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Abstract 
 
Atopic dermatitis (AD) is a chronic inflammatory skin disease with a complex pathogenesis 
involving multiple molecular targets and biological pathways. The multicomponent nature 
of natural products broadens the range of potential compound-target interactions, 
supporting the use of in silico approaches to identify and prioritize therapeutic 
candidates. This review aimed to map the development of in silico strategies used to 
prioritize natural product-derived candidates for AD and to evaluate how these strategies 
have been applied across the literature. A bibliometric analysis and a methodological 
review were conducted on 70 articles retrieved from Scopus up to August 2026. Although 
no publication-year restriction was applied, the earliest article meeting the inclusion 
criteria was published in 2020, with publication output increasing over time. Molecular 
docking was employed in 57 studies (81.4%), network pharmacology in 53 studies (75.7%), 
molecular dynamics in 18 studies (25.7%), and dedicated ADMET screening in 11 studies 
(15.7%). The methodological review revealed variations in analytical workflow, ranging 
from candidate selection using databases or chemical profiling to target prioritization and 
evaluation of molecular interactions. Differences were also observed in data sources, 
selection criteria, analytical parameters, protocol validation, and the degree of 
methodological integration. These findings indicate substantial methodological diversity 
and highlight the need to align methods with study objectives, report analytical 
parameters more clearly, and strengthen connections between successive stages of 
analysis. 
 

 

Copyright: © 2026 by the authors. This is an open-access article distributed under the 
terms of the Creative Commons Attribution-NonCommercial 4.0 International License. 
(https://creativecommons.org/licenses/by-nc/4.0/) 

1. Introduction 

Atopic dermatitis (AD) is a chronic and relapsing 
inflammatory skin disease that significantly impacts 
patients' quality of life by causing constant itching, 

recurring skin lesions, sleep disturbances, and a heavy 
psychological toll [1–5]. AD pathogenesis involves 
complex interactions among epidermal barrier 
dysfunction, immune dysregulation, and the activation of 
multiple interconnected inflammatory mediators and 
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pathways [6–8]. Advances in understanding these 
mechanisms have led to more targeted therapies, 
including biologics and Janus kinase (JAK) inhibitors. 
However, disease heterogeneity and variation in 
treatment response among individuals remain important 
considerations in the long-term management of AD [4, 9–
13]. These considerations have encouraged continued 
exploration of other sources of therapeutic candidates, 
including natural products. 

Natural products are widely investigated due to their 
diverse bioactive compounds, which may influence AD-
relevant biological processes, such as inflammation, type 
2 immune responses, oxidative stress, pruritus, and 
epidermal barrier function [4, 14, 15]. However, the 
multicomponent composition of natural products 
increases the complexity of drug candidate discovery. A 
single plant extract or herbal formulation may contain 
numerous compounds with diverse chemical 
characteristics, pharmacokinetic properties, and 
potential biological targets [16]. At the same time, AD also 
involves multiple interacting proteins and biological 
pathways [6, 7, 17, 18]. This complexity makes it harder 
to identify and prioritize candidates when compounds 
and targets are considered individually. 

In silico approaches have become increasingly relevant 
for addressing this problem by facilitating candidate 
screening and prioritization at various stages of drug 
discovery. Physicochemical and pharmacokinetic 
predictions provide information on candidate properties, 
while target identification and network pharmacology 
explore compound-target relationships and associated 
biological pathways. Molecular docking and molecular 
dynamics provide additional insight into candidate-target 
interactions at structural and dynamic levels [17–23]. 
These approaches provide complementary information 
and can be applied according to the objectives and 
analytical stages of a study. In natural product research, 
where numerous compounds and potential targets are 
often involved, computational approaches can help 
reduce the number of candidates that require further 
evaluation.  

Previous reviews have examined specific aspects of in 
silico research relevant to atopic dermatitis. Singab et al. 
[24] reviewed molecular docking studies of herbal 
candidates across several skin disorders, whereas Xu et 
al. [25] focused specifically on network pharmacology 
and molecular docking of artemisinin and its derivatives 
for AD. More recently, Wu et al. [26] reviewed broader in 
silico modeling approaches for AD, including 
computational and machine-learning strategies. 
However, these reviews did not specifically examine, at 
the field level, how natural product-derived candidates 

for AD are selected and progressively evaluated through 
ADMET assessment, target prediction, network 
pharmacology, molecular docking, molecular dynamics, 
and related validation stages. 

However, the increasingly widespread use of in silico 
approaches raises questions about how these 
methods are applied in natural product research for AD. 
In silico methods can have different objectives, data 
sources, parameters, and levels of analysis [20, 21, 24, 
27]. Therefore, using one or more of these methods does 
not indicate how the overall candidate prioritization 
process is conducted. Because individual studies 
generally focus on specific natural products, compounds, 
targets, or mechanisms, it is difficult to understand the 
field's development and methodological patterns when 
studies are considered separately. Consequently, it 
remains unclear how candidate selection, target 
prioritization, structural evaluation, and validation 
connect across studies in prioritizing natural product-
derived candidates for AD. This is particularly relevant to 
AD drug discovery, where insufficiently reported 
selection criteria or inadequately validated 
computational protocols may reduce confidence in 
candidate prioritization and complicate subsequent 
experimental evaluation. 

This study aimed to map the development of in silico 
strategies for natural product-derived candidates in AD 
using bibliometric analysis and to evaluate their 
application through a methodological review. The 
bibliometric analysis characterized the field's 
development, thematic structure, and influential works, 
but could not capture how computational methods were 
implemented, reported, or linked within individual 
studies. Conversely, the methodological review examined 
these study-level features but could not situate them 
within broader patterns of publication growth and 
knowledge structure. Integrating both analyses therefore 
provides a more comprehensive view of the field and the 
methodological variation in prioritizing natural product-
derived candidates for AD. 

2. Materials and Methods 

2.1. Review Design and Literature Search 

This study combined bibliometric analysis with a 
methodological review to examine the field's 
development and the application of in silico strategies in 
natural product research for AD. The literature search 
was conducted in Scopus using the TITLE-ABS-KEY field, 
with no restriction on publication year, and covered 
records indexed through August 2026. Scopus filters 
were applied to retain records classified as articles and 
published in English. Scopus was selected because its 
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multidisciplinary coverage suited the interdisciplinary 
scope of this review, spanning biomedical, natural-
product, chemical, and computational research [28], 
while also providing the standardized bibliographic and 
citation metadata required for bibliometric analysis. 
Using a single database also ensured consistency in the 
bibliographic metadata across the review's bibliometric 
and methodological components. 

The search strategy centered on three main concept 
groups: atopic dermatitis, natural products, and in silico 
approaches. Terms within each concept group were 
combined using the Boolean operator OR, whereas the 
three concept groups were connected using AND. The 
search was conducted in titles, abstracts, and keywords 
using the following search string: TITLE-ABS-KEY ("atopic 
dermatitis" OR "atopic eczema") AND ("natural product*" 
OR "natural compound*" OR phytochemical* OR "plant-
derived" OR "medicinal plant*" OR herbal OR botanical* 
OR "plant extract*" OR "herbal extract*" OR "botanical 
extract*" OR "natural extract*" OR "traditional medicine" 
OR "traditional Chinese medicine") AND ("in silico" OR 
computational OR "network pharmacology" OR "systems 
pharmacology" OR "molecular docking" OR "molecular 
dynamic*" OR ADMET OR "drug-likeness" OR "target 
prediction" OR "virtual screening" OR "computer-aided 
drug design"). 

All retrieved records were exported in CSV format 
together with the bibliographic metadata required for 
subsequent analyses. The identification and selection 
process was documented using a PRISMA 2020 flow 
diagram to present the number of records at the 
identification, screening, eligibility assessment, and 
inclusion stages [29].  

2.2. Eligibility and Study Selection 

Articles were included if they: (1) were original research 
articles; (2) specifically addressed AD or used an AD 
disease model; (3) evaluated natural products, extracts, 
naturally occurring compounds, phytochemicals, 
medicinal plants, herbal preparations, or other 
candidates derived from natural sources; and (4) applied 
at least one in silico approach relevant to candidate 
identification or prioritization, including drug-likeness or 
ADMET prediction, target prediction, network 
pharmacology, biological pathway analysis, molecular 
docking, molecular dynamics, or virtual screening. 
Articles were excluded if they were not primary research, 
did not specifically evaluate AD, did not investigate 
candidates derived from natural sources, or did not apply 
a relevant in silico approach. 

Articles that met the inclusion criteria and had adequate 
bibliographic metadata were included in the bibliometric 

corpus. All articles in the final corpus were subsequently 
assessed at the full-text level to obtain the 
methodological information required for the 
methodological review. Thus, the same 70 eligible articles 
were included in both the bibliometric analysis and the 
methodological review. Study screening and data 
extraction were conducted by one reviewer according to 
the predefined eligibility criteria. Eligibility decisions and 
extracted information were subsequently rechecked 
against the source articles to ensure consistency. 

2.3. Bibliometric Analysis 

Bibliometric analysis was performed to characterize the 
development and structure of research on natural 
product-based in silico drug discovery for AD. The analysis 
included performance analysis to assess publication 
growth and research contributions, as well as science 
mapping to examine the field's conceptual and 
intellectual structure [30]. 

Bibliographic data were analyzed using 
bibliometrix/Biblioshiny and VOSviewer. 
Bibliometrix/Biblioshiny processed bibliographic 
metadata and analyzed publication productivity, 
publication sources, geographical distribution, citation 
patterns, and thematic development [31]. VOSviewer was 
used to construct and visualize author-keyword co-
occurrence and cited-reference co-citation networks [32]. 

The initial analysis covered the corpus's general 
characteristics, annual and cumulative publication 
growth, publication sources, geographical distribution by 
author affiliation, and document citation patterns. 
Geographical distribution was calculated based 
on author affiliations using full counting, whereas citation 
patterns were evaluated using total citations (TC) and 
total citations per year (TCY). The conceptual structure of 
the field was assessed through author-keyword co-
occurrence analysis using full counting with a minimum 
threshold of two keyword occurrences. Temporal 
changes in keywords were examined using overlay 
visualization based on the average publication year. 

Thematic development was further analyzed using 
thematic evolution and thematic mapping by dividing the 
publication period into 2020–2024 and 2025–2026. This 
division was used to compare themes from the earlier 
and more recent publication periods while maintaining 
broadly comparable document volumes. Because the 
second period included records only through August 
2026, differences between the two periods were 
interpreted descriptively rather than as definitive 
evidence of theme emergence or disappearance. 
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Figure 1. PRISMA flow diagram of the study selection process. 
 
The intellectual structure of the field was examined using 
cited-reference co-citation analysis. Before network 
construction, author keywords were harmonized 
conservatively by normalizing spelling and case variants, 
merging clear synonyms and direct naming variants, and 
removing within-record duplicates. Distinct concepts 
were retained separately. Duplicate cited-reference 
variants referring to the same source were standardized 
to a single reference form. The co-citation network 
included the 40 cited references with the highest total link 
strength (TLS) in VOSviewer, and the resulting clusters 
were interpreted according to the characteristics of the 
references within each group. 

2.4. Methodological Review and Data Extraction 

The methodological review included all 70 articles in the 
final corpus and evaluated the application of in silico 
approaches in natural product research for AD. The 
review focused on the main computational methods 
used, the sequence of analyses, relationships between 
analytical stages, and variation in methodological 
procedures and reporting during candidate prioritization. 

Data were extracted using a structured matrix that 
covered the source and method of candidate compound 
selection; drug-likeness and ADMET assessment; target 
prediction and prioritization; network pharmacology, 
protein-protein interaction (PPI), Gene Ontology (GO), 
and pathway enrichment analyses; molecular docking; 
and molecular dynamics and binding-energy analyses 
when reported. Information on databases, 
computational resources, software, selection criteria, 
thresholds, analytical parameters, and protocol 
validation was also recorded when explicitly reported in 
the source articles. 

In this review, dedicated ADMET screening was defined 
as the explicit evaluation of pharmacokinetic and/or 
toxicity properties beyond routine screening variables 

such as oral bioavailability and drug-likeness, using 
dedicated ADMET platforms or analyses. Routine oral 
bioavailability and drug-likeness values available in 
phytochemical databases were therefore not considered 
dedicated ADMET screening. Methodological information 
that was not explicitly stated in the articles was 
categorized as not reported and was not interpreted as 
evidence that the corresponding procedure had not been 
performed. 

The extracted data were synthesized comparatively to 
identify patterns of method use, methodological 
variation, reporting practices, and the integration of 
computational approaches across studies. Method 
combinations were also examined at the study level to 
identify recurring linkages among candidate selection, 
target prioritization, network pharmacology, molecular 
docking, and molecular dynamics. The degree of 
integration reflected differences in the extent of 
computational analysis and was not treated as a direct 
indicator of study quality because method selection 
could vary according to the objectives of individual 
studies. Accordingly, this review was descriptive and 
comparative in scope and did not constitute a formal 
assessment of methodological quality or risk of bias. 

3. Results and Discussion 

3.1. Bibliometric Landscape and Research Trends 

The Scopus search identified 126 records. After 
application of the article-type and English-language 
filters, 22 records were removed, leaving 104 records for 
title-and-abstract screening. Thirty-four records were 
excluded during screening, and the remaining 70 articles 
proceeded to full-text eligibility assessment. No articles 
were excluded at the full-text stage; therefore, all 70 
eligible articles were included in both the bibliometric 
analysis and the methodological review (Figure 1). 
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Table 1. Main characteristics of the bibliometric dataset on natural product-based in silico research for AD, 2020–2026. 

Characteristic Description Value 
Main dataset information   
Time span Publication period covered by the dataset 2020–2026 
Documents Number of articles meeting the inclusion criteria and analyzed 70 
Sources Number of journals/publication sources represented in the corpus 43 
Annual growth rate Average annual publication growth rate over the analysis period 49.13% 
Average document age Average publication age at the time of analysis 1.59 years 
Average citations per document Average number of citations received per article 7.50 
Document contents   
Index keywords Number of unique terms recorded as Scopus Index Keywords 1,472 
Author keywords Number of unique keywords assigned by authors 229 
Authors   
Authors Number of unique authors based on Scopus Author ID 564 
Authors of single-authored documents Number of authors publishing individually 3 
Author collaboration   
Single-authored documents Number of articles with only one author 3 
Co-authors per document Average number of authors involved per article 8.46 
International co-authorship Percentage of articles involving affiliations from more than one country 15.71% 

 

Figure 2. Annual scientific production and cumulative publication growth, 2020–2026. The 2026 data represent an incomplete year of 
publications. 

 
These 70 articles were published across 43 sources 
between 2020 and 2026. Although the unrestricted 
search retrieved four records published before 2020, 
none met the predefined eligibility criteria. Two records 
did not apply a relevant in silico approach, while the other 
two did not specifically evaluate AD. Thus, the 2020 
starting point of the final corpus reflects the eligibility 
criteria rather than a publication-year restriction. Overall, 
the characteristics summarized in Table 1 indicate that 
research on the in silico identification of natural product-
derived candidates for atopic dermatitis is relatively 
recent. 

The mean document age was 1.59 years, with an annual 
publication growth rate of 49.13%. Because the 2026 data 
cover only January through August, the annual growth 
rate of 49.13% should be interpreted cautiously and does 
not represent a complete-year comparison. This pattern 

indicates that much of the corpus was published within 
the past few years and that the concepts, methods, and 
research directions in this field remain dynamic and may 
continue to evolve as new studies emerge. The corpus 
included contributions from 564 authors, with an average 
of 8.46 co-authors per document, whereas only three 
articles were single-authored. International co-
authorship accounted for 15.71% of the corpus. The 
corpus also contained 229 author keywords and 1,472 
index keywords, reflecting considerable terminological 
diversity and providing a basis for examining the 
structure and evolution of research themes. 

3.1.1. Publication Growth and Landscape  

Annual scientific production increased over the period 
from 2020 through August 2026 (Figure 2). Publication 
output was initially low, with two articles in 2020 and one  
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Figure 3. Top 10 most relevant publication sources based on the number of documents. 
 
in 2021, before increasing to five articles in 2022. Growth 
became more evident from 2023 onwards, with 11 
articles in 2023, 12 in 2024, 17 in 2025, and 22 by August 
2026. In parallel, the cumulative number of publications 
increased from two articles in 2020 to eight in 2022, 19 in 
2023, 31 in 2024, 48 in 2025, and 70 in 2026. The 
increasingly steep cumulative curve after 2022 indicates 
that most articles in the corpus were published in recent 
years. Although 2026 already had the highest publication 
count within the observation period, the year was 
incomplete at the time of analysis, and the total may 
therefore continue to increase by the end of the year. 
Overall, this pattern indicates growing research activity in 
the in silico discovery of natural product-derived 
candidates for AD, particularly since 2023. 

3.1.2. Sources and Geographical Distribution 

The distribution of publication sources showed that the 
corpus was not concentrated in a single journal (Figure 3). 
Journal of Ethnopharmacology was the most prolific 
source, with ten articles, followed by Phytomedicine with 
six. Drug Design, Development and Therapy, International 
Journal of Molecular Sciences, and Journal of Inflammation 
Research each published three articles. Biochemical 
Pharmacology, Biomedicine and Pharmacotherapy, 
Biomolecules, Computational Biology and Chemistry, and 
Frontiers in Pharmacology each contributed two articles. 
Collectively, these ten sources accounted for half of the 
corpus, comprising 35 of 70 articles, whereas the 
remaining 35 articles were distributed across 33 different 
sources. Thus, although Journal of Ethnopharmacology 
and Phytomedicine were the leading publication venues, 
the literature was broadly dispersed across other 
journals. This distribution reflects the field's 

multidisciplinary character, spanning natural products 
and pharmacology as well as molecular biology, 
inflammation, and computational research. 

A different pattern emerged when the geographical 
distribution of research contributions was examined 
(Figure 4). In contrast to the relatively broad distribution 
of publication sources, research contributions by author 
affiliation were strongly concentrated in several Asian 
countries. Under the full-counting approach used by 
Biblioshiny, the counting unit represented country 
occurrences in the author-affiliation data rather than 
unique documents. Consequently, a single publication 
could contribute multiple country-affiliation occurrences, 
and the resulting country-production frequencies totaled 
251 across the 70-document corpus. China had the 
highest frequency, with 171 contributions (68.1% of the 
total country-production frequency), followed by South 
Korea with 34 (13.5%), Italy with 13 (5.2%), Indonesia with 
8 (3.2%), Bangladesh and Japan with 5 each (2.0%), and 
Malaysia and Qatar with 3 each (1.2%). The remaining 
countries together accounted for 9 contributions (3.6%). 
These findings indicate that the country-production 
frequency was strongly concentrated in China. 

China's dominant contribution may partly reflect the 
strong representation of Traditional Chinese Medicine 
(TCM)-based research in the corpus, in which natural 
products and herbal formulations are frequently used as 
sources of candidates for computational investigation 
[16, 27]. This pattern may also have been influenced by 
the coverage of Scopus and the English-language 
restriction applied in this review. It should therefore not 
be interpreted as a complete representation of global 
research activity. Nevertheless, continued advances in  
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Figure 4. Geographical distribution of scientific production based on author affiliations. (A) Country-level scientific production; (B) global 
distribution of publication contributions. 

Table 2. Top 10 globally cited documents in the bibliometric corpus. 

Rank Reference Title Source TC TCY 
1 [33] Cornus officinalis ethanolic extract with potential anti-allergic, anti-

inflammatory, and antioxidant activities 
Nutrients 65 9.3 

2 [34] Dictamnine ameliorates chronic itch in DNFB-induced atopic 
dermatitis mice via inhibiting MrgprA3 

Biochemical Pharmacology 35 8.8 

3 [35] Molecular Mechanisms of Luteolin Against Atopic Dermatitis Based 
on Network Pharmacology and in vivo Experimental Validation 

Drug Design, Development 
and Therapy 

31 6.2 

4 [36] Network pharmacology and molecular docking-based prediction of 
active compounds and mechanisms of action of Cnidii Fructus in 
treating atopic dermatitis 

BMC Complementary 
Medicine and Therapies 

29 5.8 

5 [37] The active compounds and therapeutic mechanisms of pentaherbs 
formula for oral and topical treatment of atopic dermatitis based on 
network pharmacology 

Plants 25 3.6 

6 [38] Jiu-Wei-Yong-An Formula suppresses JAK1/STAT3 and MAPK 
signaling alleviates atopic dermatitis-like skin lesions 

Journal of 
Ethnopharmacology 

25 5.0 

7 [39] Network pharmacology-based analysis to explore the therapeutic 
mechanism of Cortex Dictamni on atopic dermatitis 

Journal of 
Ethnopharmacology 

25 6.2 

8 [40] Compound traditional Chinese medicine dermatitis ointment 
ameliorates inflammatory responses and dysregulation of itch-
related molecules in atopic dermatitis 

Chinese Medicine (United 
Kingdom) 

22 4.4 

9 [41] Anti-inflammatory and antioxidant properties of Camellia sinensis L. 
extract as a potential therapeutic for atopic dermatitis through NF-
κB pathway inhibition 

Scientific Reports 21 10.5 

10 [42] Phytochemical Composition, Anti-Inflammatory Property, and Anti-
Atopic Effect of Chaetomorpha linum Extract 

Marine Drugs 21 7.0 

Note: TC = Total Citations; TCY = Total citations per year 

 
computational methods and the availability of biological 
and chemical databases may provide greater 
opportunities for other countries to explore their own 
plant resources and natural products as sources of 
therapeutic candidates. 

3.1.3. Citation Impact and Influential Documents 

Beyond publication volume and distribution, citation 
analysis was used to identify the most frequently cited 
documents in the corpus (Table 2). 

Quah et al. [33] had the highest total citation count, with 
65 citations, followed by Yang et al. [34] with 35 and Tang 

et al. [35] with 31. When citation impact was considered 
on a per-year basis, however, Kim et al. [41] had the 
highest TCY value (10.5) despite accumulating only 21 
total citations. This difference likely reflects the longer 
time available for earlier publications to accrue citations. 
Considering TC and TCY together therefore provides a 
more balanced view of citation patterns across studies. 

The ten most highly cited articles also encompassed a 
range of natural products and methodological 
approaches. Some studies evaluated plant extracts and 
herbal formulations for their anti-inflammatory effects or 
their ability to improve AD-related symptoms. In contrast,  



Malacca Pharmaceutics, Vol. 4, No. 2, 2026 

 Page | 81  
 

(A) 

 
 
(B) 

 

Figure 5. Conceptual and temporal structure of author keywords. (A) Keyword co-occurrence network; (B) overlay visualization based on 
average publication year. Node size reflects keyword occurrence, links indicate co-occurrence relationships, cluster colors in panel A 

represent groups of related keywords, and overlay colors in panel B indicate the average publication year. 
 
others integrated network pharmacology, molecular 
docking, pathway analysis, and experimental validation 
to investigate molecular targets and mechanisms of 
action. For example, Tang et al. [35] combined network 
pharmacology with in vivo validation, while Khan et al. 
[36] used network pharmacology and molecular docking 
to predict active compounds and their mechanisms. 
These studies indicate that influential work in the corpus 
extends beyond assessing biological activity to 
investigating the molecular targets and mechanisms 
underlying the observed effects. 

3.1.4. Conceptual Structure and Research Trends 

After examining publication growth and distribution, the 
analysis extended to the evolution of research topics and 
methodological approaches within the corpus. The 
conceptual structure was assessed through author-
keyword co-occurrence to identify frequently used terms, 
relationships among terms, and changes in research 

focus over time (Figure 5). This analysis provides an 
overview of the major themes and approaches shaping 
the development of natural product research on AD using 
in silico methods. 

In the co-occurrence network shown in Figure 5A, 
network pharmacology was the most frequent 
methodological term, appearing 21 times, followed by 
molecular docking (13 occurrences) and molecular 
dynamics (7). Among non-methodological terms, 
inflammation was also prominent, appearing 14 times, 
while TCM appeared seven times. This pattern suggests 
that the connection between computational analysis and 
inflammatory mechanisms strongly characterizes natural 
product research on AD in the corpus. These frequencies 
reflect terms supplied by authors as author keywords 
and should not be interpreted as direct measures of how 
frequently each method was used in the included studies. 
Frequencies of actual method use were evaluated 
separately in the methodological review. 
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Table 3. Leading author keywords in the co-occurrence network. 

Author keyword Occurrences Links Total link strength (TLS) 
Network pharmacology 21 7 20 
Inflammation 14 8 13 
Molecular docking 13 5 13 
Molecular dynamics 7 4 9 
Traditional Chinese medicine 7 3 6 

Note: TLS = total link strength; links indicate the number of distinct connections with other author keywords. 
 
Network pharmacology's prominence was also reflected 
in its total link strength (TLS), which reached 20, with 
seven links to other keywords. This indicates that 
network pharmacology is strongly connected to multiple 
themes within the network. Its association with molecular 
docking suggests that the two approaches frequently co-
occur in the corpus, linking compound-target mapping 
with the evaluation of molecular interactions. In contrast, 
inflammation had the most links, with eight connections 
and a TLS of 13, indicating a strong relationship between 
inflammatory processes and other themes in the corpus. 
The appearance of terms such as skin barrier, skin barrier 
function, keratinocytes, and NF-κB further indicates 
increasing attention to more specific biological 
mechanisms relevant to AD. The presence of TCM is also 
consistent with the large contribution from China 
observed in the geographical analysis. The occurrence, 
number of links, and TLS values of the leading author 
keywords are summarized in Table 3. 

The overlay visualization in Figure 5B further illustrates 
temporal changes in research focus. TCM and network 
pharmacology tended to be associated with earlier 
publication years, whereas molecular dynamics became 
more prominent around 2025. Keywords such as 
machine learning, single-cell RNA sequencing, NF-κB 
signaling pathway, keratinocytes, and NF-κB appeared 
more recently, particularly during 2025–2026. Although 
these terms occurred relatively infrequently, their 
emergence suggests a shift from compound-target 
mapping toward more specific investigations of disease 
mechanisms, molecular interaction stability, and a wider 
range of computational approaches. 

Changes in research themes between 2020–2024 and 
2025–2026 were further examined through thematic 
evolution and thematic mapping (Figure 6). The 2020–
2024 and 2025–2026 periods contained 31 and 39 
documents, respectively. 

As shown in Figure 6A, network pharmacology remained 
present in both periods, while other themes changed 
their connections between the earlier and later periods. 
This pattern suggests that the field has developed 
through the expansion and recombination of established 
themes with newer approaches. A similar shift is evident 

in the thematic maps shown in Figure 6B. During 2020–
2024, network pharmacology was a basic theme, while 
inflammation, TCM, and skin barrier function appeared 
as niche themes. In 2025–2026, network pharmacology 
remained a basic theme and became grouped with 
molecular docking and molecular dynamics, indicating 
increasing connections among these approaches in 
natural product research for AD. During the same period, 
the NF-κB signaling pathway and single-cell RNA 
sequencing emerged as more specific themes, 
suggesting a shift toward molecular and biological 
mechanisms of disease. Overall, the changing position 
and connectivity of these themes indicate that the field is 
evolving not only through a broader range of 
computational methods but also through increasingly 
specific biological questions [6, 7]. 

3.1.5. Intellectual Structure 

After analyzing thematic development, the field's 
intellectual foundations were examined through cited-
reference co-citation analysis. The 40 references with the 
strongest connections formed four major interlinked 
clusters (Figure 7). Node size represents the citation 
frequency of a reference within the corpus, whereas links 
indicate co-citation relationships, or how frequently two 
references were cited together. 

The four clusters were not visually isolated but showed 
substantial interconnection among references. This 
pattern suggests that natural product research for AD 
using in silico approaches has developed through 
interactions among multiple knowledge domains 
spanning AD, natural products, databases, and 
computational methods. References related to target 
prediction and bioinformatics resources occupied central 
positions in the network, highlighting their role in 
connecting computational foundations with literature 
focused more directly on AD and its treatment. 

Table 4 shows that the two largest clusters each 
contained 13 references, with one centered on 
computational methods and the other on AD 
therapeutics and natural product-based network 
pharmacology. A third cluster was centered on target 
prediction, molecular docking, and bioinformatics 
resources, indicating that databases and computational  



Malacca Pharmaceutics, Vol. 4, No. 2, 2026 

 Page | 83  
 

(A) 
 

  
 
(B) 

 

Figure 6. Thematic evolution and thematic structure of author keywords across two publication periods. (A) Thematic evolution between 
2020–2024 and 2025–2026; (B) thematic maps for 2020–2024 and 2025–2026 based on centrality and density. 

 
Figure 7. Cited-reference co-citation network of the 40 most strongly connected references. Node size reflects citation frequency, links 

indicate co-citation relationships, and colors represent the identified clusters. 

Table 4. Characteristics and interpretation of cited-reference co-citation clusters. 

Cluster n Interpretive label Representative intellectual basis 
1 13 Computational pharmacology, ADMET, and 

molecular simulation foundations 
Cheatham; Cooper; Crippen; Hou; Liu; Pollastri; Walker; Woods; Yeoh; 
Zoete (SwissADME).  

2 13 Atopic dermatitis therapeutics and natural 
product-based network pharmacology 

Bieber; Gudjonsson; Lin; Paller; Ständer; Tarbox; Wang; Weidinger; 
Williams; Zeng; Zhang; Zhao. 

3 9 Target prediction, molecular docking, and 
bioinformatics resources 

Protein Data Bank; AutoDock Vina; GeneCards; PubChem; 
SwissTargetPrediction; TCMSP; ligand-target pharmacology 
references. 

4 5 Clinical, epidemiological, and diagnostic 
foundations of atopic dermatitis 

Nutten; Ormerod; Ring; Weidinger; Williams. 

Note: Representative references indicate selected intellectual bases of each cluster and do not constitute the complete list of cited references within the 
cluster. 
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Figure 8. Main in silico approaches identified across the 70 reviewed studies. 
 
tools form an important component of candidate 
identification and evaluation. A cluster focused on the 
clinical, epidemiological, and diagnostic foundations of 
AD further indicates that the field's intellectual structure 
is shaped not only by methodological references but also 
by literature that supports understanding of the disease. 
Overall, these clusters show that the field is built on the 
intersection of biological and clinical knowledge of AD 
with computational approaches used to identify and 
evaluate natural product-derived candidates. 

Overall, the bibliometric analysis shows that research on 
natural products for AD using in silico approaches has 
expanded over the past several years. Network 
pharmacology and molecular docking were the most 
frequently represented computational approaches in the 
keyword analysis, alongside the growing presence of 
molecular dynamics and more specific biological themes. 
Bibliometric analysis, however, primarily characterizes 
growth patterns, thematic relationships, and knowledge 
structure. The following section therefore examines in 
greater detail how candidates were selected, targets 
were prioritized, computational methods were applied, 
and different analytical stages were linked within 
individual studies. 

3.2. Methodological Review of In Silico Strategies for Natural 
Product-Derived Candidates in Atopic Dermatitis 

Across the 70 articles reviewed, in silico research on 
natural products for atopic dermatitis employed a 
diverse range of computational methods (Figure 8). 
Molecular docking was the most frequently used 
approach, appearing in 57 of 70 studies [17, 19–23, 33–
83], followed by network pharmacology in 53 studies [19, 
20, 22, 23, 35–39, 43–50, 52, 54–56, 62, 63, 66–81, 83–96], 
molecular dynamics (MD) in 18 studies [20–23, 45, 51, 56, 
57, 59, 60, 63–65, 73–75, 78, 81], and dedicated ADMET 
screening in 11 studies [21, 23, 44, 45, 54, 57, 59, 60, 65, 
66, 86]. These differences in frequency reflect variation in 
study objectives and analytical depth. Consequently, the 
use of a larger number of methods should not be 
interpreted as evidence of higher study quality; rather, 

each method should be considered in relation to its 
intended function and how its output informs 
subsequent analytical stages. 

The first major variation arose at the candidate 
compound selection stage. Database-driven candidate 
selection was widely applied across studies using herbal 
formulations, medicinal plants, and isolated natural 
compounds. Candidate compounds were generally 
retrieved from phytochemical or traditional medicine 
databases and subsequently evaluated through drug-
likeness screening, target prediction, network 
pharmacology, or molecular docking [22, 35–39, 43, 46–
48, 54, 63, 78, 84, 85]. This approach allows efficient 
screening of large numbers of compounds and links them 
to physicochemical properties, drug-likeness, and 
predicted targets. However, the presence of a compound 
in a database does not necessarily establish that it is 
present in the specific biological material or sample 
examined in a given study. 

Other studies performed chemical profiling using 
analytical platforms such as UHPLC-MS/MS, GC-MS, LC-
MS/MS, or UPLC-MS/MS before subjecting the detected 
compounds to in silico analysis. This approach provides a 
more direct connection between computational 
candidates and the composition of the material actually 
analyzed. Nevertheless, analytical detection alone does 
not establish that a detected compound is the most 
active or biologically relevant component. Several studies 
in the corpus followed this analytically anchored strategy 
by characterizing the chemical constituents of the 
investigated material before or alongside subsequent 
computational evaluation [17, 33, 41, 42, 44, 53, 91]. 
Database-driven selection therefore offers broad and 
efficient candidate exploration, whereas chemical 
profiling provides closer correspondence between 
computational candidates and the measured 
composition of the sample. Either strategy may be 
appropriate depending on the study objective and 
characteristics of the natural product under 
investigation. 
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After identifying candidate compounds, some studies 
used drug-likeness, pharmacokinetic, and toxicity 
assessments to prioritize candidates further [23, 54, 65]. 
Dedicated ADMET screening was clearly identified in 11 
of 70 studies (15.7%), making it less frequent than 
network pharmacology or molecular docking. This lower 
frequency should not automatically be seen as a 
methodological weakness because the relevance of 
ADMET assessment depends on the study's purpose. 
When the objective is to prioritize candidates for further 
development, information on physicochemical 
properties, absorption, distribution, metabolism, 
excretion, and toxicity can help narrow the candidate set 
before target-based analyses. 

Several studies also tailored screening parameters to the 
intended route of administration [97]. Mohammad et al. 
[22], for example, used oral bioavailability and drug-
likeness in selecting Panax ginseng candidates while 
retaining compounds with lower oral bioavailability for 
possible topical use. In contrast, El Bouamri et al. [65] 
evaluated Aloe vera compounds using skin-related 
parameters such as skin permeability, dermal 
absorption, and skin irritation. These examples indicate 
that ADMET assessment is more informative when the 
selected parameters align with the intended route of 
administration. This consideration is particularly relevant 
in AD, where candidates may be developed for either oral 
or topical administration. The databases and 
computational resources used for candidate 
identification and screening are summarized in Table 5. 

After candidate selection, most studies mapped targets 
potentially associated with AD. Network pharmacology 
was used in 53 of 70 studies (75.7%) and represented one 
of the principal computational approaches in the corpus. 
This frequent use aligns with both the multicomponent 
nature of natural products and the involvement of 
multiple proteins and biological pathways in AD 
pathogenesis. A typical workflow involved compound-
target prediction, collection of disease-associated 
targets, identification of overlapping targets, 
construction of protein-protein interaction (PPI) 
networks, and Gene Ontology (GO) and pathway 
enrichment analyses [22, 36, 43]. This sequence narrows 
large numbers of potential compound-target 
relationships into more focused sets of targets and 
pathways. The databases and computational resources 
supporting these stages are summarized in Table 6. 

Each stage of network pharmacology contributes a 
different type of information. Intersection analysis 
identifies targets associated with both candidate 
compounds and the disease, whereas PPI analysis 

examines relationships among targets and helps identify 
proteins occupying influential positions within the 
network. GO and pathway enrichment analyses then 
provide biological context for the resulting target set. 
These analytical stages allow network pharmacology to 
function primarily as a hypothesis-generation and target-
prioritization framework for organizing multicomponent 
and multitarget relationships. 

However, targets prioritized through network 
pharmacology should be interpreted cautiously [27]. A 
protein may be prioritized because it appears in an 
intersection set or has high degree, betweenness, or 
centrality values; however, its apparent importance 
remains dependent on the databases, selection criteria, 
and network parameters used. The same consideration 
applies to GO and pathway enrichment analyses, whose 
results depend on the target set submitted for analysis. 
Accordingly, interpretation should consider not only 
which targets rank highest but also how those targets 
were selected and reported. 

Among the 53 studies using network pharmacology, 47 
(88.7%) explicitly combined candidate- or compound-
target sources with disease-target sources, whereas two 
(3.8%) reported candidate-target sources only, one (1.9%) 
reported a disease-target source only, and three (5.7%) 
did not explicitly identify either source category. This 
distribution illustrates that target sets were commonly 
generated by combining information from multiple 
public databases and prediction resources. However, 
overlap among database-derived targets does not by 
itself establish biological specificity to AD because 
database content, prediction algorithms, and inclusion 
thresholds may differ across resources. Downstream 
experimental and/or clinical follow-up was identified in 
41 of the 53 studies (77.4%), whereas 12 (22.6%) 
remained computational only. Under a stricter criterion 
requiring an explicit link between a network-prioritized 
target or pathway and subsequent experimental 
confirmation, only 16 studies (30.2%) met this criterion. 
Thus, experimental or clinical follow-up should not be 
interpreted as evidence that every network-predicted 
target or pathway was independently confirmed. 

More recent studies also incorporated data-driven 
approaches to complement conventional database-
based target prioritization. Machine learning was used in 
four studies (5.7%) to refine key gene or target selection. 
In comparison, single-cell RNA sequencing was reported 
in five studies (7.1%) to provide cell-level gene-expression 
information [43, 56, 69, 70, 94]. Spatial transcriptomics 
was identified in only one study (1.4%) and was integrated  
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Table 5. Databases and computational resources used for compound retrieval, preliminary screening, and dedicated ADMET evaluation. 

Database/ 
resource 

Main purpose Use in corpus,  
n (%) 

Representative 
source articles 

TCMSP Retrieval and preliminary screening of herbal compounds, 
including OB/DL information 

35/70 (50.0%) [22, 36, 37] 

HERB Retrieval of herbal ingredients, targets, and TCM-related 
information 

17/70 (24.3%) [38, 44, 70] 

SwissADME Drug-likeness, physicochemical, and pharmacokinetic 
prediction 

10/70 (14.3%) [54, 59, 65] 

pkCSM Prediction of pharmacokinetic and toxicity properties 4/70 (5.7%) [54, 59, 65] 
PreADMET ADME/toxicity prediction, including skin-related parameters 1/70 (1.4%) [65] 
ADMETlab Integrated ADMET prediction 1/70 (1.4%) [23] 
QikProp Prediction of drug-like and pharmacokinetic descriptors 1/70 (1.4%) [57] 
ProTox-II/III In silico toxicity prediction 1/70 (1.4%) [60] 

Note: Resource-use counts are not mutually exclusive because individual studies may use more than one ADMET resource. 

Table 6. Main databases and computational resources used for target mapping, network pharmacology, and pathway analysis. 

Database/ 
resource 

Main purpose Use in corpus,  
n (%) 

Representative 
source articles 

SwissTargetPrediction Prediction of potential compound targets 28/70 (40.0%) [22, 36, 54] 
DrugBank Drug-target and target-related information 9/70 (12.9%) [37, 42, 85] 
PharmMapper Pharmacophore-based target prediction 4/70 (5.7%) [62, 66, 71] 
GeneCards Retrieval of AD-associated genes/targets 36/70 (51.4%) [22, 36, 37] 
OMIM Retrieval of disease-associated genes 22/70 (31.4%) [22, 37, 69] 
DisGeNET Disease-gene association retrieval 17/70 (24.3%) [22, 43, 44] 
TTD Therapeutic target retrieval 14/70 (20.0%) [35, 47, 84] 
GEO Gene-expression datasets for transcriptomic/bioinformatic 

integration 
10/70 (14.3%) [54, 56, 81] 

STRING Construction of protein-protein interaction networks 45/70 (64.3%) [22, 36, 43] 
Cytoscape Network visualization and hub-target analysis 43/70 (61.4%) [22, 36, 44] 
DAVID GO and pathway enrichment analysis 32/70 (45.7%) [22, 36, 37] 
Metascape Functional enrichment and pathway/network interpretation 8/70 (11.4%) [49, 52, 81] 

 
with single-cell analysis [74]. Given their limited use in the 
current corpus, these approaches should be regarded as 
emerging strategies rather than evidence of a field-wide 
methodological transition. 

Following target prioritization, molecular docking was the 
most widely used approach in the corpus, appearing in 
57 of 70 studies (81.4%). Docking adds a structural layer 
of information by evaluating compound-target 
relationships identified through prediction or network 
analysis at the molecular level. Commonly reported 
outputs included binding affinity, binding pose, and 
amino acid residues interacting within the protein 
binding site [24]. Molecular docking therefore serves as 
an important bridge between target prioritization and the 
evaluation of potential molecular interactions. 

Docking protocols varied considerably in implementation 
and reporting across studies. Among the 57 docking 
studies, the docking software was explicitly reported in 
39 (68.4%), PDB identifiers in 29 (50.9%), grid or binding-
site information in 24 (42.1%), and the use of a native or 
co-crystallized ligand in 9 (15.8%). Six studies (10.5%) 
explicitly reported RMSD-based validation against a 
native, co-crystallized, or original ligand. Four of these six 

studies explicitly described the validation procedure as 
redocking, whereas the remaining two reported RMSD-
based protocol validation without explicitly using the 
term redocking. El Bouamri et al. [65], for example, 
redocked the native ligand and reported an RMSD below 
2 Å, whereas Suleman et al. [59] reported an RMSD of 
0.073 Å for redocking against COX-2. These validation 
procedures provide additional information on a docking 
protocol's ability to reproduce a known ligand position. 

The limited explicit reporting of validation does not 
necessarily indicate that docking protocols in the 
remaining studies were invalid, because methodological 
details may not have been fully reported. Rather, this 
finding highlights an opportunity to improve consistency 
in reporting docking parameters and validation 
procedures. More complete reporting would provide a 
clearer methodological basis for interpreting and 
comparing binding affinities and interaction patterns 
across studies. This is particularly important because 
docking scores and poses are influenced by receptor and 
ligand preparation, protonation states, binding-site 
definition, docking parameters, scoring procedures, and 
protocol validation. Consequently, binding affinities 
reported without sufficient information on these 
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methodological elements should be interpreted as 
computational estimates rather than directly comparable 
measures of binding strength across studies. 

Some studies subsequently evaluated docking-prioritized 
candidates using molecular dynamics. MD was used in 18 
of 70 studies (25.7%), and 13 of these studies also 
reported binding-energy or free-energy analyses. 
Whereas docking captures interactions in one or a limited 
number of poses, MD allows changes in compound-
protein complexes to be followed throughout a 
simulation trajectory. Parameters such as RMSD, RMSF, 
radius of gyration, hydrogen-bond counts, and changes 
in intermolecular interactions can be used to assess a 
complex from several complementary perspectives [20–
22, 57]. Some studies also incorporated MM/PBSA or 
MM/GBSA calculations to estimate binding energy. 

MD is therefore better regarded as a refinement stage 
that extends the information obtained from molecular 
docking. Its less frequent use than docking should not 
necessarily be considered a limitation, because not all 
research questions require additional simulation, and 
MD is substantially more computationally demanding. 
More important is whether the simulation design fits the 
research question. Variation in simulation duration, force 
field, system conditions, and analytical parameters 
further indicates that MD results should be interpreted in 
the context of the overall simulation design rather than 
based on a single metric such as RMSD. 

When the methods were considered together, 
substantial variation was evident in the depth of 
computational integration. Network pharmacology and 
molecular docking were used together in 40 of 70 studies 
(57.1%). In these studies, network pharmacology 
generally served to prioritize candidate targets, which 
were subsequently evaluated through molecular 
docking. Eleven studies (15.7%) extended this 
combination to molecular dynamics to further evaluate 
the behavior and stability of selected compound-target 
complexes. Only two studies (2.9%) additionally 
incorporated dedicated ADMET screening alongside 
network pharmacology, molecular docking, and 
molecular dynamics. These patterns indicate that the 
most frequently observed linkage connected target 
prioritization with structural interaction assessment, 
while MD and dedicated ADMET evaluation were 
incorporated less consistently. 

However, the presence of multiple methods within the 
same study does not necessarily indicate a fully 
connected analytical workflow or higher study quality. A 
study using only molecular docking may still provide 
relevant information when the research question 

specifically concerns a candidate's interaction with a 
defined target, and MD does not need to be included in 
every study. Methodological integration is therefore 
better assessed by whether the selected approaches fit 
the study objectives and whether the output of one 
analytical stage logically informs the next.  

Overall, the methodological review showed that the main 
strength of in silico approaches in natural product 
research for AD lies in their ability to progressively 
narrow the analytical space. ADMET assessment provides 
information on candidate suitability, network 
pharmacology helps simplify complex multicomponent 
and multitarget relationships, molecular docking 
evaluates potential interactions at the structural level, 
and MD extends the analysis to the dynamics of 
candidate-target complexes. Each approach therefore 
serves a distinct function and can complement the 
others. The key issue is not the number of methods 
applied, but aligning each method with the study 
objective, ensuring transparent criteria, and maintaining 
continuity of information across analytical stages. 

3.3. Methodological Considerations and Future Directions 

Based on the patterns identified, future research does 
not necessarily need to incorporate every in silico 
approach into a single pipeline. A more appropriate 
strategy is to align computational stages with the study's 
specific objective. Studies in early candidate exploration 
may place greater emphasis on compound screening, 
ADMET assessment, and target prediction. In contrast, 
studies with predefined targets may focus more directly 
on molecular docking. MD can then be applied selectively 
when further evaluation of key candidate-target complex 
dynamics is required. This approach gives each method a 
clear purpose and avoids adding analytical steps simply 
because they are available. Computational predictions 
should be interpreted as evidence for candidate and 
target prioritization and molecular interaction 
assessment, not as equivalent to experimentally 
validated biological activity. Where experimental 
evidence was reported, it was treated as supporting 
evidence rather than part of the review's primary 
methodological comparison. 

Another area that could be strengthened is the 
transparency and consistency of methodological 
reporting. For ADMET assessment, the parameters and 
thresholds used should be clearly stated and aligned with 
the intended route of administration. In network 
pharmacology, database sources, intersection criteria, 
PPI parameters, and the basis for hub-target selection 
should be explicitly reported. For molecular docking, 
protein and ligand preparation, binding-site definition, 
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docking parameters, and validation procedures should 
be reported to improve reproducibility. Similarly, MD 
studies should report simulation duration, force field, 
system conditions, and analytical parameters 
comprehensively. 

Advances in machine learning, transcriptomics, single-
cell analysis, and other bioinformatics approaches also 
create opportunities to expand strategies for candidate 
and target prioritization. However, their use should 
remain guided by the research question and the type of 
information required. Overall, the field may benefit from 
more purpose-driven in silico strategies, clearer reporting 
of methods and parameters, and more explicit 
connections between analytical stages. Future 
methodological development should therefore focus not 
simply on adding more computational methods, but on 
more clearly defining each method's role in prioritizing 
natural product-derived candidates for AD. 

3.4. Limitations 

Several limitations should be considered when 
interpreting this review. The corpus was retrieved 
exclusively from Scopus and restricted to articles 
published in English. Consequently, potentially relevant 
studies published in other languages may not have been 
captured. In addition, the 2026 data reflect an incomplete 
publication year, while citation counts may change 
depending on the date of data collection. Methodological 
comparisons also relied on information explicitly 
reported in individual articles; therefore, parameters 
categorized as not reported should not be interpreted as 
procedures that were necessarily omitted. Differences in 
study objectives and designs should also be considered 
when comparing the use of computational methods 
across studies. 

4. Conclusions 

Natural product-based in silico drug discovery for atopic 
dermatitis is a relatively recent research field. Although 
the literature search was not restricted by publication 
year, the earliest article meeting the inclusion criteria in 
the corpus was published in 2020. Since then, publication 
activity has increased, and approaches have expanded 
from compound-target mapping to a broader range of 
computational analyses, including assessment of 
candidate properties, target prioritization, molecular 
interaction analysis, and complex dynamics. 

The methodological review shows that the studies in this 
field have not followed a single standardized workflow. 
Differences in candidate sources, databases, selection 
criteria, analytical parameters, and method combinations 
reflect the diversity of computational strategies used to 

address different research objectives. Accordingly, using 
more methods does not necessarily indicate a better 
approach. Greater importance should be placed on a 
clear rationale for candidate and target selection, 
alignment of methods with study objectives, transparent 
reporting of analytical parameters, and logical continuity 
between successive analytical stages. These findings 
should be interpreted within the limitations of a Scopus-
only, English-language corpus, the incomplete 2026 
observation period, and methodological comparisons 
based on information explicitly reported in the included 
studies; therefore, information categorized as not 
reported should not be interpreted as evidence that the 
corresponding procedure was not performed. For future 
studies, greater consistency in reporting the basis for 
candidate and target prioritization, key analytical 
parameters, docking validation, and MD settings where 
applicable would improve transparency and 
reproducibility. 
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