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Abstract [ Objectives ] Using Calamine Zinc Oxide Phytocomplex Cream as an example, this study employed network pharmacology to inves-
tigate the therapeutic potential and mechanism of action of the combination of calamine, zinc oxide, and plant extracts in eczema intervention.
[ Methods ] Active constituents of Calamine Zinc Oxide Phytocomplex Cream were identified through screening using the HIT2.0, HERB, and
TCMSP databases. Corresponding targets of the active constituents were predicted using NetInfer. The collected targets were intersected with
eczema and atopic dermatitis (AD)-related targets obtained from the GeneCards database to identify the effective therapeutic targets of Cala-
mine Zinc Oxide Phytocomplex Cream. The network diagram of effective active constituents versus therapeutic targets for Calamine Zinc Oxide
Phytocomplex Cream was constructed and subjected to topological analysis using Cytoscape software. The Protein-Protein Interaction (PPI) net-
work was established and analyzed using the String database, Cytoscape software, and the cytoHubba plugin to identify key hub genes. Gene
Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were performed on
the therapeutic targets using the DAVID database. [ Results | Screening identified 57 active constituents in Calamine Zinc Oxide Phytocomplex
Cream, corresponding to 601 potential targets. Subsequent analysis revealed 72 core therapeutic targets of Calamine Zinc Oxide Phytocomplex
Cream specifically relevant to eczema and AD. Analysis of the network diagram suggested that Calamine Zinc Oxide Phytocomplex Cream may
exert anti-inflammatory and immunomodulatory effects through active constituents such as quercetin, luteolin, and apigenin, while concurrently
repairing skin barrier function by acting on targets including AKT1, NF-kB, and STAT3. Furthermore, the inclusion of mineral-based medi-
cines provides additional functions such as itch relief and reinforcement of the skin barrier. [ Conclusions] Calamine Zinc Oxide Phytocomplex
Cream combines organic and inorganic constituents, synergistically alleviating the adverse symptoms of eczema and AD through multiple path-

ways.
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1 Introduction

Eczema is an inflammatory skin disease that can be classified into
types such as eyelid eczema, perioral eczema ( drool rash) , hand-
foot eczema, and leg eczema. It often manifests with undesirable
symptoms including skin redness, swelling, scaling, and exuda-

7] The most common form of eczema is atopic dermatitis

tion
(AD) , sometimes referred to as atopic eczema'' . AD is charac-
terized by pruritus (itching), which often intensifies at night.
This excessive itching can further lead to sleep disturbances, anxi-
ety, hyperactivity, and depression”’. The age of onset for AD
primarily ranges from three months to 60 years, with a higher
prevalence among children; however, onset after 60 years of age is
still possible™®’. Tts pathogenesis involves dysregulation of both the
innate and adaptive immune systems. Genetically, filagerin muta-
tions lead to increased skin barrier permeability, facilitating the
penetration of allergens into deeper skin layers. This heightens the
chance of allergen encounter with antigen-presenting cells, thereby
initiating a complex immune response’”’. Due to genetic factors
and certain unavoidable environmental triggers, the susceptibility

to and recurrent nature of eczema necessitate long-term therapy fo-
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cused on anti-inflammation, itch relief, and barrier repair.

For centuries, zinc, whether in elemental or salt form, has
played a pivotal role in biology and medicine. Topical formulations
containing zinc oxide, calamine, and others have been used as ac-
tive ingredients in photoprotective agents, soothing preparations,
or anti-dandruff shampoos'® . The clinically common Calamine Lo-
tion (CL) , primarily composed of calamine, zinc oxide, and glyc-
erol, possesses astringent, antipruritic, antiseptic, hemostatic,
antibacterial, moisturizing, and protective properties. Conse-
quently, it is used to manage skin inflammation, rashes, and pru-

7. On the other hand, numerous traditional Chinese medi-

ritus
cines (TCM) have demonstrated good efficacy in eczema treat-
ment, with the unique advantage of relatively low adverse
effects'®’. The Renhe Calamine Zinc Oxide Phytocomplex Protec-
tive Cream ( hereinafter referred to as Calamine Zinc Oxide Phyto-
complex Cream ), which combines plant extracts (such as sun-
flower seed, Centella Asiatica, and purslane) with calamine and
zinc oxide, can simultaneously ameliorate eczema inflammation
and skin dryness symptoms. However, the specific synergistic
mechanisms remain unclear. This study, based on network phar-
macology, takes Calamine Zinc Oxide Phytocomplex Cream as the
analytical subject to investigate the molecular mechanisms underly-
ing the combined use of calamine, zinc oxide, and plant extracts.
The aim is to further optimize product concentration ratios and pro-

mote the development and utilization of natural medicinal resources.
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2 Materials and methods

2.1 Screening of active constituents and corresponding tar-
gets Active constituents of Calamine Zinc Oxide Phytocomplex
Cream were collected using the Herbal Ingredients’ Targets Plat-
form ( HIT2. 0, http://www. badd-cao. net; 2345/) and the
HERB database (http;//herb. ac. cn/). To enhance data authen-
ticity and reliability, the collected active constituents were input
into the Traditional Chinese Medicine Systems Pharmacology Data-
base and Analysis Platform (TCMSP). Screening criteria were set
as Topological Polar Surface Area (TPSA) < 140 and Drug-like-
ness (DL) = 0.18. The active constituents obtained from screen-
ing, along with zinc oxide and the main component of calamine
(zinc carbonate ), were input into Netlnfer (https://Immd. ec-
ust. edu. cn/netinfer/) to predict their corresponding targets. For
each compound, the top 50 predicted targets by score were select-
ed to enhance relevance.

2.2 Screening of eczema-related targets Using the keywords
"Eczema" and " Atopic dermatitis", relevant targets were re-
trieved from the GeneCards database ( https://www. genecards.
org/). Targets with a Relevance score greater than the average
value, indicating high relevance to disease pathogenesis and de-
velopment, were selected. Target information was imported into
the Hiplot biomedical data online visualization tool ( https://hip-
lot. en) to generate a Venn diagram for identifying targets with po-
tential regulatory effects on eczema.

2.3 Construction of the effective active constituents-thera-
peutic targets network Cytoscape 3. 10. 1 software was used for
the visual analysis of the effective active constituents and thera-
peutic targets obtained in Section 2.2, constructing the effective
active constituents-therapeutic targets network. Nodes represented
the active compounds of Calamine Zinc Oxide Phytocomplex
Cream and their corresponding targets, while edges represented
the interaction relationships between them. Topological analysis
was performed on the established network graph. The importance
of nodes within the network was evaluated using Degree and Be-
tweenness Centrality metrics.

2.4 Construction and analysis of the Protein-Protein Inter-
action (PPI) network The genes corresponding to the thera-
peutic targets of Calamine Zinc Oxide Phytocomplex Cream rele-
vant to eczema, obtained in Section 2. 2, were input into the
String database (https://string-db. org) to establish the PPI net-
work. The established PPI network information was imported into
Cytoscape 3.10.1 software. The cytoHubba plugin’s Maximal
Clique Centrality ( MCC) algorithm was utilized to analyze and
identify hub gene targets within the PPI network.

2.5 Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes ( KEGG) pathway enrichment analysis The
coding gene information for the therapeutic targets of Calamine
Zine Oxide Phytocomplex Cream relevant to eczema, acquired in
Section 2.2, was input into the DAVID database (https://david.
nciferf. gov). GO functional analysis and KEGG pathway enrich-

ment analysis were performed using " Homo sapiens" as the analy-
sis species, under the condition of P <0.01. The output analysis
data were visualized using Hiplot to obtain information on biologi-
cal functions and pathways highly correlated with pharmacological

activity.

3 Results and analysis

3.1 Analysis of active constituents and therapeutic targets
Based on the screening criteria, 55 active compounds derived from
medicinal plants were identified in the TCMSP database, as listed
in Table 1. The targets corresponding to the 55 active constitu-
ents, zinc oxide, and the main component of calamine (zinc car-
bonate) were input into the UniProt database for name standardi-
zation and deduplication, resulting in 601 corresponding therapeu-

tic targets.

Table 1 Active constituents ( 7PSA <140, DL =0.18)

No. CAS Molecule name ~ TPSA DL Medicinal plants

1 8348-7 Stigmasterol 20.23 0.76 Ophiopogon japonicus

2 508-02-1 Oleanolic acid 57.53  0.76 O. japonicus;
Olea europaea

485-72-3 Formononetin 59.67 0.21 Sophora flavescens

4 520-36-5 Apigenin 90.90 0.21 S. flavescens; Portulaca
oleracea; Centella asiati-
ca; Chrysanthellum indi-
cum

5 117-39-5 Quercetin 131.36 0.28 S. flavescens; P. olera-
cea; C. asiatica; C. in-
dicum

6 491-80-5 Biochanin 79.90 0.24 S. flavescens

7 520-332 Hesperetin 96.22  0.27 S. flavescens

8 6754-58-1  Xanthohumol 86.99 0.35 S. flavescens

9  53846-50-7 8-Prenylnaringenin 90.90 0.38 S. flavescens

10 491-70-3 Luteolin 111.13  0.25 S. flavescens; P. olera-
cea; C. indicum

11 855746984 Kurarinol 116.45 0.67 S. flavescens

12 2035-15-6  Maackiain 57.15 0.54 S. flavescens

13 70872-29-6  Isoxanthohumol 75.99 0.39 S. flavescens

14 20575-579 Calycosin 79.90 0.24 S. flavescens

15 8346-5 Beta-Sitosterol 20.23 0.71 S. flavescens; P. olera-
cea; C. asiatica

16 54547-1  Lupeol 0.00 0.77 > Jlavescenss P olera-
cea; C. asiatica

17 446-720 Genistein 90.90 0.21 S. flavescens

18 519-02-8 Matrine 23.55 0.25 S. flavescens

19 16837-52-8 Oxymatrine 37.38 0.28 S. flavescens

20 6483-154  Sophocarpine 23.55 0.25 S. flavescens

21 6882-684  Sophoridine 23.55 0.25 S. flavescens

22 6882-66-2  Sophoramine 25.24 0.25 S. flavescens

23 13392-26-2 Catechin 110.38 0.24 P. oleracea; C. asiatica

24 208-0334  Arachidonic Acid  37.30 0.20 P. oleracea

25 520-18-3 Kaempferol 111.13  0.24 P. oleracea; C. asiati-

ca; C. indicum

(To be continued)
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38 nodes. 37 nodes satisfied both criteria simultaneously (Table 2).
Table 2 identifies S. flavescens, C. asiatica, and P. oleracea as
core medicinal plants; Quercetin, Luteolin, and Apigenin as
pivotal active compounds; and ADRB2, MAOA, NR3Cl among
others as key therapeutic targets.

AD severity correlates with immune-inflammatory dysregula-
tion and elevated cytokine expression. IL-4 and IL-13 lower senso-
ry neuron thresholds to pruritogenic stimuli, activating immune
cells and itch-sensing nerve fibers to induce pruritus’®’. S. flaves-
cens, a traditional Chinese herb, demonstrates efficacy against ec-
zema and atopic dermatitis'’®’. Pharmacological studies reveal that
oxymatrine—a primary active constituent—inhibits mast cell de-
granulation and reduces release of inflammatory mediators ( hista-

mine, LTB4, 112, 11.4) , exerting therapeutic effects in ADM,

Table 2 Key nodes and topological features of the active compounds-
targets network

( Continued )

No. CAS Molecule name ~ TPSA DL Medicinal plants

26 480-19-3 Isorhamnetin 120.36  0.31 P. oleracea; C. indi-

cum

27 970-73-0 Gallocatechin 130.61 0.27 P. oleracea

28 723540-7  Beta Carotene 0.00 0.58 P. oleracea

29 77-52-1 Ursolic Acid 57.53 0.75 C. asiatica

30 4547244 Corosolic Acid 77.76 0.74 C. asiatica

31 464-92-6 Asiatic Acid 97.99 0.72 C. asiatica

32 57-88-5 Cholesterol 20.23 0.68 C. asiatica

33 490460 (-)-Epicatechin ~ 110.38 0.24 C. asiatica; C. japonica

34 34157-83-0 Celastrol 74.60 0.78 C. asiatica

35 472-15-1 Betulinic Acid 41.63 0.78 C. asiatica

36 111024 Squalene 0.00 0.42 C. asiatica

37 154234 Cianidanol 110.38 0.24 C. asiatica

38 22368214 Eupatilin 98.36 0.38 C. indicum

39 480444 Acacetin 79.90 0.24 C. indicum

40 520-34-3 Diosmetin 100.13 0.27 C. indicum

41 520-32-1 Tricin 109.36 0.34 C. indicum

42 24181-779 Fumaricine 60.39 0.72 Helianthi annui

43 478-01-3 Nobiletin 85.59 0.52 H. annui

44 52211-63-9  Quinicine 51.22 0.33 H. annui

45 3763-55-1  Rubixanthin 20.23 0.53 H. annui

46 531442 Scopolin 138.82 0.39 H. annui

47 6451-72-5  Scoulerine 62.16 0.54 H. annui

48 437341-5  Maslinicacid 77.76 0.74 H. ennui

49 148-03-8 B-tocopherol 133.06 0.70 H. ennui

50 79-63-0 Lanosterol 20.23 0.75 H. ennwi

51 14162-53-9 Oleanolic acid-28- 136.68 0.41 H. ennui
0-beta-D-glucopyr-
anoside

52 2955239  Olivil 108.61 0.41 H. enmu

53 474-624 Campesterol 20.23 0.71 Camellia japonica

54 20853-07-0 Protoaescigenin 121.38 0.69 Macadamia ternifolia

55 2181-75-1  Indicaxanthin 129.77 0.22 Opuntia ficusIndica

3.2 Intersection of therapeutic targets and disease targets
Using the keywords " Eczema" and " Atopic Dermatitis" in the
GeneCards database, targets associated with eczema were re-
trieved. Targets with Relevance scores exceeding the mean value
were selected, yielding 606 eczema-related targets and 380 atopic
dermatitis-related targets. The therapeutic targets of active constit-
uents from Calamine Zine Oxide Phytocomplex Cream and eczema-
related targets were imported into Hiplot for intersection analysis,
as depicted in Fig. 1. Analysis identified 29 eczema-specific tar-
gets, 16 atopic dermatitis-specific targets, and 27 overlapping core
targets—totaling 72 core therapeutic targets for eczema and AD in-
tervention by Calamine Zinc Oxide Phytocomplex Cream.

3.3 Analysis of the effective active constituents-therapeutic
targets network  Cytoscape 3. 10. 1 software was employed to
visualize effective active constituents and their therapeutic targets,
constructing the network diagram shown in Fig. 2. The network
comprised 139 nodes and 403 edges. Topological analysis revealed
an average node degree of 5. 80, with 67 nodes exceeding this val-
ue. The average betweenness centrality was 0. 016, surpassed by

No. Name Type Degree BE‘[WGEHI'IGSS
centrality
1 ADRB2 Target 24 0.156
2 Sophora flavescens Medicinal Plant 20 0.106
3 MAOA Target 19 0.096
4 Quercetin Compound 19 0.095
5 NR3C1 Target 18 0.083
6 TRPV1 Target 17 0.088
7 VDR Target 16 0. 068
8 Luteolin Compound 16 0.061
9 Apigenin Compound 16 0.054
10 Centella asiatica Medicinal Plant 15 0.072
11 LCK Target 15 0.047
12 Beta-Sitosterol Compound 11 0.045
13 Portulaca oleracea Medicinal Plant 11 0.043
14 Oleanolic acid Compound 10 0.071
15 Protoaescigenin Compound 10 0.047
16 Arachidonic Acid Compound 10 0.043
17 Calycosin Compound 9 0.036
18 Sophocarpine Compound 9 0.035
19  ALOXS Target 9 0.030
20 Genistein Compound 9 0.030
21 TBXA2R Target 9 0.027
22 Lupeol Compound 8 0.032
23 Beta Carotene Compound 8 0.030
24 Catechin Compound 8 0.029
25  Stigmasterol Compound 8 0.026
26 Rubixanthin Compound 8 0.025
27 Campesterol Compound 8 0.022
28  ELANE Target 8 0.021
29 Corosolic Acid Compound 7 0.031
30 Nobiletin Compound 7 0.024
31 Tricin Compound 7 0.019
32 Ursolic Acid Compound 7 0.019
33 Cholesterol Compound 6 0.033
34 Olivil Target 6 0.025
35 Cianidanol Compound 6 0.022
36 Indicaxanthin Compound 6 0.019
37 Acacetin Compound 6 0.019
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Atopic dermatitis
Fig.1 Venn diagram of eczema targets, atopic dermatitis targets,
and therapeutic targets of Calamine Zinc Oxide Phytocom-
plex Cream

NOTE 1. Portulaca oleracea; 2. Sunflower seed; 3. Opuntia ficus-in-
dica; 4. Calamine; 5. Zinc oxide; 6. Matricaria chamomilla;
7. Ophiopogon japonicus; 8. Centella asiatica; 9. Macadamia ternifo-
lia; 10. Camellia japonica; 11. Sophora flavescens; 12. Olea
europaea.
Fig.2 Active constituents-targets network of Calamine Zinc Oxide
Phytocomplex Cream

Asiatic acid from C. asiatica exhibits potent antioxidant and anti-
inflammatory activity by activating PPAR-y, thereby suppressing
LPS-induced NF-kB activation and production of PGE2, NO,
IL-6, and IL-8"*. Ethanol extracts of C. asiatica display anti-in-
flammatory and immunomodulatory effects in AD via both topical
and oral administration'"”’. Wei et al. "'’ demonstrated that P. ol-
eracea aqueous extract inhibits JAKI enzymatic activity and JAKI-
mediated STAT signaling, ameliorating skin lesions and restoring
barrier function in AD murine models. Quercetin possesses notable
antioxidant and anti-inflammatory properties; liposomal gels con-

taining quercetin exert preventive and therapeutic effects against

eczema when applied topically'”’. Luteolin modulates inflammato-
ry skin diseases like AD by suppressing cytokines including
IL-1B, 116, IL-8, IL-17, 1122, TNF-a, and COX-2"""". Api-
genin alleviates AD symptoms by downregulating MAPK, NF-kB,
and JAK/STAT signaling pathways, thereby reducing pro-inflam-

matory cytokines and mediators'”’.

Additionally, calamine and
zinc oxide, as mineral medicines, leverage physical properties to
reduce exudate in acute eczema and inhibit bacterial coloniza-
tion""".

3.4 PPI network analysis and hub gene identification The
PPI network for eczema/AD therapeutic targets comprised 72 pro-
tein nodes and 456 edges (Fig.3). Edges represent interactions;
nodes with more connections indicate greater biological signifi-

cance. The cytoHubba plugin’s MCC algorithm identified hub

genes, visualized in Fig. 4.

Fig.3 PPI network of therapeutic targets
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Fig.4 Hub genes of Calamine Zinc Oxide Phytocomplex Cream

The top five hub genes were AKT1, NFKB1, STAT3, IL-6,
and STATI1 (Fig.4). AKTI1, a key PI3K/AKT pathway protein,
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regulates cell proliferation and inflammation, implicating it in ec-
zema-related  inflammation and  barrier repair .  NF-kBl
(NFKB1), a member of the NF-kB family, is a master regulator
of inflammation. In AD pathogenesis, this pathway amplifies in-
flammatory cascades by promoting pro-inflammatory factors (e. g. ,
IL-6, TNF-a) and chemokines, exacerbating barrier disrup-
tion™". Thus, NFKBI inhibition may mitigate AD-associated
damage. STAT3 and STATI mediate JAK-STAT signaling, playing
central roles in Th17-mediated immune responses in AD"". JAK-

STAT signaling also modulates epidermal barrier function and pe-

]

ripheral nerve activity involved in itch transduction™’. Targeting

this pathway may attenuate these signals. I1-6, a pro-inflammato-

ry cytokine elevated in AD patient serum, correlates positively

[23]

with disease severity Collectively, active constituents likely

modulate eczema/AD inflammatory processes and preserve epider-
mal barrier integrity by targeting these hubs.
3.5 Gene Ontology (GO) functional analysis The 72 thera-

peutic targets of active compounds were subjected to GO functional

A GO enrichment analysis (BP) B

response to molecule of bacterial origin{ nudlear receplor actiiy-
cellular response to biotic stmulus: ligand-activated transcription factor actvity
cellula response to molecule of bacterial oigin fcosanoid receptor activity{
response to lipopolysaccharide phosphoprotein binding {
regulation ofinflammatory response scaffold protein binding
cellular response o lipopolysaccharide | prostancid receptor activity
leukocyte migration Kinase regulator activity
leukocyte cel-cell adhesion sarine-type poptdase actuity

regulation of leukocyte cell-cell adhesion cylokine receptor binding:

i

sl

response to alcohol serine hydrolase activity

10
Count

GO envichment analysis (MF) e

u
§
u
f

analysis using the DAVID database under the threshold of P <
0.01, yielding 372 significant GO terms. These comprised 270 Bi-
ological Process ( BP), 68 Molecular Function ( MF), and 34
Cellular Component (CC) terms. Data were imported into Hiplot
for visualization. Based on P-value, Q-value (Q <0.05), and
gene count enrichment, the top 10 entries for BP, MF, and CC
were selected to generate bar charts (Fig.5). Eczema-relevant BP
terms included: regulation of inflammatory response, cellular re-
sponse to lipopolysaccharide, leukocyte migration, response to
molecule of bacterial origin, and cellular response to biotic stimu-
lus. MF terms associated with eczema encompassed: cytokine re-
ceptor binding, prostanoid receptor activity, eicosanoid receptor
activity, serine-type peptidase activity, and kinase regulator activ-
ity. CC terms potentially involved in eczema pathogenesis includ-
ed: secretory granule lumen, cytoplasmic vesicle lumen, phos-
phatidylinositol 3-kinase complex, cell leading edge, and azuro-
phil granule lumen.

GO enrichment analysis (CC)

secretory granule lumen-

cytoplasmic vesicle lumen-
phosphatidylinositol 3-kinase complex.
vesicle lumen
cellleading edge-

endocyti vesicle {

azurophil granule lumen

Count Count

NOTE A. BP enrichment results; B. MF enrichment results; C. CC enrichment results.

Fig.5 GO Functional analysis of therapeutic targets

3.6 KEGG pathway enrichment analysis KEGG pathway en-
richment analysis identified 133 significant pathways (P <0.01).
Pathway data were imported into Hiplot. Based on P-value and
gene enrichment count, the top 20 pathways were visualized in a

bubble plot.
through inflammation-related pathways, including: Chemokine sig-

Fig. 6 indicates potential modulation of eczema

naling pathway, C-type lectin receptor signaling pathway, AGE-
RAGE signaling pathway in diabetic complications, Fc epsilon RI
signaling pathway, Toll-like receptor signaling pathway, and T cell
receptor signaling pathway.

Chemokines are cytokines directing cellular migration. Re-
cent studies reveal chemokines can excite nerve terminals, indu-
cing pruritus while exacerbating inflammation and compromising

skin barrier integ‘ﬂ'tym] .

C-type lectin receptors ( CLRs) orches-
trate cellular responses through complex signaling, mediating rec-
ognition of bacteria, fungi, and pathogens while regulating inflam-
matory immune responses > . Elevated Immunoglobulin E (IgE)
levels are frequently associated with allergic diseases like AD™ .
Activation of the IgE-FceRI pathway triggers mast cell degranula-
tion, releasing histamine and other mediators that induce pruritus,
vasodilation, and inflammation—a key mechanism in acute AD
flares”™ . Thus, active constituents may suppress eczema and AD
progression by modulating inflammatory immune responses and

pruritic neural signaling pathways.

KEGG enrichment analysis

Kaposi sarcoma-associated herpesvirus infection
Chemokine signaling pathway @

Hepatitis B

Human cytomegalovirus infection

C-type lectin receptor signaling pathway

Yersinia infection

AGE-RAGE signaling pathway in diabetic complications { (@)
EGFR tyrosine kinase inhibitor resistance

Prostate cancer

HIF-1 signaling pathway

Relaxin signaling pathway
Acute myeloid leukemia {

Fc epsilon R signaling pathway
Prolactin signaling pathway
Pancreatic cancer-

PD-L1 expression and PD-1 checkpoint pathway in cancer
Chagas disease

Toll-like receptor signaling pathway
T cell receptor signaling pathway
Bladder cancer{ ®

0.10 0.15 0.20
GeneRatio

XXX
¥
3

Count
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Fig.6 KEGG enrichment analysis of therapeutic targets

4 Discussion

The pathogenesis of eczema/AD is multifactorial , involving genetic
skin barrier defects, immune dysregulation, sensory neuron hyper-
sensitivity to pruritogens, skin microbiome disturbances, and envi-

ronmental triggers »

Barrier defects from filaggrin mutations,
scratching-induced damage, microbial dysbiosis, and environmen-
tal insults can increase transepidermal water loss, cause xerosis,

elevate skin surface pH, enhance epidermal permeability, and
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stimulate pro-inflammatory cytokines. Network pharmacology sug-
gests core components—particularly plant extracts—may preserve
skin barrier function by modulating inflammation, balancing im-
mune responses, and alleviating pruritus. Liquid lipid extracts
(sunflower, olive, camellia, macadamia) provide emollient and
moisturizing effects, help normalize sebum composition, and re-
store barrier function, offering adjunctive management and preven-

. . 2
tion for chronic eczema

', Furthermore, Meng et al. "' reported
calamine lotion ( containing calamine/zinc oxide) combined with
mometasone furoate ointment was more effective than monotherapy
for infantile eczema. Calamine and zinc oxide reduce exudation,
alleviate pruritus, inhibit bacterial colonization, and form a physi-
cal barrier against irritants and moisture loss. This complements

plant extract activities, enabling multi-pathway eczema mitigation.

5 Conclusions

Botanical and mineral medicines are integral to Traditional Chinese
Medicine. Using network pharmacology, this study analyzed the
multi-target orientation and synergism of mineral-plant complexes
in Calamine Zinc Oxide Phytocomplex Cream. Screening identified
55 plant-derived active constituents via HIT2.0, HERB, and TC-
MSP databases. Intersection analysis of 601 eczema/AD targets
from GeneCards with predicted targets of zinc oxide, zinc carbon-
ate (calamine’s main component) , and the 55 plant-derived com-
pounds yielded 72 potential therapeutic targets. Network analysis
identified quercetin, luteolin, and apigenin as primary active com-
pounds. PPI, GO, and KEGG analyses indicate modulation of ec-
zema symptoms via action on AKT1, NFKB1, STAT3, IL-6, and
STAT1—affecting cytokines/chemokines, regulating inflammation,
and altering immune responses to exogenous stimuli like bacteria.
Notably, emollient plant oils and astringent minerals contribute to
multi-pathway symptom relief, complementing traditional plant ex-
tracts. Network pharmacology predicts the therapeutic applicability
of this mineral-botanical complex for eczema, warranting further

investigation into its in vivo synergism.

References

[1] CHOVATIYA R. Atopic dermatitis (eczema) [J]. JAMA, 2023, 329
(3):268.

[2] YE H, ZHANG XB. Clinical application of the terms " eczema, dermati-

" and the criteria of international classification of diseases(ICD)[]].

Dermatology Bulletin, 2023, 40(1): 1 —=5. (in Chinese).

MOLLANAZAR NK, SMITH PK, YOSIPOVITCH G. Mediators of chron-

ic pruritus in atopic dermatitis: Getting the itch out[ J]. Clinical Reviews

in Allergy & Immunology, 2016, 51(3) : 263 -292.

[4] GARMHAUSEN D, HAGEMANN T, BIEBER T, et al. Characterization
of different courses of atopic dermatitis in adolescent and adult patients
[J]. Allergy, 2013, 68(4) : 498 —506.

[5] PALMER CN, IRVINE AD, TERRON-KWIATKOWSKI A, et al. Com-

mon loss-of-function variants of the epidermal barrier protein filaggrin are

tis

(3

[

a major predisposing factor for atopic dermatitis[ J ]. Nature Genetics,
2006, 38(4) . 441 —446.
[6] GUPTA M, MAHAJAN VK, MEHTA KS, et al. Zinc therapy in dermatolo-
gy: A review[ J]. Dermatology Research and Practice, 2014, 2014 709152.
[7] MENG YC, FAN JC, BIAN WN. Effectiveness of calamine lotion as an

adjunctive therapy to mometasone furoate ointment in the treatment of in-
fant eczema; A retrospective study [ J]. Medicine, 2022, 101 (35) .
€30237.

[8] ZHANG LH, CHEN Y, WEI YJ, et al. Effects of Sophora flavescens ex-
tract on inflammatory reaction on guinea pig models with chronic eczema
[J]. Traditional Chinese Drug Research and Clinical Pharmacology,
2019, 30(2): 168 —=172. (in Chinese).

[9] LEGAT FJ. Iich in atopic dermatitis-what is new[J]. Frontiers in Medi-
cine, 2021, 8. 644760.

[10] CHENG L, DU ZR, YAN XQ, et al. Formononetin from Sophora flaves-
cens Aiton alleviates atopic dermatitis by suppressing neutrophil extracel-
lular traps[ J]. Phytotherapy Research, 2025, 39(8) ; 3784 —3789.

[11] HUANG J, LI HX, LIANG JQ, et al. Oxymatrine for treating atopic der-

matitis: Network pharmacology, bioinformatics, metabolomics, and ex-

perimental validation [ J .

163, 115243.

HAO CB, WU BL, HOU ZM, et al. Asiatic acid inhibits LPS-induced

inflammatory response in human gingival fibroblasts [ J].

Immunopharmacology, 2017, 50, 313 -318.

[13] LEE Y, CHOI HK, U N'DEH KP, et al. Inhibitory effect of Centella
asiatica extract on DNCB-induced atopic dermatitis in HaCaT cells and
BALB/c mice[ J]. Nutrients, 2020, 12(2) : 411.

[14] WEI HB, CHEN Z, LATI WJ, et al. Aqueous extracts of Portulaca olera-
cea L. alleviate atopic dermatitis by restoring skin barrier function[ J].
Frontiers in Pharmacology, 2025, 16 1591394.

[15] LIU C, CHENG XM, WU YF, et al. Antioxidant activity of quercetin-

containing liposomes-in-gel and its effect on prevention and treatment of

cutaneous eczemal[ J]. Pharmaceuticals, 2023, 16(8): 1184.

GENDRISCH F, ESSER PR, SCHEMPP CM, et al. Luteolin as a mod-

ulator of skin aging and inflammation[ J]. Biofactors, 2021, 47 (2):

170 - 180.

[17] YOON JH, KIM MY, CHO JY. Apigenin; A therapeutic agent for treat-
ment of skin inflammatory diseases and cancer[ J]. International Journal
of Molecular Sciences, 2023, 24(2) ; 1498.

[18] FANG SL, HUANG SH. Minimal cost-effectiveness analysis of calamine
lotion and zinc oxide lotion in the treatment of acute eczema[J]. China
Health Standard Management, 2021, 12(1): 106 —109. (in Chinese).

[19] TENG Y, FAN YB, MA JW, et al. The PI3K/Akt pathway: Emerging
roles in skin homeostasis and a group of non-malignant skin disorders

[J]. Cells, 2021, 10(5) : 1219.

[20] DING FY, ZHOU MQ, SUI KY. Research progress of traditional Chi-

nese medicine treatment of atopic dermatitis by regulating NF-kB signa-

ling pathway[ J]. Acta Chinese Medicine, 2025, 40(6) : 1273 —1280.

(in Chinese).

TSIOGKA A, KYRIAZOPOULOU M, KONTOCHRISTOPOULOS G,

et al. The JAK/STAT pathway and its selective inhibition in the treat-

International Immunopharmacology, 2025,

[12

[h

International

[16

[

[21

[

ment of atopic dermatitis; A systematic review [ J]. Journal of Clinical
Medicine, 2022, 11(15) ; 4431.

HUANG IH, CHUNG WH, WU PC, et al. JAK-STAT signaling pathway
in the pathogenesis of atopic dermatitis; An updated review[ J]. Fron-
tiers in Immunology, 2022, 13 1068260.

SU XC, REN XL, SHI QQ. Atopic dermatitis severity in patients associ-
ated with the Th17 cells and related cytokines[J].

[22

[

[23

[

Chinese Journal of
Dermatovenereology of Integrated Traditional and Western Medicine,
2016, 14(5): 293 -294. (in Chinese).

(To page 21)



Wanyu ZUO et al. Separation of Three Major Active Components from Eleutherine americana Merr. et K. Heyne Using High-speed Counter-current Chromatography Combined with Silica Gel Column Chromatography 21

cessfully overcoming the technical bottleneck in isolating active
components from E. americana. Utilizing an innovative solvent
system composed of petroleum ether-ethyl acetate-ethanol-water
(5:5:6:4, V/V/V/V), this study successfully achieved high-
efficiency separation of eleutherol, eleutherin, and isoeleutherin.
Compared to traditional silica gel column chromatography, this
method reduces the separation time to 3 h and simultaneously iso-
lates three active components from the ethnomedicine E. america-
na , significantly improving efficiency. More importantly, by estab-
lishing a coupled technology integrating HSCCC and silica gel col-
umn chromatography, large-scale preparation from 2 kg of raw ma-
terial yielded 20 mg of eleutherol ( purity 99% ), 310 mg of
eleutherin ( purity 98% ), and 38 mg of isoeleutherin ( purity
98% ). This approach demonstrated enhanced production yields,
reduced costs, and promising industrial application potential. This
study not only provides a scientific basis for improving the quality
standards of E. americana, but also establishes an eco-friendly
separation strategy that offers new insights for the large-scale prep-
aration of naphthoquinone natural products, which will significant-
ly promote the modern development and utilization of ethnomedi-
cine resources. Future research should further explore the com-
bined application of HSCCC with other separation technologies, as
well as investigate the in vivo metabolic mechanisms of active
components from E. americana and develop novel drug delivery

systems.
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