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[ Abstract]  Objective This study preliminarily investigated the potential mechanisms of the Huoxue Tongluo
prescription ( HXTLP ) in treating spinal cord injury ( SCI) through a combination of network pharmacology,
molecular docking technology, and in vivo experimental verification. Methods The traditional Chinese medicine
systems pharmacology database and analysis platform (TCMSP) were utilized to select the active ingredients, targets
of action were obtained from Swiss target prediction database, and an “ active ingredients-targets” network was
constructed. SCI-related targets were obtained by accessing online mendelian inheritance in man (OMIM) and human
gene database ( GeneCards), and a protein interaction network of the common targets of HXTLP and SCI was
established based on the search tool for the retrieval of interacting genes/protein (STRING) database. The Metascape
database was used in KEGG pathway enrichment and GO analyses of the common targets. Molecular docking of active
ingredients and key targets was performed through Autodock 1.5.7 software, and the results were visualized with
Pymol 2. 4. 0 software. Finally, the effect of HXTLP on SCI was verified by animal experiments. Results A total of
184 intersection targets were obtained, and the key targets were serine/threonine kinase ( AKT1), signal transducer
and activator of transcription 3 ( STAT3), heat shock protein 90 kDa alpha, class A member 1 ( HSP90AAL ),
phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit alpha ( PIK3CA ), phosphoinositide-3-kinase
regulatory subunit 1 (PIK3R1) , harvey ras (HRAS) , estrogen receptor 1 ( ESR1) , mitogen-activated protein kinase
1 (MAPK1), and epidermal growth factor receptor ( EGFR). Molecular docking result showed strong binding
abilities between the core active components and key targets. In the animal experiments, the behavioral scores of mice
in the HXTLP group increased (P < 0.05), the motor function of hind limbs was improved, and the histological
morphology of the injured area was more complete compared with those of the model group. Western Blot result
revealed that HXTLP effectively inhibited the key target protein (HSP90AA1) and the expression of phospho-STAT3
(P-STAT3) and promoted the expression of phospho-phosphatidylinositol-3-kinase ( P-PI3K) and phospho-AKT1 ( P-
AKT1). Conclusions This study verified that HXTLP has multi-component, multi-target, and multi-pathway
synergistic effects in the treatment of SCI and has provided experimental and theoretical bases for further clinical
medication research for SCI.

[ Keywords] Huoxue Tongluo prescription; spinal cord injury; network pharmacology; molecular docking;
animal experiments
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T 12 h G/ RS TE A2 EE , A AR K AR,
ABFFECARAT ) P B 25 K 3h ) e R AR B
52t iE ( DW20230830-177)

1.1.2 2%

HXTLP /15 15 ¢ 40 12 g JIIE 15 g #
B30 g Bt 15 g 2 HE 12 g A, WA T g
iR 2 R 2R I I i R PR e, S R P 2437 R R,
BTy ) il 4% 3% M E 45 5 BRIV, N 10 fi5 ok
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KPR 1 b, U8, B 2 KU, WR4RIE
WEA 258 2 o/mL, M LB 2507 24 e
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sapiens” , 5 A B/ FHEL (interaction score )
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(B A45 G5 RE. TCMSP 48 2 T A% X h mol2 1)
KI5 M B 43 45 44, Pymol 2. 4.0 XF /a3 4
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PRI TEARIER ) e TSN UG U 1 R
SRATIG SRR | RN B Ak B 7 R
TR 5 P AR B ) A B AR N Ok AT R4
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AyHE] A AR SE 1.3.7 .14 Fi1 21 d, BRRIFAY
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MR LSD kit AT giit2z o, HAEME + br
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2 #R

2.1 HXTLP BB HfEEH S
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WPERY 74 FEAREE R 134, B A
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Table 1 Key compound information of HXTLP

RECE Mol %5 ke HRFIHEE /% 23R
Chinese medicinal name Mol ID Compound OB/ % DL
EAE| MOL000449 i Stigmasterol 43.83 0.76
Angelicae sinensis radix MOL000358 B-75 HS B B-sitosterol 36.91 0.75
- MOL000358 B-4F il B-sitosterol 36.91 0.75
. . b . MOL002333 PUMEHR A Tetraneurin A 35.40 0.31
Stephaniae tetrandrea radix
MOL002341 15 ) 3 Hesperetin 70.31 0.27
s MOL000359 £+ BE Sitosterol 36.91 0.75
. e MOL002157 NIEZEK M Wallichilide 42.31 0.71
Chuanxiong rhizoma
MOL000433 B2 FA 68. 96 0.71
- MOL002670 R4ETT Cavidine 35.64 0. 81
o+ MOL003578 RS Cycloartenol 38. 69 0.78
Arum ternatum thunb
MOLO01755 24-2, F-4-RH 5475 -3-B 24-ethylcholest-4-en-3-one 36. 08 0.76
9,10-— 4B S bt -3-0-B-D- A A Wl 1

MOL000379 9, 10-dimethoxypterocarpan-3-0-B-D-glucoside 36.74 0.92
MOL000211 T3 Mairin 55.38 0.78

S (3S,8S,9S,10R,13R, 14S,17R) -10, 13- HI %£-17-

Hedysarum [ (2R,5S)-5-Hki-2- k- e-2-06]-2,3,4,7,8,9,

multijugum maxim 11,12,14,15,16,17-+ =4~ 1H-FR ke a] FE-3-82
MOL000033 (3S,8S,9S,10R,13R,14S,17R) -10, 13-dimethyl-17- 36.23 0.78

[ (2R,5S) -5-propan-2-yloctan-2-yl]-2,3,4,7,8,9,

11,12,14,15,16,17-dodecahydro-1H-cyclopenta[ a ]

phenanthren-3-ol
R MOL006824 a-FEREEE a-amyrin 39. 51 0.76
= MOL001659 ZFLE§ i Poriferasterol 43.83 0.76
Radix salviae .

MOL002776 A Baicalin 40. 12 0.75

2.2 “TEMERS-FEAT ML

2T 0 - R RN ] 1 BT R i
JE B HE A A 2596 M 43S MOL000358 ( B-
23§ B2 ) . MOL002670 ( F 4 7T ) . MOL006957
((3S,68)-3-( "FI)-6-(4-F2 FLHE I ) DR R-2, 5-
Mg ) . MOL002714 ( 3 % %) . MOL001494 ( Ji
B .
2.3 HXTLP-SCI &4

13 OMIM %09 %2 | GeneCards B HE E K6 2K,
S5 A2 A5 5 FE A5 5] 1051 A4S SCI % g AH S #E
B H P OMIM R 3 102 4 GeneCards 0P
970 >, I FH7ELE VENNY 2. 1 #: 5 A 24
WU 5 SCI Pl 5 2 =5 A 3R A5 a8 45 4
A 184 4, WKl 2,

2.4 BEEREENERESH

ARAE S B S5 2R K s R M A 1 PPT 4%
L[R]3 AT T AL, fdTF Cytoscape 3. 10. 0 %X
P53 A, BEARDER R, I DA A% A A5G ] RE PR AR
FEIX HL 9 O BE (R R /0N | T ARl ) 20 (0, 78 32 1)
BGAE Fe, HL AR BOR, 36 B IR 5T ) 285 v A
for e i 2 WL R 3, MR R BE A TR G T
( betweenness centrality, BC ), 4% it . 1
(closeness centrality, CC) 5 9 > HARHE S, DAL
TR (£ 2)
2.5 KEGG Z## GO &R

AR5 HXTLP 3897 SCI i1 FHALHE,
T Metascape FUHE 2 X 7 #L5 E 4T KEGG il
GO &/ HT, HL3K1F 164 4% KEGG @ B A1 673 4



6 o [ ST B AR 2025 4F 1 A58 33 4555 1 ] Acta Lab Anim Sci Sin,January 2025, Vol. 33, No. 1

DG I FI B O CX 15 BX 2B HQ: B DS PES AL PES R J P B o 25364 0y s A2 H IR P A rh 25 2
SRR 3 A3 IS ANEE BT R 2530 00 s BY I By ORI B = R 253
137 L3 245 07 47 A B - ) 2% ]

Note. DG. Angelicae sinensis radix.

Hedysarum multijugum maxim. DS. Radix salviae. Al.

FJ. Stephaniae tetrandrae radix.

CX. Chuanxiong rhizoma.

BX. Arum ternatum thunb. HQ.

Two common components of Radix salviae and Arum ternatum thunb. A2. Two

common components of Angelicae sinensis radix and Arum ternatum thunb. A3. Two common components of Chuanxiong rhizoma and

Hedysarum multijugum maxim. Bl. Three common components of Angelicae sinensis radix, Stephaniae tetrandrae radix and Arum ternatum

thunb.

Figure 1 Active ingredients-targets network diagram of HXTLP
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Figure 2 Screening of disease target and drug-

disease common target
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Table 2

Information on the 9 targets with high degree values

in the protein interaction network

LiLYY
Target

JEH
Degree

il

EC3 It LU

Betweenness centrality  Closeness centrality

AKT1
STAT3
HSP90AAL
PIK3CA
PIK3R1
HRAS
ESR1
MAPK1
EGFR

30
30
27
23
23
22
21
20
20

0. 159 299 962
0. 106 379 332
0.111 898 518
0.038 502 931
0.048 715 752
0.094 761 572
0.014 326 914
0. 044 207 410
0. 051 367 690

0.440 476 190
0.416 901 408
0. 400 000 000
0. 366 336 634
0.373 737 374
0. 389 473 684
0.386 422 977
0.407 713 499
0. 400 000 000

10 % ﬁrpﬁmﬂi((apehn) 2B ATk
W IRBEPE T 55 S

B2 IR

i BRI IR (cyclic

adenosine monophosphate , cAMP ) 55 5 i i # &
ZARFEAE R4 . GO S 4R
WNE S frs . (1) A aead B b 2wy e 4n i xf

T PR -7

i 22 B 4 52 E

BB SR SO B TE 18] Y | BT

AR IE [ Y BRI 1 A A 5 5 (2) e 4R
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Note. Circular symbols represent the targets, and the line represents the action relationship between the targets; the larger

the area, the stronger the importance in the network, and the darker the color represents the higher degree of value, the

more significance exists.

Figure 3 Target protein network of HXTLP in spinal cord injury treatment
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AR T AR/ MU S R N i e B U R B
4 A S5 A BRI AV HE S KEGG 208t
Note. Size of the bubble area corresponds to the number of enriched genes. Bubble color indicates the enrichment significance.

Figure 4 KEGG analysis of target of HXTLP in spinal cord injury treatment

TE AR W SR AMH HOR IR S QR A H il SRR LR (o 3 By
5 G MLEZEHTF A #ER AL A GO 2
Note. Vertical coordinates. Enrichment scores. Higher the bar represents the higher significance of the degree of enrichment of the entries.

Figure 5 GO analysis of target of HXTLP in spinal cord injury treatment
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1 2 A : Mol002670 5 HRAS (943 FX1 4% ; B Mol00957 5 HSPOOAAT )43 T %42 ; C: Mol000358 5 MAPK1 4T W42
B 6 I I 4% 5 iR T B BEBRATAZ O 853 FN S S 5 0T X A R

Note. A. Molecular docking of Mol002670 with HRAS. B. Molecular docking of Mol00957 with HSP90OAAIL. C. Molecular docking of

Mol000358 with MAPKI.

Figure 6 Molecular docking modeling of core components and key targets of HXTLP in spinal cord injury treatment

T3 OTEPE R RO K25 5 AE/ (KJ/mol )

Table 3 Binding energy of core active ingredients to key targets/ (kJ/mol)

1n;§zim AKT1 STAT3 HSP90AA1  PIK3CA PIK3R1 HRAS ESR1 MAPKI1 EGFR
Mol000358 -21.63 -18.74 -25.86 -20. 67 -16. 65 -24.31 -20. 00 -26.53 -15.27
Mol002670 -19.79 -17.57 -24. 69 -23.97 -11. 84 -29.33 -18.07 -23.01 -21.80
Mol006957 -19.54 -19.96 -27.49 -17. 66 -13.85 -25.10 -13.93 -22.30 -15.23
Mol002714 -15.40 -18.37 -19.54 -16. 82 -15.48 -21.88 -17.49 -23.60 -10.25
Mol001494 -3.22 -7.49 -10.71 -6.57 —-4.06 -15.44 0.50 -6.99 -6.40

TE SBTAAME, TP < 0.05, (FEIR)

B 7 ASH/NRITAFTT B (2 + 5,0 = 10)
Note. Compared with model group, *P < 0.05. (The same in the
following figures)

Figure 7 Comparison of behavioral scores in
each group(x + s,n = 10)
2.9 HXTLP ¥/NRXBEBRIEZHNFIN
SRFARGA L, BRI N R B SR 4L
7~ HSPOOA A1 1 P-STAT3 25 [ 1 35 K F B 3%
W0, P-PI3K/PI3K F1 P-AKT/AKT 18 W # %

fi%; 7£ #: 5% HXTLP 897 Z J5 , HSP9OAA1 F1 P-
STAT3 W& H # 5 /KF 18 3% T B, P-PI3K/PI3K
Al P-AKT/AKT A9 U8 8 e, WK 9, 25
7, HXTLP o] fgif@ 1 52 M 55 STAT3 \HSP9OAA1
FUAKTL 75 P ) SCBE E 05, XF SCI IR YT 7= A R
WA, — 25 UE S T 0 g vt

3 iFig

FEQI T8 SCL H B BELL 2L Je 2 i
R, 13X — B B 32 B il 58 RN 2 o0 B i R
B ME, 4R G & RAES R, S 380K
Jifr 200 B T PR R R RS i A 2SR BE
ThfesiE Y R, X FIIG Y SCI 4k & i 47
{5 —TPk AL, HXTLP &4 Z R s, ¥ &
ZANH A, AE SCI ATk B A 1 98 g B R AT 6
YEFIBIL S i A B, ASAUF 5% 38 1k I 4% 24 B 2=
YRR ER S S u, MOk g
ANZHRER HXTLP 3677 SCI e FRHLH
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8 HUU/NEIHIA L HE Qa5 R

Figure 8 HE staining results of pathological tissues of mice in each group

T SETFARLAMLL, P < 0.05,
B9 ML 25 5 %25 /N OCHESE R B AS2IH (& + s,n = 3)
Note. Compared with the sham group, * P < 0. 05.
Figure 9 Effect of HXTLP on the expression of key proteins in each group of mice(x + s,n = 3)

TGP B A7 0 I 25 IR SRR B4 S BIE AW AR — P 2 [, A PTRAE,
M RHETT | (38,68)-3-( R I )-6-(4-FR BTN 3L ) 5T N, B EAT RN Rz 0T 2R b ZE KA AH BL Y
WRIE-2, 5-Mit B 5 2% | Jm Bk B Ak T I 245 v (g A o0 20 2 T DUFDRIGYY REER Y, R
7 g, R EATATHE/& HXTLP 7697 SCI B94% 0 il AT R EA R A 0BT A0 P, AT LAE o 10 i A
gr. Hrb g RN IH CEE pic SRy R ML A b 9 3K SE I F-a ((tumor necrosis



o [ ST B R 2025 4F 1 A5 33 55 1 ] Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1 11

factor-ac, TNF-a ) A1 1 41 fifd /1 -6 (interleukin-6,
1L-6) {9 7™ A= DL M #% % 5% L F ( nuclear factor-kB,
NF-kB) {55538 B A 30 , X 2 BEHE 5 10/ R &
P 5 B R VR Y TR SCT A B4
NF-kB {551 i 7] LABH 1k /INB 5 248 i 3R 41 4% 240
Jfg K ¥, 0 IL-6, TNF-o H1 [ 20 J A %-1B8
(interleukin-1B,IL-18) &%, T8 2D & i 51 6 1Y
a4k b Y DU A AT DL g i
STAT3 {555 Uk 4% SCI Ji #2870 4 A S I 4
MR T R HE 2 DR S B3R AR, DAk
5T R B HXTLP T B8 38 Jxf 3 46 G 5 7% M 1l 0 X6
SCI J& W AR AE I e B RIAE T . BRR BoOG T H
A B 53 % SCL B AT AR FH A AH DG AR B 70

HXTLP #1 SCI #8 ri 52 4E §ifi & AKTI,
STAT3, HSP90AA1, PIK3CA ., PIK3R1, HRAS,
ESR1 MAPK1 EGFR S5AZ.0 48 i, Hrp4ESN PPI
W 26 B LB LN AKT1 3 5 /9 PI3K-AKT 15
53 O — A A I N (5 S B SR AR TR A
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AT, IR ALY AKTT fi2 1 40 I B 2 40 22 1 20 2 Fn il
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P-AKT/AKT fY L 2 25 32 &, SR IR b AKT
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A5 0 % I % 1) R IR -, SRR T
Sk FERE AL O 485 o5 FH 45 45 11, Hsp9O H1
3R BE A6 Ul 0 R RE S W'Y, STAT3 2 i 28 R 2K
P/ 5 5 5 5 5 57 0% 7 (janus activated
kinase/signal
transcription , JAK/STAT) {5 53 [# 1Y JC8 Al 51 | 7E
TE AR /N T 248 A 3 1) b 28 A RE T JAK/STAT
TP AR OCHAE T, JF BN R SR IR YT pl 8 R AE
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EGFR 75 " HX it 28 22 ¢ v i 45 20 I 05 A, 400 ) JH:
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transducer ~ and  activator  of

O 200 L A i I 44 T A ek e 4 2 K i B
LA HE SCI KRR MIE S M fem 2™, Haj
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AKT iSRAEAEH , W5 ER M , l a JR = i 1k
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[FE] B AU EEE AW R 5 AR R IR 3 52 /K (thyrotropin receptor, TSHR) A .
BN PR SR BRAARTE FL R LA 5 R 5T Graves I s B I 84CR , MARE Graves Ji5 B 16 J7 A $2 6B A
BB TR, Ak WHEFRIA TSHR A W07 A9 B FF SR pcDNA3. 1-TSHR A 1 pTriEx1. 1-TSHR A, i
X BALB/c /INRUILA TS I 37 BV 25 LA 75 BT Graves i, 45 3 Ji 1 ¥k, 34 vk, X PR4L/NEASFH PBS, 16
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ZH/NEURIR R 83 b Rz A HAT T 40 . OB R pTrikx]. 1-TSHR A 2114 2600 % o f i 1 0] R
ZH(P = 0.007) Fl pcDNA3. 1-TSHR A ZH(P = 0.012) ., HRHERGH G B B 4 /N B IR A1 JUL b A7 78 2T 41k i
A5 BEiE F3A TSHR A WA Y peDNA3. 1 1 pTriEx]. 1 ¥ HE i o 28 FL 1 i 3h 5 S Graves i/ BRUAR |
HAES HUR AR ShAETTHE R JC IR G B9 R BEAR L . pTriEx1. 1-TSHR A 75 5 FUR IR 27 0 M0 JUE 5 O S REAL T
pcDNA3. 1-TSHR A,
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[ Abstract]

prevention and treatment of Graves’

Objective The purpose of this study was to provide a more effective method for researching the
disease by comparing the effects of two plasmid vectors expressing the human
thyrotropin receptor ( TSHR) A subunit gene in inducing an animal model of Graves’ disease via electroporation.
Methods Plasmids pcDNA3. 1-THSR A, and pTriEx1. 1-THSR A expressing the TSHR A subunit were constructed
and used to induce Graves’ disease by intramuscular injection with immediate electroporation once every 3 weeks for
a total of 4 times. Mice in the control group were injected with PBS. One week after the second electroporation, blood
was collected to measure serum thyrotropin receptor antibody (TRAb). Three weeks following the last electroporation ,
echocardiography was performed on the mice. Mice were sacrificed 4 weeks after the last electroporation; blood,
thyroid, and orbital tissues were collected; serum total thyroxine (TT4) was measured; and histological examination
was performed. Results The average concentrations of serum TRAD in the pcDNA3. 1-TSHR A group (n = 15) and
the pTriEx1. I-TSHR A group (n = 13) were (6.9 £ 2.0) U/Land (7.5 %+ 2.2) U/L, respectively. The latter was
significantly higher than that in the control group (4.9 + 0.5) U/L (P = 0.033). The average concentrations of
serum TT4 in the pcDNA3. 1-TSHR A group and pTriEx1. I-TSHR A group were (41.4 + 23.8) ng/mL and (63.2
+ 53.7) ng/mlL, respectively, both higher than that in the control group: (20.2 + 4.0) ng/mL (P < 0.01).
Thyroid pathology showed thyroid follicular epithelial hyperplasia with T-cell infiltration in the model group.
Echocardiography showed that the left ventricle mass in the pTriEx1. 1-TSHR A group was higher than those in the
control group (P = 0.007) and pcDNA3. I-TSHR A group (P = 0.012). Orbital pathology showed fibrotic changes
in the extraocular muscles of mice in the model groups. Conclusions Both pcDNA3. 1 and pTriEx1. 1 expressing the
TSHR A subunit were able to induce Graves’ disease in mice by electroporation, and the efficiency of the two

plasmids in inducing hyperthyroidism and Graves’ ophthalmopathy was similar. The efficiency of pTriEx1. 1-TSHR A

in inducing thyrotoxic heart disease was better than that of pcDNA3. 1-TSHR A.

[ Keywords]

Graves’ disease; plasmid; electroporation; mice
’ ’ ’
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B, % /N BRaEA T i 2L e L 3 A T, 4 kL
KLY AN R AR P, XFR 5 v T R B
Yehe, JFINES T Graves i/ BRAR

e e HLZEFL A B T R SRR S TSHR A
7B Y AR B 5 T Graves G 3 45100 1) 2
H 7 KANEDA %5175 80% ~ 90% /ML hiFs S
T H T, BiJS,PAUL BANGA FIHFSE A BA R H
THR TR pTriEx-1. 1 Neo JEAT IR R 5 Hb,
W/ N BE Graves i B JT FTH TC I A& 4E AR 9%
FeA2) R peDNA3. 1 J5 by A i 4 38 7T LA
VER#EAR 175/ B Graves i 70 FTHR S5 22
Y2260 SR peDNAS. 12—l 45 76 1 3L 20
YA b R IR B R, pTriEx . 1 2 —FiEag
FEZ TP IR R G0 b i RO AE F0 3L R 1) TR, T
PR OLIE AR T L, R, A5 B 7E L
X WA ORI B35 R RCR, O Z R R IR
TSHR A V5 f9 Jiokr B 25 FL 7 635 5 Graves Ji
HEETRY Fsf o s 28R () e AR AR |
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1 MBERE

L1 #Fs
L 1.1 SE5shy

SPF %% 38 H Mtk BALB/c /MR, 6 I, IR
W17 ~ 20 g, W T V94580 K24SR s oo
[ SCXK(K)2023-002] . /BRI FRAE VY 42 5830 K
ST S R [ SYXK (BE) 2023-004] , 1RE 20
~ 22 °C,1BJ¥ 24% ~ 28%,%H 12 h Y6HE/12 h
G REE F RIS B AUK,, AR T RS
U AT KA R AR Bl ) S g A0 B o A it o (2018-
159) .
1.2 FEIRH S5

pcDNA3. 1 (W 165 A ¥, L i, v EH);
pTriEx1. 1( AR AW, R, P E) ; DHSa T2
ZAMMECERVEY , dtat, B ED) bt CD3 25
BEPUIAR, Pl CD4 Z 3BT, HRP ARic iy 1L 24
i Ak 2 R —ho (YR AW, R, T
[€) ; EndoFree Plasmid Mega Kits ( FLAS, 5[ ) ; A
I3 f2 FE R R 2R 32 0 B B P AR il 52 14 43 B ik
FE (B2, R, o E) B[ 1251 ] -H R AR

R e Ay & (DVMIBE 2y R i)

Nanodrop 736G BE T (8B K, £ H) ; ECM
830 RGE (M HHIXAS BTX, [ ) ;7 mm 8T HIKL
(M5 BB XA BTX, 3 ) 5 Vevo 1100 /Nl HE P L
1% 2 58 ( VisualSonics, INEK)
1.2 FHik
1.2.1 ZRik TSHR289 Jiiki DNA (1R Al v

i T P R R 2R R UK, A B2 (1)
peDNA3. 1, —Ff = 250 1) Wi 7L 8h ) 3 35 30145 (2)
pTrikxl. 1, —MZ RERIEFORL, 7 A TSHR
A BT (R IETRFRHE 22 ~ 289) JH Foafk, Ml
FHZE 1 514943 50K TSHR A 07 cDNA [X
TERER] pcDNA3. 1 B EcoR 1 Hl Cla T BRIH:A:
A2 6] A pTriEx1. 1 f9 BamH [ 1 Not T BRI
7 35, 22 18], ¥4 8 25 41 5K peDNA3. 1-TSHR A Fl
pTrikx1. 1-TSHR A, Ff FLXF PG4~ 82 41 ok ¥ k1 7
M,

FRLEEALE] DHS o A2 Bz A g rh it A 74
1 i i EndoFree Plasmid Mega Kits aifb. B
gl Ak 1) SOk B B F Jo B AR K, {8 ] Nanodrop
Sy IRV VR I 4 C N EAT

®1 HTHEEABRRSI TS

Table 1 Sequence of primers used in the construction of recombinant plasmids

Gty

Recombinant plasmids

FIIFH(57-3")

Sequence of primers(5’=3")

F:TAGGGAGACCCAAGCTGGCTAGTTGAATTCCCCGAGTCCCGTGGAAAAT
R:ATCGCAGATCCTTACTAGTATCGATTCTAGATATCAGTATGGTGGTGGT
F:TGGCGATATCCCGGGAGCTCGTGGATCCATGAGGCGATTTCGGAGGAT
R:GCACGTGTATACAGCTGTGCGGCCGCCTTACTGATTCTTAAAAGCACAG

pcDNA3. I-TSHR A

pTriEx1. 1-TSHR A

1.2.2 ISR S BOR. DNA FHL 28 L S e 75
2 Graves ¥

INERBEHL 7 3 41, % HRAL 10 H DL R A1
HIZH pecDNA3. 1-TSHR A #H il pTriEx1. 1-TSHR A
o350 15 JAT13 H o /NS #1025 50 /= Jig
IE S LRI ) BB &, FH IR B 2R 70 59 2 XUBR 4
S 50 pL % 1 mg BURLAY PBS, XT BRZH 13 5 A
ORI PBS, J 57 BIVAE 1 4 AL A ECM 830
ARG T mm BT M LL 200 V/em FHL 3758 B
HEFT L ZEFL , 2t 10 A5 i Wk o, R R RE S
8] 4 20 ms, H°K 1 Hz, SEH B ANLA G, #©
FEALEE AOREE BN ) DRR B rh R 52 3 ok, O W il 2
BHFEEG, DR 3 BT 1 AL E

SR AL, JEHEAT 4 R RS 2 IR ALJS 1
JEIR AL, R LTS REASAF i AE 80 °C, LI LT
TSHR #i & ( thyrotropin receptor antibodies,
TRAb) . RWHLZELE 3 FX /N BT O I
Koty , fEfJe 1 IRT U 4 JFARSE/N L, I sk
M PRI B R IELH 2R (P 1) R L3 R i A
fE-80 C, H 2l & i 7 & R IR R (total
thyroxine, TT4)
1.2.3 /PR ERER

R ZALIE 3 J /N R 5 S e R I T
Vevo 1100 /NSl 75 15 22 G A7 0 M il 75 A
A K AR b A 5 6T 5K A Y] & [ B 8 B Wi oK
Y2 ) b J5E B, 2o ST SROR I AR, 700 S 6
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E1

FE AR

Figure 1 Experiment process

SRAI AR, EF TR R I 200 R BEJR B e 4 R
Wi e 0 S e BETE RS, S il 0, Je A 4 R A0
FRR, O EE IR BIA, Z2.0 = I R
BRI E,
1.2.4 %% TRAb F1 TT4 (il &

A3 RN LT (i FIR R 2R 2 1k A B ik
T A2 AR o0 A 3 3R] SRR [ 1251 ) - R R 2
GRS BT 245 &0 I TRAD FUMLYE TT4,
1.2.5  HURAR AR AE 22U Y 2H 224G A

W HR PR ST E 2 7 4% R, IR R
P A A W, I D) R R AT O R RS- AT
( hematoxylin-eosin, HE ) 44,2} }2 CD3 F1 CD4
REA AL YLy, MR HIE ZH 20 A0 38 78 il v | 0 S I
Y R#4T HE Y28 H1 Masson Je(a,,
1.3 #it=ZEaH

% 143 M1 % ] IBM SPSS Statistics 26. 0 #F17
SCEGEE R T HIME + bR (x £ s) Rom, AN
JIFA 4 78 1 TE 254, o TE 250 A 1) B8 4
LR Ty 25T e AL ] 22 55 W HE IE S AR 1Y
BR8] Kruskal-Wallis 65 5 o882 7] 22 5, %t
T RAS Bl fisher A ARG 6 LB A 1) £ 5%,
P <0.05 FnEm A REE,

2 #R
2.1 BEARNMLE
Sy T R R L R R A R R, % A

ZH FOREFEA T I0  , JKE 0 45 SR AE Genbank AT
A& FA A TSHR A WA A mRNA %1 NM_

000369. 5 HEXT, HEXT &5 SR B 7o —30 (Kl 2)
2.2 INRERBRThEEKF
2.2.1 [fiL3iF TRAb /K

Xof BEZH /N BRI 7 TRAD 2R (4.9 = 0.5) U/L,
pTriEx1. 1-TSHR A 41/ U IL3E TRAb 4 (7.5 +
22)U/L, BE & TX B4 (P = 0.033),
pcDNA3. 1-TSHR A 41/ BLIfL{E TRAb 4 (6.9 +
2.0)U/L, 5XF B4 Al pTrikx1. 1-TSHR A 4376
WEVEZER(E3A),

DI BRZH/INERUIMYE TRAD 9 (% + 2 s) NIEH
FR,BI 6.0 U/L, M 1IE 5 B8 TRAD FHM:,
pcDNA3. 1-TSHR A #1/)N LIS TRAb 7Y BH ¥ %
}71.4% (P = 0.015) , pTriEx1. 1-TSHR A #1/)
FUMLIE TRAb [ FHPEZ R 66. 7% (P = 0.015) , 2%
SR B, IR A A B £ S (K
3B) .

2.2.2  IfiLiE TT4 /K-

TEABLE R JE I A5 X R /N BRI T TT4 34
{55 (20.2 + 4.0) ng/mL, pcDNA3. I-TSHR A 4]
JNERMLTE TT4 SFXE M (41.4 + 23.8) ng/mL( P
= 0.001) ,pTriEx1. 1-TSHR A 20/ TT4 F
PIE M (63.2 £ 53.7)ng/mL(P < 0.001) , 2251
HAEDEME, MARAAZ KA D EEER
(P =0.152) (¥ 3C), DAxfBRZH/NER M TT4
(% + 2s), Bl 28. 2ng/mL NIEH FFR i IFH#
EFR M TT4 B, peDNA3. 1-TSHR A 2H/)N B If 7
TT4 B FHPE RN 73.3% (P < 0.001) , pTriEx1. 1-
TSHR A ZH/NERIMLYE TT4 BIFHYER R 91. 7% (P <
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1 :A:pcDNA3. 1-TSHR A (¥ 5 ki B3 ; B pcDNA3. 1-TSHR A JllJF45 5 5 A TSHR A V247 (¥ mRNA J¥51 2 [A] (4 L X ; C : pTriEx1. 1-
TSHR A AYBTRLIE S ;D . pTriEx1. 1-TSHR A P45 5 A TSHR A A7 H) mRNA JF31 2 (8] # X,

2 ik TSHR A B TR A4 £ 0 2
Note. A. Plasmid profile of pcDNA3. 1-TSHR A. B. Alignment between sequencing results of pcDNA3. 1-TSHR A and the mRNA sequence
of human TSHR A subunit. C. Plasmid profile of pTriEx1. 1-TSHR A. D. Alignment between sequencing results of pTriEx1. 1-TSHR A and
the mRNA sequence of human TSHR A subunit.

Figure 2 Construction and identification of recombinant plasmids expressing TSHR A

e SXRIALL, " P < 0.05, 7 P < 0.01," P < 0.001, (FEF)
B3 HURIRIIBERIRS L
Note. Compared with control group, *P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following figures)

Figure 3 Comparison of thyroid function
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0.001) , 225 Y BA B &V, B AU 21 [|] G i 3%
P25 ([ 3D) .
2.3 INRHFRRRENE

INEHR BRARAS HE G (0 s 2 fb e (a5
AT 40 fMEEAT UL (B 4) X BRZH /N
R ARSI L 7 A0 B 52 e TR, B 2 /0 B RE R

T 1 M 20 2 A R ST R R AR, A
UL BT L S R AT B 1) BB v B N S DR
[E B AT DL T 6k L 40 R, o peDNA3. 1-
TSHR A 21 /> B AR B 3G A L 9] 2 45. 5% (57
11) ,pTriEx1. 1-TSHR A £H /)~ B FF IR I 48 A= L 3]
H60%(3/5) .

B4 FURIRA B S A

Note. Arrow. Cells positive for immunohistochemical staining.

Figure 4 Pathologic change of thyroid

5 DI RXT L

Figure 5 Comparison of echocardiography
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2.4 REANMNROEBEHYLT

pTriEx1. 1-TSHR A 2H /)N B Z2 0 28 i & F 1
BN (79.9 + 17.9) mg, f7 TXFHRA1(56.5 + 8. 4)
mg(P = 0.007) Fl pcDNA3. 1-TSHR A 41(61.6 +
14.7) (P = 0.012) (& 5), $2&7~ pTrikxl. 1-
TSHR A 4U/NRAE LD EONURIE, HAHE R

TE #k  IRAMIL AT AL %

KBTI B 2ER
2.5 HERANRRIEARFEYE

/NEHERAEARAS HE F1 Masson 4 (0,25 SAE 6%
T 10 fEULEE UL (8] 6) :HE Ge(@n] WLAIRIZH /) ek
JERE Wit 2, Masson Y2 A 7ERI R ZH /N LAY IR 1 L
TSR 2T AEA O LA [E] B e SR 24T A1 22

6 MR Fy Lk A

Note. Arrow. Fibrosis in extraocular muscles.

Figure 6 Pathologic change of orbit

3 itig

/NERABE Y S Graves g i B 2457 F- B,
AE /N BRAR R IR TSHR A W 57 {7 B A
TRAb J&i5 S/ NRE A Graves T AT, A
WA ZESLA T Tl AP R N TSHR A WF
B BE PR ) SR AR D)5 T Graves g HI T 3%
HUFHR g 22 78, [ B 38 FL A8 1 PR Rh SORE A 2502
I H AR 2 A 70 Hp g B0 FE R 35 i 2 O O 9
LKA,

Graves Jii & FH THLUA T TRAb, 5 HAR IR
f%) TSHR 256 HiB F R, S 3 R BRI R
A BRI, DT 28 B H HOBR IR D B T ) —
FHVAEARTT S AHE ST K I /N BRI TRAD AN
TT4, % ¥ pcDNA3. 1-TSHR A A1 pTrikx1. 1-TSHR

A FIHED AT 51 TRAb F+ &, I & 0 55 =
73.3%F1 91. 7% 1) /N R IR Graves g FH LAY,
56 Graves JRIE NI & AR eAb, A2 B
[BIFSE —REL 2 ARBF T WA B T HUR IR I8
B3 A Ak UL A0 M IR 0, 1T 2 HTFE KANEDA
LS pC1-IRES-ACD4 Fll pBacMam-2 1} 2,
PR ABE Y v 5 L5 3] I8 L0 240 J 32 1 U B A [
TR AE Ry 2R 1) 3 S A0 AT BB IR O — 3K, i
pcDNA3. 1l pTriEx1. 1 75 5 (045 50 B 42 3 A
e HAR AL

AN AR B IR IRGE T Bk L LA R Y
Graves J 5% 8 (14 .03 JIlE 8 75 2l 42 | pTriEx1. 1-TSHR
A /N EUR T BRZH A peDNA3. 1-TSHR A ZAH L,
AHEENALERE, 0% I &Eigs
FEAEZE 0 E O WUIE S 255G IR i 255 2 0 E AR
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TR, A AR A BoR 25, 7]
RESE FH TR A2 AE RIS T HEAT Y, A G AR 32 JfR
P RE I ] B8 G 12k B i B S /KO- peDNA3. 1-
TSHR A Fl pTriEx1. 1-TSHR A /)N B0 ik
(14 25 57 P VI B AS ) 0 A Shy 280 A 1 s A 20 SR
AREIEA—F, 76175 3 HODR R 2508 10 IS O T
pTriExl. 1-TSHR A 1) % G L T° pcDNA3. 1-
TSHR A,

AT FE BRI T HR HE (19975 B, 7E pcDNA3. 1-
TSHR A ZH 71 pTriEx1. 1-TSHR A 41/ i A 5¢
FNARSMIL P L i fb el AR IF AR BT A R B TR
AU/ IR TR RAY . Graves IR AT fig
RS A K FE F 1 32K (insulin-like growth
factor 1 receptor,IGFlR)Tﬁ{ziiﬂgfziﬁi\@zgj o M
SRAWIF 2 vh JF AR A, B 2 |iF 0 F 52 ¢ WY 1 ]
pcDNA3. 1 fil pTriEx1. 1 £ A Mm /N LA N 7=
4z TRAb F1 IGFIR HUIRIFA AT I B ik If
JE BT TN BT s BRI .

(EA T A2, LT TT4 S48 I Bz 2H 210 3t
ARG AT 45 B R pTriEx1. 1 4 TSHR A 784
DI ERARTE 5 T Graves i H TT 2 B4 AR g 2% AU
HEA DT peDNA3. 1 FaH AR5 A2
IR BRGIT 22 X, R Be 5 LA A RN
JEA O AR HE I S 5 /N B R BGHE — 0 L
FPRLS F Graves SRR BYAIRCR . e Ah , A W5
U G 05, I A IO R A% 1) FEOIR R ARTHR FE
HEAVREAS X ] BE S T B SR A W B
2SR,

B ok U, A BF 98 & W] peDNA3. 1 Al
pTriEx1. 1 fEk TSHR A S 8457 1) 2% (A 41 7 HL 5
FLIAHBY Tl A 4 WIESTREAS A/ BUH EE
Graves Jig FH TT R 7 K R e 7Y, I 1 wR il 1 1l
FH pTrikx1. 1 AE Rk A ns o] LA R B35 5 H R
BRAE RO MR R A, LUK S RS AR
Graves & AR AU I A 4L T Graves i 76 A4
RS R, AT ISR Graves I iF 53 1 W] &
Jiidie
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3T Apoa-1 VA 5 A [ B 0[] 3 1 R 15 s g T ALk
Xt v B IAE /)N BRI 52 T
KEL,FEEE, RE, TR

(AL BRI 110847)

EEED B XTHEHIEEH a-1 (_apolipoprotein a—I,Apoa-I)%E'r&&%d‘ﬁﬁ%%ﬁﬁ%ﬂﬂﬂﬁ
( phosphotidylcholine , PC ) Bi 35 JH & fstidi [n) %32 U VE R B AL . 73k SRATBENLECF R 0K 30 2 Apoa-177 /)
M Apoa-17" 4  Apoa-I""+ HFD 2 Apoa-I""+ HFD + PC #4;30 2 C57BL/6] /N AE Jy % B> WT 4 |
WT + HFD 41 \WT + HFD + PC 21, %541 10 2. Apoa-1""ZHH1 WT 4125 T SRl aDRMA M | HAv 41 25T N it
T 8 JE ST MR M AE AL, T4 9 FJF4A, Apoa-1” + HFD + PC #H )2 WT + HFD + PC 4% F PC
2.5 ¢/ (kg-d) , HAV/NRA TAFIERKHE S LT 4 8, 4 A sh 0 SO /N BRI IS 7K, 957 K -
ZL(HE) 0 JIMET O Yoo W52 /N BUF 41 2000 BRIE 25 2% 48 16, COD-PAP 35 K6 /N U 20 20w I [ 2 7K OF
ELISA 4600 /)N B 15w B9 % i A 36 5 Bk L 5% 5 Bl (lecithin cholesterol acyltransferase , LCAT) K, RT-qPCR
5 I Western Blot /3 JF2H 21 A ATP 456 &fkia T Al (ATP-binding cassette transporter A1, ABCA1) ATP gho
%535 F G1( ATP-binding cassette transporter G1,ABCG1) .LCAT  JFE& /S ( hepatic lipase, HL) B 2& I B
AR ( scavenger receptor class B type 1,SR-B1) MARE E R F [E@%Eﬁf%ﬁg( low density lipoprotein receptor, LDL-
R)mRNA MEMFRL, R 5 WTAE,WT + HFD 41/M Ui g /K F B3 75 (P < 0.01) ,LCAT
K BEFEC(P < 0.05) , JFANMUig 2 i B, AR Bl AU 3, IFAH 48U TC K SE B EFH= (P < 0.01)
ABCA1,ABCG1.LCAT SR-B1 HL %% LDL-R mRNA K& ARIEBEHEI(P <0.05,P<0.01), 5 WT + HFD
LA, WT + HFD + PC /NI il g 7K 7 i 2 B (P < 0.05,P < 0.01) ,LCAT /KW E TS (P <
0.05) , -4t 05 2 760 5 25080, G B DT RO e, P20 TC /K- 2 8K (P < 0.05) , ABCA1 LCAT,
SR-B1 HL } LDL-R mRNA K #EHE X BETE (P < 0.05,P < 0.01) ; Apoa-1""+ HFD £H/NFLIMLiE H TC.
TG .LDL-C 7KV .2 J1& , LCAT HDL-C /K- V- ZFRER (P < 0.05,P < 0.01) , A4 & A= BERFEAE IR BTt
U I E | IF4 4k TC KF8E T (P < 0.05) ,ABCA1 LCAT \HL mRNA K H £k BERRMC(P <
0.05,P < 0.01), 5 WT + HFD + PC 2 [t%%, Apoa-I”"+ HFD + PC 41/ A8 K F B E T s (P <
0.05,P < 0.01) ,LCAT /K- EFEAK(P < 0.05) , FA0AEAR 25 0 B 8, IR s i AR 3, IR 4L ep TC 7K
BETE (P < 0.05) ,ABCA1 ABCG1 LCAT SR-B1 }% HL mRNA K 7% [ 35k i F AR (P < 0.05,P < 0.01) ,
L0 BEARWEARHEE i 95 Apoa-T 1 17 IR 45 AL 1 WLt 1) 428 DA TTT 4035 v R ML /) UL AT S5
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Based on the regulation of cholesterol reverse transport by Apoa-] |
to explore the effect of phosphatidylcholine on hyperlipidemic mice

ZHANG Qi, SUI Guoyuan, SONG Nan, JIA Lianqun”

(Liaoning University of Traditional Chinese Medicine, Shenyang 110847, China)
Corresponding author: JIA Lianqun. E-mail:jlq-8@ 163. com

[ Abstract]  Objective Based on apolipoprotein a-I ( Apoa-1) gene knockout mice, the role and mechanism
of phosphotidylcholine (PC) in improving cholesterol reverse transport were explored. Methods Thirty Apoa-I1""~
mice were randomly divided into an Apoa-I"" group, Apoa-I""+ HFD group, and Apoa-I”"+ HFD + PC group using
the random number table method ; 30 C57BL/6J mice were randomly divided into a WT group, WT + HFD group,
and WT + HFD + PC control groups, with 10 mice in each group. The Apoa-1"" group and WT groups were fed basic
feed, while the other groups were fed high-fat feed for 8 weeks to establish a hyperlipidemia model. From the 9th
week, the WT + HFD + PC group and Apoa-1”"+ HFD + PC group were given PC 2.5 g/(kg-d), while the
remaining mice were given physiological saline by gavage for a total of 4 weeks of intervention. The serum lipid levels
of the mice were detected using a fully automated analyzer. Hematoxylin and eosin and Oil red O staining were used to
observe pathological and morphological changes, and the COD-PAP method was used to detect cholesterol levels in
mouse liver tissue. The ELISA method was used to detect LCTA levels in mouse serum, and RT-qPCR and Western
Blot method were used to detect the mRNA and protein expression of cholesterol ATP binding cassette transporter Al
(ABCA1), ATP binding cassette transporter G1 ( ABCA1), lecithin cholesterol acyltransferase ( LCAT), hepatic
lipase (HL), scavenger receptor class B type I (SR-B1), and low-density lipoprotein receptor (LDL-R) in liver
tissue. Results Compared with the WT group, the serum lipid levelsof WT + HFD group mice were significantly
increased (P < 0.01), LCAT levels were significantly reduced (P < 0.05), hepatic fat vacuoles were obvious,
hepatic lipid deposition was significant, and liver tissue TC levels were significantly increased (P < 0.01). The
mRNA and protein expression of ABCA1, ABCG1, LCAT, SR-B1, HL, and LDL-R were significantly reduced (P <
0.05, P < 0.01). Compared with the WT + HFD group, serum lipid levels in the WT + HFD + PC group were
significantly reduced (P < 0.05, P < 0.01), LCAT levels were significantly increased (P < 0.05), hepatic fat
vacuoles were significantly reduced, hepatic lipid deposition was alleviated, and liver tissue TC levels were
significantly reduced (P < 0.05) ; mRNA and protein expression of ABCA1, LCAT, SR-B1, HL and LDL-R were
significantly increased (P < 0.05, P < 0.01). The serum levels of TC, TG, and LDL-C were significantly
increased, while the levels of LCAT ,HDL-C were significantly reduced (P < 0.05, P < 0.01) in the Apoa-I”"+
HFD group mice. Hepatocytes underwent balloon-like transformation, liver lipid deposition was significantly
aggravated, and liver tissue TC levels were significantly increased (P < 0.05). The mRNA and protein expression of
ABCA1, LCAT and HL were significantly reduced (P < 0.05, P < 0.01). Compared with the WT + HFD + PC
group mice, the Apoa-1""+ HFD + PC group mice showed a significant increase in serum lipid levels (P < 0.05, P
< 0.01), LCAT levels were significantly reduced (P < 0.05) , significant hepatic lipid vacuoles, significant hepatic
lipid deposition, and a significant increase in TC levels in liver tissue (P < 0.05). Their mRNA and protein
expression of ABCA1, ABCG1, LCAT, SR-B1, and HL were also significantly reduced (P < 0.05, P < 0.01).
Conclusions Phosphatidylcholine can improve dyslipidemia by interfering with Apoa-I and thus regulating cholesterol
reverse transport.

[ Keywords] apolipoprotein a-I; phosphatidylcholine; cholesterol reverse transport; dyslipidemia; mice
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FAKAE I A S B E R T
g5t & CVD BRI EE AR RS i
B LG S5 B 8 ik 35. 6% , HAT AL T 17t
BB BRI, B LR S A CVD A SR
o 1) BT A OB

W NG Ik IE 55 ( phosphotidylcholine , PC) 21 %L,
Sy A0 I 5 2 R O, RO R R R A
(high density lipoprotein, HDL) fz 3= £ i 4157,
TEACE LR S 5716 30 Dk ks e A58 1 Mo J 1L
PR IT I HA L, HaE Wos PC X T EkE I
g S H 0 G 2 B ARG AH [ 8% ( cholesterol , TC) 7K
HABMAERS , A 7 By
Y FIRR o 2 e QR 7 BT, 25 R 78 PC AR 5+
S MR AR AL DA OC L R PC R 4R
HDL i & 2 & fif & A—3 05 & B al
(apolipoprotein a-I, Apoa-1) 5 I JJH [if] B 13 [n] 5% 42
(reverse cholesterol transport, RCT) M T 2i 3 [ A5
S Apoa-l X T A IR AL AR A UL R M
EEAMARSEAEEE X, AR R
Apoa-1 4 BB/ BB Y B 7E SR PC J2 1518
1 T Apoa-1 W45 RCT 342 , #E 1 B i w5 i LA
/NI S

1 MBERFE

L1 #Fs
111 SEEshy)

30 2 SPF R HfETE Apoa-17 /NER (181545 5+
C57BL/6]) ,6 ~ 8 JAl#% IR &2 (20 = 2) g,
H VT I EE A 2 B AE W R A BR A R [ SCXK (95)
2023-0009] ., 30 H SPF itttk C57BL/6J /NRL,
6 ~ 8 JEIE IR REZ(20 = 2)g, W HIL T KA A
Y AR B4y A RS 7] [ SCXK (12) 2020-0001 ] .
PSR T 1L 7 B 25 KA S e sh W b [ SYXK
(11)2024-0006] , 1) % HA ] A BR il hok M itk &
TSR B 12 h R EE (25 + 2) °C (55
+ 5) %  ASLES T A AR 2l iL T R 2 KA
S sh e PR 51 2 WL (21000042022064)
112 FERGH 5

R (D12492,60% 51 ) W H /N A %=
(650 AR A BRA 7 5 dERE R H 2L %
e MR AT BR N B PC W [ F 2 sobkAk Ak Rl
FA BT TC K S0 A R i A R

FABRA T ;ATP 455 @512 7 A1(ATP binding
cassette transporter A1,ABCA1) | U &g AH [ B ik
3 ¥ 7% B ( lecithin  cholesterol acvltransferase ,
LCAT) K% B2 Ji§ 25 11 I [ B 32 4K (low density
lipoprotein receptor, LDL-R) FTA& I [ b 57 [H 5
BT ARA RN A ATP 454 &% s T Gl
(ATP binding cassette transporter G1, ABCA1) B
HKIRNEIE R3Z 4K ( scavenger receptor class B type I,
SR-B I ) HFBEEE ( hepaticlipase, HL) A 1g B
R =B A ARA R E 5 B 519 th Jb 53
TREEE R BOARA FRA RIARE B A i, IR 1,

&1 51975
Table 1 Sequences of the primers

SIMFSI(5"-37) PRI/ bp
Primer sequence(5’=3") Product length/bp

. F:GTTACGGCAGATCAAGCATCC
ABCAL R:TGGAAGGGACAAATTGTGCTG 103

F:GCTCCATCGTCTGTACCATCC
R:ACGCATTGTCCTTGACTTAGG

LCAT F:GCTTGGGGAATCGGCTAGAAG 75
R:CCTCTGTCTTACGGTAGCACAT

HL F:GGACGCCATTCATACCTT 501
R:ATCAACTCGCCGATGTCT

SR 44 P

Gene name

ABCG1 88

F.GCCTGTTTGTTGGGATGAA
SR-B1 R:ATCTTGCTGAGTCCGTTCC 12

F:CAGCGTATCTGTGGCTGACA
R:AGTGTCGACTTCTCTAGGCT

F:GTGCTATGTTGCTCTAGACTTCG
R:ATGCCACAGGATTCCATACC

2 AT B H A H LA A JE
HL UK | HL UK A S 2O i PCR A B 28
[E Bio-Rad 2],
1.2 Ak
12,1 sh¥sorell B S+

Apoa-17" /)N EUBE L 43 24 #BR ( Apoa-17") 4 |
=i (Apoa-17"+ HFD) 2H B A515ENE 5 ( Apoa-17~
+ HFD + PC) 4H ; C57BL/6J /)N BUAE My % IR B AL
A NXTRE(WT) 41 BE X R (WT + HFD) 4 B
SR B (WT + HFD + PC) 41,440 10 H,
WT 41 F1 Apoa-17"" 2417 DL 8 Ik & M7 HoAvdl
I LA e B8 AR B (high-fat diet, HFD ) M 3 | 14
12 Jil, ZHECE™, T4 9 IR, Apoal” +
HFD + PC 411 WT + HFD + PC 4/ T LA PC
HEE RN 2.5 ¢/ (kg-d) , HoAR /N T LA B8
HKVER . 5B 12 FREM . RIRGHFEER

LDL-R 511

105

B-actin
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AR WSO I3 DA S 2H 20 T Je A6
1.2.2  JEEFEFRIEK S O

KR 25 G 25 B AR K LR I 5 DA K40
28 T -80 CIRAF, T IE2eraill,

1.2.3  &HIIEAS U

W4 IS 4 °C ##E 30 min, 3000 r/min 25
> 10 min, 2N , >R 4 A A IR
DN Bt 37 i R 7
1.2.4 FRARZEPHL (HE) Y 000 52 T 2H 27 5% B
IS

/N E A a5 U0 e, B 2R
W SRR EEK , EAT HE Ye ot i fig B
[E 5 T M8 £+ 0 USR R M A LUE A,
1.2.5 M4 O Jeta ALl 2UE Bl

B/ B AL 2L K J5 % Br Yl B, TR 24
10 pm, SRAF IR IEATIMA O Jeta, HhB
B 5 F M8 $k T BN R R G U E Al A
B
1.2.6 COD-PAP IEKMAFLHZ! TC K-

FREC 0.05 ¢ AFAHZY, inA 450 L A= B4R K
HATHLM AT, T 3000 t/min Z.0> 10 min, BCA
PO FIE W AT e A, e UGB
HEATINARE |37 CCIEE 10 min J5 I 5E WOGRE, #iik
BB AKIH RIS TC K-,

1.2.7 ELISA AR I E 1 LCAT /K-

Wk &2 i B, KA RKR S B, br
HEAFLIN 50 L AH R bR e i, AR AL S A5 RS
RE e Ui B A AT ERAE SRR AL RS
ST BPTE 450 nm KR OD A, 2 AR fE & il
LIFTHRIME H LCAT K,

1.2.8 RT-qPCR A - £H 2L R K-

FREL 0. 02 ¢ JFA L, B0 LR ELE, RNA,
JEEH cDNA JE DAY 38 5 AR 3R #3585 1
BB EY B, 2 2 SRR TR E AT
1.2.9 Western Blot A0 20 214 /K

il 25 A 2124 A W, PRI 0. 05 ¢ P22, ik
AT HATIUR A, T 4 °C (12 000 r/min
> 10 min, BCA ¥EXT b3 E 17 288 (M e sk,
H 2 x Loading buffer f# £ F 284, LA &L 60 pg
R B AR, 180 V HLK 35 min J5 HEAT G B B
M — P, B0 E BB RO W AT Ok,
AlphaView SA 3. 4. 0 #5747 K FEAH

1.3 Sit=ESH

K H Prism 9. 4. 0 B4 AT G 12 A0 B Bt
PIFIME + bR (x + 5) Foon , ZHRIBIE L
H ANOVA J7 225087, A 1A PR L3 LSD A e,
P <0.05 FRHEAZRITEE X,

2 #R

2.1 FHH/MRIMBEKFIEZH

5 WT @A, WT + HFD 413 7 TG . TC .
HDL-C J LDL-C /KPR EFE (P < 0.01) ;457
PC Tl )5 L iRFEHn W FEAK (P < 0.05,P <
0.01), 5 WT + HFD 2L, Apoa-17"+ HFD £
Mg TC TG ,LDL-C 7K V- {2 3 J+ & , HDL-C /K
TR ERER(P <0.05,P<0.01), 5 WT + HFD
+ PC ZHAH ., Apoa-17"+ HFD + PC #H1i&H TC
TG .LDL-C 7K~F- . & F+ 5, HDL-C 7K - & 3 FEAIK
(P<0.05,P<0.01), WA 1,

2.2 FBANRIFARFETHURERTRAEBR

HE 446 WT + HFD HAFHEHE T WT
20, A M HE S ZEL, A0 T s AL, AR i A 1 BH
25T PC TS , 4 A BT B A 2 BE 0 2, g I 2 34
BEW /D, Apoa-1”"+ HFD HAHIK T WT + HFD
2, AR ST B B R BE T A i i 2 A T
Apoa-17"+ HFD 41 PC T-HilJ , 21 Jf [ i b 5 5 ik
5 B ek  HEcERE A L WT + HFD +
PC 4, LK 2,

LT O Ze 6. WT + HFD 4 T4 4UARES T WT
WSS A GIgE £ IR 25 i1
W ;25 7 PC T HUS , 1 21 60 i ir Sk 2 b, i
523 o0 5. 0 /D . Apoa-17"+ HFD ZHAHES T WT
+ HFD 20, #0587 P B3 8 1 45 21 € i i, B I
SR EWZ 4T PC T UG, WG 4L R IR
TEOLME  (HE R AN & WT + HFD + PC 41,
LI 3,

2.3 HH/NRIFHELRH TC KE

5 WT 2HAHI, WT + HFD ZHJIF4H 21 TC 7k
FRETE (P <0.01) ;45T PC THiE, TC /K
i EREIR(P < 0.05), 5 WT + HFD 44 L,
Apoa-1""+ HFD A iFEH L TC /K- 1 % T+ (P
<0.01), 5 WT + HFD + PC 4HAHI, Apoa-17"+
HFD + PC AT AP TC K FRBETFE (P <
0.05), UL 4,
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W5 WT gAML, P <0.01;5 WT + HFD 441 ,*P < 0.05,%P < 0.01;5 WT + HFD + PC ZH#H,*P < 0.05,**P < 0.01,

(TR

B1 &4/NRIE TC. TG HDL-C & LDL-C /K- (x £ s,n = 6)
Note. Compared with WT group, ™ P < 0.01. Compared with WT + HFD group, *P < 0.05,"P < 0.01. Compared with WT + HFD +
PC group, *P < 0.05,**P < 0.01. ( The same in the following figures )
Figure 1 Serum TC, TG, HDL-C and LDL-C levels in each group of mice(x = s,n = 6)

2.4 FHH/MRIMFH LCAT KF

5 WT 4 A0, WT + HFD 20 /)8 B I 38 v
LCAT FRik/K R ERIL(P < 0.05) ;45T PC T
Fil)5 , LCAT Rk K F B FFH & (P < 0.05),
Apoa-1""+ HFD HAHK T WT + HFD 4, LCAT %
KK B EEAL(P < 0.01) ;5 WT + HFD + PC
YHAHL, Apoa-1” "+ HFD + PC 4 IfLi5 1 LCAT %
KA EREAR (P < 0.05) , WIE 5,
2.5 BANRIFEALFEEREREHEXEFR
KfER

5 WT 404 [, WT + HFD 21/ BUF 2 41
ABCA1 Fl1 ABCG1 mRNA K& 521k 7K i 25
(P < 0.05,P <0.01);%5F PC THi5,ABCA1
F1 ABCG1 mRNA S8 IR AR EF R (P <
0.05,P < 0.01), Apoa-I""+ HFD 4HAH# T WT
+ HFD #1,ABCA1 mRNA [ 7 # kK i % %
(P < 0.01) ,ABCG1 mRNA Fik /K- i E FEAK
(P<0.01),FEHARKIKFAREGESE, 5WT+

HFD + PC 414 b, Apoa-17"+ HFD + PC 4 iF41
#rh ABCA1 1 ABCG1 mRNA J 85 A3k /K F-
FERIR(P < 0.05,P <0.01), WKl 6,
2.6 HA/NBIFALHREREEELHEXEFE
EER

5 WT 2HAH b, WT + HFD 2H /)N B 2H 21
LCAT mRNA 2R R B KW EFFEM (P <
0.01) ;45F PC T'HiJ5 ,LCAT mRNA K& %Kik
B ETHE (P < 0.01) . Apoa-17"+ HFD #HAH
BT WT + HFD 2, LCAT mRNA J & (3635 7KF
BERK(P <0.05,P <0.01);5 WT + HFD +
PC 4 AH I, Apoa-1”~ + HFD + PC £H JIf 41 41
LCAT mRNA J fE H £k KF B EREM (P <
0.01), /LK 7,
2.7 HBHENRIFHELAFEEEFREXEFR
KER

5 WT A, WT + HFD 2 /) BUAT4H
SR-B1 HL LDL-R mRNA K& 131k /KF i ZF%
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B2 S4UNRITHZHE R0

Figure 2 HE staining of liver tissue in each group of mice

B3 HHPNEITFHLIN 0 Yetn

Figure 3 Oil red O staining of liver tissue in each group of mice

(P <0.05,P <0.01) ;47T PC T¥i)5,SR-B1,
HL LDL-R mRNA MR H R RKF-BETHE (P <
0.05,P < 0.01), Apoa- I ”"+HFD AT WT
+HFD 41, HL \LDL-R mRNA 2 ik /K ¥ B & [ A%

(P < 0.05),SR-B1 . HL 7& [ 2 1k /K F Gk 2 F& 1%
(P <0.01) ;5 WT+HFD+PC 41 4H 1, Apoa- | 7~
+HFD+PC 4 AF4H 2+ SR-B1 . HL mRNA K %E H
Fik KT B Z AL (P < 0.01), LDL-R mRNA
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B4 HHPNRHFHL TCIKFE (X +5,n = 6) B 5 £4/hRUiiEH LCAT KF(x +s,n = 6)
Figure 4 TC levels in liver tissues of mice in Figure 5 Serum LCAT levels in each group of
each group(x = s,n = 6) mice(x = s,n = 6)

5 WT 4L, * P < 0.05, (FIEE)
6 AU/ EUFH R B AR SC I 7KK (x £ 5,n = 3)
Note. Compared with WT group, “ P < 0. 05. ( The same in the following figures )

Figure 6 Expression of cholesterol efflux related factors in liver tissue of mice in each group(x + s,n = 3)
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7 FA/NEATA LR B A OGN TR (2 £ 5,0 = 3)

Figure 7 Expression of cholesterol esterification related factors in liver tissue of mice in each group(x + s,n = 3)

TR RERFR(P < 0.01) , ARSI KA
REAR A, ULIE 8,

3 it

L S5 2 g IO X e A ) 28 B, 3 1M
Hrb TC AN (8) TG K5, e JIH [ B I E A 1
g5 6 f SR A H A0 A8 9 & AR R 8k ST
fal & . TOKEDE 481 Ak, PC 7EREAK i
JI S 5 TR WA A 3, J0 H 2 o 1 o L [ e
MAERCR T Ry 3, AL R PR, WT + HFD
A1/ 7K P S 35 T, B LR B 7 s 94 LA B
WL ENRT HL TC /K 5 3 T, 327 i i 1l o
RO I L 265 F PC T TR, AS /K- i 35 1
1%, JHE 1B D5 25 900 LA e B i k25 sk 2 H TC 7K F- I
FEAK, UL PC AT ARG i B S 0 2 E
FEAR 2L,

AT KB, PC OB I AR S 8 A ML 5
Apoa-1 J& 5 RCT A&AH5E" | Apoa-1 A HDL #%
FEENGE A, FE MG 55 | 3 Kok # i Ak 25
P b R e v B B A W TR BT IAF A
SERFH,WT 4/ BU7E S IR RS L T, 42
H1 Apoa-T mRNA B 85 (k7K T AR 4
i i 7N, Apoa-l 7E RCT & 72 W & # #% O 1E
R RCT 48 45 B 5 DURLAY AR &
I PRI A 5 2 28 Il A 2 A B AR, AL
TR e FE N5 A e A5 00 B ML, AR 52 56 R
Apoa-I FE I A /N B A B6IE PC JE A LA Apoa-
I S % RCT 3842

JE [ R o RCT WIGR BB, 3224 i ABCAL
FTABCG1 FL[RIA 5 fiff 50 40 g iy L [ i 1 5
Apoa-1 Z55 I % preB-HDL' ', CUKIER %' %
B, PC i ABCAT A JIH [ B3 ) B S 3o, A
R4S B WoR , WT + HFD 26 /) B B B 07 i AE
T 55, %57 PC T HiJE, IF4141+ ABCAI1,
ABCG1 mRNA MM FA W E I m, Uil PC
HEJH [ EE . Apoa-I JF ] 4 #F ABCA1 3
KU ARBFFEH Apoa-17”+ HFD 4AHIL T WT +
HFD 41, ABCA1 ,ABCG1 mRNA K& £k B &
FEAIR, FBR Apoa-1 BERE(H PC AL A [ s o th A
kA Wi B PC A 5 M B EE S A
Apoa-1 FikFA K,

JH ERERR AL RCT SCEEFR T, LCAT fE M H
[l B Ak 1) B S fL i, FF preB-HDL JiE 1k 4 IH
5 FE 5% ( cholesterol ester, CE) ™' AHF5E 45 R i
7N, WT + HFD A1l 75 S A2 LCAT £ik i
FHIAR, 45T PC U, IE [ RS L RE 1 1A,
Wi PC e F IH [E BERE 1L, Apoa-1 A LCAT ¥4
I RIS Apoa-T”+ HFD A LT WT +
HFD 41, LCAT ik W F (%, 5 WT + HFD +
PC ZHAH I, Apoa-1”~ + HFD #4145 F PC T HiJm,
LCAT 35 18 RAIK, 228 PC i iH Apoa-1 3
AT IR E R

JEL[E B 45 BOCA RCT & 48 B9 28 K 3775, HLL,
SR-B1 J¢ LDL-R Ay fIF 3] e B OG5 32 A | oA Mg
1k TC ¥ HL 320, HDL RIS 1Y CE #% SR-B1 X
LDL-R 8™ ARWFFE 25 R /R, WT + HFD 41
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8 AU/ ZUH B B IO I 7R3k (x £ 5,n = 3)
Figure 8 Expression of cholesterol uptake related factors in liver tissue of mice in each group(x + s,n = 3)
R BEEE R RE ) M, 45 3 PC T TS, AT EL Apoa-I"" L' SR-B1 JIH [ W5 HURE T T B, AS B
SR-B1 HL /% LDL-R mRNA MEHARKEBET 51 Apoa-17"+ HFD 4IAH LT WT + HFD 41 ,SR-
i, Z2W] PC L HEALERARIR, TEMEL 4 ° %8BI HL & LDL-R mRNA KR IG5 W& FEE, 5
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REFEMFIE 45 AT, 45T Apoa-17"+ HFD 41 PC
TS, PC e 7 A [ B3 55 U T e A= 30 e, R W
PC A HE R 5 I Apoa-T kA5G,

Li LRTIR, ARSI SR 45 R R W] PC X

JI M /1 B IfiL i 2L AT B ek B DR 9 A

H it RCT ARG T3R8 15, 7ERLFR Apoa-I Ji,

PC 36 AR 25 AL M5 2 028 K 9845 RCT A OG

7k n VR s , R R B PC 23 i i i

SE/N UL AR 57 % 5 LU Apoa-l kA K, (HAR

SIS AR AN E E VRN ABCAL F1 ABCG1 #47

S, ATy BAT — 5 10 Jy BRAEFIAS 2, PRSI 2

PRI/ SR s s 240 B R A T Az 0, e ok — 2

it
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AR IR 3 R /N TR R R BIAR T M IF 28 Bir B, H. CCL,+ HFD AEALEH /) BUFEH 25T
U, AMLN BRI IR R F 5 . 18 FiR = A f2e NS NASH B9 19 L5 7 S
Joa P2 AR AL o AMLN ARAY AT RN 28 (4 i ol A B AL, LI 5 3R R0 L AEU T I 55 4 B AR R LR I,
(HFE R AR b i NS . MCD ZREE 8 JAl VAT AEAL) NASH (9 L1 A B2 FRAE , {H T HE JHE JBR 5 28 HK T &
., CCl, B4 HFD B 10 [ RIFT5S NASH BB GEBLHDURC I 2% RO #2284k, B IFH A A 4 TRR 54
AR AR A3 I .

[5im]  ARWREPEIR T4 ; MCD #5180 AMLN B, [ 5% KT

[(FESES] Q95-33 [ XEAHFEB] A [XERS] 1005-4847 (2025) 01-0034-10

[ELTA ] EREARPAEET i H (82274305) , [T I AR E 5 % RHE 0 H (shslezdzk01201) .
Funded by National Natural Science Foundation of China ( 82274305) , Shanghai Key Clinical Specialty of Traditional Chinese Medicine
(‘shsleczdzk01201) .
[{EE BT 1 edrie, &, WL WP ) A2 P . Email ; iameynthiaxue@ 163. com
[BE1ES ) FHae , & 104 BT 0, WA S0, 9 07 1)« P R 259897 IR R Y JE A . Email ; taoyanyan1023@ 126. com;
RAIVr =S I R o A L o s 1 LR 0 oy P 23 = - Y s = S R 417 N
Email ; chenghailiu@ hotmail. com,,

LA FIEE



o ESZEG SR 2025 4E 1 45 33 %5 1 ) Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1

35

Comparison research of disease characteristics in three
non-alcohol steatohepatitis models

XUE Jingbo', YANG Jinfeng', HUANG Kai', PENG Yuan', TAO Yanyan'", LIU Chenghai'*’*

(1. Institute of Liver Diseases, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine,

3. Key Laboratory of Liver and Kidney Diseases ( Ministry of Education) , Shanghai University of Traditional
Chinese Medicine, Shanghai 201203, China)

[ Abstract ]
steatohepatitis (NASH) models: high-fat diet (HFD) with carbon tetrachloride ( CCl,) injection, methionine and
choline deficient diet (MCD), and Aymlin liver NASH ( AMLN) diet-induced NASH models. Methods 3 NASH
models were established by feeding mice an HFD with CCl4 injection for 10 weeks, MCD for 8 weeks and NASH for
26 weeks. After feeding, serum alanine aminotransferase ( ALT ), aspartate aminotransferase ( AST), glucose
(GLU), liver triglyceride (TG), total cholesterol ( TC), and malondialdehyde ( MDA ) levels and superoxide

dismutase ( SOD) activity were measured. Insulin levels were measured by enzyme-linked immunosorbent assay

Objective

To compare the serological and pathological characteristics of 3 nonalcoholic

(ELISA) and the homeostasis model assessment of insulin resistant (HOMA-IR) index was calculated. Hematoxylin-
eosin (HE) , Sirius red, and oil red staining were used to indicate pathological changes to the liver. The NAS score
was used to grade the pathology. Results Compared to each normal control (NC) group mice, all mice in the 3
model groups had an obvious increase in serum transaminase and liver TG, TC, MDA levels and SOD activity. The
levels of serum FINS, GLU and the HOMA-IR index were significantly increased in the AMLN and CCl,+ HFD model
groups but decreased in the MCD model group. According to the HE, oil red staining and NAS score, mice in all 3
groups had NASH phenotypic changes. Liver collagen deposition was most obvious in mice in theCCl,+ HFD model
group. Liver lipid droplets were most abundant in the AMLN model group. Conclusions All the above 3 animal
models can stably simulate the serological and pathological changes of NASH in human. The AMLN model can
simulate the progress and mechanism of the disease, as well as systemic metabolic disorders such as insulin resistance
and oxidative stress. However, it is time-consuming and the fibrosis progression rate is slow. The MCD diet can
simulate the serological and pathological features of NASH in 8 weeks, but no obesity or insulin resistance occurred.
The CCl4 combined with HFD model can induce NASH model in 10 weeks, which can simulate its serological and
pathological changes, and the liver has obvious fibrous deposition and oxidative stress damage.

[ Keywords]

non-alcoholic steatohepatitis; MCD model ; amylin model; insulin resistance
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AE K P B8 W5 BF 9% ( non-alcoholic fatty liver
disease , NAFLD ) A& 4 F 57, H ] B4l g
973 P38 2 2 J Ay AP A A4 g 19 HE 4% (- non-alcoholic
steatohepatitis, NASH) | JIF£F 4 {k , 1 2 5 HUH-A
b R TS 8 vl S5 AR, © R 4Bk
R UL R (EUR BTG NASH 3897 25
Pt . NASH (15 25 B & AR 4 3 19 3l )
B FURGH UL NASH Sl i) 3= 2053 i i
B AR A Am 25 Wi S DL KB B i R B )
R =25 BRI Chigh fat diet, HFD ) #5750 J&
— R WL AP ELAE B A, = BRI ARk i

T NASH KA Ry ik . /N s IR fRDRHE
JE A A R R 5 25 St B R I | R R 3R
S fl, A TITRELAK NAFLD 941805
F=E R & SR AL DY 58 Ak Bk ( carbon tetrachloride
CCl,) BB T & A AR I, 5 B0A BN o
A A= W AR 2R 3 T 2 IR A, T
% W ( alanine aminotransferase , ALT) | 73 ¥ 55 24
Jiff ( aspartate aminotransferase, AST ) Fl H i = fig
(triglyceride , TG) A 7K B TR CcCl, 5
HFD AHZ5 A il #5 52 & NASH #RL, m] LA E/IN R
NASH FUIFLF el ket AR IR eksh = 1k
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‘& (methionine and choline deficient diet, MCD ) &
RYR B 7V ITF 98 4 o i P, HC B 78 55 N 26
NASH Z&ABL, He 2 L il 2 rhy T 2 2 I A0 A i 1Y
B S BOIE AR A B R s b, PRt
JoEks Il =l iz A I AR TN R B IR
i FE L OF ELRBAR R = th 4 5 | L Ak iy 3
WA, R A BUF I AL . &
e i Ve 5 MEL 15 ( amylin liver NASH, AMLN) 1%
BRI Amylin Pharmaceuticals 23 FF & B9 —Ff
P IRE (western diet, WD) B g B i £ 5 14
ISR i 5 R, A 0 S R D e A
HENEUFF R DA

AW ILE T CCl, 24w IR kR (CCl, +
HFD) 2R I 6 ik = 1R B (MCD) K 55 A5 e bl
15 JIELFET PR B ( AMLN) =i 9 /N B, NASH £
R GFRP R LR (R BERRAE S AR AIL ]

1 MBERFE

1.1 ##
111 SERshy

SPF Z C57BL/6] HEPE/INEL 60 H,6 JE#, 18
~ 20 g, [ 1 B 3iE v S 5 s A R 93 AR A H)
[ SCXK(7)2022-0004 ) , 135 T L rh B2y K2
SEIE G [ SYXK () 2020-0009 ), 7E 1E I
(22 ~ 25°C), H{E (MHXT I 50% ~ 60%),
12 h fEEF BRI SPF A 5T N 3%, H IR E
Ko ARSLEGIE i L R 2 R AR R P B AW
#t (PZSHUTCM210813009)
1.2 EEH S5

IR TRVEE(60 keal % g i #it i= B UKL, 585
HF60-5 kg) FEZ R K B B = 1)k} (525 MCD-
5 kg) GRZMR S ARG FE 2 AR (MCD X A EURR,
G35 MCS-5 kg) = B = b e R 1 mse et (e =X
HE Wi (40%) JB & B (2%) F B (22%), % 5
AMLN-10kg) , VA =31 H DYETS 23 &) ;43 16
WA A 9 28 7] 5 ALT 3138 & ( Cat No. C009-1) |
AST 3z & ( Cat No. CO10-1) | #8 A 1k Wy 1 1k T
( superoxide dismutase, SOD ) it 57| & ( Cat No.
A001-3-2) N [ ( malondialdehyde , MDA ) | Ifil ¥
(glucose ,GLU ) {57 & ( Cat No. A154-2-1) A
KL (HE) Y4377 £ ( Cat No. 10004160) . JH
21 0 e ftik 7 £ (Cat No. D027-1-2) , ¥y [ B 5t

AP FE T ; TG 175 £ ( Cat No. A0-10027) |
TC i 7] £ ( Cat No. A0-10017) , g H Wi 1T L M2
W™ i A BR A ]

3-18KS 7l i #¥& VR B0 L (f8 [E Sigma 2
) ; BSA3202SCW Y i F K- (£ [ Sartorius 2>
Al) s BOF o B AL ( H A Olympus 283 A )
ASP300 H zh Bt K AL, EG1160 A7 &% £ 3 L
RM2035 ] FHL.CM1850 vKZ Y] F HL , HI1220 %
AAL(PERE LEICA 23w ) 54> A shFE PR aiF AL
( B E b & R A FRA A ) s Powerwave XS 42
WA AR ( 52 [ Biotek A H])

1.2 Ak
1.2.1 &Rk

(1)CCl,+ HFD #&# . it C57BL/6] /NER 20
HBEHLS N CClL+ HFD IE# 415 CCl,+ HFD
I 420 10 B, CCl,+ HFD IE#4H/NEA T3
W EK; CCl, + HFD A A4 /N R 25T HFD 4 J
T4 5 IR IR I 99 2 mL/kg 15% CCL,, 55 6
JEIT R ST 2 mL/kg 10% CCl,, &7 2 1%,
[F] s B AR SR 10 S

(2) MCD Fi8Y It C57BL/6J /MR 20 H B
BLAr g MCD TE 8 2H A1 MCD BERIZH  AF4H 10 H
MCD IF % 41 /) B 45 7 8 2 B I 6k 72 2 1A B
( methionine-choline sufficient, MCS) ; MCD #% %l 2
/NELMCD MEFE 8

(3) AMLN #5#1 . e C57BL/6) /NRL 20 H,
RHEHLS A AMLN 1E# 415 AMLN BRI, A4 10
H, AMLN IE% 2 /) B 26 735 38 15k AMLN 52
RIZH 25T AMLN W23 26 J& .

1.2.2 shab s

B /INER 3% 3B FE 240 ) 30 mg/kg 6
JU T B AT R AT IR, T IR K L, R
HHE 2 h, L4 °C 3000 r/min, &0 15 min, WEEIML
T ,4 CORME . RIS 55 W T R IK , 5 HU N BT
JF MEIF AR EIE %, B2 0.5 cm X 0.5 cm X
0.3 em K/NFALZL, 10% H S 1 0 [ 2, 9 B B
250.5 cm x 0.5 em x 0.3 em K/NFFAH L, OCT
FLHEA R, A2 T-80 CIR-1T
1.2.3  WEFE bR KA 7 v

(1) HE 3 {a . 36 B fie b o 356 8] X4
5 mm WL 1 B 10% AR R DAKE 2, B
SR LB R LB K, W R BB, i, U]
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AR 2L R B AR Ak, SR ] HE Y g
JFLHL 451405, Hh AR 58 i W o B % K ik
e i~ 1158 NAFLD ¥ 3fj B #143 ( NAFLD activity
score, NAS) P57,

(2) 2R & [ 57 AR 5T BE NASH Iifs PRAF
PRI T ARSI NAS By 0 & 1, &F
P SR PN R 2005 4F 35 [ [ 57 T AR BF T B
NASH IIfii A 5 99 B TAF 41 £t 4k B9 NAFLD 43
FATorhrE” PRI 2,

1 ARTREHEIRIPEITR NAS 3740
Table 1 NAFLD activity scoring system

AR ifE
Wi Standard of scoring
Item 04y 14y 2 4% 345
0 piont 1 piont 2 pionts 3 pionts
JFF240 i 5 2 LE A1)/ 9%
Proportion of < 5% 5% ~ 33% 34% ~ 66% > 66%
steotosis grade/%
NI N JEAE BT AL
B/ A ( % 20)
Number of lobular 0 <2 2 ~4 >4

inflammation/
numbers( x 20)

= BRREAS
H?élﬂﬂ%mﬁ%ﬁé’x % I, 200
afoomng None Few Many -
degeneration

&2 4t Sbni
Table 2 Liver fibrosis grading

Wi LT YA
Grade Fibrosis stage
FO J& None
Fla 12,3 [XZEJH Mild, zone 3, perisinusoidal
F1b W 3 X525 Moderate, zone 3, perisinusoidal
Fle VLA X Portal/periportal
F2 LA X SR B 2 Portal/periportal and perisinusoidal
F3 H#E Bridging
F4 JFE4E Cirrhosis

(3)TMEL O Bt M HEAT I Y OCT VKIZRZH LR
YIA G, iR ENE 10 min, BAZEA T 1 0 R
A YT L5 10 ~ 15 min, FH 37 CZEIBKBES ~
20 s, R 2 BYLIRYLtt 3 ~ 5 min, 7K 30 ~ 60
s, ATFREVKTE, BT INC 60 C MR R A
AR 3 KM 500 T3 e imn, AT A

(4) RARB LT YL (0, FFLH LU E | 7 MU K A
W UI R w2 K, MR A AT G R
T R, R BR YD SR YL, Mayer IR KRR QL (8

WYL AN MIAZ K v, B BB AE B, MR i
SN

(5) MIEA A HE AR A . M9E ALT 3% P
o 1R G R A VA AG A 5 13 AST 3% M i 1K
7 R e kA

(6) IfiF GLU JPe iy 3% AEHER : GLU & il
Ao 1) B R A 2 W R T R A £ LV e R
(fasting insulin, FINS) FI g B¢ % ( adiponectin,
ADP) & Bl i ELISA #i Ay, [ & R AP 5 4K
(‘homeostasis model assessment of insulin resistant,
HOMA-IR) 3155 A 3 /. HOMA - IR = GLU x
FINS / 22.5,

(7) FERG o8& B AT« HFAHZR TG | TC & 5
FE, BT A1 210 55 R AL 205135 58 il i 57 6 0k
i,

(8) TR ok AL A b A . BT 2 21
R A3 R &, A SOD MDA 45
Ei=E A

1.3 ZEitEam

f#i ] Graphpad prism 9. 0 44 Bdi 1755
TEoHT . Gtk v i D 4508 B P 3891 + A
WE2E (% £ 5) FR IR . 0 2y 22
(18 1 25 P R ) o sf S el P AL 1) o A 6 EL A, P
<0.05 HHAGIH#E L, FRyHFERM L
Bl it Radit 23k THEA THE BB 22 40 ] LU A,
SRR 7 225387 (One way ANOVA)

2 R

2.1 =7 NASH #EE/NRA—/RIER

WA ], 45 W 4D BURES R4, B A& G
B, OV OB AR BT G2 g A N, A5 AR R /N B
TR I S e RS AR AR 2% B R XORH,
K NREE, CCl+ HFD & AMLN A5 R1Z /N R 5
R HE F 8 R e T MCD AR R 2 /)N R A o
BOEHHW /D NRITCIET:, AMLN £ Al
ZH/INERU IR o 8 AMLN TF % 2H 58 35380, T 7e
FHNHARAI AL TE B (R 3) .
2.2 =T NASH #E/NRMFEURFERS
EHLLE

= NASH BRI/ FRAY I3 ALT  AST 7K -
5L TG TC &R B EWIm (£ 4), Hr
7E AMLN FE 892 /N BRLIM % ALT  AST . GLU 7K,
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R3I SHAEEHUE AR KFEL (x £ 5,0 = 10)
Table 3 Body weight before and after modeling and liver body mass ratio in each group(x + s,n = 10)

25 AT g
Groups Body mass before modeling/g

CCl,+ HFD IE %41

GOl HFD NG mroup 22.02 = 0.55
CCl,+ HFD 74

CCI4+AI+-IFD m:fel gf([)up 236 = 1.2l
Al

MI\E%DN% Zi%p 25.28 + 1.29

Mé\%cz jiiféiup 25.69 + 1.47
A,

Afl\wl‘/iLNNN% Zri%p 22.80 = 1.30

AMLN A&7 21 22.93 + 1.57

AMLN model group

WG AT/ g JHAR L6/ %

Body mass after modeling/g Liver body mass ratio/%
28.77 = 1.90 4.69 = 0.16
30.21 + 1. 64 4.86 + 0.68
27.06 = 1.11 4.31 £0.29
14.85 + 0. 67" 4.06 = 0.45
32.05 + 3.34 4.24 +0.27
41.29 £ 2.92"* 8.57 = 1.61°"

T 5 MCD IEF AL, *P < 0.01; 5 AMLN IE#4IAALL, " P < 0.01, (FEIFH)
Note. Compared with MCD NC group,”P < 0.01. Compared with AMLN NC group,”* P < 0.01. (The same in the following tables)

R4 FAHMTE ALT AST KFERHFHL TG TC FH (% = s,n = 10)
Table 4 Serum ALT AST and liver TG, TC level in each group (x + s,n = 10)

5 BNEEER/ (U/L) A/ (U/L) SR FEEE (mg/g) il =M/ (mg/g)
Groups ALT/(U/L) AST/(U/L) TC/(mg/g) TG/ (mg/g)
CCl,+ HED IE3 41 22.64 + 9.26 24.39 £ 5.70 2.93 + 1.57 15.08 £ 2.93
CCl,+ HFD NC group ’ 7 ’ £ 2 E L U8 E L
CCL+ HID £UMA 247.74 £ 61.23™ 2.92 + 43.58™ 4 62" 29.9 3.25™
CCl,+ HFD model group 7.74 £ 61. 112. + 43. 5.14 = 1. .91 = 3.
MCD 1E# 21
MCD NC group 13.87 £ 8. 15 21.69 + 11.57 2.37+0.73 21.84 + 0.33
R Y
MCD L5 137.78 + 41. 73" 65.96 = 26. 53" 3.31+1.27 33.02 + 3.53"
MCD model group
AMLN IE# 4
AMLN NC group 13.21 £ 2. 11 17.51 £ 2.70 2.34 = 0.31 35.73 + 3.91
LT 4
AMLN FER14] 170.20 + 66.03"" 68.33 + 30.48"" 9.55 +2.07"" 53.67 = 4.92

AMLN model group

.5 CCL+ HFD IEH 4L, " P < 0.05,™ P < 0.01, (F&IR)

Note. Compared with CCl,+ HFD NC group, " P < 0.05, ™ P < 0.01. (The same in the following tables)

HOMA-IR 850 TC & 3 hnf ok B 2, 8 IE
WA T E ) 15.10.0.5.2.5 F1 3.0 £, 7F
CClL,+ HFD HiRIZH vh /N BUILE FINS 7K 7 #1 BF
TG & L A& M E, 2490 CCl,+ HFD IE% 4
B 1 4%, H SOD 5 MDA 7284k i W&, i
AMLN #RY/N R I TC & 38 i Bl 8, 29
S AMLN IE % @iy 3 f5, H H i GLU &
HOMA-IR 8% b T i3 (K 5) .

2.3 =7 NASH #E/\GR M & 151 A9 b 5%

Nz 6 7 WL, CCl,+ HFD A2 Fl AMLN 5
RIZH /N B I3 GLU ., FINS, HOMA-IR %45 b1
WA BERM(P < 0.05), H AMLN #£A1 24 [t
CCl,+ HFD BERIZH ) AT (R 5), HEE
MCD % 5 1) NASH #i#l b GLU , FINS & & &

HOMA-IR #5452 FRE( L3 6) . 7E MCD BiAY
21 Ko AMLN #ERIA v /NERUIL T ADP 38 HOE# 241
YA R, W78 CCl,+ HFD #ERIZH o ADP /K
BHBEZR(WERS,T) .
24 =WHEEAFR/NRIFAAEBERHE
44

K 32 [ [ 37 PAEAFGEBE NASH I R AT
FREE T VELLFE R ) NAS U4, X = Al ARy kit
TTHEE NAS PRy (PR 7)), &5 R = F
NAS B g T ~7., Hodr MCD BERYZ ) NAS P
A3 Eci , AMLN FERUZH 1) NAS PF43 H A 0 21
ik, =FMERIZ A HE Ye 0 K Imar 0 Yo, ¥m]
DL A S AR 1, /N N R R RE 2
i M NAE RN —BIIRRIE L (E 1), Hd
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AMLN HBRALIY LAY i 7 f5c 22 # K, CCL, + HFD
RRARUZH 1) R M 92 ) 12T A AL 7 8 i ™ o 1 L
xS,
RS SIS R R AR LE Y I A Al
FORFRG B & B ZE LA (n = 10, %)
Table 5 Level change in serum biochemical indexes

and liver lipid in each model group compared

with the NC group(n = 10, %)

2.5 =7 NASH #E /R IFARAKETR
7%

JH£F- 2 Ak 25 G- 2R 1 2005 4 98 [ [ 57 1
AT BE NASH i RATE 55 I 95 B T4 4148 1k 1
NAFLD 4330 br i . = Fh NASH # 50 f1 jF
LT AEAL M, Horp CCL,+ HEFD A58 21 4 21 4 Ak 31
Gy , MCD B 4 /)N BRUH2F 4E A6 0T o0 e 1K (3R
8) ., G RIREL YL UL, CCl,+ HFD iR

o CO I e goma AN BRI A UBI () 2)
[ERZN == 2 jetes — N .
ltem CCl,+ HFD Mcg'iorl‘l‘;d"l AMIN model 2.6 =7 NASH # &R AIEFT | AL
model group group ﬁni% 9 ﬂﬂ . Eﬁp*ﬁﬂzﬂd\ EE{AE:I:gE.é/El SOD ?ﬁ
YN = ST AR AV 2% s N
ﬁﬁ%ﬁﬁlw“i 1994.30  1893.40 11503.00  VEMAPTTRE, [FIEF MDA F RGN (P <
I = AR % . — N o Jbe
" %igﬁlwz 1359.20 1204.10  1979.00 FT  REEERG NG T PE T R LA NAS
Ny = —
" oot A PE4r (% £ s,n = 10)
AR 175.40 139.70  1308.10 . .
ATC Table 7 NAS score in three of NASH animal
il = ER bR 198,30 151.20 150.20 models (x + s,n = 10)
oAt g NAS 34}
LRSS 118.60 149.06  148.40 Groups NAS score
M’f CCl,+ HFD iE %4 0,00 = 0.00
H%%ﬁ&fa% 1100. 00 192,03 1141.50 CCl,+ HFD NC group e
CCl,+ HFD #i#1ZH
925 ZHEHE B k% 6.10 = 1.29™
%E’%A*H (fofRﬁ & 198.70 195,51 1257.10 CCl,+ HFD model group
. Y
AL L MN([:%DNBS Al 0.00 = 0.00
FiAE Ak R 1 24.81 1 13.00 122.16 group
ASOD MCD £ #i4
S \CD mjil giup 6.73 = 0. 65"
- 1120. 60 148.30  176.50 B
AMDA AMLN EH 4 0.00 = 0.00
B 220 [ 2 AMLN NC A
H”E’ﬁ;ﬁ? Lo.21 11443 116,14 eroup
: AMLN #5524 478 + 0,78
FEERRN RS-y | P 8 AMLN model group R
Note. 1. Up. | . Down.
%6 #41 GLU FINS HOMA-IR #1 ADP /K- (% + s,n = 10)
Table 6 GLU,FINS,HOMA-IR and ADP level in each group(x + s,n = 10)
20 531 Hi%I W%/ (mmol/L) k%2 / (ng/mL) JE 5 R A B E/ (ng/mL)
Groups GLU/ (mmol/L) FINS/ (ng/mL) HOMA-IR ADP/(ng/mL)
CCl,+ HFD IE3 4]
CCl,+ HED NC group 6.98 + 0.94 2.38 = 0.88 0.75 = 0.17 145.29 = 17.06
CCl,+ HFD #=72H
CClo+ HFD model group 8.28 + 1.10 4.76 £ 1.05 1.49 + 0.34 144.99 + 17.70
MCD IE% 41
MCD NG group 7.99 £ 0.95 2.51 + 2.67 0.89 + 0.20 150. 08 + 24.85
£ 2
MCD £ 4.07 + 1.03% 0.20 + 0. 15% 0.04 + 0.01% 128.43 + 12.93%
MCD model group
AMLN IE# 4
AMLN NC group 8.82 + 1.78 1.42 £ 0.76 0.56 + 0.13 291.10 + 39.41
TR
AMLN £ R4 13.09 + 2.71"* 3.43 + 1.35%" 2.00 + 0.46"" 244. 13 + 40.38

AMLN model group

.5 MCD IEF ML, *P < 0.05, (FER)

Note. Compared with MCD NC group,”P < 0.05. ( The same in the following tables)
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TE:AHE BB Ll O Je
Bl 1 —Fh NASH #RUNEUIT HE A2l O Qe
Note. A. HE staining. B. Oil red staining.

Figure 1 Mice liver HE and oil red stainingin in three of NASH models

=8 /PRI YECREE W (n = 10)

Table 8 Liver fibrosis staging evalution of mice(n = 10)

217
Groups

B R 2T 24 9 e AR 232

Liver fibrosis staging evalution R

FO F1 F2 F3 F4

CCl,+ HFD IE# 4
CCl,+ HFD NC group
CCl,+ HFD #R12]
CCl,+ HFD model group

MCD IE# 41

MCD NC group

MCD AR #IZH

MCD model group

AMLN 1E % 41

AMLN NC group

AMLN &1 24

AMLN model group

10 0 0 0 0 -

0 0 8 2 0.000"

2 6 1 1 0 0.000"

7 1 0 0 0.000""

&9 /PEUTHZ MDA & H A SOD it (x £ 5s,n = 10)
Table 9 Liver MDA level and SOD activity in

mice(x £ s,n = 10)

ALY AL [ %
fit/ (U/mgprot ) (nmol/mgprot )
SOD/ (U/mgprot) MDA/ ( nmol/mgprot)

2153
Groups

CCl,+ HFD IF#4H

CCl,+ HFD NC group 245.37 + 17. 06 1.99 + 0.34
CCl,+ HFD #5745 o sl 4 e
CClL,+ HFD model group 5% 49 * 216 .39+ 1.38

MCD 1E# 4
MCD NC group 255.51 £ 5.51 2,42 +0.10
MCD B2 y .
MCD model group 222.29 + 13.88 3.59 + 0.40

AMLN IE % #
AMIN NC group 203.32 + 8. 14 1.66 = 0.51

AMLN 714
Pl 158.27 + 27.06%  2.93 + 1.31*

AMLN model group
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A KIR LG B R AR E A

2 SRR R AR P I SRR 1) RAR 2 21 Y €0, o J S T AR S

Note. A. Sirius red staining. B. Collagen semi-quantitative area.

Figure 2 Mice liver sirius red staining and collagen semi-quantitative area in three of NASH models

F 10 =7Fh NASH BRI RHE LA
Table 10 Characteristic comparison in three of NASH

animal models

CCl,+ HFD #5140 MCD #%I4]  AMLN 12

e
jl:f't]; CCl,+ HFD MCD AMLN
‘ model group model group  model group
IR . ) -
Body mass
RAE . o . s
Inflammation
B i35
EHE)? o ++ + i
Adiposis
panii:
4k . . .
Fibrosis
ﬁﬁﬂ: +++ + +
Peroxidation
"q 1 -2
Wy 2468 . ) »
Insulin resistant
.*’éﬁﬂ‘ . . »
Time cost

o+ R 4+ PR+ 55 BH M - B
Note. +++. Strong positive. ++. Moderate positive. +. Weak
positive. —. Negative.

0.05) ;CCl,+ HFD #7240 5 AMLN A5 50 45 /] B
AFEPRAS AL B 2 (WL 10) .

3 itig

3.1 #F NASH sh¥iERp IR

FATH UL NASH Sh iRl 32075 gl
P TRHE G A 25155 S R R DN 2 1 X
=2, AR AR bR B2 WD BRI E
FRELZ AR B LAY WD AR X 43 oh HED AR
fm1 A =5 IE [ BE PR B (Chigh-fat high-cholesterol
HFHC ) #% 8 & J§ & B I & (american
lifestyle-induced obesitysyndrome, ALIOS) & %l
AMLN FERIZE 3388 WD AR5 SR 2T A
JEJrE 2o 0 2k A AU T B e AR AE , {HL 3 A5
I 0] 3 440 I, 7 2 26 R LU R Hrh AMLN
BRI ZES T HFD LR ALIOS ## HFHC 45 Al
R, A DR T (% B =R D ) s i e I [
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[LENP IS e DL KR 387 o I B N T PR i
26 Ji, BT RAE NEWIAE B2 47 44k 55 NASH
BAERAE HAERGH E B T — R, 5
SCHR—L, 0 A8 A 47 e DR, T RE T
FHERABEIAIR] 30 UL L, BT 2018 AR SEE S
2 PR (Food and Drug Administration, FDA )
FRKN T Ui 28 1 o8 s QR A M £ b B n 51
AMLN FalRHr 2 B Gubra Amylin NASH ( GAN)
Tl iz i A, AR IR B S i I, GAN 45
RIRU AR T2 \NAS P53 4 4EfbF2 B2 5 AMLN
BERIA L, 7T 52 6 AR MCD AL f
DL 8 FR = IR NASH AR R 78 4 351
(8 J&) & 5 AN NASH 258 9995 35 725, n
REMIASYE  JAE DL S £F b5, T HEAR SH
B | 71 ST iE Hy TG AR i 2 1 J1H [ %
AT R BRI TE T 8 SR B0 M A 0 3
WA H R e HLE B 5 AR M A&
JiE BTN BRI T R R B, HLVA R R K
P ARG MCD 5 a5 8 ] s B T AL
A 0 9 0E G A8 M 5 50 B £ i Ak, (H A i
B EAPL, 50—

H Al F R A 124 2575 5 NASH A%
TSR IR A 7 K (streptozotocin , STZ ) 175 AR AU FlI
CCl, ifs SRR, W0 & 800 2 A = B8 K& 1l 9%,
STZ 5 FARUR W5 1 BUBE IR, RS B 40
MO BEREIEIR , 29 12 Ji P9 BN i P I 2% 15 21 4
1k,20 JEIE AT o g, %A A 5 N2 NASH 41
SRR AL, (AR S S EUR S ', cal,
A AR BE T BURF R 4k, iR & A= IE B
AP 2 HEPL AR A8 (R & = BR 1A kS, CCl,
A 2 N TR B % NASH FIFEF b % ) |
RS Y /N BRPR 0T & T R, 5 ON 2R I8 Bk R 3
NASH ¥ A A]

ob/ob Fl db/db /IR Fe B UL 9 35 DX 4 4R 75
T NASH B8 — i 5 & Bs W RN, /T 1475
S 1 BOEPRAG . MERESER (OB LA ) Feih8 2]
A TR AR B DO, W R 9 AH G L R ( DB
SR k@ EZ K, FHIL OB 3¢ DB 4lif /N
Y 98 R R ) o | A JRE A 5 R AT,
JIFRR & B S FLT AL | 9K T o Rk &
Bl = ol ZITEAZE NASH B E P IFARZ I,
3.2 = NASH #HE M4 REFAREL

MLHI R b B

ABFFEH AMLN BiRIZH /N ALT (AST K2 TC
KT E R B3, 20 HOE /N 15,10
35, H AL 0 Je ek , T e il iy g
W2, AMLN BERIZL /N U L GLU  FINS
K HOMA-IR #8407 F T feoh i 3, DA Bk sk
AR ALZH/INER 5 N R RE RSO AL, 7= 28 T B
(9 AE G A8 70 55 Ji i k', HFD B &
CCl, BRI /N TG T3 AR5 Ak e WA 2
HHJF SOD il MDA (9748 b f5c o 8 35, /R Ak
o7 355 RT B 2 i B AR AR 8495 1 R AL, CCl,
25 P450 FEACEIRE , Ak H o 5 e — R A A
A= K IR e 7 AR SR A B, 1 s 48 Ak ™
R A NS W = AT TR P E LN P i B
AN[F), MCD BRI AL/ FUAR i 5 13 9 GLU
FINS & & %A = RS Ziht, 52
ARG —3, HRmLE S5 AR, & T &
SRR R =, 52 0 /)N BRUAA P B I AR ] e
1R, A B B FE N B

FAP = AR AMLN BERIER0E 8155
FURNJBE &5 24 bt I, fediein AR 72, (HH:
FEm I, 1 A5 26 JAS A I R TR LA 0
B B i A AT R B AR 30 JE L L
MCD #E#1 5 HFD & & CCl, # 8 FE A 45 /0 (1
MCD #5271 5¢ 4 3% A7 g &5 Z K bt, 1 HFD B &
CCl, BERILE & L7 A AL 7 T R 3 LU I

25 LR, = A7 ik 3] s T 5 NASH B
R A5 AR A TS b T B R R AP A
R, AR I R ELARBIE 5T J7 1] SR PR B2 3E A 1Y)
— PP ok 2 AR R EAT S ER B X E R R AR 1Y
N IFIF 9% n] 4% MCD #5581 | th TR 5 1 1
195 FRF 5% ] A 4 36 HFD &4 CCl, A% T iy
R K B 51 B A% G is D5 B 5 AT AR A 5 IR
AMLN A T 4230 N AR B g 2 2 HR 4T 19 &9
B
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25 e I R B Y v I A A o S AR ) o
ST 5T

kA EF hLE AEA EREL  HHE [ KE,
AN S S X
(1. HAPBEZ R, M 730000;2. FURES:SHAAHE R ESSLEE, M 730000)

[BE] B 55 AKMSIILE K (spontaneously hypertensive rat, SHR ) ) B JF 8943 55 K W] BE )
BRI, J53% 10 A% SPF 9% SHR K [A]dh A IRl WKY KR, 7> SHR 211 WKY 20, 5320 8 HURH,
AT ZR A B AS VLSS SHR 19— MRS R R A SRR & 4 IR oK & IR & M SR
MU G PRI S BRI 375250, LASE T R A vh BEGIEAY . [) s ) FH YROAA €833 ER 30 T3 2 R (liquid
chromatography tandem-mass spectrometry , LC-MS/MS ) X IfiL 75 £ 3§ 9 25 47 A #0 fg 462 00 53 B7 , LAR) 2048 7R 5 R ol
TR AT BRI BL Y A . G5R 5 WKY 4, SHR A KRB AR &E b MERE & EF T
A FEEIEM G (P < 0.0001) 5 T (AREL, H i+ HEE D ;24 h B POK SR FE i (P < 0.05) ,
FAFF R (P < 0.001) ;Y545 [ ( systolic blood pressure, SBP)  &F 5K J& ( diastolic blood pressure, DBP) 3F
YK (mean arterial pressure, MAP) .0>*% (heart rate, HR) FEWZ AT K (respiratory rate, RR) ¥ B & (P <
0.05) ;AR (P < 0.0001) ; W58 W, D 5%z Sl B AIS B INF R B (P < 0..001) it i A RL ) AL
HAEAE R R, 5 WKY 4RI H, SHR 41K RUEA B3 M2 SR AL A 114 Fh (P < 0.05) 1k 222 1R
YNNG BTRIZENR 73T (40.35% ) AHLIR S AT M) (22. 8% ) A WL G Y (15.79% ) . 2510
183 L ERRL R 5 3L R 41 5 Bl 44 (kyoto encyclopedia of genes and genomes, KEGG) ¥ % & 4041 S48 3 25
SACHINE B, 3 — 20 28 S AR A A , Hrh 16 A5l BEH0H0G , AN 4 A58 B, 5 A% R DI AR Ak 5 T
Hh 5 RG24 Ar PEAR G Y 3 J% 00 P&, A 2R AR 2 filh ( glutamatergic synapse ) Fl y-2 & T 12 AE 28 filh
(GABAergic synapse ) #8005 , T 5-F5 (0B RE 2 firh ( serotonergic synapse) WG4, 451 SHR 2l 5 %
R/ 5K SZ AL G BRES eI 1 T AR 2T, 3 T A /M T AR 58 ORI S5 4 P 2 3
B, X Se 7R SHR ZRBA 0L BB DTk, A Bk sl B 1 15 0838 2 BE R | Bl /K AL & W A g 5 A ¢
Hb B TTRE 5V EIRBE y- 2 T PR RS S MG 25 B8 55 i 2 B A R ZE LA G
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Study on the characteristics of Chinese medicine syndromes and its basic
metabolites of spontaneously hypertensive rats

ZHANG Qiuju'?, WANG Yu'?, LING Bishi', SI Meilong', MENG Haoxian', TIAN Mengyuan',
ZHANG Ming', LIAN Nini', KANG Wanrong'*, JIN Hua'*"

(1. Gansu University of Chinese Medicine, Lanzhou 730000, China;2. Key Laboratory of Dunhuang Medicine,
Ministry of Education, Lanzhou 730000, China)
Corresponding author; JIN Hua. E-mail;lanzhoujinhua@ 126. com

[ Abstract] Objective To investigate the characteristics of Chinese medicine syndromes and the possible
metabolic substance basis of spontaneously hypertensive rat (SHR). Methods 10-week-old SPF SHR and WKY of
the same strain were divided into SHR group and WKY group with 8 rats in each group. The general state,
temperament, peripheral vascular filling, tongue characteristics, diet, water intake, urine and feces volume and
characteristics, blood pressure, heart rate, respiratory rate, pain threshold, and open field behavior of SHR rats were
observed and tested comprehensively to identify the possible syndrome types of Chinese medicine. At the same time,
liquid chromatography tandem mass spectrometry was used to analyze non-targeted serum metabolites to preliminarily
reveal the material basis of blood pressure elevation and Chinese medicine syndrome manifestations. Results
Compared with WKY group, the scores of dark yellow hair color, irritable degree and peripheral capillary filling were
higher in SHR group (P < 0.0001). Red tongue color, dry tongue, little body fluid; 24 h diet and water intake,
urine volume and fecal volume were less (P < 0.05), fecal water content was lower (P < 0.001) ; systolic blood
pressure (SBP) , diastolic blood pressure (DBP), mean arterial pressure (MAP) , heart rate (HR) and respiratory
rate (RR) were significantly higher (P < 0.05) ; Lower pain threshold (P < 0.0001) ; The open field experiment
shows that the moving distance and residence time of the edge are longer (P < 0.001). Serum non-targeted
metabolomics result showed that, compared with WKY group, the SHR group had 114 metabolites with significant
differences (P < 0.05). These differential metabolites were mainly lipids and lipid-like molecules ( 40.35%),
organic acids and derivatives (22.8%), and organoheterocyclic compounds (15.79%). A total of 25 metabolic
pathways were identified by KEGG enrichment analysis. Further differential abundance analysis showed that 16
pathways were activated, only 4 pathways were inhibited, and 5 pathways were not significantly changed. The
glutamatergic synapse and GABAergic synapse were activated, while the serotonergic synapse was inhibited.
Conclusions The symptoms of SHR include impatience and irritability, peripheral vascular dilation and collateral
circulation formation, bulbar conjunctival congestive swelling, red tongue coloration, a dry tongue, constipation, red-
yellow urine of low volume, and a rapid heart rate and high respiratory rate. All these suggest that SHR is a syndrome
of hypertension with hyperactivity of liver-yang. The material basis of SHR is not only related to lipid, amino acid,
and carbohydrate metabolism disorders, but also may be related to metabolic disorders of glutaminergic, GABAergic,
and serotonergic neural pathways.

[ Keywords]  hypertension; disease and syndrome combined with animal model; spontaneously hypertensive
rat; hyperactivity of liver yang;non-target metabolome
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H & M & 1 & K Bl ( spontaneously WY, ITAEK SHR 78 B 25 b5 16 5 I 1Y
hypertensive rat, SHR) J& B br_F 23 A S 4% 3 A T AT AT ) T 73z W v R R 1
PRGN R (9 SR S Y BTSRRI RIRIE IS 1A A B AR e T R IR &
AR A A BIL ] BT SN TR A s A R B S e I DA TR 1 B
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APV RN, HETXE T SHR A9 UERURRAE i Bl = I8
ABILEE I TE o N RN X — A, AR BF 58 %
SHR F94T R R BN A: BURZSHEAT T 3 WS,
FE— OIS PR | AL 5T 0% D0 DL S 4
S WA, AW ik s T IR (- £ 1B I
(liquid chromatography tandem-mass spectrometry,
LC-MS/MS) $ A % SHR K LI h i AR 9 nt
OYHEAT T M I RE U, X BE A ST 45 R AN AL
F& X SHR IEBAFAEAYIAIR 1 H o v R 25 78
5 ML HE YA TT R Z (RS T L BRI T SE 3030

1 MRS

1.1 ##
111 SE8shY)

10 1% SPF 2tk SHR K KL 8 2, Jz SPF
S ik [] 5 2 6] WKY ( Wistar-Kyoto, WKY )
K8 H K&~ (200 + 20) g, 4> SHR 41 il
WKY 4, PP [ T30 5 28 F) e 50 5
YEARE R TAL /A 7 [ SCXK( AL)2021-0006] ,
T FETH N B 25 R 22 RHF SL 56 ol SPF 24 3)
Y1 [ SYXK ( H)2020-0009] , 1H ik 25 °C, fHi%
(55 +5)%, N TOCHBIRE A 12 h, H HIKE K
Ko BhIEUEE 4 J, ARSI HN hE 2K
SE SR ZE 51 2 H 4 (2021-018)
112 FE5H S5

)i ( Fisher Chemical, 4L A955-4) . Z, I %%
(Sigma, 73594 ) . H! f¥ ( Fisher, A456-4) . & /K
( Fisher, A470-500) . BP-98A #1zh4 Jo A il /& it
( HAR B BERR 2 41) IITC model33 ( series8) 41
AN 5 M iYL ( Artisan Technology Group) . WPB
PLT-UNR-RT-2 3} ¥ fiffi ) & & Il R 48 ( EMKA
Beschlagteile) K SUCHEE (_F i EWPRLA{UAS AT
FRAT]) (OFT-100 RYTF371E sl SC R A0 0 Br R 48
(R 28 B A BR A 7)) | Agilent 1290 Infinity
LC #8755 6 A (3% 4% ( Agilent) \AB Triple TOF
6600 Jii 1% {¥ ( AB SCIEX ) . {4 1% #F ( Waters,
ACQUITY UPLC BEH Amide 1.7 pm,2.1 mm x
100 mm column)
1.2 Ak
121 KBRS AR 1 B4

W O BRUEEE 4 v L IR R Y PR v [
T H 15.00 WA HAELHRRAS T ST A1

WSk, 2 WO I BR AR LT %) B ROT-45 1y
B AR S BV AR, T 1 4 K R
WERASH 0 ~ T2, T 0 ~ 16 ZIHEATIRS
VAT 3 (5 SULEHORHER A B 5 94T 40, IR
HPHRR) . 80 4 8.

®1 KRESMEREE TR

Table 1 Quantitative evaluation table of irritability

in rats

4 PERT RS W
Grades Temperament state Score

B B SRR AR R B AT

RHeATH
Quiet, like to sleep; no resistance when
holding the neck or lifting the tail
S AN EATUE SR B R R
Ity W S

I Activity increased significantly, like to 5~8

catch the cage; obvious resistance when
holding the neck or lifting the tail

WAL A FGEFT - BLA SE 5 B ek
PR A 5k

I Restlessness, fighting with the rats of 9~ 12

same cage; screaming and jumping
when holding the neck or lifting the tail

FBkBR BE BT R A
170 RS BB SR I Jem gtk e A

Jumping, biting cages, frequent fighting,
Iir .. ; . . 13 ~ 16
and even biting behavior; shriek, jump,

or bite when holding the neck or
lifting the tail

12,2 KBS B SRS B B oy

FRBUE T T RS & b WAL
AR R AR BB Sk S0 K+ PS5
A BB TERCRES M S AE R R, S
HR e 8 SORCAE ) JR B JR) o A  EIR 2
SIFRIE A TR FLILAE SRR 0 ~ 8L, T 0
~ 16 Z[AIFEATIOT, WAk 2, BFRE SR 1 IR LR
4 JH,
1.2.3  REERBME R ATAG

FIERS 64 A2 ] e 5 T RAB AR B, SE
T R BRI, BT i i % Sk, 20003
3 (A e R 22 6 ) v B TS U0 3 G AT WL T
i A, IEXE 2 HOR AT REBER AT ST
Bro KEE LS P EEIT AR W3 3,
BEEICS 1R, EE 4 1,
1.2.4  REEFR O Yok LIRE FEfli
e Uy &SN

FARENR IR 3858 F R K BUCE T 3h 9 108
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2 KRR I AE T AR S A WLEE BT
Table 2 Observation and score of peripheral vascular

filling state in rats

o Je L A FE 2 T 00 Wy

Grades Peripheral vascular filling state Score
XM FSH- Ko Sk 39050 6 400 1.4 6 7 et

0 No filling of capillaries in the eyes, 0~4

ears, head and neck

XU U Ko Sk B50HR B 40 ML 48 FE O 52
T
I Capillaries of both eyes, ears, head and 5~8
neck were full and the lateral branches
were formed obviously

e | AERE EXUREZ & iR T8 B 40
A R

I Basis on the grade [ ,both eyes were 9~ 12
enlarged , the capillaries of the trunk

were filled

T 1 G2 i U 3 =6 2 a5 7 e v e
bR Tk
Basis on the grade II ,the capillary 13 ~ 16
filling of the extremities was added,
the abdominal wall veins were

slightly dilated

F 3 EHEMEAG SRRE
Table 3 Observation indexes and characteristics of

tongue image

HH
S =y e
WA (0, Coated tongue
Observational T | - -
index ongue color &R &1
Coating nature Coating colour
WHE L TR ek HE A,
i A ¢ T
A Light white, . " White fur,
- Thin and thick, .
Characteristic red tongue, L yellow fur,
. moistening,
crimson tongue, drvness gray and
blue tongue R4 black fur

H LR E R4 T RANE K, g R KR
24 h WIRE oK MR 2S5 [R] I ER IR
WA BB E PR A S RS Y
Frit, R T E AR 1R, KURAE 24 h
R RS MR R s, B T E R T8R4 65 C T
PR 12 h J5 BT 5 TR S KR 2l
KR (%) = (FHIREH -FEE T ) /FeH R E
x 100% , HEJEICT 1R, IESE 4

1.2.5 KB RO A &

BP-98A AUz o A1 i Hs 10 £ R BRI 4 He
(systolic blood pressure, SBP ) | &7 7K J& ( diastolic
blood pressure, DBP ) | *F-3] 3fj ik F& ( mean arterial
pressure , MAP) _.(»* (heart rate, HR) . Ifil & &

YIF R4 B R AT 30 min B K RUER ELK S
IR OR AR B R PR BT L DU I b K U A
FoHR 22 37 °C I 1) 3 ' 1 A, 15 R A
R, FH R MR & |, 7 %]3d 5% SBP  DBP |
MAP F1 HR 5 H R BUER 5204 i 1k K0 6 3 3K
BOHSFH™ ) ARESR 1 IR 5L 4
1.2.6 B IE A 5 %) Al

I Bl i Sy R AGH I A 1T 55 K BRI e 42
PR B IR I 4 2R ( respiratory rate, RR) , 19 B
5 min 3% 22 P A2 0 B Bt B R B 1
RR, B J81c 5% 1k, 74452 4 .,
12,7 KB B A A

FHZT AR 2 9 o 0 3k A A T % 2 K BT 9
[, K ATEEHT 30 min B KREBR 2R G L,
PREFJR R e KRBT 1/3 b E T
DA B AR o B BOEAT T il sk KB TF IR 2
JR2 E L S TR 1y B 1), B KRR B, B R
FRE M 3 YR, [BIB% 5 min, T4 & [ 2 B[R] 2 5%
1KLL 4 4
1.2.8 W"35L5; (open field test, OFT)

PR A e AR R R AW
S X, N LA 5% 353 A R BRAE W 3534
Gk nyiz B R B A R s Ta) B R il sk 5 min,
— RS 45 5 B 75% L BRI 3 1
PREREA ARG A N —Hal, BRI T
A R[] g B R SR 1 IR 2L 4 5]
12,9 Bt v 4 Qs iy = 408 g 45 D0

KETHE 4 JERBREE , oA 28 JIUAL , 5325
MY o K IV AEA TV BB U /K (2
2:1) AL ARORAE 3 R GE o, B AY
AT AT BEA BB H AR A QC B
FHT Wi 0 D 22 e A2 M B 52 9 B0 1 vl 5
PE o BRI 3 B A T BB A A 3
br HE i B0 P8 % ( shanghai  applied  protein
technology ) 18 ¢ , Xof 2= W) A A v B AR i 40 14 47 245
M,
1.3 SFitESH

A5 B s 4 Ry i TR, WA GraphPad
9.0 HATHEIE T Je IR, B X g i AT
IES AR, X A5 A 1E 2870 A 0 B e
+ PRIEZE (2 + ) R, I Z 18] B9 Eb 38R LA
R 25T (Two way ANOVA) . A AR MIEZS
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A3 < 30 S BRI A AT e A TE AR A AR B DAL
TS558 + XPEUE R A o 227 RO | e 3 Jm B0 19
Y IE) FLR R b A AR G, DL R %k + Do
[BIEE(M = Q)" ZRsw, 418 i He 5 R FHAE S 50K
., P<0.05 HEHAZRITEEX,

2 #R

2.1 AHEAXRSBERENUERSES

WKY 2K BB &I A G5 L E e 5%
PRI AR sl 4 R A JE A TE ) PLAT M 5 1 SHR 4
KB G0 SIS A A R
FIF G, SRS s o 4 R it 2 2 emy ik |
2 HIE AT R, AR YE K R AR e B4y,
SHR 41 K BUIF 7 # 80 W & F WKY 41 (P <
0.0001) ,1H 2 A B4 F W PF- 53 BE T[] 45K
B (P > 0.05) , 4558 LK 1,

TE: 5 WKY 4UAH, ™ P < 0.0001, ( FIE[)

Bl 1 SHR 415 WKY 4K R5 Mo R i LU

Note. Compared with WKY group, *** P < 0.0001.

(The same in the following figures )

Figure 1 Comparison of the degree of irritability of
rats between SHR and WKY groups

2.2 MAXKBRABRMERBRENNESIESS
WKY 2H K BROSUIR OB Sk 203 K1 PU A%
S T A0 LA S P G IR 2T, R DL FE IR S e Sz
PEFRIE I ; SHR 20K DL B 3007 A9 B 40 1ML 45 52 R
FIFE R FE2L 13k, RS0 (0 A 55 20 S2 R
B, IR LOBHR B 5o B R, 384 SHR 41K R
IRERIZ B &, 2 1o 45 5 Bon , SHR 41K R
HIET WKY 4(P < 0.0001) , 45 R WK 2,
2.3 MAXRESHMNE
Wi 4 e, KB WKY 41K BUE @ik
20 IR, R /NS H SHR AR R, K

B2 SHR 415 WKY 41K BUS LS s8R )t
Figure 2 Comparison of peripheral vascular filling
state of rats between SHR and WKY groups
ZR(T5%) TR RN T QAL &+ D

W2 H(25%) IHIH R MO, 451K 3,

B3 SHR 45 WKY 241K RS G455 1 g2
Figure 3 Observation of the tongue image characteristics of

rats in SHR and WKY groups

2.4 MAXRERERERKEREEE
EREESKEHILR

5 WKY ZHAH I, SHR 4 K BUK & koK & &
PR AR I PRI IR B, 3500 T4
AT, B0/ HL 23 B 08 & /K 3801 8 A1k (P
< 0.001) , 455K LK 4,
2.5 MWAKXRAMEROEREEE

HESE 4 R 25K WKY  SHR 44 K i SBP
DBP  MAP  HR, SHR 41 K Il | 0 R ¥ 5 T
WKY 2H, Two-way ANOVA 434 i, 4% i ) 5 40
[ ¥ BA G H2FE (P < 0.05) 451 0L S,
2.6 WHEKXRFERITER L

SRR A AR e 25 R BN 7R T R
R, SHR 41 K BRUAY IF  001 % B & i35 T WKY
HARFEL(P < 0.0001) , 255 0LA 6,
2.7 MAKXKBREEMNILE

KEJLRERE RN R B R, 5 WKY 4K
FURH He, SHR 4 K BRAY i B & 35 BRI (P <
0.0001) , 45K LK 7,
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5 WKY 404, *P < 0.05, " P < 0.01, ™ P < 0.001, (FEIM)
Bl 4 SHR 5 WKY ZHRBUARR IRE POKR PRI FE R S S KR 8
Note. Compared with WKY group, “P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following figures)

Figure 4 Comparison of the body mass, food intake, water intake, urine, fecal and fecal water content

of rats between SHR and WKY groups

B 5 SHR 415 WKY 41K BUILEALO A0 Heds

Figure 5 Comparison of blood pressure and heart rate of rats between SHR and WKY groups

2.8 WAKXRIBEIZHEBNBZEIER
Eb

Wiz s a5 R, 5 WKY 41K R,
SHR I Kz i g K, HZ2 W i %, il
iz g M B A3 32 St [ 5 B E (P <

0.001) , 45K WK 8,
2.9 WAXRIMFRBES SR

MY HEFEAR I 21 2 2 B B, 7E 1IE T 25 A
AT, ke A 1318 A, 5 WKY 20 KB
ARG, R T A 56 0 5 /s — 3 #5143 B ( PLS-
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6 SHR 415 WKY LR RUITMARAR ) LA
Figure 6 Comparison of respiratory rate of rats
between SHR and WKY groups

B 7 SHR 4145 WKY 41K BUR B L
Figure 7 Comparison of pain threshold of rats
between SHR and WKY groups

B8 SHR 415 WKY 4K Bl iz sl & Ml 2532 s [a] i He s

Figure 8 Comparison of edge movement distance and edge movement time of rats between SHR and WKY groups

9 SHR Z15 WKY 41K Rl 22 57 A Qi 7 26
Figure 9 Classification of plasma differential metabolites
of rats in SHR and WKY groups

DA)2 Fgeit2z 5 s, 43t 50 PR VIP fH
(variable important in projection, VIP) , 3Lk P <
0.05 Hl VIP = 1.00 S Hr i 1% Hh 22 5 AQ )
114 i, xb22 S 202 IR B A IR
SrF(40.35%) AT HLER KL AR (22.8%) AT
LML A (15.79%) 25 R WL 9.,
PPN KEGG 38 4R 22 AL, 3t
3] 25 ST REAYAC I B, G 22 R RS )
(differential abundance score, DAS) PEAL T 1%k 2E4%;

Y

a2 AR e S R ] A 5 1R
AR Fa B DAS < 0, Ui WA A I8 2%k ] g
I DAS = 0, B BH AR # TG B W AR Ak 35
DAS > 0, Ui AR 8 % vl Re g s, 45
TN R APRBER M, D-75 2 WEe A1 D- 2 FR R,
RACHSE 16 454U BTG (DAS > 0) , M
i F A IR, 1 2R 2 M e A, Tl A
ST 4 SR B ( DAS < 0) , Hip A 3
ZRARIE 5 P 28 R e AR AR OG . A 2 R e 58 fi
(DAS > 0) L7 FE % fil(DAS < 0) .GABA HER
fill(DAS < 0), 453 ILIE 10,

3 itig

P T R R A S R LA P HEIE IS 3R 1 B AR B
BT 5 IR R 2 R[] A DA TR 0 O I R A, X
— AL R 5 R B LA e 5 R BRRTE
PRI, — A (] B EL AT I i 0 3 4 ik 1Y) 3 ) 15
T v S 2 A DN I 9 O R G B AR S
SHR J& 1963 4 H 424 OKAMOTO 257 F| Fi A=
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B 10 SHR 415 WKY 23 K UL I 22 S QI g 25 S 2 8y

Figure 10 Differential abundance scores of plasma differential metabolic pathways of rats in SHR and WKY groups

st A AR SRk A AR & e i ) S A A
AL P I R B &R BRI S N A
e L v BEAERL 2 R B 2 DA A i A e vt s
LI IT R s R Ak, B4R SHR
VEREAIZh Pyt 1 2 o T b B 24 B 3 1 I
JERIEFE R A vp B8 25 78 B 16 1w 10 Y 25 34 H
FOBLAE] 4 BIF FE 4R 458 1 S (R % SHR
HEEUERL AP AR A B, B AR R W2 A
KHGE , T X — )8, A58 AN ] £ B2 XoF
SHR #4717 WLEEFIRI

FE BRI e T B W, AR
it TLAE ER A AT B (245580 24 i PR 5T 48 5t )
(IR17) 2002) , H 0% 2 (& I ) 53 o0
(JHPFE_EJT) BiE | B R BA T AIE | B sg P T 3E A28 %
HZEUEAE 4 ANUERLT0 AR R IR R AT HR 2 Y
Fo UREAR T R IR A [ IR R A AR A
FEWEE T SHR R B — MRS B PR ) LI 48

FEEL EG R K R S R R
FOKREFLR IR HRYS mJI[LEmH‘JiFﬁT Xt

o7 FH S Bk RS T 1, & PR SHR &
B B ) B RS IR B R 3 AR OFT o
NGB ShIE S |30 S 45 BRIk ] 25 4 46 i AR (1) £
JEREAT A, X S A5 5 PH L TR e I R
LRI RER B EE R A L, w125 HE T, SHR 7]
AE R MU (2% ) F P _E TR Sh i,
T YUK — W, ABFIEHE— 2 S T SHR K
BEREAR, B R E SHEE HEKIE N, 5 WKY 4
FHEG, SHR 2 R BRUIR K | 3#E 8 B R /M 6 35 0
/MBI AR A K R A, R
SR 5 g I R PH B TCE AG {5 b T8 R A0 4 S A
5 Hk  SHR K BN JE 6 41 i 4 522 A TR) A2 R 7Y
Pk SRR R IR R ST W AR AL,
i RN R o7 D W B W N = | DA E B S T
BEMOT L Bk HLLEAR, iR
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W A1 % ) e &5 S 5 7R, SHR 4H K Bl SBP  DBP
MBP ¥J Lt WKY 20 K &, H HR RR W h;
SHR AR A ARG IR 20 bk He v ELO 3, 368 SHR
KA FEIK L E R A

R A AT 2 B v IR BB 3 A7 AE B i R 2 3
B 2 SRR AL A B4 O R[] v 2
UETR Fy v i s B 2 AR5 25 5L A9 R AE N A BT AN A
6], R, 7 2 3 sl SOmD R A 2l 2 A ol B 5 v
IR 7 ) — Fp B R, N i — B R
SHR & 1ML ( 222 ) FFBH L TR 9 LRl | AT
YN LC-MS/MS Xt Hifi i o A 27 173k
B ) B S E e RN T RE AR I A e 22
R 114 B, 2l AR 20 g B2
84> (40.35%) , F HLIR S H AT A=W (22.8%)
FAHARIRE G (15.79%) . $E7RiX 3
AOARIETEE L R RE AR 1ML R & 4B & R BFBH B TCIE
B R R 3 T EEAE A X — g gk R
HRAEZEEDPY 2D B R SE I 45 S 3t
AR,

N KEGG i % 5 48 f 22 55 = B 45 4 vk it
— X RIS H AT o b7, & R4S 2 22 AR HE
#% 25 4%, Hod i 16 SRR S AL 4 Scu i,
X —ZE RIS T SHR KB e AL
H WKY &R, WA TR &8, A 3 &0
HEHES S T HUR %A P R B FERE AT I TE AL
B A RAETE M LIS R R ik GABA BEZ fih, 25
FRERT BN, A EFRAER il A GABA REZE fil 1y
AR B T LT 25 2 5 M G 3 i )
BEINH], P3E T DL g5 R HEI, SHR K R 1L
JE (RZ%) BFBA BT 2B R A AT gE S5 ey m AR
R i A 2 AT PR SRLAE O

SR, B AR IE AL S 3 ) 2 18] ] fEAF
FEZE S B U A FE AR U0 Sk 2= PR A5G
PEAER RIS b A5 B0 R e, HORE 48 A R 1
WLELITAL H AT IS B = W Bk 3R Ak, HIt, B
SRW)AFI K SHR ] REFE BN ¥ 1 AT BH | JUiE,
(AT i — 25 50 3 HAPP M i 3R SR ) s A
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R T W48 25 Bl or 1 X 15 LR R 2 R
1 b 8 A0 6 <11 /) 48 0 o 3 ) A P AL

Bk ER IHEA mERE K FE xR

(1. IHPEZSRE FHE 330004;2. 284 )5 B 2561 i 4 [ R S0 2
BB 330096;3. TLAZIIRMARAT,FEE  330096)

[BE] BH i W25 BT 2 R 8 ORI ( Shenlingecao oral liquid, SLC) #0 i 35 /)N 20 it fifi Jea
(non-small cell lung cancer, NSCLC) FIFEFRIBLH , IR 43X AR N S L 5847 w2 5AiE, ik FIA
HoHa P R SCHR AR PR 3R SLC I M5 R R HE 45 L B2 NSCLC % RIS 5 B SLC 1 NSCLC Sk [ 5 b e 26
ﬁ*ﬁﬁ’ﬂzﬁﬁ Wjéﬁ, %ﬁﬁ?%ﬂ‘ﬁiﬁj\ﬂ? ( gene ontology, GO) *ﬂﬁ%ﬁ% HENAETR 200 ( kyoto
encyclopedia of genes and genomes , KEGG) & £E /0T M1 70 T X5 . I Lewis Jiag /)N BRAF Y | 15 BRI (Model
4H) SLC & #4HH4H (SH £H) 1 SLC AR5 20 (SL 41) , SH 2 #1 SL 203 3% T H5 8. 75 g/kg 1 3. 50 g/kg 7
WS 2y, S E R 14 d 5 WL AR /DN BUR RS A AR B0 iR 2 20 B A A K e e 400 0
0 R /IS Bt AR AR AR Ak, R /) BRU kR 20 2 i R Ak 28 1 % B ( phospho-protein kinase B, p-AKT) &
4 B(protein kinase B, AKT) BEHR AL W AR IEILEE 3-14 84 ( phospho-phosphatidylinositol 3-kinase , p-PI3K)
HE WL WLES 3-34 [ ( phosphatidylinositol 3-kinase , PI3K) . B 4 Hg itk E2 98 -2 ( B-cell lymphoma-2, Bel-2) 2 F 22k 1%
UL, B KEGG BARIVAE R, R ME A Mk W SLC IE PRI 77 A, W AE A L 5L 618 4>, NSCLC
TETEAE FHRE AL 1498 A 25 55N S AR HE AL 179 A SCHEMEARUR B2 70 T R W, 32 %8 ' S A B TR IOk ML I 334
-2 11 4 B {5518 1% ( phosphatidylinositol 3-kinase-protein kinase B signaling pathway , PI3K-AKT) | 22 %477
AL P S B mitogen-activated protein kinase signaling pathway , MAPK) SEFHCIE G . TR R N
10 AEAZ L ST 10 SIS A BA B RAE G RE T . ShSEgn s R o, SRR LLET, SH 20 A SL 2 i
Jeg VR FEURI g 8 B B0/ (P < 0.05,P < 0.01) , 211 (white blood cell, WBC) . H Kz 4 Jifd ( neutrophil ,
Neut) ,FAAZ%4H B ( monocytes , Mono ) 0 8. 18 /D (P < 0.01,P < 0.001) , ZL40 il (red blood cell, RBC) . Ifil/]Mix
(platelet, PLT) . Ifil 2L 7 4 ( hemoglobin , HGB ) 3+ . & & (P < 0.05,P < 0.01,P < 0.001) , /e ZH 2L R 307
ToA MM (P < 0.05,P < 0.01) ,p-PI3K/PI3K ,p-AKT/AKT F Bcl-2/GAPDH & H 2% /K i Z M (P
< 0.05,P <0.01), PI3K . AKT1 Fil Bel-2 FENFR K- BEFFL(P < 0.05,P < 0.01) . & SLC XF NSCLC
RAEAMHIVE R, AL T RE 58005 PISK-AKT g (2 JEAn i v %,

[RER] 2725 IR AR/ AN ; 092 253125 PI3K-AKT {5518 i 5 34 556
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[ Abstract]  Objective

In this study, we aimed to predict the inhibitory mechanism of Shenlingcao oral

liquid (SLC) in non-small cell lung cancer (NSCLC) by network pharmacology and verify it by molecular docking

and in vivo experiments. Methods

The active ingredients and corresponding targets of SLC and NSCLC were

obtained by database and literature search. Targets of SLC common to NSCLC were selected to construct the protein

interaction network, and GO and KEGG enrichment analysis and molecular docking were performed. A Lewis lung

cancer mouse model was constructed and divided into Model group, SH group, and SL group. The latter two groups

were intragastrically administered 8.75 g SLC lyophilized powder/kg and 3.50 g SLC lyophilized powder/kg,

respectively. After 14 days of drug intervention, tumor growth, pathological changes in tumor tissue, and apoptosis in

tumor tissue were observed in tumor-bearing mice ; changes in blood routine indexes and the tumor tissue expression of
p-AKT, AKT, p-PI3K, PI3K, and Bel-2 protein of mice were detected. The result of the KEGG enrichment analysis

were verified. Results Network pharmacological analysis showed that there were 77 active ingredients, 618 potential

targets, 1498 potential targets for NSCLC,

and 179 drug and disease intersection targets. Target intersection

enrichment analysis showed that they were mainly concentrated in the phosphatidylinositol 3 kinase-protein kinase B

(PI3K-AKT) signaling pathway, mitogen-activated protein kinase ( MAPK) signaling pathway, and other related

pathways. Molecular docking showed that the top 10 core components had good bonding ability with the top 10 core

targets. In the animal experiments, compared with the Model group, SH group and SL group had significantly

decreased tumor volume and weight (P < 0.05, P < 0.01) , and significantly decreased white blood cell, neutrophil,

and monocyte numbers (P < 0.01, P < 0.001). Red blood cells, platelets, and hemoglobin were significantly

increased (P < 0.05, P < 0.01, P < 0.001) ; apoptotic cells were significantly increased in early tumor tissue (P
< 0.05, P <0.01), and the protein expression levels of p-PI3K/PI3K, p-AKT/AKT, and Bcl-2/GAPDH were

significantly decreased (P < 0.05, P < 0.01).

The expression levels of PI3K, AKT1, and Bcl-2 genes were

significantly decreased (P < 0.05, P < 0.01). Conclusions The mechanisms of SLC activity against NSCLC may

be related to the activation of the PI3K-AKT pathway and the promotion of apoptosis.

[ Keywords ]

animal experiment

Shenlingcao oral liquid; NSCLC;

network pharmacology; PI3K-AKT signaling pathway;
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Jii P 2 4 BRI BB L e 2 — 1 R

T AL E F WA PRIE | SR A i 7 A R TR 2R
AR A B R L) KA NIRRT AE 2 M R K 3L (R
VEFRS B i 2 43 Ay /) 2 Al 9t Rl /)
240 I e PR RS, G r AR /I A0 A g 24 o A
TR 85% , Je Y FEHRAE A OGS T ) R E RN 2
o TR AR AR /N AR i g 14 1 BT 5

IR BEAT ZSCH ) PR A R, (EL R i S 52 40 o

B A | JTE Sl BRI T A I BN )L 4 ]
T AR TS AR R R T R A
NPURE R BA ST F B, RIS AT RO LR
ST, BEAS TR L 1 5 X LE BT Tk RO BIURE 4l
PEMUAGRE R GERTR AT S, A& B T A
R AR AER R AED
SZREORBCEHTES RZ KRR
FROBY R0 B 0 BCBR AR T vk rp 24 1) S R 4E
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i HORTREESAN T, REZEA, W IO 2y,
&I RN, L2 TR AR 2 BOELAE A fil
25 AR T5 AR TR ORI TR AN, R I 3R B
Z R RIS T 45 250 B 224 ROl oy, i
WARE TEE, VS R A, FEA AT
S A SN SF Oy, Horh B A AEAR 2 5T
WESCA VUM AR, IS BB R AR/l
RS, T A 2 90 PR A 4R D B R
Tife' . R AV HLAR S ) bR 0 i
B GE RN A P Rg 20 L O A A A
VS [ N 44 5 v o 2, S s IR YT T iR 45 5
T A 2 B P R R R A 400 A AR B e 2
A PR IR 2 R T2 BT AR £
UG BERILAS S 36 B 22 E S 7 4 52 Bl B Ak )7 1Y
A/ M s S8 R, A T2 RO IRIGA T A
BB A T 2 A R A e el R
SEREAR DG IT A AE L TS R O R YT R
ZINEAR i 4 PRI AR i AN Bt S BF 5 38 T 1)
2524 B 22 7 3 U 08 25 W M |k B 2 ) L
A, TN 245 9 R 1 1 FHRIBR 2%, e i 44 1 52
Wit — LRk, W AT RE AV AL

1 MBERFE

L1 %
1.1.1 SEEshW)

SPF 2% C57BL/6) /INFR 32 H e, 4 ~ 6 J
W R 15 ~ 18 o, AT D4R (db o) A= 4
ARAGBRZ F] [ SCXK (F)2019-0010]) , 7EITH1 24
b s sEe Hhts SPF 2% 3R 8 Fh i 3% [ SYXK ( #
2020-0004) ,1EJE .20 ~ 26 C AR .50% ~
70% 12 h JEFA IR /NG A HEEFIROK . A<l
VS B6 28 VT v 245 M0 B 4 A R 2 ) S 56 3 4 4 3
e PRZ: D1 2541 ME (20230509)
1.1.2  4ijE

/N Lewis il 20 ( LLC 40 T =R
“EBE AL ( H %5 . SCSP-5252)
1 1.3 FERF S5

Z R R (E B @ G20080675 5 HLAK .
i 200 mL; 45 20091002 ; 1T 77 245\l i 45y A B
IS A) s AAEA T S (25 U H10983065 5 7T
PURHME 25 A B2 ) 5 B R ( CSA . 9001-12-1;
{8 Sigma /A ] ) ; DMEM 55323 (4L 27646355

TE O RB A FD); A E (S
2859322P ; FEER K /R BLHE A Rl ) 5 PBS 22 whik

5259 P1022; U R ERH A TR A F])  —H 3
AR (CAS.67-68-5; L HE K ERIH AR A A ;
JBEZE A BE-ETDA 71516 ( CAS:9002-07-7; b 5 &R
KEBRHARAA ) FHERBRASW (RS
P1400;dt 5 R K R A R A]) ; Bel-2 Rabbit
mAb (575 3498S; 35 [E Cell Signaling Technology
NTD) s EYL Anti-AKT1 + AKT2 + AKT3 Pl (%
5 ab179463 ; Y [ Abcam 2\ H] ) ; TEZH Anti-AKT1
(PS473) + AKT2(PS474) + AKT3(PS472) Hifk

5 ab192623; 4 [E Abcam 2y A ) ; B 4] Anti-
PI3Kinase p85 alpha ( %75 ab191606 ; %< [ Abcam
Nl ) ; 4 Anti-PI3Kinase p85 alpha ( phospho
Y607) (%% 5 abl182651; ¥ [§ Abcam 72\ #] ) ;
GAPDH Rabbit mAb( #25 A19056 ; 3% % [H %8 ¢
YR A R A ) s 30 (585 PR30011; 20X
—JEA YR A BR A A ) 5 Omni-Easy™ — 25 15
PAGE &l s il #5077 & (185 PG211; iRk
A= B 2B A BRAFD ) 5 insi Y RIPA 247K

5245 C1053 + 5 db ot 3% A 3 36 I 4 R A FR 4
) 2R R R A AL (58S P1275 5t
ARSI I DR AR A R ) 5 9l T A o) R
A3 FHIY (525 P1260; L FSERE AR A
FRAF]) s EE FREZ M (525 WB2001 ; 75 M T
TEREEY R A R AT ; ECL fb2f &t i i
IR £ (575 36208ES60 ; 2 3 A4 M RHEL iy A
PR A ) 3 QuickBlick™ Western ¥ 4] & ( 5% 5
P0252; 3 m RAEMH ARG BRAF]) ; B4tk i ik
] 28 P ) A K ST %5 9l 5 1 PCR 3R
& (TS Q712-02; /i ml i MERR A R B 10 A PR
o3 E]) A SR & (5245 R222-01 5 /e 5t i ME
e Wy B4 B 0y B BR A B ) 5 RNAeasy'™ 3 )
RNA fili#R7 & (&0 k0 (175 R0027; 3 =~
RAEYFEAREGIRAF)

B iR R R (35 DLO1150 ;45 J1 45 1A B
OS] B Al KA (RS Direct-Q5UV ;3 [ 45 PR {H
INFE) T2 — K (RIS BCE423i-1CCN ; 78 [
FETEF W 28wl ) 5 20 2B B ) (B35 JXFSTPRP-
CL; big @5 St B RARAA); & 8%
(HB120-S; KIEX4AN L3 ER I 5t A R R ) 5 451
B (S DMILLED ; 8 E kKA ) 5 41
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THEULES (BYS Countstar Mira BF ; PB4
B A RA A ) =R (85 MCOo-
170MUVHL-PC ; 3 [E € 3R A B ) 5 10 R KI5 Al
(#15- SDminiN; H A< TAITEC A H)) 3 2E W& 446
(715 HFsafe-1200LC ; J B A: 1) B 97 BHE 42 B
BRAED) ; AR E O AL (HLS STIR Plus; 36
FEBR AR B A FRIR (H5 SK-0180-F ; K g 2%
ISR AL AR B A BRA 7] ) 5 BER R R G (B
800UV ; Cytiva & 41 LA Al )3 HL 3k X (5
1658033 ; 3¢ [# 1 5K 23 /) 3 BUIT 1T ok A (2L 5
BCD-606WKPZM (E) ; 5 4R W B A IR A A 5
B2 HMIGIR AR A7 4 (15 DW-861.3381 ; g /K 48 1 /3
Al N B X (B S CytoFLEX; 3£ [H
BECKMEN COULTER A H] ) ; 24 ifiLBR 43 Hr A% ( B
5 BC-5000VET ; 141 Fii & 7 [l Br A A7 PR A A )
PCR Y (15 C100; 35 [H Bio-Rad A H)) ; 7N GE B
PCR ¥ ( #45- CFX Connect ; £ [# Bio-Rad A H])
114 BdlPE 6 MR

H 2 R G 25 B BUAR PR R 4 A OF B
( Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform,
TCMSP , https : //old. temsp-e. com/temsp. php) ; A
LNy F A W 06 VB B0HE )& ( PubChem, https://
pubchem. ncbi. nlm. nih. gov) ; /N 25 ) 8 5 T
W % P& % ( Swiss Target Prediction, http://
swisstargetprediction. ch/); & B g e OE
( Universal Protein, UniProt, https://www. uniprot.
org) ; N2 i 18 /K 15t 1% U3 J% ( Online Mendelian
Inheritance in Man, OMIM, https://www. omim.
org/); N R # P& % ( The Human Gene
Database, GeneCards, https://www.
org/) ; 10 97 #8 &L B HE B ( Therapeutic Target
Database, TTD , https : //db. idrblab. net/ttd/) ; 35 &
K2 il 1E 26 F 5 ( Venny 2. 1. 0, https : //bioinfogp.
cnb. csic. es/); DrugBank % & % ( DrugBank,
https : //go. drugbank. com/) ; £ F1 5 AH B AE ™
Y B i E ( STRING, https : //string-db. org/) ; I
B AL A 25 A & BB 2 ( The Database for
Annotation, Visualization and Integrated Discovery,
DAVID, https : //david. nciferf. gov/) ; &5 ¥ 4= Y115
B2 8 H BB HE % ( Research Collaboratory for

Structural Bioinformatics Protein Data Bank, RCSB

genecards.

PDB, https://www. rcsh. org/search ) SRR EYIE
B e Ak = F & (UEAS, hitp . //www.
bioinformatics. com. en) 3 — A4k W 28 B4 45 1l 0
M AT AL B Cytoscape 3. 10. 1; 43T X 32844
AutoDock Tools 1.5.6; 43 F X # ¥ 14 Pymol
2.5.5;/E B B A Origin 2021; PCR 51 4 %% 4% ¢
( PrimerBank, https://pga. mgh. harvard. edu/
primerbank/) .
L2 FiE
12,1 FET R SLC 57 NSCLC /Y
YEFIHLHI

(1) SLC A2V HIFE AT NSCLC B
A B30 < 4 T TCMSP %50 128 B8 45 1o 1 R 2E
YIM| FHEE (oral bio availability, OB) = 30% .Z5%)
AL (drug likeness, DL) = 0. 18 fi RS R [
RBP4, Swiss Target Prediction ¢ #fE 2
FEATHR S T, #2598 GeneCards £ & . OMIM %%
PE 2 ' TTD %4 /%  Swiss Target Prediction £ ¥ /£
1 DrugBank 4 22 H 15 3E /)N 290 Jif i 488 AH G A 42
AR BT 5 AN BRI B R A N R A
025 FFH UniProt B8 X st A TRR AL

(2) fifi % SLC 5 NSCLC 78 4 # #5. R H
Cytoscape 3. 10. 1 B/FH i % 3 9 SLC 553 8 52
23 | I Y/ R A g 7/ B =S 7 S S PR G R
Venny 2. 1. 0 Kt SLC 55348 s Fl NSCLC 555 #E 55
Wosg e il 43 A

(3) PPT M 4544 58 K 70 A« 4% SLC FI NSCLC
ASARHE 2 5 A STRING 0416 P, #9140 b 2 1
Z BB A B AE M 2% . Cytoscape 3. 10. 1 34
HE— 2 AR H

(4) GO HIBE I KEGG 1 % & £ 7 #r . fdi
DAVID ¥t #£ 47 GO ZhRE S KEGG i & %
O3, JRRIHZ B &« A F” 17 Ak
UIBLIR

(5) 93 F M HEESLL /N 25 Wi P U 3D
L5449 F PubChem ¥4 % T 4, K> T8 H PDB
T RCSB PDB R &k, /N ZE A& A6 i
L S8 FAH e vh O JF O O, Ko 775 22
A BRI R ZAK, UL 2P BRI HE AutoDock
Tools 1.5. 6 ff F5E ., e H P45 & REMR (I
T-5 kl/mol) HA &ML T4 Fl
H Pymol 2. 5. 5 R AFUA
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1.2.2 EF YR KAE SLC JAYT NSCLC F1E
FHBLH]

(1) SLC ¥R Ty iy il 25 . 32 1k 4 o e 1 Oy ik
Ko e BE .4 H SLC (4FE3H 200 mlL) 2894 5 11 il 4%
215 48 o URT M BORES , BIEEZ T SLC A2 T
T#50.06 g,

SLC IR B 0.7 o k13 FH H &t /K B il
B 0. 35 ¢/mL 23K ;SLC & B 1. 75 g % T
A3 FH AR 4l K B A% 0. 875 g/mL BYZH .

(2) Lewis iz /Iy BUBE UL 2 K2 o0 4l 170 . 4%
NS LA A S, RS A R/ N BR
R RS RIS R A R B R B A
UM S) . TSRS 0.2 mL % LLC 21
LA (1 x 10°/mL) J5 In I FEAL B2 NS, 458
JG %6 5 RMIEARFIIES] 50 ~ 100 mm® HICH
B B0 ) 24 FUIN AR BENLECE 3500 3 41,
figH 8 B4 (Model 4H) \SLC w741
(SH 41) F1 SLC 654l (SL 4H) , 7 Ht 8 HIE#H
JINERIRE R TE B X B 4H ( Control #H) . SH 41 Al SL
Ay T8y 8.75 g/kg 1 3.50 g/kg HEH 24
24 ,Model 21 A1 Control £H 7 H & SR AIK , 4541
ZGIATI S 0.1 mL/10 g, BELEZ 2 14 d JR IR
H AR FE/INER

(3)SLC JAYT Lewis fitidfia /N B2 ROTAR « 15
JEHE 5.8, 11,14 17 .20 K I 1 5% I Jed 2 21
K EHAZ, TR IA(V) = 0.5 x K% x
Fife x mAE A 20 RALFE/NR, SE LR B K
TP AR (%) = (A REIE
H-m O E &) /BRI E R x
100%™ FFXF [ 52 (14 o8 20 2 308 47 90 AH -
1. ( hematoxylin-eosin staining , HE ) Je (@, M%< HAR
PRLA LUV

(4) M 2FFa b A I . AR IR 24 24 Je B A o,
K 8l W 1 BR 43 A7 AOK: T 1 28 MY ( white blood
cell, WBC) | H4: k7 4 ifd ( neutrophil , Neut ) | FLA%
41 Y ( monocytes, Mono ) | ZL 4l g ( red blood cell
RBC) . Ifil /M #2 ( platelet, PLT ) Ifil L & H
(hemoglobin, HGB)

(5) 9t =X 200 L 5 A AR 0 40 e 080 T 2 AR i A I
HEH V-F 0 F R 2¢O R /MAL N BE ( Annexin V-
FITC/P1) i 51 & Ut W A5 #4F , Model 21, SL 2
SH 240 1 x 10° A4, Ye i 20 min J5 F a0

AHMIACKEI , LA Annexin V-FITC BH¥E PT B2
FROESAE S 240 B T 2 T A A

(6) 45 H i BN ( Western Blot ) 61 38 1 45
f)253k . Model 2 SL 4111 SH 2H % FRHL 20 mg i
AL A 2 mL 25 2R 2%, — ik R
1 (BCA 1) MIE B IR E ™, 7.5% SDS-PAGE
HLUK , W55 22 PVDF 6, PR 5 P B A, — B ig
H 4 CidR, —H1(1:10 000) EHFEH 1 h, M
ECL 627 RO G &, BEI AR 3R G2 AR, Image
JLx e Ay

(7) SN E B e 53 R il i U ( real -
time quantitative reverse transcription PCR, qRT-
PCR) K6 35 [H 32 35 - Model 41, SL 41 F1 SH 41 4%
PREX 20 mg MiRIZHE [ 301 RNA S0 &
PEIUE RNA i ] S s a0 65 & B eDNA, )
P 9045 B PCR 518 dR 3519, 9 i 2k
TAY TR ) B ARAR G, FIIE
BN 1 R, FHSERPEO0E & PCR A &
HEFTSEES A 2754 AN A VAT RNA (9 4H
Xpik

£ 1 qRT-PCR 5|¥F5
Table 1 Primer sequences used for qRT-PCR
HH FIMFAI(5-3")

Gene Primer sequence(5’=3")

F:AGGTCGGTGTGAACGGATTTG

GAPDH
R:TGTAGACCATGTAGTTGAGGTCA
KT F:ATGAACGACGTAGCCATTGTG
R:TTGTAGCCAATAAAGGTGCCAT
PIK F:GCAGAGGGCTACCAGTACAGA
R:CTGAATCCAAGTGCCACTAAGG
F:GTCGCTACCGTCGTGACTTC
Bel-2

R:CAGACATGCACCTACCCAGC

1.3 Sit=ESH

B4 B 34 11 SPSS 27. 0 e it i,
B = brifEZE (x £ 5) FRow, AHEAER Z R ¢ 4
WK H2ZE S, P < 0.05 R EREAR
2

2 R

2.1 SLC &M S 9 RAEAEAGIE

ik TCMSP 24l FE A &R, SCHR #h 78 &
PubChem #5185 L3815 SLC 5 MR 2547 1% T A
G377 A, HHEES 10 4  RBERE B 114>,
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R34 HEE 124 BT A, ZREER
AOTE 945 — 1 Beta-sitosterol ( 2 2) . Xf UL |-
TP B A0 R A R TN e AR (A, R4S 618
AT IEA

F2 SLC B ETEAEA OGRS

Table 2 Main potential active ingredients of SLC

2R IR

Source of Chinese

LR

Active ingredients

medicine
B PQ-2""") Polyacetylene PQ-2'"")
B SR 1) Papaverine“ﬂ
ANZBF th2 Ginsenoside rh2
THEES B4 BERA AR NE 20-hexadecanoylingenol

' Pamz?c . -3, 5- K -7-T
quinquefolius L. Stigmasta-3,5-dien-7-one

T -7-M B Stigmast-7-enol
3 N Daucosterol
ZRELS R Daturilin
AZ AT Rgl Ginsenoside Rgl

AEAE DUIATR Arachidonic acid
LR IHPEENE Linoleyl acetate
JH[E P Cholesterol
57 PAREIR AR Adenosine 5’ -monophosphate
H # B Mannitol
R AR TT Cyclic adenosine monophosphate
W3 Trehalose
MR R Tyrosine! '
B Adenosine! ™!

5,4 Guanosine
HAH-7,22E- " H5-3B
Campesta-7,22E-dien-3beta-ol
Sa-FBH-7,9(11) ,24-=H5-15a,26- 5%
3
Salpha-Lanosta-7,9(11) ,24-triene-15alpha,
26-dihydroxy-3-one
A -4,6,8(14) ,22-T0%-3-H
Ergosta-4,6,8( 14) ,22-tetraene-3-one
FME-7,9(11) ,22-=1F ZHEPUIE-3B, 5,
6a-fiE
Ergosta-7,9(11) ,22-trien-3B,5a, 6a-triol
RZHE B Ganoderal B
P2 E Ganolucidic acid E
RZME B Lucialdehyde B
RZ R F HEE Methyl lucidenate F
TREZMR A S Methyl lucidenate A
IRZ M A Lucidone A
IRZTR Q HEE Methyl lucidenate Q
M £ B Cerevisterol
(22E) # f § B-7,22- " H5-3B
(22E) -Ergosta-7,22-diene-3beta-ol
IR Ellagic acid

T SR T
Fermented
Cordyceps sinensis
powder

RZ Ganoderma
lucidum (Leyss.
Ex Fr. ) Karst.

gk2

LRPP 3/ , .
o TR
Source of Chinese . .
. Active ingredients
medicine

REIEER A Ganoderenic acid A™
RER® C" Ganoderenic acid G
RZWHIR D Ganoderenic acid D
REIEE H'™ Ganoderenic acid H''
RE A Ganoderic acid A
RZW B Ganoderic acid B!*"
REW C1' Ganoderic acid C11%
REM 2" Ganoderic acid €21
REM €6 Ganoderic acid €6
REM D' Ganoderic acid D'’
REM F'") Ganoderic acid F''*'
REW H™ Ganoderic acid HM™!
REM 1™ Ganoderic acid 11
REW I Ganoderic acid J'
REM 2% Ganoderic acid 2!
FF 2 B™! Ganolucidic acid B/
FF2 W DM Ganolucidic acid DM
FREMR D' Lucidenic acid D'
FZ M E® Lucidenic acid E™!
TRZR FI?) Lucidenic acid F'™
M NP Lucidenic acid N/
AR Tryptophan

IKEE M BE R Asperglaucide
1458 Kaempferol
PEZEH T Anhydroicaritin
HIEERAF F Anemarsaponin F
/N5 Hippeastrine
F1+: 2 FF B 1 Timosaponin B I
B Stigmasterol
FEEREWAT 1 Icariin 1
1B FF C Anemarsaponin C
M= -N-BA] ZRIE K B N-cis-feruloyltyramine
T2 - N - % 7 L P e i

cis-N-p-coumaroyltyramine

S0+ Anemarrhena
asphodeloides Bge.

A8 Sitosterol
WA ZEH Cyanin

HIRAE Rosa rugosa #i:% E Vitamin-E

Thunb. FHEE A BREERR Demethoxycapillarisin
B-1 % N2 Beta-Carotene
Mt B2 2 Quercetin
WS R KRR
TR A BOBAE

Panax quinquefolius
L., Ganoderma
lucidum (Leyss.
Ex Fr.) Karst. ,

Fermented Cordyceps

A [E S Beta-sitosterol

sinensis powder, Rosa
rugosa Thunb.
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2.2 BY-HEY-BaMEELE

FIIF Cytoscape 3. 10. 1 B A4 43 H 221 SLC
TR AR RS B S R 2% (B 1) iz M 4%
T 664 ST 52832 ki, AR 7T AR AR
43618 MIEFERL S, Hh A N RRk
T BL TR IE MRS (44 T CS 1-9) (ANl
TEFRBORAETEVERL S (5454 MGH 1-6) (2 (5
NI FEARTITES IE MY (544 M XYS 1-9)
NI RRREZWEMWER Y (AN L2 1-
36) LT A NI o FIRE IS PE RS (44 R

IM 1-12) R N IIE RS R
¥y R ZMBORACIEA G ER A4 A &k
ST TR AE L . MR YR Degree i £ i SLC
T FHFE SHEA T 10 BOVE PRI BN Quercetin
Beta-sitosterol | Lucidenic acid F . Ganolucidic acid
D . Ganolucidic acid B, Ganoderic acid Z ,Ganoderic
acid J. Ganoderic acid 1. Ganoderic acid D,
Ganoderic acid C6, # il X A4~ & M 1% 43 MR I7
NSCLC B A BT ST .

1 SLC“Zi¥-fb &9 -$E 87 M4

Figure 1 SLC “drug-compound-target” network diagram

2.3 AE/NERERTEIESRKES SLC A EE
R HIEREX

GeneCards ¥ J% ( relevance score > 4 5
BL{H ) 2R HC 1842 AMHE A5, OMIM £ 4fs e 4R 45 117
AR, TTD B8 23R A3 95 /N A, Swiss Target
Prediction (¥ & 4815 88 /™ #l 15 Al DrugBank %%
PR 43 RS, AP BR S EAE, e
1499 MBS . {3 Venny 2. 1.0 F-5 8 618 1~24
P S D 1498 AP L s S O £ 4521
179 AZARAL S (B 2)
2.4 PPI MEHE R ST

M STRING Bl 3 H AT 179 4> S8 FEE [H 1Y

HAEMZE, Z M4 ARG 177 475 55 (node )
5935 kil (edge) ., T A Cytoscape 3. 10. 1 4t
70 M (35 Degree < 90 4 5 4T @R, &
3) , Hor iy AR S B I, 1 SRR B
IR Degree fHB . Degree {E A4 I 10 1Y
A0 5 FL N8 GAPDH [ TP53 AKT1 .EGFR IL6 .
STAT3 MYC ,CTNNB1  BCL2 . TNF, i% L6 #0 5 o
AR SLC X} NSCLC #E47 T Hify FEZ LA
2.5 GO Ih&eFN KEGG B EE ST

FIIH DAVID 4 Exf s £ 5 A 3 47 GO 5
KEGG 3l i & 570 Hr , I H. 20 5 6 Heati 45 mT 4k
SEFR ARYE GO A4k (18 4A) ,SLC FEAE Y
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B2 SLC I PEAUsM LR 5 NSCLC 25y R
Figure 2 Venn diagram of SLC active ingredient
targets and NSCLC targets

T2 (biological process,BP) FIIRES 5 T I8 11 &
A R Al ZH A% ( cell component, CC) 7E 41 fifd
¥ R EAE ;20 T P88 ( molecular function,
MF) 05 T HiZ5 445 . KEGG & #1533 176 &l
FRESR, W T2 AR AR R AE 1 B% | PI3K-AKT {5
T A MAPK {558 %45 (151 4B) o

PI3K-AKT {5 il B 1 — 2R A N 1 5%
SR, TR AN A AR R AR AL
& A K0 BRI B IE BE UL AR 3-8
( phosphatidylinositol 3-kinase, PI3K ) F1 & F 34 il
B( protein kinase B, AKT) , PI3K #i35 ii , r= A i
NEMELEE-3,4 ,5- =R 1 ( phosphatidylinositol 3,
4, 5-trisphosphate , PIP3) Jf # & AKT, ¥ 1% 09

B3 SLC 5 NSCLC ZZAEHLAL PPI 45 4]
Figure 3 PPI network diagram of SLC and NSCLC intersection targets
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A GO TIREE 4T3 B. KEGG 8 i & 440 ir

B4 FENEESER

Note. A. GO functional enrichment analysis. B. KEGG pathway enrichment analysis.

Figure 4 Results of gene enrichment analysis

AKT 520 T Jif B R 2k, AT 22 3 44 22 J7 1 M 3741

PI3K-AKT {5 5 i i 15 2 FhJ# AE (9 i 933 12
JE& [ 245 A S bt B SR 4E . PI3K-AKT {5
S PR T — ZR B T PR, AT A A e 4
MEAPAT . WIE A AKT W98 B 40 A itk 97 -2
( B-cell lymphoma-2,Bel-2) ZEH5 i 53 ) 1% P, b 4n
PR T/ B B 4 A bk B 9R -2 BRI A OC X
#H H ( Bel2-associated X protein, Bax) B 4ff ffg 4 (2
Joi-2 FEAI AT )3 3l F ( Bel-2 associated death
promoter, Bad ) Z 85 13835, MR & P53 (tumor
protein 53, TP53) A fg i#f Bel-2 ZKJG H Bax AU
ik WERRALIY AKT R BHIY TP53 HepH 3Rk, i i
%, Bel-2/Bax Ho 5] 2 i, 7= A= 300 i) 20 Bt 08 T2 14 /R
FAPY S I H AR AKT A i] B B4 2 B K 4
fit ( cysteinyl aspartate specific proteinase , Caspase )

FREE 1 3R3A | DT 52 i) 240 i A 5L AN A 5 )

JAT212, PISK-AKT {55108 e X 9 40 i 1) 1R 22
EBAA W, BE 0 AKT 0] RIESE b R 8]
A bR A W 0 b K2 40 M85 B 2R 1 ( epithelial
cadherin, E-cadherin ), #f 2 55 ¥4 & ( neural
cadherin, N-cadherin) 8¢ ¢ 35, M AE 2 i 983 40 i
iR 51278,
2.6 S FXTERIE

B PPT 4 SLC A7 NSCLC HYHI 10 %
OFE RS SLC HE AR sHE A AT 10 BT PR i
HEAT 3o 45 3 R HOR S0 1 Lo 5 %O
S E RS AEEY < 0 kI/mol, UM 11 516
PERUT B & 456 HARE R (Bl 5) RO
H145 AKT1 A1 Bel-2 5 SLC H/EFH#E A5 Degree {H.
HEAZ BT 2 B93E PEY BT Quercetin Fll Beta-sitosterol
AXTHEARERE (B 6) .
2.7 TEE/NERBEERKER

NS ES 5.8 11,14 17 H1 20 K+ 5F:
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5 SLC s s 9108 A3 2 T4 A BE A

Figure 5 Heat map of binding energy between SLC core active ingredients and core target molecules

B 6 AKT1 Fl Bel-2 55z 2 R4 [ msxt 42

Figure 6 AKT1 and Bcl-2 docking diagram with quercetin and beta-sitosterol
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TE A IR R BUIE AL 5 B B8R SR /1N BB ARG 5 C 2 R /s U RS 2L 20 B2 72 £k 5 55 Model ZHAHLE, P < 0.05,

B/ m)

*p<0.0l, (F

7 AR/ BUMR A IR O GO B AR (n = 8)

Note. A. Tumor volume change. B. Transplanted tumor from a stripped mouse. C. Tumor histopathological changes of tumor-bearing mice.

Compared with the model group, P < 0.05, ™

"P < 0.01. (The same in the following figures and tables)

Figure 7 Tumor growth and histopathological changes of tumor-bearing mice (n = 8)

®3 R/ BURE LRI HI R R (2 £ 5,0 = 8)
Table 3 Results of tumor weight and tumor inhibition rate in
tumor-bearing mice (% £ s,n = 8)

Jifrsed LR A A 2/ %

2H 5 JEH/ g
. Tumor growth
Groups Tumor weight/g

inhibition rate/%

4
Model 2 2.0300 + 0. 5660 -
Model group
4

St 1.3510 = 0.6399" 33.31
SL group

SH 4]
.5 i 1.0350 = 0.5080™ 48.92
SH group

ICEMR UK S AR, BRI /N BUTE
2T e 200 Y J 9 e A Rt 4 ol ] 32 5 1
TEYERT IS 55 20 K, 5 Model ZH#H [t , SL 2H #1 SH
ZH MR R B Z AR (P < 0.05,P < 0.01) , WLIEI
TA, TERE 20 R FE R/ RS AR, I
& 7B, R Y] AT UL Model ZH fif 2 20 fifg £ KR
AR, BREIE, 41 A% 045 HES R %
ST ZH R34 At HE 51 B d B, S A MR A0 i
R /INAS— , ey 8 1X 2k A Jea 40 it K 5, it A2 11 4
SRV A 5 SHZH A Je 200 it R T ARLR AT, , IR B8 40 if 25
FAZETL, HEF P B, A% 40 i B . 1 48 sl i, O 1]
7C, TEEMEEHE 20 K, % 3 s SH 411 SL 41

HIREZA350 H 48.92% ,33. 31% .,
2.8 /INERMEMER

2 4 71, 5 Control ZHAH F , far 188 /N B 4%
A N AR = R AN ] 3 (S R )
B, {HAH L Model 2H , 25 25 2H 2140 0, . ML 4185
L/ K B 3 (P < 0.05,P < 0.01,P <
0.001) , 1 4 Hfd i o 2 /I (P < 0.01, P <
0.001) .
2.9 SLC X31a7485 /)N FR B 788 28 48 4 B oA 1= A9 2 i)

W AnnexinV-FITC/PI Y8 TR 7] &A1,
&1 8 T I, Model 413 4 il 5l i i 22, U8 T~ 21 i 4k
/b A 2T EE T A T A A Y

Z , Horp SLZH 4R L 12 %k 48. 93% , SH 2H 4t fifg

JHT-% N 56.01%,
2.10 Western Blot i% # il p-AKT, AKT, p-
PI3K .PI3K #1 Bel-2 EAMERIE

Western Blot 357 /I BRI 41 21 p-AKT
AKT . p-PI3K . PI3K HI Bel-2 & [ 2 ik 1% & ( &
9) . SH 41 Model ZH eI 40 i p-AKT  p-PI3K
HFR X B FEHEM(P < 0.05,P < 0.01), £
PI3K-AKT i % 1] fig /& SLC A #3035 /1N 20 g it
FEAE T I, 5 28 25 B~ D e AR 45 SR — 3K,
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Fz 4 DESNE MM F AR (2 + 5,0 = 8)
Table 4 Results of peripheral blood routine test in mice (% = s,n = 8)
e SE] 127 s 2 il v I/ M EH/ A% AL
Croups (10°/L) (10°/L) (10"/L) (10°/1) (&/L) (10°/1)
7HOHPS WBC(10°/L) Neut(10°/L) RBC(10"/L) PLT(10°/L) HGB(g/L) Mono( 10°/L)
4
Control %] 6.49 + 1.27 1.310.17 9.66 + 0.31  620.25 + 131.31  161.62 + 6.02 0.22 + 0.06
Control group
Model 2H i P, i st P P
12.03 = 1.53 5.75 + 1.65 4.48 + 0.84" 229,00 + 46.70" 134.75 + 7.38 0.46 + 0. 15
Model group
SL ¢ .
il 9.08 + 1.517"  3.43 = 1.45™"  5.44 + 0.41™* 358.37 + 60.63"" 131.00 = 5.39"  0.43 = 0. 11"
SL group
SH éﬂ s s sk ok 4 * s
. 8.30 = 1.29 2.82 + 0.49 8.00 + 0.48*" 447.25 = 128.60 “*144. 37 + 6.94 0.20 + 0.05
SH group

. 5 Control AAH L ,"P < 0.05,"P < 0.01," P < 0.001;5 Model Z1AHLL, ™ P < 0.001,
Note. Compared wtih the control group, *P < 0.05, *P < 0.01, *P < 0.001. Compared with the model group, *** P < 0.001.

B8 SLC XIS h A T8RN (n = 5)

Figure 8 Effect of SLC on apoptosis in tumor tissues (n = 5)

B9 SLC Xfpsd/NUEE o AKT . p-AKT PI3K ,p-PI3K il Bel-2 HFIRIBIE M (n = 3)
Figure 9 Expression of AKT, p-AKT, PI3K, p-PI3K and Bcl-2 protein in tumor of tumor-bearing mice

induced by SLC (n = 3)
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2.11 qRT-PCR ;&#il AKT1,PI3K FA Bcl-2 B
R FRI%
K H qRT-PCR W 2 /Iy BRI RS 21 23 AKT

PI3K il Bel-2 FER F iR G 00 (& 10) . SH 41 kb
Model 2H i 983 2 g b AKT1 . PI3K F1 Bel-2 LR )
TR BEEM(P < 0.05,P <0.01),

B 10  SLC Xl /NEUMYE o AKT1 PI3K A1 Bel-2 JENRIKEBL(n = 3)
Figure 10 Expression of AKT1, PI3K and Bcl-2 genes in tumor of tumor-bearing mice induced by SLC (n = 3)

3 i

it A A e i L A M T g 7 T R 1Y)
R RAE AR JE AL, X AT B R R
Bp, T ABFZE N Rl ) ALY 7 2 I R NSCLC #Y 32 %
W, EWE S A I RA
BEATENE S I, 38 YT R 0 A X
P Y B 0 5K % R I PR NSCLC H 3 717 oK 3 4 1Y

TS 25 TR R SO Bl AT ST S
FEI, i R )iz 7E T FIG T b9
RAET W EZRMER, SLC HA 42 & bl
Z I GARAR S 57 KER Gge Y AR e
PRAETIRE . A 5330 2k ) 28 245 32 R 3l ) S5 3
kB 5T SLC ¥RY7 NSCLC (M AE FHALE] . 38
of 2% 25 B 2E o i AR B 77 TG M A,
Degree Hf & B 1 09 3% %k B 43 W AR 2R F
( Lucidenic acid F)  J}Z B D ( Ganolucidic acid
D) R Z MR Z( Ganoderic acid Z) 250 BA P e |
bR e RS . BRI AN
GAPDH . TP53 . AKT1 ., EGFR . IL6, STAT3 , MYC .
CTNNB1 ,BCL2 TNF, v AKT1 RN AKT 3£ N
HEEV AL VAL S TR 2R S 5 A A
I 2 T A A A i 1O PI3K-AKT
{5538 B B AZ.O L P BERR A 1Y AKT1 W] DL
A T WESEE T I, AT 0

WA, Bel-2 FERAEN Bel-2 R — 51, &
B RE AN SRR PR AN E T (1) |, I HL R
21 B 30 0 K A1 A7

KEGG & £ M1 % W PI3K-AKT 5 53 % nf
fESE SLC XF BTk /N4 e fili i 7y S A5 5 2
— PI3K-AKT i % B8 0 45 15 4 B 384 7 F i 7~ AH
KME AR, TEIRIT MG h KRG BN
2, MRERAEHESHTAS BT REZHRE
R R A T B TR A b R R R BRI R R T PIBK-
AKT 15538 B, I8 4 20 )i 0 334 5 i o SR B
REXKFEEMBIEN ., WWAS AT Re3 7RI
HNFIAR N 1 B . 25 40 EE /D 40 R I R 2 R Ak
A549 NCI-H1299 41 Jitd i 7, 30 il 44 S 240 it A1 {4
M3 o p-PI3K/PI3K il p-AKT/AKT f4 Fb 18,
FEAIK Bel-2/Bax B3l , A THT 38 2o 175 5 440 i 0 172 2%
RAETRAERT . NS B A S L5 i
/> E-cadherin . N-cadherin Fl £F 4 7% 2 75 [ I &
ik, 3] p-PI3K 1 p-AKT 1383k | 500 25 [ yed 20
MR REMTE ™, RER A FFHAERET
M (Bax) KF, BEARBTIA T2 & 1 (Bel-2) 7KF,
FEAIG p-PI3K 11 p-AKT A9 35, M A2 32 i Jgs 4
RPN o R B A A N A S5 v 3
FEAIC p-AKT . p-PI3K il Bel-2 363k, 185 Bax &3k
S AR A /N B g VR

A FE 1A P S 58 & B8 SLC AT 410 a1 £ 98 /1N
i A B e B %) 384, e far R /D BROM
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1fiL* WBC Neut \RBC ,PLT .HGB A1 Mono % IfiL /&
febrS R RN, WA 4 HE Yk B, 4
2 21 e 2 A 1 4 s e g S DXl ek 98 24
i ERIRBE , SH 4L b Rs Sl U IR ST S 2 . HL45 24
TR AR 5, A 2541 Bel2 & H
FIR B FRAK, SLC 38 1 i Bel-2 ik ok & 1%
fEE R AR T AE . BcJ5 Western Blot i
UE T PI3K-AKT {5 538 B 1) DGR o, R4 24
4 p-PI3K Fl p-AKT EIiEHFEMR, qRT-PCR 45
WoR, 425 T 10 FE PI3K AKT1 Fi1 Bel-2 mRNA
PIAEXT ki, UL SLC i@ i #i il PI3K A
AKT JE4k , FEAIE Bel-2 2384 30 il /1N 20 At fili 92
W IFR 3] PI3K-AKT {5538 B 7] fig J& SLC
RIFTWIEAE A £ 25550

ZE LR AR OT 5L T W 4% 2 B 2E 43X
FEB AR AR P S2 5640 45 B ik SLC 2 AE A F
AKT PI3K Bel-2 55 1% 030 50k e 44 i =R /N2
JHa S g 4 L, LA FHAIL S AT 2 5 PISK-AKT 5
S K, AR RN SLC 3G YT NSCLC
TRA MR EEARL 22K, (H B T NSCLC A& pL il
52 %% , SLC BV 252804 o BE Al S JoT b K i o3+
ML R SC R S T — 2B IR ARG
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[ Abstract] Objective To analyze differences in the intestinal microbiota and transcriptomics between N-
methyl-N -nitro-N-nitrosoguanidine ( MNNG ) gastric cancer rats and normal rats and to analyze the correlation
between the two, so as to provide a reference for related studies using MNNG gastric cancer rats as a model. Methods
A total of 12 Wistar rats were randomly divided into normal (NM) and gastric cancer ( GC) groups. The GC group
was given a concentration of 20 mg/mL of MNNG by gavage with a dose of 100 g/mL once a day, and the NM group
was given the same amount of normal saline by gavage. Samples were collected for testing after 16 weeks of continuous
intervention. The gastric tissues were collected and stained by HE staining to observe morphological changes in the
gastric mucosa of the two groups, and the expression levels of differential genes were detected by transcriptome
sequencing. The cecal contents were collected for 16S rRNA sequencing. Results (1) Visual observation and HE
results showed that the volume of gastric mucosa in the NM group was normal, the surface was glossy, the gastric wall
was elastic, the direction of the mucosal folds was regular, there were no hyperplasia or hemorrhagic spots. In the GC
group, the volume of gastric mucosa was reduced, the gastric wall was thinned, elasticity was poor, the direction of
the folds was disordered and irregular, and there was a bulge accompanied by yellow-black keratotic hyperplasia. In
the NM group, the squamous epithelial layer, submucosa, and muscular layer of the gastric mucosa were clear, with
no hyperplasia and keratinization. In the GC group, the gastric mucosa had disorganized layers and cell polarity, with
different cell morphologies; the squamous epithelial layer was destroyed, and squamous epithelial cells were
hyperplasic, keratinized, and had invaded the muscular layer by proliferation. The modeling was considered
successful. (2) The results of intestinal microbiota sequencing showed that the abundance of Akkermansia and
Lactobacillus in MNNG gastric cancer rats decreased significantly, and the abundance of the rumen coccaceae
Prevonella, and Blauter increased significantly. (3) The three key pathways obtained by transcriptomic sequencing
and KEGG pathway enrichment analysis were amebiasis, systemic lupus erythematosus, and the PI3K-Akt signaling
pathway, and five genes differentially enriched in these three pathways were those for MCPT8I2, IGH-6, IGHGI,
ACTN2, and VEGF-D. (4) Combined analysis of intestinal microbiota and transcriptomics showed that _UCG-005,
Prevonella _UCG-003 and Brautella were positively correlated with amebiasis, systemic lupus erythematosus, and the
PI3K-Akt signaling pathway. Conclusions The abundance of intestinal microbiota in gastric cancer rats formed by
MNNG gavage is different from that of normal rats. The genes for MCPT8I2, IGH-6, IGHG1, ACTN2 and VEGF-D
may be up-regulated in gastric cancer induced by MNNG gavage. Combined analysis of intestinal microbiota and
differential genes suggested that the mechanism of MNNG carcinogenesis may be mainly related to the destruction of
gastric mucosa and the inflammatory response.

[ Keywords] gastric cancer; gastric cancer model; intestinal flora; transcriptomics
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SIHTR TR | BRI A 5 8 3 43 B TE R RS
MNNG B R BUmIE w5 sk H e 25 8
I K U 18 TR R 5 e SR A A R AR S A AR G
PE, BTEN L) MNNG B8 R B AR B AR DG AIFSE
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1 #REFE
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STIA i B = W v e i O W RIS YR
HRREAFIT L b B 25 K 2% Bl W 46 B 0 3 R A it
7E(DWLL2020016) .
11,2 FERH S5
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12,1 B & A7

¥ 20 HOR UL FEHLECF R BEPL S 2 41 . E
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B GC 225 7 8 i BC i Ak N 20 mg/mL
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LR ATV - TR NI e e ]|
TRANZ AR S bR E LT 1 16 J&
JEBCH R, fE S B, 6C R Rt F
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My
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HVGGGTWTCTAAT-3" ¥ 14 B 2E(H DNA A9 16S
rRNA BEPR Y V3-V4 R ok == 8 ik 47 4l
b e s A — Ak AR B0 SCI%E , ol 4 3 A SC
PEFEAT B ik, T Hlumina HiSeq =
IR v 3 9 7 2%, A TN . R8P A Y
AELPE R 97% , BT 41 15 31 5 0. 005% A A 18 {EL
i€ OTU, H-FETF Silva 40 JS24 8k X OTU 3t
() i cha

B 200 ( RNA sequencing , RNA-Seq ) Gix
BT K FEASH TRIzol $EHUHL B RNA | #6356 K 225K
Fis 5 38 P b 0t 38 50 = BHE A BR A ] 98 WL
K T A . A Mlumina Novaseq ~f &
AT, i ] edgeR 3. 8.6 # A, 3% FDR =
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o [ ST B R 2025 4F 1 A5 33 55 1 ] Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1 73
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AARK (gene ontology , GO ) DIHETF R  KEGG il i 1))
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1.3 FHitZE5Hh
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clean reads #EAT S 2 2%, F e 5 DX 26 0 W
(integrative genomics viewer, IGV ) # 47 1] F £k i
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VE R i e 25 1F , ik HE 2L %) DEGs ., ffi ] GOseq
R A%} DEGs #E17 GO 1 KEGG & 457,

e S 2H 5 W 1B BIAEIR B 73 M7 - R Graph Pad
Prism 9. 5. 1 X 2 R W REM 2 R IE K 1T Pearson
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2 #R
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NM 4K U E 421 E ZE R FUE &, R A
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Tem S, GC AR RS A8 E B BRI S6/)N,
BEAR G gPEAR 2 | A EEE AR LG RLAEE , B
Fek A A B e Mg (WA 1),

Bl1 KEEHAZUEERIRME

Figure 1 Gross observation of gastric morphology of rats
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fii ] UPGMA SHREASEAT IR, LI EREA Y KB IE WA 1R 25, £ MNNG %255,
FRALRCHO A RIE, 2P 4B h IEW KRS B8 AR REREIEEE LR T2,

B2 KEE4HAL HE L1

Figure 2 HE staining of rat gastric tissue

T A FRBEZE B ACE #5405 C: Shannon $§40; D Simpson 1840 5 NM 4l L, “P < 0.05, (FEE)

3 NM M GC HME R IR o ZFEMEMT(n = 6)
Note. A. Dilution curve. B. ACE index. C. Shannon index. D. Simpson index. Compared with NM group, *P < 0.05.
(The same in the following figures)

Figure 3 « diversity analysis of intestinal flora in normal and gastric cancer groups(n = 6)

A FABRIT AT (PCoA S3HT) ;B UPGMA HEARIE A
B4 BEHEDN(n = 6)
Note. A. Principal coordinate analysis (PCoA analysis). B. UPGMA cluster analysis of the samples.

Figure 4 (3 diversity analysis of intestinal flora in normal group and gastric cancer group(n = 6)
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0.05) % NM 4 2 34N (&1 5B) . &5 RFW S e
KEWE RS EWRRA REEER,

T AR IE BRI TEROR ST s B BRI

MNNG %E 8 0] LL 25 9 2> Bl 5 & PG A ZLAT B

(R =F B, O Sl 35 3 0 R B BR AR B IR IR AR
SRR G TR I
2.3. 4 ARSBBBESHT

SR Ao B s 7 1 Drel s %4 S R S i )

BEMERRE, JEAT T LESe 4387, WA 6 Fis,
% LDA > 3.5 if NM P ORFARe oy (LR
Bl (f_Peptocdccaceae) g ARG FRAMNE_{ HALER
Bl (g_uncultred _bacterium _f_Peptococcaceae ) \s_
REE IR _f AL B R (s
bacterium_f_Peptococcaceae ) ; GC ZH H I HIE 4% 18 FiE
Js AR BEFE AW _g_ 9 H BKIE _UCG-005 (s _

uncultured _ bacterium _g _ Ruminococcaceae _ UCG-

uncultured _

B 5 B E E AR K RN (n = 6)

Note. A. Community components of intestinal flora at genus level. B. Genus level species abundance.

Figure 5 Effects of gastric cancer on intestinal flora at the generic level(n = 6)

T A:16S rRNA 0BTk is 19732850 30 5 B LDA {EAM i AEAR
6 LEfSe 73l i L BUAEAE (n = 6)
Note. A. Taxonomic branching diagram obtained by 16S rRNA sequencing analysis. B. Histogram of LDA value distribution.

Figure 6 Microbial community composition characteristics analyzed by LEfSe(n = 6)
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005) \g_ﬁ.? HEREF_UCG-005 ( g_Ruminococcaceae_
UCG-005) f IR QL (f_Preyotellaceae ) .g_
A1 55 FREC A (g_Blautia) \s_ARKEFRANE _g_ 197 FF
PG ( s_uncultured _bacterium_g_Blautia) | s B
M _g FRFLERTE_1(s_uncultufed_bacterium_g_
Ruminococcus_1) g_MRFLEKE _1 ( g_Ruminococcus
) s KRB FME _o B IKEJE (s_uncultured _
bacterium _ g _ Quinella ) . f _ 5 52 K & &+ (f _
Veillonellaceae) .g_Z%5 [ [GTH (g_Quinella) , LEfSe
e —2LE B T MNNG JE 5 0 B 9 0 gl 2
TR E AR R R AT,
2.3.5 Tax4Fun DIREHUN

FEF Tax4Fun DIHE I (& 7A) , NM 41 F1

TE A DURELLSTIN ; B . DU REZE 5 100

GC A BB HRE A 5L N D e = 2@ o DL R i 12 3=
I8 (R AR = B bl s 2R HES ) ARl iR 4R L ABC
s B H IR AR A R Pt R A
Y6 WL AR IR T BB AR A o R 5
FEARIER N | 2 5 R 1) A= ) & W e A3l e i A
R FNAZ R BH 0 A0 A% b A b 1% i/
WS BRI RS I R S5 (PTS) | PN R A 35 A H:
i, A& E ABC #iaEH K
AR AEY AR BT R YA RS i
Z ., H—L00r GC 45 NM 4 1% 522 740
WhERE (K 7B) , 45 B A B S K U R
Z S IRe Rk B v e 4 B R YL S T (P
<0.05),

7 NM A5 GCHRDIEETM (n = 6)

Note. A. Functional composition prediction. B. Functional difference prediction.

Figure 7 Functional prediction of normal group and gastric cancer group(n = 6)

2.4 BHBRANFSH
2.4.1 ZEFRFIBFHT
Z2NM 415 GC LX) o #r, L3R4S 44 4>

DEGs, H:H GC i F NM iy LEFER A 19
A, GC AL T NM Ay FiHEER 25 1~ (& 8)
2.4.2 ERFIRFEHAIIGEE LT
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PPN G o 1~ TS Y & S G R B 9P
B8 2RI AIE(n = 6)
Note. Red. Up-regulated genes. Green. Down-regulated genes.

Figure 8 Differential gene volcano map(n = 6)

it KEGG 3 % & 4 00, il LIS 31 = 4 ¢
SR [ 3 ) 2 BT OK B L AR B M A B R 9 M
PI3K-Akt {5 5% (P < 0.01) (K 9A) , Horprar
KESE RGEPELLBER A & LN PR B, 1 PI3K-
Akt {5530 B 1R X G B I R AR Y 22
SRR AT AT, K B AR A 2 S 3 [N 4 4
MCPT812 . IGH-6 . IGHG1 Fl ACTN2; £ 45 'k 21 Bt

MRHE B 1 22 5 3L PR 5 BT oK B0 4 1Y) 25 5 3
PRLAH ] 5 PIBK-Akt {5 53l i & SR I 22 5 3L A
VEGF-D .IGH-6 #l IGHGI
2.5 BEEHSHERAFERESN

HERFT R B MNNG % 0E 8 % 8 9 5 %
WG TR £ DEGs 5 2% 7 I iE W B
(differential gut microbiotas, DGMs) [ 38 H. R 1iF
VEHGX 5 3 22 S L DL B B 3 22 510 6 A4
EREE T 4087, W 9B Fr7R . Pearson A G4
MW, £ DEGs 5 DGMs 41, Hi,
IGHG1 ,IGH-6 58 B ERFF}_UCG-005 3 7 ik [G
P _UCG-003 I 25 4 FG A 42 I 35 IEAH 5 ; ACTN2
590 EERTA_L FLFF R R IEA G, 597 R IC A 2
TR ;1 MCPTSI2 55988 B 2R p& _ 1 ZLAT B TS B
AN, 5 A5 RE IC A 3 B IR QR _UCG-003 |
I8 B BRI FF_UCG-005 2 AH K ; VEGF-D 55 7
2R | LA R R B U O, 5 A0 57 R R A
WE K R _UCG-003 LM A M, K 5 4
DEGs & 4 8| R [A] {038 #% b, i DEGs 5 DGMs 2
) 770 8 25 R Ok, 285 a0 AT Sl 7 T T R R
UCG-005 ¥ 75 K FC I _UCG-003 A 9545 FC B 4 7l

A KEGG IS EENMH (o 0F LH; m LM T, @RBIRELKE; ¢ ENECRNTEFTR ¢ [EHORAT) ; B HALbR
HEFFIRILE  PAPR R 2R GIE R P < 0 H B RAME; P = 0 A HTOHEME; P > 0 A FHRIEMK,
Bl 9 DEGs 1£ KEGG BRI TIRE & & T RS E A1 DEGs 5 DGMs [P E R 4347

Note. A. KEGG pathway enrichment analysis. ( a represents up-regulation, W represents up-regulation and down-regulation, @ represents

number of genes, the ¢ value from purple to red indicates that the ¢ value is getting lower and lower) B. Abscissa is the differentially

expressed genes, and the ordinate is the differential intestinal microbiota. P < 0 was negative correlation. P = 0 was no correlation. P > 0

was positive correlation.

Figure 9 Functional enrichment analysis of DEGs in the KEGG pathway, cluster heatmap and

correlation heatmap analysis of DEGs and DGMs
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SRR ERE . RS KER A | PI3K-Akt {5 5l
PR IEAE

3 itie
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(1. HRERERRESLI Y O AN 35000452, i # EERFR S AR BE B,
F A T TR BOR R BT B S0 % AR M 350028)

[BE] B® RASIESEREEEA MWL (carbon tetrachloride, CCl, ) SHEIRA & 5 S LM & 2
TUBEPRIT S IR LT e Sh R F7ik  SD R B AR & BEAL 70 b 2T A 20 O B 5 I P T i A 2
IEH TR R 10 B, LR AeAb 2 W PR 6 O F 27 4 A 20 R BUIRI M e B e W iRk} 4 J8) S, T de b 4 4%
e 5 mL/kg IS 20% CCL (1 IR/ 5T IFEF AR BRI & 3 40 4 A 20 K B4 $2 44 o i
5 mL/kg S 20% CCL, .25 mg/kg BEMRAATR R (1 /), PIL S ak s g s R S 4 Ji] . Rk IBLIm
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Establishment and evaluation of rat model of type 2 diabetes
with liver fibrosis
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[ Abstract]  Objective To establish a rat model of type 2 diabetes mellitus with hepatic fibrosis using a high-
lipid-sugar diet (HLSD) combined with inducement with carbon tetrachloride (CCl,) and streptozotocin. Methods
SD rats were randomly divided into a liver fibrosis (LF) group, type 2 diabetes combined with liver fibrosis ( DLF)
group, and normal group, with 10 rats in each group. All rats in the LF or DLE group were fed an HLSD for 4 weeks;
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then, all rats were intraperitoneally injected with 20% CCl,( once a week) according to body weight (5 mL/kg) to
induce hepatic fibrosis for another 4 weeks. During CCl, treatment, rats in the DLF group were also intraperitoneally
injected with 25 mg/kg STZ (once a week). After STZ treatment, the contents of FBG, INS, HOMA-IR, and HbAlc
were evaluated once a week. The level of FBG was detected by blood glucose meter, and INS and HbAlc contents
were detected by ELISA. Biochemical analysis was used to analyze the serum levels of AST, ALT, Thil, and HA, as
well as the HYP content in liver tissues. HE and Masson staining were used to evaluate pathological changes in liver
The contents of FBG, HbAlc, and HOMA-IR were significantly increased, while the INS content
was significantly decreased in the DLF group compared with those in the normal or LF group. Compared with the

normal group, the LF group and DLF group showed higher levels of ALT, AST, Thil, HA, and HYP, as well as

tissues. Results

fibrotic changes and inflammation in the liver tissue. Conclusions

HLSD combined with CCl, and STZ inducement is

an effective strategy for establishing a rat model of type 2 diabetes mellitus with liver fibrosis.
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type 2 diabetes mellitus; liver fibrosis; mellitus with liver fibrosis; rats
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Note. Compared between groups, “P < 0.05, ™ P < 0.01. (The same in the following figures)
Figure 1 Contents of FBG, HbAlc, INS and HOMA-IR in rats
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Figure 2 Serum levels of ALT, AST and Tbil in rats
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3 AURH HA FIHYP &R fL
Figure 3 Contents of HA and HYP in rats
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Note. A. HE staining results of liver tissues in each groups. B. Masson staining results of liver tissues in each groups. C. Liver inflammation

grade and fibrosis stage in different groups of rats.

Figure 4 Liver histopathology examination
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[ Abstract] Objective To investigate the changes of inflammatory factors in bronchoalveolar lavage fluid

(BALF), lung tissue, and serum of a rat pneumonia model induced by inhalation of lipopolysaccharides ( LPS).
Methods Three days after modeling by LPS 4 mg/mL inhalation, 15 min/d, was conducted while monitoring the
particle size distribution and aerosol concentration of LPS, the degree of inflammation in lung tissues of rats in each
group was observed via HE staining, and neutrophils in BALF were counted by microscope. The contents of interferon
gamma (IFN-vy) , interleukin-1 beta (IL-1B), IL-4, IL-5, IL-6, IL-10, IL-13, tumor necrosis factor alpha ( TNF-
The lung

histopathology of model rats displayed focal and diffuse alveolar epithelial necrosis with shedding and the aggregation

a), and KC/GRO in lung tissue, serum, and BALF were detected by Meso Scale Discovery. Results

and infiltration of inflammatory cells. The particle size distribution of atomized LPS was as follows, Dv(10) = 0. 6974
pwm, Dv(50) = 3.387 wm, Dv(90) = 8.836 wm. The aerosol concentration of LPS was 4.08 g/m’, and the
calculated inhalation dose for rats was 47. 10 mg/kg. The neutrophil count (P < 0.01) and contents of IL-13, TL-6,
and TNF-a (P < 0.05, P < 0.001, P < 0.001) in the BALF, and the contents of IL-18, IL-6, and KC/GRO in
lung tissue (P < 0.01, P < 0.05, P < 0.01), of model rats were significantly increased. No biologically significant
changes were observed in inflammatory factor levels in the serum. Conclusions In the acute pneumonia model
induced by inhalation of LPS, significant changes in inflammatory factors such as IL-13, IL-6, KC/GRO, and TNF-
a were observed in both lung tissue and bronchoalveolar lavage fluid ( BALF), while no notable changes in these

inflammatory factors were detected in serum. This indicates that the inflammation responses are primarily localized in

the lungs.
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o SRS SERR ) BRI (0. 6 mL/100 g) , i T30
KR I, 7% 5% W e, A 25 L, AR BRER K e A2
Jifi 2 54T A, & 1k - 30 s, Z2 2 b i, K
1 mlL, 3 2 U, FEVE B 2 mL/min (BEK 30 s) ,
A HHEVER (PR > 70%) . MR TSk
hfik i & B 240 5, 3000 v/min &0 15 min, 53
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min; QIR AR K0 4 min, FKIEUE; @FHER L1
M2 ~ 3 s, WKIEBE; @0. 5% %K 20 s, K IE
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(90) = 8.836 um,BEidH = 39.4%, 455 LA
1, Dv(10) .Dv(50) X Dv(90) $§ Aty J& B Bk
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Figure 1 Particle size distribution of LPS aerosols
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B AR E
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Figure 2 Continuous monitoring map of aerosol size during LPS atomization
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F BRI rp PR A B IR A R 10710, 3K
WL b, BHMEXT B BN R LA A
rh RS R AR I R AR R 8710, FIUL, FHAE
Xof HEZH AT A [R) R 2 ik 2 2 P A A i T R B,
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Table 1 Statistics of main pathological changes in lungs of rats with acute pneumonia

JIE# AL PR (e PR B2
Organs Pathology Grade Model group Positive control group
+ 0 4
g 4 e Y1 ++ 0 6
EP@;F%,EJ'B@.&(E.] ++ + 8 0
Neutrophil infiltration
o+ 2 0
Jiti 9 Total 10/10 10/10
Lung + 0 0
K AN ISR BE R 7 t 0 0
Epithelial cells ++ + 6 0
necrotic shedding o+t 2 0
A If Total 8/10 0/10

T+ R + + R v+ R EE

Note. + . Slight. + + . Mild. + + + . Moderate. + + + + . Severe.

3 RV 9 R U B A A

Figure 3 Pathological picture of lung in rats with acute pneumonia
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2.3 Ffii R R R 2

525 FO RR A P, AR 2 A Mk 2 i e
TR (P < 0.01) , MAEFRL AL 4 il 38 YE s vl
DI B AL v B T A 2 0 b MR A0 i
EL g Ak L 4if, DLER 2 FiiEl 4,
2.4 RERAF
2.4.1 flHZ MR FHI7E 1L

525 PO R L, BEAVZH () TL-18 ,1L-6 Fil
KC/GRO & REMF R (P <0.01,P <0.05,P
<0.01), I TNF-o &8 EHTE (HER
TREME(P > 0.05) , HAbR M FB0EN,
B wEEA, W3,
2.4.2 i VEDER R ER AR L

525 AR IR dse, BERVZH 1Y TL-1B8  1L-6 AT

TNF-o S8 & (P < 0.05,P < 0.001,P <
0.001) , IL-13 55 IL-4 7 iti 92 38 P& W p R A
A2 HoAth S PR 25 U0 B & ARk . WF LR 3
DRI A5 2 it o R 1 A8 Ak R R 2 LU At
HAML, W& 4,
T2 N 4 U T HE VR ok
EL(x £ s,n = 10)

Table 2 Number of bronchoalveolar lavage fluid neutrophil

in rats with acute pneumonia(x + s,n = 10)

M4 R %L (x 10°/1)
Groups Number of neutrophil/ ( x 10°/L)
75 FAXTERZL Blank control group 0.19 + 0.06

FRTYZH Model group 1.24 £ 0.43™

T 9 X IR L, ™ P < 0.01, (TR
Note. Compared with the blank control group, ™ P < 0.01. ( The

same in the following tables)

TE 2L Sk« FP LN L 5 2 (8 Sk < RN s SR (9 K K R AR
4 JEREVERIR

Note. Red arrow. Neutrophil. Yellow arrow. Macrophages. Green arrow. Lymphocyte.

Figure 4 Bronchoalveolar lavage fluid smear

F3 MHARHERFGIER (% £ 5,0 = 10)
Table 3  Statistical results of inflammatory factors in

lung tissue(x = s,n = 10)

RYEHF 75 FAXTEEZ/ (pg/mL) A2/ (pg/mL)
Inflammatory Blank control Model group/
factor group/ ( pg/mL) (pg/mL)
IFN-y 12.33 + 2.47 11.88 + 3.23
IL-10 2.24 + 0.52 2.15 + 1. 41
IL-13 1.62 £ 0.45 1.33 £ 1.06
IL-1B 43.07 £ 5.12 227.96 + 107.18™
IL-4 2.34 + 0.40 2.01 +0.18
IL-5 14.97 + 2.58 13.92 + 4.82
IL-6 408.22 + 270. 13 1391.75 = 1416.57"
KC/GRO 131. 68 + 49.29 1113.29 + 711.09™
TNF-o 7.46 = 1.97 25.87 + 22.08

S AXRAMLL, " P < 0.05, (TER)
Note. Compared with the blank control group, “P < 0.05. ( The
same in the following tables)

2.4.3 IM3E REE TR AL
oz gt A AR L R i s RN 1

AR E VAR AL, DEWTZARE B R il 3 P TA T
SEMREYIN, B RAE RO, WS,
R4 HEHERBRIER TSR (% £ 5,0 = 10)
Table 4 Statistical results of inflammatory factors in

bronchoalveolar lavage fluid(x = s,n = 10)

RYEHT 25 X HRUL/ (pg/mL)  EHIZ/ (pg/mL)
Inflammatory Blank control Model group/
factor group/ ( pg/mL) (pg/mL)
IFN-y 0.59 + 0.27 0.67 + 0.58
1L-10 0.45 + 0.63 0.40 + 0. 66
IL-13
IL-1B8 13.80 + 15.51 32.98 + 18.80"
IL-4
IL-5 5.04 +2.95 5.57 + 1.49
IL-6 32.78 + 22.53 136. 18 = 75.87™
KC/GRO 167.31 £ 39.92 220. 66 + 105. 49
TNF-a 2.86 +2.73 12.83 £ 5.95™

T 52 FOU R L, ™ P < 0..001,
Note. Compared with the blank control group, ™ P < 0.001.
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®5MERENTHIER (2 £ 5,0 = 10)
Table 5 Statistical results of inflammatory factors

in serum(x = s,n = 10)

RAEH T ZEARM B4/ (pg/mL)  BIAILL/ (pg/mL)
Inflammatory Blank control Model group/
factor group/ ( pg/mL) (pg/mL)
IFN-y 5.08+£0.13 4.99 +0.27
IL-10 6.00 = 0.57 5.48 +0.43
IL-13 5.98 = 0.46 5.99 = 0.30
IL-1B 0.58 = 0.23 1.10 £ 1. 42
IL-4 1.67 £ 0. 16 1.65 + 0.18
IL-5 18.68 + 2.71 21.23 + 1.48
IL-6 399.57 + 32.90 412.39 + 39.13
KC/GRO 89.30 + 27.40 80.70 + 14.99
TNF-a 2.34 £ 0.40 2.01 £ 0.18
3 iTit

ALL AU & — 57 B 0, =S 30 &
IE SR AR 22 il 0 (A0 P I 30 25 A AE 18
RELf S s 7 4 Ak 25 ) 19 52 30190 78 s sh g5 I
TE WS P20 1) & A e T o R v 8 E S Hodie ol
FEA R AR A T LPS 755 i i 451 477 45 25 2
FEIHR 9 AE fie A R s s Al > — i
i A LPS ANTH) ) 45 25 7 sUL o Al 8 1 %5 1k
WAL 25 BRI S A Mg A3 i am i
U2 AR L B AR R MR AT, B il AR
RARE SRR FEE R B — e IR %
TR AL 25, Z5 A 4 R /N5 TR 3 07 4%
PIMHG, — M &, B < 5 wm (P0RLAE 235
A AR SR, T AR R AR
FE 1 ~ 4 pm B Bl RLAR B 38 K A0 A4 25 B it
ARSI A AL 1) YK (- NANSEL /)b X L e 3
iAok, WS 220 2k B E LPS Wk E R
4 mg/mL, PRUE A ST WV A Pk HL 25 5 W5 I
S O 5 A0 SV TR R B W 25 R R S5 K 1
min P 45 245 J AR 1) A T Wk B 3k A A O 2 AR

LPS 5 S 1Y ALL BRI 5 1 fili 2450 it D) g &
TEMHE bR A1, 98 A8 PR 746 00 0 2 JE 3 28 1 45
Fro ERTX TR AE B F 38 5 B TR A5 A 4 45 i
LU il R RN 55 Ak 45 24 A il S 1
Y52 2GR T I 4 21, ) Rt i Sy IR
W By, H R E N T RE IR 2 SN 7E 4 B, IR I
ARSI RGNS LA T i v VR O Y i 4 2T

TH A IR 1 el 7 DA R 23 5 T =0 A S
R T bs S AU b

R R & — S F A 58 4 A 1) ] DL
T RE IR A AT RS B S E N /N T B A
5, HUARSZ RIS RIS , R AR A9 CDATT i Bh 40
M1 4346k Thl 4HHEA Th2 400, Thl %y WA
S 0 5 A A R R A E A O ) B B 2 R HE R
JiE 3 Th2 Gefe 5 07 ) 2 3 3k 43 06 Th2 4 i PR -1 3l
SR e R o 71 I NI 1 K 7 i [V AR ¢
YRt 5 J5 , A PR ) B ) R D 4 O A AR R
MR- L 08, IFN-y J& THRHAERL Thi
RN A 7, SE2E Th 40504k & Th 20, 4 i
Th 4§ 15 Th2 40 HE 5% 4L TL-10 to & —Fhoi
G REPI I KT, & Rl LA AR 2 40 i B - 1 %
B Ayt IL-13 A2 i g R M a1k R B R
JIC 5 IS PN R AR R o ek T TL-
18 @ T W A 02 4 20 i 1R, ] DASCTS P9 Bz 4
2 33F 52 A 22 T 4% 41 MY ( poly morphonuclear
neutrophil, PMN ) % Bff 17 St TL-4 \] D
Th2 BIGH PR F 3 i ik S 8O 18 v 40
1L-5 AT DURRS P 0 e 5 51 Rtk g R MR 4 i, 5|
S ) P 8 R SR A 8 iR X A E S AL Y
RIVER 38 AT DL BE B 09 VR F T 10058 N Ji2 I g
PR PR A0 M, 358 0 e A1 =2 ) 4 RS B (T 5 5
FRERIURE , 5 S Al A B i S R TL-6 S
PERIA B F B 0, AT A A v T ik
ECL 20 it F 254 4 434k, B4 58 11 SR A5 405 40 i ( NK 24
fi) 1, B 5 RO Y, WA R, TL-6 T
SR B IR R AR KC/GRO & —Fh i
B g rh e Rk PR T, SRy BRUAZ 4 R v PR A i
AL2AFE T, P REAE JAE H DL 20 Jr =X Y
R A0 & FEAE T TNF-o J2 IS AL i % B
WA A = A 2 AT AR O e 35 8 RE S I, AR
LA P 7 40 e 3 a5 1, b rh MR 4 i, DA T )
BAME RO TNF-a 38 1] DL & Hif 28 1 I
T TL-5 . 10-6 55 1 Bk, 1 Ak Pz | 5 g 40
HeL, SR AL BT R AL AR L LPS i & A 5
HIE RCHL =298 WA 7T, B S, LPS AT L
ELFET PN R AN A = A A A 3 3 40 i PR E
K F R T B 38, 51 & N Bz 40 i 1 4
Vi B AETS . Uk, LPS 36 BE SN 1 32 ) 3R A5 B
DN, 3 — 3 R v B K A0 i PR T R TR T 1Y
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2S5, &G kR R R AE A R T
2 AR ORI T PMN (3R AE 1
A, FE TR R AR 19 RAE K1, BT LA F 52
JEHLUT IFN-y IL-10 IL-13 IL-1B IL-4 IL-5 1L-6,
KC/GRO \TNF-ou %5 Rl F- A TR

ASSZHG PSR Y 58 HL AU 5 48 B A0 45 21
AV R AT OUE N T IRuRE SV RIS E ke w4 4 2954l
LY I E R RORT AL T TP B R PR IR 1 o B
RN ARRZH R B B T ™ E Y b B A0 G
T INELL L il v P 0 L 32 9, £ D J e e A e
PEIRFE , [RI i 960 78 6 V80 %) v A 200 i 5 e
Xt fili 4 B TR AL Al EE Sk i vV e T
PEAH B HEAT BT, 5 2 O B L, B A A 1Y
PR A SR TS (P < 0.01) , LIRSS
PR

A PR A6 I 45 2R S B RY 2 it 3 N 9
Tl A& R 81 A i B8 = 1 A8 Ak T AE il 2H 27
t IL-18 . IL-6 A1 KC/GRO #F B & F+ & , i o0 e
VR IL-1B IL-6 LA K TNF-or Y83 8 T, fili
ZH LU 6, T8 VR Y b 7 A AR A ) S MR -
J& IL-1B IL-6 KC/GRO LA M TNF-au, #EM 42 5 &
Th1 4 M [ 5 325 1T, Th2 46 K523 6 A
XD SRR RAETT 10 &, 458 LPS
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[ Abstract]  Precision therapy has become an important approach in modern medicine, with the goal of
providing individualized treatment according to the characteristics of individual patients. The successful development
of precision medicine depends on the application of preclinical cancer models. Patient-derived organoid ( PDO)
xenograft models display characteristics of both PDO models and in vivo patient-derived tumor xenograft models. This
type of model can not only maintain the heterogeneity of the original tumor, but also has additional advantages, such
as large-scale cultivation, high-throughput drug screening in vitro and drug sensitivity testing in vivo. It is an
innovative, precise preclinical disease model. In this review, we summarize the basic characteristics of the PDO
xenograft model, analyze its construction method and influencing factors, further discuss its application in precision

therapy, with the aim of providing a reliable preclinical experimental tool for individualized cancer treatment.
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D% TR A LS e, DA TRT B AR A FH T . PDO
{18 S A R AL A 2R RS 400 D s 98 1) e B, S A
[Fi) V. 2 ) e A SR AL B RS B IR Y T I

eSS AR SR S R L =l E
vy It BAE R 5 AT LY s EAT 5 SR A bR
FIRIRAE ™ KUSAKABE 255 i FH 2y 25 /1N 4
T B S R R A A I X AR A P4
RIARZ NG AR S RIS R B H /N
JHL g ) RRALE | 2R AR 1 D R ) e SO R R 1)
2yt SR JE IR T RO AT R I, R B S
Xof B AR BE, 167 47D B 9 A A i 25 ]
A NFL LI 9% B (human papillomavirus, HPV') fH
PERYE S/ A e iR E AR A T E B PR R
FYREIT, B0 — 2Ll ) 254, 75 25 IR AT A
VAR R AL s R PE FAIL R, e 1 A8 A B HE ) 24
Yy, B TSI 85 35 00 IO 2 2 B B =2 A A
PRI A R S 7 P S 8 286 6 B R DA e i A8 A=
LA 25 BURE . SR R BT
RS ) T H0 A AR T VD VTR
(primary liver cancer,PLC) ] PDO B RILE (RSN X}
T e A 2y ABTE A AR PDO A
FEARRS T 547 %8, 6 B PLC (1) PDO 5 A% il
RYRT LAA RS e Be I 48 A6 B 1] 245 Wy 00T 7 &%, mf
VR TN AN 1A 58 75 o8 45 o B 1) 25 W00 9T WA 28
FERIT AN TE S A AT AT o R B, e s A
¥ Kruppel # K T 14 ( Kruppel-like factor 14,
KLF14) A1 H 0] A= 4 fe i JE [ 2 (early growth
response 2, EGR2) 7E H: PDO 57 B4 A 2 74 o 7
PRI In, G & H 32 7R A4 (ephrin receptor A4,
EPHA4) fE2) KLF14 I EGR2 ¥ T i L B 5] |
FIRZBK AN S K 1Y B FE T EPHA4
SETR UL DR Y 22 S 2R3k T BE 23 U X BE R IR T
251) MEK 050 00 SR  IZ ISR 48 R4 7 1 G
0 J57 i 98 A b R e Jee RN 24 ) I g Y T A AR
FHP L RS2 R PDO S0 A AL Y rp it
0 Jo R R D] 3 R 7 Ak Ry S B R E R T R
NEERHE T EER A BT R A R 2 R
JrER,
3.2 WRZGYWHIERILE

TRYTF5 T B 24 2 98 i R VA o T i 1) —
ANEBREE . DA RS, T
iR 240 7 A Y JRLERL, A R RE I E AH I YR T



o [ ST B R 2025 4F 1 A5 33 55 1 ] Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1 103

M LA SE IR IX IR 24514 . A, B 24 0 O A8 S
S AR N BOVE HT B8 A, A B0V B 53 0 1 16
BB E 25, AT 2 v 25 W) 0F 1 I B %6 E
SRS IR T 7 58, s MR T 1 K e
3.2.1  wefiit i

A 0] 25 YR T AT SR EEIR T, 4
YV I — Bt el i, b 1 ek 00 S o v A kAL 5
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B RIRT T B RS BB SR E AT
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BEAT BRI P 18 , B85 T 26 M2 xR
S B A W E DU T M b A RO
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[ Abstract ] Cardiovascular diseases that develop from hypercholesterolemia-induced atherosclerosis have
emerged as a significant threat to human health. Recently, probiotics exhibiting cholesterol-lowering properties have
emerged as a prominent area of research. Numerous studies have demonstrated that Lactobacillus reuteri can effectively

reduce endogenous cholesterol synthesis, regulate cholesterol transport, and promote cholesterol degradation by
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modulating the expression of key genes, such as sterol-regulatory element binding protein 2, 3-hydroxy-3-methyl-

glutaryl coenzyme A reductase, and cholesterol 7 alpha-hydroxylase, in both the liver and intestinal epithelial cells of

the host. This leads to a notable decrease in total cholesterol and low-density lipoprotein cholesterol levels in the host

serum. The present paper offers a comprehensive overview of the underlying mechanisms responsible for the

cholesterol-lowering effects exerted by L. reuteri, aiming to provide valuable insights into the treatment of

hypercholesterolemia and the development of probiotics with cholesterol-lowering properties.

[ Keywords] probiotics; Lactobacillus reuteri; cholesterol-lowering; action and mechanisms
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Table 1 Comparison of the action and mechanism of L. reuteri strains on cholesterol-lowering
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R, IMEEEZ: CYP27A1 B340 IF
4 [ BE 7o 2 4k B ( oxysterol 7-alpha-
hydroxylase , CYP7B1) S84 fb J5 , 32 200 Bl S0
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(D SREBP-2 SE[H F3k AR, JF 11 5 34N MIA% 4 nSREBP-2 /K PB4 ; @) : nSREBP-2 /KF-F#AIK 3 30 HMGCR K ik
453 : HMGCR ZK-F-FEAIE T 30 HMG-CoA 3 R IE R 52 B, 52 W A TR AL 5 Bl

1 L reuteri I/ PG A [ 5 B/ FHAIL R
Note. (. Expression of SREBP-2 is downregulated, resulting in a reduction in the nuclear levels of nSREBP-2. (). Reduction in
nSREBP-2 levels results in the downregulation of HMGCR gene expression. 3. Reduction in HMGCR levels results in compromised
synthesis of HMG-CoA, consequently impacting the biosynthesis of endogenous cholesterol.

Figure 1 Mechanism of L. reuteri on decreasing the synthesis of endogenous cholesterol

T D: CYPTAL FERI SR AT e HERE 8 B A AL 7o S [T ( 22 LR AR ) ;D): CYP27A1 SN R IR TR, fie
JOEL TP e £ A 27 ou- PRI T et (R ARGR AR )

B2 L. reuteri feJEH [ B 53 fif AV HIBLHI
Note. (D. Expression of the CYP7A1 gene is upregulated, thereby enhancing the catalytic conversion of cholesterol into 7a-
hydroxycholesterol ( classical pathway). ). Expression of the CYP27A1 gene is elevated, thereby facilitating the catalytic
conversion of cholesterol to 27« (alternative pathway) .

Figure 2 Mechanism of L. reuteri on promoting the degradation of cholesterol
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HH FEE A ABC # K & ( ABCA1, ABCG5 Fil
ABCG8 %) LDLR., NPCIL1 Z&M=U - H i
ABCA1 5 ATP %5 & & %12 1& G1 ( ATP-binding
cassette transporter G1, ABCG1) 7 ¥ il )y £ 4% 0
[ P i) 0L YR HE ), ABCGS 5 ABCG8 ] ¥ i
[ P 2 R Al s T LDLR wf AL
Wt LDL-C') NPCIL1 A] W Wi /N i w4 A0 5 AE
[ o s 2 i 2 A L () A o L T e 45

WS 22 (B e 12 557, eAh I X 324K (liver X
receptor, LXR) £ ABC #8 5<% 8 2 19 JH 5 [ 7
SRCARSE & 5 T ABCAT ABCGS ABCGS %53k
ESLUES7R

W KB, & L. reuteri T 1001 155 B 101 R A 147
BN Y R I [ B 52 e A= A2 Ak I TE Y TC
LDL-C B35 S8 [ AR, 25 0 iz vl JEL [ 7 14 55 6
Fhm ™, HATREAIHLHE . (1) X i 7 A A

F O PR LXR FER IR TR, T ABC BFIEMN 55 235, AN A LDLR F& P 36 1k T & , 4 5 JF- 41 i [ i
LDL-C;@: I 4N ABCAT He R 22 i AR, ol ) 1 80 HE R B, @ i P CETP & B 7155, kb LDL-C (&% B ik
th LCAT & &F+5, {2k HDL-C & B © 1 b R 40 NPC1L1 23k 5 A, v 2> M I v B8 AR 1 s D« 4 it i L iz 4

MR ABCG5/8 FH ik s Ty, S 1 AN 1 Wk o 22 B s A AR 3

B 3 L. reuteri V877 REEEERE S /R AL

Note. (. Elevated LXR gene expression in hepatocytes regulates ABC superfamily transcription and expression. 2. Elevated LDLR gene

expression in hepatocytes promotes the recycling of LDL-C by hepatocytes. 3. Decreased ABCA1 gene expression in hepatocytes reduces

cholesterol efflux into the bloodstream. @). Elevated levels of CETP in the blood reduce LDL-C synthesis. (3. Elevated levels of LCAT

in the blood promote HDL-C synthesis. ©. Decreased expression of the NPC1LI gene in enterocytes reduces the uptake of cholesterol

from the enteric cavity. (0. Elevated expression of the ABCGS5/8 genes in the hepatocytes and enterocytes promotes the efflux of

cholesterol to the enteric cavity and the cholecystic.

Figure 3 Mechanism of L. reuteri on regulating the transportation of cholesterol



114 WP E SIS S AR 2025 A5 1 A 55 33 B55 13 Acta Lab Anim Sci Sin, January 2025, Vol. 33, No. 1

P A ER A TR HE S SRR AR 5 (2) i 2 T T [
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[ Abstract]  Sarcopenia is an age-related skeletal muscle degenerative disease. Physiologically aging mice are
the most commonly used animal model for studying sarcopenia. As sarcopenia is characterized by decreased skeletal

muscle mass and reduced muscle strength, exercise performance as a reflection of muscle function is widely used to
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evaluate sarcopenia. Methods of evaluating the motor function of sarcopenia mouse models are generally designed

based on muscle endurance, muscle strength, coordination, and balance. The method include tests such as treadmill

exhaustion, voluntary wheel use, grip strength, horse grid, bars and balance beam tests. By collating recent

publications, we have systematically summarized the method used for evaluating motor function, including the tests’

principles, procedures, evaluation indexes, advantages, and disadvantages. We then propose an operational program

for evaluating the sarcopenia phenotype, which will be of help to researchers wishing to choose evaluation method

appropriate to their specific research purposes. Further innovative technology for assessing motor function that could be

instructive in the evaluation of skeletal muscle function and diagnosis of sarcopenia is summarized.

[ Keywords]

sarcopenia; mice; motor function assessment
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Table 1 Measurement methods of motor function in sarcopenic mice

Z3hhe )
Motor
function

W7k
Assessment
method

WAL HE bR
Assessment
indicators

Hos
Advantage

Disadvantage

& PR AT
Applicable
disease model

IS
Grip strength

1w

Muscle
strength
518 A&
%t
Inverted

screen test

Weightlifting
test

Hi 710%
Treadmill
test

1 Bk
Voluntary
wheel
running
test

ifif /1

Endurance

SRIB R
S
Forced
swimming
test

Rotarod test

S5
Balance and
coordination
AR S
Balance
beam test

RS s OB Ty 5 ¢
KA1 3991
Forelimb grip strength;
four-limb grip strength;
maximum grip strength ;
average grip strength

R ] BRI 4
Hanging time ; hanging
performance ; number

of falls

FRORHEHE g ik 26 IR
A 2
R PRI 30 %
Maximum lifting strength ;
number of lifts ; lifting
speed;; lifting duration;;
recovery time;
success rate

2L ] 5 B D RS H
Running time ;running
distance ; number
of shocks

B A] ; B R
L1350

Running time ; running

distance ;rotation speed

NSl 1] 5 Jip Sh A 3
FLAS[H]
Immobilization time ;
swimming time;
struggling time

ARFFIT 8] 5 5 KB 5
W ; Bk UKL
Hold time ; maximum
speed ; average speed ;
number of falls

e 3k A 1A] 5 B R s 28
BSHG G AR TR AL
Passage time ;number of
falls ; gait parameters ;
number of hind limb slips

i bR ; T o A P
YT $8 bR B
Simple and fast;high
reproducibility ; wide

applicability ;
clear indicators

BRAETRTAE s 5 5 A
EEAMEIFMER E
PUNERZEINEE
Easy to operate ;low
equipment cost;non-
invasive ; evaluation
results are intuitive and
easy to obtain

HEATAE LA 1 %%
et AL W
Direct assessment of
muscle strength ; clear and
quantifiable data

DRI A RSB £ 11 5
LEZ/Siv-A
Testing conditions can be
precisely controlled;
experiment can be
repeatedly performed

PR TR L 25 S ED0 5 1T
GiVERS
Simple to operate;
intuitive results;
reproducibility

AR ; PROg oA ; 3R
1R A 5 36575 1w 1 o 7
PEWFIY
Easy to operate ;rapid
assessment ; non-invasive ;
suitable for
high-throughput

screening research

BARTTE ; i R T
i
Easy to operate ; high
sensitivity ;
wide applicability

BRAR o PR 1
A
Easy to operate ;intuitive
evaluation ; low cost

it 2 B2 ; 45 SR AFTE
TR
Requires pre-training;
results may have
subjective bias

SR AA T A
RS
Results are subjective;
poor reproducibility

WA SR S AR AT
AES RN
Complex equipment
experimental process
may induce stress

PR AR B 5 5 T 20
W2 ; G55 32 R
AL
Equipment is relatively
expensive ; requires pre-
training ; results are
influenced by
stress responses

it 2o BN ; G5 SR 1]
SRR 5 R B4
i
Requires pre-training;
results are influenced by
stress responses ; limited
animal species

5y S WS R Wi) 5 4
SBEA T
Susceptible to stress
responses ; results
are subjective

it 2P s 45 RN
PSR W

Requires pre-training;
results are influenced by
stress responses

it 2 BN 2 s 45 SR L
TR
Requires pre-training;
results are influenced by
stress responses

B YIGREER B2 L
RGBT s e
LRI (IKER sy R

wlipaysy i)

Exercise training model;
neuromuscular disease
model ; aging model ;
cardiovascular disease

model ; metabolic
disease model

B SYI G M2 AL
PRI T 2 i AL
FUASETRY ;0 L AP P A
T AR R TR
Exercise training model;
neuromuscular disease
model ; aging model ;
cardiovascular disease
model ; metabolic
disease model

MZIRAT IR AR ;
MANNBRAERL ; h
MRPR 22 R G A
PR 35 Bl AT AR
Y J PR S AR A
Neurodegenerative
disease model;
neuromuscular disease
model ; central nervous
system injury model;
aging model ;movement
disorder model ; genetic
mutation model
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g1
B3Rk WP Ir ik RLEELD i et I R AL
Motor Assessment Assessment Lo Applicable
. S Advantage Disadvantage .
function method indicators disease model
B4 T BRI ]
MBI B &SRB S A
MO (L AR R Y HaeRmannt
B H VR85 A8 O X R AME ; 256 1] Ty e ,*:,“ﬂtq: S e g
A I T R TS T v SN I v e
_ o5 3 B i I 12 FE2 B RICBD
BARIZ IR W3 S . o Significant Exercise training model ;
) Total distance traveled; Non-invasive ; easy to : .
Overall motor ~ Open field L environmental anxiety and
o active time ;inactive operate ; capable of . .
function test influence ; complex depression model;

time ;number of entries
into the central area;time
spent in the central area;
edge activity;
movement speed

assessing overall motor
function;
wide applicability

neurodegenerative
disease model ; metabolic
disease model ;
genetic model

interpretation
of indicators

7T e Bl Ak VT R e 4 K 2 AL B AR
A WK, 3 52 i s/ RS Zh Bk |
BEFUIER B, S04 RO B 1 3 2 A7 R i 5 43
BT, W2 B D) RE VAL R B E T T, PR AR,
LRGER B AC AT A | RGN A 42/
B, B VRIS B L R GE TR R4 /)N
biz sh I e AT BRI, R PEAL 2 UL, 3R
SEEGRCRST REOCSCEk AR, FERT T IR A A
VELG WAL DR R %] /)N B2 S DU RE RS2 0, 42 v
SRR AR RS i 1, S WL B oA iz 5l 3
REFR AT 53 B b o 2 SR L SRR W5 ATl i
ghiamid e A S RS 5 N TR REROAR,
PR > FNR B 2% ) 551 %0 32 sl Bl E AT K
B AT SRR TN | 5] B &5 G RS AL BB R 5 1%
SRS T o3 B, B 4 T B A 4G Sh D BE 4R 1, 4
ALSFIMIEPE B AN R A FE 5 2T L PR
SN 5 R S DR S A5 R T R RS
FEatE
2.2 BURERESTHERNEE

A YD Y 5 ¥ 22 02 A X R E 1 3B Bl RE
HEAT B —FE A 0 I 12X, X DA 4 T B e AL A B i Y
RS, B, kB S AL g Pk AR
SAREOR Al AR AR B AT 1912 3 B8 ) PEAL B
AR A W | B BT 43 T ( bioelectrical impedance
analysis) \TTHALKTZ 3 ( computed tomography )
FXLRE X 5 2 W Wi I £ ¥ ( dual-energy X-ray
absorptiometry ) REf% 42 St B 1Y B #% L BT 2 41
I, 18 3k B2 SR 5 48 g )3 A AR A2 W e it A
55 A RRAR A TH R 25 R — IR K AL,
i A 32 J7 L A B #E 3L Bk ( magnetic
resonance imaging) , 1] DL B 4= [f] HL PPAG /N BROVL A

FEAR AR JE RN BhAE I s eSS —IAF ST
3 3 A AL 5 7 O W R 25, SR PEA
T/NRAEZ s 2 P ) B 8% IR S FE i iy iz
AES 7 A, A SR LR X SR i
FE SR SR RN B A LS AR 2 A, AR TEA
WLRE /N BEILRE 170, BRI L, 22 4 JE 1 25
BVTAR 2 G5 ] DL oA LD RE B i LAt S R 2 A
18 B RE SR A T TP 25 21
2.3 EEMNFE AR B

5t /)32 2 D) R8I 1F Jy ¥ 38 HRE 4l 4 2
AR E B TE] 5 A D RRIR A, Qi g 52 565
PR — sk g UL PR 7 2, e X LA sz e L/~ i 7
IR KRR, EAER, A H kT
B B B RS A = ks B L 2 sh A )
FAR, geUgSCit AR A HId s/ R 32 Bl
fiE, 3R EEHE AR B 2038 17k 95 98 ARt
o5 ST 9 A0Sk BRI 8 2 I A S SRk R
AL SR A TR iz 2 1 IR 2% 2R G0 o R 282 W i /)
SH B 32 sh A7 b SR 3B 5 A 3 8 0 H iz s T
AL ) IS A A CatWalk H 25
AT AR G0 W N B A A2 Sh AR A A S R
FEAE BRI 32 S DI RETEAN , [R] i)t B 3h A 1
IR it A v as Bh I BE A i IR L %Y FE ik
BSOS B A ML A R 3 S 5 AR, A
EthoVision #ILAIE £ 22 4t 7] FF WD /N B 1 3
B SR B R A OCEE S, RIS B Y2 Bl
IHREANFT B R, 1 S8 25 W B R 1)
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[ Abstract] Rheumatoid arthritis (RA) is a chronic autoimmune disease that significantly impacts joints.
Experimental models are crucial tools for studying the pathogenesis and pharmaco-toxicological mechanisms of RA and
screening RA drugs. Commonly used experimental RA models include animal models and in wvitro models. With
advancements in biotechnology and biomaterials, experimental RA models have evolved from induced and 2D in vitro
models to spontaneous gene modification and 3D in vitro models. Moreover, some progress has been made in the study
of traditional Chinese medicine disease and syndrome combination models. This paper summarizes the research
progress made in the modeling, monitoring, and evaluation of experimental RA models to provide a reference for
related research.
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Table 1 New methods for RA animal model studies

ik A R,
Methods Application Characteristic
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5 4 v A B 7 1R BB TR AR T g
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Table 2 Comparison of commonly used inducible and genetic engineering models with human RA
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Models Primary mechanism Similarities and differences compare with human RA
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ode antigen-presenting cells, activate the changes are similar; MHC gene correlation
immune system Differences: incidence of G6PI antibody positive in patients was low;
no systemic manifestations or rheumatoid factors
AR P ) R M 22 5G9 58 5 51 9 S 2 SR AR
e +* A B A 5 o YA ’
TNF%%&H‘%@ '{J}\TNF%[—]H-EX%:Iﬁ/J‘EﬁquEFﬁ Z:Eqmﬁﬁyém{@w%

TNF transgenic

TNF 3 %3K

Integration of a human TNF gene fragment

model into mice, TNF overexpression
ZAP-70 BN e e pI AR BB BE T
SKG 2 32K
SKG model Point mutation of ZAP-70 gene leads to

immune tolerance imbalance

Similarities; chronic spontaneous polyarthritis; joint pathological
changes are similar
Difference: no rheumatoid factors

AR A, < R B eAAS R AL 5 A8 P 7 5 A7 AR 2R KR A 145
FI Broias ; A7 1 0 22 5
ANTA] R S AN A AN SE A A [

Similarities; joint pathological changes are similar; chronic
course of disease; there are autoantibodies such as rheumatoid
factor; gender differences
Difference ; extra-articular lesions are not identical
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1.3 HERFIEEEES

RA J& T H = “JBIE” Ju g, W Ak g | 98
M U RA I E D PR HL, RA JRIELS &
BEALETE CIA K AA S RERISLRE [ 25 7 XU JE
VB A PR BT B A O B R S L R s S R ST
REAT &5 RAFAE , AREE T — %2 B9 H 2299 R HIL
FREER I, X T v EE o Fbh 25 58 07 i 24
RO HA EEE X,
1.3, 1 JRIFEIRERUEL A AR T

KIENRIFIESZ RA B I PR 5 WUER 2 — | 32
BLRIALHE SR MR 208 il 2 AN IR KR
MWIEPNE A SRS AR R IE &
PR KFENE” W 3 JAK/STAT 13 538 BTG Th17
i 43 Ak, S5 Th17/ Treg 40 i 2% 7 L K 40 il 12
LLANIE A R B FIAFE I RA A & 4, TRl ME
INEE T R BB LA 7 , I B RLR [ mEK
SRR SRR AR Z B XIE RN IS A
FEALE HAE CIA B¢ AA XERER) LAl | 25 7 X9
VR IREE A, AR KR — 14 ~ 45 d, B H 4
~ 8 h BAERIE Y BT I LA A 5
RILT KFEIRIFAIAL K B 5 155 KUY 45 Fh2s
SR, FEW RRFEEME LY A R R
P 0 2 R A 258 T 0 R MR AR ik R
TNF-o F 3L /N B S RA JESRAE R R 3 &
RATRE S IR A A A AT T 1o B9 LAA
X, 5 CIA 3 AA BERUA H, XUTE 1R R AR A 5 )
RIS B U6 B IR D ME R £
S5 FEIFIIF e BURN B 7™ 5 (1) 56 71T RAE , W] B 40
A2 (interleukin, IL)-18  IL-5 Fl IL-17A %5 4%
$iE PR F-F1 Beclinl 45 B WG AH G B8 (/K F- 3%
9:{_—‘[%—{55—57J .
1.3.2 MU HIEHRIESS £ B

JRUIE AR D] 4/ JRUI FAAT 1 5 A, DA A
KATEI , AT i, B AR O R R
M, KA AFORIELS G CI 5L CFA Bk &
KB IAIAEEHIBLAE T 157, 5 CIA B¢ AA BIRIR
SRR Eb, XU AV A AR K R B & il & B RG l
FEPE R I RTARE A, ST B KO & 56T R iR
JEE R 400 11 A8 S A 1 T i, LT TNF-oc IL-1B 7K
S S e, 6T T IR R ARG (R N B 40 i
IR 751 T BB A XU PR TR () R AE 1 TE A 4
BR800 R MLIE AR BT I CIA K RIE R

JE R R A 2 R PR T ) 5 B A I 3 A A
LR AR 1 R AL AT e SRS 70 1Y
IR, seAh, KGR HE R B 3 R AS R
KT BEAA, R IR S
KICHE 9 F035 75 K I B JE 0 AH 0 3 52 B 8
AR, ELFT 1R 1T L JEUFT 51 S AR G = 3 T X
FhAE A b v] 5 KRR A &R A
1.3.3 B R IES, A AR A

RSN B B R A" B T ok
FERAN B FERIE LA, B R UE ) AR R A i
BT A6 25 9 v AL T R AL e Ah,
EL A 18 oo 3 PR o Bk 8 57 B R I /DS RO B ) 4R
W TR AR E B T B R sh Y
(W ZFp AL bR 5, ¥ S SR AR IR AR
R R AR U R i 3 A A AR 45 3 i %
M7 R AR A S i TR D) Bk M K R O R
J& B NS C i T 8 37 B R R IE o TIE 45 A A
B R JRE R BROG p BK™ B, S ) R
AT UKo e M A0 M 3= i), Y B A R RO R ol
JBEE B/ INGR R /L B 200 S B SR T CIA 4
KB, ZWE EINE T CIA KB B TR,
1.3.4  JOR IR SR e 2, A AR R

HEE A Sk I R 55 R B0 IR A TR o
B A RN AT T OB, 3 5 e Az 45 0 i T A R
ISR B G 5 2580 AR AT B8 5 MR EIE 1) & A
A T GC-MS Hi A B 2 A 58 & B
TRRUE K R 2 Fh 2z AR T IR 3h
PR (1) 385 55 7 1 A A 7 JE TS T U A R L
ERE AR T AR 2y s ik, RER A
LR Z R R SRR XIES T 3k
PRI Wistar KB, 285 7 5 G A0 B RN i 18 38 2R B
IR It B TS CFA ST R FIE A fAS
R EIE KBRS AA KRR EE RS 25 B | F
B>, A4 Na*, K -ATPase 1% 1 B 5 PR
FIABREE B BF T & IR UK K 92375 2 0 9 K SIE
/NERIMTE Y o TER B | B W R R AR 1 KT
FR I vKAGHIE AN C i S8 S i g
TERAY 5 CIA AAYZH EL M5 e AR AR /) BRI o
5 1L-6 K74 MR 7 0 R /K7 i 2 e, R
MR T C I SR 615 JE
1.3.5  MUBSIERIESS A il

5% 110 B 285 T 85019 56 19 5 AT L IR R R
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(25U, R 3 49 5 7R (1 s A 7 vk AL 45 K
IR 55 32 Bl A S S R R DT k% | LA
ERREON AR B 25 Wy i B T5 ik M & 2 ATk
M2 R IR L, B TR 2 2 F R (5
AR TS K B T 227 5 8 IR A i IR
UER BRI A O 19 22 A T ) N 22 R 3R B
W DA A A i D IR A MR IR A A5 A8
AR FAMA S BE I IR B | i/ AL 5 2R 4
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I ANERIR ' AR AR T 1565 KoK ORI ) O vk o
RA MUFSIERTY | 55 CTA BERUAH LE , M58 Uk ik 25
AR R R ISR R 5 | £ 4 M R AR /B
WO ZT 4 35 D 3 35 T sy, 28 W 78k ) 1
CIA BB I R A BE DI BE |1/ Mg
PN EZIIRE Y S 1 A8 AL, R BRI BB AL T Mgt AR
A&, FET il PR ML IE A TE AR A5

2 fRHMEEY

a5 FAY TR ARG IESD N SHME A
F| 3D HL¥E R R G MW RIUS T B R
H—Fh 5 RA B A FLEEIT B9 PR AME R X T 254
R SRS 0 20, i AL TR | 24 B R LA 5 R D
LRSI A R S
2.1 ZHAMER

Kl RA BEHLIMEKREA S RA &%
AT Y A FRAR L , 2 AT AN I S | 40 I A S
ARG A T E RS Z RAA
fABEIR B0 259 RE A A RLE I it A e 4 5
M, AT 5 TT U 1) 240 B AE T BR A 1 A5 AL Y
fdi A K, SPINNEN 4578 JF % 17— A 3K
AU R 2 FOE V) R R R B ik, B
HAVREAR BRI A A5 £ 3K 100 NMAMEREE 79, 4
SUMMTE T REEAE 3 N R FRRR e, TR A
RA H¥ 19 I SME A DORST 2™ 5B T Hi i
21 45 20 M9 4 7% 85 H (fibroblast activation protein,
FAP ) # [ 5630 797 v LI Mot o7 X
JFAL RA FLS SE T, H F RA # ) /#1697 19
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2.2 {&5h2D HEE

2D 2 G M8 5 A o, AR B, T
P45 o A Tk B 43 i 35 IR 6 3k 33 D o 3 A O
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JCHEMIRT FLS 43 WA A 48 K71 R i, 2D e
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FHAGMHE FLS b, SRS 70 WA Mg SR AE PR 5 4H G 4
Elﬁ?jﬂ@aﬁi( tumor necrosis factor-related apoptosis—
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TE RA VR IITE J (Hid TR Y 2D K AL7E
WA ML S 2 e | T I kA Aoy Ak e ) J7
A7 AE—E R B
2.3 {K5h3D &EY

552D BEAUAHLL , 3D AR YA 5T 4 i 5 ik o
I AR B858RI | DL A48 DG i 45
FRRAE D7 T ELA R 6T SRAE bRk
Je FLS i BEHS S AN S e AR 1 , 26 T FLS M 4%
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TR SY RA 1 B 2O B S it 17—
FEETH™ il fe 3D 4 FE IR B FE ORI
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HAERY fif ] TNF-o S 02 R 52 HCE 1R 1L
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[ Abstract]  As a model organism that bridges the gap between cells and traditional mammals, the zebrafish
has broad application prospects in radiation medicine research. Among its unique advantages are its characteristics of
a high homology with human genes, high fertility, short embryonic period, and transparent and easy to observe embryos,
making it an important tool in radiation medicine research. Recently, remarkable progress has been made in the
application of zebrafish to investigate low-dose radiation biological effects, radiation therapy, and radiation damage
prevention and treatment, key areas of radiation medicine. In this paper, these applications are reviewed; we explore
the value of zebrafish in radiation medicine research and provide a reference for experimental research in related fields.
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BCAEBE L5 A A AR FRAE 5 /N, 25 18] 5 b, B2
KRR B I BRI h kAT, AR IS G i AT
RS FEAE L T 25 (R A W00 I 5E

SE BRI - 5 T £ 16 K h 58 U A 2R
FIAE R T A i, 30K (5 75 R 6 1) 40 A1 5
B5), Mehb, B0 ) A AR AR AT ] Rl
Ko i 5 AREEE Wb T S E A A (] 4 o
Iy AR s et Sy I T

5 Ot HL A e A ) IR IR A
B W L RGE A v 38 i O R S 2L, L E
S BAE ST e K R S gk N BRI K BR 2 5
FENZEPIR IS 3 P s AL

2 WD aERF S5 &Y
L= o) vas:

R AR AT FE R & < 100 mGy 2% 77 &%
<5 mGy/h (AL EHRGT . H TG TGN 4R AT
(L) = AT A7 AR 2P 8L X PR ) o 5 S £t e
SR A TTAL T 25 T o 7R B A I 2R W 2000 1) 45
RFEATHMIE, PR T ) 28 B T 050 0 e G 2
BT AN B4 RS 77 70 BRI AN 1,
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78 N AEARR) 2 6 AV S B 5 fa i Ak R FE
To3 AR BT B ME RS M
13 B LWL S5 T5 AT T R EWFST, X S o7 25
TR 2 58 S 2R 0 R R AR G T Y
2%
2.1 WhE FEERBREER

PEAL 3 FETE 3 M T 3202 B L) 0 57 v 25
SHERG e B AE W 2eda bn . Z TR,
AER T 2 A X RE 2 £ S s ) 9 Ak SR LA 36 SR TG
B2, 45T o iR iR i 2 R R 0,033,
0. 130 1 1. 20 mGy/h 1) y SRS 10 d J5 ( R
FIEM 914 0.33.1.30 A 12.0 mGy) , Hisgfb %
FAG R K22 B F RS BAa R LR
Bt REZ M EFGHE R 1,2.0,2.5,15.0
mGy 1) vy FHEAE G , 25 4 740 SRR A7 15 R 4l
T AR ZHAO 2500 g T — B 4
. HUREM %" (858 & B, 78 0.4.3.9 Fl
15.0 mGy/h 1) y ST BRGTT |, BE-2h £a i) g Ak SR A
TG A A B 3 A8 A, (H7E 38 mGy/h Y B
SHa —F N E TR, AN, AHGE 1 Gy H B
ST RRARAZ R 5 72 h B BE S f1 ARG A SRR LR | SiE
BAEARIEAL " AT DA i s O — AN &
5 | BRE I 07 A 26 R A7 T R A s, IR
WAHERE , W &5 B D G & A e, 1R
ARSI AT R B, REG R 2.5 mGy Fl 15.0
mGy [ v 514 B, W A28 3R I S5 0, 43 01l 14
T 10 580 12,6 %, 100 2 mGy [ v $TA4E R R
A B i 2 AR Ak, 5T 3 T ad A4 2 B X
2 RS A T AR 2 e BLTE AR oA 4 B A (SE 35
oA 7.83 mSv) A1 HE 4 s 4 (35 5. 83
mSv) IVEHTG , 20 35 00 2 31 5 2 £ I iR B
o2 WL IN € LIRS E el | R B o )
FHITE < 0.1 Gy F1 5.0 mGy/h HIEF R4
LB IR RIS TS RN A2 B W
W), 1 ) BE £ 5 R B T fa iR iR 2 A I
2.2 MWMBRRZXRE

RIERT B2 o3 B ) 5 R Ui =2 7 2
AL TAT IR A5 R IR 0. 31 Gy H
B RO A P BORNG & B s AU AR FRET
1R 5% TR0 2t rl 2 4 S R S T AR N
Al S Sk 2 DT DGR | B IR ) RE B A A5
M RGIEWR, TERED R G & F BB B,

R A R R XA AT R T RE I R o 3 TR
BE Tt A I 5 i o 2 7 M 0 R T A A
KOLLAYAN 45" i AR XS24 & B G 3
FRIG , FIEAY 9k 7. 17 23. 17 H163. 83 mSv, 44
LB 72 hpf BF, 3 2035 H 800 A0 K B e Ak,
23.17 F163. 83 mSv 41 7E 48 hpf B H B ALK
63. 83 mSv 417E 72 hpf B H B 5B 3 K i FA A
Y, FREFBE X ST #2825 F 77 A A G
(AT FERZA B 7R R I B B S KR T =7
FR AT AKT- A 4 559 22 55 1 1 A XU AN 25 200, ]
RO R SRR E T ORISR 0.1,
0.2.0.4 mGy/h y $F£F , W% 72,96 S 120 hpf
(BTG , K 5 X B AR B, 0. 1 mGy/h 1Y
R 2 I A A B i A Ak, B 28 4 45 o e X IR
HIRH L BRI, 45 0.2 F1 0.4 mGy/h FO%E IR
Jei , B I At i 2 20 ph 22 ou i i B T HEB 2K AL
JHL Ve s | 200 A 1) ) B2 34 RO s 300 2 1 1) 15 40
J— WS PR T A LAY R = 4L 0.250,
0.313.0. 417 mGy/h B9"7 Csy 2k, 5745 5% % B
LM A 2 BT S Y, S 0 G R 4 i AR
TE i 350 20 B 2 ) A B BR AR A5 AR T, 5 {4
B AT 4 SR AR — B, A, ZHAO S A
FERIN 15 mGy y 552 AT 5 | 8 i 354 473 280 17
A B R BE S Aa i A R T34 T, X sk gt
SEFRH AT B 5 S S T LA BUOBE R i
BFRAG, SR, 75 EE B, X e R R A
HERE ) fax — AR b, 2 TG K R
SR & B EARSE iA F E 2 A
FBHRRAUESE
2.3 1TAIZBhEEN

L O L 2 B B 5 0 4T R is sh kA ik
A%, MURAT % BE 5t IR & T 0.5 mGy/h
() y ST R, R IUBE 5 a4 £ 2 7E -
532 B 52 56 10 4T 0 5 % BR ZH A b % A B 3
A5, AWFFEIRGE 0. 1 Gy By v 54k nl 3 i 38 i B
DR BRI W, FECAT MR . 5
HWFFERI, BFEAE 5.0 mGy/h v ST T HED
gyt LT 2k Wy 24 R0 ph 22 L IR O B2 R AR R
A A AR B T S R S R S T 5 )
PR TT RN AH AN, 5124l B e shskpé
2.4 RFEESEWBEHHRE

O3 F IR W 5 RE TR A H8 78 4 S 2500 1 7
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AL, AT Ay S48 1 B R T B A T
PALIS 2% H FR B D 0k B 5T 6 5 5T
JRALG R 2 5 S A 50 ML A AH DG BIE 5, FR B4R
H TR S Y DNA $65 AR D TR AR
HARE R AR B ETTIH

DNA J2 H 5 S S VR F A 0 a7, Fh 2 6 5 T 3
1457 DNA 75 &ML I PR 58 A8 R g fo (R ie 4% | it
17175 | e 4 A 473 , e 28 5 RS AL AR 2 e sl 45 40 1 i
A5, T IRABRIE R — i &, AR 5% 81 B £ i
G2 T 32.7 mGy By v B4 J5, K BLYL & T
H3K4me3 215 FHTE hnfda .gmnn Fl vegfab FEH I
HEBEEENL HAUIRGE, 7F 0.005,
0.05.0.5.5 &% 50 mGy/h 1 vy St &AF R, BE 5
ARG B9 H3K27 me3 Fl H3Kmed 41 8 FH 5 G
S F DNA L TICH SAL 4 2 X gk iRk
A AER3R) 2 FL 22 6 S5 T R ok 2 2 2R 1 B
Jr AR A e €8 ST 45 4, A 15 ) 5 R AR G
LR IE, 5340, WF58 K B 7. 83 H1 5. 83 mGy
() X SRR RIS , B2 £ JJR G 4 9 58 RJR T 40 56
BRI FRIR BN, AR AT E AL AL S 95 I N
ZHMHIT | W2 0.013 F10. 12 mGy/h
() y BTG, BE D iR fiG & F & 4 d BHE TR
(reactive oxygen species, ROS) [ 3% ik & i 3 Ft
B MTERREE4E3Z 0. 003 mGy/h I IVEE,
RO A EE 7 d i ROS kb4 W ET
Y RUITE RS R B AR R 2 A
FRI 2 P 6 S T R 3 e e A AR A I R Sk B
e B 25 81 YR I B AgE B . Hy T B D R B R
ORI R SRR B o ISR BN R B
B AR5 AL A 8 T Sh A7, MURAT 4512 &
BB A IR R 32 F] 0.005,0.05.0.5.5 K% 50
mGy/h 1) vy EAER )G, 5OMR)Z R IR 2B
KA RIXB R EZ, 0.5 ~ 50
mGy/h fEFHI R AR AL 0 R 1 3, ax 2k 22 S A =
B2 50 Noteh #LEE TR . BMP Fl Wnt %55 K A
KM Sl i, IR R IR A & AR i i
SEFEFFAE = 0.5 mGy/h FHE R N9 sh, xnl
RES A E a2 AL DI RE B FE A G, It
A KRR T 5 mGy/h 1 y SF4 T RYBE S %)
fo, Kbz LA L B M RS 515 T #8323
T, HAh B R 5 8 IR TT BE 2 T 2ok g0
iR 22 5 T R i 1) O B g A2, 0 T T RE XS T

FAT AP AR R ZHAO S50 5T & BE,
ZAEIE 2 h MBS R G7E 15 mGy 19" Csy 5
LA, 25 Wnt 155 38 B 19 58 B axin2 76K
LU ek B 0, B R PR o 5 O T
AL PP Wt {75538 i 5% Wi BE L £a R i ik 40 AR 1Y)
JHTRRE , AT B, 7 0.05.,0. 5
15 mGy/h PIFEST T ESEREE 36 d 7, Sl 22 5
FEIR B 5 PR 8K Bl ) R B 8 43 Sk
27.200 1530 4>, X EEILH F TS bl
MR T - B s iae ™, Dk
FFT A5 F R AR 12 4 S A= s, & AR 1Y
PLER R HE S

3 MOaEMBRSETTHRPH
W FH

Bt 5 A% 8 5 A% FOR 1 AR & R, - R
- R R R D R S B 1 245 ) ST BOR
FEMRIR Y U N R H 2572 . R T ER IR
JRIRE VYT A5CR 1 [R] B 20 1E o ZH AU AN RO
YT ERA T X SRR A RO, A
A B T4 S g 6 7 1Y Bl 32 I8 e A SR
RESFRY A TR B, 5/ BB L, B 8 7R
WG B B 1) 325 B €0 22 0 AR T oy 1 A 00 i g e 7%
TEOL B iR A B ) B 8 R 48 T A 4
2 NI AN A RS A A5, JC 7 g i >
hy A i X Bl W A ST BRI R A A
BE o £ 155 T80 A 245 1) 0 3 A X A AR AR 22 9T i AR
PR TIESE Y BRCIFR TIF2 ik
RS TR AIFFE N IRRRE AR , e 3 i 96 40 i
Jey ¥ S O S BB o rh ) DL B R B AR i 1R
“F 0 BE AR N BURITAG AT BB IR YT 5 520
BB 5y 0 n] AR S AR ff B A A 0 T e iy
SR AH O FE
3.1 BEFIEZXEMEEST (ultra high dose rate
radiotherapy , UHDR-RT)

UHDR-RT R}l FLASH $Z A | 52 4 Fif 7507 45 sk
S AR AR B T2 I 5 2
HEf IR 5 28, HORST %17 1| HI BE 5 fa iR i
TE#A 5 77 &% (ultra high dose rate, UHDR) fil5
ZRNERT, WA HF5 110 s g
J2 30 MeV HL 550N AN A 1 A2 ) 27 2 (0 A
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AR B IR RS BRI IR B AR ), 25 R R
Bt IR AR R — PPl H T FLASH B0 S
A AR S 4 DR T e 3 A Y | LA R 5 G
SR RIAE Y A, SAADE 251 5@ 5 b #K 68
MeV i FHAY UHDR 508 (8 ~ 9 kGy/s) 5% #
R (0.2 Gy/s) X BES fa IR iG H 52, &
PUEHEZ 30 A1 40 Gy B9 UHDR-RT J& , B 5 £a iR
AR AT S48 T 180 F1 90 mm, % BB 4H K L
B ARE, 5% BB A L, UHDR 4HU7E 30 Gy
FIHEET O K I e Az 28l /b FEAET R AT
5By, RO O WA B, B
ALV S IR T FLASH FIE S 3 10 R S5
BE St R G450 /N, I UE B HAA & AR B A A
M, DL ik SepiF5E KB UHDR-RT X 1E %
HAHA — R ER, 5 45 3 7] 2 UHDR-
RT Wik — D5 3 1525 A7 B T4k 3l HAE b R
TR AR N
3.2 tE X £ W % A ( relative biological
effectiveness , RBE)

RBE VP4 N [F] 28 7Y 5 28 7 7= Ak A W) 22 5%
INj ) ZE SR AR MR T T 8 il e R B R
WELENIEN, BE &L L% E (linear energy
transfer, LET ) 5§ 2 507 $ A A0V & i, 38 2
FEAE LET $128 49 RBE 1, BEAS 5 i o UG 97
ST RITRAE AN R RE LT 2500 DUBE 25 i 52 0
ARG AT R HE 2 05, 3RA% T ik 25 1) RBE
F(1.48 £0.04) , LA, W5 RIAEFIH/ N
(/INEL KRB A FFE X 40T )& i RBE {4 P 52
B ST, AR MV A o R B 1) £ 43 A1 K A A
32 Ml 7 7 SI26 2 AR DX s T A B D fa IR i
HEFTFRIFFE AT S8 B0 ot % 8 70 40 A 1) g 220K
PEAT R BE 5 1 S A AT PRS0 Y 3 o 1
SZABO A5 F i B 4 K A R TR YT 150
MeV Jii T3, 76 A~ AS [6] R BE o7 &, BP0
5 FIAR PR I Ji2 5 v 3 BE B B 55 fa IR iRy, SR
WERGAETH T 00, R BAE 20 Gy V- 65 FIAG T A% 16 Jie
e R AT 6 MV e T3 B4}, Jii 7 RBE
E8 5 (1.13 £ 0.08) F1(1.20 = 0.04), #J
U, ST A /N 04 JoT - PR AN 0 2 1, AT R L
VRIS 22 B3 3450 1) B 5 fa IR i 3R AT
FHIEAFFE . R, ) B 5 fa iR IR A 8 5T RBE
MBI, 2 ] T 40 1 22 K Oy Il S i 58— 25,

WAFFE AR & LET 926, i &5+ b 754
P A 5T St TR
3.3 BpyEiE TR T

FEXT e KB 3 AT Y T 28 W T E B B
FEH R S ORI AR R X AR S U )
BB S B AR IO 700 £ T X A S A2 Y R
W2 v Oy R sl AR YR T O &8, LR
T R TG T G 25 [ . COSTA 258320 ) FH 45 1
FERE AU & TR S M R MY, AT
BRHRYY R M T AR g R T B R
F1 DNA #5105 55 R b 10 28 Ak, R PEAS 23 I 1 ik
SRR o (EAS TR RS, A B 5 e ST ko
REHY AT SCIUAE 4 d PN DX G0 S S A Ja i 3 i S
Tiif 2% s, 33— T AEFF e T ) FH B oA 78 i )
Jiebgga X e 2 IO R T BEE
3.4 iREHEE

FEIG R IR IR IT i FE T, &8 Sk, M5
TRIT AR IE I, A 0 MR R s R A R A T Az
UG, DR 4t v RE A e 1 s S R 2 B R
JPIT R F Btz — ., WFE 3 R BE 40 10 G
S [7) 05 55 e T 4 e R ke 85050 e DA 40 9 0 S,
UCBEHL T BE 1 £ JUR Jife v B S 14 Sk 2500 % HR 240 i
e RN AR | 2 35 L o A4 i M 5% 7 1% e 440
LX) 4 5 ) R R ALK, 3k — AR A FH B £
SRR A AR 0 [ S R 40 Y I v LA
SR SR BEERE  F T R MR BE E T R,
COSTA Z&5 FI| F i 98 T AR A A= F112 B 36 4G 4
A HCAEE T PR 348 ) A B S R A A
I RVE R, 2 B FF SO EL AT 58 K A P s S5
HORUE R, LT S-SR e e, 328 Hon] FH AR
AERIRE T T %6, #E 5 — T 55 b, R FHBE ) £
BEAY 5T & B R REMEAL VT 2 25 9 S AR Ath 7T & —
TR A 5 S 3 R0 ) AT DL R i A AR A i
SSRGS Y W o B N A,
il X — AR AT PR 5 Hh EL AT T A 1 PR
FHEP ST, g e 5SS T6 97 A 3 1) 5 s 1 245 4
fEE e T

4 WSEERERFNHFPFAR P
v FH

Wt R BE -5 A% B AR 114 R e | 1 534
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S 2Pk K I BB #5025 Bk (k2 o
o HIAZIA L BT LA vh o G R EUAR B i &) #%
SR A A M 28 A AT R 1
I, CTE AR B PR K R ¥ RT BE S N B2 Y
SRR, DR RIE & i S B 4 700 % A B 4 R
HAEBEZENEX,

R T B UE R B B A B S, W — A
B e 2 W SRR 5 /R 2D Al
3D 4N EE S R GO L, B D A HAT R A f 3
5T, BE BRI, X O 2 T e R A T
FE IREASR IR LUK, B 5 A 0 IR G T DL
PAEE SR P s 2 R A R KR = T
R, R, ) BE I 40 A i 9 X 2 RE A5 Tk
JE 2 e R | R R R, R B A
RIVE BRSNS, FEDE 758 5 B 4 70 0 5% v o
T Z WMk sE, KBk DR, Z B 7T ( WR-
2721) .DNA & & 25 11 KUSO A1 3L 5 4 I 6 41 i,
B IR RAT KL (ATM ) DL K B4 Y 32 1T 40 ity
(AR SR VE FHE B RGBS  Kelulut #5 % 38 13
Hantzsch 2 A5 5800 3R G W REAE AT A5 il i H 25
R SHA S DNA 51405 S A0 T2 B2 i e 32
gV Y AE A ST RGE I R L T 6 B b
2l | WM 245 ) ©LIF SO S 75 5 1) BRE 2 £ AR i 6
YA B3R >R FH B e 24 6 e W8 0 17 0 Ak
PR ATl B AR A 5 ) ROS ik /K, H 1. 85
FEFEAR E 1. 56 F57%, W 3585 T B b 10 i) 4
Wi, BEAh, B 24 8 £ OUNIE 1o D 4% e 25 4 it
Ve BE S IR ROS 41519 DNA 45145 Fi i
JEE Ak, DT BT A0 B R T 8 AR RN B S Y
KA WA S —IE g s, OB
AR AT B 38 56 A 5 1 B8 St G B 35 57 A
WA AR, I i ek 4 5 075 5 040 A B ) T 38
SR SR T A 380 Yo BRE ) £ 8 S 9 405 1 B
PER . DIMRI %5 KB, 7E 58 FEAT 3 min fff
FHIRRBESR R R A 85 R R A7 S0 A 3 T A 4t 5 |
EIA BRI 85% , BT R 60% . 48 IR
I FFAER 3R S oA 90 A 3 E 5 £ JiT R A 80 | % Uil
/T 2 AR AT R 3048 B bR 7 1 R 3K, AT
XA S5 S B £F Ak A R0 Tk i E B A TR AR
FHY2T AN, I B A A R IE S T M B A R
Yy, BT B A AT B R T BRIk
A XIS AR S B 4 550 6 K 45 B A A

DI RI PRI SUN 5 R 1 g8 140
i BE LA B TR B A AT LR JRE 7 8 A 2
IV A B B #0152 2 K A5 R 9 224k, S BF 9 4
PE TR EER] PRIk, B T £ 7 S 7 4 5
FEIT W EA AR H 4 1 BT AR

5 #iE

FETF RIS R 22 5 AR R v T — A~
TR B HK K < AN ART TR B S AR 1Y B P R AP AR B
DHLETHE T, AR TR S0 AR SR G
W SE s A A2 BT s Wy e i BR A1, 3 fift
PRBFFE B TR BE AN BE A2 3 — e il 24, R4S At
BEFRAEARAN LI Ty 1 vT DS vl T, (H
BT A R AR &2 4R 45, I
S LIRS B B BH AR P9 A S PR ny . R, BXE 2D fa iR
JEAE A — LA (1Y) S SR AR Y | A TR IR 2 i 5 AT
KT MAIHLIE, Rl e LT 4 A5 (1)
T8 T R 3E R O AR 2 it g, G T
JiE LB AR B XA 22 R G & B R ST, 0 R
PR S5, AT A TSR 7 298 0 DAk AN ) 8 53 590 o
X E0E L £ JYS i 1 52 T, Ay B Ao EEL 5 G T BLAAR 7Y
Pt KV E AL SR E A J1 SCHF; (2) S 24 i i
TR ARHE ) L B 5 5 A ROR AT BE i T
B AR RN W 2 1) 1) 1) e AR A 1 2L i
PR R P B S H ) 23 (8] 4345 5 (3) TETK
J7 Z HRT S5 A AT R SR R B A D 3, Bl
AMRACKE T 9 A 5 (4) TE5R 55 By 37 S @ Gt
HERON B T e A A i R A AR Ak,
TR A% 3R P RS X N 28 it B 1) A L K
FCUHTHEE R R A, B AR AR A Y, o RE
SR 3 — S B 5 I A O S AR AL T A ) Y S T
H5TH, 78 mxd B 5 o f e s m ) Al
SRR AT L, A BE 2 4 A X sh W 1
IBIFFEXT G2 2 XoF A% G0 ik S B 2 4k v S 36 A 5%
IR AN 3T, 2 B £ 45 5 3l ) A S = 2
SRR AL, AH AR F 23 i 43 5T 22580 1 12 A
{8, R A= 2 REHETCT R S Bl P R R 1
JRBR AL RS SCHE HEBIICN B2 22 R Wk 2D
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[ Abstract]  As China has become the second largest market for medical devices in the world, the domestic
medical device industry has been growing. As an important part of preclinical evaluation of medical devices, large
animal research directly affects the research and application of medical devices. Large animals are widely used in the
evaluation of safety and feasibility of medical devices because they are closer to humans in terms of body size,
anatomical structure and physiological functions. In large animal experimental research, the selection of suitable
experimental animals and the establishment of suitable animal disease models are the basis for ensuring the smooth
progress of experiments. In this paper, the selection of experimental animals and the establishment of disease models
in medical device large animal experimental research are systematically sorted out, and the existing problems and
deficiencies are pointed out.
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