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Multi-technology integration elucidates the anti—inflammatory effects and

mechanisms of Sihuang Solution

HUANG Jin!, ZHANG Yue', ZENG Huating’, LIU Bixia', YANG Ruipei"**, XU Weilong'*
1. Shenzhen Pingle Orthopedic Hospital (Shenzhen Pingshan District Hospital of Traditional Chinese Medicine), Shenzhen,
Guangdong 518001, China; 2. Shenzhen Traditional Chinese Medicine Hospital, The Fourth Clinical Medical College of
Guangzhou University of Chinese Medicine, Shenzhen, Guangdong 518033, China

(Abstract] Objective To systematically explore the anti—inflammatory effects and mechanism of action of Sihuang Solution
(SHS) through an integrated strategy combining pharmacokinetics, untargeted metabolomics, network pharmacology, and molecular
docking. Methods The oral bioavailability of major active components was predicted using the SwissADME platform. To
determine the SHS dosage range, 30 mice were randomly divided into a blank group (saline) and five SHS groups (0.125, 0.5,
2, 8, and 16 g/kg; n=5), administered intragastrically once daily for 10 consecutive days. Subsequently, 50 mice were
randomly assigned to blank group (saline), model group (saline), positive control group (aspirin, 100 mg/kg), and low-and high-
dose SHS groups (1 g/kg and 5 g/kg) (n=10), treated intragastrically for 10 consecutive days. Anti—inflammatory effects were
evaluated using xylene —induced ear edema, carrageenan —induced paw edema, and acetic acid —induced writhing tests.
Untargeted metabolomics was performed by ultra—performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS)
to identify differential metabolites and conduct pathway enrichment analysis. Network pharmacology was employed to screen
core anti-inflammatory targets and to perform GO and KEGG pathway enrichment analyses. Metabolite—protein—disease correlation
analysis was carried out on the Metabo Analyst 6.0 platform using Pearson and Spearman correlation coefficients. Molecular
docking was applied to assess the binding of core active components to key anti—inflammatory targets. Western blot was used
to validate the effects of SHS on the nuclear factor-xB (NF-kB) signaling pathway. Results Pharmacokinetic evaluation revealed
that eight major active constituents—aloe—emodin, baicalein, baicalin, berberine, coptisine, palmatine, rhein, and quercetin—
exhibited good gastrointestinal absorption and favorable oral bioavailability, supporting the oral administration route. Subsequently,
toxicity evaluation showed that there were no significant differences in survival rate or body weight between the SHS groups
(0.125-8 g/kg) and the blank group (P>0.05). Accordingly, 1 g/kg and 5 g/kg were selected as the low and high doses for
subsequent experiments. Compared with the blank group, the model group showed significant increases in ear swelling rate,
ear weight difference ratio, writhing count, edema severity (P<0.01), and the levels of tumor necrosis factor—a (INF-o), interleukin—
1B (L-1B), and prostaglandin E2 (PGE2) (P<0.01). Compared with the model group, the positive control, low— and high—dose
SHS groups exhibited marked decreases in ear swelling rate, ear weight difference ratio (P<0.05, P<0.01), edema severity (P<
0.01), and the levels of TNF-a, IL-1B, and PGE2 (P<0.05, P<0.01), the positive control and the high—dose SHS groups
showed a reduction in the writhing count (P<0.01). Compared with the positive control group, the low-and high-dose SHS
groups exhibited significantly increased writhing count and edema severity (P<0.05, P<0.01), as well as elevated levels of TNF-a,
IL-1B, and PGE2 (P<0.01). Additionally, the ear weight difference ratio was significantly higher in the low—dose SHS group
(P<0.05). Compared with the low—dose SHS group, the high—dose SHS group showed significantly reduced writhing count and
edema severity (P<0.05), along with decreased levels of TNF-a, IL-1f, and PGE2 (P<0.01). Untargeted metabolomics identified
29 differential metabolites; pathway enrichment analysis indicated that arachidonic acid metabolism, linoleic acid metabolism,
sphingosine metabolism, and histidine metabolism are core pathways closely linked to the anti—inflammatory effects of SHS.
Network pharmacology yielded 150 potential anti—inflammatory targets, of which the top ten core targets were identified as:

IL-6, AKT serine/threonine kinase 1 (AKT1), TNF, tumor protein p53 (TP53), IL-1(3, vascular endothelial growth factor A
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(VEGFA), Jun proto-oncogene (JUN), caspase-3 (CASP3), prostaglandin-endoperoxide synthase 2 (PTGS2), and matrix metalloproteinase 9
(MMP9). KEGG pathway enrichment analysis suggested that the NF—«B, mitogen-activated protein kinase (MAPK), 1L-17, TNF, and
phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) pathways are closely associated with the anti-inflammatory effects. The
metabolite—protein—disease network placed arachidonic acid metabolism at the center, with its metabolites significantly correlated
with the NF-kB pathway proteins TNF, IL-1f, and NF-kB inhibitor o. Molecular docking revealed that coptisine displayed
binding energies below—7 kcal-mol™ with 1L-6, IL-1B, TNF, and PTGS2, forming stable hydrogen bonds with key amino acid
residues. The protein expression of phosphorylated NF-kB p65 (p—NF-kB p65), phosphorylated 1kB kinase (p—IKK-ca), and p-
IKKB was significantly upregulated in the model group compared with the blank group (P<0.01) and was downregulated in the
positive control, low— and high—dose SHS groups (P<0.01) compared with the model group. Furthermore, the expression levels of
these phosphorylated proteins were significantly higher in the low—dose SHS group than in the positive control group (P<0.01),
and were lower in the high—dose SHS group compared with the low—dose SHS group (P<0.01). Conclusion SHS may exert
direct or indirect anti—inflammatory effects by modulating a "metabolism—immunity" regulatory network composed of metabolic
pathways, such as arachidonic acid metabolism and the NF-kB signaling pathway.

(Keywords) Sihuang Solution; anti—inflammation; pharmacokinetics; network pharmacology; molecular docking; untargeted

metabolomics; arachidonic acid metabolism; NF-«kB pathway
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Fig.1 Pharmacokinetic evaluation of major bioactive constituents in SHS
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Fig.2 Dose screening of SHS and its effects on ear swelling and writhing responses in mice
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Fig.3 Effects of SHS on paw edema in mice
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Table 1 Information for differential metabolites
b 2 AR HMDB %% s 14 B8 i) Gy BT VIPME ARk
1 L HMDB0000190 C;HeO; 2.933 89.020 0 + 0.254 l
2 4R HMDB0000177  CoHyN;0, 2.850 155.154 6 + 3.696 1
3 Xt A LR HMDB02035 CoHy05 1.135 164.047 3 + 1.938 1
4 5] I TR 44 T2 HMDB00734 C HsNO, 2252 187.063 3 + 3.346 1
5 L0 R R HMDB00929  CyHuN,0, 1.024 204.089 9 + 0.108 l
6 =0 R TR HMDB0003073  CisHy0, 9.127 278.224 6 + 0.202 !
7 3 R HMDB00673 CisH0, 7.333 280.240 2 + 0.222 !
8 10E, 122+ /\ B )5 1 HMDB0005048  CsHy,0, 8.683 280.240 2 + 0.157 !
9 ] HMDB0000207  CysHz0, 8.483 282.255 9 + 0.147 !
10 Pk L TR HMDB0001999 CaHy0, 4.967 303.231 4 + 0.283 !
11 A6 2L 06 HMDB0001043  CyHy0, 5215 304.466 9 + 0.159 !
12 RIATHIEASRTY HMDBO0006461  CysHisNO, 8.283 423.334 9 + 0.137 !
13 20-F2 %L H =i B4 HMDB0012639  CxHyNOS  7.983 455.610 0 + 0.125 !
14 45 I W BE 1L AR [ 20:4(87,11Z,147,17Z)]  HMDB0010396  CosHsNO,P 4.567 543332 5 + 0.287 i
15 VA I I Ok JIEL 63 (20:3/0:0) HMDB0010393  CxHoNO.P 10952 545.688 7 + 0.107 1
16 BE IR HMDB0000254 CHO, 1.033 118.026 6 - 4.103 1
17 EREAm HMDB0000267  CsH,NO, 2.733 129.114 0 - 2.108 1
18 2 i i O R HMDB0001864 CoHig0s 1.921 130.063 0 - 1.928 1
19 L-5 58 AR HMDB0000172  C¢H;sNO, 1.483 131.094 6 - 0.153 !
20 11— R S5 A0 ki HMDB0000699  C,H,N,O 2.133 137.159 2 - 0.242 !
21 2-H AR TR OB HMDB0033589  CoH,\NO, 1.917 165.079 0 - 0.183 !
22 -1 2 R HMDB00158 CoH,NO3 1112 181.073 9 - 2.224 1
23 BTk & R HMDB0003831  CoH,NO; 0.902 181.073 9 - 6.428 1
24 o e 2 T i HMDB0061859  C;H3,0, 9.033 270.450 7 - 0.113 !
25 B HMDB0003797  CsHy0, 8.683 280.240 2 - 1.670 1
26 A% HMDB0000573  CysHz0, 10.150 282.255 9 - 3.774 1
27 A HMDB0000252  CigHyNO, 3.467 299.491 9 - 0.194 !
28 5(8)- ¥ R VU R HMDB11134 CaoH05 4933 320.235 1 - 3.039 1
29 H &R HMDBO0000138  CagHsNO, 11.324 465.622 7 - 2.138 1
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Fig.7 Correlation network analysis of metabolite—protein—disease
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Fig.8 Molecular docking analysis of key active constituents of SHS with core anti—inflammatory targets
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