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ABSTRACT: The traditional prescription of Liangxue-Qushi-Zhiyang decoction (LQZ) has .
been demonstrated to be efficacious in treating atopic dermatitis (AD), a chronic inflammatory

skin disorder marked by intense itching, redness, rashes, and skin thickening. Nevertheless, ; ~ o T oramicoon
there has been an inadequate systematic exploration of the potential targets, biological s -2 E
processes, and pathways for AD treatment through LQZ. The study objective was to evaluate
the efficacy and possible mechanism of LQZ in AD mice. In our study, we identified the primary
compounds of LQZ, analyzed hub targets, and constructed a network. Subsequently, the
predicted mechanisms of LQZ in AD were experimentally studied and validated in vivo, as
determined by network pharmacological analysis. A total of 80 serum components of LQZ were
identified through ultra-performance liquid chromatography-electrospray ionization-tandem
mass spectrometry (UPLC-ESI-MS/MS), among which 49 compounds were absorbed into the
bloodstream. Our results indicated that LQZ targets six putative key factors in the MAPK
signaling pathway, which play essential roles in AD, namely, EGFR, p-MAPK1/3, p-MAPK14,
IL-15, IL-6, and TNF-a. We observed spleen coefficient, dermatitis scores, and ear thickness were all downregulated in 2,4-
dinitrochlorobenzene (DNCB)-induced mice after LQZ treatment. Histological analysis of the dorsal and ear skin further revealed
that LQZ significantly decreased skin inflammation, epidermal thickness, and mast cell numbers compared to the DNCB group. Our
study demonstrated the effectiveness of LQZ in reducing epidermal and dermal damage in a mouse model of AD. Furthermore, our
findings suggest that downregulating the MAPK signaling pathway could be a potential therapeutic strategy for the treatment of AD.

1. INTRODUCTION stabbing pain.'”"" Dry skin is a frequent clinical complication
Atopic dermatitis (AD) is a common chronic inflammatory associated with numerous skin diseases, including psoriasis and
skin disorder that manifests with symptoms such as dry skin, atopic dermatitis (AD), as well as various systemic diseases.'”
intense itching, and erythematous skin lesions.' It affects Therefore, the application of moisturizers plays an indispen-
approximately 20% of children and 5—10% of adults globally, sable role in the management of AD. For patients with
making it a worldwide health issue and one of the leading moderate to severe AD, a combination of systemic treatments

causes of nonfatal diseases.””* The pathogenesis of AD is
complex, involving both genetic and environmental factors.” It
is believed that a disruption in the skin barrier leads to
enhanced allergen penetration and increased colonization of

is often necessary, encompassing corticosteroids, immunosup-
. . 13 .-

pressants, and biologics. ° Nonetheless, there are prevailing

uncertainties regarding long-term management and treatment

the skin by Staphylococcus aureus.”® Langerhans cells, strategies for AD, especially concerning the long-term safety
inflammatory dendritic epidermal cells, and dermal dendritic and efficacy of systemic treatments and emerging therapies."*
cells receive allergens and irritants in lesional skin and release Given these considerations, exploring treatments from Chinese
proinflammatory factors such as IL-1§ and IL-33, which medicine might present a viable alternative option for AD

further stimulate type 2 skin lymphocytes (TH2 cells).”® In
turn, TH2 cells release IL-4, IL-13, and IL-31, activating
cutaneous sensory nerves and causing itching in the body.” In
AD therapy, anti-inflammatory therapy with topical cortico-
steroids or topical calcineurin inhibitors is a major element and
represents the most effective and first-line treatment for
reducing inflammation.’ However, these topical treatments are
associated with long-term use side effects, including skin
atrophy, dermatoglyphia, telangiectasia, pigmentation, and

management.
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Table 1. Composition of LQZ

Chinese pinyin name latin name species and genera medicinal part dosage (g)
Shuiniujiao Bubali Cornu Bubalus bubalis Linnaeus horn 30
Shengdi Rehmanniae Radix Rehmannia glutinosa Libosch. rhizome 15
Kushen Sophorae Flavescentis Radix Sophora flavescens Ait. root 10
Chishao Paeoniae Radix Rubra Paeonia lactiflora Pall. root 12
Shengyizhiren Coicis Semen Coix lacryma-jobi L.var.mayuen (Roman.) Stapf seed 30
Baimaogen Imperatae Rhizoma Imperata cylindrica Beauv.var.major (Nees) C.E.Hubb. rhizome 30
Zelan Lycopi Herba Lycopus lucidus Turcz.var.hirtus Regel herb 10
Difuzi Kochiae Fructus Kochia scoparia (L.) Schrad. fruit 15
Mudanpi Moutan Cortex Paeonia suffruticosa Andr. cortex 12
Fuling Poria Poria cocos (Schw.) Wolf sclerotium 15
Gancao Glycyrrhizae Radix Et Rhizoma Glycyrrhiza uralensis Fisch. radix and rhizome 6
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Figure 1. Total ion chromatogram monitored in negative and positive ion

modes for (A) LQZ serum and (B) LQZ aqueous extract.

Liangxue-Qushi-Zhiyang decoction (LQZ), a classical tradi-
tional Chinese medicine formulation used for treating AD,
consists of 11 different traditional Chinese medicinal herbs.
The specific composition of the LQZ is detailed in Table 1.
LQZ has been clinically used to treat AD, resulting in good
outcomes and a relatively low recurrence rate.'” Previous
studies also confirmed that LQZ could control erythema,
eliminate edema, repair the damaged epidermis, inhibit
lichenification in a mouse model of AD. Sun found that,
concurrently, serum IL-2 concentrations can be augmented
and serum IL-4 and leukotriene B4 concentrations of lesions
can be reduced.'® Despite these findings, the in vivo metabolic
components of LQZ and its exact mechanism of action in AD
treatment remain elusive. Liquid chromatography with tandem
mass spectrometry (LC-MS/MS) is a powerful analytical
technique that combines the separating power of liquid
chromatography with the highly sensitive and selective mass
analysis capability of triple quadrupole mass spectrometry. It is
extensively utilized in the analysis of traditional Chinese and
Western medicines, their metabolic components, and endog-
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enous substances in the body.'” Numerous natural plant-

° and

derived compounds, including quercetin,18 matrine,’
ononin,”’ have been proven to have strong potential in the
management of skin diseases.

Network pharmacology coupled with systems biology can be
utilized to effectively investigate the various kinds of
components, objectives, and pathways of traditional Chinese
medicine (TCM).*" The application of integrative pharmacol-
ogy can reveal the intricate molecular mechanisms that
underlie TCM and establish new therapeutic applications
beyond traditional TCM therapies.”>*’

Our study aims to explore the therapeutic effects of LQZ on
AD by utilizing ultra-performance liquid chromatography-
electrospray ionization-MS/MS (UPLC-ESI-MS/MS) to iden-
tify the major ingredients of LQZ and conducting
comprehensive network pharmacology analysis. Furthermore,
we validated the proposed key targets of LQZ on 2,4-
dinitrochlorobenzene-(DNCB)-induced AD in a mouse model.

https://doi.org/10.1021/acsomega.3c09218
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Table 2. Identified Serum Compounds of LQZ by UPLC-MS/MS

no.
1%
2%

4*

7

8*

9

10

11
12
13
14%*

15

16%*
17

18%*
19%
20

21%
22%
23%

24%
25%

26
27%

28%

29
30%
31

32%
33

34%
35%
36*

37%
38%
39%
40%*

41%
427
43%
44

45%
46*

47%
48
49

RT
(min)
10.69
1.93
1.38
119

0.81
0.9

1.29
0.81
1.29
1.49

1.54
0.77
1.99
1.98

2.18

222
248
1.19
241
241
4.53

12

119
19

3.32
191

2.38

3.39
3.94
2.44

3.94
141
0.81
3.17
2.13

10.62
3.17
8.25
1.19

8.91
891
8.91
3.98
3.34
119

4.03
0.79
0.79

molecular
Ql (Da)  weight (Da)
309.2 310.2144
249.2 248.1889
117.0193 118.0266
130.05 129.0426
130.09 129.079
118.09 117.079
132.1 131.0946
175.12 174.1117
132.1 131.0946
267.07 268.0808
123.06 122.048
118.09 117.079
249.2 248.1889
166.09 165.079
221.09 220.0848
220.12 219.1107
118.07 117.0578
130.09 129.079
146.06 145.0528
130.06 129.0578
187.1 188.1049
247.18 246.1732
151.03 152.0334
182.08 181.0739
283.07 284.0757
377.15 376.1383
268.1 267.0968
205.1 204.0899
359.13 358.1264
163.04 164.0473
203.08 204.0899
163.04 164.0473
265.19 264.1838
527.16 504.169
137.02 138.0317
384.12 383.1077
271.23 2722351
137.02 138.0317
285.21 286.2144
182.08 181.0739
295.23 296.2351
295.23 296.2351
295.23 296.2351
503.12 502.1111
179.03 180.0423
182.08 181.0739
447.09 446.0849
179.06 180.0634
179.0556 180.0634

formula
CisH3004
Cy5HyN,0
C,H,0,
C,H,NO,

CH,,NO,
C.H,,NO,
CH,,NO,
C¢H,,N,O,
CeH,;,NO,
C,H,N,O

C¢HN,0
CsH;INO,
CisHyyN,O
CyH;INO,

C11H12N203

CoH,;NO
CHN
C4H,NO,
C,H,NO
CoH.N
CoH,604
CisHpN,O
C.H,N,0,

CyH, NO,
ClUH12N406

C17H20N406
C10H13N504

CllHIZNZOZ

C16H2209
CoH,O,
Cl lHlZNZOZ

C9H803
C15H24N202
C 18H320 16
C;/HqOs
C14H17NSOS

C16H3203
C;HeOs
C16H3OO4
C9Hl 1N03

C18H3203
CsH3,05
C 1 8H3203
C24H220 12
C9H804
CyH;NO;

CZIH‘SO] 1
CsH 1206
CsH 1206

ionization
model

compounds

13(s)-hydroperoxy-(9z,11¢,15z)-octadecatrienoic acid

matrine
succinic acid

pyroglutamic acid
cycloleucine

L-valine

L-leucine

L-arginine

L-norleucine
9-(arabinosyl)hypoxanthine

nicotinamide
betaine
isomatrine

L-phenylalanine
S-hydroxy-pL-tryptophan(S-HTP)

p-pantothenic acid
indole

L-pipecolic acid
8-hydroxyquinoline
isoquinoline
azelaic acid
sophocarpine

xanthine

N-(2-hydroxy-4-methoxyphenyl)acetamide

xanthosine

riboflavin (vitamin B2)

adenosine

cyclo-(gly-phe)

sweroside
2-hydroxycinnamic acid
L-tryptophan

a-hydroxycinnamic acid
sophoranol

maltotriose
protocatechualdehyde

succinyladenosine

2-hydroxyhexadecanoic acid
2,5-dihydroxybenzaldehyde
hexadecanedioic acid

3-hydroxy-L-phenylalanine

13(S)-hydroxyoctadeca-9Z,11E-dienoic acid
9S-hydroxy-10E,12Z-octadecadienoic acid
a-hydroxylinoleic acid
6"-O-malonyldaidzin

caffeic acid

L-tyrosine
apigenin-7-O-glucuronide

L-glucose

sorbose

17933

class
lipids
alkaloids
organic acids

amino acids and
derivatives

amino acids and
derivatives

amino acids and
derivatives

amino acids and
derivatives

amino acids and
derivatives

amino acids and
derivatives

nucleotides and
derivatives

others
alkaloids
alkaloids

amino acids and
derivatives

amino acids and
derivatives

others
alkaloids
organic acids
alkaloids
alkaloids
organic acids
alkaloids

nucleotides and
derivatives

alkaloids

nucleotides and
derivatives

others

nucleotides and
derivatives

amino acids and
derivatives

terpenoids
phenolic acids

amino acids and
derivatives

phenolic acids
alkaloids
others

others

nucleotides and
derivatives

organic acids

others

lipids

amino acids and
derivatives

lipids

lipids

lipids

flavonoids

phenolic acids

amino acids and
derivatives

flavonoids
others

others

CAS

67597-26-6
519-02-8
110-15-6
4042-36-8

52-52-8

72-18-4

61-90-S

74-79-3

327-57-1

7013-16-3

98-92-0
107-43-7
17801-36-4
63-91-2

56-69-9

79-83-4
120-72-9
3105-95-1
148-24-3
119-65-3
123-99-9
145572—44-7
69-89-6

58469-06-0
146-80-5

83-88-5
58-61-7

10125-07-2

14215-86-2
583-17-S
73-22-3

5801-57-0
3411-37-8
1109-28-0
139-85-§

4542-23-8

764-67-0
1194-98-5
505-54-4
587-33-7

10219-69-9
15514-85-9
57818-44-7
124590-31-4
331-39-S
60-18-4

29741-09-1
921-60-8
3615-56-3

https://doi.org/10.1021/acsomega.3c09218
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Table 2. continued
RT molecular ionization

no. (min) Ql (Da)  weight (Da) formula model compounds class CAS

50*  0.79 179.05 180.0634 C¢H;,0¢ M - H]” inositol others 87-89-8

S1% 437 563.18 562.1686 Cy;H30013 [M + HJ* glycyroside flavonoids 125310-04-5

52 4.37 563.17 562.1686 Cy,H300y3 [M + HJ* kushenol O flavonoids 102390-91-0

S3 2.38 188.0706 187.0633 C,HyNO, [M + H]* 3-indoleacrylic acid alkaloids 1204-06-4

54% 3.94 211.14 210.1368 C, Hj3N,0, M+ H]* cyclo(p-leu-L-pro) amino acids and ~ 36238-67-2
derivatives

SS 10.87 301.22 302.2246 CyH300, [M - H]” pimaric acid terpenoids 127-27-S

56 3.87 193.05 194.0579 CoH,00, [M - H]” ferulic acid phenolic acids 537-98-4

S7% 392 165.05 164.0473 CoH0, [M + H]* caffeic aldehyde phenolic acids 141632-15-7

58% 394 211.13 210.1368 C,;H;sN,0, [M + H]* cyclo(pro-leu) amino acids and ~ 5654-86-4
derivatives

59% 2.66 219.11 218.1055 C,H;,N,O, [M + H]* N-formylcytisine alkaloids 53007-06-0

60 117 25523 2562402 CueHy,0, [M—H]"  palmitic acid lipids 57-10-3

61 2.77 183.03 184.0372 CgH;O4 [M - H]” 3-O-methylgallic acid phenolic acids 3934-84-7

62 188 24516 2441576  CyHyNyo  [M+H]*  rhombifoline alkaloids 529.782

63 527 331.04 330.0376 Ci6H,00g [M + H]* 3,3'-O-dimethylellagic acid tannins 2239-88-5

64 1.98 281.19 280.1787 CsH N, 04 [M + H]* 5,9-dihydroxymatrine alkaloids 72362-00-6

65% 4.05 165.06 166.063 CoH,004 [M - H]” pL-3-phenyllactic acid organic acids 828-01-3

66*  4.07 165.06 166.063 CoH,(,0; [M - H]” 2,6-dimethoxybenzaldehyde others 3392-97-0

67% 2.96 495.15 496.1581 Cy3H,50,, [M - H]” oxypaeoniflorin terpenoids 39011-91-1

68 4.08 165.06 166.063 CoH,,0,4 [M - H]” 3-(3-hydroxyphenyl)-propionic acid phenolic acids 621-54-S

69%* 3.92 165.05 164.0473 CyHgO4 [M + H]* p-coumaric acid phenolic acids 501-98-4

70 8.74 317.21 318.2195 C,oH300;5 [M - H]~ 12-hydroxy-5,8,10,14,17-eicosapentaenoic acid lipids 81187-21-5

71% 5.66 215.13 216.1362 C,H,,0, [M - H]” undecanedioic acid lipids 1852-04-6

72 3.99 206.08 207.0895 C, H;NO; [M —H]” N-acetyl-L-phenylalanine amino acids and ~ 2018-61-3
derivatives

73% 4.68 431.13 430.1264 C,,H»,04 [M + H]* formononetin-7-O-glucoside (ononin) flavonoids 486-62-4

74 11.07 28228 281.2719 C,sH3sNO [M + H]* oleamide (9-octadecenamide) lipids 301-02-0

75 592 329.2334 330.2406 CH;3,04 [M - H]” 9,10,13-trihydroxy-11-octadecenoic acid lipids 29907-57-1

76%* 1.65 183.03 184.0372 CgH;O4 [M - H]” methyl gallate phenolic acids 99-24-1

77* 9.69 295.23 296.2351 C3H;,0; [M - H]” 12,13-epoxy-9-octadecenoic acid lipids 6799-85-5

78% 2.33 359.1 360.1056 CysH,0040 [M - H]” glucosyringic acid phenolic acids 33228-65-8

79%* 4.03 165.06 166.063 CyH,004 [M - H]~ 2-hydroxy-3-phenylpropanoic acid phenolic acids 7326-19-4

80 9.74 295.23 296.2351 CsH3, 05 [M - H]” (9R,10S)-(12Z)-9,10-epoxyoctadecenoic acid lipids 16833-56-0

2. RESULTS

2.1. UPLC-ESI-MS/MS Analysis Identified Ingredients
in the LQZ. UPLC-ESI-MS/MS was employed to analyze the
chemical components of LQZ in serum and water extracts
(Figure 1). We identified 310 metabolites in the LQZ solution
(Total Ion Chromatogram shown in Figure 1B and Table S1).
Post oral administration of this compound formula at a dose of
7.6 g/kg to healthy mice, blood samples were collected to
identify the compounds absorbed into the serum. We detected
80 metabolites in the LQZ serum samples (Total Ion
Chromatogram shown in Figure 1A and Table 2), including
1S amino acids and derivatives, 13 alkaloids, 12 lipids, 11
phenolic acids, S flavonoids, 5 organic acids, 5 nucleotides and
derivatives, 3 terpenoids, 1 tannin, and 10 other compounds.
Comparison of the retention time (tz) values and MS fragment
characteristics between the compounds in the LQZ serum and
extracts revealed 49 compounds in both, considered to be
absorbed into the bloodstream.”* These include 11 amino
acids and their derivatives, 8 phenolic acids, 7 lipids, §
alkaloids, 4 organic acids, 4 nucleotides and their derivatives, 3
flavonoids, 1 terpenoid, and 6 others. Table 2 provides detailed
identification information for LQZ serum compounds,
including retention time ((RT) (min)), parent ion molecular
weight postionization by the electrospray ion source (Ql
(Da)), molecular weight (Da), molecular formula (Formula),
ionization model ((M + H for positive, M — H for negative)),

compound name (Compounds), first-level category (Class),
and CAS number (CAS).

2.2. Acquisition of Putative Targets between Com-
pounds and AD. Based on the information in Table 2, 49
compounds from LQZ were absorbed into the bloodstream of
mice, indicating their potential role as key components in
LQZ.> These compounds are predominantly amino acids and
their derivatives, alkaloids, lipids, and phenolic compounds.
After eliminating redundant data, we identified 665 potential
targets related to LQZ using the SwissTargetPrediction
database. The interactions among these 49 compounds and
their potential targets are detailed in Table S3.

Additionally, we sourced 1667 recognized therapeutic
targets for AD from the GeneCards database. As depicted in
Figure 2, there are 228 overlapping targets between the

LQZ Targets
AD Targets

Figure 2. Potential overlapping targets for LQZ and AD.

https://doi.org/10.1021/acsomega.3c09218
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Figure 3. Protein—protein Interaction (PPI) network of related targets for LQZ in the treatment of AD. As the degree of targets increased, the

circle became larger, and the color changed from orange to blue.
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potential targets of LQZ and the known therapeutic targets for
AD. This overlap suggests that these points are critical targets
for LQZ in the treatment of AD.

2.3. Construction of the PPl Network. The PPI network
was constructed using the STRING 11.5 database and

visualized with Cytoscape 3.9.1, after excluding disconnected
nodes.The resulting network contained 209 nodes and 2494
edges (Figure 3). A thorough overview of 209 potential targets
was furnished in Table S4. To further investigate the
interaction between the 209 target proteins, we analyzed
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three topological features of the Cytoscape network:
betweenness centrality, closeness centrality, and degree above
the median. Table SS identified 71 targets that met the criteria
of betweenness centrality > 0.00216, closeness centrality >
0.3502, and degree > 14, indicating them as the primary targets
of LQZ against AD. Figure 3 illustrates the immune and
inflammatory responses in the PPI network, which were
identified using gene annotation. The findings indicate that
LQZ exhibits potential pharmacological effects in combating
infection, inflammation, and organism-related impairments.

2.4. GO Analyses and KEGG Enrichment. The top 15
GO terms with the most representative from the GO
enrichment analysis (adjusted p < 0.01) are shown in Figure
4A. Inflammatory response, response to lipopolysaccharide,
xenobiotic stimulus, MAP kinase activity, protein phosphor-
ylation, and intracellular signal transduction, the primary
biological process associated with the targets, were significantly
regulated.

A total of 167 KEGG pathways, with an adjusted p-value of
less than 0.01, were identified as being of great significance.
Figure 4B illustrates the top 20 KEGG pathways after
excluding human disease pathways. The MAPK signaling
pathway was enriched with important targets for immune and
inflammatory responses, including EGFR, MAPK1, MAPK3,
MAPK14, IL-15, IL-6, and TNF-a. The activation of the
MAPK signaling pathway is known to be pivotal in the
generation of proinflammatory cytokines, such as TNF, IL-1,
and IL-6.*°
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2.5. Compound-Target—Pathway Network Analysis.
In our study, we identified 49 compounds from LQZ that were
absorbed into the bloodstream. These compounds are linked
to 71 key targets for AD treatment and are involved in the top
20 related pathways (Figure 5). Utilizing Cytoscape 3.7.1, we
developed a network model to illustrate the compound—
target—pathway interactions. The 49 components absorbed
from LQZ comprise 11 amino acids and their derivatives, 8
phenolic acids, 7 lipids, S alkaloids, 4 organic acids, 4
nucleotides and their derivatives, 3 flavonoids, 1 terpenoid,
and 6 other compounds. Predominantly, these fall into four
categories: amino acids and their derivatives (e.g, L-arginine
and L-phenylalanine), alkaloids (e.g, Matrine and Sopho-
carpine), lipids (e.g, a-hydroxylinoleic acid), and phenolic
compounds (e.g., caffeic acid). Critical targets in immune and
inflammatory responses, including IL-1, IL-6, TNF, EGFR,
MAPKI1, MAPK3, and MAPKI14, are largely found in the
MAPK signaling pathway. This insight is crucial to under-
standing the potential mechanisms by which LQZ could treat
AD.

2.6. LQZ Alleviated DNCB-Induced AD. The DNCB
group’s dorsal skin, as depicted in Figure 6B, was subject to
AD-like lesions, including erythema, edema, excoriations, and
dryness, after multiple applications of the drug. However, an
apparent recovery of skin lesions could be observed in the
LQZ-treated and Pred-treated groups compared with the
DNCB mice. A significant increase in the spleen index was
observed in DNCB-treated mice compared with the control
group. However, LQZ treatment was found to reverse this
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increase (Figure 6C). Based on the clinical severity of AD-like
symptoms, administration of high-dose LQZ, low-dose LQZ,
and Pred significantly reduced the clinical score as compared
to the model mice (Figure 6D). Meanwhile, the scores of AD-
like skin lesions in mice saw an improvement in a dose-
dependent manner when LQZ was administered during the
same period. Figure 6B,E depicts that, in comparison with
healthy mice, the mice repeatedly exposed to DNCB had red
and swollen ears. Treating with LQZ or Pred relieved the
redness in the ears. The DNCB group’s ears showed a
remarkable augmentation, in contrast to the LQZ-treated or
Pred-treated groups, which had a considerable diminishment in
ear thickness. These results showed that LQZ could
symptomatically relieve DNCB-induced AD in mice effica-
ciously.

2.7. Histopathologic Alterations of DNCB-Induced
Mice in the Wake of LQZ. A histological analysis of the mice
treated with DNCB revealed a noteworthy epidermal
thickening of their back skin and ear tissue, with a 6.9-fold
augmentation of the back skin and 3.6-fold augmentation of
the ear tissue compared to the normal mice. Oral
administration of LQZ-H (15.2 g/kg) caused a reduction in
thickness on the dorsal and ear skin by 58.3 and 45.1%,
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respectively, as compared with the DNCB group. Prednisolone
treatment also showed a considerable reduction in epidermal
thickening of the dorsal and ear skin when compared to the
model mice, with a reduction of 49.6% in the dorsal skin and
39.6% in the ear skin (Figure 7A,C,D). Our data demonstrated
that the LQZ-H group showed a similar reduction in epidermal
thickening of the dorsal skin and ear when compared to the
Pred group.

To further investigate the effects of LQZ on mast cell
infiltration, dorsal and ear skin sections were stained with
toluidine blue. The number of mastocytes was found to be
significantly increased by 6.0- and 4.7-fold in the back and ear
skin, respectively, when compared to the control group.
However, LQZ-H treatment was found to significantly
suppress the proliferation of mast cells by 48.9% in the dorsal
skin and 45.2% in the ears, when compared to the DNCB
group. Additionally, Pred treatment also significantly reduced
the infiltrated mastocyte in the dorsal and ear skin by 30.9 and
39.7%, respectively, as compared with the DNCB group
(Figure 7B,E,F). Notably, LQZ-H treatment showed a superior
inhibitory effect on the infiltration of mastocytes in the dorsal
and ear skin of the sensitized mice when compared to the
positive control.
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Figure 10. Modulating the MAPK signaling pathway of LQZ against AD. EGF, IL-1, and TNF initiate a series of kinase activations through their
respective cell surface receptors in the MAPK pathway: EGFR (RTK), IL-1R, and TNFR. These activations lead to the activation of p-MAPK3/1
(p-ERK1/2) and p-MAPK14 (p38), which, in turn, activate p6S. This regulates the release of inflammatory factors such as IL-1f, IL-6, and TNF-q,
influencing cellular processes such as proliferation, differentiation, apoptosis, inflammatory responses, and cytokine production. The therapeutic
effect of LQZ-H on AD potentially involves reducing the expressions of EGFR, p-MAPK1/3, p-MAPK14, IL-1p, IL-6, and TNF-q, thus inhibiting

the MAPK pathway.

2.8. LQZ Decreases the Levels of IL-1f, IL-6, and TNF-
a in Serum. Analysis of network pharmacology revealed that
LQZ’s action in treating atopic dermatitis may be linked to the
reaction to xenobiotic stimulus and inflammatory reaction. As
illustrated in Figure 8, the serum of mice after DNCB
induction had a marked increase in IL-1f, IL-6, and TNF-q,
yet this was remarkably reduced upon the LQZ-H group, in
contrast to the model group. No noteworthy disparities in
serum IL-1f, IL-6, and TNF-a concentrations were observed
between the LQZ-L treatment group and the model group;
However, the LQZ-L treatment did demonstrate a tendency to
suppress serum IL-15, IL-6, and TNF-a concentrations. These
findings demonstrated that LQZ could abate the inflammatory
response in the serum of DNCB-induced mice.

2.9. LQZ Inhibits the MAPK Signaling Pathway. To
verify the reliability of the network pharmacology prediction
results, Western blotting was used to measure the expression of
EGFR, p-MAPK1/3, MAPK1/3, p-MAPK14, and MAPK14 in
AD mice. Compared with the control group, DNCB induced a
significant increase in the expression of these proteins in the
skin tissue of mice (Figure 9). LQZ treatment could dose-
dependently reduce the DNCB-induced upregulation of their
expression (Figure 9). The MAPK signaling cascade is an
evolutionarily conserved enzyme that connects cell surface
receptors to key regulatory targets within cells. It has a wide
range of physiological functions in controlling gene expression,
cell proliferation, and programmed cell death.”” EGFR,
MAPK1/3, MAPK14, IL-15, IL-6, and TNF-a (measured by

ELISA) are key targets involved in the MAPK signaling
pathway. This suggests that LQZ may inhibit DNCB-induced
mouse AD by inhibiting the MAPK signaling pathway.

3. DISCUSSION

AD is a common allergic and inflammatory skin disorder that
leads to itching, recurrent eczematous lesions, erythema,
dryness, and significantly impairs the quality of life.”* Topical
therapy is a common approach for alleviating clinical
symptoms, but it can have the side effect of thinning and
increasing sensitivity of the skin.” Hence, finding new and
effective therapeutic agents for AD is necessary. LQZ, a drug
that has been extensively studied for the treatment of AD,
exhibits numerous beneficial characteristics and has shown
proven efficacy in both clinical and experimental settings.'*"'°
However, the specific pharmacologic mechanism of action of
LQZ in treating AD remains incompletely understood.

In our study, an integrative pharmacology strategy was used
to explore the effects and mechanisms of LQZ in treating AD.
By UPLC-MS/MS (Figure 1) and network pharmacology
analysis, 80 serum components of LQZ were identified. AD’s
pathological processes are strongly linked to inflammatory
reaction and reaction to xenobiotic stimulus. Six potential
targets of LQZ (EGFR, p-MAPK1/3, p-MAPK14, IL-15, IL-6,
and TNF-q) are essential elements in MAPK signaling
pathways and are a major factor in AD (Figures 2-S5).
Subsequently, the potential mechanism of LQZ on AD
predicted by network pharmacological analysis was exper-
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imentally studied and verified in vivo. In comparison to the
control group, the DNCB-treated mice exhibited an increase in
the spleen coefficient, dermatitis scores, ear thickness, and skin
histology (Figure 6) when we observed them. However, after
administrating LQZ for a period of 14 days, the above results
were all improved. Meanwhile, dorsal and ear skin histology
showed LQZ treatments significantly decreased skin inflam-
mation, epidermal thickness, and mastocyte numbers com-
pared with the DNCB group (Figure 7). Our research
demonstrated the effectiveness of LQZ treatments in reducing
epidermal and dermal damage caused in a mouse model of
atopic dermatitis. Additionally, through network pharmacology
analysis, we discovered that the beneficial effects of LQZ are
associated with the downregulation of MAPK signaling
pathways (Figures 8 and 9). The main biological processes
are listed in Figure 10.

In our UPLC-MS analysis, 310 compounds were identified
in the LQZ solution. From the LQZ serum samples, we
identified 80 compounds, of which 49 were absorbed into the
bloodstream. These include 11 amino acids and their
derivatives, 8 phenolic acids, 7 lipids, S alkaloids, 4 organic
acids, 4 nucleotides and their derivatives, 3 flavonoids, 1
terpenoid, and 6 other compounds. The compounds that were
absorbed into the bloodstream predominantly fall into four
categories: amino acids and their derivatives (such as L-
arginine and L-phenylalanine), alkaloids (such as Matrine and
Sophocarpine), lipids (such as a-hydroxylinoleic acid), and
phenolic compounds (such as caffeic acid). Chronic
inflammation is the root cause of these atopic diseases.
Matrine regulated Th1/Th2 inflammatory responses by
inhibiting the Hsp90/NF-kB signaling axis to alleviate atopic
dermatitis.'” The Arg/NO pathway is activated in atopic
diseases.”” The anti-inflammatory mechanism exerted by 1-
arginine was to inhibit NF-kB activation via downregulating
PI3K/Akt>” In RAW 264.7 cells induced by LPS, Wang
discovered that sophocarpine had a suppression effect on the
production of TNF-a, IL-15, or IL-6,*" while phenylalanine
inhibited the production of IL-1# and TNF-a in proin-
flammatory (M1) macrophages.”” a-Hydroxylinoleic acid, a
metabolite of polyunsaturated fatty acids, has been identified to
possess anti-inflammatory properties.””** Caffeic acid, which
was the main component of Qingxue jiedu formulation,
inhibited the activations of STAT3, MAPK, and NF-xB
signaling pathways and possessed a significant therapeutic
effect on AD.* These findings suggested that LQZ attenuated
skin damage by regulating inflammation and the immune
process. While our study primarily focuses on the efficacy of
traditional herbal medicine, we place equal importance on its
safety. A thorough literature review was conducted on the 80
serum components found in LQZ, and we found no known
toxic elements among these components. Moreover, previous
clinical trials have established the safety of LQZ, with patients
reporting positive therapeutic outcomes and no incidents of
toxicity. ” Even though the ingredients in the LQZ serum are
deemed safe, we still advocate for the rational use of LQZ and
the implementation of strict quality control measures. This
approach is essential to ensure the safety of patients and the
effectiveness of the treatment.

The KEGG enrichment analysis revealed that the MAPK
signaling pathway may play a crucial role in AD. The main
biological activities linked to these targets are the inflammatory
response, response to xenobiotics, response to lipopolysac-
charides, and positive regulation of MAP kinase activity.

Excessive inflammatory responses and impaired xenobiotic
stimulus response play a crucial role in the pathogenesis of
AD.** EGFR belongs to the receptor tyrosine kinase (RTK)
family. When EGFR binds to specific ligands like EGF or TGF-
a, it undergoes dimerization, leading to the activation of its
intrinsic tyrosine kinase.”” This activation initiates the
stimulation of several downstream signaling pathways.
Among them, the MAPK pathway, activated by EGF and
EGFR signals, has been shown to control a wide range of
physiological and pathological processes, including cell
proliferation, %ene expression, programmed cell death, and
inflammation.”” Prior research has suggested that diminishing
the expression of EGFR within the MAPK pathway can
effectively alleviate the symptoms of AD in mice.””*" MAPKSs,
including ERK1/2 (MAPK3/1), JNK1/2/3, and p38 proteins
(MAPK14), have been reported to be involved in AD. TH L
141, IL-6, and TNF-a act as proinflammatory cytokine genes,
which can be activated by MAPK signaling pathways."*
Generally, an important cause of AD is the dysregulated Thl
and Th2 response.” Inflammation and immune responses in
AD skin lesions are commonly regulated by proinflammatory
cytokines, such as IL-4, IL-6, and IL-1.*° In summary, blocking
these proinflammatory factors may be the pharmacological
mechanism of LQZ acting on AD. Using Western blotting or
ELISA, we identified six targets (EGFR, p-MAPK1/3, p-
MAPK14, IL-18, IL-6, and TNF-a) associated with the MAPK
signaling pathway in DNCB-induced mice. Our research
uncovered noteworthy diminutions in the expressions of
EGFR, p-MAPK1/3, p-MAPK14, IL-1f, IL-6, and TNF-q,
implying that LQZ effectively hindered the MAPK signaling
cycle.

Although we have shown the efficacy of LQZ in reducing the
key protein of the MAPK pathway in animal models, cellular-
level verification is still pending. We identified 49 compounds
from LQZ that were absorbed into the bloodstream by using
UPLC-MS/MS technology. However, the specific concen-
trations of these compounds in the blood are currently
unknown. Therefore, future research should include in vivo
pharmacokinetic studies to gain a deeper understanding of the
efficacy and mechanisms of action of these compounds in the

body.

4. CONCLUSIONS

In our investigation into the mechanism of action of LQZ on
DNCB-induced AD, we utilized a blend of network
pharmacology and experimental validation. The results from
our research suggest that LQZ mitigates skin damage caused
by DNCB in AD mice by downregulating the MAPK pathway.
This recent discovery could potentially broaden the spectrum
of treatment choices available to clinical doctors for patients
with AD.

5. MATERIALS AND METHODS

5.1. Preparation of LQZ Serum and LQZ Solution.
LQZ, provided by Dongfang Hospital of Beijing University of
Chinese Medicine, is a compound of 11 herbs: Bubali cornu
(30 g), Rehmanniae radix (15 g), Sophorae flavescentis radix (10
g), Paeoniae radix rubra (12 g), Coicis semen (30 g), Imperatae
rhizoma (30 g), Lycopi herba (10 g), Kochiae fructus (15 g),
Moutan cortex (12 g), Poria (15 g), and Glycyrrhizae radix et
rhizoma (6 g). The composition details are given in Table 1.
To prepare LQZ solution, 1850 g of the herbal mixture was
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first soaked in water for 1 h and then boiled in 18,500 mL of
distilled water for 30 min. The residue was filtered and the
filtrate collected. The residue was then reboiled in 10,000 mL
of distilled water for another 30 min, followed by filtration and
collection of the second filtrate. These combined filtrates were
concentrated via a rotary evaporator to produce a LQZ extract,
which was freeze-dried and sterilized, resulting in a 20%
extract. The used daily dosage of LQZ in mice is according to
the clinical adult human daily prescription amount: (185 g raw
herbs/60 kg body weigh) X 12.33 X extract yield (20%). The
final extract was prepared for the low- and high-dosage groups
at concentrations of 7.6 and 152 g/kg, respectively. This
powder was dissolved in water to form two oral LQZ solutions
for mice, at concentrations of 0.76 and 1.52 g/mL, and stored
at —4 °C. Among them, a 0.76 g/mL LQZ solution will be
used for UPLC-MS/MS detection.

For the preparation of LQZ serum samples, Initially, 8-week-
old female BALB/c mice were selected and fasted for 12 h
before sample collection, although they had access to water
during the experiment. Mice received oral administration of 0.2
mL of the extract (7.6 g/kg). An hour later, the mice were
anesthetized, and blood was collected from the retro-orbital
venous plexus.”” This blood was then placed in anticoagulant-
free tubes and allowed to clot at room temperature for 1 h.
Following this, it was centrifuged at 3000 rpm for 15 min. The
supernatant obtained after centrifugation was transferred to
new sterile centrifuge tubes. Subsequently, the serum samples
were stored at —80 °C. These samples were then used for the
identification of LQZ metabolites in serum via UPLC-MS/MS
analysis.*®

5.2. UPLC-ESI-MS/MS for LQZ Serum and Solution
Component Analysis. 5.2.1. Sample Preparation and
Extraction. To prepare the samples, we removed them from
the —80 °C freezer and thawed them on ice. We then Vortex
each sample for 10 s to ensure thorough mixing. To minimize
individual variations among the experimental mice, we
combined all serum samples into a single composite sample.
Additionally, a 0.76 g/mL LQZ solution sample was prepared
for UPLC-MS/MS identification. We pipette S0 uL of each
sample into a 1.5 mL centrifuge tube, and then 300 uL of 70%
methanol containing the internal standard extraction solution.
The mixture was vortexed at 12,000 rpm for 3 min at 4 °C and
centrifuged for 10 min. Then, 200 yL of the supernatant was
transferred to a new 1.5 mL centrifuge tube and let it stand at
—20 °C for 30 min. Then, it was centrifuged again at 12,000
rpm for 3 min at 4 °C. Finally, 180 uL of the clear supernatant
was transferred into an injection vial for LC-MS/MS detection.

5.2.2. UPLC Conditions. Sample extracts were analyzed
using a UPLC-ESI-MS/MS system (UPLC, ExionLC AD,
https://sciex.com.cn/) and a tandem mass spectrometry
system (https:/ /sciex.com.cn/). The UPLC conditions were
set as follows: The column used was an Agilent SB-C18 (1.8
pym, 2.1 mm X 100 mm). The mobile phase consisted of
solvents A (pure water with 0.1% formic acid) and B
(acetonitrile with 0.1% formic acid). The sample analysis was
conducted using a gradient program that started with 95% A
and 5% B. Within 9 min, the program linearly shifted to 5% A
and 95% B, maintaining this composition for 1 min, then
returning to 95% A and 5% B over 1.1 min and maintaining for
2.9 min. The flow rate was 0.35 mL/min, the column oven
temperature was 40 °C, and the injection volume was 2 uL.
The effluent was alternately connected to an ESI-triple
quadrupole-linear ion trap (QTRAP) MS.

5.2.3. ESI-Q TRAP-MS/MS. The ESI source operation
parameters were set as follows: source temperature at 500
°C; ion spray voltage (IS) at 5500 V for positive ion mode and
—4500 V for negative ion mode; ion source gases I and II (GSI
and GSII) and curtain gas (CUR) at 50, 60, and 2S5 psi,
respectively; and collision-activated dissociation (CAD) at
high. QQQ scans were performed as MRM experiments with
the collision gas (nitrogen) set to medium. Declustering
potential (DP) and collision energy (CE) for individual MRM
transitions were optimized. A specific set of MRM transitions
was monitored for each period, corresponding to the elution of
the metabolites within that period.

5.2.4. Data Analysis. Subsequently, substance identification
was conducted based on our in-house metware database
(MWDB) using secondary spectrum information. During the
analysis, isotope signals and repetitive signals of K* ions, Na*
ions, and NH," ions were excluded as well as repetitive signals
of fragment ions originating from other larger molecular
substances. Metabolite quantification was performed utilizing
the multiple reaction monitoring (MRM) mode of a triple
quadrupole mass spectrometer. This mode allowed the
selection of characteristic ions for each substance, and the
signal intensity (CPS) of these characteristic ions was obtained
in the detector. Following this, the MultiQuant software was
used to open the mass spectrometry files generated from the
samples, and chromatographic peak integration and calibration
were conducted. The peak area (Area) of each chromato-
graphic peak represented the relative content of the
corresponding substance. Finally, all integrated peak area
data were exported and saved.

5.3. Network Construction and Analysis. First of all,
based on the identified capable ingredients of LQZ, we get the
biological targets from SwissTargetPrediction (www.
swisstargetprediction.ch/), a Web site dedicated to the
prediction of biological active small molecular targets in
humans and other vertebrates. Meanwhile, we obtained AD
putative targets from GeneCards (https://www.genecards.org/
).¥ Subsequently, a venn diagram of gene symbols was
generated by intersecting the LQZ targets and AD-associated
targets. Then, the PPI network was constructed using STRING
database v11.0 (www.string-db.org/) for retrieving interacting
genes/proteins.”’ Finally, the result of the PPI network was
exported and analyzed in Cytoscape v3.7.2 (www.cytoscape.
org/) to determine the underlying mechanism of LQZ on
AD.”" We calculated the topological importance of nodes in
the PPI network by determining their “Betweenness Central-
ity,” “Closeness Centrality,” and “Degree” parameters.

5.4. Analyses of Pathway Enrichment. To perform
Gene Ontology (GO) enrichment and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment,’” we input
the potential overlapping targets into the DAVID database
(https://david.ncifcrf.gov/summary.jsp). A threshold of p <
0.05 was used to determine the statistical significance in GO
terms and KEGG pathways.

5.5. DNCB-Induced Atopic Dermatitis and Drug
Treatment. In Figure 6A, an experimental plan for a
DNCB-induced atopic dermatitis-like mouse model was
presented. Eight-week-old female BALB/c mice, weight 20 +
2 g, were sourced from Beijing Sibeifu Biotechnology Co.
(Beijing, China) and received an Animal License of SXYK
(Jing) 2019-0010. The Ethics Committee of Beijing University
of Chinese Medicine (BUCM-4-2023020705-1092) granted
approval for the animal procedures. After a week of
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acclimation, the mice were evenly divided into five groups: the
control group,-model group (DNCB group), Prednisolone
treatment group (Pred group, 8 mg/kg), low-dose LQZ
treatment group (LQZ-L group, 7.6 g/kg), and high-dose LQZ
treatment group (LQZ-H group, 15.2 g/kg). Prednisolone was
purchased from Tianjin Tianyao Pharmaceutical Co., Ltd.
(Tianjin, China). Before the experiment (Day 0), DNCB
(Chengdu Huaxia Chemical Reagent Co., Ltd., Chengdy,
China) was dissolved in acetone and olive oil (3:1 v/v), the
mice were anesthetized, and the back hair was removed. From
Day 1 to Day 4, the mice’s dorsal skin was sensitized with 150
UL of 2% DNCB every day and then again every 3 days,
excluding the control group that was given acetone and olive
oil topically in a 3:1 v/v ratio. This was the initial stage of
allergic atopic dermatitis. In the second stage (Day 9—21),
atopic dermatitis was reinduced. In the four experimental
groups, we applied 150 uL of 0.5% DNCB evenly every other
day on the dorsal skin as well as 20 yL of 0.5% DNCB
specifically on the right ear to assess its effects in different
areas. On the following day, we conducted tests and recorded
various parameters related to the experiment. These included
measuring the skin’s physiological values, evaluating changes in
ear thickness, and capturing images for documentation
purposes.

From day 9 to day 22 of the experiment, mice in the
treatment groups were administered oral treatments daily for
14 consecutive days at a dosage of 0.2 mL per day. The
treatment groups included: the Prednisolone treatment group
(Pred group, 8 mg/kg), low-dose LQZ treatment group (LQZ-
L group, 7.6 g/kg), and high-dose LQZ treatment group
(LQZ-H group, 15.2 g/kg). In contrast, the control group and
DNCB group were given an equivalent volume of normal
saline via gavage. On day 23, all mice were euthanized, and
their dorsal skin, right ear tissue, blood, and spleen were
collected for further analysis.

5.6. Histopathological Examination. The dorsal skin
and right ears, fixed with paraformaldehyde, were embedded in
paraffin and sliced into 5 pm sections using a microtome
(Leica RM2016, America). These sections were then stained
with either hematoxylin and eosin (H&E) or toluidine blue
(TB) (China Pharmaceutical Group Co., Beijing, China).
Histological analysis was then conducted by using an optical
microscope to observe and evaluate general tissue features and
mast cell infiltration of the sections.

5.7. Calculation of Spleen Coefficient and Evaluation
of Dermatitis. The spleen coefficient, which is defined as the
ratio of spleen tissue weight to body weight, was employed to
estimate the severity of splenic injury. The severity of
dermatitis was evaluated and recorded every other day in
mouse lesions based on the presence of erythema/hemorrhage,
edema, excoriation/erosion, and scaling/dryness. Dermatitis
scores were calculated by summing the scores for each sign
with the following criteria: no symptoms (score 0), moderate
symptoms (score 2), and severe symptoms (score 3).
Additionally, the thickness of the right ears in all mice was
measured at the same time by using a micrometer.

5.8. Western Immunoblot Analysis. The total proteins
were extracted from the dorsal skin tissue of mice using a RIPA
lysis buffer at a ratio of 20 mg to 250 uL (supplemented with a
protease/phosphatase inhibitor cocktail; Shanghai Epizyme
Biomedical Technology Co., Ltd., Shanghai, China). Sub-
sequently, the protein concentration was assessed using a BCA
protein quantification kit following the instructions provided
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by Shanghai Epizyme Biomedical Technology Co., Ltd,,
Shanghai, China. The lysates were mixed with 7.5% PAGE
Gel (Shanghai Epizyme Biomedical Technology Co., Ltd.,
Shanghai, China), and then electrophoresis was performed.
The extracted proteins were transferred to polyvinylidene
fluoride membranes and blocked by Protein Free Rapid
Blocking Buffer (Shanghai Epizyme Biomedical Technology
Co., Ltd., Shanghai, China) for 15 min at room temperature,
followed by overnight incubation with the primary antibody
EGFR (1:5000, dilution), p-MAPK14 (1:500, dilution), p-
MAPK1/3, MAPK1/3, and MAPK14 (1:1000 dilution), and
GAPDH (1:10,000, dilution, all from Abways, Shanghai,
China) at 4 °C. Afterward, the blots were incubated with
secondary antibodies (1:5000 dilution, Abways, Shanghai,
China) for an hour at room temperature. The manufacturer’s
instructions were followed to visualize the protein bands using
an electrochemiluminescence (ECL) reagent (Shanghai
Epizyme Biomedical Technology Co., Ltd., Shanghai, China),
and protein expression was analyzed using ImageLab software.

5.9. Enzyme-Linked Immunosorbent Assay (ELISA).
The levels of IL-1f, IL-6, and TNF-a in the serum samples
were measured using ELISA kits (Jiangsu Meibiao Biotechnol-
ogy Co., Ltd., Jiangsu, China) according to the manufacturer’s
instructions.

5.10. Statistical Analysis. The data were analyzed using
one-way analysis of variance (ANOVA), and the results were
presented as the mean =+ standard deviation. A p-value of less
than 0.05 was deemed to be significant.
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