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[ Abstract | Objective: To explore the active components and potential molecular
mechanisms of Chinese medicine Xiangsha Liujunzi decoction (XSLJZ) in the treatment of
thyroid carcinoma. Methods: Active components and corresponding targets of XSLJZ
were screened using the Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP). Thyroid cancer-related targets were collected from seven
bioinformatics databases, including GeneCards, Online Mendelian Inheritance in Man
Database (OMIM), DISGENET, DrugBank, The Cancer Genome Atlas (TCGA), Gene
Expression Omnibus (GEO), and Therapeutic Target Database (TTD). A protein-protein
interaction (PPI) network and a multi-level “XSLJZ-medicinal materials—active components—
potential targets—thyroid carcinoma” network were constructed to identify core targets.
Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment

analyses were performed, followed by molecular docking to assess binding affinities.
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In vitro, cell counting kit-8 (CCK-8), flow cytometry, colony formation, Transwell, and
Western blotting assays were used to evaluate cell viability, death, proliferation ability,
migration, and protein expression in 8505C and TPC1 thyroid carcinoma cells. In vivo,
a subcutaneous xenograft model was established in female BALB/c nude mice (6—8 weeks
old, 15-16 g) by injecting 2x10° 8505C cells. Mice were randomly divided into model
control (vehicle), low-dose XSLJZ (200 mg/kg), and high-dose XSLJZ (400 mg/kg) groups
(n=6 per group), receiving daily gavage for 24 days. Tumor volume and body weight were
measured every four days. Histopathological changes were observed by hematoxylin and
eosin staining and immunohistochemical staining. Results: Five major active components
of XSLJZ (isoliquiritigenin, naringenin, baicalein, nobiletin, and glycyrrhetinic acid) and
45 core targets for thyroid carcinoma were identified. XSLJZ and these five components
significantly inhibited the proliferation of 8505C and TPC1 cells without notable toxicity to
normal thyroid cells, with isoliquiritigenin showing the most prominent effect. Flow
cytometry revealed that XSLJZ (16 mg/mL) induced up to (84.91+0.49)% death in TPC1
cells. Molecular docking showed low binding energies between isoliquiritigenin and
protein kinase B 1 (Aktl), cysteine aspartic acid specific protease (Caspase)-3, Caspase-9,
and poly ADP-ribose polymerase (PARP) (lowest —9.9 kcal/mol with PARP). XSLJZ and
isoliquiritigenin dose-dependently suppressed colony formation and migration, downregu-
lated receptor for advanced glycation end product (RAGE), phosphorylated phosphoino-
sitide 3-kinase (PI3K), and phosphorylated Akt, upregulated B-cell lymphoma protein 2
associated X protein (BAX) and mitochondrial cytochrome c, and activated Caspase-3/9-
mediated apoptosis and gasdermin E (GSDME)-dependent pyroptosis via the advanced
glycation end product (AGE)-RAGE—PI3K/Akt axis. In vivo, both low and high doses of
XSLJZ significantly inhibited tumor growth, reduced Akt and Ki-67 expression in tumor
tissues (all P<0.05), and showed no obvious toxicity to the heart, liver, or kidney.
Conclusion: XSLJZ inhibits thyroid carcinoma cell proliferation and induces cell death
through multi-component, multi-target synergistic regulation of the AGE-RAGE—PI3K/
Akt signaling pathway.

[ Key words| Thyroid cancer; Xiangshaliujunzi decoction; Network pharmacology;
AGE-RAGE signaling pathway; PI3K/Akt signaling pathway; In vitro experiment; Nude

mice
[J Zhejiang Univ (Med Sci), 2026, 55(6): 515-527.]

[HEREIE | A7 > & T % (Xiangsha Liujunzi decoction, XSLJZ) ; 2m fe it HX 7] & 8
(cell counting kit-8§, CCK-8) ; S+ F 4B % % & (fluorescein isothiocyanate, FITC) ; sk
1 #7Z (propidium iodide, P1) ; 55 P X &% Bt #. (phenylmethylsulfonyl fluoride , PMSF) ;
Z vk 9k ¥ 5 (bicinchoninic acid, BCA) ; & 1% = # & % (polyvinylidene fluoride,
PVDF) ; %& & % & B (protein kinase B, Akt) ; B @ ftL itk & 98 & & 2 (B-cell lymphoma
protein 2, Bel-2) ; Bel-2 48 5% 4m iR 58 i3 5 % & (Bcl-2 associated agonist of cell death,
BAD) ;Bel-2 48 % X & & (Bel-2 associated X protein, BAX) ;B & afa @4 K& d
(B-cell lymphoma-extra large, Bel-XL) ; % fig BE WL ES 3 3% B4 (phosphoinositide 3-kinase,
PI3K) ; & ADP 4% % &~ [ poly ADP-ribose polymerase, PARP | ; Bt X & & B4 (cysteine
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aspartic acid specific protease , Caspase ) ; 7§ K % E(gasdermin E,GSDME ) ; i, 2 42 X 44
# A= #1 (advanced glycation end product, AGE) ; AGE &4k (receptor for AGE,RAGE) ;
H i B -3- A BR B 2B (glyceraldehyde-3-phosphate dehydrogenase, GAPDH) ; 77 A
5 —47 42 % &, (hematoxylin and eosin staining, HE % &, ) ; ¥ 2 £ %0 25 22 3 348 A An
4 #7-F & (Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform, TCMSP) ; Ft % 2 22 2 ) 28 5 3L 4% % (Comparative Toxicogenomics Database,
CTD) ; £ & Ak F# 4% /R % A5 4 ¥ & (Online Mendelian Inheritance in Man Database,
OMIM ) ; 7% 77 ¥e.,5 2 3% % (Therapeutic Target Database , TTD) ; %% & 2 B 20 /7% (The
Cancer Genome Atlas, TCGA) ; A& B & ik 22 & 4 ¥ % (Gene Expression Omnibus,
GEO) ; %& & —% & 48 Z 4 JA (protein-protein interaction, PPI) ; & & A 4K (gene ontology,
GO) ; 7 A7 B Fo JK B 28 8 4% % (Kyoto Encyclopedia of Genes and Genomes, KEGG ) ;

207 & B T BEEE (histone deacetylase, HDAC)
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Figure 1 Venn diagram showing the overlap between active ingredients of XSLJZ and thyroid carcinoma-related targets
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R1 XSLIZFIGEE R P2 (E B Mg T R AL A T IE B
Table 1 Chemical information for the active compounds of XSLJZ R L E B, A
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cl2 JIMEE 72344 C21H2208 40240  0.52 61.67 BLHHE 5. 4B XSLIZ K
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21 Huz 114829 CISHI1204 25625  0.18 7112 BR300, HEA RIFH

S H R T B R A T e 3R 5 L P R A~ O A X . XSL)Z:

WARHT.

TN T A 5 S DL N 2 5 0 i B B T B A
FET- A % ; KEGG T RE & S0 #r o, e
B EET 5 AGE-RAGE % PI3K/Akt {5 5 18

SR S A % (IR 4) o
2.2 XSLJZ B F R i P Rl 43 300 o) HE R AR 98 41 i
HABH

CCK-8 2B 45 B 7R, XSLIZ M S H B & Al
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TR ol DR 0 2 B e, o DL R R R U

2 XSLIZIAYT HARNRIERIHT 15 740 51
Table 2 Top 15 core targets of XSLJZ in the treatment of
thyroid carcinoma

W EWRE B ARER )
BB i ke o e T
RELA 4 2.23 0.45 21.3 4
PTGS2 4 2.16 0.46 23.8 4
Bel-2 4 2.09 0.48 24.0 4
NOS2 3 2.80 0.36 18.0 3
PTGS1 3 2.38 0.42 27.0 3
HSP90AA1 3 2.38 0.42 27.0 3
CASP3 3 2.46 0.41 23.3 3
BAX 3 2.53 0.40 23.0 3
Aktl 3 2.46 0.41 233 3
TNF 2 3.32 0.30 14.5 2
NFKBIA 2 3.32 0.30 14.5 2
1IL6 2 3.32 0.30 14.5 2
CASP9 2 3.02 0.33 19.5 2
PPARG 2 2.78 0.36 26.0 2
ESR2 2 2.78 0.36 26.0 2

XSLJZ: BFWAE T .

ek, iR a5 R
O A A R 1] SR 1 — 2P R
T AR R g A B9 A 280

Bl2gt:
2.3 XSLJZ R F R s T 43185 S5 H DR AR 98 4 i
T

It =X 2 L AR A I 45 2R 7, XSLIZ K s
TR MR SR JIFRKE R CHRERRGE
S HUR ARt (R 3 K E 6) , Hrf 57
HEZRERZCR RN B2 o7 X0 g
KR, 5 HHE XS Akt Caspase-3 ., Caspase-9
K PARP 45 & R 48 5l —9.8, —6.0,. —6.9
F1—9.9 kcal/mol (K&l 7) , 2 B Akt Caspase-3 .
Caspase-9 & PARP A G /& 5 H H2 2397 HUIR R
T VS FE D A
2.4 XSLJZFl5 H R R i@ 1 AGE-RAGE F1 PI3K/
Akt 38 (6 00 1) DR R 9 A P38 B B RS IR AR 0 L
ST

DA [ 37 it XSLJZ 5 57 H 55 3R Ak 23 F R R
T UM, R0 T AT L4 B B I | R 2 A
WARVETIEA IR T (K 2) , 4 AE V& T Bl RE
TIFEERLRE S 0 3 T (R 4, &I 8~9) . B
B3 3 4G 0 4% R B R, AGE-RAGE—PI3K/Akt i
% (7 46 3 1k RAGE £ ik & T ; 0 | H
PI3K R 1k PI3K Akt DL R R fk Akt Rk i T
I8 5 W 1% T UiE cleaved Caspase-3.cleaved Caspase-9
K cleaved PARP 2 [ % ih &t [, 1] Caspase-3 .
Caspase-9 2 PARP T ; S T-45 5 45 11 GSDME-N
Jr B3Rk B XSLZ A S H 5 28 500 i 4 g 4 5
P TM CHE (1, BAD  BAX %35 I, Bel-2,
Bel-XL 35T il s bR A I Tl B AR S A (R ¢
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R3 OAN[ARE XSLIZ K TR0 PR Ao T S50 AR R s
ANMIZET H ] Lo A
Table 3 Percentage of dead thyroid carcinoma cells after
treat-ment with various concentrations of XSLJZ or
its five active components

(%, x+s,n=3)

S BET 20 ML A1)
8505C TPC1

XSLJZ 0 mg/mL 2.22+0.27 4.9420.61
8 mg/mL 17.98+0.95™ 42.71x0.72"
16 mg/ml. 61.83+1.13" 84.91+0.49"

SHHFEZ 0 pmol/L 3.65+0.78 9.69+2.67
50 wmol/L 49.26+4.33" 17.73+4.47"
100 pmol/L. ~ 65.79+3.95™ 56.92+2.02"

MifzZE 0 pmol/L 1.6120.76 8.07+0.33
250 pmol/L 16.40+1.52™ 10.02+0.47"
500 pmol/L 60.26+2.69™ 50.43+0.97"

AR 0 pumol/L 7.62+2.12 11.11+1.48
50 wmol/L 32.17+3.43" 19.00+5.22"
100 pmol/L 39.21+1.88" 33.510.60"

JIBREZZ 0 pmol/L 2.17+0.44 11.51+1.17

40 pmol/L 5.24+0.53" 10.88+1.66

80 wmol/L 6.73+0.52" 14.06+0.65

HHEIKER 0 pmol/L 3.20+1.15 7.66+0.62
100 pmol/L.~ 33.02+3.07” 66.45+3.90™
200 pmol/L.  47.108.18™ 98.69+0.29"

50 mg/mLEE 0 wmol/L FL4%, "P<0.05, " P<0.01. XSLJZ: &b
ANEFG.

ik BH(E 3 K 2~3) . g5 54K XSLIZ & 57
H 5 2 Al il 1 AGE-RAGE—PI3K/Akt i &4 1
PI3K/Akt 35 , [R5 38006 4 f 08 T Fn g =, AT
] FRCRR g 20 B Y 5 AT RS
2.5  XSLJZ il fargg e AR K

R RRURE AL L2 25 IR i 7R, 200,400 mg/kg [
XSLIZ 47 5 3 30 i ek AR K, PRI R) 25 S e e it
R (F4), HEG @S5 R R  XSLIZ A #L s
i 92 21 250 e 3 43 e S A0 B AR R 4 /0N 20 i I K
W AN MOAZ [ 4O IR . s A 8k aE e e 2
R, XSLJZ 4b P 5 I 240 20 Akt 1 Ki-67 %
IR E A E— 25 UE SRR A0 ) ik g 4 e 4
B (F 5 IME10) . FEZ a7 I, 45 25 1)/
SR TG B ARk (1 P>0.05) , 0 IV AH
A IEH (K 5~6) , #emizfl &5zt Rif. ol
D XSLIZ AT 75 A4 A 417 ] FE PR i g A 1155 5 b
JEAAET H A e B .

R I v . 0

AR, AR HUIR BRI R R 8 T
FEDR BB B0 g 0 - FR 780 FFOIR B8 B DL TRk
{HRIL I 25 5% B B B Ab e f 22, HR
iR A oA g BN 2%, B0 A AR 2B M,
40% HURBRR Ak i FR 3 R BN )2 R iR
DX sk L 25 R b e B, R AR DI BR AL &, AR
HWEW 2, PO AR A 44~ H 22
TR Rl A BELUKTT I e 128 Jie B 2 % 10 0 R e 3 24 )
P i RN ST G B N SRA T caN
R R NS I TR B F AR A 2 55 2 2

SREZB TR ORI e ONEB: IS 7Aoo N E NN i
W I J (1) 75 Jo B Ak 45 22 S0 A AT R o e 24
i 358 RN A% A2 R A B st T, L EE EIAE
% i 2P R A VR T AT B SRR VR T A R
UTAER , 246 24 R B OB R e 9027 e
Lo -Z -2 S S AR ZEGY, B
if At 2 07 U AL, i s rh 25 52 2 R K
PEAEF A AR BT B N 45 25 B 2E
XSLJZ v i S H B R Al R A R A% O S P
BAY , 28 PPLIN 26 53 B B FE AR T e A5 45 A g G HK
B HE A5 GO FIKEGG & 42 /0 Hr s, i BB #E 45
T TR SR ARG RS RIS
HH DG 3 [H 5 X755 FF DR B8 A I S8 T Iy 3 1Y
SEHFERIAT 4T X8, 3 — 2P 2 Caspase-3.
Caspase-9 . PARP | Akt 2 JC 8 25 5 2 11 S A% 0
S, SRS XSLIZ 13 M 43 vl 3 3 B )7
K ESE A A% 050 5 BEL BT AGE-RAGE—PI3K/Akt
=, RSN R 8505C F1TPC 1 4H i 14 58 A it
B A A T ST U PN e I A ) R AR e
BARE AR . BIREE I 23 T XSLIZ Z i
Sy UrAD 22 S S T R BE AL T
I 26 245 L2 78 R 25 52 7 I R B R A (L

PI3K/ Akt fil1 2 5K 3y FHIR s 185 5 RN 6 7% R A%
SOV, S AR A T o 4 S A o)
AT IR A RE R eAh %[5 Sl A
DR Y e vt 3 B O E B MR, F
FRW, FLA AGE 5 H 32 1K RAGE 45 & J5 &
PI3K/Akt {5538 % , 1238 B v] W45 242 5 4 il
SR LR RN AT 0 T e s T AR SO R
$L7R XSLIZ 3 1 41 ] AGE-RAGE #H B4 H1 3k il
55 PI3K/AKt 5538 5, 2 117 52 o) HH R B8 41 M 1



BT, 2 T W 2% 24 B2 R B 075 8 12t HOBR I P FH B 1o - 523 -

XSLJZ (mg/mL )
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TPC1
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Figure 2 Representative morphology of thyroid carcinoma cells after treatment with XSLJZ or isoliquiritigenin
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Table 4 Quantification of colony formation area and cell migration area in thyroid
carcinoma cells treated with XSLJZ or isoliquiritigenin

(% ,x+s,n=3)

i YA i E RS 1 A
o 8505C TPCI1 8505C TPC1

XSLJZ 0 mg/mL 100.00£16.55  100.00+17.97  100.00£0.37  100.00+0.13
8 mg/mlL 58.79+19.20"  60.11+23.20"  67.28+0.21""  96.10+0.29™
16 mg/mL 9.03+9.61™  17.85+17.05"  28.14+0.31"  50.94+1.08"

SHEZE Opmol/ 100.00£0.39  100.00+0.68 100.00+1.20  100.00+0.81

50 pmol/L.  51.21£0.29™  88.08+0.35"  61.94+0.21"  98.52+0.81
100 pmol/L. 36.21£0.06™  44.61+0.07"  25.97+0.53"  73.46+2.33™

50 mg/mL B0 pmol/L [L#%, ™" P<0.01. XSLIZ: HWAE T .

8505C
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Figure 3 Electrophoretogram of proteins involved in the AGE-RAGE, PI3K/Akt signaling pathways, as well as apoptosis-

and pyroptosis-related proteins in thyroid carcinoma cells treated with XSLJZ or isoliquiritigenin for 24 h
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Figure 4 Thyroid tumor growth in each group
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Table 5 Quantitative analysis results of HE staining and
immunohistochemical staining of tumor tissues

(%, x+s,n=3)

@ EWEEME  Ki-67FHME  AkcfHIE
i di bt di b
RIS HE AL 53.1624.17 8.28+0.92  29.01%1.10
XSLIZ/NFE4]  22.58+2.52° 1.12+0.197  7.83+0.82"
XSLJZ KHIHZ]  35.97+2.04"  0.52+0.23""  2.96+0.16”

R B AT L #R T P<0.05, 7 P<0.01. HE YL A, Jj A NG
LLYett  XSLIZ: TN Fi7 .
25 -~ JERUNHIRZ
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—o- XSLIZKF R

15 1 1 1 1 1 1
0 4 8 12 16 20 24
i) (d)

XSLIZ: FWNEF.

5 KAMEZ Lz
Figure 5 Body weight changes in each group
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Figure 6 Representative histopathological findings of

liver, kidney, and heart sections in each
group (HE staining)
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