254Kk  Acta Pharmaceutica Sinica 2025, 60(1): 105-116 - 105 -

BT MK HIBF XK 82 SRR EX A S AT R AR R R B A X R B9

B NWES, HEE, ORI mESY HEAL D T, B &

(1. IS 2R Bt G W R 25 2% B 2 0 W0t 9 B, 1 e A 5 4 1 3 s 3236 =2, b 100050; 2. dbadH e 24 K
25240, I At 102488; 3. kT R C X ER, WE il 3k 014010; 4. mpgtha xR EZH - IFEARA A,
= B8 B 675000)

T N 7 IRTUKIE 5 RERRIC A 11 HI T BT HEZN )R] BE A F A 20— HLR, ST 70 15 516 R 0 4 245 B 2 5 v 0 1
7RIV Ll 7 R HL L R RT FELTR S £ A G B 32 R, % 975 356 1Y 110 96 B 2 PR 8 AT 52 LA T I 2% A1 GO\ KEGG 5 £ 73
W, SR 5 F I 575 3 ¥ Hep G2 41 i IR JR OBV L AN DL- 2,1 20 R 15 5 10 /0N BRUT I JFASE 28, 6 4 Py 41k 7K i B JIE
B A B B R FH AR I IR (0355 PR AT PR, 3R T Western blot VA6l 0] £ 24 FIL 24 41 7 (14 O 5 1 9 4 G 2 1 11

Fo P LG 5 0 IR AR 2 DIAE OC I PIBK/AKL S 58 B BE G RE D 5 5 M B 46 . AR AMIRIE SE UG 45 SR R, /Kig 5 BEfE
P R B I 850 T S S R R AN 5 S P T L P IR TR, BB AR IR IR I TG /KT, Sk T4t i ;)
JIE i & 2, Nile red F (03 5 A AT W 52 45 SR 38 0, 7K0E 5 AE JIELIBK & R FH P4 A0 JFF 40 P9 g o S0 % £ 338 ek 4 S5
P AL TEAR N /N BRUIE D AT RSS2 o, /KO 5 6 JIE BB 5 % P e 0% B8 407 b PR AU P o 1900 U 965 5 S0 o B A0 JFF I K P, B
LIS 5 b 4 & B A SEI0 BT F 2 W) A 5% Ak B 55 & S D4R R A 23K, S 3 T J i 483 b |l = 2 b 2
Bt 245 WUAIT 75 BT S 56 s 0 BRI F 2% 51 2 (IACUC) W & it . Western blot 5256 45 J IR, /K% 5 RE AR A B
AEfs i 2% 1M p-PI3K . p-Akt 2 (4 1 ik KT, 38 0 p-PI3K/PI3K . p-Akt/Akt LU AH, 5 WA 48 245 BE2E TR 45 S — 8. K
0 B G A N2 FH A 36 77 I8 07 P BT84 I G s B, TS PISKU/AKt 38 % n] B A2 L P4 I 400 g fIg 5 w0 AR A1) = S ML A1)

Z s
KHEIR): KUE; RENR; Y2 253 52, IR FUUTAR; HepG2 41l fiig
FE 52 S: R66 RRFRIZED: A X EHE: 0513-4870(2025)01-0105-12

Network pharmacology-based mechanism of combined leech and
bear bile on hepatobiliary diseases

GAO Chen', GUO Yu-shi**, GUO Xin-yi', ZHANG Ling-zhi', YANG Guo-hua‘, YANG Yu-sheng’,
MA Tao*, SUN Hua"

(1. Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, National Key
Laboratory of Digestive Health, Beijing 100050, China; 2. School of Chinese Materia Medica, Beijing University of
Chinese Medicine, Beijing 102488, China; 3. Baotou Kundulun District Hospital, Baotou 014010, China; 4. Yunnan
Century Huabao Pharmaceutical Industry Development Co., Ltd., Chuxiong 675000, China)

Abstract: In order to explore the possible role and molecular mechanism of the combined action of leech and

bear bile in liver and gallbladder diseases, this study first used network pharmacology methods to screen the
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components and targets of leech and bear bile, as well as the related target genes of liver and gallbladder diseases.
The selected key genes were subjected to interaction network and GO/KEGG enrichment analysis. Then, using
sodium oleate induced HepG2 cell lipid deposition model and DL-ethionine induced mouse fatty liver model, the
activity of leech and bear bile alone and in combination in reducing liver fat was evaluated in vitro and in vivo, and
the expression of key pathway related proteins suggested by network pharmacology was detected by Western blot.
The results of network pharmacology analysis showed that the active ingredients of leech and bear bile have 295
intersecting targets with liver and gallbladder related diseases, involving more than 200 signaling pathways,
including the PI3K/Akt signaling pathway and phospholipase D signaling pathway closely related to glucose and
lipid metabolism. The results of in vitro validation experiments showed that both leech and bear bile, alone and in
combination, can significantly inhibit the lipid deposition induced by sodium oleate in human liver cells, reduce the
triacylglycerol level in cell culture supernatant, and inhibit the lipid content in liver cells. The observation results of
Nile red staining confocal microscopy showed that the combination of leech and bear bile had better activity in
reducing lipid deposition in liver cells compared to using them alone. In a mouse fatty liver model, the combination
of leech and bear bile can better reduce elevated organ indices, blood lipids, and liver lipid levels, as well as lower
the levels of serum liver injury biomarkers. The animals used in this experiment and related disposal meet the
requirements of animal welfare. Before the experiment, it was reviewed and approved by IACUC, Institute of Materia
Medica, Chinese Academy of Medical Sciences. The Western blot experiment results showed that the combination
of leech and bear bile can significantly upregulate the expression levels of p-PI3K and p-Akt proteins, and increase
the p-PI3K/PI3K and p-Akt/Akt ratios, which is consistent with the predicted results of network pharmacology.
The combination of leech and bear bile has great potential for treating fatty liver disease, and activating the PI3K/
Akt pathway may be one of the important mechanisms for reducing lipid deposition in liver cells.
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Table 1 Hepatobiliary related diseases

Item Name of disease
1 Abnormality of the liver
2 Acute liver failure
3 Chemical and drug induced liver injury
4 Cholestatic liver disease
5 Copper accumulation in liver
6  Cystric liver disease
7  Decreased carnitine level in liver
8  Decreased liver function

9  Decreased mitochondrial complex III activity in liver tissue
10 Depletion of mitochondrial DNA in liver
11 Fatal liver failure in infancy
12 Fatty liver
13 Non-alcoholic fatty liver disease
14 Inflammatory response in alcoholic liver disease
15 Ischemic injury of the liver
16  Liver abscess
17 Liver cirrhosis
18  Liver diseases
19 Liver failure
20  Liver fibrogenesis
21 Liver injury
22 Liver related disease
23 Abnormality of the gallbladder
24 Cystic fibrosis gallbladder
25  Gallbladder dysfunction
26  Chronic cholecystitis
27  Cholelithiasis
28  Cholestatic hepatitis
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Table 2 The active ingredients of leech (SZ)

Item Component name PubChem ID Mol. wt.
SZ1 Putrescine 1045 88.15
SZ2 Glycerol 753 92.09
SZ3 2-Piperidone 12665 99.13
Sz4 Hexanal 6184  100.16
SZ5 Histamine 774 111.15
Sz6 Uracil 1174 112.09
Sz7 Proline 145742 115.13
Sz8 Valine 6287  117.15
Sz9 Succinic acid 1110 118.09
SZ10 Nicotinic acid 938  123.11
SZ11 L-Isoleucine 6306  131.17
Sz12 Adenine 190  135.13
SZ13 Hypoxanthine 135398638  136.11
SZ14 Spermidine 1102 145.25
SZ15 Acetylcholine 187  146.21
SZ16 Glutamic acid 33032 147.13
Sz17 Xanthine 1188  152.11
SZ18 Camphor 2537 152.23
SZ19 Dopamine 681  153.18
SZ720 Menthol 1254 156.26
SZ21 Tryptamine 1150  160.22
SZ22 Phenylalanine 6140  165.19
S723 Methyl(2E,8Z-decadien-4, 6443002 1742

6-diynoate
Sz24 Citrulline 9750  175.19
SZ25 Serotonin 5202 176.21
SZ726 Tyrosine 6057  181.19
SZ27 Spermine 1103 202.34
S728 Genipinic acid 12310086  242.22
S729 Lipase 1369  299.3

1548943  305.4
101844805 3104
5281232 328.4

SZ30 Capsaicin
SZ31 Hirudinoidine A
S732 Crocetin

SZ33 Ecdysone 19212 464.6

SZ34 Leucine 6106  131.17
SZ35 Indole-3-carboxaldehyde 10256  145.16
SZ36 Lysine 5962  146.19
Sz37 Methionine 6137  149.21
SZ738 Histidine 6274  155.15
SZ39 Tryptophan 6305  204.22
SZ40 Diacetazotol 6751  309.4

SZ41 1,3-Dimethyl-6-methylsulfinyl-
thieno[3,2-g]pteridine-2,4-dione

Sz42 CPA inhibitor

SZ43 ELIL

101844805  310.4

44374998 3133
9549220 3204
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Table 3 The active ingredients of bear bile (XD)

Item Component name PubChem ID  Mol. wt.
XD1 Acetylcholine 187 146.21
XD2 Chenodeoxycholic acid 10133 392.6
XD3 Cherianoine 5315819 235.24
XD4 Cholicacid 221493 408.6
XD5 Choline 305 104.17
XD6 Deoxycholic acid 222528 392.6
XD7 Deoxycorticosterone 6166 330.5
XD8 Taurochenodeoxycholic acid 387316 499.7
XD9 Taurocholic acid 6675 515.7
XD10 Taurodeoxycholic acid 2733768 499.7
XD11 Tauroursodeoxycholic acid 9848818 499.7
XD12 Taxachitriene A 124511123 636.7
XD13 Ursodeoxycholic acid 31401 392.6
XD14 Ursolic acid 64945 456.7
XD15 Quercetin 5280343 302.23
XD16 Succinic acid 1110 118.09
XD17 Caffeic acid 689043 180.16
XD18 Aspartic acid 5960 133.1
XD19 Threonine 6288 119.12
XD20 Glutamic acid 33032 147.13

XD21 Taurolithocholic acid
XD22 Bilirubin
XD23 Biliverdin

439763 483.7
5280352 584.7
5280353 582.6
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Figure 1 Composition-target-disease network diagram and protein interaction network diagram of leech and bear bile acting together on
hepatobiliary related diseases. A: Composition-target-disease network diagram of combined action of leech and bear bile on hepatobiliary
related diseases. The green square represents the common target of leech, bear bile and hepatobiliary disease, the yellow circle represents the
active component of bear bile, and the red circle represents the active component of leech; B: Protein interaction networks of leech and bear
bile with targets at the intersection of hepatobiliary-related diseases. The redder the color in the figure, the larger the circle, the more cen-

trally located it is, and the greater the role of protein
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Figure 2 Enrichment analysis of GO and KEGG. A: GO enrichment analysis; B: Visualization of path enrichment results (TOP20)
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Figure 3

The effects of XD, SZ, and their combination on lipid deposition in human hepatocytes. A, B: The effect of different

concentrations of sodium oleate (OL) on the viability (A) and lipid deposition (B) HepG2 cells; C: The effects of XD, SZ, and their
combination on the viability of HepG2 cells; D: The effect of XD combined with SZ on the triacylglycerol (TG) content of HepG2 cells

induced by sodium oleate; E: The effect of XD, SZ, and their combination on OL induced lipid deposition in HepG2 cells; F: Confocal

microscopy images of lipids in HepG2 cells from different groups. Using Nile red dye to stain lipids in cells, lipids exhibit red fluorescence;

staining the nucleus with DAPI dye resulted in blue fluorescence. Scale bar: 20 um. Images were presented at a 50 higher magnification.

n =13, mean =+ SEM. "P<0.05, "P<0.01, ""P <0.001 vs normal control group; ““P < 0.001 vs model group
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Figure 4 Effect of SZ, XD and their combination on organ index, serum liver injury markers, serum lipid and liver lipid levels in

SZ+XD

DL-ethionine induced fatty liver mice. A: Liver index; B: Spleen index; C: Alanine aminotransferase (ALT) level in serum; D: Aspartate

aminotransferase (AST) level in serum; E: TG content in serum; F: TG content in liver; G: Representative picture of the liver. n = 10,

mean + SEM. "P < 0.05, "P<0.01,""
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Figure 5 Effect of SZ combined with XD on protein expression
in HepG2 cells. A: Representative Western blot brands and density
analysis of p-PI3K and PI3K; B: Representative Western blot
brands and density analysis of p-Akt and Akt. n = 3, mean = SEM.
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