wei S, Niu S, Ma X, Li H, Jing M, et al. 2022. Network 

pharmacology prediction and molecular docking-based strategy 

to explore the potential mechanism of Huanglian Jiedu 

Decoction against sepsis. Comput Biol Med. 144:105389. 

9. Leggit JC. 2017. Acute and chronic paronychia. Am Fam 

Physician. 96(1):44–51. 

10. Relhan V, Bansal A. 2022. Acute and chronic paronychia 

revisited: A narrative review. J Cutan Aesthet Surg. 15(1):1-16. 

11. Tosti A, Piraccini BM, Ghetti E, Colombo MD. 2002. Topical 

steroids versus systemic antifungals in the treatment of chronic 

paronychia: An open, randomized double-blind and double-

dummy study. J Am Acad Dermatol. 47(1):73–76. 

12. Durdu M, Baba M, Seçkin D. 2009. More experiences with the 

Tzanck smear test: Cytologic findings in cutaneous 

granulomatous disorders. J Am Acad Dermatol. 61(3):441–450. 

13. Hopkins AL. 2007. Network pharmacology. Nat Biotechnol. 

25(10):1110–1111. 

14. Nogales C, Mamdouh ZM, List M, Kiel C, Casas AI, Schmidt 

HHHW. 2022. Network pharmacology: Curing causal 

mechanisms instead of treating symptoms. Trends Pharmacol 

Sci. 43(2):136–150.  

15. Ferreira LG, Dos Santos RN, Oliva G, Andricopulo AD. 2015. 

Molecular docking and structure-based drug design strategies. 

Molecules. 20(7):13384–13421. 

16. Tuo Y, Lu X, Tao F, Tukhvatshin M, Xiang F, Wang X, et al. 2024. 

The potential mechanisms of catechins in tea for anti-

hypertension: An integration of network pharmacology, 

molecular docking, and molecular dynamics simulation. Foods. 

13(17):2685. 

17. Daniel CR, Daniel MP, Daniel J, Sullivan S, Bell FE. 2004. 

Managing simple chronic paronychia and onycholysis with 

ciclopirox 0.77% and an irritant-avoidance regimen. Cutis. 

73(1):81–85. 

18. Tosti A, Piraccini BM, Ghetti E, Colombo MD. 2002. Topical 

steroids versus systemic antifungals in the treatment of chronic 

paronychia: An open, randomized double-blind and double 

dummy study. J Am Acad Dermatol. 47(1):73–76. 

19. Coondoo A, Phiske M, Verma S, Lahiri K. 2014. Side-effects of 

topical steroids: A long overdue revisit. Indian Dermatol Online 

J. 5(4):416–425. 

20. Zhai Y, Liu L, Zhang F, Chen X, Wang H, Zhou J, et al. 2025. 

Network pharmacology: A crucial approach in traditional 

Chinese medicine research. Chinese Medicine. 20(1):8. 

21. Zuehlke AD, Beebe K, Neckers L, Prince T. 2015. Regulation and 

function of the human HSP90AA1 gene. Gene. 570(1):8–16. 

22. Taipale M, Jarosz DF, Lindquist S. 2010. HSP90 at the hub of 

protein homeostasis: Emerging mechanistic insights. Nat Rev 

Mol Cell Biol. 11(7):515–528. 

23. Ahsan A, Ramanand SG, Whitehead C, Hiniker SM, Rehemtulla 

A, Pratt WB, et al. 2012. Wild-type EGFR is stabilized by direct 

interaction with HSP90 in cancer cells and tumors. Neoplasia. 

14(8):670–677. 

24. Esquirol Caussa J, Herrero Vila E. 2016. Un enfoque para el 

tratamiento de las úlceras de origen vascular: Revisión y papel 

del factor de crecimiento epidérmico. Angiología. 68(4):322–

330. 

25. Gibbs DC, McCrary MR, Moreno CS, Seldin L, Li C, Kamili NAH, 

et al. 2025. Epidermal growth factor dampens pro-

inflammatory gene expression induced by interferon-gamma in 

global transcriptome analysis of keratinocytes. BMC Genomics. 

26:122. 

26. Holcmann M, Sibilia M. 2015. Mechanisms underlying skin 

disorders induced by EGFR inhibitors. Mol Cell Oncol. 

2(4):e1004969. 

27. Mittal S, Khunger N, Kataria SP. 2022. Nail changes with 

chemotherapeutic agents and targeted therapies. Indian 

Dermatol Online J. 13(1):13–22. 

28. Robert C, Soria JC, Spatz A, Le Cesne A, Malka D, Pautier P, et al. 

2005. Cutaneous side-effects of kinase inhibitors and blocking 

antibodies. Lancet Oncol. 6(7):491–500. 

29. Poh AR, O’Donoghue RJJ, Ernst M. 2015. Hematopoietic cell 

kinase (HCK) as a therapeutic target in immune and cancer cells. 

Oncotarget. 6:15752–15771. 

30. Chen M, Menon MC, Wang W, Fu J, Yi Z, Sun Z, et al. 2023. HCK 

induces macrophage activation to promote renal inflammation 

and fibrosis via suppression of autophagy. Nat Commun. 

14:4297. 


