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[BE] Bo WiITHEEZRTIT( hederagenin, HDG ) Xt 46 ( cisplatin, Cis) A =R S K ]
(acute kidney injury, AKD) /N PRI VEHI OB TEAL S . ik ¥ 24 R CS7BL/6) /N BUBEHL T S % HRAH |
AKI A, HDG IG5 4H HDG &l mdl, Hal45 6 H, B E IS Cis 20 mg/kg ST /NER AKI FEHY
HDG {55420 2 HDG =557 450 24T 20 .40 mg/kg #EH HDG,3 d J5 AT B, Y gE/NUR EAT IR R 2 -
AL (HE) e HE R (periodic acid-schiff, PAS) Y (1A B g BRI, WACAE I 375 46 U JULIET L PR 3 R 4B 4k, Western
Blot K5l p-P65 P65 . IL-6 \ TNF-au IL-1B 45 RAEACH IR, HIMEF Cis 200 ng/mL JIBLE /INE L FZ 40
JL(TCMKT ) FE 57 A AE A LA B, 35 25 20 | Cis BEALZH HDG IR & 2H  HDG 15577 5 20 | Axin2 2 K4 |
HDG + Axin2 3326354, WA 2 3 5 /0 p-P65 P65 IL-6 TNF-a IL-18 . Axin2 AREG Ay IEZ8 (L, Z5R
5 R AR E , AKT AR 2 /DN BRI 375 LI R PR 2 KB TG (P < 0.05) , PRl B /NS 28 i AR M | 5% i
T3 1 KOs IR TR S Bk S | RAEAH E TR [ p-P65 \ TNF-o | IL-6 IL-1B % Axin2 F3ik¥ B FIH(P < 0. 05)
HDG e , M3 WLEFFI PR 28 R0K P2 500 i AR B4 (oo 7)o 20 B i > (IR AR B 2L R, P < 0..05) |, B4
P3P 8, B R AAE R T K Axin2 FIRFIAEFEIE (P < 0.05) . (RAMNIZIGIESE HDG AT 5] 549 i i 310 o]
Gis A TCMK1 40 i Axin2 K AH G 99 R F 235, R AP Bon Axin2 i £k B2 LR XURE E
(AREG) ik (P < 0.05), MLKIBFFR T, HDG il Axin2/AREG éﬁﬂaﬁ%& p-P65 BRI K- (P < 0.05)
1M Axin2 I FRIA W Wik HDG X Cis 1755 B/ ME MBI E R, 8518 HDG i@t i Axin2/AREG 4
(A DB JAE , DR AKT /NERUE #43
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[ Abstract]

Objective To investigate the protective effect of hederagenin (HDG) on cisplatin ( Cis) -induced

acute kidney injury ( AKI) in mice and its potential mechanism. Methods 24 male C57BL/6] mice were randomly

divided into a control group, AKI model group, HDG low-dose group, and HDG high-dose group, with six mice in

each group. AKI model was established by intraperitoneal injection of 20 mg/kg cisplatin( Cis). The HDG low-dose

and HDG high-dose groups were given 20, 40 mg/kg HDG by intragastric administration, respectively, and samples

were collected 3 days later. The kidneys of the mice were collected for hematoxylin-eosin (HE) and periodic-acid-

schiff (PAS) staining to evaluate the kidney pathology, and serum was collected to detect changes in serum creatinine

(Secr) and blood urea nitrogen ( BUN).

The expression of p-P65, P65,

IL-6, TNF-a, IL-1B,

and other

inflammatory-related proteins was detected by Western Blot. A TCMKI1 (renal tubular epithelial cell) inflammatory

cell model was established by Cis (200 ng/ml.) stimulation in vitro. Blank group, Cis model group, HDG low-dose

group, HDG high-dose group, Axin2 overexpression group, HDG + Axin2 overexpression group were set up. In the
Axin2-overexpression group, the expression of p-P65, P65, IL-6, TNF-a, IL-1B, Axin2, and AREG was detected

among total cell proteins. Results Compared with the control group, AKI model mice exhibited significantly elevated

serum creatinine and blood urea nitrogen levels (P < 0.05),

accompanied by pathological alterations including

vacuolar degeneration of renal tubules, inflammatory cell infiltration, and glycogen deposition, and the expression of

inflammation-related proteins ( p-P65, TNF-a, IL-6, IL-1B) and Axin2 was markedly upregulated in AKI mice (P <

0.05). HDG treatment induced a dose-dependent reduction in serum creatinine and blood urea nitrogen levels (high-

dose > low-dose, P < 0.05), alleviated renal histopathological damage, and concurrently suppressed the expression

of these inflammatory mediators and Axin2 (P < 0.05). HDG was confirmed that dose-dependently inhibited Cis-

induced upregulation of Axin2, and inflammatory cytokines in vitro experiments. Transcriptome sequencing revealed

that Axin2 overexpression significantly increased amphiregulin ( AREG) expression (P < 0.05). Mechanistically,

HDG reduced p-P65 phosphorylation by suppressing the Axin2/AREG axis (P < 0.05), while Axin2 overexpression

abolished the protective effects of HDG against Cis-induced renal tubular cell injury. Conclusions

HDG protects

against renal injury in AKI mice by reducing inflammation through the inhibition of Axin2/AREG axis activation.

[ Keywords] hederagenin; acute kidney injury; Axin2; AREG; inflammation
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A ( cisplatin, Cis) 1755 14 30 4 F1 410 B 5% i A5 1Y
RS HDG Phea% AKIL A AT BEALE, LA
I IRYGTT AKT FEAEHT A58 F A

1 MBERE

1.1 ##
111 SERshy

fa@t e i SPF 2% C57BL/6J METE/NR 24 H,
4 ~ 6 JEIE IR 18 ~ 22 g, WL THH R ERL K
=S TR [ SCXK(J11)2023-0017]) , 48 525y
CROUNERGE S W oy R (SR ] YN
2% SPF SE 5 sl 9y vt 58 B[ SYXK (JI]) 2023 -
0065 , SCI SR A B, R IRARFFTE 23 ~ 27 °C W
FEPREFTE 45% ~ 55% 4 T B RG22 8 (12 b/
12 h) G 2R B B R B ROk, A5
W K B R AR T A5 B VY Y R B K2 S 3h )
I AE (20231219-002) , A S B A R AE 14
6 e N RAL RS20 2h ) B 3L A5 ) |, S 06
BT F] 500 o R A 3R R
1.1.2  40fkk

NECE /NE TR 48 M BR (TCMKT, 58 5.
CLO440, 15 rd A RHABRA A ) o
113 FEIRH S5

HDG (4% > 98% ,4it*5 . SH8030, Jb 1t K 3¢
FARAF) ; Cis FHHE (5. H20040813 , 1175
RN WA RS A ) 5 p-P65 HEHT P65 R
FPi (5 :3033S,824208, SE[H CST 24 #]) ; TNF-
o BT IL-18 B BT 1L-6 LB (5 ¢ sc-
52746 ,5¢-52012 ,5¢-32296 , dL 5% Santa cruz A F]) 5
Axin2 SIS (L5 DF6978 , VT Affinity A ) ;
AREG S Edt (b5 . 16036-1-AP , i) Proteintech
N IR EPHLL (HE) Y a3 57 & (5
36313ES60, 1Ak FLAE PR A BRA R 5 Hl R
Yea (PAS) iR 57 & (5 . BP-DLO31, B 5t #% D14
VIR RS 7)) 5 S 20 Ak e 050 & (5%
5 PV-9000, b A2 B AE M HER A BR A ] )
IMLYE WL | PR 2 2R I 71 & (415 20230202,
20230131, i B B AP TR ST T ) ; 3% Y2 ik 5
(L5 : 13000150, 3% [ invitrogen 23 &) ; G 25 1L i
(fetal bovine serum, FBS, GIBCO, BioTek, 10099-
14c ); DMEM 3% 3 % ( GIBCO, BioTek,
C11995500BT) ; TRIzol i 71| ( Invitrogen , Carlsbad,

CA,USA) . AR (BL5 : Synergy H, & [
BioTek 7~ ] ) ; 2 F HL UK X ( #Y5 . Mini-Sub Cell
GT, 3% [ Bio-Rad 2~ wl) ; 8] & W i B% (5,
Eclipse Ti-s, H ZIK)E)%) o
1.2 Ak
1.2.1 s it~y K 24

24 L C57BL/6] MEYE/IN BB AIL 73 2 XF HRZH |
AKI BERIZH HDG K241 HDG =74, B4
%6 X, BT 6 h 43545 T HDG IG5 & 41 20
mg/kg  HDG & # 41 40 mg/kg () HDG ¥ H
(ig) , 5L 3 d,BRXtIE L 2 AMK BT 45T Cis
TS (20 mg/kg) M T 41 Cip) ', X IRZH 45 T
AR K, 3 d JEARFE/NE, O B,
FERE s B U, R BRI S T DL 4% 2 38 Wik
4 C[5E 24 h, BB SRR, A AR
RHLUTFT-80 C kA,
1.2.2 4% 4/ B 7 LB (serum creatinine,
Ser) JRZE A (blood urea nitrogen, BUN ) %l

FRESHIMIE G 4 CHEE 37,3000 r/min,
B0 15 min WO T, 42 U S B A ik gy
AT Ser K2 BUN, g s £ 4l 304 JF A7 i1t 2
ST
1.2.3 'HHLURAYE

ARV R T 65 CHUEE 2 h J&, & FLB I &2
K HZHE HE A1 PAS Y (i B 5 2R B 702
A T 8 T HE YL 60T Al B A 2145 4l i A
i, PAS Qe S R DU IE I . S se
NS U0 4 um 19405 5 R
YIRS 478 BB 2ok PLRBEE E, A
Axin2 BT, PL 1 2 100 AYVR EHG RS, 4 C IR 1T
., TLLPBS 3 min x 3 KIFHUEE, WA —$iEH
1 h, DAB BY)GE, HARRE Y 15 s, JiiKnp
P& 10 min, —H RS AT PR RS R G T6
B T WS Axin2 fIZEIATEI .
1.2.4 RSN AE AN BT b

TCMK1 20 i 7£ ¥ 10% FBS ) DMEM 55
FRVET 37 CHiFEMPIRE, il s Hdl .
Cis iRI2H ( Cis 200 ng/mL) HDG {52 4H ( Cis
200 ng/mL + HDG 10 wg/mL)  HDG 7 7| & 41
(Cis 200 ng/mL + HDG 30 wg/mL) Axin2 33k
2H (Cis 200 ng/mL + Axin2 overexpression) . HDG
+ Axin2 i R iA4H (Cis 200 ng/mL + HDG 30
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peg/mL + Axin2 overexpression ) , H:H HDG Fiish#
2 h,Cis 3 24 h JE A0SR EGE F AT RNA
1.2.5  Zffudt

MITEAR S H R RBEEE R W E SR L
F#E 60%, $ pcDNA3. 1-Axin2 i 3 ik Jii ki 4%
Lipofectamine %% 3432 1] 15 B} 45 %% 44 7 A TCMK1
AHEIF L FIR Axin2,
1.2.6 H4IIF (RNA-seq)

i/ TRIzol 25 A TCMK1 *J B 2H F1 Axin2
i RIBAH PRI RNA K546 5 #2617 mRNA &
8 Befb B cDNA 4 B, #4958 i cDNA 3%
Je , BT D, W R AR AR B A
1.2.7 Western Blot Kl R EFE 13514

$5 0.1 g "B ZH Sl e i A S0 ORI 3 1
P 5 S B3 A E % ( phenylmethanesulfonyl
fluoride , PMSF) FJ{E 50, BT IS I Al P, ok 1= 2
f# 15 ~ 30 min, 12 000 r/min Z5.{> 10 min YCHL |
TH RN FURE D . SR 25 I M5 0 2 ik
JE BRI Y 2 R & 10% , AR
WY loading buffer,100 °C 7 10 min J5#47 FAE

. HXTRAMLL, ™ P < 0.001;5 AKIEEEIZHAR L, " P < 0. 001,

TE 109% 1) 3R PN Js Tk e B8 Je rh 7B A7 HL Kk, 100V fH
FEERNE, 5% M REA-  2 iR B 1 h, 20 B A KR B
Ji ) —3T GAPDH , p-P65 . P65  TNF-a  IL-1B ., IL-
6 .Axin2 fil AREG,F 4 C AR5 TBST 5 min
X 3 YWIEVE, A HRP #rid — W EZR THE
1 h, TBST FEUIEBE 5 min x 3 YK, A ECL &t
W AT 060 BE I R o BT A B B Sl f&, %t B
()R AN 2 8 1K BEAE A T AT
1.3 SitESHh

K HI SPSS 20. 0 A 347 8l 23 B, 22 4 1]
(1) bR B DK 28 Ty 22 43 B, 1 2L R] 1Y) B 3R
¢ K5 B L IME £ bRifERE (& £5) TR, P <
0.05 FmEAGIH R,

2 #R

2.1 HDG ¥t AKI /MR Ser 1 BUN B0
SXFREL H BRI ZH /N B, Ser . BUN 7K SFE-BH i
FE (P < 0.001) ;5 AKI AL RIZH A0, HDG 1K,
T R ALY Ser \BUN 7K1 R [ RR BE A AR (P
< 0.001),H HDG @l T B, 28
HDG Al AWK AKT /NS B ThEE, WK 1,

B 1 HDG X AKI /NEL Ser F1 BUN /KRS (x + s,n = 6)
Note. Compared with control group, “* P < 0.001. Compared with AKI model group, **P < 0.001.
Figure 1 Effects of HDG on Scr and BUN levels in AKI mice(x + s,n = 6)

2.2 HDG ¥ AKI /MR B iR IE LR R0

HE & PAS Qe 25 R W ox, 5 X AL A 1L,
AKI A2 /N BUR S5/ 258D B /NS b R A
M2 AR | F A3 T WLIRFE, K i 48 1 4 i v
BEIEUUR S B 4 5 AKT BEAY 2 A E , HDG
I SR /0N B B 2L 2K I RD 46 24 i 32 1)
S8R, B /INER BB NS A B R R o e

T, B /N A i AR M A S R i, I HDG nl 2%
fife AKL /R B B4 . DLIEL 2,
2.3 HDG 3 AKI /MR EREHEXERFRIEN
A1)

Western Blot 7%, 5 %F BE 21 AH [, AKT 455 7Y
4N 5 RIEM A E H p-P65  TNF-a TL-
6.1L-18 WY IL¥ A B THE (P < 0.01) ;5 AKI
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TERVZH A LE , b3 9 5 AH JC 88 F7E HDG I = 7
M RBIKF BEREIR(P < 0.05) . WK 3,
2.4 HDG 3t Cis S/ TCMK1 208 % fE 8 <
EHMFM

Western Blot 255 i or , 525 HALM FL, Cis 45
I h 5 RIEM G E H p-P65  TNF-o IL-6 IL-
1B BRI BIH B IHE (P < 0.05) ;5 Cis A2
FHLEG, B3R 50 A DGR I 7E HDG IG5 351 41 1)

LBV BB (P < 0.05), HFEKIEES
HDG T Tk FE S IEA G, LA 4,
2.5 HDG & 4H Axin2 EARIERZIN

G P HALSE IR R, 5% BB AH HL | AKT 5 7Y
H/NREHZ0T Axin2 BB TR I 2 (P <
0.01), HFZERAITE/NE; 5 AKI A4 1L
L HDG G, Al A/ BUE 21N Axin2 9T
P B> (P < 0.05), WK S5, FEKIN 25

B2 HDG X AKI/P U UK BIE SR (n = 6)
Figure 2 Effect of HDG on pathological morphology of renal tissue in AKI mice(n = 6)

L GX AL, * P < 0.01; 5 AKI BRI P < 0.05, ( FEIR)
B3 HDG XF AKI /NEUE HAURIEM R E H AL (% £ 5,0 = 6)

Note. Compared with control group, “P < 0.01. Compared with AKI model group, *P < 0. 05. (The same in the following figures)

Figure 3 Changes of inflammation related protein levels in kidney tissue of AKI mice induced by HDG(x + s,n = 6)
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T 52 AL, A P < 0.05; 5 Cis BOB4IHILEE,*P < 0.05, (FEIF)
B4 HDG Xt Cis i1 TCMK1 AR AEA G E H AV (& + 5,0 = 3)
Note. Compared with the blank group, P < 0.05. Compared with Cis model group, *P < 0. 05. (The same in the following figures )
Figure 4 Effect of HDG on inflammation related proteins in Cis-induced TCMK1(x + s,n = 3)

5 HDG * AKI/NEURF4HZ Axin2 BRI (n = 6)
Figure 5 Effect of HDG on Axin2 protein expression in kidney tissue of AKI mice(n = 6)

i1, Western Blot Z5 5 7, 525 U4 AL, Cis 2 2.6 TCMKI1 BB 45 Axin2 it %% 4 RNA-

B Axin2 MEHREZKTFHE EFA (P < seq #THERERER
0.05) ;5 Cis B A4 %, HDG %, & 7 & 41 5 TCMK1 XFFE4HAH e, Axin2 i A HAETE
Axin2 K B EW (P < 0.05), WA 6, 14 768 2253 A | Fovh 25 S A5 B0 B I i S 1R
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B 6 HDG Xf Cis i55 /9 TCMK1 4N 45241 Axin2 8 FIRIBAEN (2 £ 5,n = 3)
Figure 6 Effect of HDG on the expression of Axin2 protein in Cis-induced TCMK1(x + s,n = 3)

A 420 4>, 45 AREG 55 249 A BRI A 171
MR ER (B 7A), #EaMmERERY
Axin2 #FA7T8 H EAE W LA AL B, i Ny A EAR
M2 1, g5 R R S JE & 1 ( amphiregulin,
AREG) \Hes tHI&5J% bHLH #% 5% [ (hes-related

family bHLH transcription factor, HEY1) WNT &
FEH 4( WNT family protein 4, WNT4) | & & 22 &R
FRIFHIN G HEHMEIAZIK 6 (leucine-rich repeat-
containing G protein-coupled receptor 6, LGR6) ,26S
HHERIE ATP [ 98 55 W2 6 (26 S proteasome

A TCMKI S B0 5 Axin2 14 ik 22 H 3 F K LE ;B B H EAER,
B 7 TCMKI1 X HRHYE Axin2 i3 FEHMFRZRILRER (x £5,0n = 3)

Note. A. Volcano map of differential genes between TCMK1 control group and Axin2 overexpression group. B. Protein interaction map.

Figure 7 Differentially expressed genes in the TCMK1 control group and Axin2 overexpression group(x + s,n = 3)
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non-ATPase regulatory subunit 6, PSMD6) 2K B 4|
HL bk 98 9 5 L& 1 (b-cell lymphoma 9-like
protein, BCLOL) Jun J5UJ#3E A (Jun proto-oncogene,
JUN) Bz E A 9 (frizzled receptor protein 9,
FZD9) % & I 2 (ankyrin 2, ANK2) # & H 1
(ankyrin 1,ANK1) 0-77 BEHHIK 3-B-N-£ Btz J A
AL (lunatic fringe, LENG) | DIX %% k4 45 8
F 1(DIX domain-containing protein 1,DIXDCI1) g
NEB B o ( choline kinase alpha, CHKA) |84 fifd
K44 F5 H ( myelocytomatosis oncogene, MYC) , ] HE
SRR (1 TB) . AREG TEZFh 9 R H &
FEETERY , WH90RAREG 2 5 B R
RO 22 AE Y HEARRD>2 I Ah, AREG & 8L AT
PEHEB AP Al R (HTE AKT P /R F 4 A
i,

.5 Cis B, *4P < 0.01,

2.7 TFIE Axin2 53T p-P65 #1 AREG EBH

i Western Blot #:1 T 25 415 Axin2 1o
FIRAFE N, SR E S 2 LM B, Cis
FERIZH f p-P65  Axin2 Fil AREG 75 I £ ik K F
THE (P < 0.05) ;5 Cis BRI AH FE | Axin2 i 36
KA p-P65  Axin2 Fil AREG 4K 1 kK
BEFE(P < 0.01), X 507458 — 3 (WE
8) ., BfJ5 A T MHE HDG J2& 15 8 i 4% Axin2/
AREG A S R ER , 4T T Western Blot £
W, 250 R, 5 Cis BIELA L, HDG &30 & 41
() p-P65  Axin2 Fl AREG 75 11383k /K - B i [
(P < 0.05); 5 HDG &5l & 4140 Lk, HDG +
Axin2 1 Ik B p-P65  Axin2 F1 AREG 7K
RBKF BT (P < 0.05) (WE9),

B8 I#ik Axin2 J5X p-P65 1 AREG MM (2 + s,n = 3)

Note. Compared with Cis model group, **P < 0.01.

Figure 8 Effect of Axin2 overexpression on p-P65 and AREG proteins(x + s,n = 3)

3 g

AKI $8 19 2 5 T B8 17 28 SR 3 2k, LA Ser I
BUN (1) b FHFIHE RIS > Sy 32 BERFAIE 1 — F B0
PEHIE H AT AKI S B SERET- R e S T
O EEE B IRIR | FLI I 5 S B SR T R Y
SEECAKL B RS B E A 2, B0 25 5 A2
B EEMEZY Y S e ML E | 9 S AT A
JUEXT AKT BRFE AR WO, B A AR 3R 2 A
BRI T LR R RS Rk, 54K

B A T Z A RIRIT T A, Cis 1R
h—&BUE i, )z N TR R U R,
{ELPRIH 5 2 1 R B R R AZ B, AR S 36 7 R
H Cis SR 20 M AKT B Fh gEAT F g, A
R 25 R IAE AKL /NER A, Ser &2 BUN 7KF-H
TR B R R e ] DL Y B A IR,
F&E /NG INFE 2 AR M B /N R 4 i i
VRS X5 AKL WG R FREARM) & o RSS2 50
FRIRR T Cis 3755 H9 TCMK 1 20 i 48 i 455 74 A5 41
AKI /)N B R 4E W, W UL p-P65 | TNF-au, IL-6
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T HAsAUUALE, 444 P < 0.001; 55 HDG w4 L, “ P < 0.05,
B9 HDG i I##E Axin2/AREG #ll &S AP YERH (2 + s,n = 3)
Note. Compared with the blank group, *** P < 0.001. Compared with HDG high-dose group, ® P < 0. 05.

Figure 9 HDG exerts a renal protective effect by regulating the Axin2/AREG axis(x + s,n = 3)

IL-18 RIEASCHE A & EF-,

B 25 76 B B IR T R AR 2 AR
PN HRTE 2 25 T SRR G X R
TR A, B A Rz 2 T B8 A 10 R FE T AR
B2 B 0405 5 T 2 4% 0y 3 1 10 4 TLR4/
MyD88/NF-kB i ' 2 fifk 4 2 P RS ' s K B
B AR A 22 WSS s R B T B
BB A AT LU A T 8 B A0 A P Y Mincle
RN AKT H A 4 SR, HDG AR
FBLZH N P = B 7 B0 43 A A F 1 rh 24
A, FLAE RRE 7 TR N 43z, AR R B
HAT L@ s NLRP3 R 5E/MA & NF-xB {5 %
PR BTG SR K R b B 403 5 38 T L it
] JAK2/STAT3/MAPK 15 53 5% ok Kk ¥ 75 &
KRR ARG F I 5T 8
& B HDG 7] i i A330074k22Rik/Axin2/B-
catenin B3 AKTY | {H H VB AE (9 M F AL AT 0k

— R R, AW ST B AR Y A0 5 5 45 AR 2 3R B
HDG X Cis 5 5 10 2Pk B B0 /N B BA A A 7
B OR3P VR, BERE IR S0 AH G B (I iy Rk, I H
AT BEAELEF AR

Axin2 J&— M i 843 DNEIER K E A
B, BT N 17q24 S YAk el h
JE—Fb I R b R T R
WNT 38 #% 19— A~ 5 98 57 X+, BAl LUK &
WNT {5538 56 10 T 2 3500 36 00 9 ELxH Y
KB VSRR B /N 40 K P 2 TR
WNT 3 J# 2 AKT 3F J b i) — A~ 5 200 %7
AHFFE R, AR P A0 52 B0 A Y 2 rh 4G I B Axin2
FI IR KT, BATE AKT H Axin2 #5506, 5
Z MR B4 HDG T HU5 A4 /N B 41 i A
Axin2 UFEIAE R, BB HDG W] LA Axin2
(35, T T4 Axin2 1B IR0 88 5, A BF
FEHAT TGS | I 465 SR A 57 45 SR e R
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AREG A HE/Z Axin2 B TUEHAR, A7 L5045
W] AKI BRI R | Axin2 AYZR K00, R A
AREG MRk F &, R T #E—2L B HDG &
W JE 5 Axin2/AREG B & ¥ 5 R I V8 H AE
TCMK1 40l FP s 2635 Axin2, & IR E A 56
3R [F S AREG By 33K K- I, 4l -3 L)
HDG T T8 40 il Axin2 , AREG 1 48 i #H ¢ 25
FI R K2 T8, M ZE Axin2 55 235 A9 40 i
[F LA HDG #4751, & B HDG X} & iY O 4
YERIE R , RAEFHOCH 1, Axin2 Fil AREG By 3RiA
AOEFR ETFF, X segs Ui HDG A el
I Axin2/AREG %l A BTG A& 4878 AKT i £
FHEH,

AREG & & B £ K A F 52 /& ( epidermal
growth factor receptor, EGFR) % Bt {4, il & 5
EGFR 254 , TEASUEIE | 48 0 R G 58 55 Jy Th A& 45
WEMEH, BRI R AREG 78 [ Ik RIE X
T8 SE RN /NER B R T A AR UEAE O (H
TE AKT g EH R WA . HLAh, AREG 7E 5 4F
etk R VEF E A GE . OSAKABE % [ fifF 5%
KM AT AREG /KF5 CKD #8411
2 4FEFN 3 AFEJE Y Ser 7K IEARDC, I HBE RIS B
o R s P v ML S8 0L TS ME AREG K
FREF . AREG 7EM I CKD &5 'S /Mg
YR R R, T AE B T RE AR AE B R 3 AN R
ik PRI T ¥ AREG 7K F 7] fiE/E y CKD
BEBRRME BN EY R E D,
KEFALOYIANNI 255 BF 55 E 52 T AKT FlE £F
Ak 5 BT APE AREG 76 AR B2 3R, IF
I A S S B E AREG AT M 4 1 42 2F 4k 4k
VEFH , 3 Fh A FH 23 H TNF-o 175 519 proAREG 244
i AREG il SON 4555 fdi ] T Wi A phy 2
i R4 155 BHL ( unilateral ureteral obstruction, UUO)
I RS UK B (adenine, AD ) 155 1 B 27 41k 3h
YIREA BFGEER 1A AREG (1) [ 2 255 o o 400 o) 1k
RNA (SAMiRNA-AREG) X '& £ 4k s r fE H
%P SAMIRNA-AREG 2 & %MK T UUO 1 AD i
T AREG mRNA ik, A 50055 B 2 20 R E Al
B 25 Ak, R S SEBIESE T SAMiRNA-AREG 3
559 17 TGF-B1 1755 4H it 7 3 5 7= A= AL £ 4
A 434k, I & BAE UUO 8% AD #5813 i
AREG EZE N Fimm B /Mg . XS RIESL T

AREG TEB 14 h VR T, 5 27 4E i 36 97 S 41t
T2% , Axin2/AREG 7 AKI H iy HiE/EH H
HITE Pubmed H7 1 R 4G 2 5], 33X /2 AS B 5 19 8T
AL,

25 b AWM HDG RERSI8EE Cis 15310
AKI /NS B T RESZ 400 418U B TS | RRAR JAE
FHOCHR 3R , 7] Axin2/ AREG B B0E | 3%
AT AR A B PR A 4 FH A DG83 R I IR 9T
AKI 324 T RIBERHT T 1], SR A ST R B BLAA
BB HDG 45 Axin2/AREG %l & FEHT R AVE Y
Btz it — P&,
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SHOR AR DEN 75 5 BB % 1 I
KR {1 A
ke RRAEN OFE  CEHAT ER 2R

(1. TP EZRY: T 530200;2. J PO EAREE—MRER, T 530023,
3. VI EABIE R FAYE SRS, T 530023)

[HE] Be HH 3 AR IR 45 W A8 I (diethylnitrosamine, DEN ) #t 37 K B R & P A 9
(‘primary liver cancer, PLC ) F5%1 SEME—DER FAE B PLC SRRl F3E  FkENE SD KR
45 F RS A 4 4L, 40 R IEF 4L KR4 (50 me/kg) PR A (70 mg/kg) | i R4 (200 mg/kg) o IE
W6 K HARMHA 13 Ky IEWAANUEMAL R, (5 1 ~ 4 J, BRE TS 2 0,585 ~ 128,15
JEIESS 10 o 2 A PR R I 0 1 W 3 16 A m R LR 1 R4 2 1 R, BER RS ALR IR 16
Jil o Gl AR AR B AN A ARSI AR BT S A A | R S W B S 1 ( ELISA) SR 5 i
EBAL S AT, SR IE R AR RAEIE R 100% K54l 46. 15% , iRl 2H 2 69.23%,
RN 84.61% , PRI I 2 R BT AL 2 DL S5 5 A0 791 B8 41 O U B0 e A 8, 3 v B v A , mp 20>
SRS UMb RS A 5 v 2 R BRI R TEDRLRE | T DL /NI IR A5 0 SR FOIR o 5 PR 2 1 T b R A e 7
A R U R W R IR RRE R W] 45, PR R-HLL(HE) Bt oI il s 4 2 45 M =
L, 2 L S P R 0 BT L, v 7 B 2 TR/ N SRS TR O, A0 B S S TR R BE K i AR P IR K DL W]
MR AIE R, S5 1EH XS ARG s R 2 M E A TN 5L Z U (alanine aminotransferase, ALT) (75 HLHG 2
Ji} ( aspartate aminotransferase , AST) JEIHZL 2 (total bilirubin, TBIL) Y745 Ft 15 ; IG5 5 41 ALT AST FHiE B 3& (P
< 0.05), 25 HA WY R4 ALT AST TBIL ) R EFF & (P < 0.05) , 253 HA B EW, Ml aEan
ALT (AST TBIL SA7 7t i, (BT AR, 225 T B EME(P > 0.05) 5 S5IEH 4UAH LE 50 it 41 SE i DO RE 1+ Pr
FruEAL HMH (international normalized , INR) B B3 E (P < 0.05) , 22 57 HA T F Ve, 75 463540 B 100 55 W i [a)
(activated partial thromboplastin time , APTT) % Ifil i J5 5} [8] ( prothrombin time , PT) | i 2 41 ( alpha-fetoprotein
AFP Y HEFE HEF TR FE(P > 0.05) ; FRIEAIMTE APTT PT INR ,AFP /KB EHE (P < 0.05),
255 BAT B B R LT PT AFP /K425 (P < 0.05) | 25 5 HA B3k, % APTT /KBNS A 15 (P
> 0.05) , 250 e th R A MR B THE (P < 0.05) ARG B ZH IR BT mi (P < 0.05) , i) i 20
JFHRET R (P < 0.05) , 22 5 547 M A% b s ) LA T2 20 AFP 6% BEE I B T (P < 0.05) , 2
SEHADEME, &6 KPR EH T AEES PLC KRRARR 8 A 551 & 21 A% s FE o AS A A A RS A 4 SR w0
TFE NRIF LN 05 % e LT de b 1k e 20 e 19 A pILER, EL2A 25 WBCE /b, RIRAF I R
15, BEEE N T 28 5 S B AR AK PLC Y
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Comparison of three different doses of DEN induced primary
liver cancer models in rats
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[ Abstract] Objective Three different doses of diethylnitrosamine ( DEN ) were used to establish a rat primary
liver cancer ( PLC ) model to establish an efficient, stable, and economical animal model of PLC. Methods
Forty-five male SD rats were randomly divided into four groups: normal group, DEN 50 mg/kg dose group (low dose
group) ,70 mg/kg dose group (medium dose group), and 200 mg/kg dose group (high dose group). There were 6
animals in the normal group and 13 animals in each of the other groups. The normal control group received no
treatment. The model group and low dose groups were injected intraperitoneally twice a week during weeks 1 ~ 4 and
once a week during weeks 5 ~ 12; the medium dose group was injected intraperitoneally once a week for 16
consecutive weeks; and the high dose group was administered only once in the first week. The rats in each group were
then followed for 16 weeks. The establishment of the model and optimal evaluation were verified by survival rate,
pathological tests, biochemical tests, liver and spleen index calculation, immunohistochemistry, enzyme-linked
immunosorbent assay ( ELISA), and other assays. Results The survival rate was 100% in the normal group,
46. 15% in the low dose group, 69.23% in the medium dose group, and 84.61% in the high dose group. The liver
tissues of the rats in the normal group showed no abnormality to the naked eye; the liver of the rats in the low dose
group became darker in color, rougher in surface, with a small number of cancerous nodules and slightly hard texture;
the liver of the rats in the medium dose group was rough in surface, with several small cancerous nodules and scattered
massive occupying nodules and hard texture; The liver of rats in the high dose group became lighter in color, slightly
rougher in surface, with no obvious cancerous nodules; HE staining showed that the liver tissues of rats in the low and
medium dose groups were structurally disorganized, with large cellular heterogeneity and tumor cells. HE staining
showed that the liver tissues of rats in the low and medium dose groups were structurally disorganized, with large
cellular heterogeneity and tumor cell formation, while the structure of the liver lobules of the high dose group was
unclear, with different degrees of edema, degeneration and necrosis of liver cells, and no obvious tumor cell formation
was seen. Compared with the normal group, serum liver function alanine aminotransferase ( ALT ), aspartate
aminotransferase ( AST) , and total bilirubin ( TBIL) were elevated in the low, medium, and high dose groups; ALT
and AST were significantly elevated in the low dose group (P < 0.05), the difference was statistically significant,
ALT, AST and TBIL were significantly elevated in the medium dose group (P < 0.05), the difference was
statistically significant, and the difference was statistically significant, although liver function in the high dose group
was elevated, he increase was not significant, the difference was not statistically significant (P > 0.05) ; compared
with the normal group, the international normalized ratio (INR) of coagulation function was significantly higher in the
low dose group, with a statistically significant difference (P < 0.05), and the activated partial thromboplastin time
(APTT) , prothrombin time (PT), and alpha-fetoprotein ( AFP) levels were increased (P < 0.05), and the
difference was not statistically significant; serum APTT, PT, INR, and AFP levels were significantly increased in the
medium dose group (P < 0.05), and the difference was statistically significant; serum PT and AFP levels were
increased in the high dose group (P < 0.05), the difference was statistically significant, and plasma APTT levels

were slightly increased (P > 0.05), the difference was not statistically significant; liver and spleen indexes were
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increased in the medium dose group (P < 0.05), the spleen index increased in the low dose group (P < 0.05) , and

the liver index increased in the high dose group (P < 0.05), the difference was statistically significant; the optical

density value of liver tissue AFP increased significantly in the low, medium and high dose groups (P < 0.05), the

difference was statistically significant. Conclusions Both the low and medium dose groups could successfully induce

the PLC rat model, but the pathological changes and biochemical findings of the medium dose group were more

consistent with the pathogenesis of human liver tissue from liver injury to hepatic fibrosis to cirrhosis to hepatocellular

carcinoma, and the number of administrations of the drug is less, and the survival rate of the rats is higher so that a

more cost-effective and superior PLC model can be established.

[ Keywords] primary liver cancer; diethylnitrosamine; modelling methods; rat; model optimization
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52k ,12 ~ 16 J&, 4EE 1 0, SAWONG %' i
WL 50 me/kg FUS LA 30 mg/kg A DEN J i
5t DEN 4§ J8 2y, J 552 12 J8) pli oy g 57 A A
R R BRI RE L YT, PLC BEAY (H R i v
SHRVEBIGE 22, A1 I ] AR T RE K, A FSE
57 LEAF A () 110 EeF 8] P 2 s 3 G Uk B8R 2
7. PLC R BB

1 MBEFE

1.1 ##
1.1 SERshy)

SPF Atk SD KB 45 H,4 ~ 5 JF#E (K%
(160 = 20) ¢, W BRI KD T REVAEYEASA
RN H] [ SCXK (#1)2022-0011]) , 35 T va 2
R 2E R 2E S 0 [ SYXK () 2019-0001] .
TFEASE B IR HIE 20 ~ 25 °C, AHXHE A
FEHITE 45% ~ 70% ,12 h JEERIERT | [ ot Al
Yok, BN PEREFR 1 EG AT E S, ARSI
ATV R 2 R AE B e 3 2 5 S Ik HE (DW
20231016-228)

112 FERH S

N-Nitrosodiethylamine solution( Merck ,40334,
B | H G 8 F (a-fetoprotein, AFP) Polyclonal
antibody ( 7 =& | 14550-1-AP, Ff[E ) .CUSABIO
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Rat AFP B 502 W a1 & ( ELISA Kit) (Y
4635  CSB-E08281r, H1[E ) | f e 41 fbid H 23K 5]
B (HZ4EHF, PV-6000, 1) DAB B EIiRF &
(thA24HF , Z11-9018 ) |

2 H 3K HL (PkK, LEICA ASP300S, 74
) AL ( FEER K, Thermo HISTOSTAR , 56
Y. ¥ R AL (3 B K, Thermo Shandon
A78100101, ) % K #L (&4, ZKPJ-1A, H
A) B P — 1R HL (B FE R, DP360 + €S500, H
) OF EGeE B (EARE T, Olympus BX43,
HA) EEFRY (FEER K, Thermo Multiskan Go, 38
) 4 | Ak AT (I %, BS-600, HE) 4
A BEE L BT (FERHA T, SF-880C , ) |
1.2 FHik
1.2.1 ot Jabtedr ik

SD KL 45 HEEHL - MIERH 6 H K
EAEAS 13 K IEWAAR T AR 206
AN F BB DEN & #5857 7257 3 % 50,70
F1200 mg/kg 73 AIAE AR | v 3 o 20 45 24 o
A 1 ~ 4 )8, RS 2 K8 S ~
16 J], BRI s T 5 1 k5 v R A g ) IR s
SRS 16 JB E AL 1 IR A
WK Bl G RS R R 16 4
1.2.2 KEM—BE o0

R R, RO SR 1 RO R AR &,
RAEE K R AL B & R HCRES I e 5
1.2.3  PrAcREE

RS 16 J8 5 F A B L2 A A s 1 SRR e
KB, B T8 KGRI, 3000 r/min B0 15 min, $2
B I3 B F-80 C kAR, A% 4 A sha 1k sy
BEASC ELISA A6 0 Kz ¥ 1t 43 AFr ASCAG: I 5 B e 1) B
JH B ZY, AT R PR SR, Lh A A 2 A R
5 KN, RS R RO 2 g /)N B B s
B Ko, I NGE 5 (I MBS T a /R T A
x 100%) ; BB 3 cm x 4 em FFAHZVE T 10% 1%
R 24 h 5, TR AR R -2 (HE ) i FR g
o 5 gk,
1.2.4 2 AT S 2T S0R: 2
REFIEE I T e

B ISE R Tk LS, B T2 H

A=A A3 BT ASCRIEE It 43 B A ARG
1.2.5 ELISA ¥4 AFP

AT, K ELISA 320570 & r A iR RE i T
IR 30 min, ILIE 7RSS PR, BC AR
EPiR(1 x ) HRP-FIAEYMEEMA (1 x ) PEkE
PR (1 x ) JeARifEST ST 7 AR SRR S 7 48
FUAR ST 3o 2 J5 , 76 AR N A9 0 2 FLAR 43500 Jim A
FRAE S AR S FEA 100 pl,37 CHEF 2 h; 2]
LA A, B FLM A 100 pL A9 F Pk
(1 x),37 CHWFAE 1 h, BIFFLACRAA, PE% 5% nh
W1 x )W 3 R, BHK 2 min; BEFLINA HRP-3T
EMEE (L x )100 wL,37 CHEE 1 h, BEikSE
(1 x ) IEYE S IR, BER 2 min; BFLMA TMB
JEEH) 90 wl.,37 CHEEEIFH 20 min; FEFLIIALZL
W50 pL, 5252 5835 ¥495) 5 min N HBEEFRMUAE 450
nm A& W 7 B A FL 1Y O % FE (optical density,
OD) fH.,
1.2.6 JF4141 HE Y(n

JFHZ2E 24 h [E5E 5, 5901 em x 0.2 em X
0.2 cm FAZVE FAHL UM S, FK YL 6 h,
DL BRZL S 0 [ 2 W, B HE S A 4 A B
IKHLIEAT B B ME K, Ay s 0 38 0 e | 5 P 2
AURHYI 4 pm JEY) 7,65 CHERPLERE 1 h
Je B 5 e — AR AL IEAT A0 KV G K E
B, P e A, SRR R
1.2.7 PRI AFP ik

[7] HE Ze ik 52 i KA 1 em X 0.2 em
x 0.2 em FFAHZUES VIR e, HZH 2R K2
7K s AR FR A A TP RAE &, I AGE &
PR A AL B BE T ¥, = IR 10 min, PBS
SRR e 3 YR, AR 3 min, W% LU I B 30
min, JEI1—H0(1 : 100)4 °CHEH 7%, PBS ZZ
W e 3 UK, B 3 min, —H0 37 CHEE 1 h,PBS
PR PR 3 YR, YR 3 min, DAB QL i J5 R R 2
Y WK B R R G WA TSR
1.3 Sit=ESH

KA SPSS 21. 0 iR A4 47 55 30 55040 o3 47
HHEVORER LSE YA = dprfE2 (5 = 5) FR Ml
H ¢ K58 5% Wilcoxon #5617 40 8T, 2H ) HLAER
FHEAR R I 2200 Mk, LA P < 0.05 =R HA
B, H Image Pro Plus 6.0 K& A B {2
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FEEIIHT AFP 3R F8PRE 10D (B A9F-3MH .
2 4R
2.1 KERMU—IFR

TEAEII R, 1E R K BB KA OBEE, R IR
DR IRE RO S AL SR Y R W S5 I
B K 5IER 4 A K R4 R R

FI5 6 JAJT tf , 12 1 IR B 0 I 2248, B 00
B B O AFHAR GE S 5 W AT N4
T, A 10 JEIF LR, B A PR AU s R
B3 IRBRAE B RBAL B H e H LR B AT
SERI, R R AT KR 218, B
TEH ADCEER I R H— B, 15 BREE AR, R DL I
5 HAT N MR AEFRI (LK 1) .

B 1 PUZHKE 16 JEBT A3

Figure 1 Appearance of the four groups of rats at the age of 16 weeks

2.2 TFiaRtHE

TR )3 16 J&], 1E W AT R 100% ; 11K
i KR BITES 5.6.9 1 16 J& HBIFET, IE
FET- 7 H R R B BiIAE S 5.12.15 H 16
JAlH BRAET:  HAE T 4 H i) B 2 R BUZE S 2 )
1= 2 H(WZ 1), A GraphPad Prism 5.0 %k
) Log-rank a2l A h 2k, 16 K E A
PG 100% , 150 A7 15 35 46.15%,
FIE A7 RN 69.23%, = 7l & HAFTE RN
84.61%(ULIKl 2)

R 1 U KA E ) g A A7
Table 1 Survival rates at different time points in

four groups of rats

EH R Hh 1w 1)
]/ /% /% H/% H/%
Time/week ~ Normal Low dose  Medium dose High dose
group/ % group/ % group/ % group/ %
2 100. 00 100. 00 100. 00 100. 00
4 100. 00 100. 00 100. 00 84. 61
6 100. 00 76.92 92.30 84.61
8 100. 00 61.54 92.30 84.61
10 100. 00 53.85 92.30 84. 61
12 100. 00 53.85 92.30 84. 61
14 100. 00 53.85 84. 61 84. 61
16 100. 00 46. 15 69.23 84.61

VEAFIE R = SCIR S5 A 1 20 R A7 16 R0 % 4 R RSB
x 100% .,

Note. Survival rate = Number of rats in each group alive at the end
of the test/total number of rats in that group X 100%.

2 IEH A SRR KR A2
Figure 2 Survival curves of normal and

model rats

2.3 FAKXKREREMAT FRIEH

ST A R 1 OK AR T R, v
BT 3 8,4 AR BRI A o i R DL BH (B 25 8E , B 26
4 JES Bt B R A () A R SR 2R G o
FI e 2 K AR R R o B K SR8 R, H AR
7 JEE A | AR 2R R B R R (P
<0.05), (WFE2), MEFash&BILERE,
AR e 4 A R 2 i AR (] A S A T
B R R O e, DA e e (LR 3)

16 JEIA BB, X 45 20 K BRI M 45 A -
ok, HIER A g, bR s AU R 8 s B
ETHE (P < 0.05) K e 50 & Tt (P
< 0.05) , AL JgFE BOR WA B T+ (P >
0.05) (W3R 3 . El4),
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®2 ARG BT BRI (x £ 5)

Table 2 Changes in body mass of four groups of rats in different cycles (% + s)

i1l L G R4 AL g A B g P Pl
Time/week Normal group/g Low dose group/g  Medium dose group/g High dose group/g F value P value
1 166.83 + 4.79 163.92 + 4. 89 165.08 + 5.40 166.23 + 5.01 0. 656 0.584

2 184.33 = 7.55 190.69 = 11.10 186.69 + 11.19 177. 84 + 40. 06 2.615 0. 064

3 209. 83 = 16.98 200.23 = 12.72 187.08 + 17.94° 198.36 + 12.75 3.550 0.023

4 237.00 = 21.93 186.92 + 13.52 181.08 + 21.08" 217.55 = 21. 64 16. 430 0. 000

5 263.50 + 21. 89 197. 83 + 32.79° 209. 25 + 34.52"° 238.73 £ 21.90 8.582 0. 000

6 279.00 + 13.35 243.50 + 52.47 230. 42 + 40. 88" 263.55 + 18.80% 3.128 0.039

7 320.50 + 24.52 265.38 + 70.29% 240.17 + 52.32" 283.18 £ 15.59 4.389 0.010

8 358.83 + 23.72 302.71 + 75.68%  257.25 + 49.00" 305.55 + 17.51 6. 866 0. 001

9 388.67 + 24. 64 322.86 + 83.20° 266. 83 + 48.40° 326. 64 + 20.51° 8.909 0. 000

10 419.83 + 26. 15 364.14 + 97. 63 298.00 + 54.96° 351.91 + 21.69° 6.813 0. 001
11 453.50 + 28.58 371.43 + 103.42°  293.42 + 56.33% 373. 64 + 22.06" 10. 722 0. 000
12 481.00 = 31.29 394.71 = 108.89”  299.45 + 55.68" 393.55 + 22.46" 12. 544 0. 000
13 502.67 + 29.58 402.00 + 109.51*  304.00 + 64.80" 419.18 + 24.79° 13. 895 0. 000
14 529.83 + 24.94 410.14 £ 115.10*  301.45 + 60.53" 444,91 = 25.74" 18.797 0. 000
15 558.50 = 20.48 414.29 + 115.80°  305.50 + 68. 66" 473.09 £ 22.31%  21.229 0. 000
16 583.67 = 15.04 416.29 + 127.26%  314.11 + 67.62° 496.91 + 20.56" 21.192 0. 000

W SIEEHAMI, 2P < 0.05, (Tl’ﬂ/ﬂ%l‘])

Note. Compared with normal group, “P < 0.05. (The same in the following figures and tables )

T SRR, " P < 0.05,
3 DL RUAN ] ] s AR T e B 25 AL A 00
Note. Compared with low dose group, * P < 0. 05.

Figure 3 Dynamic changes in body mass at different times in four groups of rats

B4 IR LA

Figure 4 Liver body mass compared to spleen body mass
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£33 UAR BB (x £ 5)
Table 3 Comparison of liver index and splenic index in

four groups of rats(% + )

20 51 A R % R H %
Groups n Liver index/%  Splenic index/%
=4
e 6 3.56+0.03  0.13 + 0.00
Normal group
FSIR=24
fiem AL 6 5.24 + 1.43°  0.31%0.16"
Low dose group
=54
R 10.82 + 1.49% 0.6l + 0.16°
Medium dose group
f=Filke:
ol Al 11 2.78 + 0.31 0.14 = 0.03

High dose group

2.4 EHARHEBEETHEERMELER

IEF AR BRI IEH R WM A g &
AR 0% 5 PR AR T DLAVG 5510 & 21 K U i % B
R~ 3G I AR 100% ; ThF a2
KESFIREECH N 5 ~ 8 DA N KRN
100% 5 =5 57 0 41 R SRUF 2 W8 TG i gge A K, Tif o %
AR 0%,

2.5 Ii&F ALT.AST #1 TBIL iR ERILLER

HIEWHKEAM L KR4 ALT AST &3
FHE (P < 0.05) , 554 ALT AST  TBIL ¥J .
FFE(P < 0.05) , =l a4 ALT  TBIL &4 J
w (HZERICREE(P > 0.05) (WK 4),
2.6 EEININEETELERS R I iE BE AT 18] ( activated
partial thromboplastin time , APTT) | %% Ifl &g /&
[&] ( prothrombin time, PT ) . & B #5 # 4 Ltk &
(international normalized ratio, INR) X I i&
AFP 7k

SIE R AUAH G IR B 4L K INR 7K F-BH I8
HEN(P < 0.05), IM3% APTT . PT M Ifil%E AFP ¥
ATt (P > 0.05) s Rl a4 IE APTT PTINR
K fitiE AFP KB (P < 0.05) s mFlEA
M3 PT IV AFP /K3 E (P < 0.05), Il 3¢
APTT KB A THE (P > 0.05) . {15 ETEM
S, W 2 6 HA 3 40 APTT  PT . INR , AFP
P E Tl AR AFP KT B B (5.,
Kl5),

F4 DUAKEUMTE AST ALT Al TBIL H#R (x £ 5)
Table 4 Comparison of sera AST |ALT and TBIL in four groups of rats(x % s)

4531 BINEEEE/ (U/L) B E NS/ (U/L) SBLER/(U/L)
Groups ALT/(U/L) AST/(U/L) TBIL/(U/L)
g4
IE% 4 36.65 + 3.17 89.95 + 5.36 0.88 = 0.20
Normal group
1 2y
il 100. 77 = 19. 80 250.43 + 68. 58" 6.84 + 8.26
Low dose group
)74
SR 106.39 + 21.16* 345.89 + 23.93% 51.35 = 10.86%
Medium dose group
=% il
. FR A 38.45 + 3.62 88.10 = 14.32 1.49 + 0.50
High dose group
x5 PULHAKFIMIE APTT PT.INR Fl AFP 8L IE ML (x + 5)
Table 5 Changes in APTT, PT, INR and AFP in four groups of rats(x * s)
215 T AL A3 I3 A ] /s 8 10 i L 7]/ [l PR e Ak HL IR/ (pg/mL)
Groups APTT/s PT/s INR AFP/(pg/mL)
oy
B4 16.80 + 1.70 16.30 + 1.49 1.32 £ 0.13 64.78 + 4.30
Normal group
=4
fEL 2L 19.02 = 3. 14 18.10 = 1.92 1.52 + 0. 16% 187.00 + 93. 08
Low dose group
F=4
SRR 21.71 + 2.70* 20.50 + 2.26° 1.66 = 0.08" 828.47 + 51.02°
Medium dose group
[=%iilhed
F A 17.19 = 1.22 17.12 + 3.06° 1.29 + 0. 12 380.77 = 51.02°

High dose group

2.7 KRB FRIBFEIZEE
B K BT R e, R mEl, iz

B, PIRLEE R WL S8, R ALK BT 25
(AR, FETTECHLRE , A IR T 00/ B 515 26
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5 DUZREUNE AFP FAMEKE AR
Figure 5 Comparison of serum AFP positive

levels in four groups of rats

T A A 2 K I R i (1
AN IR AT DA /N R A A B R
REPEZETY, Tt e A, AR50 e 2R AR L T8
L5 R 2 BRI T 1At 3 41K,
figpEAE R DL S5 L R e ) 2R
JIF B € A2 1, 2 TR RLA | R IR UL R DL 1 o 245
WK 6)

HE Je 857 (DL 7) < IE 5 240K R 2145
P TR B, /Nt S5 52 48 IF A i R/ 1 &) HLAE
BT, LA SR lbk oA s 1 DY ) S AR
Hefri o ARG ALK BUIF A L85 M 3R, Hh Bk
INA = TEARA TN By B/ N JTF AR B AE PR IR SE,
S RV R B AR K HESIZE L, JR il X dml

6 DUZLR UL — Bl B

Figure 6 General liver appearance in four groups of rats

B7 & 16 4 H K BRAT4H S HE YL R B Bl

Figure 7 Pathology of HE staining of rats liver tissue in each groups after 16 weeks of modeling
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B8 UL KERIFHL AFP S 41k E%

Figure 8 Immunohistochemical images of AFP in the liver tissue of four groups of rats

S5, SR AN R A 2 H R YRR, e AR
ARG, 968 40 0 o) £F 2 4l 2006 A /I il 45 38 A4 HL 5
I BA 52, JA 4571 PO FR A i 22 B R IRBE, sl Al
KT ZFL, /NS 8 2 w4 1y
B RHS N X R %A YK R, £ 4
A A e A M o AR B e A A SR
SCRARHED S R ) UL R/ INAS SR R A oy
5 YHMIAZ G A SE PR AR A, e 5 AR R
N SERA AN WA, JHF 200 B HE 570 A 1 5 2E AH LR 25
L, FARAE) iz A AR
2.8 BFHAL AFP EBXRIE

oL AL 25 W . I H 4H BT 40 M 40 e R 5L
o TR D] AR BT AFP 2P RIR
SIE ARG AR H | e 70 2 4 240 P S 1
IS [A] 72 B2 B B B BT s ) AFP S BHPE SRS (DL
¥ 8), FIF Image Pro Plus 6.0 34X} 4% 20 fiF2H
21 AFP JC% B (E ST R St 4 AE RS
B, S IEE UL K s R =41 AFP 3
B TFE (P < 0.05), {E159 1 & &l 4
AFP fHMEFR IR B E (ILE9) .,

B9 HUKEUFHL AFP FFEREAKT
Figure 9 Degrees of AFP positive expression in rat liver

tissue in each group

3 it

FIRT, PLC fY A& AL 18 A 5€ 42 BB, o X
ZHR i, KINEE TAER(Z8E) &R
qFR R g R R (2 & (arbon
tetrachloride, DDE) | B-75 F& C %¢ 5% T & 2K 1 |
DEN  PUE ALk ( carbon tetrachloride , CCl, ) 25 k2%
HHY REEERY, e TR M EER
GBIk PLC, MeAh, W8 I 3 i e 2 PLC
(1 B R R AL =2 — 1 ST IR 0 R
AT H R ML TR A A 1T
SR IFF e IR YT 0L, N7 R 0 8 U Y Bl A
RUJERESE PLC B ESRAFZ —,

DEN 5 CCl, i 5 09 JF o e A8 o F2 5 A 14
PLC &b AR AR & B RN R Z 11k
ST FIE TG R DU SRRE 1 Ji 2] i 1) s A2
AR PR B 2 /N PLC B8, 258 2
At/ B, W98 2 B 4 B 2 2 ) O A 0
AR /N 2 R, K2 24 ~ 48 JH Ik
T IR AR, HARRAC L 44 /b | e LA 2
PHIFRT 2, RS/ BURZEARL, JH I I A A 45
2, BEN R 2 m BHIF ARSI, PRI T 28 s R
LTS SRR+ o E L 7 KR PLC
BUTEA T PLC BIIRABFSE

JH A v ALT 322255 A5 200 i 0% Jl 20 0
JIELAE A48, 200 53 07 5020 i PN 3 3 M 3
JELHE P B ALT BB T 5182 L T ALT 7+
AST B0 AT TEHRLA B0 ™ E I | ML AST
e WA 2 A2 REAS I () AR bR SHZL R
Ve a7 RS B A W bn 59, S AE T3R8 m
ARG, 2 PF Al i RE 6 S5 S 1 5% B 4R AR
AFP 2R IS W T e S M 4 v 1 B R A
PLC 35 1Y Mo 98 J o 2 Sy K 00 e T 5 L 7Y
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K B0 Y o S SO RE, KRR S S 8UF
LA B SR S5, 5T 0T R Ak R R
i ARSI B BRI PR ARG A 2
LRI I ) Be 48 Bt =, &8 1Y) BERE A, AFP
Fhim A5, B I AR BOE AR I IR
JEMR , FEARSLEGH, 225 16 JE Y DEN Ji i 34,
R ERZE S A R A R AL RE T PLC K
U TR, 550K 50) 2 4H A b, o 3R o 2R U T R
AST ALT TBIL, Il DIfE APTT INR PT JH 845
B ET L L NS AFP ik i T
Fo MANIL LA, Hss) e 41 0 R RR A s B T T 9
IR, LA 40T, R4 PLC KRUER A
NI PLC &9 i 3t /8

VLAFK PLC K AR 98 420, — O T A5 35
P&k RNy TG | B 8 Wil /A A
BRI IEA R TAEH RS
X 5 —J5 1 E P A PLC R BRURE U ¥ A5 7 1k &%
S, B TE] 80U R0 o S A AN A ], A O o —
e 6 B =AY PLC AR ARy A ) 4 ik 52
AR A S, TEAHESE T, 2 I E MO 2
/NELPLC BRI £ 250, (] 4 ~ 5 IR
B, 25T 3 PSR & ) DEN il 4 PLC KR
R R IR DEN 45 R 1 U e 5t &
2216 J5 , RERINAS PLC K RUBAL 504 1
BT EAR L IR 7 AR 3 A U B[] s 2
AR I BB FIAE NG 28, S8 — PP AR Y
BTk AEASHE) N

SRMIAS SE G0 AFFE — 28 1Y SR BR 1, i 452 7 =X
FE 2 5 3 — R kM s S5, S A ] o o 4
R, EEE 16 A N i 1 S R S I PR T
SEUEYI B DEN 122 fist 19 I (8] 858 K, IRUR 48K, 31X
FURSIE TAEE BRAEbR I, Mg B s i, T~ —
ARG A DA Ak SR R B AR ALY PLC R RS
LU R G X R W R M o P ()
HUR Y o il A, LA ESE PLC 19 & e AL
il TR v R IT 20 W B e R i kB Bt v Ak
LA fEEERSEE SRR
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Study on patterns of traditional Chinese medicine syndrome
changes in mouse models of chronic psychological stress
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[ Abstract] Objective To investigate the patterns of syndrome changes and their possible material basis in
mouse models of chronic psychological stress during the modeling process. Methods A chronic unpredictable mild
stress (CUMS) method was employed to prepare a model of chronic psychological stress in mice. After 2 weeks of
modeling, Xiaoyao powder ( XYS group) and Sini powder ( SNS group) were administered concurrently with the
modeling process. General conditions, behavioral, and biochemical indicators were compared between the modeling

mice (M4 and M6 group) and the mice treated for 2 weeks (S4 and X4 group) and 4 weeks (S6 and X6 group) after
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chronic psychological stress. Results Compared with M4 group mice, body mass, total distance and central distance
in the open field test, serum NE concentration, and gastric Ghrelin expression were increased in S4 group and X4
group mice, and sugar water preference rate and serum D-xylose concentration were increased in S4 group mice.
Compared with X4 group mice, total distance in the open field test and serum D-xylose concentration were increased in
the S4 group mice. Compared with M6 group mice, body mass, serum NE concentration, serum D-xylose
concentration, and gastric Ghrelin expression were increased in group S6 and X6 group mice; sugar water preference
rate, total distance in the open field test, and active avoidance counts in the shuttle box test were increased in X6
group mice, while their serum CORT concentration was decreased. Compared with S6 group mice, body mass, total
distance in the open field test, serum D-xylose concentration, and gastric Ghrelin expression in X6 group mice were
increased. Conclusions During the process of modeling chronic psychological stress in mice, the traditional Chinese
medicine syndrome evolved from liver qi stagnation to liver gi stagnation with spleen deficiency. The biological bases

of the syndrome changes may be the combined changes in serum CORT and NE concentrations and the decrease in

gastric Ghrelin levels.
[ Keywords ]

syndrome differentiation and treatment

chronic psychological stress; emotional disorders; traditional Chinese medicine syndromes;
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1.1.1 SEZ53hW

SPF 2 lfEtd: C57BL/6 /ML 80 H .6 ~ 7 JA

1 R (20 + 2) g, T NEIRE DB A
FRZSFI [ SCXK (#)2021-0059) . sh¥ia 5 T
PR 24 K 22 B ) S5 o [ SYXK () 2023 -
0342) iR 23 ~ 25 C,12E 50% ~ 70% /517K
MR 12 h/12 h B4 F AR PR EE AR SC e 28 thy )
M ER 2GR 22 S O S LR R PR L o
Kt HE (20240306013)
1.1.2 #45¥
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PR AR AR ZE AT RO R | DU R U 2
PAORLR (S8 ARSE  HAT R B I AT AR
— A BRA F], B 259 BORLRN S T K S
INEA A B v 4, R (2 BRI H O 1k (4 4
B DO A T R 3.3 o/ml i 3 B WA
2.5 g/mlL DU HUA T
1. 1.3 FERH S5

/BB SRR ( cortisol, CORT) = HVE F R R
(norepinephrine, NE) . D-A## ELISA 5 & ( i
N\, B2 5. MM-0061M1, MM-0627M1, MM-
46426M1,H1[E ) ; DAB & i & (th A2 & B A
A, B85 ZLI-9017 ) s IR AR R QLR (= K
oy A, B 5. 0107, " [EH ), Ghrelin #1 1K
( Proteintech 23 Al , $2%5:13309-1-AP, " [& ) . Ep
WA RALERIE Yy A il LED AN AT ; 5815
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1.2.1  4SreH SRR &

1 80 HU/INEUBE AL 4o 25 6 R4 (NC 4H)
10 AN IS AL (M 2H)70 H o 3d P 35 1
J& J5 A7 18 PR R A AS B] F A R 3L ( chronic
unpredictable mild stress, CUMS) &A%, 15 2 &
Je , A M A BERLEk /N 50 L, 43 A i 2 A 4l
(M2 41) 10 2 U] (SNS 41) 20 H A i
(XYS 4H)20 5,40 5145 T U iR y7 2 J8 (S4
ZH)10 H 4 i (S6 41) 10 H A1 & HOAYY 2 J8
(X4 40)10 H 4 JH (X6 41)10 HIGI7, ®A M H
O3 MIEEL 4 T (M4 4H) 10 HAN L 6 Ji 41 (M6
)10 H, B NC 45, 45 25 51 a5 3345 CUMS
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25 M TR A KHES . BRI L
Bl 1,

CUMS #5512 2% SClik! "> RN RS 20 iy
IR R4 Y 4G .24 h 256 24 h 25K Ep
TR 6 h BN 12 h A 24 h WHEHK
24 h JoHEL 24 h SRINAT 12 b S1illEvk (15 C&
JKUWEVK 5 min 10 P, & H BEHL 2 FF, 573
i[RI BEATLE PR | S TR LR, iE 22 2 d ANl
FHAR R Y R 3840 20 BN TR i 25 i 2k ok se s
2 A B T A /N RTFER 1 d A
[F] i 11 25 2 T[] — W3R
1.2.2 AT R2E55K

(1) 7K A 4 S 365« FH LA /) Bt P e Je e

TR BB Z AR KR CUMS 5,
W /N BRIk 28 1A 5% | Hl R AU T 2 06, e
T 1905 K N AR 3% 24 h 5 He b — i 3
SRatizK 12 h JE R K RSl K B A& B 1k B
MM 2,12 h JGE8 25K, 24 h J5E 1% 0%
K KA —H, 12 h 5 6 V8 N A B
12 h JEFREUBE K 4K BiE , Bk Im-% = B
KA R/ (FEKIHFE R + 4i/KIHFER) x 100% .,
(2) W37 5250 . R ARG I /0N BSR4 4 7 % %
SRBES ) KRS HLE T R A ek
/NEAE T SR8 v s B I O, A R ¥ H
T5% WS A, #E R T, LA 8 min /MR
T2 B B S R R P o R R TR R bR
(3) ZEARA SL G ( F3h [kt Bl o [T B S AR )
FH RIS I /N LR 27 2] 812 BE T 1Y 254 TN 0 g
F1UO0 . ZERIA B A R, S A T A o
U I (SRR B ) R R (AR SRR
SEHGHT/N BB 35 7 d, SEERTT R RER /N BUA
E—H W, A TR FFAT; 18 B R 58 5 min
Je AN FRYITET IR, S s IR FIR PRy
H P 25 130 LU (R BE 0. 15 mA |, 4EF 25 s)
RN BB 1) 55 — A -, b B — AN, 5K
B ET /N IETT 50 A LA U2, /N U= A A 56
842, B s — B — M 7, ATz s 7/
U2 PR A 31t i o T adk 381 55 — A6 7, DAk
HURESE TR 5 s Pk 5 —AeE 7 £ 30
bkt Jz W BH A, e s /s BREE B B B TRAT

B1 AR

Figure 1 Mouse grouping method
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(2) ELISA #:i 1fiL 3 CORT \NE ¥ i . J 2%
P E 2 AR N B B, SR AR E L b S,
4 °C"F 3000 r/min B> 20 min, $C 8 135 AR A
F-80 CokFH ., /DU CORT A1 NE ¥
JEE T A e B0 U BH A5 A TR

(3) M3 D-AMERI . /N AT Ry |, 25
A 24 h, 4% 10 mL/kg #EE 5% D-AKBEE
W, 1 hJE 2% 18 U L2 AR /N B B, ==
HE 1 h 5,4 °C 3000 r/min 5.0 20 min, W& I
HIRAET -80 C VKA, /NI D-A b
o T A A BRI S I S A TERAE

(4) B IR ZPHL (HE) Yo o M TE A
HIKTPERE L)L 4% 2 R P RER W 4 CEE 24 h,
WA WEME BT B AL HE Jefa)
WK AR R BT R S

(5) H i 2 214k % 7% (immunohistochemistry
THC) K0 B 515 Ghrelin B 20 i 3535 . B R H
FNRLL 4% 22 5 P ERE W 4 °C [EE 24 h, % A4
LEZOR =N R71Ro) ol L S AR e e e SE ik
W, e R R R S T a8 AR
R E W, W R EEFE 20 min, B0
Ghrelin —#i(1:200)4 CIFE 2 d; R K =
HEIEE 1 h, (R AR = H 1 h, DAB 4
o Ja R R F e, K G R R B A,
BT I UL, PHAE e B He AT St
T
1.3 HirZEHHR

Ge i3 MR ] SPSS 21. 0 b se i, iR %
BERHFIME + PR (2 £ ) B FFE RS
57 2255 R TR BORE, 22 40 8] b AR S A

I 20T, I EL R LSD ke 56 45 A IE S
AR 255 09T B BERE, 8T Dunnett” s T3
g, LL P <0.05 A2 HAREE,

2 #R

2.1 —fgiER
2.1.1 fRBEZ

5 NC 4 H%E , M2 4 M4 4 M6 2H /) A 5
I ERFIC(P < 0.01) ;5 M4 4 FbEs, X4 41/
BT RFHE (P < 0.05) ,S4 2H/NRAR & B 3
THE (P < 0.01) ;5 M6 4H 148, 6 . X6 4/ A
iR ETE (P < 0.01) ;5 S6 4H Hb#, X6 4/)h
SRR TR (P < 0.05) , W 2,

5 NCHIM,"P < 0.01; 5 MAl#tL, " P <0.05," P
< 0.01;4 SNS 4L, "P < 0.05, ( FE/FF)
2 NEUABTRAE(n = 10)
Note. Compared with NC group, *P < 0.01. Compared with M
group, “P < 0.05, ™ P < 0.01. Compared with SNS group, *
P < 0.05. (The same in the following figures and tables)
Figure 2 Changes in mice body mass(n = 10)

2. 1.2 EIRESN R AR
NC 41/ BRI AR A IE 4, HH I
SR TR BT i 0, A /MBS A | A 2
JJE /NSRBI ENLE B & w Bl A PR, T
IFTAHEN 0 LK/ IME R B 188 4 A J5, M4
ZH /N BRI Bk B (8 A7 #4412 LK /ME
25 .S4 A X4 /N REE M4 /RIS shit £
S4 /R EE X4 4/ R4 0 finiige 2,
B 6 JE G, M6 4l/NRE Kb il JEARTEE , H # 6
B /D B VR A B L R B, A
KA 2K H R S6 411 X6 2H /N4 M6 2H/INER
FHNEER,S6 4148 X6 4 /N ER A ULAR 1, X6 41
INERB AL S6 4HFT M6 40/ U ISR IA 6%
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2.2 TAHEXW
2.2.1 MK ImESL

5 NC 411k, M4 071 M6 4H /)N BUBE K fm -2
W EREAR(P < 0.01) ;5 M4 40, S4 A/ ERBEK
TRt R TR (P < 0.01) ;5 M6 4 b4, X6 44
/N K IR AT 2 R (P < 0.01) , WL 1,
2.2.2 Wit

5 NC A Ih#, M2 40 M4 20 M6 4H /)N LA
PRAR M ERR (P < 0.01) ;5 M4 41 ek, S4 41

X4 H/NRUE SRR I E T (P < 0.01) 55 M6 41
Fe#, X6 H/NRUE R B E T E (P <0.01) ;5
X4 1 Heds, S4 /MR B RR TR (P < 0.05) ;5
S6 41t A, X6 /N B MR R EF & (P <
0.01), WK 3A, 5 NC 4 He%, M2 40 M4 44 F
M6 41/ R A e B R L FEAR (P < 0.01) 3 5 M4
HLA, S4 4R X4 4 /N B P e i A g 3B TR (P <
0.01) ; HoAR gl 2Z i) v ge R OB 124 2 S, LA
3B, /MBS L WLIE 4,

R 1 DEBKAE RN (2 £ 5,0 = 10,%)

Table 1 Changes in mice sucrose preference rate(x + s,n = 10,%)

Hsf 18] Times NC 4 NC group M 4 M group SNS #H SNS group XYS 4 XYS group
%5 2 JA Second week 90.90 + 4.70 82.60 + 4.00 80.72 + 7.61 81.56 + 4.17
%5 4 J Forth week 88.42 = 3.15 71.76 + 9. 54" 87.47 = 4.34™ 82.09 + 4.24
%5 6 J Sixth week 88.17 + 3.07 69.17 = 7.67% 75.31 £ 4.57 85.45 £ 4.02™

T A B BETREE R B b e RS

B3 NGB (e = 10)

Note. A. Results of total distance. B. Results of center distance.

Figure 3 Results of mice open field text(n = 10)

B4 /NEYZHLLE

Figure 4 Track map of mice in open field test
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2.2.3 FRALE

5 NC 41 Hed, M4 41 F0 M6 20 /)N B 5 3l ik sk
KRBT EFEIR (P < 0.01) ;5 M6 4%, X6 4
/N FE SRR AT (P < 0.05) o 55— K #5h
k] ] 45 2 () JE e T 2= S, LR 2,
2.3 IEERHEI
2.3.1 Iil%% CORT NE ¥

5 NC 4l Hb#, M2 4180 M4 41 CORT A9k &

BEFE (P <0.01) ,M6 41 CORT ¥ FH i (P <
0.05) ;5 M6 ZH 48, X6 2H CORT ¥eJE T (P <
0.05), WL 5A, 5 NC 2 b4, M2 41 NE ¥
HFF (P < 0.01),M6 41 NE WK (P <
0.05) ;5 M4 4 Lh#,S4 40 F1 X4 4 NE ¥ i &
THE (P < 0.01) ;5 M6 2H He%¢, S6 2H1 X6 2 NE
W BETE (P < 0.01), WK 5B,

A IE CORT ¥R ;B LI NE W ; 5 NC gAML, *P < 0.05, (FEAE)
B 5 /NEULE N PSR (n = 5)

Note. A. Concentration in serum CORT. B. Concentration in serum NE. Compared with NC group, *P < 0.05. (The same in the

following figures)

Figure 5 Concentration of stress-related indicators in mouse serum(n = 5)

2 RGBT (5 £5,n = 10)
Table 2 Results of mice shuttle box

experiment(x + s,n = 10)

g KN

N ER5:131537¢ | QRN
Y v JK e S
Zet H.]LIEJ Active evasion ]J_.Eﬁﬂﬂﬁj‘/b
Groups Times First passive

frequenc
1 ¥ evasion time/’s

%5 2 & Second week 1.20 + 0.79 1.07 £ 0.32

NCA %5 44 Forth week  2.30 £ 0.95 0.91 + 0. 15
NC group %5 6 J# Sixth week 2.20 = 1.14  0.86 = 0.20
%5 2 J& Second week 0.70 = 1.25 0.91 = 0. 15

M4 454 Forth week  0.20 + 0. 63" 1.00 = 0.20

M group 4 6 J& Sixth week  0.30 + 0.48% 1.08 + 0.30
%5 2 J# Second week - -

SNSH 454 J Forth week 1.50 + 0.71  0.85 + 0. 10

SNS group 45 6 [ Sixth week  1.40 = 1.35  0.79 + 0. 12
%5 2 & Second week - -

XYSH 454 & Forth week 1.20 £ 0.92  1.01 + 0. 11

XYS group 45 6 J& Sixth week  2.00 = 1.41" 0.80 + 0. 14

2.3.2 UG D-AHERE I

5 NC 4 a8, M2 2H D-AM v R (P <
0.05) ,M4 411 M6 41 D-AHEIR E B EFEAL(P <
0.01) ;5 M4 41 H#58,S4 4] D-RBHEE TR (P <
0.05) ;5 M6 2H L5, S6 41 X6 2H D-AKE K-

WREFE (P < 0.01) ;84 4H D- AWMU & T
X4 ZH(P < 0.05) ;X6 2 D-AMKF-5 T S6 4
D-AHEKE(P <0.05), WHE 6,

6 /DR D-ARBHKEEZRA(n = 5)

Figure 6 Changes in serum D-xylose in mice(n = 5)

2.3.3 B HE Je@is

NC 2/ IE 8 E R IR R I, IR AR HE %) 4%
FF E AR TE S M2 41 /0 BRI A HE 51 AR
XTHESE | B ARG I UL AR B 5K s M4 41/ B BBl
P A gD | B AAHE S AH X 2L ; M6 ZH /)N B AR
A 5 2D BRAARHES 2L | B35 25 40 5S4 41/ RR



186 o [ S UG B 4R 2025 4F 2 A58 33 55 2 W Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2

MR AAR T R UL AR B K 5 S6 ZH /N BUE /D M Ak
B ULHES ZE L 5 X4 21 /)N BB 2 RS R AACHE 2 A X
353 X6 41/INER R AR IR I UL 25 45, B R AR A O o
#®, WK T,
2.3.4 BN Ghrelin FHEANM Rk

5 NC ditH 1k, M2 240 M4 44 M6 4 Ghrelin

TR KTV BERIT(P < 0.01) ;5 M4 4H L4,
S4 #H Fl X4 2H Ghrelin XK FEH T E (P <
0.05) ;5 M6 41 4%, S6 4 Ghrelin 2357K T+
(P <0.05),X6 20 Ghrelin 25K R EF 5 (P
<0.01),H X6 4 S6 A ETHE (P <0.01),
L8,

7 /NERBE HE BetagiiR

Figure 7 HE staining results of mice stomach
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Note. A. IHC results of Ghrelin expression in mice stomach. B. Proportion of positive staining area for Ghrelin expression in mice

stomach.

Figure 8 THC results of Ghrelin expression in mice stomach(n = 5)
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Padi? knockout exacerbates depressive-like behaviors in
socially isolated mice

ZHAO Ya', LYU Chonghao'*, LUO Shifan', LIU Ke"*, ZHENG Zemin"’, BAI Bing', SHI Changhong'"

(1. Laboratory Animal Center, Air Force Military Medical University, Xi’an 710032, China;
2. the First Clinical Medical College, Gansu University of Chinese Medicine, TLanzhou 730000, China)
Corresponding author; SHI Changhong. E-mail: changhong@ fmmu. edu. cn

[ Abstract]  Objective To explore the impact of peptidylarginine deiminase 2 ( Padi2 )-knockout on
depressive-like behaviors in socially isolated mice. Methods Using CRISPR/Cas9 technology, a Padi2-knockout
(Padi2””) mouse model with a C57BL/6] background was established, and the effect of Padi2 knockout was
identified by genotyping and RT-qPCR detection. Six-week-old male Padi2”” mice and wild-type C57BL/6] mice
were selected and divided into normal rearing and social isolation groups, with 15 mice per group. The normal rearing
group mice were housed with 5 mice per cage, and the social isolation group was housed with 1 mouse per cage, and
weighed once a week. After 4 weeks, forced swimming and open field tests were conducted. After the behavioral
experiments, brain tissues were taken from mice in each group, and changes in microglia in the brains were detected

by immunofluorescence. Results We successfully established Padi2™™ mice. There was no difference in behavior
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between Padi2”” mice and C57BL/6J mice in the normal rearing group. After social isolation, compared with
C57BL/6] mice, Padi2”™ mice showed a significant increase in depressive symptoms, obvious weight gain, and a
significant increase in the number of microglia in brain tissue. Conclusions Padi2 knockout exacerbated depressive-

like behaviors and obesity in socially isolated mice, indicating that Padi2 is involved in the progression of depression

and may be an effective target for the prevention and treatment of depression.

[ Keywords ]

depressive-like  behavior;

knockout ; microglia

peptidylarginine  deiminase 2; social isolation; gene
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Mastercycler X50s) ; 5 2 15 38 ¥ Uk AU o e 250 HL
) 5 755 eppendorf 2y &) (5 5425) 5 SEH ¢ )G
€1 PCR {1 H 3 [E Applied biosystems 23 ] ( 7
45 StepOnePlus™ ) ; O 4 5 £ 1 flUse W 13 7 ]
Zeiss AG A 7] (F15 . LSM800) ; KA W) F ML A
3 Leica 23] (5. CM30508) ; W 3746 (Fl5
63008) 2 T RKE (B4 63010) | SR A iUk
fa (H145-. 63022 ) ¥ [ PRI T Bty IR 8 AE A Bl 4%
BRR 2 T AT R 2E BB B R G W A P BE

Panlab 2\ ] (%15 . Smart3.0)

binding adapter molecule

1.2 A&
1.2.1 SEE4d

HLARS AR B 20 R ECH - 1F iR 5% 41 B AR A
C57BL/6] /N (0 JE-BF A= Y | Con-WT ) 01 1E 1]
FRH Padi2” /N () BR-EEBR 7 Con-KO ) 4% 15
H UL Bt 2 b 25 4 87 A AU C57BL/6J /INER (52
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B5-B7 A= B EX-WT) Fltt £ a8 4 Padi2™™ /) il
(SLH-RR A EX-KO) & 15 H,
1.2.2  Padi2” /NR M2

FIH CRISPR/ Cas9 i AR #EES7 Padi2™™ /N FUAE
R, /NE Padi2 JE AT 56 DU 5 G 4k BT X6}
Padi2 £ N %1t W & sgRNA, 43 51 A . mouse-
Padi2-gRNAFP ;5° -GGCCAGATGGTCCCCACTCTG-
3’ Fll mouse-Padi2-gRNARP ;5 -CCCCTGACTCACT
GCTATAGA-3" , K4k seRNA IMAHA T7 Jah
TR EWE518) (T7-sgRNA-FP) Ji, 5 F #5190
J¥51) (sgRNA-RP ) — 2 28 T b 5t 48 KA m) G By
A sgRNA JPHI I FUES 1905 ; IR ¢RNA
DM, (f FH sgRNA FEARY L RS |45t i 1
FrifE gRNA BiHE7T PCR 3748 Bf sgRNA 5% A b5
WE gRNA B242 i PCR =4 [N 77 & e A [
W PCR ¥, PCR =¥ %% 5% 159 3] gRNA, fifi H]
RNA [A] i3 1) &% 26 ik gRNA, B 46 fk gRNA |
spCas9 £ 1 M DNA {R& AT RV I N , Bife b
P M L VIR Al U0 M BRI RSCR. = 70% 77 W] H
T2 R MGEN . HES7E R 30 min J5 , PRIEAAIG
JRRGHEATREAT , 1 FO AT B AR, BY B4, 46
EMREENRHTREEE, SRy
ZILE 1,

B 1 Padi2 FEBR/AN B E %

Figure 1 Establishment scheme for Padi2 knockout mice

1.2.3 FERFASE

/INERHE A S B IO B 2 5 5 B RO EE DNA
PEAT IR S e /R A 2 R A A B U
Bk, R BT B BEIAE CAE 1.5 mL B
BN 500 WL (120 21 24 (2020 240 e Jr
WL 1) 12 Wl 20 mg/ml FOEE I K, 76 s
P FRGME 2 ~ 3 h i/ EUEE A 2 5055 2 i
J& , HZE OB NI 500 wl B9 S5 3, e
PR F 4R 4TS, 12 000 r/min B5.0 15 min, 7%

FHRI EWE, BTG R LS mL B0
P, IA 500 L 5 N BRI, i iR w4 b e o
JR49,12 000 r/min 5.0 15 min, 325 F W, A7 LA
23 1.5 mL B OE IR A A E N A aliEy , B
9 DNA, In AR HT 4 °C T 1 75% £ T T
1 mL,12 000 r/min &> 15 min, 5 L3E, EIR T
B R RENE TR 10 min, LA 200 pL AL
KU ff DNA, K32 B /) BUELUR DNA R H
TaKaRa A 7] B9 PremixTaq'" i &Y AT 14,
Padi2 F R 5546 0 5147 4 - mouse-Padi2-KO-F .
5’ -GAGTACCAGACTAACCCGAGCTAT-3" , mouse-
Padi2-KO-R:5’ -GTGACAGCACTCAGGACACTAG
G-3’ ,mouse-Padi2-WT-F.5’ -CCTGTCTGGTTGGA
TTATCTGGGAAAA-3" ,mouse-Padi2-WT-R:5" -C
CACCCTGAAACCTGCCCTGAGTT-3" , ¥ 441 H
95 CHiZE 4 10 min, 95 °C 28 30 s,61 CiE k
30 5,68 CIEff 3 min, WASPERNGE(HE ST 35 M
PR, 68 °CFEfifi 10 min, DNA ¥ 3 7= 9 8 Sl 1
%L FEEE RS HL Uk, TR 3 Wk, B S R/ TG
W, KA DNA 973873k 2L st e KAE YR
oA B2 w1 e, A5 2000 5 45 5 5, K I 45
i3 NCBI-BLAST £k I 23 Hr , #f oA s B v B LA
BRI S RN Padi2™ ™ /NEREE DAY
1 ALEUHRE

Table 1 Tissue lysis buffer recipe

%l W/ (mol/L) &/ pL
Reagent Concentration/ ( mol/L.) Dose/ L
Tris(pH = 8.0) 1.000 50.0
NaCl 5. 000 40.0
EDTA(pH = 8.0) 0. 500 5.0
SDS 0. 346 4.5
ddH,0 55. 560 400. 5
12,4 /NEUARE I

/NER 6 FEUS I AR PR BRI i 1 R
I 52 22 AU/ N B, B0 5 S 5, 4 7D BRUBCA o 7E
R0 e PR
1.2.5 W"35L% (open field test, OFT)

4 FH BRI, B BURCE R 3 46
(50 ¢cm X 50 em X 40 em) F LR | [R] B HEAT RS
FTES,5 min J5 H 3015 (5514 . Smart 3.0 174
SERUGE BR R G857 0 5% 5 min NIB 3 SR E
YRS b A 45 B I [R] S S AR OFT W] Sk
WAL SE S S 1 A 3238 sh g J1 AR AT M,
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Bl 5256 45 o, 15 BR 92 56 46 9 3h 4 A R/
1, 1] 75% S HEVEAR AT DU BE | LIVE BRAIR .
1.2.6 w4 FRE

KA BRETHRTFRERE(FES om,
K 35 em, BB & 15 em, BB B HLEE 55 cm)
Gy, B Smart 3. 0 174 HUIGHE B R 42 43 i
K5 min /N BUZE TR A9 R 2 I 18] S A3, A
PRGN B £ S O AR R AT R, B R sk
B4 A, T R LI B A N sh W R/, H
75% C FEBEEA RNV REE | LU BRI
1.2.7  SRIAWEIK S5

P/ NEBUE T /KA B 25 em KR 20 ~ 24 C
A7 BA B B (50 725 (5 2 30 em, ELAZ 10 em) , B/
FUBCA B rh G H I, 3£ 6 min, Smart 3.0 1724
UGB B RS0 R 4 min /NGRS E]
1.2.8 it O wiss L ik 2 2L B0pt

1722 S A oIS | SR O M 3 0 16 4T ik
LR, 1207 1k TR vh e T AE S FE T
R TALSUE 2, e A 2 I IS O
Wi 20 ZUBOR I /N B2 BRI IS T M, B OO0 4
J Z B O E, BT A0 B IRl 50 2 5 300 ~
A5 J AT IE D B A T Bk, e s E
A FER K (B 0. 9% NaCl ¥#¥%) 10 mL #h i i,
SRIG A ] 4% 2 5 M RE RS WHE 1 25 mL /MRS i
INE AR — AR L TR SR R
WEESERL, BUTEE A2 E T 4% 2 R W W
H,F 4 CRIRAFED 24 he BRIG /0 25% |
30% REWERS BEABUIEATIROK o ZEOKERY) Bl B AT
SEARIELLY) V)R JRBE R 20 wm, T 58k
Jed,, TERNA SV 5 2R (1) B8 O IR,
TENG LS M B AR A 2 AL BT — S/ E i i TS
ey Ak 2 4 | M) fies BEL ) A TR G OR, T A Ak A
Jiti RO 7, ELw A il (2) AT A0 =
WA, E T A NSO = A A FE B, B DAk 3
PR PR T e R P RO 5 (3) BE T HE 2 H
TR s PN AT 3R O IR 5 S 2SR
1.2.9 /NRA SR ) i il 4

TEARFE /N B A 8 )E, L 0.5 em X
0.5 cm IAIZUVET 4 mL 354 4% 2 R PR E
DEWN, FEE 48 h DLE, e dF i 4 2 i A3
1 S BE K, — W A B A R
Peh i) O R A AN, A H A E T

VIR LB EHE, MR (VREER 3 ~ 4
pm) , VIR HLYI A 40 ~ 45 CRY#0K
R B IS S R B A AR g s B D)
Paal A
1.2.10 /NRALUIRANE-FL(HE) Je

BHTERM AU E TR 2L Y
e V)R SR e T T AR A R
85 R AL 2 h, DR CA YR 0990 AR O
ez —HZE T A4 S min, SRJG7EREE 2 B
WWRHEH | BERRJE S B [ 4N 2 100% 1Y) 2, % rh
124 2 min ,95% 1) L HPIR Y 2 min, 90% 1) £, %
2 1 min,85%[1 LBEHIRIE 1 min,75% 19 4
FEHRIZ T 1 min, 7K FH AL 2 min, I8 ARG 3L 4,
5 min, FARAIEVE IR AR 5 W (HE ARKALL
) 1% R LR34k 3 s, B RAK IR E
2 min J& , PTG 3 min, HRKIEATIHGE 5
i, SRR LB T, 95% L 10'5,95%
i 2 min, 100% £ 1 H1 2 min, 100% B 11
2 min, “HK T H 5 min, —HIKI 5 min, HH
PERH S B o (TR (1) A SRR i R & 52
eI UL 5 (2) 0 ARG G (I 8] 75 AR 4 =
R B KRGt 3 ~ 5 min, &R0 HEYL (675 2
20 ~ 30 min; (3) & A0 KR E R AY] R i [FY)
RAERT i E T HAR A ,)
1211 SRy ta S ot R A ulag

BVl 7 PBS(pH=7.4) F k% 5 min, H
0. 2% Triton 20 i 1% 10 min , SR )5 HEAT SIS R
ORI Y AE 2% BSA I E L h 5, I A—
Pt 4 CIFE I (Tha-1 BUARR) TAERFBE L]
1:500), %52 K7E PBS Fyed 3 I,V A5
FHRE 59—t ( Dylight 594 9 YEARC I 3T TAEMK
FRBELLBIA 12 500) ZEEHE THOEIFR 2 h, V)
F7E PBS HPEU 3 K, K 5 min, #EOY, ZHHLR%
JH DAPT IEW (10 pg/mL) 44 8 min, SR )5 FHILH
JEVK B R B o R OGS R AR B R
PR SRR, IR HILE 22 °C  JB
il 7E 40% ~ 60% , I ] Tmage J V1.8.0. 112 %k
P BT S BE D Y LI D YETR B, P < 0.05 A2
SHAEDEEER,
1.2.12  SZ Bf % & PCR K I ( Real-time
quantitative PCR, RT-qPCR)

FE R RNA $EHU & 20 BRIEBUEL RNA T
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SRR Y RNA HREE | B spaaln) Gt A T S e
3, LAR RNA 1 g 9BERR, LML, 4 HEA
w3 ANEAL, BB C BT Applied
Biosystems Step One Jll RT-qPCR &G &, 1H
ACEFI 275 A A b AR L A A Feib it 3
AR T/ RT-PCR &V 583G LI
A BRI IL-18 DA K TNF-a JE K 1) 3
I8, 7l T PCR KON, RT-qPCR BT HIG 47 31
asilyoR Mouse-B-actin-F;5’ -AGCCATGTACGTAGC
CATCCA-3’ ,Mouse-B-actin-R:5’ -TCTCCGGAGTC
CATCACAATG-3’ ,Mouse-TNF-a-F;5’ -CACAGAA
AGCATGATCCGCG-3’ ,Mouse-TNF-a-R .5’ -CAGA
TTGACCTCAGCGCTGA-3’ ,Mouse-IL-18-F:5’ -ATG
GATGCTACCAAACTGGAT-3’ ,Mouse-IL-18-R:5’ -
TCACACACCAGCAGGTTATCATC-3’
1.3 ZHIHFEDH

K SPSS 22. 0 Al GraphPad Prism 8. 4. 0 %X
PR BAR G 50 0T, S5 R L34 ME + Anife

Z(x +s) RN, WA RN H B R T 22587,
ZH N HeB N FHEE X ¢ K25, P < 0.05 M EA 51

FURECSEN
Sy PN

2 #R

2.1 Padi2”  INRHIEII

ANEZE 2 SR A A, B UMD B 25 9 B2 U
I DNA AT IE R RY S 2, 28 PCR %5 8 B A4 2519
>4 2000 bp % 500 bp , iR 55174 1250 bp, 225/
SLIE] B £E 2000, 1250 A1 500 bp A4b A5 457 ( &
2A) sl It 28 A /N BT I N Padi2 &5 =
AP IS (K 2B) AT E AL, ] qPCR
Kzl 8 J& Wy Padi2™™ /N FEZENERF Padi2 mRNA
FIRHOL (K 2C) , G5 F M 1E Padi2” /MR
FEWEES T, Padi2 mRNA 263k 7K V- 5 % T B
AN, R Padi2™ ™ /N BU R EE R Y]
2.2 Padi2”"3INRAEKEER KRB

TaFEE R R IR, Padi2 R AS 5% 0 1F 4 1)

F A PCR %5 Padi2” /NRIEHT ;B WP LEE Padi2”™ /NHEER AL ; C. RT-qPCR %7 F2NEAS Padi2 mRNA ik,
B2 Padi2” /N E S E
Note. A. PCR identification of Padi2”~ mouse genotype. B. Sequencing identification of Padi2” mouse genotype. C. RT-qPCR

identification of Padi2 mRNA expression in major organs.

Figure 2 Construction and identification of Padi2””~ mice
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FERET/NRAERMET ., /MR 6 JEIIR I 65 H
FREE FFEE 4 & B, Con-KO /AT Con-WT /)N
FAARTE K o E 25 (K 3A ~ 3B), XF
Con-KO /NEUH EZNEAR HE Yo 25 5004, £ 2
JIRE 29 BEELAG: A A & B S S5 (&1 3C)
2.3 Padi2 BN ESREBENRBEENEE A
RRIT AN

OFT £5L %W 4 It SRR s, /DR B Bz
RS A g DX B R B i, 1 R R R

HH, Con-WT /N LT Con-KO /) iz sl b fE 5 |
A e DX VBTG 22 5, W A LA 2 Bl T
KA, A PR B, 5 EX-WT /NRAH EE , EX-KO
AN WS =) R N R P B S
T, Padi2™~ /)s B4 L 75 32 2 5 1] 5 B A R
C57BL/6] ML Z = (8 4A ~ 4C)
2.4  Padi2 BRI S RE /R INERAE K 9 520
SEIAETK 45 B BN AL S RE S, NS B
A, 5 EX-WT /NRAR B, EX-KO /R

TE: A EW SR Padi2™ /DRAERIIZR ;B IEF IR Padi2” /N SR 4 JAA BT SEINE ; C: Padi2™ ™ /N 2 BEAE

2% HE Jufa,

B3 Padi2” /NS B A RN RAR BT i DL A2 HE B4t (x + s,n = 15)

Note. A. Growth curve of normally raised Padi2”” mice. B. Body mass gain of normally raised Padi2™~ mice over 4 weeks.

C. HE staining of major organs in Padi2™” mice.

Figure 3 Body mass and HE staining of major tissues in Padi2”” mice compared to WT mice (z + s,n = 15)
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S I) E RN, 38 EX-KO /N RUAT 4 B 4
EX-WT /N 300, X BEZH H Con-WT /)N ER
55 Con-KO /N EUAE 3 38 i UK 5256 v (%) N Sl e (] AH
T, 4 it SRRE S, 55 RA A, S804/
RN Sl (] 738 5 5256 40, EX-KO /R B9 A
I E EX-WT /N2 3 (K 5A)
2.5 Padi2 BB ESRENREERERNZI
AR E SRR A RREE, DR
HEATFHUE BRI R 4 8 4t & b s
J&i .5 EX-WT /NS H, EX-KO /N Rk A T iU
BRI B 2080 | 45 7R EX-KO /)N B 2 1 15 25 45
EX-WT /N 23 I, XF BEZH H Con-WT /)N ER
5 Con-KO 7R A TR i3 45 vk RIS () G i 2%
Z5 (K 5B)
2.6 HLBEEM Padi2” NRERETWL
IR R EX-KO /) SRR 5 186 in 4
PIFH S EX-WT /NRAHEE, R A B EHER

(KE5C) , Bieskat 2 b e /N U T AR A
KA LSMRE 18, EX-KO /N5 EX-WT /)il
HA B EEES, I XM 2 SR e, Wl
[i] P AR o e K A A o 22 7 (K 5D)
2.7 HEBBER Padi2” N5 A /)N R 2R B Y
#B

Ml 2 G e e e e 25 R R W, 4 JE AL S BR
BI5 , Padi2™ /)N RGPS /NS o 440 e 1 5 E o 3
%, XTBRAH  Con-WT /N Con-KO /) BN 4
A BN T AN AL B TG 25 5 5+ 2 B 4 il Y
JINJGE O A4 e e 2 A, O L5 EX-WT ZNEUAH
EX-KO /NRIED CA1 X UL CA3 X /M B4 i
T X B I (& 6) .
2.8 LR E Padi2” /N Bx A BY 1 2 R E
FLUER

G2l 21 RT-qPCR SE53G 3R BH, 4 JA 4+ 2 b
J& , Padi2”™ ™ /N B P #0282 R I TL-18 DA )¢

A OFT B BERE ;B OFT #E A H ] X Ik 55 ; C . OFT ML 5E sh ik ; 5 EX-WT /N L, *P < 0.05;5 Con-WT /N,

AL, 4P < 0.05;5 Con-KO /NEAHLL, ™ P < 0.01, (FEIRE)

B4 OFT&HR(x+s,n=06)

Note. A. Total distance traveled of OFT. B. Total number of entries into the central area in the OFT. C. Typical movement

trajectory of OFT. Compared with EX-WT mice group, *P < 0.05. Compared with Con-WT mice group, “P < 0.05. Compared

with Con-KO mice group, ™ P < 0.01. (The same in the following figures)

Figure 4 Results of the open field test(x + s, n = 6)
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TNF-a B3R5 THE . XA, Con-WT /NS

TE A SRSA VIR SN 18] 5 B i 48T 592K 5/ e AT R B34 C . i 28 - 5 28 B /N TR T OB 45 B I IR) 5 DA 23 B g 1Y
Padi2” /NRAERHE B Padi2” /N AL SRR E 4 JR RS INE; 5 EX-WT /MR L, P < 0.01; 5 Con-WT /)N UAH
I, %P < 0.01;5 Con-KO /NRAHIL, " P < 0.05, (TFEIR)
B 5 AaWREE Padi2” /NRERATHK  mAR RS LA BT B (x £ 5,0 = 6)
Note. A. Freezing time in the FST. B. Frequency of mice entering the open arms in the EMP. C. Duration of time mice spend in the
open arms in the EMP. D. Growth curve of Padi2™” mice with social isolation. E. Body mass gain of Padi2™™ mice after 4 weeks of
social isolation. Compared with EX-WT mice group, * P < 0.01. Compared with Con-WT mice group, ** P < 0.01. Compared with
Con-KO mice group, ° P < 0.05. (The same in the following figures)
Figure 5 Forced swimming, elevated plus maze and body mass change in Padi2™™ mice with social

isolation(x = s,n = 6)

197

Padi, RTBEAAT R LA 7™ A 45 4 1 2 E 022 1y R

Con-KO /UL S pf 28 RARE R FRIK 02257
5% RAZHAR L, 4 2 o 8 4 M 4 4 v o 48 R RE [
T IL-18 LA} TNF-o [HFREH B ET &, S
EX-WT /)N BUAH E, EX-KO /N B 2H 21 v i 28 ¢
it K TNF-a BRIBREF(E7)

3 it

Padi2 B A I WM AL R GEF FEEKEXN

AR EARSSENRMME L F TR
b padio 42 AT R F R E R AL T
JERE 2 JAE R E M B AT MR AR T MR
JiE T 1 22 B A2 AR W) 2E HL L S 5 0 AR AE
J U020 (H M AR A HF T RS Padi2 2 75 38 4 5
WA RAE, S S5 MAECEERE, 16142 S EBUNEE
I IREE DRI R 4 2 B s X 45 A= i B B N JRE 9 0
PR B B R R 0 , 2 IARE A9 5 A S N
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T A AL/ RUI P 5 DX/ VB S A0 5 A 3 B 25 2L/ U PR 25 DX B/ I e 2 - 2 i 2

6 Padi2” /N2 IR B R A /INE BT A AL (% £ 5,0 = 6)
Note. A. Distribution of microglia in various brain regions of mice in each group. B. Average fluorescence intensity of microglia in various
brain regions of mice in each group.

Figure 6 Changes in microglia in the brains of Padi2”” mice after social isolation (% + s,n = 6)
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T A S H/NRIG Y IL-18 IR TE ;B & 4/ NEUIK A TNF-o RIXTEDL .
B 7 Padi2” /NRAL SIS N SRIER T (% £ s,n = 6)

Note. A. IL-1B expression in the brains of mice in each group. B. TNF-a expression in the brains of mice in each group.

Figure 7 Changes in inflammatory factors in the brains of Padi2™™ mice after social isolation(x + s,n = 6)

2, REE AT R AL R R Y

Bt , A BF 58 # F CRISPR/Cas9 4% AR #g 2
Padi2” /N, X HL AT 4 JE AL SRR, R
Padi2 FE X AMARAE SRR (52 M, 45 R R, IF
WARFESAET , BS Padi2 FEASSE0 /N B 1A 5t
L LUEE AT 02 DL SO 4S5 IX 38N i 5 40
Mk, R s, 5IE® mFEME L, i
ARLINRAE S Padi2™™ /IR H B0 A S A SRR AR
R, I H 502 B 1 B A AN BURA L 4
SRR Padi2™™ /N BRI AR RE R 78 S
ToE SR IR 27 T B RN AT T 5 i A o S
T3, W PR 228 A 45 B8 TR R AR PG A L A7
FRPIRIE > e SR ok S0 B AT R I PR
FEE R RIS AT A ROl B AR R 2 1 24 B
GG VAR S 1 A 0 AN R U E T L e 87 Y= 5
WRITA PR ES Y Padi2 RN RIS 75 H L AE LB
o ZER L AT SR I Padi2™” /N R B 2
W], RERES PARAE A O, AE R AR A A1 e
AT i ELAMARRE R 2 7 ) IR, i gE A
G Ak 2 B R /N BRI R B e R O, K
A LBEE S, Padi2™ /NI B i W3 v T
TR/, DL B 25 SRR, Padi2 BRI EI 4t 25
R 225 J P P AR AR DA, , 5 LAY i o 41 RS A i bR 11
T, Padi2 w5/ BURY AE k26 0o i, SR
Padi2 w5 IR 23 B8 B I B AMARAE R IR 9 S A

M.

Padi2 X T W 240 B4 200 P95 o0 b i T
R MORG B 45 D R 2y oA AR, BB
WAL Padi2 i Fak Al i MR 1L kB ¥
fif} (1B kinase, IKK ) , # i #% [l ¥ «B ( nuclear
factor kappa-B, NF-kB) p65 ¥4 5% THIEP
7T I 4 6 TL-18 \IL-6 B¢ TNF-ou 554
PR -3k, A0 Padi 1544 AT BEWT I A Y L 20
Mo TL-18 &' ™', Padi2 3£ Al iF caspase-3 .
caspase-2 Fll caspase-9 WG € i B Mg AL T, IF:
i FAK FEZE R PAKT 38 50 40 HORS B2 /)
2 J5 240 RELATE hy 1 PN 1) I T 200 L, 7 AR Bl 22 R 58
(central nervous system, CNS) H1 75 5 RE A fifd | 75
IR S5 v ] BB A0 SR B A 4 D T R 4
EFAERT o IARE BNy S — I e T 4
FHOGHERG (/INBE T 40 B ) ', e BRI AiE 11 47 4
W B, £ 98 200 1 PR 730 22 T, /0N 5 40 Ji L ikt
BB, B 0 Wt 2R H N T & R B
200 M 3 W Rl 28 e A b RN A AR RE in
JIEE A R AR AE R B A B 5 A 2 W TR
FRI /NS AN | DA R AR AE B 3 i 7
IR R A 28 40 B 7 g T R E R
Padi2 S0 /)N 50 48 i F) 4F 5 5 01050l ok
AWFFEIRZE Padi2 275 AT LU 30 19 /)N 52 400 i
THRE, S AR AE iy S FE PR, R SE N B —
HARE Padi2 IR 23060 B 5 I AR A R TR
S5 /N JE T 200 L ST R B A A G



200 o E S Bh ) 2A AR 2025 AE 2 A5 33 B35 2 8 Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2

G, Y R e sy o ke B, 4 JE AL 2 B Y
Padi2™/INERUI P /NS T A0 o B 2 G 22 o
VR A DX 3 1 /0 e T A B A e B £ X
RE T I ABIE 15 A2 28 /NI T A i e Y | 730 1L
18 \IL-6 Fl TNF-a S5 58 K+, 3 350/ e o 4 i
SRR T0 22 6] i) B R D | i AR v ) 58 i A58
il ) RE B A, in A 22 T 45405, T B AR RE AR AT
Sgtrem2l MARAE # 3 I0LE HF IL-18 LA TNF-a
WP T DT  PUMARIA YT AR TL-18 LU
K TNF-a 7K 44 HOIL-1B 2 AR #5505 LA Kz
TNF-a FEH0H AT B AR/ B AR AT R
Padi2 BTV E VR4 B b TL-18 | IL-6 A2 TNF-a %5
RAERF3RIE I, A SCHE— PR 5Y Padi2 25
P /N R AR TL-18 DL TNF-o 3k, AHF
3l RT-qPCR A& 4 JE AL SRR Padi2™™ /)N
UK IL-18 L}z TNF-a 263K 15 W, 45 . SR,
4 it SR B IS Padi2” /NI A IL-18 2 TNF-a
RikHZ

25 LTk AR5 R W Padi2 i Bk 1T AR 3
/NG T 240 R T R 48 GR35 5 ) 2 R e AR
AT TL-1B LA M2 TNF-o Z5 48 5E K 1, #E 1T
Bl 28 RAE, At 2 B ES e N BRI AR AR E
M, ABAFFFRARD] Padi2 B3 4 JEA23FE 25
R /INRAT 2 i /0N e 5 240 e B DL
RN T B2, R Padi2 15 540 501
MR (Padi2 CKO) /NRIR ARG Padi2 5200 /NE
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[ Abstract]

disease (ALD) mouse model and to analyze its transcriptomic profile. Methods

Objective To investigate the characteristics of liver injury in the Lieber-DeCarli alcoholic liver
Eighteen male C57BL/6] mice were
randomly divided into an alcohol-fed group (n = 10) and a control group (n = 8). The alcohol-fed group received a
Lieber-DeCarli ethanol diet, starting with an adaptive one-week phase using incremental concentrations of ethanol (10
~ 57.3 mL/L), followed by 2 weeks of a 57.3 ml/L concentration of 95% ethanol, for a total of 3 weeks. The
control group was provided with an isocaloric control diet for 3 weeks. At the end of the study, mice were sacrificed,
and serum and liver tissue samples were collected. Serum liver function markers ( ALT, AST), hepatic lipids ( TC,
TG), reduced glutathione ( GSH), total superoxide dismutase ( T-SOD), and malondialdehyde ( MDA ) were
measured using biochemical assays. The levels of inflammatory cytokines (IL-6, IL-10, TNF-a, TGF-B1) in liver
tissue were assessed by ELISA. Histopathological changes in liver tissue were examined using hematoxylin-eosin
(HE) and Oil Red O staining. Immunohistochemical staining using the F4/80 antibody was employed to assess
changes in macrophage expression. RNA-seq analysis was conducted to identify differentially expressed genes between
the two groups of liver tissues, followed by GO and KEGG pathway enrichment analysis. qRT-PCR was used to
validate the expression of these differentially expressed genes. Results  Compared with the control group, the
alcohol-fed mice exhibited a significant decrease in body weight (P < 0.01). Serum ALT and AST levels were
significantly elevated (P < 0.01), while liver tissue levels of TC, TG, and MDA were significantly increased (P <
0.05). Conversely, GSH and T-SOD levels were significantly reduced (P < 0.05). The levels of inflammatory
factors 1L-6, TNF-a, and TGF-B1 were increased, which was consistent with the qRT-PCR validation results (P <
0.05).

microvesicular steatosis, and ballooning degeneration. Additionally, fat droplets in liver tissue were significantly

Histological examination revealed disrupted hepatic lobular structure, with macrovesicular steatosis,

increased, and macrophage expression was upregulated. Differential gene expression analysis, using a threshold of
| log, FC | > 1 and ¢ < 0.05, identified 2063 differentially expressed genes, of which 1236 were upregulated and
827 downregulated. Enriched pathways included xenobiotic metabolism via cytochrome P450, cytokine-cytokine
receptor interaction, chemokine signaling, steroid hormone biosynthesis, glutathione metabolism, and retinol
metabolism. (P < 0.05). qRT-PCR validation confirmed the significant upregulation (e. g., Mmpl2, Gstm3,
Cyp2a22) and downregulation (e. g. , Serpinale, Acmsd, Mup3d) of 10 genes from each category, consistent with the
transcriptome sequencing results. Conclusions  The primary pathological mechanisms underlying alcoholic liver
injury involve pathways related to xenobiotic metabolism and act via cytochrome P450, cytokine-cytokine receptor
interaction, chemokine signaling, glutathione metabolism, and retinol metabolism.

[ Keywords]

alcoholic liver injury; Lieber-DeCarli model; gene expression; transcriptomics
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(77)2020-0009] , ASCE O il EEZy R
L Bl W A8 B2 51 23 1Y 4t ( PZSHUTCM23
11100003) ,,

112 F2E5 S5

Lieber-DeCarli 1A EL X FEEENE H /N R
A Z(ALsD) AR FRA 7 GRORT AR 22
WIPRS A2 2 WEIR G W L 25 1 OB o L oKl
NEETELEA 2R (A D E K) FIZKIEEAEA R B, |
W) AET Y | L BEL R X IR EDR R e i,
RE M FE); &N % A B ( alanine
aminotransferase , ALT) , ( No. C009-1) .4 B %5 4,
fitf ( aspartate transaminase , AST) , (No. C010-1) [ H
M =8 ( triglyceride, TG) , ( No. FOO1-1) & iH [ %
(total cholesterol, TC), ( No. F002-1-1) . Bradford
( No. WO042-1-1) | ifs J5 & 2% Bt H K ( reduced
glutathione , GSH) , ( No. A006-2) | il # S AL 4 )7
fL T ( total superoxide dismutase, T-SOD ), ( No.
A001-3) LT O Y43k ( No. D027-1-2) I [ FG 5%
FEL A S B W 31 TP | B 1 = W
( malondialdehyde, MDA ) # | i 5 & ( No.
S01318) I H 38 = K AW Ho AR 1 4l i A -6
(interleukin-6, 1L-6) . i 98 3K %€ Al F-a ( tumor
necrosis factor-ar, TNF-a ) F1 % 4k 4= K K F-B1
( transforming growth factor beta 1, TGF-B1) ELISA
155 & (No. 88706488 . 88732488 . 88835088 ) 14 1
TR UM R B A R 7] 5 F4/80 Bk (Cat#
70076T) W H Cell Signaling Technology; R F %4
SABC-POD (4 IgG) 17 £ (NO. 19D11B29) i [

fii+- 18 A= 4, TRIzol Reagent ( No. FO19KB3054 ) .
ARNA $HREGXF A (No. B5S18811) I H FifEA4E: T
A AR IRy A R 28 |5 R s i R & (No.
AJ92014A) P HEKF £ ( No. AJF0343A) , ¥ H
H A& TaKaRa 2% #, A I 4 # #l
(LEICAEG1160) . H 8l i /K HL ( LEICA ASP300) |
AU R HL(RM2035) B 45 R 48 (SCN400)
NJ% B HL(HI220) 20 H 3 E Leica 23 Al o
1.2 FHik
12,1 PR PR B A ar Je o4

18 H/NFR % B L7125 4 ARG 1R RE2H (10
SO R EAL (8 H) . WAERRHEH] .55 1 ~ 3 K
FZHR 132, 18 g G IREHIA 10 mL 95% £ %, LA
WZEKERS 1 L,30 s WM IRE], 4055 B i 5
50 4 ~ 6 REEHIZE 30 mL/L, 55 7 RIFEEE N
£ 57.3 mL/L,/NEGE R PR SR 1B RS 2 FE DA
57.3 mL/L 95% L BEBCHITPRG RRHR SR . XF B ]
BHECH] . FREE 221,78 ¢ X BRAL Gk}, DL TR X 2%
KEZRF] 1 L,30 s NAHRA 55138 210 F M,
INERRESE 3 R,
1.2.2 B

/N R I 1 5 39% 136 L HE Z- 4 (2 mL/kg) iF
TTRRER I 308 0 T S i Dk R I 00 8 7 T 3
2 h, W5 7E 4 °C,3000 r/min 250> 15 min, WA ML
TH IR T-80 CokAf . HedE MV BT KT T s
Jik S EBUF IFARE ISk, PR 29 0.5 cm x 0.5
em x 0.3 em AYFFAT AL LU0 5 F 10% W
VIR RO G2E U0 R ¥ R A A3 3R A o O AT
T-80 C VK4t .
1.2.3 I8 ZIFA S A g br ke

AR A0 B B0 AR L 43 I LI i 10 L,
TR RGN ALT FI AST 151 ; P42 20 mg 4 1R
i (mg) A (mL) = 1: 9 BILLBIINA 9 1%
IRFRIC K 2B, 213, L 10 000 r/min 5.0 10
min, B E3H I E TG F1 TC 7K AF4H2E 100 mg,
DLA: BEER K SR A S5 He AR R D7 12 20 9%, B 1 I
GSH . T-SOD FI1 MDA /K-,
1.2.4 ELISA #&: 28 4E K F 7K

B 40 I Lo Az BER 7K A A R T 41 84
A 19 FRRRBUEBEER K 760 pL FiRE, 430 H
100 pL JF ELISA # IL-6 , TNF-a 1 TGF-B1

P =N
S
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1.2.5 HHLIGRARER-PL (HE) YA 540 0
Yufh,

HE FIHEE O Yoo 2 IR & 3 i - 4
HE Y (a5 X8 T 40 200 BRAS AL, b i 0o 5 B &
AR RS VE IS 1Y SALVE AR 4% H
R R IR, WA O Y a5 32 H Image ]
1. 8. 0 R\ AL#EG, AT B AR 5 L
1.2.6 ULk EGAE

HAY) R B K Ak, PR AE 5 5 FE e ok i
(7 ~ 8 min) , B A ZERE 15 min, HRBRHEZE
& ,1 x TBST % 3 IKEFK 5 min, 3% i3 S AL (-
FES 10 min, TBST P& 3 WK, YK S min, 1 5%
BSA MW, iR FIEE 30 min, %00 30 pL —
Pi,4 Cad % ; TBST Pk 3 W, B K 5 min, %1
P, EIRIEE 1 hy TBST ¥k 3 ¥R, &K 5 min, 0
RF SABC, & IEIFH 20 min, TBST ¥k 3 K, 1K
5 min, DAB B8 AR R Yeb%, 58 e , Kk i 47
JK G BIAAL I, JF 8 R E . ] Image J 1.8.0
BRI T I 4 2 B0 3 2 Ak P P 36 2K T AL g
30T .
1.2.7  $2HRNA M8 S 2E Rl v

TRIzol 1277 $2 B 2 /N BB RNA, TE AR 4l
FE B SE RS ST i S 2 SC PR R I

A Nlumina Novaseq 6000 - & #5477 & &y, 7=
HE 150 bp BUAR MG EL, AR Fastp™ 4b
B35 5 81 DA E— 25 7
1.2.8 25 AL

W R4 3.2 Bk “ DESeq2 1.7 70 #r 22 &
Bk Tk | log, FC | > 1 H ¢ <0.05 1
VAT AR MR T e S
YRS AR AR L A
1.2.9 & H F-% A B H 1E ( protein-protein
interaction networks , PP1) 734t

i STRING 12. 0 4l PE #4743 A, 4 44
FR/AARRATFRE 2/ BV 1, 158 B 38 B0 B0 (E
0.9, KBOTF /R PPI M4 & HEBRAZ A
1.2.10 GO #l KEGG &/t

A I AR L AT A B X 22 S5 TR Rk R AT
GO 1 KEGG WY& %53 Hr, 2515 i 35 Pk A2 L A
% H I GO M KEGG ISR
1.2.11 RT-qPCR Kl KHEHEE A

JCRNA HEHUS , mRNA 35044 558 ¢DNA
T PCR 73, SRH 27 34, L) GAPDH NS
THA mRNA WAHXT KB E, SIhAETAY T
() B ARARS R aE EYRE A
RN FIRAE P30 L3 1,

£ 1 5% qRT-PCR JF5
Table 1 Primer sequences for qRT-PCR

F: K4 R Gene name

(5> —3 ) Forward(5° —3’)

TU#(5”—3 )Reverse(5’—3")

Mmp12 GGCAACTGGACAACTCAACTCTG
Gstm3 ACTCCATCCGCTTGCTCCTG
Cyp2a22 GGATGACAAGGGACAGTTGAAGAAG
Len2 GCTACAATGTCACCTCCATCCTG
Plin4 AGGCAGTATCTGGAGGTGTGATG
Cyp2a4 CGAATGCTGGAGGAGAAGAAGAAC
Acot2 TGGTCTCTTGGATGTCGTGGAAG
Tubb2a CAAGATCAGAGAGGAGTACCCAGAC
Mgst3 TGCCCTCTTTGCCCTGATGG
CCL6 CTGCTGCTTCTCTTATGCCACAC
Serpinale GAGATTGCTACAAACCTGGGAGAC
Acmsd GGAGATGGAGCGTTGTGTTAAGG
Mup3 CGAGAACCAGATTTGAGTTTAGACATC
CypTal AGGTCTCTGAACTGATCCGTCTAC
Ces3b CTGTGTCACTATCTTCGGTAACTCTG
Serpina3k TGTCCTGCTGTCCTATGCTTCC
C8b ACGGAGTGTGGCGGAAGC
Mup8 GAGTTCAGACATCAAGGAAAGGTTTG
Mup?2 GAGTTCAGACATCAAGGAAAGGTTTG
C8a TGGCATTGGCATAGGAATTAAGGATAG
IL-6 GCTACCAAACTGGATATAATCAGG
TNF-a TGCCTCCTCTTTTGCTTATGTT
TGF-81 AACCAAGGAGACGGAATACA
GAPDH TCACCATCTTCCAGGAGCGAGAC

CGCTTCATCCATCTTGACCTCTG
CTGGCTTCGGTCAAAGTTGGG
GATGGTGGTGAAGAACAGGAACAG
ATACCTGTGCATATTTCCCAGAGTG
TGTGGTAACTGTGTCCTTCGTATTG
TGGTGCTGACGGTCTCTGTG
AGGAACAGGAAGGTCGTGTCAG
TCCACCACAGTATCAGAGACCTTG
CCGTAGCCTAAGCCTGGTCTG
CCCTCCTGCTGATAAAGATGATGC
AGAAGATGTTGGAAGTGTTGGACTG
GCCGCAGCATAGATTGGGAAG
CGAGGCAGCGATTGACATTGG
CGTCTTAGCCTTCTCCATGTCATC
TCTGGGATATGGCTCTGTGGAAG
TGTCATCTTGTGTCCCATTGTCTTG
CGGAGCAAGTAAGTATGTCTGTACC
GAGGCAGCGATTGGCATTGG
GGAGGCAGCGATTGGCATTG
TATGTCACGGTCACCATCTCCAG
GGACTCTGGCTTTGTCTTTCTT
AGGTTCAGTGATGTAGCGACAG
CGTGGAGTTTGTTATCTTTGC
TGAGCCCTTCCACAATGCCAAAG




208 W E SIS S AR 2025 A5 2 A4 33 B4 23 Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2

1.3 SitESH

{di J1] Graphpad Prism 10. 0. 2 F1 SPSS 27. 0 #
PEHAT R S A SR, R B DO «
i (& £ s) Ron, BFRMRE S, B T 15
B, Wilcoxon Bk A 56 LA I M 7 BEAR A . B 7
SR ST Ridit 2087, P < 0.05 M EA ST

2 #R

2.1 WANMNR—RBERTH

PIZL /R Bl R AT B Ok 5 XA
A G, TR RS T ek 2H B £ 20 T L TPORS TRk A
INEURFE R R RRE(P < 0.01) FFA TR (P
< 0.01) ; AL R RS A2 (1),

T AP/ N EUA R AL B /N IR LE 5 C P/ NN LE s SRR AR LE, ™ P < 0.01, (FIE/3RIR)
Bl 1 WA/ RS S A E AR A LA A

Note. A. Changes in body mass of the two mice groups. B. Liver-to-body ratio of the two mice groups. C. Spleen-to-body ratio of the

two mice groups. Compared with the control group, ™ P < 0.01. (The same in the following figures and tables)

Figure 1 Changes in body mass, liver-to-body ratio, and spleen-to-body ratio in two mice groups

2.2 MHANBRIhEE R A R SIS
T

TAG TEDRE A /I BRI 5 DD g 8 A% ALT | AST
AT IR W ETH(P < 0.01) ,HEZ Fig
JiE A A8 45 TC(P < 0.01) \TG(P < 0.05)
K53 LT, MDA /KB E T (P < 0.01);
GSH . T-SOD /K& FRE(P < 0.05) (K 2)
2.3 WANMRFAARERFKE

E5XRRZH /N FRAH LE, TSRS k2 /N R 2L 1
W IL-6 TNF-o #l TGF-B1 KV R T (P <
0.05) , it qRT-PCR % iiF & # 11L-6 , TNF-a Al
TGF-B1 FA FE(P < 0.05), IL-6 Fil TNF-o 1F
hy HARY AR A A -, LSRGk b i e WA A X6 JH-2H
LR J VEAE T TGF-B1 2 — P XU Iy BE 1Y A
1, S4B VAR ¢, 5 B8 s & H2UE
AL etk (B 3) .
2.4 WAHNMNRFHARARELTWL

JFAHZY HE e, LUPORS M R 9 SALVE 43
/G SERS WAy fi)gatal e AN i A 6 % il RSl

SERFEAR AT (W3R 2 ~ 4) $2R WA 1k
20 /N BRUHF 200 B 4 308 Rt 1 g 7 8 P | Rt 1 g iy
AR RERFEASPE R R s T O G
S RTERE R RN BUF U B G R (P <
0.01) ; F4/80 e 11k 25 5 /s PORS 1l ek 2 5 v
YRAE FH YL B B3I (P < 0.01) (1 4) .
2.5 AANMRERERREDH

T S PR L A BT B TR REZH S5
Ko TRDEHE /N B 2 20 22 S5 3 38 B IR 19 43 A1 1
e, BRI E) 2063 2 FIEH (| log, FC |
> 1,q <0.05), Hr 1236 3L H %k i, 827

T2 TR

Table 2 Grading of hepatocellular steatosis

N T AE P73 2% Ridit 43#H7
21 5 Grading of fat degeneration Ridit analysis
Groups 0% 1% 2% 3% Rff
GO Gl G2 G3 R value
i IR 4]
HHRAL 8 0 0 0 0.22
Control group
S ek =gl 4
AR TRDRHH | 3 6 0.72"

Alcohol-fed group
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W ADNRINTE ALT &8 B /DRI AST & & C./NRAL TC & &5 D /DAL TG i E. /MRS MDA & i F. /R A
ZUT-SOD ;G /MRAHE! GSH & i SXTIRAAALL, " P < 0.05, (FEI/FERE)
B2 W4/ ALT AST . TC TG MDA T-SOD #1 GSH 7“5k

Note. A. Serum ALT concentration in mice. B. Serum AST concentration in mice. C. TC content in mice tissues. D. TG content in

mice tissues. E. MDA content mice in tissues. F. T-SOD content mice in tissues. G. GSH content in mice tissues. Compared with the

control group, P < 0.05. (The same in the following figures and tables)
Figure 2 Changes in ALT, AST, TC, TG, MDA, T-SOD and GSH indicators in two mice groups

R3O/ L 20 IR T R R ) 3 2
Table 3 Grading of neutrophil infiltration severity in

liver lobules

NI H PR A i 3 Ridit 43#H7
215 Lobular neutrophil grading Ridit analysis
G S
o 0% 1% 2% R
GO Gl G2 R value
apiliEs
X AR 8 0 0 0.22
Control group
3 Fal 4
A T k2 4 6 0,72

Alcohol-fed group

AFER IR T H A HOG BE AL /N B, VA Ak 21
/NERIFHY Mmp12 | Gstm3 | Cyp2a22 55 3 R 1) 3k
B3 LA, M Serpinale , Acmsd . Mup3 55 F& R ) 3%
RN ETR(ES)

R4 UM EREEAL 73
Table 4 Grading of hepatocellular ballooning

TERFEE SR Ridit 7347
25 Balloon-like change grading  Ridit analysis
Groups 0% 1 % 2 R
GO Gl G2 R value
i IR ]
X IR 8 0 0 0.22
Control group
ST Yk 1 e 4]
PR iR ) 8 0. 72"

Alcohol-fed group

2.6 WMANRIFEARLERKEEREM PPI ST

T String FHE A4 PPI &, 4% H AE M
Y EE F 25 CD44  CYP2E1 ,SYK . PIK3CD |
CD4 .CDK1 ,CXCL10 ,RAC2 ,CCNA2 . ICAM1 %%
HAHR (K 6) .
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A /DEUFALZTL-6 & K5 B/ BUFFAL1ZY TNF-o 2 UKV Co /N RUIFALEY TGR-B1 2 FIKCF 5 D2/ RUIFAL 2L TL-6
mRNA /K E /N B Z TNF-o mRNA 7K F /N RAFZE4T TGF-B1 mRNA 7K,

B3 g/ RZHZ 1L-6  TNF-a £ TGF-B1 /K-
Note. A. IL-6 protein level in mouse liver tissue. B. TNF-a protein level in mouse liver tissue. C. TGF-B1 protein level in mouse

liver tissue. D. IL-6 mRNA level in mouse liver tissue. E. TNF-a mRNA level in mouse liver tissue. F. TGF-B1 mRNA level in

mouse liver tissue.

Figure 3 Levels of IL-6, TNF-a and TGF-B1 in tissues of two mice groups

2.7 MANBHARERFKIEZEERN GO o1
PIZH /N RUTFEH 20 22 57 R IR 3k P I 3870 4>
H W3 72 (biological process, BP) 578 ™4 Mg 41
47 (cell component, CC) Fl 1103 4~ 4 + I fig
(molecular function, MF) . BP 134§ 28 i & bi | 5
JARH R | R AN A AP TL-6 77 AR Y AE [1]
PRI AR 9 S A B T [ R 2 [ A
AR TL-18 AR IE A AT CC 414G NADPH %
AR 525 ) SR AL AR I DR 40 i R 45 2
43 s MF A 46 AR I B PE | A6 A= D0 R 3 4R Ak
R et VL PN R R G = R A AP e AR o 27
Bt M (CXCR B T2 K455 A DEH Ik
MG PSR RE (1 7) .
2.8 WANRERREZEER KEGG S
KEGG 73 Hr 7, 5% FREH /N B LA, TP RS T

RGBSR AL/ N B 25 5 B S LR 66 % fH
T TG L 5 RS T A A R R O B AT
20 Zi B A0S . A M f6 3R P450 X AR IR 1 5 1
AR 40 M R 7 5 A0 i R T 2 AR AR B L
A 155 i RERE R A& R A H
JRAR G 0 AR it | 245 0 A - £ 3R 450
R J 0 | TSGR R 250 AR T TR T A A Ak 3L
WA AEA: DU R X5 NF-xB {5 5 % | 2 5k
PR IR T IR WA OE 4 e J 00 SR D H 2% b
AR B BT AT AL RN i pS3 15 5 [ . PPAR
{55 i %  NOD 52 115 5 B | R AE i B %
TRP i 8 iy 4% S5 % (141 8)
2.9 WANMRFELERKIEZEREM qRT-PCR
IS IE

K qRT-PCR X 95 41 /)N BRURT 22 53¢ 3 R i 47
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AR HE Yoo ;B IFHZNZT O Y ; C R ZR F4/80 Seyse A ; D - A SRl 41 i 1 MR R AR X T FH E . T 20 21
F4/80 FHAAS HIA o

B4 MAVNRFALL HE L0 0 K F4/80 el fb e 4
Note. A. HE staining of liver tissues. B. Oil Red O staining of liver tissue. C. F4/80 immunohistochemistry of liver tissues.
D. Relative area of oil red semi quantitative lipid droplets in liver tissues. E. Relative area of F4/80 positivity in liver tissues.

Figure 4 HE, Oil Red O staining and F4/80 immunohistochemistry of liver tissues in two mice groups

TE A TPORG ARDREZH FX HR 2 20 43 2 S5 L R BV KT 5 B PSR ASHEE RG] R IR 2R 2R 2% S IR L W81 s 2. D IR 6 R IR I
TR TC 3 22 5 A

5 LR 2 RIA N
Note. A. Heat map of differential genes in alcohol-fed group and control group. B. Volcano map of differential genes in alcohol-fed group
and control group. Red. Up-regulated genes. Blue. Down-regulated genes. Grey. Non-significantly different genes.

Figure 5 Differentially expressed genes in liver tissue
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T A S 8 AR AR T 5 B . 2 DR R 42 B (R 0
B 6 JFEZ: 53 PPL K24 5]
Note. A. Protein-protein interaction diagram. B. Number of genes regulating each target gene.

Figure 6 PPI network diagram of differentially expressed genes in liver tissue

B7 2ERREN GO FHES

Figure 7 GO enrichment analysis of differentially expressed genes
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B8 25 KIASINK KEGG 7
Figure 8 KEGG enrichment bubble map of differentially expressed genes

THUE, R R Rk B R A 10 R
ALFE . Mmpl12 . Gstm3, Cyp2a22. Len2 ., Plin4d .
Cyp2a4 Acot2 . Tubb2a Mgst3 . Ccl6; 33K T Vi i ik
Z 10 A4S 31 K 4 ) 2 Serpinale . Acmsd . Mup3 |
CypTal  Ces3b ., Serpina3k , C8b, Mup8 , Mup2 , C8a,
ZHGUELL LAY mRNA Fik AR 1b 4 5 5 5 4
M FPE5 R —F (K 9)

3 itig

H i FPORS M B R A RS LR
SRR R FOBUM F FH 2E 555, C57BL/6) /MR
ARG i G 7 2 T 3 A T RS B9 47 A5 R /)
BB ARTFSR 8 CSTBL/6 /MR, LATRIKS i 1A fm]
BEE R, BN ALT AST TC TG \ MDA J%
SRAE A I 44 i 2 Ty, GSH ,SOD ) i 3
R P L B A R AR 7 AR R A
J 7 P ACBRAEAD P AT PR 40 B iR AR
b R B AF A RS R R

PR 2 25 S DR b TR ek A 2 L A )
PIAT 2R 3 28 RAE I A I AN Bt 480 fb A DG 3
K, RIEAHFCIL R AN Len2 550985 1 AT 2 7™ 8 72
JEA N C-C B AL IR T L AR (C-C motif
chemokine ligand ,CCL) 6 1 B #1510 8 14 T 45
1Bk (B 5k cCL2 F1 CCLS AR w]

RETEIS RS VRIS 5 b A HE R . IR By IR B AR
WIE N Plind 5 5B BAHE , Plin2 1E9R VAR
JU e ot R 51| Plind W RE A S RIAE
PLEACAH IEE (4N Gstm3  Mgst3) 545 HEH BT
W B A O, Cyp2a22 ., Cyp2ad [F))E T 40 2 &K
P450 FK G, vl e 2 5 0K X, A2 00 MR
(reactive oxygen species, ROS) , Il &I % b N 3% B
Jo At A ST A T A BT A DG [ AR
KEGG 73 R B 46,

TR R 5 A A0 Ok MG 5 RE T A
Ko T IRBYMEREAHOCHE ] (1 Mup2 \Mup3 Mup8)
L2500 i (2R P450 38 M 4k 20 A — 2L,
RSN B 1) AR RE ) T e, 7T RE S 3
TR MR, T a0 R oM ¢ I (
Serpinale  Serpina3k) 5 40 ffd JE 3 B T AR A
WA SCE % OB/ AL DG, 3K R BB S ) 1 248 L ) -
AFBSERETT

25 b AR R IR S 2 AR A Y 2 S R TR LA
i GO KEGG Iyt , FEARIAE 41 HL (2, % P450
Xof A IEPE ) 5 ) AR Rk PR A S0 L A
PR 5 4 A PR 32 AR 04 AR AR T L GSH AR #R
BRI NF-kB {5530 S5 it IR R BT
TR PR 4505 B T R T R RS B —
U=
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A BRI RN 10 AR B TR B 1 10 ER
B9 qRT-PCR 734 M4/ NI 2122 bk
Note. A. Upregulation of the 10 most significant genes. B. Downregulate the 10 most significant genes.

Figure 9 qRT-PCR analysis of differentially expressed genes in two groups of mice
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ARWFTEAFAE— 2 BRI (1) FEZAEFER K

S LS 1A R R A3 ) 2 LR el BE G i
AT A ORGP A0 005 09 2 2 ad 5 (2) ARAIESE
A28 S FE R HEAT I RE AL, 5 Ze i 50 nl 1 i 2
DR BR e 2 0K 55 07 vk i — 20 B Ik 1 S R [A A
PRSI RT3 P B 1, LU Ao e 4 4 4
CIREP IS oY I
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[ Abstract ) Objective  In this study, 2, 4-dinitrochlorobenzene ( DNCB) was used to induce the
establishment of an atopic dermatitis ( AD) model in BALB/c¢ homozygous mice to simulate the skin inflammatory
complications in patients with clinical malignancies. Methods BALB/c mice were divided into different groups:

negative control group ( NC group), model group ( MODEL group ), atopic dermatitis group ( AD group), and
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dexamethasone group ( DEX group). After the mice in MODEL group and DEX group were inoculated with S-180
tumor cells in the axilla, MODEL group, AD group and DEX group were stimulated with DNCB on the dorsal skin and
the ear to establish an animal model of atopic dermatitis in tumor-bearing mice. Changes in body weight were observed
and recorded, the dorsal skin condition of mice was assessed after the last administration of the drug, the spleen was
taken to calculate the spleen coefficient, the difference in the mass of mouse ear slices was determined to calculate the
degree of auricular swelling and the rate of inhibition of swelling, and histopathological tests were performed on the
dorsal skin tissues to detect the levels of Igk, TNF-a, IL-4, and IL-17 in the serum using an ELISA assay. Results
Compared with the NC group, the skin of mice in the MODEL and AD groups showed erythematous, papular, scaly
and mossy changes, accompanied by weight loss, and a significant increase in splenic coefficient and auricular
swelling. Pathologic findings showed an incomplete skin structure, a significant increase in skin thickness, a large
infiltration of inflammatory cells, and an increase in the number of mast cells. Serum levels of IgE, TNF-a, 1L-4 and
IL-17 were increased. Compared with the MODEL group, the DEX group showed an improvement in all the assays.
Conclusions DNCB excitation can successfully establish an animal model of AD in hormonal mice, which is drug-

controllable, which provides a useful scientific tool for conducting scientific research related to malignant tumors and

skin inflammation.

[ Keywords]

animal model ; atopic dermatitis; malignant tumor; BALB/¢ mice
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) ,10127105p-G/ 188105 5 BH 2 i 1 s 48 3% A
(VLR e M A BRA |, hE ) |, 10212450C
B I 5 B A (VL9578 2R S0 g A A BR A
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(NC group,n = 4) , T4 (MODEL group,n =
4) RN R (AD group,n = 4) , HiZEKF
20 (DEX group,n = 4), SCEFFAAHET 1 d, K& A
IR FH 57 98UBE (4% ,300 ~ 500 mL/min ) WA JBR
B, BT SE T F A B AR L 5 K T
K, P R R BB PR 2R, I 2 em x

3 om; BOREE ST AU R QNI 1 B, SEER AR 1K,
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Figure 1 Seeded tumors, DNCB treatment and DEX administration used in the experiment
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Table 1 Scale of severity of skin lesions

TREE EARZHE ) KR (%) FEFBE(HTUR) 58 (T48%)
Degree Erythema (bleeding) Edema (pimples) Epidermal peeling (scratches) Scaly (dry)
J5(041) ¥ ¥ ¥ ¥
None (0 points) None None None None
y s JLP T WA B i T
" B LR
g1y PO ERAG s R BRI TS SO
Mild (1 point) al]r} v VIR Almost unobservable bumps Slightly superficial epidermal loss Furfuraceous
ight pink .
on the skin surface
. VF 2RI R BBV / TR /D i
B 5T LB o el T 1
HRE (2 43) AT L R IRA (EA B i ZHITR R W5 /TR RINCAE F

Moderate (2 points) Visible, deep red

HEEE(3 )

Severe (3 points)

VAN AR )

Dark red or scarlet

Visible skin elevation,
but not obvious

F 2 T T B SRR T
Clearly raised on the
skin surface

Many minor epidermal peels/scratches Less flaky scaly

or a few more previous epidermal coverage
peels/scratches
AT 24 R AT L1 R/
Ekb@giﬁdﬁcﬂgﬂéﬂiﬂﬂﬁ EEE@%E%%

Extensive superficial epidermal K
P p Thick scales cover

peeling/scratching, and/or many
deeper epidermal peels

S SR T R R R
1.2.5 A4/ BUERJE6 i Bk 3 5 B e B Ao o 2%

Kkl H EA2 N 6 mm [ 2EFLAS 43
WIAE/N RS AT AR R XA i B 3T HL, SR )5 5T
BIZE i R EARE™ , DU/NRAAH R WE
TR (EAE R B KRR ST A I ) R 0
1.2.6 A4/ EURz TR 2 el AR

B4/ B FH 53 980065% (4% , 300 ~ 500 mL/min)
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S5 bE (4% ,300 ~ 500 mL/min) W A BRI IS AL 5E
S,/ BUHIR HE BBt ) & 037 , WA R S s T
—80 CUKAH T URAF, Fie BEOAH R 38 500 & 1k B 45
Y, R I IR HAH a2 R F TeE \TNF-a \ 1L-4 Fil
IL-17 B & &,
1.3 SitFESHR

FIH Graphpad Prism 9. 0 {4 XF £ 4 17 4b
OB DFIME £ PrifE2E (2 £ 5) B2,
HEAT 22 21 8] P, it B0 K 3R 5 2% 49 BT ( One-
way ANOVA) ,P < 0.05 FREAGITEE L,

2 #R

2.1 BANMBRHERETHER

TEERES 0.7 14 21 Fl 35 K}, 525 %} g
Y, £ A R i B X B T Rk A 7E 21.35
KT, M ZE RN 2H /N BB B 4 R B i A, &2
EIHER(E2) .,

525 ARG, P < 0.01, (TREI/ZER)

2 AH/DNRUARBTR AL
Note. Compared with NC group, *P < 0.01. (The same
in the following figures and tables)

Figure 2 Changes in body mass of mice in each group
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B3 AT R

Figure 3 Dorsal skin of mice in each group

®2 AN HREBPEEI (x £ 5,0 = 4)

Table 2 Dorsal skin lesion scores of mice in each group(x = s,n = 4)

ZH 5 EAIN ENIDN %514 K 21K o528 K 535 K
Groups Day O Day 7 Day 14 Day 21 Day 28 Day 35
25 % R AL
NC group 0 0 0 0 0
*ﬁﬂéﬁ - ## i i ##
0 3.25 £ 0.50 6.50 = 1.29 10.25 + 0. 50 10.25 + 0. 96 10.50 + 0.58
MODEL group
S VE 7 45 4
HEDLE R R4 0 2.75 £ 0.50% 6.50 = 1.29" 10. 75 + 0. 96* 10.25 + 0. 96" 10. 75 + 0. 96"
AD group
FERINY . . . .
HFERFAA 0 3.50 + 0.58* 6.00 + 0.82* 10.00 + 0.82* 8.00 + 0.82* 3.00 £ 0.82*
DEX group

W SRR AL, P < 0.01, ( FIEI/ZFER)

Note. Compared with MODEL group, ™ P < 0.01. (The same in the following figures and tables)

MR EFRIR(P < 0.01) . WL 4,

2.4 JH /R EERB K BE K B BRI ) 2R L Bt
22 DNCB R0, A58 B 20 AR 7 4 Bz 4%

AL/ RUH K 5 47 B H R o B S 3, A=

2.3 RENRRIBHLE

55725 0k B A L, A58 280 A AR IO 4 Bz 4% 4
/N PR B R R B R N (P < 0..01)
SRR AR L, 3 ZE R AR AL/ BB JBL 5T B0/
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Figure 4 Splenic index of mice in each group
FHA L A BEZEF (P < 0.01) ; SR A
Lt b ZERANZH /)N B A B i ik B2 B H 7 o o
SRR, B i 0 R s, B Gt (P
<0.01), WK 5 %3,
2.5 BHNMRERREFELT

BER AT UL, 28 UG R /)N BB R 24 20 3R e
HLH )2 B IR, B4 S BRI S AMULIE &, TG
RIEWRE . 525 FIAUAR L, B8 4 R e iy P B 4%

AN BRAT L3R B LR R R R A S G, Bz ik A
S, BE R R T, SRR,
M FEARAN L /N B B LB IS W) B, R
IS T R o R T R 2 e i e T O B =
NEJCER IR I, 5 O IR ZH /)N B AL 2D 9 A
RANLIR I, 5 25 O BRAH L5, 455 0 20 R 7
P B2 9 20 /N BB B2 IR mT DL B A 8 I A 4 i 8
W2 SRR LR, b 38R AN 21 /)N BRUIE K 40 i
B/ bW, WK 6,

B 5 A4/ SUH B I B A H o
Figure 5 Auricular swelling and right ear mass of

mice in each group

T A A AN AR U BP0 5 B 45 /N B R A MR i 17 L
Bloe A4/ ZURITI R G0

Note. A. Histopathological changes of skin lesions in mice in each group. B. Mast cell infiltration in mice in each group.

Figure 6 Staining of histopathological sections of skin lesions of mice in each group
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2.6 HHAMNRMF IgE, TNF-o, IL-4 F1 IL-17
SENTHK

525 AN HEZH AH Lb, 52 28 20 e I P B 4% 2
A I35 P TIgE [ TNF-o IL-4 A1 IL-17 (& B2 8

FHIE (P < 0.01) ;10 Hb ZERANH 9 135 H TeE |
TNF-o IL-4 F1 TL-17 (4 F 2 ] g 7 A () R B )
TR, SEAIHAR L, BA PR 2% (P < 0.01),
WL 7,

R3 AL/ U KB B i A o)

Table 3 Auricular swelling and swelling inhibition rate of mice in each group

2 5 ZEHJFi i/ mg FH i/ mg Bk / mg b i 1R/ %
Groups Left ear mass/mg Right ear mass/mg Swelling degree/mg Swelling inhibition rate/%
g =pait
= H IR 4.25 £ 0.50 4.85 + 0.60 0.60 + 0.71
NC group
TR - "
MODEL group 5.75 +0.96 31.00 = 2. 16 25.25 + 2.87
R o M B A 4
RERLTE B ARAL 6.05 = 0.82 20.57 + 1.85" 14.52 = 1.26™
AD group
e \é
HERMA 5.25 + 0.50 6.75 + 0.96™ 1,50+ 1.00° 94.06%
DEX group

B 7 4/ IgE TNF-o IL-4 1 TL-17 40 8 R 7 (0 2 1K -
Figure 7 Expression levels of serum Igk, TNF-a, IL-4 and IL-17 cytokines of mice in each group

3 i
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(antigen presenting cell, APC) BY36 5 , B &5 1458
S AERIBE ST, 25 B Thl ‘Th17 ' Th22 DL J% Tth 4§
SERE AR 08 g 1) 2 Je 25 ARG P A
ZHAREE TR IR B2 R A s B v e ) 3R
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21 TgE K328 O BAE S 28 T vy, T e A
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IL-17 1 IL-4 W9 IA R BEAE [ Bt AD A5 A (%) 50

JEEREL, AT R I 45 R R AR 2 RN R

I R 9% 2 ) 3K S 2 i PR K OF- B8 I e T

FUXE 2, T A58 07 1 B2 98 4 1) 7K 1 DA T A3 A

., A, SR AH LL, KRN A o A

R S UL RH AR 98 37 19 sh i i LA
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Establishment of an animal model with controllable osteoradionecrosis
of the jaws with bone defect range
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[ Abstract] Objective To establish, based on new diagnostic criteria for osteoradionecrosis of the jaws
(ORNJ), an animal model with a controllable bone defect range and early and mild ORNJ characteristics. Methods
A method involving single high-dose irradiation with an electron linear accelerator was applied. According to the
irradiation dose, the animals were divided into a group ( control group) ; b group (12 Gy group) ; and ¢ group (14 Gy
group ). Six rabbits were randomly assigned to each group, b and c¢ groups were uniformly selected for further
radiotherapy of the right mandibular area. After 1 week, all animals were prepared with a standard bone defect at the
right mandibular angle. After 4 weeks, the animals were euthanized, and general observations were conducted. CBCT
scans and HU values of mandibular specimens, HE staining histological observations, Trap staining histology, and
osteoclast counts were compared. And the statistical analysis were carried out. Results 4 weeks after the bone defect

was created, the soft tissue in the surgical area of b and ¢ groups showed mild swelling, purple skin, and erosion and
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ulceration of the oral mucosa, with ¢ group showing the most significant changes. CBCT examination showed that the

cortical bone of the irradiated areas in b and ¢ groups was rough, while that of ¢ group had poor continuity. No

significant changes were observed in the extent of the bone defect in any group, b and ¢ groups had significantly

decreased HU values compared with a group. HE staining and histological observation suggested that the bone

continuity of b and ¢ groups had deteriorated ; there was a large amount of fibrotic tissue proliferation, an increase in

blank bone pits without cells, and an infiltration of inflammatory cells. Trap staining revealed a significant increase in

osteoclasts in ¢ group compared with a group. Conclusion By using an electron linear accelerator, a single dose of

14 Gy irradiation was applied to the mandibular angle area to create bone defects with consistent specifications in

rabbits. After 4 weeks, an animal model that met the early diagnostic criteria of ORNJ and had controllable

consistency in the range and degree of bone defects was established.

[ Keywords]

osteoradionecrosis of jaws (ORNJ) ; bone defect; controllable; animal model
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Figure 1 New Zealand white rabbit fixed and irradiated
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T A AU A BT IR SRR DX R B R B 5 B < A RO 30 R AU SR 1 s S 0 B
B3 SRR E AR

Note. A. Local skin appearance of rabbits after different doses of radiotherapy. B. Local manifestations of oral mucosa in rabbits after

irradiation with different doses of radiotherapy.

Figure 3 General manifestations of each group after radiation exposure
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Note. a group. There was no obvious abnormality in the cortex of bone. b group. Cortex of bone defect was coarse (red arrow).

¢ group. Continuity of the cortex of bone defect was poor and the cortex of bone defect was coarse (red arrow).

Figure 4 CBCT imaging of mandible in rabbits after different doses of radiotherapy
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Figure 6 HE staining of mandibular defect in rabbits
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Note. A. Trap staining of mandibular defects in rabbits. B. Trap stained osteoclasts at different irradiation doses.

Figure 7 Trap staining and osteoclast counting
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A comparative study of depression phenotype in a tumor-bearing
mouse model of breast cancer
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[ Abstract] Objective Compare the depression phenotypes of a breast cancer tumor-bearing mouse model
constructed using two different method and a mouse model of breast cancer depression with clinical manifestations, as
well as assess their suitability for basic research. Methods We constructed a tumor model with 4T1 breast cancer

cells alone (4T1 group)and a tumor-depression composite model given chronic unpredictable mild ( CUMS) (4T1 +
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CUMS group). The experimental period was 42 d, and the body mass, tumor volume, and survival time of the mice
were monitored throughout the whole process. Two depressive behavioral tests (of sucrose preference test, open field
test, tail suspension test, and elevated plus maze ) were performed on the 15th and 29th days, respectively.
Hematoxylin-eosin ( HE ) staining was used to observe the pathological changes of hippocampal neurons in brain tissue
sections. Results (1)Body mass: The body mass of the 4T1 group and 4T1 + CUMS group began to decrease from
29 d, and the body mass of the 4T1 + CUMS group was significantly lower than that of the 4T1 group and Control group
at the end of the experiment (P < 0.001). (2) Tumor volume: There was no significant difference in the growth
rate of tumors between the two model groups throughout the experiment (P > 0.05).

rates of the 4T1 group and 4T1 + CUMS group were 100% and 60% ,

(3)Survival time; The survival
and the first death of mice in the 4T1 + CUMS
group was on the 36th day. (4) Behavior test of depression: There was no significant difference between the three
groups in the first depressive behavior tests (P > 0.05) , and the two groups showed obvious depressive phenotypes in
the second behavioral tests. The sucrose preference index and activity distance in the central area were significantly
decreased in the two model groups (P < 0.001), and the immobility time was significantly increased (P < 0.001).
(5) Pathological section of brain tissue; On pathological examination of brain tissue, we observed a reduced number of
neuronal cells in the hippocampus of the 4T1 group and 4T1 + CUMS group, their morphology was irregular, the
arrangement between the cells was disordered and the gap was unclear, and some nucleoli were blurred. Conclusions
Although the tumor-only method and the tumor with compound stress stimulation method can both be used to prepare
breast cancer depression models, the tumor-only modeling method is simpler and the mortality rate after successful
modeling is higher. The long window of time is convenient for subsequent drug administration and detection, and the

the 4T1

model can provide a reference model for future animal experiments on breast cancer tumor-related depression.

causes of the depression phenotype are more in line with the clinical causes and manifestations. Therefore,
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breast cancer; tumor; depression; animal model; behavior
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Figure 2 Changes in body mass of mice in each group
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Figure 3 Changes in tumor volume in mice in each group
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Figure 4 Survival curves of mice in each group
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Note. A. Sucrose preference index in SPT. B. Immobility time in TST.
Figure 5 Depression-like behavior detected by SPT and TST
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Figure 6 The total distance and trajectory of horizontal motion in the OFT
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Note. Compared with control group, ™ P < 0.01.

Figure 7 Proportion of the dwell time and the trajectory of the open arm in the EPM
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Figure 8 Brain histopathological changes in mice in each group(n = 3)
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[ Abstract]
glucose, heat pain threshold, and transient receptor potential vanilloid 4 (TRPV4) in the dorsal root ganglia (DRG)

Objective  To explore the function of electroacupuncture (EA) on body mass, fasting blood

of rats with diabetic neuropathic pain (DNP). Methods A DNP rat model was formed by intraperitoneally injecting
the animals with STZ. From days 15 to 21, bilateral Zusanli and Kunlun points of the DNP rat model were treated with
electroacupuncture once daily for 30 min. We then measured their body mass, fasting blood glucose, and heat pain
threshold. The co-expression of TRPV4 and NeuN in the rat L4 ~ L6 DRG was detected by immunofluorescence. The
effects of the TRPV4 agonist GSK1016790A on body mass, fasting blood glucose, and the heat pain threshold of DNP
rats treated with electroacupuncture were detected. Results After the 7th day, body mass was significantly decreased
(P < 0.01) and fasting glucose was significantly increased (P < 0.01) in the model group compared with the normal
group. After the 21st day, compared with the model group, heat pain threshold of the model + electroacupuncture
group was significantly higher (P < 0.01) ; the results of co-expression of TRPV4 and NeuN immunofluorescence on
rat [4 ~ L6 DRG showed that; the expression of positive cells in the model group was significantly higher (P < 0. 01)
than that in the normal group, the co-expression of TRPV4 and NeuN positive cells in 14 ~ L6 DRG of rats in the
model + electroacupuncture group was significantly lower (P < 0.01) than that in the model group. The TRPV4
agonist GSK1016790A can reverse the downregulation of thermal pain threshold induced by electroacupuncture in DNP

rats (P < 0.01). Conclusion

Electroacupuncture alleviated the DNP induced by STZ, and its mechanism may

involve the inhibition of TRPV4 protein expression in the DRG.

[ Keywords]

vanilloid 4

diabetic neuropathic pain; electroacupuncture; dorsal root ganglia; transient receptor potential
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1.2.3 25 I IO AR o 200

KR I E I & T 3 BT, e 7,14,
21 REEEARESK 8 h e, I L F IR B FEFR K
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1.2.4 EA T
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X 13 mm) ,ISiE N 2 Hz, 3 1 ~ 2 mA(HJ 15
min A 1 mA | J§ 15 min FH 2 mA) EA XU 2
SHOUHE S (BRSNS B LR R
23 4 S RAGYR 30 min, iELE 7 d, 1E# 4RI
RIZH R EAL T LI TR 2
1.2.5 TRPV4 #3h5) GSK1016790A J§ i i 5

55 15 RiEfT GSK1016790A JE 5. & &
KL RE AR L, o P AR 28 i B 709 £ B
I8 DX 3SRy PR T i, e R S VO A - 3k b
P TEE 5% 0.5 em A0 DL 45° I AJE B | [0l
AT A B 15 A R B I, B TA AR 1R A I
B ay HAb 28 B 5 F 2212 7 9T GSK1016790A (10
we/ke) , TGI8 B E M Ik A Sk O AR R R
TSR LABE B , 2L 7 d AT
1.2.6  FJF B E

R H  T  EHT  E AR 714 R 21 K
HEAT I 5, 2 A 6 1) 28 BF 5% i ) 2 44
[ KA R R I R T VR (52 =
0.5)°C , it 5% K EH BUER J5 /2 g st BT 75 i [
Rt 2 v AR, AR B 30 min P&, A 3
UG R I, AU T B AN
i 30 s, AR I R BRUR 3215
1.2.7 SPEEFOCKMR B DRG TRPV4 Fl1 NeuN
bR BH M40 i #e 1k

WS 21 d EA JFEURE L4 ~ L6 DRG, 4%
HAPIRUEE N 10 wm WVKIEY R, VI 5%
P IME £ 1 b, IA ST TRPVA(1 = 100) FlZ)N
FPT NeuN (1 : 600)4 C FiFH %, W HIMAG
it 488 — 40 (1 : 400) A H /ML 647 — 4
(1:400)F8 1 h(EEOG) , HPLHOCEKF (&
DAPL) #E47 £ R, B 3085 18 )5 B Tmage ]
1. 53U B 5 i it
1.3 Fit=ZEaHm

Ak 353 #7 4K 4 . GraphPad Prism 8.0,
SIS P E £ PRIEIR2E (& £ sx) RIR,
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B gBE D G T B R R Ty 22 43 B Al 1AL SR
Dunnett’ s 25 5 FEREKE B0 ; PR 0 & 25 i (08 AT
iR 1A P XU 2R 7 22 9345 ZH 1B R ] Tukey’ s 2
KRR ; UL P < 0.05 FnZ 5 B B,

2 H#R

2.1 FRE.ZELETL

NG R T S STZ if , AN [R) 41 K A4k o & N 28
MFETG P22 5, MRS ESS STZ 558 7 K, 1
RULH T AR + f 2 R BRI O i A 3 1 IE i 4

AR B A B, SIEFAEMLIL, " P < 0.01, (FEIH)

WETRFE(P <0.01) BRI KB + BEFA R
S MR MO E R A= (P < 0.01) . WEI 1,
2.2 HEETK

JE R ) STZ T 28 8 e T 4 STZ 555 7 K,
ARV R U S B 22 S 0 o e, g
T STZ J5 565 14 K AU J A + R4l R
A A TR E® AW S TR (P <
0.05) ; M s 0 STZ J5 55 21 K, BEAY + R4
KR B AR T R IR B (P < 0.01)
W2,

B 1 ARBTEFIEZ(n = 6)
Note. A. Body mass. B. Fasting blood glucose. Compared with the control group, ™ P < 0.01. (The same in the following figures)

Figure 1 Changes of body mass and fasting blood glucose(n = 6)

T SEFRAMIE, P <0.05," P < 0.01; SHAHAIL,
P <0.01, (FEIE)

B2 HIEEZE(n = 6)
Note. Compared with the control group,” P < 0.05,™ P <
0.01. Compared with the model group, *P < 0.01. ( The same
in the following figures)

Figure 2 Changes of heat pain threshold(n = 6)

2.3 kiR L4 ~ L6 DRG TRPV4 #1 NeuN 4
FRE 4 A R X

FERIZH KL 14 ~ L6 DRG ZH41r TRPV4 F
NeuN AR BH P20 M5O 5 F 1E 5 41 & T & (P
<0.01);#A + HEH KR 14 ~ L6 DRG H
TRPV4 F1 NeuN Mo FHPE 40 M BRI 4 T AU 2 (8
FIEIK(P <0.01), W3,
2.4 TRPV4 #H#FIx EA FFi DNP X R{& &
=T mETL A

A5 IR TR] A 2 R RS B | 2 U IOBE 22 57 T
BEYE, KB TRPV4 #3158 GSK1016790A X EA
T DNP K B 5 5t | 25 16 1008 A2 Ak i TC 52 )
W 4,
2.5 TRPV4 #3573t EA T3 DNP X R #J&
2L B R0

J W G STZ R BIES 5 55 14 Kk, [R5
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E:A: L4 DRG SEYOGCIERIE MG A B: L5 DRG s SRR EMSEiTHE ;. L6 DRC e ¥ IRIE MGl

B3 K L4 ~ L6 DRG " TRPV4 Fll NeuN ffE e JoE R (n = 3)
Note. A. 14 DRG immunofluorescence representative figure and statistical figure. B. L5 DRG immunofluorescence representative figure
and statistical figure. C. 146 DRG immunofluorescence representative figure and statistical figure.

Figure 3 Immunofluorescence results of TRPV4 and NeuN in rat [4 ~ L6 DRG(n = 3)
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B4 RBEAIEEEL(n = 5)
Figure 4 Changes of body mass and fasting blood glucose of the rats(n = 5)

AR BRI B 22 52 J0 5 Pk, 4 21 SR B
+ HLEF + GSK1016790A 28 K [ ARG B AR A T4
A+ B + AFRER KR TR (P < 0.01),
m&lz] 50

SRR + B + AEFREKRAIA L, ¥ P < 0.01,
B5 HUEELE(n = 5)

Note. Compared with DNP + EA + NS group, ¥ P < 0.01.

Figure 5 Comparison of heat pain threshold(n = 5)

3 it

DNP J& BRI H WL IT R 0E 2 — I IR L
AT HR PO A sk g RROR SRR . H A R oA
X7 DNP HORES VG259, B H BT RIR ST 7 s
A EAREIERTTY . EA A SRR E
PEPR Y MR ARG RR 259, RIVE TN
AUR A AT B L R Y # ST T DNP R R
R CHERSE EA 697 DNP AL ]S4 T 1
CAFUE EA 32 =B R4 76 DNP K

A R BRI | H 2 Hz EA WRI71E
FAMET 100 Hz EAY , $CARBFSE R 2 Hz EA T
TERIT EA VAT DNP (4N E R AL, BP9 4%
R EA AT AN 2S I UG R0, EA fig !
B K A ), B AT 22 % K R DNP,

DRG S EAEAL TR T 0 SRR 45 4, T RO
AL A T B LS R AE ML 2 30 40 5 M
B, DRG H B i 2870 23 T A B AU oy it %
75, X FP AN AL B G %o 12 MR 1) & A A4y
ZEHEEFE | DRC VRN B SRR,
DRG #1470 32 R GR AR b B Tl A e S
S DR e L LM T DRG #
ZIeH S 5ER T A G 0 — RV B T,
A 530 R IR B A S 1) S TR SRR IR I 7 1R
N VA AL ] (' thermosensitive transient receplor
potential channels, thermoTRPs ) ; thermoTRPs
TRPV1 ~ TRPV4 J& 5 # 5 F J ¥ M ¢ 1,
TRPA1 I TRPVS J2 X ¥4 157 3 il s iy %
ARHH TR E LMk T EA GEE o T
DNP K Fl DRG HI 635 M1 1 TRPVI K2 5
DNP K 5 #0181 1 2% i DNP0 Sk 1 ik —
AR thermoTRPs , 3 i3 4 [5] SCHk & 21 TRPV4 7£
PP R S N () P A e R B AR,
PSR & A DRG #2850 TRPV4 B3R5
Wzl RBFIESE R o, STZ S Al 5 S DNP
KE DRG H TRPV4 By FHME iRk 2, 5L
ERLE A —2  EA T HUEZE % DNP K FUE
JE I E LR 98 T DNP KBl DRG 1 TRPV4 1y
ik, AP R B R ESh GSK1016790A 1]
PEEEME IS TRPVA Gl EDY, 8EH 3RarsE A
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TRPV4 357 GSK1016790A H I IF EA 275 i@
i N TRPV4 K ZZ M DNP B 57 45 5 36 B i
S TRPV4 #3017 GSK1016790A 7] #5431 % EA
XT DNP K BRI VR FH , {EAS 52 i LA o £ Fn 23
I AR

ZE LR, AR 5T D) #E L T K Bl DNP AR
R ARSI T EA 76 DNP K BRURE AU A 42U A%
RICHAUR L, UE T EA ATREZE S T % DNP K
FL DRG "' TRPV4 [ 3RiK8 LA STZ 175 F: K R
DNP, AL BB T EA 57 DNP B9 43
ML, A B T #E3h EA 76 DNP I K 3697 1Y
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Development of an animal model of depression and evaluation methods
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(College of Biochemical Engineering, Beijing Union University, Beijing 100191, China)
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[ Abstract] Depression is a common chronic mental illness. Animal models of depression are widely used to
study the pathogenesis of depression as well as in the development of new antidepressant drugs. The consistency and
reliability of animal models of depression to simulate human depressive symptoms directly affect the study result.
However, at present, no animal models have been found that are completely consistent with the onset of human
depression, which hinders the in-depth study of depression. By using scientific and reasonable modeling and
evaluation method, the pathological state of depression can still be simulated to a large extent, providing a basis for
further in-depth research of the pathogenesis of depression and the development of effective antidepressant drugs. This
paper aims to provide a reference for researchers by reviewing several commonly used animal models and behavioral
tests of depression.
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CORT J2& W14 28 Bl v — 7ol B 22 40 1 o
o CYMUARSZ BRI HPA il BE %Ay, 43 il
KABWER i, WETERM, R Y CORT fig
% 5 ¥ Ty W B STUCER A2 A 46 DT 35400 i
JEIT# Ca® I8 A1 N-HUEE R A2 IR 24K, 1 35 it
bz Te, 5 E A0 g T, N B & AR S
TR & A KIWREE FAMEM: CORT &
35 5 17 A DG 198 4 DA DX B, Q¥ S A RO I
T 2 O 28 R R 9 03 S b . LR
o 28 %% M= (adult hippocampal neurogenesis
AHN) BE 98 4 i 25 1 4H ffg 5% 46 Ky i 5 14 AR (1]
(dentate gyrus,DG) i R 280, SHMARTT %
YIFSC, T CORT REHS & 3 FE AL AHN /K7
181 CORT REf1AT: DG rhid B V& BR A 2878 A
W , AT BB A o 15 3 W AR 5G] 5 (autophagy-
related gene 5, ATGS) {3 15 I T 8 M 4 oo
BDNF FRESE > pr @ @55 (] RNA T4
R 2T B ATGS Sk CORT 55/l DG
Hhek BEVE BRI A 22 0T F W, 25 3R W @R ATGS
A LU BDNF FI AHN 3R3KHREAR R FEHTINAR
TER,

AR B K H 20 me/kg ) CORT 45F /)
L, 2R 207 SO BT TR R 1 IR FREE 3 ~ 4
Jil o WA BT HIAS IR (19 CORT 3 2R IR
KN 25 me/ L 1 B Jo R~ 3R FH IR PR /K VR, ¢
SEMREFR 21 d SR ALY

W2 LB = 1% &% ( human phosphoinositide-3
kinase , PI3K) 5 2 fisl n] 8 P 22 ) Fid A2 UL &l
HRFR B A 6, HOs AL AT A 3 90 & R 4R 1 PG
(protein kinase B, Akt ) i 2 f. fitk 0 S5t 45 Jld TR
fif 3B ( glycogen synthase kinase 3 beta, GSK3B) i
P, TR B-ZE A8 H ( B-catenin ) BIFR A, 16
B Akt AT LA S 02 08 1228 F B2 R AL UK i
ARG T, oAb, SRR Akt 38 7] DL
PR F E2 A 5H F 2 (nuclear factor erythroid-
related factor 2, Nrf2) (% 5% 5% , 2N Nef2 7] LL5
AL S e RS & BE R R — R BT A AL
it , X e 4T A AL AT LAE— D IE BR TG R 4R, LD
P S 32 T M RS S P T2 PIBK/ Akt
e 22 PN 34 B A3 RN 43k 1Y) B A 0

ERTAME TR E ECEEWNEH,
JUAE B, B 1Y e NS W 3% CORT /LK)
MAESEETT N 28 DG & F , T E T & a1
7 B 1) v By i 222 T A AR RE g B A Ak FLAIL R AT B
5 %% PI3K/Akt/GSK3B/B-catenin il f& #H ¢,
SUN 45" & 3AT 5 MK ol L L1 CORT 5%
(/N BT p 2 70 PIBK I Akt FO B 1L 3t
PI3K/ Akt/Nrf2 {5538 j% % 15 H 4 2200 & # P
T-HER, B2f# CORT /N BLAISMARIE R

RBP4 A S, AR
WIS AMNEE CORT W] 82X 5256 sh ¥ i B A i
R — s B RIE R, A o s s M e e 1
R MR 5 B B S IR s i R BRR O,
4k, CORT W REZ 5 R el N gy, REUH L R4
LRz Z G008 L 28 JL AT BE 2068 9 30 diE vk A
Y St i — € T, W nl i CORT 5 HiAth 24
e FH AR A, HRI5C R A FH AL ) D0 5 22k —
1.3 IRIK(olfactory bulb, OB) ¥k K% S4B
1A

OB 1E R WL 5 b 38 () W1 9 h AiX , 2 5 MELE 1Y
AhBETRE OB RYMRF &2 LB DI, OB 44
WRAT 5[] B 4 8 22 [ e i Ak R v X A7 ) A ik
X, Z 5SS B A AL, MRERVIBR AR (olfactory
bulbectomy , OBX ) J&— Ff £ 15 58 UE 19 470 AR 4iE 85 45
Jrik ]S B R B0 AL B AT A RN 2 R
B0 SR AR B S R T AR E A — R
fiE, 11 OBX #5784 (1) 1 FH ML A 5 SR A AR 1t 1 ek
A% OBX BEMNS 5 3 52 M ¥ T 5 fish Jip #5024 R A4, T
XK [ T 2 fi i 8 R AR AR X ) £ ke A
N2y I 3% 22 I OBX XiF 5 Mt Rif 340 4 52 i L
B BEME SR OBX 2RI 5 miE i
AR L 35 A DG 1 1 iR TR AR | L-a- 75 2 Tt - L-
R AR K X e RS 5 hi R
e R AR

OBX #RAF J7 2 /2 4 K BRU7E BRI (100 mg/kg
SR T YR AU OB, OB 3 33 78 ik 35 Wi AT
7 mm FIFEHZE 2 mm 148 AR AL B LW R Ok 1
T E I IF 52 & Rk, KEAEARE 1 h 2 d 4
B 0.05 mg/kg [ 35 I B R IR IT K R M
RARE

OBX T EL A FIHRAEA T D 1] L3 ik P Kk
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PGS > R 350 04 7T S5 LA AR 25 9 A K R 9T ok
Wikl AVEBUIABZIIAYT ( < 2 JA) X OBX BEA
WAUED W R RARBR IR 2 T LA
KR TTIH R IR T, X e T H R
SR HPA Bl 2 fh mT 28 P FR B2 A 28 A O RE
71, OBX KERMAAE A N+ 2 LHAZ K 2
FISZAR 3 (238 7K - BEAIK, T ik A8 533 0 e % Ak 24
W) 2 3 e SR

OBX AR PEAT , H B 76 T3k P A5y
2R PRLER 7 J2 30003 7= A 1, v A sh ) e T %
B o RIS T T AR A RN S5 5 1 i R
WAy, 75 B8 B T AR AR A4 SR, & 0
A g2 R MR R ) m SE 4

2 HELEHSEZEMEER

2.1 Z3]151% 7 Bh (learned helplessness, LH) I
BRHREY

LH & —Fp 3 WA ARAE Sh A AL, 2 S0 5
W) A A2 B Tk A ) Y ST AT TG vk 0k
B, BT S AR A A i RV T T 45 A L X e
SRR B B kAT Y BRE-
A (orexin-A, OX-A) FIE K &K -B ( orexin-B, OX-B)
TE T R A s K, I IR R B, T
MRS oOX REA XY, LH KRS IE® K
SR LA R B LH R B R 9 OX-A /K F-BH f [
ik, OX-A 1 OX-B ¥ T R, FEORBER S 2
SISl

Ny LH AR w0 7 0 i,
REM— N &P R/IMEER R E
JIreH B, — 1T H 9 T 1 8 R T, sh i aT D
XN — R E A — A, Hrh—{]
B 1 A - FiC A BRI e 0 LH AR
BB, U 2k o B AN I B B, I 25 B B s
INRITE R & T —M0, I R REFR & T
5 min, TEIE N IS RS, 457/ 30 A AT T
DUAEL AT 3206 3k %) JAD H SRR, 5 BE 2 0. 3 mA, RFEEET
i R 24 s, AN ] T 90 @9 B o (R BR A 30 ~
60 s MEABYBEAT , A FUNRIEAT 30 IRk
RIS RRELIE] R 3 s, EIFESA 30 ~ 60 s, 7EHL
IR, BRERTT I, 24/ B AR = A, 58
IR2ak, ok A AT IR RN 36 A O IOk B i A B 3
s

AR WA W58 R A HTIIAR 25 9 W] L) 22 i
LH SRV AR KV, WFLZh Y i dE R E A
( mammalian target of rapamycin, mTOR ) J2& 4 ffd =
KA G Y F EE Y R F, YANG 2609 & Bl LH
BRI T SRk H BDNF A9 %35 Il Akt-mTOR
T IE U 1 22 W ] LA {2 i BDNF
FER AT E DAY Akt-mTOR {5538 4 ol ik
/N ER M CAZ I BRI T R AR TR

LH A 5 N\ S ARIE sUAIL i 28 0, He #0 AR
ZIYINIAE 3 ~ 5 d PG AR AL Y AR RE AR
e SR AR 22 i [R5, AN [R) ot 28 R A5 78 50 )
SRBU R R W N A, R A
AT L LH 25725 Ok IR 2 KRR 40 B o A it
TR B LH 75 S 52 LA Z 6L
A, B, LH B8] TP ST Al 25 9
i e LS IARSE ML A58 . LH AR ZESR HA
A5 Y L IR, AR 2P VA T SRR ANl T I
JE B B PTmER 25 .
2.2 2MEATF T E M # ( chronic unpredictable
mild stress, CUMS ) ##Y

CUMS BV 25 F BRI ABREE 1T,
WSS B TE R AR L CUMS A
R KRG 2 B2 A0 A 0 T2k A 3 NI
91 A~ AN 142 4> P8 A A RS 2 1 5T, 3X 233 Fif
ZFFRIRERE S & 13 Sk, 65 il
PEER Je T R A AL B AL AN AE = IR
37,5 -HEEIRAE =, | & C M S 5 004 200 A
IR ORI BRI R J 1) 43 F- , X ] g 2 W A 1R A7 1
P F A0 AR AE 22 8] A7 76 38 [/ 19 4 F ML
CUMS #RY (Y i35 7 s — M 46— R 5 S 5, I
1, XL IRAE S A EE R BEPLHES LA
RS AT A2 BZ B CUMS /MR
1) FEBLREAE , I AT R 0 BB, L4 BE K
P 22 6 B FST A T6] AN 3y i 8] 364 im0, 1 37 5 56
(open field test, OFT) ][0 R B B IR R AE
() T L7 e 28 2 e I 1) ] 5 U
YR TER  CUMS A5 ST I SRR AR 25K
B3NS

CUMS REEIE MU (A 4 i F=-6 K7, JOf
1 Janus FLEE 2 VG5 5 S R MOE L+ 3 1)
Wk BRIT R, AT 2 0 AT AR CUMS /N R
FIA ML 2R-18 | 40 L 25-6 i SR S I o
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R 1 CUMS BRIk
Table 1 Stimulation methods of CUMS model

Db ORES Pk 1]
Stimulus method Time
e
Bind 4~6h
Hii
ETQ’,J‘@ 2k
Day and night reversal
*A{ A
i 24 h
Fasting
ke
K 24 h
Water prohibition
. . 5 min
Tail suspension
RS
12 h
Pungent smell
SRR .
L 5 min
Forced swimming
AL 0.
Electric shock on the sole i
o] S 3
HopHi) /fz 2h
Wet bedding
i
Noise Lh

K- $2E 8 5-HT /K-, 38 1] LLJE#E CUMS /N
PR IR R, AT 2R RS
EH A CUMS /N B 45 I 4 81 NLRP3/ASC/
Caspase-1 15530 [ AU , 25036 45 Mokl R ik 28
IR0 R | | N TR NS P S R L 2 Yy
PEGSRBIEIT 1) — KIS, YANG 51 % B B 3
REEWH T 38 3 48 T ZR AR B ) 24 AH SC B 1 Min2
f22 35 T8 Y PI3K-Akt-mTOR 3 8% A BT | 2
HEZFAZRAR A W, AR 28 I I R K -,
Tl 2 e A P T, AR Al CUMS KR
TEBIEIR

CUMS FRRE ALK 2 BN S IMARSE AR AR,
I H AR 7k Z M AETE B VIR R | L 25 R )
FEVESR DY (H CUMS {3l 807 v B4 5 e
E KNG TT, FIBOR B &5 s sh Y seT-,
FEEBIHCRARXT AL,

3 ERRTHEAHMERER

3.1 Fawn-Hooded (FH) X

FH R BRI [P 210 1R A s 25 D] v B AT B PR 58
AR ZEER S B R B RS IR A 5-HT Bk,
HIEH KEAH, FH KBRS 2 CORT &
WO, —J5 T E FH R B A, i 4 as J b

BOIREE XA RES FH K RUMZK CORT XJ N5
R AR R A Y

FEfE B E W) BE R A (fecal microbiota
transplant, FMT) & 8% 42 HAE R I ARAE B9 ¥ AR T
JgE. 1E FMT Z AT, 5 SD KEUH H, FH KR
TVEBFEAT Ay LA B ol 2 328 Jo R 240 L IR /K1 2
Fhi. FMT J5, $52 FH 28R FH KRR
B 0 AR REAT S, A2 SD A WA Y
FH KR AR AT R W 5 2 1, v 1 bf 2346 ot W)
e ) | W R S R I s T
B, SD-FMT 8 2 7 18 1w A= 0 0 b 1 8 28 k2 ok
RH LE 525 AR A JRe | DT 3 3052 5 3 3 i i 22
FRGE Ny T B R IR 5 P T 0009 I D A4 vh i
PRI,
3.2 Flinder Sensitive Line( FSL) X

FSL K B IR AE 1815 2 Sl vk i A 7Y | 3R 81
HE 2R R PR U ) S AR e ARl 4 2 e R
TEORI 3 R AT AE Hh ) A AR AH SR 2 T —
A S AR

FSL R B B T JE P Y NO/cGMP/PKG
{55 PR 33X 2 — Tl ) 32 34 R0 30 U 7y o
TVABAE 152 1% sh ALY | FSL K BUAIAR AE 45 7Y
b, R AR B )2 i U0 R i 2 2% X 3 i ] 98
PEREAR, 58 B y-2 3 T R ( gamma-aminobutyric
acid, GABA) #I I 5 Ain 54 EL 40 ) mT LA 5 B oy
EIC R AM N Ca™ AR/ 5 5 1% 2 5 i FH v
T 22 A A R BBk e > B TR B 5 40 i
GABA, BHIr GABA & piid il LYK FSL Fif i i
B )22 v a2 45 0 2 fioh T B % M w8 A R AT R
Dy A 1 A ) S BT O S T AR E 1Y)
B

4 MEBENMEE S5

£ A (KRR S TR RN 5 ) R S
ORI 2 FTR .
5 HEREE h AR B B9 TR A

5.1 EFBETANITEN
5.1.1  #EIK e 4F 52 55 (sucrose preference test,
SPT)

SPT #Y J5 AR SE Wi 1A 2 S Wy % it 0 2 O R
PE. Y2 BT I 4 k3t 5 K R R N,
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Table 2 List of animal models of depression
R TBL BB R e Ja R Eieiaciand
Modeling means Model name Advantage Limitation Improvement suggestion
FEmE> AR TP SMERILEAY S 5
L5 4R LI AR P SR
o Bid] Tt takes less time and is It is inconsistent with the

BUB W)
ES
Altered biology

U RS
ES
Change
psychosocial
factors

Gene mutation

Reserpine induced
depression model

CORT 5 SR
FEETR
CORT induced

depression model

OBX 5 I ARAR AY

OBX induced

depression model

LH 53404
LAY
LH induced
depression model

CUMS i 3906
Y
CUMS induced

depression model

FH R AR
R
FH rat depression
model

FSL K FAM AR
i)
FSL rat depression
model

conducive to the
preliminary screening of
antidepressant drugs

Fem gL R I

Less time and short cycle

R g
Good stability

SR IFHLHIZEAL X
AR U
Similar to individual
pathogenesis, sensitive to
acute treatment

HAMERHLRIZEAL AT
FEMESR
Similar to the individual
pathogenesis, the
reliability is strong

FaE Mg
Good stability

FaE Vg
Good stability

individual pathogenesis and
easy to produce false
positive reaction

AE—ERIER] 5 A )
PR
Some side effects,
easy to produce false
positive reaction

LARE SRR N
High mortality,
difficult operation

VAR RFEERT )T  ANGE 518
2
Depression has a short
duration, is not suitable for
chronic drug treatment

HARCR BT S5 3
(=g

Modeling efficiency is low and

the damage to test animals
is strong

Higher research cost

WA B

Higher research cost

TEBAR SRR, B — AL )
PR LSS BURYE A [
W58 5 1) SRS A AT P B
DA AR AR o S U 245 2R A T 4
P, ANZ5H) 5 IR B T 3 2
R AW R w5 DL B 2442
o FVAISA 2 AT S
In specific experimental operation,
a single model is easy to produce
false positive conclusions. It is
recommended to use two or more
models according to different
research directions and perspectives
to improve the reliability of
experimental results. For example,
the drug induced depression model
can be appropriately used to
improve the reliability of the
depression model

TS 20 5 b R AR O VA (B > 1 A A A
HERLG ARSI % R WA %) O 2 R 85 23 A i
REAL

FE SPT JFUAHT, BT A /N RUEE & 2K 24 1P
SRIG , BT /INR AR E RV, — N A 1% ~
2% FEMEIR, 75— A FH K F52E 24 hy B2 6 h
B PIANICRDR R 47 B, LA S i . 7F SPT 45
SRS 8 AR R K B8 A B, AR D 2 R R
FERE TR A m/BEME A RIMKImA TN A
Zi AR
5.1.2 EJBSL5 (tail suspension test, TST)

TST ¥4 h Wy Y B H [l g , i Sk ) T B
IEH S YTE MR EE h 2 R I A FLAT O, A R4

JRRPRIBE AT AR L Sl )2 B PR
FIRAT LA AR . PR GE 2 R S 7E TST
HH AN Bt st ] BT B T A A AR S N7 kBT
IARZG R

[ A JBE s oy 28 7F 30T /) LR EEL 40 ot ) 6
b 1T E) /N Bk A 0 BE B B AE S0 em 22 AT, SIS
FF R 25 /0N B B P A, DA A A B RS e,
HIFEMN 1 min, ZRJ5 1 5 min, i85% 5 min NI
INERAS BB ]
5.1.3 FST

5 TST )32, MR s & T — 1
PR AYEREE | 36T sh 4 A 4 SRR S ITAR I 78 3R

25 CHYHERKBIA BN 25 em 115 I
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AT S8 5K A H /N B sk il A e rb A e i
VKo NS ] E SR D A Sl AR 5 % ) B
TE/K TR, 1hAE H/NBUE R 25 1 min, 2R )5
ICSEE FOK 5 min PYAYEAS SR

5.2 ETBEREDEAWITEN

5.2.1 OFT

OFT i A6 I 52 56 3h W) 19 A & 1% sh A5 2y #1l
PREAE ST SR AT R sh W%t 3 ) T
WA KRB, e EEAEy 09 5
1 X 2 T e XA

3725 BRI (96 em X 96 ¢cm X 50 c¢m) 73,
9 AN TETRRAR A5 1Y 1E 58 X8, f B H/NERAN T 3
() — A A H A TG Z0E I 1 min, SRJ5I05%
15 min AR FP O DR BE IR IR] | 28 0 rp ot YR B
PN SR aiE s, RN Z S, H 75% £ %
OIRRIE TS 37 16 TN BE RIS A, LA st B 7k BE O 6]
FERLE R T
5.2.2  BAREHSLES (light dark box test, LDBT)

Wk A S B ) AR ATVE B ), Uk R G T [
SRR, LDBT JET BLRRAE AN 52 55 2 ) 78 1 o 246
BT 0 A EHRETH,

WA 2 — DA e &7, 0 A X
B, BN B F (18 em X 27 em x 27
em) , EES B8 TH 55 R KO0, BRI X U2 5
F(45 em x 27 em x 27 cm) S BE R H £ T e 1
A LED JTHMEIE, DT 46 i 45/ BUiCE 7R
AR ] RS A RS 5 min, WHAERGE &
0 P B IS (B SR 3P4/ B 75 A R AT N Y
Fabr
5.2.3 #EAZHBNSEE (social interaction test, SIT)

SIT = 283 b Al /)y RO 22 1 2% BR A 22
INHIBE S PEUT R TEAEAT S, o A AL S5 AH DG
S AT BB WL PEAL ik

AR B B — K B 1Y% B a5 0% B 3
BHELR, A8 1500 3 DM R/AMEERRE ., A
SRR 2 25 00 — A B AR TP 37 B 5 32 W) 8
T T HCE A3, RS2 Sh WA v Ta] B
E AFHAHES) 10 ~ 15 min, (FHBGRIFE
ZJE B BA A S T — A S B 2= ) B A G v
F—NIMUNGEE L — D= T A5, FTIF
b 2 55 S A B 2 22 R Yl LR SE IR S H
HIFRER o 10 5% S5 56 3l W 1 B AE 3 W) T 7 B 25 1

2308 T T ERR 2 A 45 B I ], 522 10 ~ 15 min,
M HAFOLT , USRS58 3 W) £ B A= 3h ) i 1 (1 B
R IR A A T2 08 T TR R E, I )
YA R

6 SR

ZE TR I U S Y A e R G
LIS TS =D WS E - YIS K E W 7 RS S WNE =Y i K )
(R 28 A Wy 2 A8 A TR AU I RAARRE IR o SR T
TR AE 1 T R e 22 45 28 0 3% T 240 1 1Y)
52 2 M2 LRV A 25 51 | 2 T B — [l [ X6 R o
Hiki DX 9 1) 2 49 455 30 AN RE 4> T ) RS A AT A 1Y)
SEIMLE] R AR SRR AR sh YA R B AS T
NG FER i —BIRA . TEAEMBE R, BR
T IRTAARRE AR 1 FR A 38 0 S R AR E I R AE
ARG 02 IR BRI HLE] 2T 3P
RI5 N2 a0 22 520 38 N 8001 F IF & AN R
PP 5 Sy v SRS ff i S B A s B T
AT hUR s i i — ok
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Progress in study of the function of transient receptor potential vanillin
subfamily 1 channel in tissue fibrosis of mouse models
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[ Abstract] Fibrosis is a pathological process characterized by an increase in connective tissue and a decrease
in parenchymal cells within organ tissues. During its progression, fibrosis can lead to structural damage and functional
decline of the affected organ. In recent years, it has found that non-selective cation channel transient receptor
potential vanilloid subfamily 1 (TRPV1) channel is closely related to fibrosis. When this channel is activated, it can
increase the intracellular cation concentration and cause corresponding physiological and pathological changes, playing
a particularly crucial role in regulating tissue fibrosis. Animal models have become important tools in studies into the
mechanism by which the TRPV1 channel induces organ fibrosis. This article reviews the role of TRPV1 channels in
the fibrosis of organs such as the heart, kidney, and pancreas in mice. The relevant signaling pathways in which
TRPV1 channels participate to regulate fibrosis are summarized to provide new ideas for studying the pathogenesis of

fibrosis and the development of targeted drugs.

[E2TB ] ERH AR ARE 4 (82270357) , 45 R PR T 34 (2024QMJJ013)

Funded by the National Natural Science Foundation of China ( 82270357 ), Sapling Fund Foundation of Air Force Medical University
(2024QM]J013).

[EEB A VINFNER, 2o, FEEAR A WF9E 7 ) 250 A 7% 5174 . E-mail: 2494741746@ qq. com

[EEEE 12/, S 200 WA S0, B 7 ] B Tl P PR 1 2 F 2 5 0 . Email : xxqqli@ fmmu. edu. cn



260 W E SIS S AR 2025 A5 2 A4 33 B4 23 Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2

[ Keywords ]
pathway ; drug target

fibrosis ; transient receptor potential vanilloid subfamily 1 channel; mouse model; signaling

Conflicts of Interest: The authors declare no conflict of interest.

W B JEk A7 A% HL A7 FF F R W &Y 1 (transient
receptor potential vanilloid subfamily 1, TRPV1) il
T — M AR PR B Tl )z A T
2 LMAEFZA RGP, TRPV I BT
i, BES IR Ca® (K™ \Mg™ il Na" 45 fH & T I, .
X Ca® I Mg A AN My S 4, Sy HoA BH 25 1
(5 ~ 10 4%, AT 5 EAH R 1 AF 3R B AR 1
AT, TRPVI GHGE 2 5 9500 B | 908
SN RO 2 LA 5 3 A i AR A A A Al
H TRPVI YRIA SR, Z 5T T500E B BRI
il TS 2 H AV T i fe 5T 2 A i 1y 4t
PERFAE , A SCRE 45 45/ BUBE B, 445 TRPVI i i
HHNA A Z MRS R B TRPVI i iE 75
WAL R R HE R, A TRPV @S
L AEAL RIS 5 de , LA S TRPVI 38 iH
VERE YA 16 7 $E RV ), o 21 AL i B
FEAR LT YR B

1 EF/NREBEIR TRPV] EiEE
BRERFHELIEFHIERIE

TRPV1 B AEA R 8% B rh A £k, %
Az PRI BE SR IS A i S50 R, B ARE
B Z A B R VA O TEAT HR A
o, SE R E R T AR Ca® v BE R R 2T 4
TRANAR I WG A 4r 4L TRPVL @ERK B 5 £
A AT T B I A A K T
(transforming growth factor beta, TGF-B) {5 5 i
#% #% 7 kB (nuclear factor-kB, NF-kB ) &
TECLE (5 B3 B rh, TRPV L 3 2k 9 422 4 it PR+
RRIEAT TR AR R 19 2B B B, 52 M 21 4E 4L
MR, TRPVI 38 38 75 2% A JUE & £F 4 AL ) 4
FHRZ2 77 T Y, HOE sl i nl 5 X 21 4t Ak ik
PN FEIEE . I, TR AR TRPV1 7E4F4E
b BRI AL 6T T I & B X 1 1R 97 O i 2

AEER,
1.1 TRPV1 @EEHEFEOAFENESEESD
HI1ER

TEC WA HEAR BT 58 v, 3l aed S 9 IR

R IR e IR Bl K R S 4 LA 7 R A Y
/NEET 7R TRPV L XU (LA 4 AL B AT O 4 1
FH R DA T £ 24 240 B ) B G R A4k 0 SR
T F 3 Bk 5 46 %8 ( transverse aortic constriction,
TAC) 5|2 (% Hs g 8 87 ff RS 1 /)8 AR AL
TRPV1 MR VE IS W3 £E 2 AT Re )™ A= AH I
RCR . —TAEFE 48 5 TRPV1 BEH i 12 48 40 iy
PRI 7~ 149 - 1 LA B I e 240 e 1 32 9 T ko AL R
RAEGAPERT S T 5 — Wi o & S B A A
/NEAREE, TRPVI JE DA ER /)N B O JIE D iE 75 2]
0 O WUIE K £ 4 fL R4 2 g ' L A
WFFEE 53 BT I R AT BB AE TS ] 9 52 50 254, il 4
O IR 75 0 2l P i J A [] 0 ek ] 5 3
& TAC WA Sk KN 22 57 DL R A FAS [m] 5] 22 1)
FEHORAED R, X TRPVL MG RERFST,
o 2L PR By A A S B R FH A 2R ke R S
ZEXT TRPVL THAERIIEA
2 7 R Y| 2 i o 1w v 1 2
TRPV1 i IEX} TCF-B {5 =il i /MR AT AR
A ( platelet-derived growth factor, PDGF) | 3& it
4 J& 5 H ¥ ( matrix metalloproteinase , MMP ) F14H
24 Jm & H B AP H ) ( tissue inhibitor of
metalloproteinases , TIMPs ) 2 B A ot A4 PR 25
BRI BEFERIT, TRPV T 0T 7 BR
A LA B AR A N U gl e 5 R Y TGF-B
2k 4 ol 214 K A F ( connective tissue growth
factor, CTGF) 19 I ¥4 A1 SMAD2/3 % H ( SMAD
family member 2/3, SMAD2/3) 1Y s 1R 1k, {5 Xt
TRPV1 HE i bR /N A ™ K e e
T BRBUR TR BB i v KB BT SR 0
HERE K MIEF4EfL . X — PRI RICRIE BT TRPVI
T TE AR, AR T R A W il A B
1% 321 8 ( peroxisome proliferator-activated receptor-
delta, PPAR-3 ) B 3 ik 3% Jm fr &, 1k Ah,
MARSHALL %75 2 IR TR B MR 55 114 HF A8 20 /1N B
I PRI 3 85 22 19 1 41/ 2R -10 (interleukin-
10,1L-10) ,{HAE TRPV1 & A g [ /0 B o W
R, TAC & —Fuil i T AR O IS



o [ ST B R 2025 4F 2 A5 33 55 2 ) Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2 261

TG A0, R 51 A0 J1 3 v 1Y /s BRUSEEY | LR
PR e i T 5 Bl PR B 2 5 | S Y 0 ) 5
AL, AWFFTFE, TAC BENSHE I IRl SR AE A
F-a(tumor necrosis factor-alpha, TNF-a) [} 7K -,
WS TRPVL, I8 RAE A T 7™ A2, I fie 2E R 45
L K A 22 BK ( calcitonin gene-related peptide,
CGRP) IR AHLLZ N, TRPVT 6 Rl B3k 14 7y
TR R X Tl Sy, B TRPV T AP X T
M A NE S BAT EEARH

YT SPERAE TRPV B Y R X,
TEEFE SN WAL I | T 22 7% g Fh A 3 1) 45
B, SRR S AR Y RE % PR UL ALL O
WLEF 44k, 36 & WF 58 2 P800, (] BE TG i 50 &
BN L DN gy 2 v fE . ik s
LRV RN~y § = R b P op e (A ST
RE T B A ] SR MR ZR KR 22 et iR Bl ik
Wi S A LA ) BE 5 AT 4DL 0 JIL B 1T 5 1) 21 44k
(B HTFAREAESL Fe  SHBORZORE S . B33k
i 7 AL DU R A% AR DL D) T g A A A 0.0 L
LR AEAk, (H 0 B A B A 2 22 T 4 0 Y, ml RE
By Al A s AU AR
1.2 TRPV1EEEFEEFENLESERPH
ER

H AiTEF 2T 2 A BT 5 1 G B ) 2 < AR B
AT I AT PR P M SRR T, TRV S g If e
SRR E L 4EA ) R BEE 1, TS R A O
1) TGF-B M NF-«B {55 BRI £F i fb, Pl
T WO TRPV L 38 8 A [R5 40 R Joi I s 2 i 5
( deoxycorticosterone acetate, DOCA ) 17551 i IfiL &
AN E B, M s E e e BT AR
R i 2 B e 38, DT EE 28 ' () Jox 21 4 Ak 1 3
JELT L BRI Ay bR A A BEL 1 AR VB A b 1 /)N LA
BoH  BHUCR FT ] TGF-B1/SMAD2/3 {5514 %
R SE 52 LT 4 240 Jf (%) 1% Ak, AT 8 35 el ' 2T
g PR, B TRPVL G, 40l TGF-B1
B rEA: v BEAE B T U 2D 41 it A1 L T (extracellular
matrix , ECM ) R 2 Jf 1 5% '5 [8] i £ 4 4L i) 3 2
FEF NF-kB LK 22 Tl 58 i AH 5C ik DAL ) e 5 S
SMEE BT, TRPVL BB &7 KA H
(AR 58 2 Jif PR, 184 00 /N 1] B 42 47, DOCA
b3 T AR F/INEL S TRPV L BRI AR /NERUAH LE
TRPV1 % X 5 BR /I B NF-«B 35 1 2 3%

I X e R NF-B 7E TRPV 4S9
R RIEE O TAER]

TESH YRR I 5 b | SR iy bR A8 A8 S 455 75
DRI HCA5 fFy o  H R BR ) ) Jo 2 Ak & 2
SERIF I B B ST LT A T SR SR
T PR R R A AR R 1 I ] 37 S5 R Ry BR e, 491
A1, DOCA 755 14 e I A 1 5 B7F 5 1 300 o
X PRS2 0 BP0 i g A ARHE EL A 1R ) B 3 ]
TEoE 2 T W G A et i, W Bk R
A FE B PEAS TRPVL BE 76 A A BUR ST
X L AR T IR ST I
1.3 TRPV1@EEFIZRIRA LML ESERE P
HI1E A

TEJERR 7, TRPV 1 22 75 308 il 28 70 FIH 5
ZIoeHhRIB TV HA PR 2 SHE Ik P )
Jii (substance P,SP) #&, A W5 £, TRPVI
T T O PR SP 55 P B2 4 B A0 2
Jik-1 5Z K ( neurokinin-1 receptor, NK1R) %% &,
FR) TR S R R AN R Y TR T e R
TR BAR A /INUEERL T ST TRPV T H5HT55 B
PO AT ) G Je v i 28 0 I i /D S LA E , A
TN SP A BEHORT NKIR 305 | e 2082 e iR 2T
YA i R Y R I R T A JBE IR R A A
PR HCRE A RALL N I J i 2% 1) O B AR, 6045
R R 2L 2 1%) 9 R 240 I3t i | A Ak e TR AR D) fig 1
07, GBS AR AR A SR 2 T H . A
RUAAA BT A 9505 1) ¢ AL TR 3 X6 3P 75
TEVRYT TR B EEAN A, R, Bt
TRPVI 677 H W& A S 2 e AT R AR B )
V2 I R ATAS L I RATE S Th AT R GEIRAIE
1.4 TRPV1BEEREMALELESBER
EH

5T N 0 AE il £ 4k Ak 1Y 2 7 v U 5% 3
TRPV 1 0T 55 0 9 _F ¢ 240 0 | 1l 2F 245 4 | Wt
20 i R L 2T A A 1Y) o3 A AR AR A DG
R TR B, BT 4 4t A A2 48 B I 4 i S
AN, XKW TRPV1 A] BBTE Sk 4AE SO H &
FEAER A R T MMP12 | R
1 ( periostin, POSTN ) Il T A jig J5t 26 4 ol %
(collagen type | alpha 1 chain, COL1A1) 7 iti £F
ekt B rh py KRB 5 TRPV 38 38 (1 #0E
REH K,



262 W E SIS S AR 2025 A5 2 A4 33 B4 23 Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2

TERE RNl £ dE AL G PR AR o v, R B0
DAL IS I 5 b AR 2 ] (4 AR LA s ss , iX — 4
S5 IgIR% 57258 1 2( phosphofurin acidic cluster
sorting protein-2, PACS-2) iR IKFELA C, WF5R
AR T TRPVI I 5 PACS-2 2 [a] i A1 .AE
1 HLE TR AT A PACS-2 19K,
/Dl b B AR PR T X s R B R T
PACS-2/TRPV1 il il E R4 K MLl 27 -0 8 iR
JTHITEAE RN SRME > A il £F 4 A0 175 5 1) W A
B o TRPV1 Fl Bk B 32 4K B {7 A1 ( transient
receptor potential ankyrin 1, TRPA1) B TE TSR Y
FIRGHGIN . X RZH AR L, BB 4 il 41 2 X
PR IE JE 2 A 3Rk W3 B O X Fl B S
Asheroft ZF4EfL 4> B AR S B, #F5E IR
KBNS 8 A s TRPV {22 CGRP
YRR, 90 7] 240 Bf Ah 3 59 3] 1 P ( extracellular
signal-regulated kinases, ERK) FB§ IR {b I T 4
¥ B PR 4h I F 3A ( eukaryotic translation
initiation factor 3 subunit A, EIF3A) A9 335, M
WG e b R A M B b R R SRR AR R
SEAERKLW], TRPV L 38 38 75 it £F 4 Ak 1) A Jie v
&2 RAE R, G4 N 5T -4k AR 2R | 2 e
[ S e SRR S I, DA K 2 55 7 ik A 1) 1A
W, XL BA i 4T ek B iR T AR AR T R v
1.5 TRPV1BEERZEAFENESEERL
1ER

TENF LT e Ab it FE v, TRPVL 38 38 17 F ML)
[FIREZ G, WF5ER M, TRPV i 50 o
M Toll/ A L4 Z Z K & H 7 85 1 ( sterile
alpha and toll/interleukin receptor motif-containing
protein 1,SARM1) i) A E./E A, 4E 45 FF 2R 40 i
R LIRS, NI 21 4 Ak 2o 2 rh ke 2 AR 44
Mo TERFEHEAL B FE RN AR R TRPV 0k
AKE-R T, BEAN, TRPVI 815 0 25 B il
SPEL NF-kB 3 R 58 40 A 1 197 A, I R
TRPV1 A] SEH 1o 41 ] S AE S0 A okl 22 T 2T 44k 1k
o ERR

DU ALk ( carbon tetrachloride, CCl, ) 15 5
/NEURE A 1 FHORAIFST TRPV L 78 T 2F 246 v 11
YER ., BfiE CCL, HEERHG I, /N B 220t ST
Hefl, MG N AR AL Bl KT T4 "R

TGRS S R T, M AR S R R,
HhIL-6 Fl TGF-B1 55 A AE K 1Y e 1k b i 2 3%
I, X AT RE S TRPV SE S0 IR S
1.6 TRPV1 BEARPEHMERTHENLESE
AR EI1ER
TRPV 1 [R)FE R A B 11 A | R Jik 45 21

SUN LT e fl, XS L&A F & MR, £
2 50 BB R AL S I RE DT R/ N R
T BE B R i 52 v 2 B, TRPV L Eﬁﬁ%ﬁeﬁ%
FEAG T HR BT 4R 20 o b TGF-B1 K HABAE % I+
(2R K A RN T /0N BUFf I A 2 A rp i
GRE SN ISR ™ L 78 F RS 5y T, 24
BROFNERE £ 905 | /S 9 KA 9 SRR 1 0 s Al s
44k, X 5 TRPVI BSOS B R4S
Wt , HRTXHT TRPVI 7E F KGR 2T 244k v iy B
PRAE FABLHI O HF 5 38 A AT R, 758 5 i0E— 45 1Y)
SEYGOR I, B Tk FR SR RE AL E ORI ST R
F TRPV1 ZAKF1 CGRP 3 A @ bk /1N BB A 98 36
B, TRPV1 32 [ 300 7T RE A 2 15 5 SP 1 B
AT JAE T FE X AT BEXFAF Ak i AR 2
VERIDS . RIS UL, TRPV 7E £/ B | 11 15 K AN
Bz IR A4 v (1) 36 38 RS IR A 0T g i &2 Fh
ML e £ 2 fb 1 & J 3 BE ML A 36 X 4%
SN R VRIS BT 24 200 B 8 3 A 0 41 40 35 I3 1)
EIAE,

2 TRPV1i&
1 HY B

YT TRPVI FE£F i Ak b i 5 2E4E 4 )
TRPV1 AR RLHK £ AEALI6 TT 18T R g, 98 &
B, F A KRG A2 vl il L 4% TRPVL 38
EWEVE R L AR . Bl an 28 R E KRR 1L
B s RS PR, I PTEAE TRPVI 3
TS, T A BIHTEF AL I ASCR

TV TRPVL 38h 71 S A5 5T R 67 3L
R E R A LB AT R T 2
Fh Py 15 RS 0L £ 3 B B B 0 o0 LT 4
AR TR S By e R B ey | e B 45 L R |
W R G E# AL, 7R 788 A 75 = 1/ B
BRI TRPV1 3SR R e 10 AL KA
o™ HBMEN T RS ERZEAESH

18 7 & A =5 4T HE LR



o [ ST B R 2025 4F 2 A5 33 55 2 ) Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2 263

DA A B A R ERY . 78 TAC IS 1
OIERE AR AL b IR FL A T TRPVT JE K i
BRFN TRPV 1 $5H0 500 BB -85 0 WLET 4E AL 1
R, ZBUZE TRPV JE R Bk BUrb, ] s B Az
PELF 4 Ak 3 B KT, TRPV 38 38 15 51 F) 1Y
T, 5 3 R B AR B BT, 59050 DL 2k
75 sCBHBT TRPV L, 11 £F 44k, 3 A 7= AR AR B2
R TR E A R R A0 BE AR K S
PRI AT RE A LR M R A, T 5 TAC AR
(PRSI SR b, ZE PR R TRPVL i
PEVEZ R 3h 70 B R S W sh W g i R T
AERUAIR I RCRY . B2 TRPVL R AT
T 2 S [] g /0N U 280 o ] 8 77 A 28 ) oS
] BRI

TEB L el U — T 5% $2 Y, 78 Bl i/
PP /DN BRABE R o (o ] BRARUZE R s 7 R kAT
PRIIFST, & 30 15 ol 8 ) 7] 227 68 T0 B ke it/ P 9
TGRS DI RE BRI PR3 & T 32 4540 P 4F 4
B AEBRAR£F 4L P, TRPV 38 38 A9 385005 1
HENERREF A ALtk e i 8 B TPRV ByH54L 7 it
B, B, TRPV 1 F5 5070 30PE - Rl o 2 i
JRereefb i i 4 B ffi Fl TRPVI 5515 SB-
366791 A 4 2 30 i IR 9% 0 I 97 fif oF Yk b R
BEDS D BESE W], TRPV $5 307 PAC-14028 F,
BoE— PR S ARG, @ L FH W TRPVI 8
T8 UL SPRRE T, AT VR R S R R R R
Il PRI E6 25 B, PAC-14028 L7 78 B35 7 I 1 iz
G R AAAE 7 TG 6 B R4 00 97 SR 22 4
PET D RSB IR /N R 4L SR T
TRPV 1 338 38 2 7 3 45 505700 6T HIE 25 21 2 1k 1 52
mi . LR T R TGF-B 1Y BT 2 12 ik 21 41k
PR TR A, I8 4% A 5 5 A 35 40 500
JeHTRE kAEJE S TPRV1 #5507 i BE-S m FH A)
RBIR BB AP MVARYTRIOCR . 5340, TRPVL 348N Ik
FEPUA Al BE 75 3 0w — IR YT 4 N
SR SEIRYTT R IEATY T ZER AW

3 BRES5RE

AL SRR AE 2T de Ak KR AL RIBT 5T . 24
Vbl & S5 T B AT AN {E, TRPVI i 18 78 4F
At b HA B /ER , @ A G 8
YIRLTUTT AT, A B T 48 7 27 2 Ak 5 93 1) s 2

A BRI, Sk B 2 20 £T 2 A kAR R AR BRI K
M, Al R R 7 27 4 A0 B 0w 42 B Y L, AR
M7, TRPV1 75 27 2 Ak v 5 7 TP A o8 A 5¢ 42 9
W AR — LU, AR TR EELT 4
ANJT I
3.1 XEAREBWTENYRE

FEWFSE TRPV1 FEREZREF Ak b /R B, bR
TR AL, I A H A 3 AR R T I S B
5%, BN, 76 B R A AL T K BRI B PN S
SEEANAR , WHE H S E] TRPV 1 H WH0E 5%
AT A O A R AT bl T W 5 I
4k, o TRPVL BRINFIYIGE T S5 EAR
ARG A O Al BB AR F 5%
P RE AT AH OC IR 7 M 8, X — b 5 21
AEALARDC Y PRGN . FE X LLfF 5 v i fif & T
4 R AR BIR 1Y I 5T 44 K kL ARl & 28 SR,
ST 25 W AE 25 AR AR b iy v R 25 RR
ST BRI RS R B SE TRPV 1 fiE
LT R VR AR AL T 2R D7 i AL A
A BT IR PR AP0 & e b 9 VR AL, JF:
FIERIINRST AR T S A
3.2 RANRIT TRPV1 EA LU ESEEFH
E R BRI

Y2 5 2 VR P A AE A O (H G TR
PEAMIAE LT dE AL b g EIBF b SRSt b 7
JUE g A0 1 3 e v 2 A R i i A i 3R A 3 4 4
AL, e anFiBhPE T 40U (helper T cells, Th) , £
5 Th1 Th2 F1 Th17 7E£F AL P AVE I 98 32 51
Horp Thl 3= %43 W+ 38 & -y (interferon-gamma,
IFN-y) Fl TNF-B 25 40 Jfl 6 5, 1) IFN-y B A
s K IPTEF AE AL IG P E B AR A Y] LR B Bt
KAEAE M, The F 5y W E A E N K4
(interleukin-4,1L-4) i/ Z -5 (interleukin-5,
IL-5) . 140 f2 4 2-13 (interleukin-13, IL-13 ) , H
o IL-4 BATSR KA LF i Ak 16 P R 4F ik )5 1
EAE . Th17 724 H 40 4 %2 -17 (interleukin-
17, 1L-17) , Ho i 28 B 1% 0 240 JHEO O Il 27 A 240 i, ]
DA G J5 A MIMPs 1) 7 26 I E &F 2 fh
e I TR 8 2 v AR
MEHROTRA 451" J BRI 32 1< FiL (o7 P 8 7 11
WK% C {52 3 (transient receptor potential cation
channel , subfamily C member 3, TRPC3) i ii i) %



264 o [ S UG B 4R 2025 4F 2 A58 33 55 2 W Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2

Ao 3 Th17 Z0REP 0, 0 B £ de btk e . BR
Th bk EL A0 LS, TRPV 3838 o] DL ¥ B 20 i A
b, B L g8 45 4 AL Rk, TRPVL 38 18 3%
TGS 1 G 38 N AT RE SR VR T I AS £F 4k A
RS (IG5 e 40 M 5 WA i R ME A
JoTAH A 2 5 e 928 A LA B 1Y) 3% Ak R AE S RE )
FHOC, ML 0 AN B, 5 2l — R R IE
3.3 1RV TRPV1 EARESHEEFHE L PHIFRIZE
ERRIERER

TRPV1 7F ZFIE &% 21 Ak B v L R
LA WL AR iR ff A 4EAL % . TRPVI
TS A R T AR Ak, i TRPVL 4 A
FIT IR 2T AL R A LT 4k Ak, SR, TRPV 7E
LA 4EAL v () 28 J& VR AR 2 1R 97 28 B i
| 14 9 5 RN 2 2 Ak Bk AR X D 2 BT 3 2 T
il TRPV1, KL, #E—2L W58 TRPVI 7E4F 4k 1k
AR FH X R SR R 78 1 %o 41 4 AL 95 9 1 7 &%
IRIT TR B OCHE 2
3.4 RUFHE TRPVI1 FEFISINFIF, A T4
W HANMEEEERM

R R 28 h TRPV 3855 1922 S, I IR
A TRPVL 380 350 S i 570 ks A dr iy
T ZF a4 I RICR  E 3R o3 B 2 10 B A R 28
FIRESE, TRPVI1 13 45 Ml H A2 2% ANUE M
HAERMWECAR, B4 24 8 O e A6 67 1,
BN Ca™ M AP 25 11 A I, TRPVI AYTRC
1A e Z2A W T Ak ST 1 ) A A TR 2 3k 6 8 1
AT REEAA T EH . 8w TRPVL B #ERR 1L
f AT R R EH B R F 5 I 1], KA B TRPV
PSR BN IR, TTRE A R LA IE T B 25 I K
BEEHLA

£ # 3 #k(References)

[ 1] ESANCY K, DHAKA A. Turning down the body heat: a
novel TRPV1
hyperthermia [ J]. Neuron, 2024, 112(11); 1727-1729.

[2] OHSJ, LIMJ Y, SONM K, et al. TRPVI inhibition

mechanism  for antagonist-induced

overcomes cisplatin resistance by blocking autophagy-
mediated hyperactivation of EGFR signaling pathway [J].
Nat Commun, 2023, 14(1): 2691.

[ 3] DIETRICH A, STEINRITZ D, GUDERMANN T. Transient
receptor potential (TRP) channels as molecular targets in
lung toxicology and associated diseases [ J]. Cell Calcium,

2017, 67 123-137.

[4]

[5]

[6]

[8]

[9]

[11]

[12]

[13]

[14]

[15]

[17]

WANG 0,

overexpression of transient receptor potential

ZHANG Y, LI D, et al. Transgenic
vanilloid
subtype 1 attenuates isoproterenol-induced myocardial
fibrosis in mice [J]. Int J Mol Med, 2016, 38(2): 601
-609.
LANG H, LI Q, YU H, et al. Activation of TRPV1
attenuates high salt-induced cardiac hypertrophy through
improvement of mitochondrial function [ J]. Br J
Pharmacol, 2015, 172(23) . 5548-5558.
HUANG W, RUBINSTEIN J, PRIETO A R, et al
Enhanced postmyocardial infarction fibrosis via stimulation of
the transforming growth factor-beta-smad2 signaling pathway ;
role of transient receptor potential vanilloid type 1 channels
[J]. J Hypertens, 2010, 28(2) : 367-376.
ZHONG B, RUBINSTEIN J, MA S, et al. Genetic ablation
of TRPV1 exacerbates pressure overload-induced cardiac
hypertrophy [ J]. Biomed Pharmacother, 2018, 99. 261
-270.
BUCKLEY C L, STOKES A J. Mice lacking functional
TRPV1 are protected from pressure overload cardiac
hypertrophy [J]. Channels, 2011, 5(4): 367-374.
PENG G, TANG X, GUI Y, et al. Transient receptor
potential vanilloid subtype 1: a potential therapeutic target
for fibrotic diseases [ J]. Front Physiol, 2022, 13. 951980.
KELLER M, MERGLER S, LI A, et al. Thermosensitive
TRP channels are functionally expressed and influence the
lipogenesis in human meibomian gland cells [ J]. Int J Mol
Sci, 2024, 25(7) : 4043.
INOUE R, KURAHARA L H, HIRAISHI K. TRP channels
in cardiac and intestinal fibrosis [ J]. Semin Cell Dev Biol,
2019, 94. 40-49.
XING C, BAO L, LI W, et al. Progress on role of ion
channels of cardiac fibroblasts in fibrosis [ J ]. Front
Physiol, 2023, 14. 1138306.
WANG Q, MA' S, LI D, et al. Dietary capsaicin ameliorates
pressure overload-induced cardiac hypertrophy and fibrosis
through the transient receptor potential vanilloid type 1 [ J].
Am J Hypertens, 2014, 27(12) . 1521-1529.
GAO F, LIANG Y, WANG X, et al. TRPVI activation
attenuates high-salt diet-induced cardiac hypertrophy and
fibrosis through PPAR-3 upregulation [ J]. PPAR Res,
2014, 2014 491963.
MARSHALL N J, LIANG L, BODKIN J, et al. A role for
TRPV1 in influencing the onset of cardiovascular disease in
obesity [J]. Hypertension, 2013, 61(1) . 246-252.
BACMEISTER L, SCHWARZL M, WARNKE S, et al.
Inflammation and fibrosis in murine models of heart failure

[J]. Basic Res Cardiol, 2019, 114(3): 19.
HIROSE M, TAKANO H, HASEGAWA H, et al. The



o [ ST B R 2025 4F 2 A5 33 55 2 ) Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2

265

[18]

[19]

(21]

(23]

[24]

[26]

[27]

effects of dipeptidyl peptidase-4 on cardiac fibrosis in
pressure overload-induced heart failure [ J]. J Pharmacol
Sci, 2017, 135(4) : 164-173.

BARRICK C J, DONG A, WAIKEL R, et al. Parent-of-
origin effects on cardiac response to pressure overload in
mice [J]. Am ] Physiol Heart Circ Physiol, 2009, 297
(3) : H1003-H1009.

WANG Y, WANG D H. Protective effect of TRPV1 against
renal fibrosis via inhibition of TGF-B/Smad signaling in
DOCA-salt hypertension [ J]. Mol Med, 2011, 17(11/12) :
1204-1212.

LIU Z, WANG W, LI X, et al. Capsaicin ameliorates renal
fibrosis by inhibiting TGF-B1-Smad2/3 signaling [ J ].
Phytomedicine, 2022, 100 154067.

WANG Y, CUI L, XU H, et al. TRPV1 agonism inhibits
endothelial cell inflammation via activation of ENOS/NO
pathway [J]. Atherosclerosis, 2017, 260; 13-19.
SUZUKI T, KIMURA M, ASANO M, et al. Role of atrophic
fibrosis  in

Am ]

tubules in  development of interstitial
microembolism-induced renal failure in rat [ ]J].
Pathol, 2001, 158(1) . 75-85.

LI B, HAN X, YE X,

et al. Substance P-regulated

leukotriene B4 production promotes acute pancreatitis-
associated lung injury through neutrophil reverse migration
[J]. Int Immunopharmacol, 2018, 57. 147-156.

NATHAN J D, PATEL A A, MCVEY D C, et al. Capsaicin
mediates substance P release in

vanilloid  receptor-1

experimental pancreatitis [ J]. Am J Physiol Gastrointest
Liver Physiol, 2001, 281(5) . G1322-G1328.

SZALLASI A, CORTRIGHT D N, BLUM C A, et al. The
vanilloid receptor TRPV1; 10 years from channel cloning to
antagonist proof-of-concept [ J]. Nat Rev Drug Discov,
2007, 6(5) : 357-372.

MCGARVEY L P, BUTLER C A, STOKESBERRY S, et
al. Increased expression of bronchial epithelial transient
receptor potential vanilloid 1 channels in patients with severe
asthma [ J]. J Allergy Clin Immunol, 2014, 133(3) . 704-
712.

BAXTER M, ELTOM S, DEKKAK B,

et al. Role of

transient receptor potential and pannexin channels in
cigarette smoke-triggzered ATP release in the lung [ J].
Thorax, 2014, 69(12) . 1080-1089.
SCHERAGA R G, OLMAN M A. TRP channels in
pulmonary fibrosis: variety is a spice of life [J]. Am J
Respir Cell Mol Biol, 2023, 68(3) : 241-242.

KNOELL J, CHILLAPPAGARI S, KNUDSEN L, et al.
PACS,-TRPV1 axis is ER-mitochondrial
tethering during ER stress and lung fibrosis [ J]. Cell Mol

Life Sci, 2022, 79(3) . 151.

required for

[30]

[31]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

GUO Y, YING S, ZHAO X, et al. Increased expression of
lung TRPV1/TRPAL in a cough model of bleomycin-induced
pulmonary fibrosis in guinea pigs [J]. BMC Pulm Med,
2019, 19(1) . 27.

FUMHY, Airfete, e, S5, /N B U UL
AALIVE ] AL [J]. T ER AR R A, 2020,
36(3): 216-222.

LULM, YUTT, HE X W, et al. Effect of small dose
capsaicin for treatment of pulmonary fibrosis in mice and its
mechanism [ J]. Chin J Appl Physiol, 2020, 36(3): 216
-222.

TAO L, YANG G, SUN T, et al. Capsaicin receptor TRPV1
maintains quiescence of hepatic stellate cells in the liver via
recruitment of SARM1 [ J]. J Hepatol, 2023, 78(4) : 805-
819.

QIAN K, LEI X, LIU G, et al. Transient receptor potential
vanilloid-1 (TRPV1) alleviates hepatic fibrosis via TGF-B
signaling [J]. Dis Markers, 2022, 2022, 3100943.
OKADA Y, REINACH P S, SHIRAI K, et al. TRPV1
involvement in inflammatory tissue fibrosis in mice [ J]. Am
J Pathol, 2011, 178(6) . 2654-2664.

HUANG Z, SHARMA M, DAVE A, et al. The antifibrotic
and the anticarcinogenic activity of capsaicin in hot chili
pepper in relation to oral submucous fibrosis [ J]. Front
Pharmacol, 2022, 13. 888280.

SZABO A, CZIRJAK L, SANDOR Z, et al. Investigation of
sensory neurogenic components in a bleomycin-induced
scleroderma model using transient receptor potential vanilloid
1 receptor- and calcitonin gene-related peptide-knockout
mice [J]. Arthritis Rheum, 2008, 58(1): 292-301.
WANG L, WANG D H. TRPVI gene knockout impairs
postischemic recovery in isolated perfused heart in mice
[J]. Circulation, 2005, 112(23) . 3617-3623.
ZAHNER M R, LI D P, CHEN S R, et al. Cardiac
vanilloid receptor 1-expressing afferent nerves and their role
in the cardiogenic sympathetic reflex in rats [J]. J Physiol,
2003, 551(2): 515-523.

HORTON J S, SHIRAISHI T, ALFULAIJ N, et al. TRPV1
is a component of the atrial natriuretic signaling complex,
and using orally delivered antagonists, presents a valid
therapeutic target in the longitudinal reversal and treatment
of cardiac hypertrophy and heart failure [ J]. Channels,
2019, 13(1): 1-16.

PARK C W, KIM B J, LEE Y W, et al. Asivatrep, a
TRPV1 antagonist, for the topical treatment of atopic
dermatitis; phase 3, randomized, vehicle-controlled study
(CAPTAIN-AD) [J]. J Allergy Clin Immunol, 2022, 149
(4): 1340-1347.

SHAN X, ZHAO Z, LAI P, et al. RNA nanotherapeutics



266 T [E SL IS Sh AR 2025 4E 2 A5 33 E455 2 81 Acta Lab Anim Sci Sin, February 2025,Vol. 33, No. 2
with fibrosis overexpression and retention for MASH progressive kidney injury [J]. J Clin Invest, 2019, 129
treatment [ J]. Nat Commun, 2024, 15(1): 7263. (11): 4951-4961.

[42] ZAI K, ISHIHARA N, OGUCHI H, et al. Regulation of [47] USUI-KUSUMOTO K, IWANISHI H, ICHIKAWA K., et al.
inflammatory response of macrophages and induction of Suppression of neovascularization in corneal stroma in a
regulatory T cells by using retinoic acid-loaded TRPA1-null mouse [J]. Exp Eye Res, 2019, 181. 90-97.
nanostructured lipid carrier [ J]. J Biomater Sci Polym Ed, [48] SCHWARTZE S, LA J H, SCHEFF N N, et al. TRPV1
2019, 30(1): 1-11. and TRPA1 antagonists prevent the transition of acute to

[43] YANG B, ZHANG G, ELIAS M, et al. The role of cytokine chronic inflammation and pain in chronic pancreatitis [ J]. J
and immune responses in intestinal fibrosis [ J]. J Dig Dis, Neurosci, 2013, 33(13): 5603-5611.

2020, 21(6) : 308-314. [49] CHENYS, LUM]J, HUANG H S, et al. Mechanosensitive

[44] FROIDURE A, CRESTANI B. Regulation of immune cells transient receptor potential vanilloid type 1 channels
in lung fibrosis: the reign of regnase-1? [J]. Eur Respir J, contribute to vascular remodeling of rat fistula veins [J]. J
2021, 57(3) ; 2004029. Vasc Surg, 2010, 52(5) : 1310-1320.

[45] SPAGNOLO P, TONELLI R, SAMARELLI A V, et al. The [50] BONNINGTON J K, MCNAUGHTON P A. Signalling
role of immune response in the pathogenesis of idiopathic pathways involved in the sensitisation of mouse nociceptive
pulmonary fibrosis: far beyond the Th1/Th2 imbalance [ J]. neurones by nerve growth factor [ J]. J Physiol, 2003, 551
Expert Opin Ther Targets, 2022, 26(7) : 617-631. (2): 433-446.

[46] MEHROTRA P, STUREK M, NEYRA J A, et al. Calcium
channel orail promotes lymphocyte IL-17 expression and [WHRBEH] 2024-05-22

ﬂéE’JéE ARSI S Bl o BRI REF SE B nl A8 SO SR UL R L7

(HPEZWEIHWFIRY2025 EMEITEE

<<¢'Ei%‘z‘ﬂ% ) i b E SL I s e 2 5 v [ B e R

L E PN R

FARTIH (AT DIBNE S92 W L SIREHS S NEE, ?Hﬁ%m@%%”%&%ﬁm%%gﬁﬁ

W AR,

HFcR: H P TR AT EfE
PEBE XA AW BRep 2nE MR RE  E R AL R TR O TARE B B A

R FH BRI A2

T R ATH . HHL, K 16 TR, 160 T, H K R,

2-748,

SRS H, A B A

R4 50 o, 44F 12 #4600 Jo, HB AL

PO AT . T EARO AR T T B AT FR 2> R AU 5k R el 5245
K5 :11220201040003764 HA 5K 4FK . b E S2 5 sh2r 4>

THTEMIIT TR JFS W R A T i S RS B 2 Sl R SR A 4 1



2025 42 A v [ 25 B SR February 2025
¥3k3E 2l ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 33 No. 2

XU SUER  BROBTIE , SRR, 5. cAMP 5538 72 S ARAE A L] Bz T PR s rh RO WF S ki (0], P R S50 3 W 2 4
2025, 33(2): 267-274.

LIU J X, CHEN X W, GUO Y J, et al. Research progress on cAMP signaling pathway in the pathogenesis and intervention
strategies of depression [ J]. Acta Lab Anim Sci Sin, 2025, 33(2) . 267-274.

Doi; 10. 3969/j. issn. 1005-4847. 2025. 02. 012

cAMP 15518 B 76 AR RE A2 o HIL ] S 701 5K i
1 B 5T 3 R
XEE  HEE e EART FER
(1. FWEHPEZRE FM 4500462, FIFGE HRIELESERE, A 450004)

(HZE]  IWABAESE H AT A7 E A — PR A 2S00 , 4 F AR TG J5T ol >f 07 T8 52 Il Fg ] F At 2 4k 2ty
RSE AV, AR, B THE AL Rl O T AR E A SR g AL 2z 06 Herh cAMP 3E B AR
Ry A~ B A A 38 I, TE A ARAE (14 2 s AL TR T o B bR SRR T BRI, I AR R A DG T
cAMP 38 T HHMARAE ABF T BEA 4508 TR TE cAMP 38 5 K HZ 52 W AR AE 4 FH LR S AR

[€4R)  HIAREE ; cAMP J# ¥ ; PKA ; CREB; BDNF ; {5 53l %

[HESES] 095-33 [ XHEFREM] A [ XEHS] 1005-4847 (2025) 02-0267-08

Research progress on cAMP signaling pathway in the pathogenesis
and intervention strategies of depression

LIU Jingxia', CHEN Xinwang', GUO Yajing', DONG Yongshu’", GUO Yuchen'

(1. Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China;
2. Henan Province Integrated Traditional Chinese and Western Medicine Hospital, Zhengzhou 450004, China)
Corresponding author; DONG Yongshu. E-mail :5959230@ qq. com

[ Abstract] Depression is a common mental illness that has a negative impact on patient quality of life, as well
as representing a serious economic burden to society. The strategy of interfering with depression based on signaling
pathways has recently attracted widespread attention. The ¢cAMP pathway is an important cellular signaling pathway
that plays a key role in the pathogenesis of and interventions for depression. In this review, we addresses recent
studies on cAMP pathway-based interventions in depression, to provide a theoretical basis for regulating the cAMP
pathway and its cascade mechanism in depression.
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BREOVERT , BRAEFET cAMP {55538 B TN AR AE
ARIIBIE T B R 8 22 | (B J2 AH G B 45 P 1Y S 88
D AR SCFEEXT cAMP A5 538 B JIARAE H i
YE IO AT BARER A

1 cAMP ESiE g

cAMP 15538 B2 A0 il N — A (R 515
S, B T HAF U Z 1A cAMP/PKA |
cAMP/PKA/CREB #1 ¢AMP/PKA/CREB/BDNF
PG FIE I . cAMP 38 F§ AT 2 5895 Z Fh 4 i
(A R A it B DA R R T R Al i A
THAEITTMAERAET MK A 5 il w28 v
i L, FE HHK # 4 R 48 (central nervous

system,CNS) H R FEMEEIVER . cAMP {5538
PEZ SR 0 BARALE N B B G R AR 2
& (G protein-coupled receptor, GPCR) 5 fifi4h 3z {4
FRCIARLE B IFEML, G 1S GPCR 45 & — 0
MR R I AL B ( adenylate cyclase, AC) —AC 1L
ATP K f# I8 B cAMP — cAMP 3% 2 1 I A
(protein kinase A, PKA) — ¥ 1% J5 A9 PKA
cAMP Jz v Je445 G 8 H ( cAMP-response element
binding protein, CREB ) #% 2 {b — 5 #2 fL ) CREB
54008 N ) cAMP [ v TG4 ( cAMP response
element, CRE) F¢ 57 L 25 &, {0 i P51 i 487
F ( brain-derived neurotrophic factor, BDNF) [
sk RIK — 77 A AF 530 B A W) 80 R oL R
SN

YE R AR 5 AR cAMP 32 53 A T4
ZRGT, cAMP REME AL HE 5 K BIC 1A K
PR RO, I LR R A0 Y A R A
BRI IR oA A T S A B AR ) A AT o R
U AR T A Y cAMP 7K
SERTRETE MR AR K R e MR
PKA J&— g iV 22 2 R/ 7 2 IR T , 7 20 i
5o R CHEAE T, PKA 75 CNS Hi) iz 3k
Ik, 62 0T 1 A A FAE TR DL LA B3
M2 PKA Y S AT 3 o kB AR R B
A 2 3 e YA 3 e s = 2% B Tk VA% o e e
JITIRE" . PKA F#IRYZ —1 CREB BEFK
HEARACTIT R —Fh 51 Z2 BN 1Y R 3 X
SEA IR SRS AT LS R e 22 o0 28 fi T 9
A28 B, CREB B 30TS 7T DL & 35— 2R 571
(1 A W 2 50N, B S B S g o T
BDNF 52 CREB T {iff # 2 1) #L 5E [H] | B R 1k Y
CREB 5 CRE 454 J5 fi2fff BDNF 35" BDNF
ARG TP HEN S E RN 7 %72
PRI B 22 TG, A8 3F P 22 T8 19 434k 3G 5 1
Az A DA B A 22 S5 A 0 BDNF ] L)
Tt AR 5 118 2 25 AR R RS S T B B B A2
RS AT LR

2 cAMP S EBRSHMHXZE

FIRTRHE 3l ) S 96 3R W, cAMP 5518 6 7E
FVRIAE A s BIL A R FIUAL A P ke 2 S B T
TR RN R W PERER cAMP {55 1Y 5
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W YR T cAMP/PKA . cAMP/PKA/CREB
cAMP/PKA/CREB/BDNF 2% 1% {5 5 il J% 1F 3 1%
S, 51 PIARAE B — S 20 B, A4
ZERAE A ICAN NI T | 28 Ml Dy 8 A9 S AL
oY AR AR CAMP 38 [ 7E 8 5 AR RE H
HAG L I SAT R 0 T A ¥ AR Y, HAE S 3 I
FHSETE (A 2635 F I Al BEVE & MARAE >, A WF5E
FEH M8 AN T S 7 38 AL T AR AR K R I e
cAMP PKA Fll CREB Y21k S8hh 2 & 1k %
B, T S BLAMARBE A9 A7 1 KIM 26t 3%
iR N R VA = N i B R N
S5HTIA 24K F 19 cAMP/PKA/CREB 2% BX ) i/
AR | R I A /IS BRUP7 A S R A SRR, I AR
KA L A R B, T cAMP {5 5 30 #% A1
KEA, T LIHMCEMARIR S, A EY Rk
B DR PETT T FU AR AE IR o] BE 38 1 0% cAMP/
CREB/BDNF 5 5% Tl i, & & /DU 5 cAMP
)& A2 p-CREB il BDNF A4 28 ik 5k ik 3%/
FURINAREEREIR . DA YR cAMP 15538 i 77
TR A& Fs L AN ML R 2 4 AR
2.1 cAMP {55 B i 3 1A 15 & T N 4R

cAMP {5 5 i #% H () CREB n] B 4% 4 ¥
BDNF -G i S 5 5%, BDNF & — Fift i 22 78 57 A
TR R R 22 0 B B T A R 2 Y
cAMP 38 % 19 0% T DL #F BDNF 19 & B R RE
i, AR 1 # Z2 e I A K o AE AR IE B
PREETE I AR RORN AR R AR A2 B, DR A o 2
cAMP/PKA/CREB/BDNF 3 i (1) 1% 14 , 7T LA F
BDNF 23k WA X B 555, MO 4D B3 1
MR AVFITIER , AR FL 3l it T X A 470 1Y
YD R IIARAE 4 A8 A AR R 28 T3 2 R B Y
P 1TSS

LT 250 BiE 5% 2 WA G )6 SR T e 3 o )
cAMP/PKA/CREB i % , b 48 P4 A w] $50 00 5 135
R ( chronic unpredictable mild stress, CUMS ) #%
T BV 5 W W2 Ak cAMP 2 B T E 45 & & H
( phosphorylated ¢cAMP response element binding
protein, pCREB) 7KV~ 3 5iR g b X bl 22 47 VE
R TT A AR K, NI TR FEA T,
it o 2SR S e B 4 W5 v 25 T T CUMS
PABAS AL R, W 52 45 1 W, S8 8 e B 4w
DT KRR AR FENS 25 , JLA/E AL T

A2 i 97 cAMP/PKA/CREB/BDNF {55 i
P% 34 5R BDNF K3k i Sk 250 458 F 2 e
RERA M2 TT i A K e SE By . TR A R
SEUN S PR SE FEET RE G S TS cAMP/
CREB/BDNF i j#, fie il K U 5 X cAMP
CREB .BDNF {4 K Fl 25 1 435 T &y, 06 1 4
P2 R AEHTNARYE . LIU 2509 B9 2 00, w R
" JiE i 4D ( phosphodiesterase 4D, PDE4D) i il 5]
GEBR-7h 52 45 25 1. 3% Wi 5% 1 18 VA ml 0 e
71 (chronic unpredictable stress, CUS) i#5 5 f4 A
FEAT R L ToAL ) 22 /38 0 i e 3k 1 77K B i
it cAMP | & P A i 4B 2 3L a ( protein
kinase A catalytic subunit a, PKAca) , pCREB #l
GLT1 /KA T 1y, ok Hoxt CUS 75 51947 9 #il
AL RERE R R LR T

Zi I T iR, cAMP i % H ) PKA | CREB,
BDNF J& PR A1 A HA P4 #2250 A i i B 4
gt K 5 A T RE, AT A BT I AR 1Y 1
FH PR MG E i 228 0 A A P2 SR AR 475 1Y)
— AN E LR,
2.2 cAMP ES BB T RHME A LRI
HER

P2 n] S SR i DR 3 2 AN R BGRT Y b
25 H O AR A IO AR SN A R T
P8 AT S T A A W A 2SR . T e A 2 ]
FRGEAE B 2] BT T R o 2 T 9 P
S G EAS U DI N R (W DN [ )
FETEAN UL A5 1 B A% 00 T R A7 38 1V 5 2540 il 22
CIEZLRORAT EAY 2B VS A DS & BN
KAME Z AL BB cAMP 3 % X pf 28 1]
EAPE R EL, cAMP {55 2 ik 5 2% fik T 28
PEREAR LA DE 0 FEIMERSE 3 P i &
Al YAVE AT RESZ A, 1 A 1 50 cAMP 38 5 A9 95 PE
ATLUMR SR 2 ] S P I, AT A B T e A
B EFINIIRE, A W5 R BGTIAR 25 )
(R FH AT RE 2 3 i A AR AE 8 & CREB 1334
R0 KINPUIPAR 2 45 25 )5 CREB B30 /2
AT PR AR

HUANG 2 0758 2 B | IR A1 56 % 5 (adeno-
assoclated virus, AAV)-miR-139-5p #lliii] CUMS %
SEAANAR /)N BUASE Y i 5 240 B v i PDE4D, 3113
cAMP/PKA/CREB/BDNF i [ 1) ¥ 76, 3% 5%
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cAMP p-CREB il BDNF [ 31k K-, £ {5 /) it
Thf 2 g T G B 4 280, DA T 43 /) BRI AR
FEAEAR, TS g R, & e & R AR 7
REAE A 500%TE CREB, i CREB & & o 75,
2 B b 28 e AL SR A B8 ) B T SR K
1117 ¥ T TUMARIE B VE ] . ZHANG 25 8 58 &
B, CUMS 15 S (1 AR A5 AL K BT S X cAMP-
PKA i % 5% , CREB B R fb /K- . BDNF & k%
%, 5 B 3 % cAMP/PKA/CREB/BDNF {55
WG, W58 p-CREB 1 BDNF ik, il B i 45 w4
1S R IR VA T kTR [ ol 2R 2 fik w8 e | 30 T e
CUMS K USRI G AR EES T, CHONG 451 fiff
TR, 4 F ML T (hericium erinaceus, HE ) &
JPUGE T 2 R0 80 BRI I AR R AT o, T
TR e o AR 2E i T oh CREB (B R Ak, AT
HEaR A AL N B S & Rk A RSB, L
TR Y W, e R A D Ol ad TS cAMP/
PKA/CREB {553 % , #43% p-CREB S133 ,BDNF
B AR R ph 23 JBE, DT oA K LI 5
28 R HE RS A E (1 5259

25 LR AL BTE cAMP {E 53 % K H AR
KRB, H 4 p-CREB 1 BDNF 23k, il fig i i 28
Al R | DI B0 R O AR AR RE IR, PR I, P
P b 25 T 80 VA Ry T TR A R Y — A
EiLYE
2.3 cAMP {5 S 18 2% 1@ 1 #] &l 1 & K GE &2 1
kTS

cAMP {55538 % S H G A 1 28 22 BE 9 s o
RYEEEEWNPLRAIER, 140 cAMP-PKA/CREB
A % T A g O R R &R e 1
T A cAMP-PKA/CREB 3 i
WA 28 R AE 1 & A, DT B35 BRT 7R 9K TR SR
( Alzheimer’ s disease, AD) BYREAR " FHAE B Sk
22 (10 30F 41 % W 9 E 20 it Y 7 K S B T 5N
PSR E RO B R A5 A G0 TAN 2600 1
F 5 1.3 BH 3 o g 22 475 5418 2R 40 it TR 7 19 %
W R Rh 22 A | T RE S BUMARAE R 19 & A |, Wi
HUFEMF S &P, Mg SR 56 IH 7 ((tumor necrosis
factor-ac, TNF-a) . F1 4 i 41 2 (interleukin, IL)-
1B Al TL-6 B 7KF- 5 FARAE R 52 IE A0 565, fip
PAARAE AT BE A2 A AR AE & 5 AN R Hp i — > HE 22
N, cAMP 3@ HY cAMP PKA 1 CREB 5 ##

L P RE BYIAH S, cAMP 7K B FEAR 671 52 5 8
NF-«B 15538 [ -5 i 5 5 PR 19 7= A RAE
T3 7 A A RE SR 2 R AE

TANG Z577 1 7% & W, 22 2% 38 i 3 0%
cAMP/PKA/CREB {5538 % , 2ie 5 1 15 i 451 £ Al
HRKHI 28 R BT RAE SV, AT 28 A T W5 R A
IFIECAE 3 B IR EERE AR, BR T Y W g 3%
PS5 P T 1 950 410 A8 A5 80 AT 3fil 8 cAMP-PKA-
CREB 15 = il %, {2 i cAMP, PKA, CREB, p-
CREB 1 & mRNA FiATHE , BRI TNF-a |
IL-1.10-6 SR PR P 7K, DA e 8 S0 AR IR
JERAR S AT A, S 0 e B v
A3 e S5 AU AR AR R BRI AR AT A, AL
A€ 5 I % BDNF/TrkB/CREB 15 5 3 %, %%
BDNF 7 1235 F1 p-CREB/CREB 17, i # ]
R FRUAE h p 28 Je M SO A5 . CHANG 45 fF 5%
0, Se W i 8 ¢cAMP/PKA/CREB i %
PKA il CREB [ FH 35 K, M+ 1L-18 Al
IL-6 RAEH F7KF BEAR, T2k CUMS 5% 1Y
KEIMAREEREIR . WANG 26161 i R 1 4
AT IE LS cAMP-PKA 38 %, #1176 CUMS /)N R A%
A NF-«B Fl NLRP3 AHOCHAE Kk, BRI IL-6,1L-
18 Il TNF-au 24 R 7K -, DT e 56 1) A A 75
INEUMARRERE IR, TYNAN 250 58 53 #F 58 % 2R
SSRIs A R4 il /N 5 40 il TNF-o 1 724, 2 4%
PURAEF, X A VR A3 5 3% cAMP-PKA i
FESCPLAY, DARWISH %5 R | Ak 4 ik i i
WG cAMP/PKA 38 #1018 M 2 P 00 i
( chronic social defeat stress, CSDS) Mg C57BL/6
/N U R T IX IL-1B \IL-18 \IL-6 Fl TNF-o R 4E
FRaEPIKF , T 0 /N BRI IR R RE IR A
HAE IR, IR BOE S R R cAMP {5 538
i, b JE e P AR 2 R 3 ( chronic immobilization
stress, CIS) 175 AR K BB ki K2 J2 v cAMP |
CREB1 mRNA ik, BRI IE 98 5E K F R8I IR =
E2 ( prostaglandin E2, PGE2) . P %) Jit ( substances
P,SP) & i, NI e R BRI IIARIR S

25 PR T TR cAMP 38 B ATE M 1 E
cAMP 3@ 1) cAMP _PKA .CREB . p-CREB & H
J mRNA K35 T+, FEAR I i 58 M K
-, AT R B F IS AR A IE BE 0 SE N, A
T8 Al AT ] R AR S
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2.4 cAMP S i B% i@ 1 #7 % 28 A T %2 im
R

cAMP-PKA/CREB iff 7] & 15 40 g 8 1=, 24
CAMP/PKA/CREB/BDNF i J#% 776 B, 2 e ik
CREB H1 BDNF (1) &3 , 15 1 9 755 40 A o4 19 A= A7
{5538, CREB 5#Z o= UM, i
T-AHGER A B Ik I 241 U9 -2 ( B-cell lymphoma-2,
Bel-2) & CREB [ HE Z 452 —'%) ) BDNF ]
IDSTIEUIE A/ ie= Ve i I 2 102 a7 (U 1 s e
KB AWk A2 P A AT 0 A B dE R 2 RE
RIIRESE

CAT ZE VBT SR 0A , 52 25456 T = i dLam 1
#3% ¢cAMP/CREB/BDNF {5 53 %, 7} /% BDNF
mRNA Fl CREB mRNA 11 3% 3k /K, {2 # CUMS
VS RYIIAR K BRI S pp 28 onya g, Jf B e 5
P2 AR T, PR BT R B AR AE .
SOARES %"V BfF 55 2 W, 76 BN 200 . 2 Jik 14] %€
( bilateral common carotid artery occlusion, BCCAQ)
/NIRRT Bay60-7550 (T A2 FEATE F 1 it 25
Zo i T D, [ A BE % cAMP-CREB-BDNF
SR BIE . TANG 2257 BF g 60, 28 2 4L
WL S cAMP/PKA/CREB 55 %, #2551
cAMP & DL & PKA Al CREB i mRNA # ik
FE R A 7K, 3046 /08 Jse J5 A4 B ) 3% Ak, A T
Eh PR IO T, DT 5 4 IS A A 2 1 AT A
SiE R, ZHANG 258 % 8] Mg 5 J5 ( Xiong-Pi-
Fang, XPF) AIAYT 8O0 RN AR, el 8 25 AR
FESER , X AIVE FH AT RE 2 1 T cAMP {5538 B 19
WS, RO WURNE T o PKA  CREB 1 BDNF
TR, NN HI 48 145 %, CONG %'
WFFEUER , PDE4 $ il 37 2 1] 35 > 7] 68 38 2 97 61
0 LY TR DR A N SR B AR AT R, AR
A g2 W cAMP (5538 B F 0, WANG
SRV ST SR, SE R A AT DGR A B Il R
H AR AT Sy, HoAE F LA AT BE & BDNF | p-
CREB VL } Bel-2 B9 25191, Bax | Caspase-3
IR REAG AT S 22 n A T A5 2 R S ER Y

ZE Lk, cAMP 38 % AT DUAE — 2 R 9
20 LR T, A7 B T 4 e 40 I 9 A T N T RE 7E
IRITIARIE h R ¥ EEAEH

3 INES5RE
SIHBRE S — Bl 22 10 T 00 K5 3

AT REXT R B IR E 4 AT R DA S B A
FEAEARIFI . cAMP 3 HBAE A — P EE N ES
T 30 %, FE PR 28 2R BB 1 R AL AR YT 2ok
b R EE VRN B ROE cAMP 3 #  fiE
Ht PKA .CREB 1 BDNF 335, o] DASZ i #f 28 70
(LI e A S5 A4, 0 08 4 28 o0 A K RN P | 43 i
] AR U B 28 S T A B R T, AT
HCEIIARAE B AR IR . R cAMP 38 AR AR
SE BRI TR HA AR KA 1, (80 H A A A — L
PRARFN A fiff e 4 [R)L, BRAE K 25056 F cAMP 3
4% K LG IR T WU ABAE 19 BF 5% R B T AT AE 1
SPRERL G R 5T D, BT LA i — A Y
I R ZE S PEAR I cAMP 3 % N2 H 2 BB i
BRAER 4 vk AR E R T A, R, 75 20
TSR AT E IR AR R, DAL 5
S5 ) Ik PR R FH A e 8
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[ Abstract] The zebrafish is characterized by its rapid reproductive cycle, transparent embryonic body in the
early developmental stages, high genetic and physiological homology with humans, and low breeding costs. These
advantages make it a valuable tool that complements mammalian models of depression. The zebrafish has emerged as a
promising model organism for studying mental illnesses owing to its unique biological characteristics and the diverse
method available for establishing depression models using this species. This article aims to provide a comprehensive
review of zebrafish depression model establishment method, evaluation criteria, advantages, and limitations.
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Figure 1 Comparison of zebrafish and mammalian animal models for psychiatric disorders
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Figure 2 Biological similarities between zebrafish and humans
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Figure 3 Behavioral test diagram of zebrafish depression model
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ORI KRG LA TR/ s
TERF BB BB 6]/
OFEAKA LS Y B E 25/ m
@ik AIKFE LA UREL
G s ) S 2/ m
@RS LL ] /s
O BRI
a FRIGHLE THIAR(K 24 cm x 55 8 cm x 520 @ /NHLINF2h B B
em) IETTJT s 2 7KFE I, A KA AR E OUEsiE AL/ (m/s)
WA IR IT , SR S DGR — 2L T ORES AL B T AR LN 7E 2 s SO i ] Y
b JI AR R B T (0 (R — B ) 4R Jhiddh,
SRR AR F LRI S min WIOAT R, ASHGES) < Sl ) sl B 1 2 ) 28 Ak DA B i 52 1)
B RUKFE a,Camera is placed in front of the box (length 24 P vhfil A7
N5 em X width 8 ¢cm X height 20 em). For multiple  (DLatency to enter the top part/s [46-47]
NTT tank testing, each tank was separated by an (@Total time spent swimming in the upper part of the
opaque partition to keep the background and light  tank/s
source consistent. (3@ Total swimming distance above the tank/m
b Zebrafish were gently picked up with a net (@Number of entries to the top area
(one fish per net), then placed in a new tank (&Total swimming distance/m
and their behaviour was recorded for 5 min. ®Duration of freezing/s
DTime of freezing
®Number of erratic movements
@Speed of swimming/ (m/s)
Note. Freezing:there was no movement for 2 s or more,
except for gills and eyes.
Erratic movements; sharp changes in the direction or
speed of swimming and repeated rapid sprinting behavior.
a MR (K 25 em x B& 15 em X /5 15 cm) #— o 01 2 B 4 T
SR R BB g D01 R
2 cm FOER T REC G EPIARZ A il St h
b L A2 Ak 2 S 3 e e o S S B
A st = . g R AR A/ PR L IR S RIKE
g LR T DT 7, ks min 00 g s ok IR A0 e
HH/ 5 46 a, Chamber (length 25 c¢cm x width 15 em X Eﬁf?FE(@MSnBB&ﬁﬁﬁlﬂ:/\ﬂ]ﬂ‘) °
W height 15 em) was divided into a light chamber (DTotal m.ne sper‘lt in the hghl./dark bO.X/S (=01
LDT and a dark chamber by a black partition. A gap of @Incubation peried for entry into the light box/s
2 cm high was left at the bottom of the partition, @Number of sbuttles
- . (@Number of risk assessment events
so that the zebrafish could swim freely between . . . .
the two chambers. When testing multiple tanks Nole. Shuttl.mg times; total shuttling times between the
keep the bottom background and top light source light/dark bins.
. Number of risk assessment events:from the dark box into
consistent. the open box and then quickly return to the dark box
b, A camera was placed above the light box to open d Y
record its behavior for 5 min. again (fish body or part of the entry can be).
a ZAAVR S NTT 55KARTE Y43 15 s I —SRABIRIET (0 PR 1 2 AN 22 3
b FAELRE FIRCA 4 BAHIT G, 07 HEENARGE) 3L 20 5k, Wi Gk E e R0
VW S min WIRAT A, Z A RS /m,
ST a This box is the same as the NTT box. Take a video screenshot about every 15 s ( ensure that (57-38]

b . Single cylinder should be up to 4 fish tail into
the video at the same time. Behavior of the shoal
was recorded for 5 min.

there is no overlap between the fish is effective
screenshot) , a total of about 20, and measure the

distance between each fish in each screenshot/m.
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gx1
(RS ESUIE iy50 MG bR E =B TN
Behavioral test Procedure Observational index References

a FER (4 50 em x FE 15 em x & 15 em) FIFG
Moy g 7e % (A & (HKAS) A=
(RIFFE) 3 NFE %, 2 A E 4 SRR
1/5, 305 3/5, MERL TR, b E 4R
53 RAtAE DI R DI R A A 2 X A 3 A
X3,

b [0 28 A K ) 5 R 3 5, PR AR A
Frl iy r, BHEHLE TKF IERT 7, 0 s H
5 min fNFTA

a,Box body (length 50 em X width 15 em X

ﬁ:{;.ﬁjgﬂ partitions: the left chamber ( empty chamber) ,
éPT the middle chamber (test chamber) and the right

OF Y AL ZE IV R/ s

height 15 e¢m) is divided into three chambers with Q32 X dal/ AR AT X ) 45 B4 Bt [a] /s

RS K I/ A e X B 30 B 5/ -
(DLatency to first social zone entry/s

chamber ( homologous chamber). The left and  @Total time spent in the social/non-social area/s

right chambers each account for 1/5 of the total @ Total swimming distance in social/non-social areas/m

box body, and the middle chamber accounts for
3/5. As shown by the dotted line in the figure,
the middle chamber was subdivided into three
areas ;social area, test area and non-social area.
b, Zebrafish were placed in the homologous
chamber, while the fish to be tested wereplaced in
the experimental chamber. The camera,
positioned directly in front of the tankrecorded
their internal behavior for 5 min.

2.2 HEALIEEREI

A AR B B ARG 0 . 2 96 E B AR T R A
I—AEER K, B TRDMEE HPL A5 A
ZKIM HPA BhAE 254 T RE b B A AL, PRt
CORT 38 2 Ao i RN B 5 £0 19 FE 1 KP4 F5 .
TR, Y R T UGk s B
BS e  I[S IS 3 S Il 1 S I < N A
CORT & ¥ I % K i # % ( adrenocor ticotropic
hormore , ACTH ) i B[ - B8 2% 4 ifd {2 J57 25 )i ( pro-
opiomelanocortin , POMC) IKF i 2 T I A BE
AT A B SR sh P —FF , Bt
2386 ST TE ) 1 TR 1) 5 SR AT S O T AL R
HEAEM, B KPR ph 238 B 2 5 M &
SRR SE AH 5C , TR /K P 1) B g 28 A 225 328 Jo )
SN AR AE AH DG, TE 12 P AS AT S50 P A RE N
( chronic unpredictable mild stress, CUMS ) F4) & f#})
BECh SR SSHT DA A NE %5 fh 28386 7 K F-
BETRESS S0 AR EH, EATHY
F AP IUS HK N BTHS 5 2 1 2 (prohibitin 2,
PHB2) & BT8R F 5 25 o S0 5 26 1 (solute
carrier family 25
SLC25a5) | HE, R A i 4 BH 25 38 i 3 ( voltage-
dependent anion channel 3, VDAC3) | 3 #74&5 iR i
Sl 2 (isocitrate dehydrogenase 2,IDH2) %5 4 Flizk

alpha member 5 protein,

AT K3 82 T X s ok AR T fiE
15 TI] e 2 BAE - £ A1 R DG 17 26 B 0 3 28 ) 3
B MR M AR 28 B 3R T ( brain-
derived neurotrophic factor, BDNF') IKSE BT PR
S HAMARFT A ¢, BDNF X fii [m] % v K 5 2
NN D RE B 22 T I A2 AEiE | m] 9B P DL e i
AR BRI M il B B EE T AR,
RMEHF U TL-1B  TL-6 , TNF-o {9 7K 725 16 5 41
BRIE YRR AR SE T . PETRY 257 5l i V5 7T Al
LR AL PG A B, SRV TT RN 22 8 A AT DA
FLFPIE 7K S M R 1 ) BE S A AR AT S R
FIIL-1B 1 TL-6 FRIAK-F- B (% 2) .

3 MOAaARMBRENEILTIE

3.1 CUMS #%!

D PO ST AR B A k2 — R
CUMS #ES7 AR [ PRl o] FE# iy . Kbt
5K WG 4 2 sh W e 37 CUMS AR AT AT AR 40 B
SEAETE AR N M8 R R R B O TR, i
BEAY AR TR B0 D 26 1 | BEAR 4 M A 4001 PR 4
FOREAR , BLEL) 32 T B AR 25 M 2 554G

BE b ) CUMS AR TR T 4 SR 9 o & 7,
HAEB PR XT B it T 3 ~ 5 JE A2
TR, 12 R ORI R L HE il 1 R R
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x2S EMARAALIEARIY AL
Table 2 Zebrafish depression biochemical

indicators of change

AR bR Bl ZHEIIR
Biochemical indicators Change  Reference
B i »
CORT
¥ 1R B BT R ' [64-63]
ACTH
AR BT - PR 0 R T R )
POMC
IREE l
SHT
Al | [30,66]
DA
PRUNEAN S l
NE
PUBTHE I 2 )
PHB2
IR R 25 o LR 5 HE 1
SLC25a5 [67-68]
H, AR B B 3 1
VDAC3
SRR LSRG 2 )
IDH2
PP 225 SR A T | [eo-701
BDNF
IL-1B
SEi1Fhe4 1 (71-72]
IL-6
IR T @ )
TNF-a
AIBIER SR TR 5 R AN Y B 70 A 5 i B R
T AR AR A R B R R S R R A

AERR B R K N A RN B R - B AL
B—Fh e —Fh ALY

HaIEE CUMS J5 3 5 fh iz 3 1 30 (12 3R
2 UREEA) ARy (b Rsk = Yok
REAT HEIABE SR JTREAR) X8 B A AR 3R (il 2>
TREH ST FWAT ) A7 R R L R A I 36 5 £
fili N 5-HT \DA F1 BDNF %545 fb 48 Bk 19 28 46 o H)
WA TR 2 5 B T 4RO R B £ R
CUMS #52% 5 JAlJ5 , KB HARRAT N Ao B e 2R
FIUk A, VR Es AR A AT A B[] R0 5 PR 38 s (R
28 I B2 Bt i &= OB I & ( corticotropin
releasing hormone, CRH) (ACTH J2 CORT 7K~ i
LT, BN S-HT Fil NE & B & % B AL,

MARCON %7 i3 CUMS #5427 ~ 14 d 5 R B
BE I fa RS AR A AT Ry %) B T) R B | T o
RITTRE IR BE 32 5 Ko 28366 o K 7 B i
R, 3k BEAR RS AL 5 AR AE 8 & A OCHE AR 2 1L A
A2k, A, NS FEAT BN AR 2 (FRPETT
FHUEHO) WG IT, IR AT A5 DL ; W] i,
1 3 RAEAR ) SR CORT 7K P34 88 3 F B,
FRIUIG S R rp 259 5 10 CUMS g7 194
ARASEAY K it b ] A A R AT BT 5 1) 5 P AR B
KANHRT T AR B, I FEAK CORT IL-6 Al IFN-y 7K
- SN B 2 b 2356 B K M 5-HT BE &R
GeJ< P8, MOCELIN %71 3R [l CUMS $7 22 B
14d, 3 T4 7 R#E4T N-Z B ¥ bE % B2 (N-
acetylcysteine , NAC) T FRALHH 74T Ay 2p A v
P NAC W] 2 a5 5E 10 7 TOUT DX J8 Y 1k A K
FE 0 I D, JF 36 6 T 9 4 ( reactive oxygen
species, ROS) | IE & H #% B ( non-protein thiols,
NPSH ) Fi#8 B Ak ¥ 15 Ak it ( superoxide dismutase,
SOD) i MK A . L2, CUMS AbBEFIZG 4+
FVE HINBE B 8 R PR R AT RS iRk AT o £
FEEESR J1 L) % CORT,5-HT DA NE 454 b 48 4
AR TS, PEAG AR Y ST (A Rk

CUMS FEBI R E3AAE T HRENS se ik Bp—F A2
R LR 3 | 118 2l 3 1o M S Ry, L sk S B T
FIAAT R A A sl 7 A IR RE 1 &, A
RIRIPEFA . (1) 5B RN , A 2 LAXT 3 3 i A
M 5 (2) 218 kAR, BN R 2 R 225008 | I
SN (3) A ] TR, 454> o7 SR T 4R 5 1 1)
TR, W% BT 75 e R IR T R 25 4¢
22 ~ 3AH, HyUmAas ey ¥iayy vl DL %47
Ho BRI, CUMS BERY Y Jry BRE . (1) 120455 2 g A8
IR | TAE R ROR, HL PR AT A S 18 1 N7 33
AR JFA RE 52 42 S IR AMARAE 1Y BT A 52 A 4R 1IE
(2) LB ZAE CUMS A3 1 B 1) 328 43 0 iy
AR M, 5 3 S I A R A AN — Bt (3)
LY S RSP N Y SRa Rt ey I R W el W GEA et <
2e 5 BRI AR 2RI F A e el T AR
3.2 HYESER

P22 Wk PR B 0 P e F B — s o G
PIRIZ5H) , N 1950 AFTF 480 H T i IR YA
7 AR & S 8O iE R . ik, %2
BRIT TS sh YA TR 25, A1



o [ ST B R 2025 4F 2 A5 33 55 2 ) Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 2 283

- o B 1o R R PR IS e 2 T EU AR, H A
ZOTEC) I T S B AR B ST
F L1755 O BE 5 £ R B iz iR 9% 430 %
ik .45 CORT LTt & Al DA 7KF T B DAR
FRILOS BRI 25 T AT Aol AR S
1BV S, 2PEA S B R AR Y | S R AR
R AR A 7 K B AR % B, TANG
S HIF 9 S R SR S LI A A S AT D 1
R I 2 P B B D o AR R R 1 fip
i 5-HT | NA | DA 4§ B 28 33 [l 7K °F-; ZHANG
AU SE i R I SF 2 s S, R B s S
BE T AT RESZ B O e e A s, R
PR B S AR AT R 5 TR RERE CORT ZKF- T
PO AR 2818 T KT R R Tk BE AR AL A 45 T Ay
HHARFIIN G 28 HOR YT 5 15 DA, A &
PEES M, BEE TR BN R IELLA 257 d
JE 5 A B AR AL, LIU 25 (0 P 2 o b0
SR E S S AR TR YT R, R A B
5 AR AN TR ( costunolide , COS) 38 1< #1111 ifiL
Wi S 5-HT 555K NE $6ia 00 2 3k, i
ORI AR AT R Rl & 4 A 5-HT
FUNE K, B R i S 41, A7 0F 55 a8 4%
BEL A IRIR (3245 6 h J5 ) 5A Pk 7 i %
1 M2 I 2 PR £33k J3E AT 32 Bl B fat sl
b SHANFLSONE BE FT REAR , MR P Y S-HIT i 2 R
G, T bR B S5 AR A AR AR — 2 i
RSO R 4h fo RS LR 7 d AT K R AR
YIIRTT Rk 36 BE D f8 1) 32 ShIR A RE ) Fnak ) id
126877, TRTE a2 Hikg P9 0 T &40 b 50 i AR P 98
MR IR SO A ke R AR SR BT 4 £
AR R HAT B S AR

25 AR (A S AE TR A T R R
SRR, LA T A PR, S A1
HIXT AT, AnZg W Fp 2 Rl 45 2 SR T AR
WEAL , A BT/ S iR 22 01 41 v 45 SR 0 v 5
P, (H259)5 AR 5y 20 AT 22 9% 1) £ X
FAE A, ATE B A S AE TR i A AL
LT RE 5 N SEINABAE A & AL A 3 k22 5
PRI IGEE )1z R, HRE ARSI AR 2454 25 30ak
A3 HA A G e E
3.3 EFERTESR

B £ (74 356 PR 98 AR AR o ik o T AR

RE R R ATORZE h . ZIV S 78 AR B 1 £
RILT —FhBELh fa 58 AR A, 2 T WS B2 B R
ZA( glucocorticoid receptor, GR) I R 1E
I, T BN RN Y AR OR B S AR 1Y
Grs357 BES ) GR 7 DI g S8, IFAF Bl A& A
CORT 7K -5 35 FH &5, DT 22 20 H A PR Fn A AR
FEAT R, SVEITIRYT Ja, AT M R E I
#, [F B CORT /K FHuBEAK, Grs357 %8 48 K &
HPI g e i (0 A CRBE AL A AL b HPT £i7 A= [
F CORT ,ACTH F1 CRH #1538 Ft &, Xt & A
IS FE AR RE 1Y R UL R A, Bl J5 GRIFFITHS
21890 4y % IR G AR (14 Grs357 4 0 [ & Vi 3 0
D BEVGITIAYT 24 h 5, AR T 5 2 B ik
. BHNTER 2 R G0N 43 b R 15 4 F L)
VEFTVE R, B 5 SO 7 | B AR 6o 58 55 £ i A
PV B, ERE D GR EEER IR TM
D) R 49 200 L v ) 92 9 s AR R B R R SR T
TENCRRSN R FE 2238 5t DA 5 EEAEH
I R RS 5 M DA 5 518 3N,
MUTO %) F| ] Grs357 SR AR LT GR 35 1
Wna] 5 5 B b Ao A ) %) 638 2 s, &% PR Grs357
FAAI DA ZARME A% 5 1 3 RG34
FTAME YGRS, AT DA LR Py 22 1 e
Al A 2 3R R0 A 0

H AT, 3 PR 2 25 B 50 £ A0 X6 B2, 1B A8 A
MR AE T AT DL B X AT AE 114 38t 4% BIL T 2E 1 7
W5, 30 2 5 PR 5 A8 A5 480N 20 AR JE 1Y) 38 A%
TiE 3ok PR 2 AR B A 3 5k 5 5 PR AR Bt o A
FE DR A AR 1 22358 I 32 R sl e 32 B 11 R A e
AR 2R e W LA S A R, 4R
I, AR AE J& — Fl 52 22 56 RS2 Wi (R i , 2 5
BT R ZAH AR F, 5 o — 3 PR 5 78 1 41 S A A5
TUIAS R 52 4 ) RS A A AE 1) 52 2% 5 B AL 1, it
Ah ALK 5 B, ST IR T BEAT AR R
REIUARY  HE R g 5 5 | /e A B 5 S R R0, TR L i
PRIV FHAZ IR

4 BHESRE

PTSEAE pE R E BEIESE T KA RESE H
eSS AT TR 7 I S (S PN
s S Eh T A5 2 B BRI RTT I Tk
WK, BRI, i B AT ST BT 7, AT Al 5 2l A
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RUPARE 58 42 52 i N gt o R TR 2 AL B o
AR A 25 EL AR S 1 (] Fsf AN T 3 £ L A7 7
FA AR, . CUMS 158 B 7E 0 O 3 ) 1 5
F ] EAAAE F WA, 5 3 S g 235 SR AR — 3K
P s 250155 AR by 22 W VBB AE 2 9 1) 22 DR 3R A
O Fe M 5 i R 9 A8 A AR A Ay, 7 A A I T
REAFTESL A T RE TUAY | 4k IH g 5 |2 1 A e
R,

25 b ARORAEANAR S A A i 1 BF 5 v R
ATREA PGB St BB 3 (N . 5 N2 it fE 25
R A B ) 6B %) ve AR EE M | AR AR B P A
R AR ) 45 B ORI T R AN W it | 58 3 0
ARIIVEAN J5 s, (1 Hon Sk T E A M R
FEPE PRAEAL AT AL, Hk, A BE 5 £ IR i
B4 0 A7 v T B AR PE A T B sl e
A A AR B 7 ¥ A R AR S5 LIS B, B
J& KA BE LDt AR AR AL T HAR# O 2 Hij ik
57 A TR () FUVAISRE A S T 30 Gt B i o LB, 5 38
P B TT7 12 B G S J7 0k B 2 B T4 R
TEAF R A (B A0 A DR SEUBS SRS
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[ Abstract]  Japanese encephalitis virus (JEV) usually evades the inhibitory effect of the innate immunity
factor type I interferon ( I -IFN) when it infects human cells and tissues. The virus then causes a series of serious

symptoms, such as spasticity, neurodegenerative lesions, neuroinflammation, and even death. Generally, JEV
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escapes innate immunity by inhibiting IFN-a/B production and the interferon Janus kinase-signal transducer and

activator of transcription signaling pathway. Because of this special immune escape mechanism, various mouse

infection models have been constructed for the study of the pathogenesis of and therapeutic regimens for JEV

infections. In this review, based on an exposition of the IFN immune escape mechanism of JEV, we systematically

introduce the concept of JEV-infected mouse models and analyze the characteristics of these models and the degree to

which they simulate human symptoms. The intention is to develop various new JEV-infected mouse models based on

potential new research targets and provide novel ideas for animal models for JEV research.

[ Keywords] Japanese encephalitis virus; type I interferon; immune escape; mouse model
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H 7 i & 9 75 ( Japanese encephalitis virus,
JEV) 2 ER R R R R JEV B2k
PIZH RNA K/NZH 11 kb, 78 5° St ELA B4R Y
BARE5 Y, 7E 37 WA poly (a) BEL, £ 5 -Fl
3’ RKHEHPE X (untranslated regions, UTRs) 2 [8] A&
LA FF IR 12 HE ( open-reading-frame , ORF) , B
Y i A< 7E (capsid, C) | A /& & ( precusor films,
PrM) FELIR ( capsule ) 3X 3 45 14 85 (1 A1 E 4544
£ F ( non-structural protein, NS) 1, NS2A  NS2B
NS3,NS4A  NS4B Fll NS5 i 7 Fh ik 25 4 & (.,
JEV G251 21 RAEIR | A TCAE IR 51 H R
PR PR B LB R BUE kb 2 R | S s
SIFVIERE & AE 55 AR 1S I AR i & R 48
IFRAE o N2 At B 7= A= 7 A, LR
KR NBE R LED ) JEV RAEH 2 68
000 fBGL 5 f71] |, an- % J&& A B A i 4 ( Japanese
encephalitis, JE) "' JRAERE L 20% ~ 30% 4,
2130% ~ 50% 1 A 2t BLK A 2 mORS Hf
PR AE S . ANRTEZ B JEV IRYL S DLIK sz
ARG — F 5 20 1 X HRAE s 1 A, Her
A R Rk 2 TR T 48 & (LHinterferon, I-IFN )
IFN-o 1 IFN-B 2P AP LRI Eg T -IFN, 1 -IFN fE
it R AE ERE Y T2 — TR JEV SR
HEE 2R EEME ., FRLJEV 72518 £
FHEAE T bt i Ak 0 AS ) Y 6 3 Xk w4 1 -
IFN, JEV Al NS* (NS4B 1 NS5 453E 4514 2K
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T AR SR A ] T ER 7 A AR S
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FEFEAN A 145493
HATXT T JEV Hsg 8 3% HLH AR i A 4
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JEV B ) i A BB R R TR
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WIBET H 5 ARG I ) G 58 2 g FIVAE IR 26 B0
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AMRRSE, U )z 1 T 40 3 32 Ak ik
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M= 5 A m B Y e 8 R EE, WA 52
o g5 S AL, ZERSLAEL JEV JBGL 5 0 1R PN 28 7
BRI ARRE, AXLRT JEV TR %
FEVRIRALH AW 7T 8 | 24 T 32 E A4 F ML
P 1) RS A A T 3T e kg oL il &
(1) JEV JEG /N BRASEAY 1 5 38 i X e B ax
SERE AN 55N 2R AR R N 0 10 R A AR ABLRE , AR
SCEEH T A JEV JERYL /N U AY Y By 1), 1
RIS SR I AE RS O JEV BF 5T 4 AL T BAR G/
BRSO AR 7Y DT 4FE 30 AH G 76 9T 25 4 AR S Y

e

1 JEV @I & F 45 F 0~ £k
B 5

fi 40 M N Y R SR 5 32 4R ( pattern
recognition receptor, PRR) HE 0% 101 TR 1 4
SE AT X — R R A R T AR e A T -
IEN fy 77 A0 YR BE SR T 2R & 1 -
IFN 77 A iy, o s SR i 245 5 &
F ( mitochondrial antiviral signaling protein, MAVS)
T S T4 R PR T 3 (interferon regulatory
factor 3, IRF3) AY & A2 Toll ¥ 32 1A ( toll-like
receptors, TLR) 3 1 TLR4 il i P iH & BC AR H B T
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PLE TIR G544 152 25 F ( TIR-domain-containing
adaptor inducing interferon-B, TRIF) i¥i&4% ; TLR7/
TLR8 1 TLRO 38 i ¥ IRF7 193k 12, e AME A7
TEZ 455, T-IFN B E A5, 51

WEZEEEE 51 k— R PowmdE ", 5
T JEV RRMBE X EHL T3 [ -IFN /77 A i 4%
FEAK IFN-o/ B B9 B, T3 58 JEV 7878 R
(RS2 NSO 1, SEE g kiR (K 1) .

1 JEV b TR PO w11 IR 2L

Figure 1 Main mechanism of JEV escape interferon antiviral effect

1.1 NS1’## MAVS + & [ -IFN B3 FHI%
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NSI” 7E C ¥l 3% 78 NS1 FINS1” JhA4F Y
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BEAERTFERIA NS X T JEV W 1A 5 W45
-1 MR R B P 2 R NS 23 55 97 2 4T
ANEURZE R 2B Bz NS1” (4 JEV I8
IGPEE SA14-14-2 BR35 ST BEA NS1” A9 PR 52 1itf 1
9. A WTFERM] NSI” B JEV B30 B &5CR 5 9
D T-IFN [5G ) NST 2 5 i B 5 A%
Kl ¥ c-Rel 135 Wi B2 M 1 B I 43 45 & & H
( cyclic  adenosine  monophosphate  reactive
component binding protein, CREB) 5 f#{/]» RNA22
(microRNA-22, miR-22) JA s F R4 & L T
miR-22 19 & 3%, AT 40 ) MAVS i1 % 351,
MAVS J2& [ -IFN {5538 i f P03 5 ORI A 1
( stimulator of interferon genes, STING ) 19 I i, i
il MAVS 9335 )5 2 A% STING 94EHT, STING
AV FE IRF3 M 8 ¥ TFN-B 2E pl 1 i 4
AU B STING 2:BELWT IRF3 #0 JF& A IFN-

B B FE I, Mo > T 1 B R O
(interferon-stimulated genes, ISGs ) ¥ 7= A= | fit #f
JEV ZEGRPI S i, 35 3] G 2 Db il i) 3R, S8
N EAE Mavs FE R R BRI SRR F500E T b
PEHRHLE

1.2 NS4B i1 TLR3 BE#S IRF3 BY#iE S @
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IFN-B B2 it — 4 A S 56 R W1, NS4B 1)
Ve o B 42 5 TLR3 & R {5 5 B 7 TRIF
AEAER, M6 T IRF3 #3005 MBkz b, IRF3
TESe RAPE RGP X IFN-B (77 48 B g H
TSNS 2 g0 TRN-B 77 A | 30 7 ek 559
FERAIERF PR EERE ST, XN JEV 1E15 1K
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1.3 NS5 BH B IRF3 #14#% B F «B ( nuclear
factor kappa-B,NF-«B) B1#% 5 {iL £1 [@] % IFN-
BHI~&E

o 78 T JEV B NS5 BEWS A %L 1 -
IEN B4 o XA il VR A 32 20 i TP o s i
ST IRF3 Il NF-xB 36 PR 5281 ) IRF3
F1 NF-kB A5 240 R 5T H A9 055 2 11, 7R T ik e
B BEiE R B 4 iEA% , 35 IFN-B JA s 456, TS
IFN-B H95E 5%, K hUwsEfE . i — 20 ok 5%
R, JEV 1) NS5 4 I AN B Wy XU 00 A% 1R
( double-stranded RNA , dsRNA ) 15 5 18 #% 19 F iF
AT Wi HAEE A T IRF3 Il NF-xB A &, H
UL, JEV (19 NS5 25 H 5% 8 FAH BAR 8 A
YUK (nuclear protein interaction protein antibody,
KPNA)2 KPNA3 Il KPNA4 AHE.AF ], i 5 4
P4 BH Br KPNA3 Fll KPNA4 5 H F i IRF3 A
p65(NF-kB Y —~ 303 ) A9 45 &, M| IRF3 Al
NF-«B [a] 4 A% B 55 4610 X AR 2 204 i
JFEH Y TRF3 F NF-B /KT, 1 40 i A% Hh i)
KA, BT IRF3 Fl NF-«B JCH: 56 7 51 40 ity
KN R AR TEN-B /9 7= A, 1155 T 40 A Bt
BN, B JEV (1952 ) R4 45, DT 52 9 96
ki

2 JEV @& IFN-o/B B JAK-
STAT 5 5 i 8% Sk k8 2 1%

IFN-o/B 5 HZ KRG 5 | il 5 iR 2 TR TR
AL, B0 T Janus 2 1 &0 R BB ( Janus
proteintyrosine kinase, JAK ) 1 1% & /2 ¥4 i 2
(tyrosine kinase 2,Tyk2) ,iX—idf 2T RKES
13 W G0 TR 5 5 5% S VG SRS R 1
(‘signal transducers and activators of transcription,
STAT) 1 F1 STAT2 #l i i Ak, ki & A= — R Ak,
X T AR S IRF9 456 BT 40 R R A
F 3 (interferon-stimulated gene factor 3,ISGF3) &
B, ISGF3 & Wit — L 5 ML N 1SGs 1Y
T4t F Il #% s W I 1F (interferon  stimulated
responsive element, ISRE) 24 DT 806 X 2k 3L
PG S 212k — s = T — R IR
AR DIRE R TR =4 e AT
A JEV SR rp R EEAEM (K1),

JAK-STAT X — ¥ 4l 8 5 i 17 515 il 12, 4i e
FIE A% A5 250 Hb e 7 9 7 SRR G T s TR A 1
5 T 35 1 T3 B A g

AW F W STATI EH 5S4 MK EHA
DsRed fill 5, A HE T —F 44 &7 STAT1-DsRed
WIS A, 45 STATI AY 40 M N 72 sh 45 LA a] #i
B2 BHK-21 4, 2838 TFN-o ARFEJF 3%
PRl G 8 1 BEE I A 0 A% I R 5 HAEH , Hi 5
1R MIAZ N, SR, 7R NSS 25 RS Y
BHK-21 #fifig ", IFN-a &b #EJ5 ) STAT1-DsRed il
BEAH K BN, R NS5 HARE
R I STATT A% 7, T A TFN-a {5
5 R TIRAIRST NS5 & X% STAT1 (54
TR N A EE T — PP % i F 3k NS5 B I
2H SIN J g, - H R YL e g el 58 & B0,
NS5 & [ o 0 P 2R 52 AR DG Tyk2 1)
fi R B AL, BH AL T HSR0E | 2EmiBH W T STAT1
(R IR A AN 3 A . X AP AL ] 3 3 STAT1 TG
PR AR A, DT BELIT T 40 M 7E 422 053] IFN-o
555 9 JAK-STAT {5 53 % X — B i1
FHIE—2E 401 T 1SG BY3E L R U 2 D RE P
Prin A #i45 JEV Refs S e ki, ¥ o T
HAems ERNE R

HHETAE 52 % F JEV dnfaf ik ikt IFN S 511
JAK-STAT {5530 B AL TR AN TR A . FE 5]
& JEV YL 5 %F JAK-STAT 3 % b ¢ g 4 -0
STAT2 By, LA K FoAth i) B8 A O AL, #0722
it — DR R ABESE . R T IR A B X 2 4 T
A A I 3 /)N BB e AR R 32 G T
B, XSO RE S FE {0 B 1) S 56 S A
WHIRFE FZATWEE R 538 JEV 518 R R 5%
Z WA EAEA B X TR JEV AEUEHLE]
FIT R H AT P SRt B BB X,

3 ETFIFN{ESEEL JEV B/
FR AR Y

WFFE N GBS T 3R A7 Sl i DL JEV &
YL S5 1) S e kIR AL, BT TR S R T
PR G = TR Z RN JEV B/ AR
T SR Y A I R 2% BN &R AR AE S5 5
() C57BL/6 /INFUMH LU BE #2305 i 15 0L
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B 2 AR R ) JEV JE e | A1 B 7E X B AR 7 v
S ERPAE R I F BT, X LT i ik ik
P AR ST A 5T JEV B GHLH AT
TEANE, RIS T A BT X 697 245 4 A
SEAYT RS AR T S S LA
3.1 ETHH [-IFN AN HHER JEV &
FNRARER
3.1.1  Mavs FeDRRE /N R

Mavs PR R /N BRAB AL 2 7E CSTBL/6 /R
(R AL, ) FH 356 8] o B AR e S 2 b B Mawss
FEI ARG, 7RSI e /)N R Ao e v
B 1 x 10" N2 BHE AL ( plaque forming units
PFU) [ JEV J& , 5 1 55 A0 5] 550 & 19 B A= AU/ B
FHEG R T B3 R ST R (&S S
d) , VR ) R T (YL S5 8 d) ., BEAh,
XL/ BRSBTS R A A B Y
RESBE A5 L TC T, X ek 5 ARG JEV 5 1Y
FIERPARMLC S X PP Mavs J& DR A5 B /)N AR 7R
PIEHTE T REUS AL JEV JRYL S I TRE AR,
595 25 19 BOR AL S 4 T A 07 5 SE AR 3
SR, iz AR HR BRI, &N EE 58 24 JEV
TR R NS B A1 R 2 EREIR . R, FE
5T JEV BRYT T4, LR A X oM 48 B i
FITETT AR A, X R R AT (e A e — 2 BRI BR T
3.1.2  Tir3 R EBR /N

Tlr3 B/ U i 78 BALB/c /MR _E
PEATIE DN 2 4, A S 1 b B R T3 3 DR A5 3
1y, XS/ E S 1.4 x 10" PFU B9 JEV
&, S ST IEFIE A BALB/c /N L, 230
TN 2 ) AR 28 R GEAE IR, X RRE R A
TS5 Thr3 356 DAL el 5% e L i o e ) 3 37 P . 3 1
A S BRI, 5 At 3 PR R /0 BROASE AR A
Lt , T0r3 JEP AR /N BRAE JEV B YL S0 55 Hh 75 2L
e A5 7 79 o 4 B S B A A B IR, X
— 5 R A H AR X 2 T R 09 B 5
WACTER M2, R, R 103 ZH RN
FUZEWFIE JEV 5 i Al fif 22 2R G i B AR A 7
T HAT — 2 L3 (BZER ISR YL JEV 1Y%
B RRE  EA AR R AR B R e
3.1.3  T0r7 R/ B

S5 T SRR/ BUZE 7 BALB/c
/N ERABEHY |- W FH A b AR (- morpholine ) 43 A il £ 1M

W, CABSER R, & B ERR 17 3N
A BAR NF-xB #1 IRF7 B ®EmR 1k, 17 0] 98 45
IFN-a (Y77 A 0 5 0 A BN SRR LG, 78 2 R J%
Y3 x 10° PFU # i JEV 5, 330 i b /) FAsE Al
JEBLE TR I TR, BEAh, X2/ FRAE ST
JEVRI PN 5 7 3 DL R AR I T K SE AR
FHEIN T IFN-o0 FIH0H 75 2 1 10 2R3k ) g R
i, JXELHRAE 5 A TEV I 696 B IR 5
FEAT (A5 33 b /)N BB TR i A R 98 N A 2 o J
JEV A 7 T B XA 107 DRt/ BLE B
N T JEV 25800307 5280 IR b R T &
TR SR, IZBEAAE 1 x 10° PFU (AR
FE JEV YL 5, FE TR B) A & 47 0 5 353 /)N
RS J5 T X, 3k S PR o e /N RS AU ) T1r7 i
B 2352 2] TLR8 #MZRZ M FEARXT IFN-a /= 4E BT
R B A 2% 38 I O 1l A7 7 AN o8 &b
X BRI T AR A
3.2 ETFHMH I-IFN #9 JAK-STAT 1E A ##l
IR JEV B/ RAER
3.2.1  Starl FERRER/N R

TE C57BL/6 /N FR G S At b 3 1 5 DAL i B 1%
ARl ) Starl ™~ /INEL, BB 2R 5E F 5 1k i
BILH A0 G AR TR 3k o A 78 o) 22 i B 2 3 o
Wm0 5y k. YL 10 PFU 19 JEV J5, K%
B Starl” /NRAE YL 5 d BT, AT A /N TR
YL 9 d BETS, BRI — A R R R
FERARH &2 0 2 IR 5, BB 3 BT,
BEAR S I 1A 5 I 9 8 K A58 1 RE B 1R A
XA 2 R G, 5| & PR 2 R G R Xt
TS JEV B Ge i B B A EEANE, R
M, AR BB AF A — 2 W R B, B F/NRSE T
SREFRL M BT TE JEV RS 0 5L Bk ot
T, X BRI TRFSEIRYT 7 I
3.2.2 IFN Z4RE /N

BUAE R 0 TP 2 32 AR Bl 2 /)y B i 1 fff
Bt= 1 % IFN 3Z {K ( interferon-alpha receptor,
IFNAR) AY/N BB A129 /MRS Bk = T &Y IFN 32
& (interferon-gamma receptor, IFNGR ) #9 /)N K Bl
G129 /N A A FRAG ) AG129 /N BRI R] Bk = 1
TR TEN 2 M ) /N RS T >0 e — T 55
1,6 ~ 8 JEIE AG129 /)N ERUB YL i (10 PFU/
0.1 mL) JEV SA14-14-2 ¥k 54 100% Y & 95 %
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HFET- I ) AR 46 Rk J5 4 d7°', {H AG129 /]
FUAG Bl 5 A B = A 500 TN K2, AG129 /N Bl
FF IR R G B, AR 2 H
FET- G, SR T JEV YL 5 BRI gL
WIARSE , AFITF JEV B BREIRAFSE

WA 525l Y T 48 8] 2 R sk /N Bl
C57BL/6 155 N IFNAR #cl /NP L il T
IFN SZ4RE2:  BHWT T IFN {5538 B8 015 5, il LA
7 A S I R AR R ) 2 T TRV 20
BLHI DL K 2% v R4 9 5 25 W0 19 3T Al BIF 9
IENAR ™" /)N BRI 35 F B A2 AU 14 /8 B, 76 R RE 3 5
THURE M SA14-14-2 BRIY JEV J5 , 76 KR 53-4b
JEIE 255 100385 w1 BB % A6 00 2] 55 B 280 1Y B
Fh5, 9 0E -t A W S A 38 , B 5 08 4 s B
I A5 BH B, ER K A s A AL (1) v X A 48 2R B 1Y
I A8 AN B Sl | M 49 2 2 AR RE TR A
B3N BF DL A B ] DL g e AR 4L JEV
JEYL 5 AN S AE B RE IR, (E ] F AR 28 R G
WRIEEA IR GF BRI, FEARSE JEV B/
SRR A1 JELE R s ] LA R AR 78 (ELAF 5% v A
2 R G IR AR B

DL TEN e 3845 538 3 19 20w B /s B
B M T B2k i BELAS TPN & 4% 15 % O 500% 7%
B N, TR JEV 1Y 58 R e i 5 | B
etk H 2 1% 2/ BB TR B8 35 N HL &5 S8 1Y
IFN 3%, AN BESE 2RI IE YL JEV J5 11 IFN
G PE it FE , K2 R Ak B e R g B4
(R ACRE R A /02 Jey BR 1 , 75 2% SR FF &8 i JEV
JEYL /N AR AR

4 BEERE

JEV &G ARG, F 20 e m i H LR
5 1 R O R 1 R ks A I TR
PENE . HAT, T JEV ST FE Y /N BB 32
A I 1) BB T PR e e A Y
X LUK BE S 7 — i B B B AR UL S G 07 A,
B R ERGOIRAS  HE T R R 55 NRA7F
TERFEVEZE S B Z S8R IFN S RG0S EUS
A JEV BEGREAR | S 25 A S i it
PG N LPR G OLATAE—E 22, IRy 20T
FHTE /NI | LT LSz e AR ) S 5
R R AL AR o 5B B /0N BRRSE Y ) B i D )

W A PR AR Jr T, B 2 R T B
R 88 R G0 TT RE 42230 A28, DT O 1
B JEV BYY 5 09— R B PRAEIR
4.1 B IFN-1 ESEERPAXESFHERA
B EMALETFIERE RN

STAT2 & T4 K AE A i JAK-STAT 11 5&
B, 6 IFN BAEH B2 CE 2, B8N i
(dengue virus, DENV) BAH 58 H , B 4 M2 2]
DENV F3ES5 IR 11 NS5 76/ BN h Jo i A 4%
Vs STAT2 530 TEN Hris f2 v, 3% 3 58 2
F/NEUR) Star2 R ¥ 515 NI STAT2 775
FPEES XFI 2R T DENV 76/ R 40 i
RS L ST N2 STAT2 & A R 5
P, O A WFITAE C57TBL/6 /DR S T AU Ak
STAT2 BYHE A, 45 HL 0 R R 3 5 A 26 R
JRE (Zika virus, ZIKV) B F 5 W92 &
B, ZIKV FEXFh AL/ BB A b (0 5 8l ) 2
AR DA R A SR AL 20 T AR BRCIR 25 5 N S ke
ZIKV Je I PR BT R AR X R B/ R 3
PRI AR A T 3 2 2 v O B % e /) BRUAE A
PN L SH LA ORI

FiAk,STING 43 T fil i 0 & = A i 2 22
W, PR, JEV B S STING £ ik
K45 B3 T, RS IRF3 R T -IFN
(77 A= 3 FRR I JEV 75 AR P 4 & 6 F 3 ik
EREE WA I R STING 7T 4
DENV & A 2001 %1, BT 7 19 IRF3 ST,
NI 48 2 1 7= A, fE F DENV 385>
/N Sting 2 KA %5 9 DENV 25 (A i V)
#0003 KB DENV 76 A& STING R85 i 42
RE IR T 76 /N B Sting PR 3R 55 v (4 & 1 ik
FEF XL R I, A A NIRAE STING 197N B
RITTREA B T MER AL JEV ARG AR

PRI b, 7 B e ) TFIN {3553 B s - 4
# STAT2 F1 STING F:R A JEAL /N FRARAY | Jf6
N T JEV BRYL S8 A By T 5 B S AR
PRGIARL T TFN K2R, DA TG R BEASE LI PR JEV 8
BAEZFER, RN R JEV IR GLHLH
WFFEHNRTT RS (1) T AR 1 15286 3R
4.2 BEEERABLMEEZEXNELUE
BEE N JEV R

CLA IR, JEV 78 AR 19 2% 95 A ¥ S
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5 CD4"F1 CD8™ T A YIAH ST SR HAA )
YEFIHLH A 58 42 15 48 | 75 B85 2 G 10 /) U
Rkt — L0 5E . AN, B A ISR s, /N BUY
AT SE RN 5 NFAFAE 22 59 X BRI T/ B
PRIIAESE AR JEV e N385 1) B8 S v
T I o PRI, ) At B 8 TR AR B /) Rl L )
REJE— DA R TT M), e NIRAE Y /)N B
R 2300 S K N 2 20 i 8 2 2 R A 3] e 5 Bk
INERAAC P, DT ZE /N BRUAR PRS0 5 4 10 N 2K f e
WA o X AR TR X T R ML B0 BF 5 LA
FEANEY, Fn, i i CD34" i i T 40 i
( hematopoietic stem cells, HSC ) 5 &t £ A 4 2 1)
Hogze NP5 AL /S B RY 2 A S03% 9 93 7F ((human
immunodeficiency virus, HIV ) | EB J%§ % ( epstein-
barr virus, EBV ) %59 2 J8 e 52 56 45 232 I
FY JEAE DENV G S2 56 vt £ A il T
R 5 NS R S M T 40 s AR
TN ZE I & SRR AE > 25 P 3] o — 1Y
HEP TR AL B8 A g R g8 N IR AR ] BB TG i 42 1 J
W JEV B S5 04 I PRI RN G 5 10 2 e 3K 79 e
JIVES, G B R 7T AR A b A T AR AR A ) OC B
Bk, 10 E R S B 1/ B, S kAT
Ry 1 1 R RN WAL 2 B, AR ) i R
CD34" HSC HEAT O F | DT g At i 5 PR 4
FEXNIEALHY /N RL X A L 54T JEV
JERGAIFIT, AT LA 2 TR 928 R AR A- P B 2 T
7 T B L S M AR AL N 2T i JER L 1) 8 10 2
AGEHE e # , Jl A X Ay 2] LA JEV &
G pt— M2 T AR Sh YR8 30K A 1
THRALLE JEV BIECRHLE, I8 T A 300 T
B TGS T IR g A A1 i 1 S S M A R Al
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[BE]  BI/RKIEERIE (Alzheimer’ s disease , AD) J&—FPH WA FH 2B 1700 , HEE 261897 AD &R
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Research progress of Alzheimer’s disease syndromes combined
with animal models
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[Abstract]  Alzheimer’s disease (AD) is a common neurodegenerative disease. Traditional Chinese medicine
is effective in treating AD. The combination of disease and syndrome with animal model is the basis and premise of
related research. In this paper, studies on non-transgenic AD animal models and AD disease and syndrome combined
animal models are summarized. It was found that, there are eight common non-transgenic AD animal models,
including aging type (natural aging type, rapid aging type and induced aging type) and injection-induced injury type
(AB injection animal model, Tau damage type, damage model of cholinergic system, neuroinflammatory model and
aluminum poisoning induction model ). AD disease and syndrome combined with animal models include kidney
deficiency/kidney deficiency and essence deficiency/kidney deficiency and pulp emptying, phlegm turbidity blocking
orifice, blood stasis blocking collaterals, phlegm stasis interlocking, liver depression and phlegm fluid stagnation
heat. In this paper, the advantages and disadvantages of each model replication method are reviewed, in order to

provide reference and support for the future study of AD disease and syndrome combined with animal models.
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BT /1 2% 6 2R 9 ( Alzheimer’ s disease, AD) 42
— I 5B R UIAH OCH i 2B AT R, 23R
BTN RE RGeS L AD (&0
B A B 5B W T, AD S R E B R
BLHRE IR, SRR B 60% ~ 70% ), 3 i
RIEF UL 1507 T3, Horfr AD (B35 24 983 J7H
I R B e T S A S 1 O e, ™ R I
B ATE B, 20 58 5 Sk 2 R TR Y
SRR SR B S I AN R Bl B A R R Y
FEE Gy, 0 HR S 5 0 R A A 5, T
T Bl AR B S T e 2 4 9 6 A Tl Bl ke ) 52
WEAl SR, HATH B AD SRR K I
NEMH AT SRR AR 4

RS & Sh YA B A b B HIE R B AR S

SN AW IS o R R s Sl N 0 W DR e S
Yy, BEIURE SR AE S B T A5 ARG Ik
Ao ) BRH AT A A 2 TR AABL 7 5 < IR A G
A5 R B Bl g B ALl IR 1Y Sl P A L B L
VLTI SRtk SRR P BEZSRYT AD MR
B P R 25 A9 97 8%, e S7 AR HE AL ) o TIE 45
BBl RR R A v R 2 B I 2 B O
HEAEREX, Wik, ASCRGER I WAE
FRILIN AD Sl W R i il 4 75 1 S A | Rk
A PEBEIERR b EEE A9 Y BT E A R AD JE k2
FE IR X A @7 ik PPN R SR AT
RS, DI UESS & sh P R i it s fe i =
%, N5 IR AD B EE 25 BE ST AR (1E Sh WA B S i
(1),

B 1 AD ARFE LN SR KO eSS 5 S PR A S

Figure 1 General of AD non-transgenic animal model and disease-syndrome combined animal model
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F 1 ARFILFEA AD SRR RS
Table 1 Summary of characteristics of non-transgenic AD animal models
Y RO e Jri R
Model Molding method Advantage Limitations
RGBSR A T B RRERENL AD il R, 2
H1 Bt A S AT
BRI A B3 o It can not simulate all the
Natural aging type Natural aging!*™'"’ Experiment cycle is shorter, pathological manifestations of AD,
relatively economical and saves time and it is easy to die during
and effort the experiment
FEATAEL, SR RV, T AT A i AR A D e 8 B HL
=t
o R AKR FARESEmmR o P AR
i Ranid aine 1 AKR/] inbred mice. ! Short life, short experiment cycle, Life cycle is short, the price is
Aging ApiC aging ype J inbred mice saving manpower and high, the mechanism involved
type material resources is complex

B S ST D-gal

B )
2 e D-gal is injected
Induced (2]
. subcutaneously '~
aging type . .
or intraperitoneally
AB 43 RO
BIEHSID wpgiiat ap yree
R L
S Intracerebral injection of AR
AP injection [13]

animal model fragment

oG P R Tau 28 /i P9

ABES  Tau E B HE T4

#4555 Tau protein damage  Intracerebral injection of
Injection- type Tau protein/intracerebral

induced injection of okada acid!'
injury type

B BOK I/
A

JIE8 i 28 St 5
Pty

Damage model of Intracranial
cholinergic colchicine 157161 /
system scopolamine[ 17]

R gt e 25/ il
Vi 7 2= 19]
gy OMBEIRIERET
Neu;oinﬂ ammat(; Intraperitoneal injection
/ model Yo lipopolysaccharide"*! /

intracerebral injection

of streptozotocin' '’

LR AR A R R
J7 VR TR RS I B | P R A2
B
Experimental cost is low,
experimental results are stable,
molding method is simple, molding
time is short, and the repeatability is
high

REPRE A2 AD g BEARR
Pathological model of AD can be
quickly generated

RETRE™ AR AD S AR Y e frf
B AR ISR
Pathological model of AD can be
quickly generated. Simple operation,
low cost, short molding cycle

SRR, ORI (8] 4
Operation is simple and the molding
time is short

SRR, R (8] A
Operation is simple and the molding
time is short

R, A R Sh i
o AR E TR, Bl
HLUNTC AR PRV SN BRHIE
Modeling cycle was long, and the
animals were prone to other diseases
or death at the same time, and there
were no pathological features related
to AB deposition in the brain tissue

e ST BIRRE , B S W
A 2B AR BIRAE
37, i JR R e P e, 3 ISR
it
Repeated injection is required to
achieve stability, and it is easy to
accumulate AP at the injection site
due to improper injection, so that
the local concentration is too high,
causing local damage

it B S IA B E , Hil s A
TS Y 3 Tau B AR
SFRRAL SRy AR B e AR
TR = AR VEMRRIR AR
It requires repeated injection to
achieve stability, and it is easy to
accumulate Tau protein at the
injection site due to improper
injection, so that the local
concentration is too high, resulting
in local damage. Lack of A-beta
amyloid disease

AD R R —  MELUIB I
AR PRI 22 YE g 2,
Pathological features of AD are
simple, and it is difficult to form AP
deposition and NFTs

LN ETES R 25 R 5 5L
i 2 ZUR AR 54
Intraventricular injection may cause
local injury of brain tissue due to
improper operation
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gx1
LAY T VRN s JrI R
Model Molding method Advantage Limitations
e FOUN/ BT T ALCL,/
A AlCI, R ) TS ARG RIS
BN 2N 3 > 22 RS e THALSE ARy Bl
Aluminum Intracranial/subcutaneous PETALLT AD fERAFERL

poisoning

injection of AlCl;/AlCl4

induction model by gavage [20]
g )

Simple production, low

Pathological features of AD are simple

cost, high success rate, low mortality

1.1 #ZE AD Zh¥iRE

AD J&—Fh 5 5 2 B YA G 1 pf 22 B A7 1 9
e, K 5 R AL A AR R IR R R
YR DL — P B R, Y
ULEEE AL AD SR R4S A SR 2 AL A Pl sk
AR A 3 R
1.1 ARz

AD W WTF 65 HLh BN AREEE
oA — e /N BRI B, 4R /N BRI AR I8 12
~ 20 %, 2 IR B AR IRy 21 ~ 26 H
W R AR 30 ~ 32 AR,
H AR EABRI R B 2% 2] Fid 12 g 1 IR |, I
PEA I PR 22 TG I R 48, 75 & 2 AF BB IR R R
MO M TAEAR KR, itk s e
JE A AR B AR Y B AR
LA SRR RER A AD ¥R B, H7E
LRI A IET T, W% 1R 24 AL
AR AU BRI R T &
35 1Y Tau & H , [ LS & 12 4 K U
PJE AN i i HR 431 Tau & AR I8 3%
o X AT RE SR B BRI — AR N, R Ak
TS R B, AR R (12 AR UL L) B2 5
TR, M A AL IR B IEMFEE N
(amyloid B-protein, AB),,, ULF, HAEA LI
SAR Y R DL SRS TS A A AT
112 Pzl

M % 1L Y /N B ( senescence accelerated
mouse , SAM ) J& 1 AKR/J Z& /N BT 22 B 58 1 B,
9 AW FR, Hih SAMPS J&—Fp g )iz A AT 11
WA HIGA 2NN A KT AR, W
SAMPS f5 8 BLAT 55 AD 3= %95 328 1k A 0 A A
fiE, 5T AD A2 A AR AL T 2F
e Az B b Ko A O HL A A R
SAMPS /INEL 4 H 4 BV B0 & i v 55 3 AR AE,
5 H B ZE 2 /)y R8T e /D | ph 28 T

PRI S8 P20 40 22 4 45 T o B2 ) A
1CREST T B AN D) REIRGR 55 028 , 8 H % i B
5 GEMFNM TR 5 G AD B I R AR
R 22 9 RS B A= i JRL B A% i e 00
KL A%, A 36 A4 0 B 52 B — L ) ) Bt
GE L RS ESE & B, SAMPS /NERUTE 4
AT BT 25 (8] 5= > 58 7 R 919842 7 paR
MR, i AR, RIXW B Z BIIH
O ey M AL B /N B SAMPS AR 45 T Uk
Lo AT DA R HL 2 8] 2 21 2 A2 RE O, W 5 |
AL AB, L, WA ST,
1.1.3 ey

B A 2 — o o f T s B ST D-
22 B ( D-galactose , D-gal ) 5 #2 A ZXEL 1A A =
I AD ShY A s BT B B S A
IR SEERAS R AR g | 2 AR s AT A | AR s ] 4
MTEE MRS ERS, CHEENIN EE T 26
FHPO S YU 25V R D-gal 55 % % KRR
25 Morris 7K B & B AY K FREREIE R
WIER | H bR 5 BR A B B[R 980, K D-gal 14
AR AD BRI DL A5 TR AR AR 3 A
IV AR [R5 3l W i iyt B HC At = 4T
RS, G281 T8 AR UIALSE AD A5G
FRAERG L B0 S T B AR, 5 H
g5 S AL R A AD sh R AR, 4N B e
S LA D-gal RGBS U T X TR ST AB L,
FERIRHEST AD FBIR) 25 I AL/ INRR B4R
JEREAT Ry B3 (8] 5 20 A sod e i, it
G A D-gal BEA AR KRR D-gal BLA =5
B4R (AICL, ) Bl D-gal A5 A R 41 45 2 & i 15
JriED AT L B — R R TO VA AL AD 1 2
S BRI A SR B
1.2 FENFESHG AD SR

AD P35 Rl A BIL TR AR 6T 52 2% AR B8 AN [R] 1)
IR, $E T AR R Tau 8 H 555 B R 1k
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et . LB FE A1 0. | % A 453 45 11 156 R v B AR 6
204 AEFEAMAR AD IR 5 e i RL A 1
ST R UL VIR G B AD Shi A Xt AD
IRTT A RTVR 9T B R L,
1.2.1 AR iESshytsinl

AD EHRHLEIR 2%, ¥ I ZABUR R £, Hop
AR BULLE 1T A R U 5 4 = S, AR
ONTSAYE 3 o & P VA et L (oI S E VLR 1]
SEY V7 A [ Ein R IR L 2TV S NI Rala o N [ 7
RT3 R0 28 25 40 T i 2B AT MR AR, S i A AD
AICHERN DY AR S AD Shi iRl 3= 51 2 4
SRR S PERG X 3 5 AR R BELLE & AB ML
R, W T S A M0 DX A 5 A 35 45, s 46 L
AR AD R RSN ) Ok SR AE KRR RN VA
VEET AR, I 5 L, & 10 pg, B 658
J&i , 48 Morris 7K SEEG 45 5 W | R R R Ok
R s A 3 K, ST B IR EORIE &
G B A5= 5 B4 Isf () 8 35 0820 5 TRV, R 95 A -
ZI(HE) Yoo 2 B, 52 ) (AR 80 R R pi 28 oo 4k
P A A% 4 T ) CAL X AT LK
AR FHMEAIN, DL BRI R 30 AB L,
REGIE AR UIAN IAE b X 22 50 2 84 LA B K L2
2Ot RE N Z MG, AR SRR T —
i, sebad =4 AD Jg BREE A 75 R B
Sk EIRE, HA S SR 4 S50 AR BUR1E
TESFERAL A R B ok w8, 1 R A
1.2.2 Tau AR

AD M ANALIR T R A —Fh o B R 1k 1) S
B Taw EALEEEZMEM, Tau HEH S
WHER AL A Rt FE R ALY Tau AR ET
S8 B A SS A R RE T 2 2k KR T RE,
1t BB RR AL B9 Tau 2 AXUBEAN 22 | B 22 LU %
QLS ) B 4R A5 T 27 20 D 38 4R T 1 4 i P
LA HE G ZE (neurofibrillary tangles , NFTs) , fx &5
Hrh oo A 55T, NI AL ADP ik TE
5F Tau 0] 774 NFTs BESSHY bl AD BE5 /N
FRAF S BURRAIE (O 5 B Tau AR
il AD AR A B e s TR 5 AR BbAh, B R
W22 R I i P 3 S X0 T R 5 A R 91 o 50
AT B Tau 8 A ) B2 B R AL, i B B IR 1k 1Y)
Tau £ FIAATE T FHZ 0 NFTs o1, 35X /& AD 19
—ANF G E A AR 0 o A 1 LA

VTR B A 3 ) 0 i A i 1 (AR
Bz AR VEMFEHRAS . A1 CAKIR 451 F K B
A0 A 25 3 5 X AR A ) AD B 25 IR % B AR AR
KRR B2 J2 T S CA3 X I A 2 e 4 R K &
Z M2 3 (caspase-3) B R ft-tau-(ser396) (AR
R YR B K F--a ( tumor necrosis factor-o, TNF-a ) Fll
14+ 2Z-1PB (interleukin-1B, IL-1B) 1 7K -394 fr
HATIN, Morris 7K 28 By 5256 $2 7~ 73 59 KT FH R 2= e 31
K25 A2 RE
1.2.3  JHGHAE R G ft A Al

B RE 5 Gt 7 57 PR By 2= > Kl iz fg
71, AD W& A e 5 3% F 58 0 B S v R D) A
oK. BRI 45 R B R AR G2 i Ak 7 1 500 Bk OK AL
B AR B S I = AD SR 1) B 2
TEFE B, HLAG 5 A B RE 28 58 AY &8 701k 27 i 770 25 5%
A3 35 AD AT B2 40 T NI
FROK AN B — Tl 25 s, >k 5T BK K AL & A 4 1Y)
T i 2 oA SRR K AL T 5 BOR AT PR
TCRERT A 2R AT PR, AR AD RO HICE 15
BUST L RAO S8R K AR 5 AD KRR
B VPAl IR P LA K 3 B 22 A5 R 5 R
AR R S A0 P 1 /N e Jo 240 L A R I T T 4
PRIBE 3R 52 ), 25 2R 2 30 AD BRI B/ e
J A AR S i, STL 45O AT R B, I Y
TSR AR AT 51 R B v 5 ol 28 50 722 P
ZEHNE SN, HLA 22 T 28 1 1Y 35 05 2 R A o 22
HRAE SN 1Y 3G IAH — 25, B8 AR AT BE A
i AD BB R

HEBRRE B 156 TN A Bk 8 40 it 25 2k K S I AH
B ( acetylcholine , Ach ) /> 1& Bi JJH i BE Sk 2% /& H
W1 AD Y R O — A M
BRSZ A A 0 24, mT DL o ol i o B 3 3K b 28 o
X, 5 A 2 N M SZ AR A 25 G, 2E T BE I
SZARFN Ach AHZS G Il TP A A & R G T iE, 5l
ENRRAE R, e A 3 B 0L T e i 45 3R
BT RIS AR IZ W AD BR ST
Bz —, REAE S B i 40 1 2% ) 1CAZ VR T H
HAE PR ARSI 1Y, SO BE MR B 1) EL A4 il IX
(2 AL TR L= AD FRAERG B BICAE ,
Z Tau & (1L B BB L 1 AR DT B,
YERRAGURAVAGARI %517 DL AR B 4% i & il %
2JIEAL IR AT AD K BB LS & B A i A A5 7R
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K2 NI RE ) 2 B, IHR R 1l /K 1\
ETHE, #1425 37 ¥ (brain-derived neurotrophic
factor, BDNF) %, B LA 9 A 452 47 IH B BE 2 8¢
AR Z Ah A DT R A R R
192-IgG-saporin £ 37 IH % fig R 4 # 15 AD
BRI
1.2.4  PRERAFHA

SHFTBOR B2 RIS R I, 28 RAETE AD
S5 H AR AT PR e 1Y B R JE G R v L R
FIRFERIER AD [ 4 R B R 3 E
TSR MR AL 22 b /DN S5 240 L A 2 0 I S5 4
JfL P 28 S RE T ) A T O AN A 3 A
s A BAE AR I NFTs JEZ /G %S
AD it & R GE B F E Al H] IR 2 M
( lipopolysaccharide, LPS ) Fl %% 8 ## W %
(streptozocin, STZ) , LPS J&—Fh & ML i Z R 5],
JE 2 PR ISP 40 BT 200 6 B (1 A B
#r LPS FEANRERNN , 23518 R AETF 76 1 N7
2, A TE R AR 1 B Tau o5 BN KE BT
AL, T S 5 AD B Mg A DY XTE
SIS PG s T 5 LIPS HEST # RAERIRY | 4%
R ISR B 2H 23 b 1) /0 e Jo 400 e o R ik
ZHZH [L-1B [ TNF-au IL-6 7K - FH 55, 4 p 26 48
FEASSRY AL T, F AT 3l CH AR 50 Morris
JK KB S i s AR A B B S AL IZ RE
SO

STZ J& — F MU if§ B DR 477 A= 9, AR 50) 132 54
STZ BE5 |2 R PN JB 5 2R 15 5 R 2 e IR, o i ¢ 3
Ae AW B A, KM~ 28 AR DI Tau i B B IR
T DL R B 2 SR E O AF SRR AL AD 2540
(95 BAZ Ak, [N e BE A 2] ICAZ B T I %2
BN R SR . STZ MR = V419 AD
ASTAY CLBEE B B P TNF-or 118 1L-6 542 52 A
TTHE Y Rk 5 1 (nuclear factor-kB, NF-
KB) [ I ARy vk A A A R B )
AT B P T R e S5 A 2, GALL
SR MEPE BUAE Wistar K BRI 28 9 13 5 STZ 15
K AD FEREIR , W78 TR FNAR ) B A S
Bl Rk B, BEROR U AT iR | i 5
DX ot 240 M 7K 8 5 0 e S TR
1.2.5 Bl esal

“FrbaER kUl A R BT w e, AN S

AR 250, (] B R AR IE B R 28 R G2 1) T e
(DY E B3 RTRl VA s e I 4 N 2w e S
5 AB KATEAEM k- A R i 48 A R
R BT AR, S SO i 28 2 M A A TR
s, 5 | N e A S TR R
B H T ST ALCL fE R R R A D
TSI AICL, #E B B b R R AR
VRS B AR B AR BB TR, IF
HAE AD RIS Wibr &9, 2 — 2 HE Biih
AD WSy T BA B R B {8, {8 5R 2 A [
FEHRERIE— 1Y AD i ERARRE , 38 5 75 5 Al
R RS S LN AD R L, ARz
a20lp) AlCl, HESEMEFE R 3 1~ H , Morris 7K 2%
B BT I U R S B
) PEAL 22 W B F-  , SR IS R R rh B sh M B Al
XTHUAAG BEPEVE T, AT 51 5 2 1012 D) BE R0R |
AN DI RE AT S 0E IR

2 AD AENEE S8 B § &

HHEE2ET0 AD 95 4% , AR B LR bR i 3% Bt ]
¥ AD JEJE T g " Ados” SR WE 5 0 7E il
S B GO BE ) Rk 2% T 25 DDA 5%, s B
EECTSySp7 N O L1V 6 T U E 50 7 K el LY
Bl o R B AN RS 5 R AR
JE PRI SEES FBH G 2% O JFF R R
TULST gy A3 R TE 4G B B R R i
P2 BARAL B B T B, BAS M AT E A ) AD R
WSS S IA . E R/ B R =/ B BeEas .
PRUMBAES JHE I FH 2% BN 2 AR R AR A
e A, Wk 2,
2.1 BE/ BERS/ BERTIEER
2. 1.1 BBk

AD S5 % HERE P 5 B 2 DTRG0
“CEORERZ AR Hig42 NI BE S R Bk,
SRAFPILAE T BB R AD B SR T, B R
Gy B AR S K SRR, TR R
SN 660 5] A R SR IR AT P R AR 2
WFoE, KB R B 5 i 2, 20k 86.36%.,
AL FZE @ it D-gal KA AICL, 4 AD KRR
BAY | JE 3P R 25 b R LS 45 TR ke
FERVIEL S S B TR I A BT A 45 b IE g
O A B ALA T I DL K B R A 56 52 56 5 F
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Table 2 Summary of AD disease and syndrome combined with animal model

LT % Molding method

\ e BN
A il Jas - TEREEAR g TR
Syndrome Species ﬁﬁ% UEf P A Syndrome evaluation Molding Molding sequence

Pathogenic factor Syndrome factor cycle
BB HEA D-gal B2 - -~
CacL SEMEIESY, 42 AL
Pt i R i F A 06 % b SR b
Kidney SD K - t'p/ £ D-cal Je e Syndrome score, Jinkui Shengi 8 Ji Simultaneous
deficiency SD rat 1n]}f;c 1(;n O'th jflaCl Pintail-*" pills to measure the syndrome, 8 weeks  modeling of disease
syndrome com .1ne W . 3 kidney deficiency related and syndrome
Cllnt?a'gatslrtl.c laboratory indicators
administration
B BRIk s T .
%;flﬁj’oz BT AP HEL LR A
- T =
of kidney ~ SD KRl AR, was injected [ N Carboh dlsjfE*/TP bolis 8 J& zﬁlﬁlﬁﬁ
deficiency SD rat into the lateral Promiscuity®’ ADONYEre METARotsitl, 8 weeks yRerome
d essence wicl amino acid metabolism and lipid before disease
ailleﬁ(:i;rl](*);l ventnele metabolism indexes
- ‘ . HPA HISUREIEHE fCit 12 -
253 5 CAl [XYIE’EL SALTT AT REIHARG IR A RS
S ijrome Wistar ABoss Z IR B e E! 66 FHA KRR T IE [E] o) i A
%/k‘ ) KR AB,s.55 polypeptide Gast f HPA axis function deficiency 6 & Simultaneous
((l)eﬁ(’li(errlliy Wistar fragment was injected Esizci‘:izfi: hyperactivity, ubiquitin- 6 weeks  modeling of disease
a;] d/ /ul/y rat into hippocampal };Olutlion[‘w i proteasome system decline, and syndrome
em tpinp CA1 region ; brain tissue antioxidant
phying level decreased
B |
FE e UIESE HE = ——
Syndrome JE 2 ST D-gal Fetan] [67] W . =
. SD K& . i) e} 48 d Simultaneous
of turbid SD rat Intraperitoneal Feed a hich Blood cholesterol and deling of diseas
phlegm r injection of D-gal ced & [;7g] triglyceride content fodeTng o CSease
. fat diet . . and syndrome
blocking increased significantly
orifice
ﬁ"‘[ﬂllgﬂ HEWEEE]‘ D-oal E%A -20 OC {EE(EI (/\ ﬂ'ﬂﬂﬁ*ﬁﬁf \gTéH]H@Eﬁ{ \ngE
Sl BOES AR w0 ck  EFMERRENE 2 ) "
G JPHERT AR AN DT R i B FERIN b
y{. blood SD KR ini -tipn £ D-cal 220 C Plasma viscosity, hematocrit 48 d Simultaneous
Ostasoi: SD rat iz;lzneil wilfld eryogenic and fibrinogen content increased modeling of disease
blocking intracerebral injection  freezing /0 C significantly, and the w}.lole and syndrome
collaterals of AR o bath(® blood hyposhear reduction
1ce ba viscosity decreased significantly
APP/PSI
PR
B o PRDCECRIR o 2T, I
Pflle . /MR Eaf\AﬂJOJ( 6"] ML bR T 2
\ 8 APP/PS1 - High fat diet Tongue color was dark red, ) K
int s.asmt' double combined with blood rheology index and lipid weeks
mﬂerj(l;nc " ransgenic ice bath!®’ index were increased
syndrome mice
HFASIE W KRR ST }
Liver- SD KR g By A TE A AB 1o g 77 MIE 3 SEUESE R
d SD rat AB, . was injected Binding Sugar water preference 3 s Syndrome
:E)if:(:;): " into the hippocampus method" ™’ experiment, buplehu Shugan Weeks before disease
o powder to measure the syndrome
PERAR k%%mgm U fi 28 2 P B A
IIE MRIF A2 Jofe b e S A o S A, T v T e
Phlegm-  KM/MEL  IOBEIEAF D-gal i R e
fluid KM Intraperitoneal Alternate gastric  Content of malondialdehyde and 40 d Jeli . afe;u.
stagnation mouse injection of D-gal gavage of rhubarb the activity of glutathione mode C;ng © q 1sease
heat decoction and peroxidase in brain anc syndrome

syndrome

beer' ™"
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