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Abstract: Huanglian Jiedu Decoction (HLJDT) is a classic fever-clearing detoxification prescription, with
clear clinical evidence to support its anti-tumor activity. However, its effect on melanoma metastasis and its
potential molecular mechanism have not been systematically clarified. In this study, network pharmacology is used
to predict the potential active components, therapeutic targets and key signaling pathways of HLIDT that may have
an anti-melanoma transfer effect. Based on these findings, a mouse melanoma lung metastasis model was

established, and in vivo and in vitro experiments were carried out to verify the anti-transfer effect of HLJDT and
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explore its potential mechanism. The results show that network pharmacology analysis indicates that HLIDT
contains multiple potential anti-melanoma active ingredients and may exert a synergistic anti-tumor effect by
regulating multiple key signaling pathways, including cancer-related pathways and JAK-STAT pathways. In vivo
experiments showed that HLIDT significantly inhibited melanoma lung metastasis, reduced the number of lung
metastasis nodules, and enhanced the anti-tumor immune response. /n vitro experiments further confirmed that
HLIJDT significantly inhibits the proliferation and migration of melanoma cells and induces cell apoptosis, which is
closely related to the enhancement of ROS generation and mitochondrial membrane potential destruction.
Mechanism research shows that HLIDT inhibits the activation of signal transducer and activator of transcription 3
(STAT3) and its phosphorylation, downgrades the expression of PD-L1 and N-cadherin, and upregulates the
expression of E-cadherin, thus inhibiting the invasion and metastasis of melanoma cells and improving the immune
microenvironment of tumors. Overall, these findings show that HLIDT has potential in inhibiting melanoma
metastasis and reshaping the tumor immune microenvironment, providing a systematic experimental basis for its
application as an auxiliary treatment of malignant tumors. This experiment was approved by the Experimental
Animal Ethics Committee of Shandong University of Traditional Chinese Medicine (approval No.:
SDUTCM20220302025).
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Network pharmacology analysis reveals the potential molecular mechanisms by which Huanglian Jiedu Decoction (HLJDT)

inhibits melanoma metastasis. A: Venn diagram of drug-disease intersection targets; B: PPI network of HLJDT inhibits melanoma

metastasis; C: Gene ontology biological process enrichment plot; D: KEGG pathway enrichment analysis diagram. BP: Biological process;

CC: Cellular component; MF: Molecular function
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Figure 2 HLIJDT significantly inhibits pulmonary metastasis of melanoma and ameliorates immune status in tumor-bearing mice. A: Gross

images of lung tissues; B: Changes in body weight of mice; C: Lung weight of mice; D: Spleen index of mice; E: Thymus index of mice; F:

Heart index of mice; G: Liver index of mice; H: Kidney index of mice. n =5, x 5. P <0.05, "P < 0.01, ""P < 0.001 vs the control group;

ns: No statistically significant difference; C: Control group; M: Model group; HLIDT-L: 1.5 g-kg"’ HLJDT; HLJDT-M: 3 g-kg' HLJDT;

HLIDT-H: 6 g-kg"' HLIDT; CTX: 20 mg-kg" cyclophosphamide

HLIDT 4t # 5 B16F 10 41 fitd 1 E-cadherin 2 {5 5
1898, 177 N-cadherin %615 5 B Rk 55, H 255 &K
#VE AR 4k, Ui B3 HLIDT 77 3% 5 40 ffa 5] 26 B B8 0 .
Western blot 45 2 i — ik 52 (B SE~J), HLIDT 1] &
2 T p-STAT3 (Tyr705) /KF, [Fi} 118 E-cadherin %
15, ¥4 N-cadherin &k . MLAh, Bl 5 2544 B 36
PD-L1 & A RE KT B K. — D i ik oh sl
S 56 VP ity X 98 A 5% I AR B R (B SK~N),
5B A L, 40 A1 80 pug-mL" HLIDT &b ¥ 21 {2 25 411
#il HUVEC & RE 77, FE IR E5 M 380 L 70 3 U3 2
B KA I S D BN HLIDT B 3] fif g 4 5% 1 & A
Bee Zi b, HLIDT A] Ge il iod 401 i) STAT3 {5 il i, —
77 TH A EMT AH 2K 73 1 30, 40 il Ji 98 4 i 4= 28 5T
¥ 55— 7 T B A% PD-L 1 35 4] i 48 A6 i, M &

IS
w2

ERRORREREEM.

it

L R R s PR AR R M R B R R ), IR A 2
SRR VAT P B EE PR R VR T R G A
AN FE — e A s T R AR, (2
PE G A DG RIE T BB YT AR S5 10 8, AT R ) T
KA HANMED . Bk, FF R 2 At ] 2 2 IRF T
il g 2 B 3ok 4 10 A B VR T SR, LA B IR IR S
Hh 5 2 LA R 1 2 R 22 B8 AP R AR FH O RRAE, 7E iR
RS T TR S R AR A H U TH R B MURR R 3, N R
BRB LA PR TREE TR o TR .

HLIDT 1 4 Wi #2575 770, KA A T “$ig
P27 SR IR )T o BEARRF E R, LR A&



#  Acta Pharmaceutica Sinica 2026, 61(9): 3402-3412

M

Heart

Liver

Kindey

Spleen “

Lung

m

%
S
I}
S

o
3
@

S
S
)

)
S

IFN-y / pg-mL"’

IL-10/ pg'mL"’

%Area of Ki-67 expression

o
o

¢} <

29&20@@9 &

&

IR
S’

HLJDT-L

HLIDT-M

HLJDT-H

G H
2000 1000
A e " oo HAK ek
- o - 800
BT 3 1500 .
& p 600
1000 B
Q S 400
= <)
g s £ 200
0
v Y Y
> ¢ @&"b@@ & ¢ ‘B& S sF ¢ w“v@& S &
TP I I

Figure 3 HLJDT inhibits the proliferation of lung metastases of melanoma and improves the tumor immune microenvironment. A: HE

sections of heart, liver, spleen and kidney of mice (100%); B: HE staining of mouse lung (100x); C: Ki-67 staining of the lung (100x); D:

Quantitative analysis of Ki-67 immunohistochemical results; E: ELISA test results of interferon-gamma (IFN-y); F: ELISA test results of

interleukin-10 (IL-10); G: ELISA test results of transforming growth factor-beta (TGF-f); H: ELISA test results of tumor necrosis factor a

ok

(TNF-q). n=3,x+s. P<0.05, "P<0.01,
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Figure 4 HLIJDT suppresses melanoma cell proliferation and migration while inducing apoptosis via oxidative stress pathways. A—C: The
survival rate of B16F10 cells treated with HLJDT for 24 h (A), 48 h (B), 72 h (C); D—F: The survival rate of A375 cells treated with HLJDT
for 24 h (D), 48 h (E), 72 h (F); G: Cell scratch test of HLJDT (50%); H: Crystal violet staining experiment of HLIDT; I: Cell scratch area
quantification; J: Cell survival rate quantitative analysis; K: The relative fluorescence intensity of intracellular ROS; L: The effect of HLIDT

on intracellular ROS (100x); M: HLJDT on mitochondrial membrane potential (100x). n =3, x 5. P <0.05, "P < 0.01, ""P < 0.001 vs the
control group
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Figure 5 HLJDT regulates epithelial-mesenchymal transition (EMT) and immune evasion-related molecular expression via suppression of

signal transducer and activator of transcription 3 (STAT3) signaling. A: E-cadherin protein fluorescence detection (100%); B: N-cadherin

protein fluorescence detection (100x); C: The relative expression of E-cadherin protein; D: Relative expression of N-cadherin protein; E:

The influence of HLIDT on the expression of related proteins; F-J: Quantitative analysis of protein expression; K: The tube formation state

and calcein staining (100x) of HUVEC cells under the action of BI6F10 conditioned medium; L—N: Quantification results of node number,

tube length and branch number. n =3, x £ 5. "P<0.05,"P<0.01,
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