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[ Abstract)

Objective A rat model of cerebral small vessel disease (CSVD) was established by unilateral

injection of a single dose of sodium laurate into the internal carotid artery. The effectiveness of the model was assessed

by behavior scoring and analysis of serum-related indicators, cerebral infarction volume, cerebral microvascular

density, hemodynamics, brain histopathology and the expression of blood-brain barrier ( BBB)-related proteins.

Methods SPF-grade male SD rats were divided randomly into a control group and a model group ( n = 6 per

group). The model group received a single injection of 100 wL of sodium laurate (2 g/I.) via the internal carotid

artery, while the control group underwent the same surgical procedure but received an equal volume of saline.

Neurobehavioral assessments were conducted using the Longa score and postural reflex test. Serum homocysteine

(HCY) levels were measured by enzyme-linked immunosorbent assay. Cerebral infarction volume was detected by

magnetic resonance imaging and changes in cerebral vascular density were observed by cerebrovascular imaging. The

resistance index ( RI) and perfusion index (PI) were measured by ultrasonography. Histopathological changes in

brain tissue were evaluated by hematoxylin and eosin (HE) staining. Expression of the cerebral microvascular marker

CD31 and tight junction proteins ZO-1 and Occludin in brain cortex tissue were detected by immunohistochemical

staining. Results

The Longa score, postural reflex score (P < 0.05),

and cerebral infarction volume were

significantly increased (P < 0.05) while the cerebral vascular density was decreased in the model group compared

with the control group. Serum HCY levels, carotid RI, and PI values were all significantly increased in the model

group (P < 0.05). HE staining revealed solidified neuronal nuclei and enlarged perivascular spaces in the brain

cortex in the model group. Immunohistochemical staining revealed that CD31, ZO-1, and Occludin expression were

significantly reduced in the brain cortex in the model group compared with the control group (P < 0.05).

Conclusions A rat model of CSVD can be established rapidly and effectively by a single unilateral injection of high-

concentration sodium laurate via the internal carotid artery. This model is characterized by neurobehavioral

abnormalities, cerebral infarction, insufficient cerebral blood supply, reduced vascular density, and disruption of the

BBB, suggesting that it may serve as an effective rat model for the study of CSVD.
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diastolic velocity , EDV ) 55 | I3l b [ IR K, {0 &%
H 2118 251 3 ik ML FH 7 48 %1 ( resistance index,
RI) K I 378 9 1 48 % ( perfusion index, PI) , &4
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e I PG T T3 2 R A 1) 22 M e e 5 A AL S
BRI AE R, BRI Y Longa 1F 5% # %
SELEGEA BE E TXRAL(P < 0.05)

&1 PHKM Longa WXL (2 £5,n = 6)

Table 1 Comparison of Longa scores between two

groups of rats(x £ s,n = 6)

2851 ERIPS H3R H5R
Groups Day 1 Day 3 Day 5
i HE 4
HHRAL 0.00 0. 00 0.00
Control group
L 4]
R 2.33+£0.52" 1.8+£0.45" 1.75+0.50"

Model group

ELISA 7A I P41k B - HCY /) & &, DL
Pl A0S L4 N B RS2, 45 2R s . S X
RZEAH LE BB 2H 1L 35 TP HOY B T (P <
0.05) , W% 3,
F3  M4LRRIMGEE T HCY SR (2 £5,0 = 6)
Table 3 Comparison of the content of serum HCY

between two groups of rats(x = s,n = 6)

W SXT AL, P < 0.05, (TR
Note. Compared with control group, “P < 0.05. (The same in the
following figures and tables)

®2 MHRBERSIENIL (2 £5,0 = 6)
Table 2 Comparison of postural reflex scores between

two groups of rats(x = s,n = 6)

4151 1R 3R CRIN
Groups Day 1 Day 3 Day 5
i IR 4]
XAl 0.00 0.00 0.00
Control group
TR 4]
i 2.50 £ 0.55" 2.00+0.71" 1.75+0.50"

Model group

2.2 CSVD KRIMFH HCY SEHNETK

HCY i AE il S A Tk S AL P g, i Jeil)
MLAE N B 35840, 91 B 48 7 W AL 41, 3 02
CSVD % J& i 72 rp 5 B A g BEALARI YL R A

2H 5
20 51 HCY/ ( pmol/L)
Groups
i HE 4]
\ﬁmﬂ 10. 60 + 0. 62
Control group
4
Rkl 13.31 % 1.15°

Model group

2.3 CSVD KRR ERATH

i — 2L FH MRI &z CSVD K BR i 458 2E {4
TS5 R 5 0 R AR L, SR 2 A ) oF 3 22
SRR A FE AL B SE AR R I 2 e (12,52 =+
9.07)%, P < 0.05), WK 1,
2.4 CSVD X R &= ErEL

TEXERIG 24 h A7 ki I 45 8 15 A T 3 A8 X6
SN FC 00 7 % B AR s e, 55 R AR L, RS U 2
i i A5 %2 B A S R R, LR 2, b4k, R g
ZH ARSI i I 58 9% BE AR AR Y CD31 By Kk, 45
R % A SRR ZH 1Y) CD31 K3k 18 40 5N
(7.05 +0.36)%.(2.19 + 0.47) %, 5%} 20 AH
Bt BRI ZH iR Kz 5 X CD31 Ay 265K b (P
< 0.05), 25 5L UL B T AU 2 A i A it A 9 R
fi%, WKl 3,

B 1 PR MRI S5 K AEFEAR TR A X EE

Note. A. Representative MRI images of the two groups of rat. Red box. Cerebral infarction. B. Statistical of cerebral infarction

volume of the two groups of rats.

Figure 1 Comparison of MRI imaging and infarct volume between two groups of rats
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2.5 CSVD KRMizkzh hEmzTi PP A 2 T S A R R A
MEVEACHE T 2 CSVD M AZ s BRALEITS . 455N 0k BEEH % 551 3 ik 1 45 BE. s 45 %% RT 5 m
Gnlal 4 3 i R R I R R B Bk 9 RT AT PTL 4] MR R PL 394 0.65 + 0.02 1. 10 + 0. 06;

2 T K BRI R I A B R L

Figure 2 Comparison of cerebral microvessel density between two groups of rats

TE: A PIREUR B BTIX CD31 Rk A AR LA HT Sk BHPEC R B PIZH R RUIK B BT X CD31 BB IR EE -

3 PRALRRUI B BT IX T CD31 Fak BERYXT HE
Note. A. Representative images of CD31 expression in the cerebral cortex of the two groups of rats. Red arrow. Positive area. B.
Statistical of positive area of CD31 in the cerebral cortex of the two groups of rats.

Figure 3 Comparison of CD31 expression in the cortical regions of the brain between two groups of rats

B4 PAKRRIISIK RLF PLEYXT EE

Figure 4 Comparison of carotid artery RI and PI between two groups of rats
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HRIHE RIS PL AR5 0.77 £ 0.03,1.33 +
0. 06; 5 X} FRAIAH L, BERIZH RT K PI ¥ & THiE
(P<0.05),
2.6 CSVD KRMERXFBEFEMNEZTL

Wit HE e iPAh CSVD K BRI /IS I 45 45 44
K P 28 T AR, 45 5 ik s o 6 AR 2 R BRI B o

T GO Sk R TTE 48 5 £ Sk < 1A Rl AR R

XA 2 HES 3 55, I A5 e e B BETZ K R
NG 7 T3 X P e 28 T A A 186 4 B I 5 ) L ) it AR
Ky, WL 5,
2.7 CSVD KRIMMFFEHNTH

CSVD & JEad i vh 25 2 A= A [R) A% B 10 000k 57
REREIR T g 6,18 7,k T R IE RS CSVD

B 5 Wi KRKERX HE Jefa

Note. Green arrow. Neuronal shrinkage. Red arrow. Enlarged perivascular spaces.

Figure 5 HE staining of the cortical area of the brain between two groups of rats

LA PH K BUR X Z0-1 ik im YR IR 20 G 3k o BHE X385 B - 1 4H K BU B2 i IX. Z0—1 A% PEPE X IR EE 1
B 6 WIAKRRMMAL K FIX 2Z0-1 FKik Xt

Note. A. Representative images of ZO-1 expression in the cerebral cortex of the two groups of rats. Red arrow. Positive area.

B. Statistical of the positive area of ZO-1 in the cerebral cortex of the two groups of rats.

Figure 6 Comparison of ZO-1 expression in the cortical regions of the brain between two groups of rats

A ZH K BRI X Oceludin F635 8 AR, 20 @Ek  BHEEX L B WL K B R IX Oceludin A B X IS8 11,

B7 PR RAER

X Occludin 2k £ A 1L

Note. A. Representative images of Occludin expression in the cerebral cortex of the two groups of rats. Red arrow. Positive area.

B. Statistical of the positive area of Occludin in the cerebral cortex of the two groups of rats.

Figure 7 Comparison of Occludin expression in the cortical regions of the brain between two groups of rats
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1, Occludin BYFRIN ) B Z /D (P < 0.05) , Ui
CSVD KU A T MM Bt B () D RE B A

3 g

CSVD J& )™ 5 1@ 3 3% B N R fg 5 1Y & UL e
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JRURG: | 5 B 0 D R TR o R A A K RSB T
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[ Abstract ]

miscarriage in rats with threatened abortion. Methods

Objective To investigate the effect and mechanism of Taxilli Herba decoction in preventing
Seventy-two SPF-grade SD rats were co-housed at a male-to-
female ratio of 2 : 1. Forty-eight pregnant rats were subsequently divided into a normal group, a threatened abortion
model group, a positive control group, as well as Taxilli Herba decoction low/medium/high dose groups (n = 8 rats
per group). Rats in the positive control group received 3. 02 mg/kg dydrogesterone intragastrically, and rats in the
low-, medium-, and high-dose Taxilli Herba decoction groups received 2.5, 5, and 10 g/kg Taxilli Herba decoction
intragastrically, respectively. The normal and model groups received intragastric distilled water once a day for 10
consecutive days. On day 10 after administration of the corresponding treatment, rats in all groups except the normal
group received intragastric administration of 3. 75 mg/kg mifepristone suspension. The effects of Taxilli Herba on the
vaginal bleeding rate and abortion rate were observed. Serum levels of follicle-stimulating hormone (FSH) ,

hormone (LH) ,

luteinizing

estrogen (E), progesterone (P), vascular endothelial growth factor (VEGF) , testosterone (T),
and aromatase and E and P levels in the ovary in pregnant rats were detected by enzyme-linked immunosorbent assay.
Expression levels of E receptor (ER) , P receptor (PR), VEGF receptor 2 (VEGFR2) , and platelet endothelial cell
adhesion molecule-1 (CD31) in the uterine decidua in pregnant rats were detected by immunofluorescence staining,
and semi-quantitative analysis was performed. Results Mifepristone significantly increased the vaginal bleeding rate
and abortion rate in pregnant rats, but these were effectively reduced by treatment with Taxilli Herba water decoction.
Taxilli Herba water decoction also increased serum E, P, and VEGF, and ovary levels of E and P (P < 0.05). The
treatment also decreased serum LH, maintained the secretion of FSH, and enhanced ER, PR, VEGFR2, and CD31
expression in decidual tissue. Conclusions Taxilli Herba demonstrated effective miscarriage-prevention effects in a
rat model of threatened abortion. Its mechanism of action involves regulating the normal physiological function of the
hypothalamic-pituitary-gonadal axis upstream of the uterus,

VEGF/VEGFR2 and E/ER/VEGF/VEGFR2 pathways.
[ Keywords]

and enhancing the expression of the downstream P/PR/

Taxilli Herba; threatened abortion; miscarriage prevention; hypothalamic-pituitary-gonadal axis;
pregnant rat
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24 HARBEYIHN (230 + 20) o, T 1L ZR 35 RE
PRSE 5 3 W) B F/ A R A Al [ SCXK (&) 2019
0003] , 1l 3¢ T 1] Fg B 2 K 2 3l ) S5 3 v s
[SYXK(#)2021-0015]), T3R8 K KR IVC
76 XU B9 R e o8 E IR TR 43 08 AR 3R IR RE
(22 £2) °C 8 55% + 10% , 5K 12 h JEM,
HROK RIS & (AR HERRDR ) o A S 56 2 3 5 1) g
r R 2 K 2 S Bh ) A8 B B 4 B o A% RNE v
( DWLLGZR202202200) ,
1.1.2 259

FFE (5. 20160614, W [ 10 5 58 M 9k i
FORZ B ) ST F v B2 24 R 2 24 2 e R Bl i 2804%

YEE AR O 5 A7 AR R ) 38 A A 1 TR
2508 ; I 22 W 7 (50 362291, 7 H Abbott
Biologicals B. V. ) ; KIEFEI R (it ;05200701 ,
7 A E AR A BRSHEA ) .
1L 1.3 F2EG S5

96 T i 7 & K Bl IE 2 50 i 4 R R
(follicle-stimulating hormone, FSH) ( % 5. MM-
70867R1, W [ VL35 B G S5 lb AT FRZA 7)) 5 K B fie
AR i Z (luteinising hormone , LH) ( %5 : MM-
0624R 1, [ VTRl G Sl AT PR 7 ) 5 IR B S5
(testosterone, T) ( 55 : MM-0577R 1, W 5 7L 75 it
B SO A FRAF]) s KDY & AL (aromatase ) (5%
5 MM-70577R1, 1 A VTR B e Sk A FR A A )
K EUME K (estrogen, E) (585 : MM-0552R1, iy
FYL 75 Wl A 92 A R 2 A )y KR4 T
( progesterone , P) (455 : MM-70918R1, Il H 7I.75
it O S AT PR 2 D) 5 ORI A PN R AR K T
(vascular endothelial growth factor, VEGF) ( 425
MM-0807R1, W4 A 7175 il % 2l AT BR 2~ 7] ) 5 —
BU < ML/ B2 20 B RS B 43§ ( platelet endothelial
cell adhesion molecule-1,CD31) (#it5:GB113151,
W 8 DR IR A YR BR A 7)) 5 A 52 14
( progesterone receptor, PR) (#lt*5: GB11262, 4 H
R FELAE SR AE YR IR A W) ) 5 EBCR 2 1K
(estrogen receptor, ER) (flt*5:21244-1-AP | l§ H
R =S8 AR HORA R R 5 M4 P B 40 i AR
£ A F 2 {& 2 (vascular endothelial growth factor
receptor 2, VEGFR2) (4t 5 :26415-1-AP, Il H X
W =TGP ARAIRAF]) s 5OL 4. CY3 Frid
A LLEHT G (A5 GB21303, I F i I 38 4t R A
IR A R A ) s DAPT(HE 5. G1012, 1 2RI
TRAE IR A FHEA BRA W) s PLoe e K B R
(L5 :G1401, 1 B RBTELE /R A= Py RH A BR A
) s JG7K £ (A5 100092183, I [ [ 25 4 1]
2ERRIARA R s ZH R (45 . 1330-20-7, 11
A B gl =il A R A A iR
(pH = 6.0) HUFBIZ i (A1t 5: G1202, 1 H 20X
TR AE YR BRA D) s PBS Z2 il (it
G0002, M4 H s FE4E /R A R A BR A ) 5 H
RHENCVERF (H5 . G1401, W [ I FE 4 /R 4=
PIRME AT FRZA 7)) 5 BSA (HE5: 65001, 1 [ 58I
TR AR BRAA]) o
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IVC- I 4k 37 326 KU 25 28 HL R 458 (IR M [
SR, hE) ;4 [ SR ST (-
Ve B A BR A F], H ) 5 Epoch i A 4
(BioTeK Instruments, Inc, 3% [H ) ; Donatello Jlii 7K
HL(DIAPATH, & K #]) ; JB-P5 AL HIHL  JB-LS %
& (RRABETFARAR, PE) ;RM2016
YIR AL Ltk RS A BR A AL T E) ; KD-P 41
AU AL (WA T RIS R A R A
A, TR s TSY-B B A58 R  MX-F IR BETR A 45 .
DI100SE 2% | 5.0 Bl ( Servicebio, 1 [H ) ; GT1001
1L (Gene tech, 3 [F) ; NIKONECLIPSE C1 IE
B OGS  NIKON DS-U3 14 % 45 ( Nikon,
HAS) 5 FLFKF- ( Sartorius, 2 ) .

1.2 FHik
1.2.1  FFAKBUR A H &

B AERA, A 10 f5 R ZE 1K 121
30 min JE i AACGEB W5 SCKE 30 min; 2570 8
i 1) 28 K B R AT 20 min, A I PR IR AT
W48 2 1 g/mL, lim BT 43 B BCH A 1.0.5,
0.25 g/mL MR A KA
1.2.2  PHPEZY SRR 24 1 P )

B By MU 22 10 mg B Hb i 22 R A 3
i, TR TR A AR S A R IR K, B
JE R IR, 15 5] 3,02 me/ke Y3
ZE TR AR

HURE 8 K AR R 25 mg 59K Al 7R A
i, TR R A AR S I A 2R K, A
JalR ffHE IR A, 158 3.75 mg/kg MK AE
EILENERSSIS
1.2.3 g 52524

4 SPF 9 SD M FRASPR B 7Kl R PR AR 57 5 d
T 5 K 17:00 ~ 20,00 LAMERE2 « 1 LB
SPF 2% SD A%, A XK &, & H 8.00
~ 1000 B XRZ2HE BRI S S 4 T BB Ik
DL SR Bl B v S Kok 1] o AT IR
51 R R BT i AL o I H A SR
FERLRIZE | PH N B A SR AT A K B R L AR
FIEA A 8 H, BB TEIRS 1 KT
HEE o ER A SRR AR R H S
ZENRK , BE M X BR 4 4 H R b JE 2 T TR R
FHAEKAWm MR =S HES S
(10 g/kg) (5 g/kg) MK (2.5 g/kg) il i HY

K AL, A 2R B 1 mL/100 g, i 22
10 d, 55 10 KRB AN 255, BRiEw 4, Hax
25 AUV K AR R BRI, WLEE 24 h N 412E R
BFIE H 0 A7 250 S Ho A A T8 A

SJEICTL = AR E - LAZE R A5E 24 h Y H BREH
T8 I R A E AR AR,V E KR RIS RS g
24 h P22 UGB T B AR, 1 e A H
SE T B ) B R AT
1.2.4 —BeRE S HIE

— MR MER RS B TG Sh B B A R
To4a JEHETT | In) R s 40 S 15 Ol
1.2.5  FERBFE R

T2 2255 11 RIE BRI, 5385 107 A 1
WK, -80 CORMER s KRB IE 5 37 BIFE VK & 1)
B iEds ,-80 CIRAE# ., ARl 3 H
R TFEAERBET 4% 2R P RN EE,
W PE B ek, g X AR B PR I
T 0L, 10 5345 2 2 BURIG B A7 16 IR G 5 W W i
JEE TR IR AATE R =R

AETE G | W2 STV i 1 S0 W s 7 < A3 IR iR
W B SR AN, 2 B s FE , % m ot
TR, AV BT P B R I A A 3 3 G IR DL
SRR B B AR ZE# | QS35 | DU 45, A5 SE iR iR 18
REXRZEEL0 Bk, ISV i T 26 A T SR S8 3
AR/, B R I, K A o RAE B, T 4K
L Q=111 w0 11 = o i 11| = o Al = ] MR 1
SR AR SR 4
RRGAETE% = (ARG IRIREL 7 BRED x 100%;

TrEE = (IR, BRED x 100% =
[ CERER - RIS 7 B6%L] x 100%

1.2.6 Il FSH. LH . E P T, #&4L#F  VEGF
B e

W ZRAFT—80 C vKFT I IR BT i R . AR
P ELISA 20 G 1 BH 5 52 56 A 20 R 0 A7 1 5
H FSH LH \E P T J5 % LE . VEGF I Jf it
B,
1.2.7 BPEFE P EFENE

FFRAE T80 °C vKAH I Y K RN SLELH |
VR BTRE A 4 45 B TA G A BRER K, RO B
(g) : AFERIK (mL) = 1 : 4, HHALZUWFE LT
A IR IR G A S R BT R B O AL
B4 °C 3500 r/min B> 20 min, HGEFES FIEW
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PG E B Ep B, BIAS 20% ) 5P HL 41 215
WK, ARYE ELISA 550 65 156 B 45 52 50 A 20 TR ik
IO E P M A A i
1.2.8 FEHBGREIN YA

TEriEZH 41 ER PR, VEGFR2 ,CD31 [
Fk HIVEDI R s 2K, bR E & R, A
RO, MG B, I —$T, =30, 2 4L 4 i
W, 3, gk, MR R4, Hirh DAPI T 44
YHRIAZAE SR IN TR T R i €, BH 3R 38 A A
M2 (ER PR . VEGFR2 .CD31) #ric U216,

T E IR 5 6 E 3 B 2R IR
N R 2% 57 T2 30 1 200 15458 T e oYL (o B &
HEAT AL Y B SR 43T
1.3 SFitESH

SEURKE I SPSS 25. 0 Ak 417434, DL
YA + FRmE2E (x = 5) T, & 21 a] ot B
JEES T 6 0 W SRR B VR iR A2 T 2RIt R
TFRA R 27 22500, >R 1LSD 1 A6 56 ; 4% 41 ]
SRS I BT A3 R AT 28 R T, SR XC (R
07 B /KGR IS . REIRZE L P < 0.05 M2
AR EE,

2 H#R
2.1 BREF|HKAAXEIF R KR — Ak

BHIR N

TR, 2 4R R TE I B 50, B OKAE
A A, 5 OE H A g, S R e AR R 4 K
S I REAIR G S E T IR B, B O
R, Bk H JEh, Z 18 468 HETS 1 46
TEFTE A5 A IR e IR0 ™= T 1 B IR 00 AR
5 SeIRT BRI A LA, 45 45 24 20 28 BRUATE 50k
BE AN e,
2.2 REFHEKAEITEIKFRERKXRPHEH
I 9 2 e

5IER A2 R, Se JR i = A 21 20 B
BB A 53 L 2 T (P < 0.01) 5 558K
PRI 2 LA, PH MR X R 2| 58 A7 AR UK AR
H ARG A 0 B 3 I 0 EE A S TR R Y
FRA (P < 0.01) 5 PHMEXT R | 535 A= /K B SS
H AR 4 ), S P A K RO e ) e 4 L PR
X R 2H 5 2 A AR KB b IR & 4 LA, A R
BF3E H i A 2 Fe & R (P < 0.01) (R 1),

R SAFEKFOROSEIR U AR U IE R B SGE R (2 £ 5,0 = 8)

Table 1 Improvement effect of Taxilli Herba aqueous decoction on vaginal bleeding rate in threatened

abortion model rats(x + s,n = 8)

5 i/ (g/ke) FRAE i i/ %
Groups Dose/ (g/kg) Vaginal bleeding/%
i-g4
IEHA - 0.0
Normal group
Sl i <o
Threatened abortion model group ’
PEXT BR Y
' FE PEXT R 2H 0. 003 02 12.5%
Positive control group
SR A K AT = ) 10 12, 5%
Taxilli Herba decoction high dose group ’
AP AN 4 5 N
Taxilli Herba decoction medium dose group ’
5 K BT 2
S KRR 40 25 37. 5

Taxilli Herba decoction low dose group

W HEWEHME, ™ P <0.01; 5 KRRAHEAMHEML, P < 0.01, (M)

Note. Compared with normal group, * P < 0.01. Compared with threatened abortion model group, *P < 0.01. (The same in the following

tables)
2.3 REFEKABRMERRFREXRFER
Ey:0p-A !

IEH AR T B R BRBOR, @R LD, TORL,

WG A RAE, R ARG /N2, BIRA A,
FeIR AR T 2 B R AR
TERL A R AR B 4N RN — | B



[ SIS B W E R 2025 4 6 A5 33 F55 6 ) Acta Lab Anim Sci Sin, June 2025,Vol. 33, No. 6

795

B, AU, 5k A R
P Xof B 2 0 38 3 A /K RO P RO R 2 A
TH EIRBR A AN R AR L AR w] L1
BT TR A B I, R R
i R NA— (I 1) o
2.4 REFEKFBMNERRTHEEXEFEAN
A=A

N 2, 5 IEF AR, Se IR U B 4 3 i

E1

B RN (P < 0.01) WG AEIE R & TR (P
< 0.01) , WIS IGE R & F 5 (P < 0.01) , it %
WETE (P <0.01) ; 55K 5 R4 i, BH
PEXTHRZE 5 RIS IR B E T R (P <
0.053% P < 0.01), IR FIE R B ET (P <
0.055% P < 0.01) , A AKBIW & 7] 5 L
NEH L Z AR (P < 0.05) , BHPEXT B2 Z %K
HOE v R A R 2 TR (P < 0.05

HAZRT S

Figure 1 Uterine morphology of pregnant rats in each group

R2 RW KRN IR

TR BRI AR (& + s,n = 8)

Table 2 Effect of Taxilli Herba aqueous decoction on embryo survival rate in threatened abortion model rats(x + s,n = 8)

4151 HHk/ (o/ke) BHREUn T IRE n WG % WU IRIRRICR %
(£r ) ;ID = /( g/kb) Total number of Number of live Embryo survival Fetal Fetal resorption
oups ose & fetuses/n births/n rate/ % resorption/n rate/ %
Y
1E# 4 - 16.9 = 1.7 16.9 = 1.7 100.0 = 0.0 0.0+0.0 0.0+0.0
Normal group
SeIR T L
Threatened abortion - 16.1 = 6.7 10.5 +5.4™ 64.9 +27.6™ 56477 35.1+27.6™
model group
PEXT REY
_FH HEXT AL 0.003 02 17.5+ 3.5 14.9 = 1.7% 87.0 + 13.6" 2629 13.0 + 13.6
Positive control group
SR A KR = R
Taxilli Herba decoction 10 16.3 1.9 14.6 + 2.0" 90.2 + 9.2" 1.6 1.5 9.8 £9.2%
high dose group
A AK AT P AR
Taxilli Herba decoction 5 17.4 £ 3.7 15.4 + 2.9% 90.2 + 14.9* 2.0+ 3.4 9.8 + 14.9*
medium dose group
A ALK BHRR R B
Taxilli Herba decoction 2.5 17.0 £ 3.8 14.1 + 3.8 84.6 = 20.1* 2.9+3.6 15.4 = 20.1*

low dose group

. SRR, P < 0.05, (FFEH)

Note. Compared with threatened abortion model group, *P < 0. 05.

(The same in the following tables)
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P <0.01),
2.5 BREHKABMERRFREXKBRENTE
FREIRZ M

HIEH R, ek i = R4 O 5 £ P %
Y REREN(P < 0.01) , 1M7E E.P &5 B &R
(P <0.058 P <0.01),FSH W& BETE
(P <0.01),VEGF [ &8 i E %MK (P < 0.05),
7 AL EEHG PE I FRAR (P < 0.01) 5 50k r™
B L R, SR A7 AR K RIR AR O

EM&REETE(P<0.058 P <0.01), 45
AN P R E R B ETE (P < 0.05), m Al
I EMEEEEFS (P < 0.01), FHMEXT R
4 FRAFAKFOR A ARFIE A ME P 7D
FFE (P < 0.05), @lEA] LH & i A
(P < 0.05), BHYEXT IR ZH I E FSH & 2 35 FEAIG
(P <0.05),@#E4 FSH o BB ETE P <
0.01) , FHM:XF BEZ & h Fl it 4 VEGF 1Y & &
BETE(P <0.058 P <0.01)(%£3),

R3 EZFAKFER KR E. P .LH FSH VEGF T S &FALEE S0 (x + s,n = 8)
Table 3 Effect of Taxilli Herba aqueous decoction E,P,LH,FSH,VEGF, T and aromatase in rats(x + s,n = 8)

FeI TR
- e
A5 i 1l
. R Threatened
Biochemical indicators Normal group .
abortion

model group

RAAKAW  RFAKFW RFAKFOR
PR B2 [iiplE ! R B4 Sk
Positive control Taxilli Herba Taxilli Herba Taxilli Herba
group decoction high  decoction medium  decoction low
dose group dose group dose group

Il E/(pg/mL) 23.28 + 0.66 20.94 + 0.57*
Ovary P/(ng/mL) 2.45+0.23  2.23+0.10"
E/(pg/mL) 27.16 + 1.51  25.69 + 1.64"
P/(ng/mL) 2.84+0.12 2.64+0.13"

LH/(mlIU/mL) 7.41 £ 0.46  7.68 = 0.31
Mmi% ~ FSH/(IU/L) 53+0.13  1.73+0.12%
Serum  VEGF/(pg/mL)  49.52 + 4.64 45.51 = 3.43"
T/ (pg/mL) 53.75+ 1.97 51.66 + 3.37

75 &/ (ng/mL)
Aromatase/ ( ng/mL)

—

1.81 + 0.15 1.58 £ 0.06™

22.08 + 1.43 22.15 + 1.87*
2.30 £ 0.12 2.32+0.10

1.56 + 0. 10 1.50 + 0.12

23.19 = 1.13%  22.88 = 0. 66"
2.38 + 0. 18" 2.32£0.10

26.24 £ 1.43  27.73 + 1.14" 26.29 + 0.78 25.91 £ 1.36

2.78 + 0. 1% 2.80 £ 0.14* 2.69+0.11 2.77 + 0.13"
7.58 +0.3 7.30 £ 0.37%  7.43 £0.25 7.48 + 0.17
1.58 £ 0.07*  1.94 +0.14"% 1.81 +0.19 1.68 = 0.06

49.80 + 3.89% 52.10 = 3.47" 49.27 + 3.45%  48.33 + 2.05
50.98 + 2.5 51.23 + 2.05

49.54 £ 1.77 49.01 £ 3.65

1.52 + 0.08 1.53 + 0.10

- HIEWHAMIL, " P < 0.05,
Note. Compared with normal group, “ P < 0. 05.
2.6 REFLEKAMENZRFEANRLEXETF
RIZHI M0

SIER A B, Se IR i B 2 15 I L
PR IYZIERE FRE(P < 0.05) ; 5 eIk i Bl

2H T, AR KR PR ER B3R A
THE (P < 0.05), FHMEXT R 40 % PR, VEGFR2
CD31 R EBEF R (P < 0.01 3L P < 0.05)
(F£4,K2,K3),

R4 FRFAKIBTHRFE N L ER PR . VEGFR2 ,CD31 UM R (2 £ s,n = 8, %)

Table 4 Effect of Taxilli Herba aqueous decoction on the positive rates of ER,PR, VEGFR2 and CD31 in the

endometrium of pregnant rats(x + s,n = 8,%)

20 5] Groups ER PR VEGFR2 CD31
gl
IE7 4 19.49 + 13. 10 46.30 + 8.05 41.46 + 10.91 14.35 + 4.85
Normal group
K e Y
o AR 3.49 + 0.74 15.30 + 4.40°  27.22 % 13.27 11.44 = 6.71
Threatened abortion model group
X R
FH& THRAL 7.71 + 5.56 58.39 + 23.04" 70.15 = 8.03" 31.75 + 21.03"
Positive control group
B AR 7K BTV R 7 2
| ARG A AL 35.64 + 24.54" 35.02 £ 14.63  52.35 = 21.85 24.84 = 4.98
Taxilli Herba decoction high dose group
= A) AR 3 ﬂé
L ARG R AL 38.58 = 23.43" 38.00 = 10.30  48.00 = 15.57 24.38 + 7.55
Taxilli Herba decoction medium dose group
= =] BIRAL Eé
AR K ARARA 4L 14.73 £ 7.32 22.50 + 22.80 58.38 + 33.30 16.78 + 13.36

Taxilli Herba decoction low dose group
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T A ER RSO R AT B PR SRBEHOET (AR
B2 TENBERETOLY O
Note. A. ER immunofluorescence staining scan results. B. PR immunofluorescence staining scan results.

Figure 2 Results of endometrial immunofluorescence staining scan

3 it Wi FL B VLRV SRS 4 5l
lE BEREHEL A1 S8 1 il S0 70, 7 04 43 S R TR

3.1 RFEXMFTIRGHIRTHR YA IR RS K AR R, SR K
RAPEAMEH L, AT IR e SO0 i ok F R KR )
SIS S s A B2 TRITIIE ey — o 2 8 52 (K T BB 2 R 25, T
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T : A VEGFR2 st Y (AR 255 s B CD31 Sy v (45 5
B3 FENREGEIOR eSS

Note. A. VEGFR2 immunofluorescence staining scan results. B. CD31 immunofluorescence staining scan results.

Figure 3 Results of endometrial immunofluorescence staining scan

L AT AR R R R A B AR R Y
AHTFER A AR = 04 07 k4l e Ik ™
B, R A AR RAR PR AT E Y
R FHBE B g B 0 A 3 v, ELRO AR FH /N IR g
ARSI 3 I 2 B A S BH R 25 AT AT ST AR

R TR E B B BHGE i A B A, 3R BRI
I S B AR 1) R 0 20 25 R B, 49 A i R 1 ek
T N B EN | BE A R REAR , 4R R T
I, SRE NI 22 25 25 ), 22 BRI S
TEDIRZSEIA A R AR BE B 2403, 9938 H i R RR
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PRI RRAR, DR R 5% 75 A R b 2
X SR AR LA BB IR E A
3.2 BEFEEXTEN-EX-4FEHHAEAT YL

T B -3 K- B ( hypothalamic-pituitary-
goned , HPG ) il 73 A 1) fig 25 L J2 e IR Il 7™ & 1Y
FEHLHZ — fRFERET, T B0 nT o0 e o
i3 2 B i i & ( gonadotropin-releasing hormone
GnRH) ,LH FSH FI# ¥ 3 ( prolactin, PRL) , PRL
YER T 7L M, 02 2F LA & & 9F o W = AR 3L,
FSH 1] LI i B 60 8 IR 2, A1 B B AR 1<
BRAE R T IR HE kB SR B 4 B HE
P, 42 1E B9 S P AR 0 AR B4R, LLIE 4
WE PP ARSI K FAL T A B R
BORR T BRI 430, T AR B A A A — T
AT LH A5 430, 55— J7 10 5 59 51 1 1)
REEEARSE ™ M oT & B0, KAl A B AT LAFS
U P B, M BRI & T, A SRS BL E 1Y
GRS ARRGT R B, dE AR S K AR A B RSP T
E.P 50, 26 SRR, 62 F HPG 4l L i
TR 36 9 LH  FSH 7 5 T+, [ el 1 461
RS I H 4 W DD RE , A5 0 S AL F iR AR
RGN, — 7 T H 4 O S W T
RE, 7% E.P ST 50—, E P S =T
i, XCHI 55 HPG s 0 s s 8 1R, B LH 43
WHAZE , [FIRHEUE HPG Bl I FSH AYHFLE 1, Bk
SEOPELA RERRAS T U E] LH AR E B S5 b B i
I TEH ThAE , Al 379 E P AY IF % 20 0, 4EH5 1R
TFIER KB . B4 255 S /K RORGE
w4 FSH &7 M, 5 TSR Ra4K
FIVR v o R o 2 5 PR T B2 | 537 2B K R
EFI AL T I 5 2 | BHAE H 1l 26 A0 7 5t A X
BRI IG HA — 2k,
3.3 2FEXWNFERNELEHET L E

BEAR B G S T 0/ 7 B4 2 U iR AE W HEA T I
FHR AT R R, it I A B A P A 2 S B IR R
7R VEGF AR A A R A2 i 48 A ] 7, )
PATTET IR IR & & i 4 A& s, VEGFR2 J& H:
WIREERZAR, ) 2 A T 5 M N R g, 1
WL VEGE 1T 5 75 45 9 52 40 it v i)
VEGFR2 456, /F FH T 104 P B2 40 A, 3860 il 7 3
5 O T %) 1| K= T4 UM 01 S 3§ N % )
1 P ] 5 IS B AN Y PR 45, Tt

J 40 i 43 Wb VEGF-A, 1iii VEGF-A 5 VEGFR2
G4 R E“VEGF/VEGFR2” ILAS A i[5 538 %
PET AL I A5 A A= BT, I PRG3R
AT ()2 52 i) g 65 M0 A A AR B, S AT SR R L E
A5 E N B ER 454, B 8¢ VEGEF/
VEGFR2” I3 A5 i A 53l 3% . 45 3R wos, i
P, 22 BRI TP VEGF 25 8 i 5 AL, i 2 21
H1 PR, ER.VEGFR2,CD31 A4 31k 132 B0,
RAESA N AL IE T B HPG B TaefE
it E P I IEF 43, i T LS T VEGE B 7%
= iR i ZH 20 PR ER . VEGFR2 ,CD31 i3
K, EP NETFEMNE LM ER PR 244545, )5
B TR 2 A A S T RS T
IR 2 VEGFR2 SZ AR K1k, 158 T VEGF
5 VEGFR2 454 11, VEGF 45 LA 2 55 i fis
MAEH A E RS M4 7 5 RS ARG
B A R
gr b RAFA N SEIR ™ K AT B 2 R
YEH, HAE LS AT 5P 5 TH A X. (1) HPG
B, SR A AEAE HPG il B 3 FSH M Res:
36, AEREOY BRI B IR D RE M, (M 342 i E P
()43 5 [R] B 7 U A R T O B, 4 o oA
S E Py (2) FE RIS Ty T, 358 < P/ PR/
VEGF/VEGFR2” . “E/ER/VEGF/VEGFR2” i %
(A % T8 T M 18 2 o RS I 78 %) 2 R RD B 9B ol s
6 2L 2 LA 0 S A o e R R i L 3 R o, b
PRERIE AR LR
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25 Wy R FH O 45 W 9 /N BB RS [R] By B B A8 A6 1)
VAL
EHAL,H L, BRER, DR, R A, F e
(JM R B 2 =R AR oG, 7 51000)

[HZE] BHW Bt RIS 7 (colitis-associated colon cancer, CAC) /) B A [w] i} [i] 25
TERRHR R B ASALRHE, ik RAMEA N BE(AOM) /4 RARBLRZE4 (DSS) #4: C57BL/6 /N 45 M 4% -
FERAY o AR RS 5 7 .10 14 J8 3 AN ] s OB, R /) BRI 50 25 W K B I i S 45 W A6 K I
i IR R P (HE) Masson e WS/ N F4S  9 B AR AL A 3 S A 26 )6 22 Bl % 5% PCR TA AT AS [l g
PRI B T 4 AR T4 CD44 2 Wt 155 38 B Wni2b . Lrp5  Axin2  Znrf3 BN ik Z & 08 G 1k
(mIHC) FOAH G E e S (1F ) Kz Bk 2T 24 241 g 15 £ 25 H (fibroblast activation protein, FAP)  CD44 345HFRICY)
Ki67 FRARAAE MUC2 5 RIA, [RIE ARSM 3 B R R4S 10 14 BRI EOR IR S5 1 26 45 B WA a0 B 1
TEERFHERRICY A2 L, SR AOM/DSS 55 7 JARIAL/IN BRUES Mg BE R B R B s 25 A0 /b HL R 43 S 55748
b, PERE D 2 R LT HETURY, 10 14 JRARL/N BRUE5 I S BN [R) AR B2 Bz DR AR | I B 5 1o [ i o B s 1) 1
B DJRAE 1 L BN, S IR AT A DURGE [ 2, PRI SS I K FE 4 WA RESG R IR RS54 . S IE R AL,
55 14 JARRU NS CDA4 Wni2b 235 35T (P < 0.05) ,Axin2 ZRiIE T FE(P < 0.01) , 5% 7 AL,
Wni2b Lrp5 Znrf3 FikFHE (P < 0.01 P < 0.05.P < 0.01) ,Axin2 35 FRE(P < 0.01) . ZH G 64k
Yot iR 5 10 14 AR N 25 FAP CD44 kB 2 1 MUC2 SRk FEAL, HORIEM RN B 2%
BREED 5K, JE LA 14 BB IR A0 2R 28 B oM 2, Ki67 Hl CD44 78 14 FIRR e IR 19 2 8 B rp 2 K B 3
5 AOM/DSS S 1/ AILE 7,10 14 JE W] 230 S IR WAt M S0 AR 1 1 D A8 s 4 e
Jei 7% hy 2 1) Bh 2SI BRUAR 95 7 DX SR A T 4 40 KT B b B A S S TR N R AT
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[ Abstract ]

different time points in a mouse model of colitis-associated colon cancer. Methods

Objective To investigate the dynamic characteristics of intestinal pathological development at
A colitis-cancer model was
established in C57BL/6 mice using azoxymethane ( AOM) combined with dextran sulfate sodium (DSS). Samples
were collected at 7, 10, and 14 weeks post-modeling and the spleen index, colon length, mass, and colon mass per
unit length were measured. Histopathological changes in the colon were observed by hematoxylin and eosin and
Masson staining. Expression levels of the cancer stem cell marker CD44 and Wnt signaling pathway genes Wni2b,
Lrp5, Axin2, and Znrf3 at different pathological stages were detected by reverse transcription quantitative real time
PCR. Cancer-associated fibroblasts (FAP) , CD44, the proliferation marker Ki67, and goblet cell MUC2 protein were
detected by multiple immunofluorescence histochemistry ( mIHC ) and immunofluorescence. In addition, colon
organoids were isolated from model mice at ten and fourteen weeks and cultured in vitro to observe changes in organoid

AOM/DSS-induced mice showed reduced, distorted, and branched

colon crypt structures with a few collagen fibers at 7 weeks, and varying degrees of colon intraepithelial neoplasia,

morphology and marker expression. Results

with an increased proportion of high-grade intraepithelial neoplasia over time and increased collagen fiber staining at
ten and fourteen weeks. mRNA levels of CD44 and Wni2b in the colon were significantly increased (P < 0.05) and
Axin2 was decreased (P < 0.01) in model mice compared with control mice at fourteen week, and levels of Wnz2b,
Lrp5, and Znrf3 were increased compared with seven-week mice (P < 0.01,P < 0.05,P < 0.01), and Axin2 was
decreased (P < 0.01). mIHC staining showed increased expression of FAP and CD44 in the colon in model mice at
ten and fourteen weeks, with decreased MUC2 expression. Colon organoids showed cystic dilation, especially at
fourteen weeks, with more prominent expression of Ki67 and CD44. Conclusions The AOM/DSS-induced mouse

model exhibited chronic colonic inflammation, low-grade intraepithelial neoplasia, and high-grade intraepithelial

neoplasia at seven, ten, and fourteen weeks, respectively. The pathological microenvironment was characterized by

fibroblast activation and abnormal proliferation of epithelial cells.

[ Keywords)

colitis-associated colon cancer; colon organoids; fibroblasts; Wnt pathway
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25 W R FH 5 45 17988 ( colitis-associated colon
cancer, CAC) BR 1L FE R 4%, — H R E2A R
Pz —, CAC B RIEMEM K (inflammatory bowel
disease , IBD ) fe ™ 5 [ H- & 4, K3 IBD & 1
FENKAE CAC R THRZ 3 ~ 5457, CAC
W B NI B A2 1) 24> B 2R B B iR g K HL
TRYT IR ET AN WA, 7RI K B 6 oG T, L
TERIAISE K 22 4 v 7 B — I [] A 1 7 2 g B
B BB = X CAC A& Rt 1R s A
fiti o BFSERW] STAT3 NF-kB . Wnt {55 51 A ¢
R A R R 70 R R A0 B ( R AR AT
BCET A 240 FfL | 0F) P 4 A B A ) 242 5 e 4 i Y
WarE TR R 2R AR R MO 2 HE B R R
R M G R AW 1 F # AOM/
DSS FEF 1 CAC /INRURERL | LUSCZT 4 240
TANAE K Wt il TR, A CAC AT
S BT BE B RE S i 4% T e Ak Jos BRAL ) K 24
W10 A B 1] 7 4 A

1 #R5EFE

1.1
L1 1 S5z

SPF %% C57BL/6 /INEL 24 HHfEE, 8 ~ 10 4
B AR 19 ~ 21 ¢, W9 H )T RAE R SR s
Hl [ SCXK (#)2022-0002] , 4 FE T M E2y
KFHH 286 F[ SYXK (#)2023-0347] , & i
22 ~ 25 °C, B 40% ~ 70%, 50045 F- A ¥ B
B A Sy e i B 28 iy T M o R 24 RS s g 4e
PRZE 03 25 WAL IRE (20240305041
112 EEEGH S8

25 H W e 2 4 B R & (colorectal cancer
organoid kit, Cacm) . /N B 45 I 28 28 B i 7 &
(mouse intestinal organoid kit, Mcm) 22§ B 5t it
Jiit (‘organoid culture ecm ) F i I8 2H 21 9 1k
(tumor tissue digestion solution) ( 5% 5 43 5l K.
K2103-CR ,K2204-MC .M315066 F1 K601003 , {F i
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AR M) A BR 2 A ) 5 TR 78 5 & FH IR 7%
SR G AT TB Green Yekh ik br v B 5E 357 £
(52523510 : RRO36A F1 RR820A , LI F 384:4)
BEARBA A BRA T M 43225 ) ; CD44 MUC2 FiI
FAP ( 525 43 5l . 15675-1-AP | 27675-1-AP il
PA5-99458 M EHILE W) ) ;K167 (555 ab15580,
Abcam ) ; B AL E H %5E (azoxymethane , AOM) ( B¢
5 25843-45-2, Sigma-Aldirich 2\ 7] ) ; % 5 WA IR
£ ( dextran sulfate sodium,DSS) ( %5 160110, MP
Biomedicals 2\ A )

DEOE R PCR Y (175 1855202, FE [ ( BIO-
RAD) v w]) 3] # B35 (5245 10093070, ) JH
HOGF AR A RA A ) 3 A ABR B IR A (1T
3111, 3¢ [H Thermo Scientific 23 7)) ;5417R #l &5 X
Y R B L (1] 5 5404GN527718, fE [
Eppendorf 23 7))

1.2 FHi&
1.2.1 Byt

FRIE® A Ah, Ay /N ERCR F AOM/DSS i &
il 5 CAC AU, — R PEME EESS 12 mg/kg AOM

1JE)E, /D RGESE A AR RN 1.5% DSS i
1A BfJE 2 JIEROK , s —A> DSS 155, 43
MT5E 2 4> DSS PHIREE R (55 7 J&) (55 3 4> DSS
PEIRGE A (55 10 Ji) F15E 4 A~ DSS IR 45 5
1 JE (565 14 J]) SOkt (Jnisl 1) o
1.2.2  /NREHIELE R AL AR

Z W S 2 8 ST 1 O TR AR IO/ BRUAS 2k
wE . FELRMT KL g 2R N
VRGBT SRR A TN 37 C R FRAA TN AL L 4UR%
THALES FUE WA B s B e = 24 FLik
H BEFLIE AN 10 pL RS IREW + 20 pL %
JE I , e OO B I B bR, R 5 I e o 1 ) Lo
A 500 mL B53RFEE T 37 °C CO, Hi g4+ ,24 h
THE MR A K5 ~ 6 d a0 —1k, (B8 B8
9 FINFEAS B T I IR L R B &
1.5 mL B0 H, T 1500 r/min, 5 min,4 °C &l
Jas B3 A 1 ml AT 37 CREFRA R
4 min, FUHWRAT 40 FJE A 4% (40 pl) FBS &
1AL, 1500 r/min 5 min 4 °C B FHL, AARE
SERG— B, SR RS F AR 7 1R T SRR ST

Bl 1 CAC /] RUBR R EROA [F] B B 7
Figure 1 Schematic of different stages in the establishment of the CAC mouse model

1.2.3  SERF 2L E & i 7% 5% PCR KV (reverse
transcription quantitative real-time PCR,RT-qPCR)
RGN PR ik

/NEUZE T 2 AU U RNA, JF 30 5 5 oh
cDNA, L TBP YEN S5, 8 45 97 38 S /9 Ce
{H, R 27 THR A5 8] mRNA FHXS R ik,
SIS WA 1,

1.2.4 Z B U O A b ( multiplex
immunohistochemistry, mIHC ) | R o [
(immunofluorescence , IF)

/NRES A BB AT RE D) TR R K-
Z1(HE) %4 {2, Masson %% {635 iy QI FE 4 /R A= 4
FHEARA R SE L, 28 s tA Ak F A
FIR et I B UE B AL BS54 5 P

R 1 CDA4 Wb Lp5 Axin2 Znrf3 Fl TBP 514551
Table 1 Primers sequence for CD44 Wni2b Lrp5 |
Axin2, Znrf3 and TBP
JFo1(5°-3")
Sequence(5’-3")
F:ACTTTGCCTCTTGCAGTTGAG

EIRZER S

Primers name

Chas R:TTTCTCCACATGGAATACACCTG
_— F:CCGACGTGTCCCCATCTTC
" R:GCCCCTATGTACCACCAGGA
s F:ACGTCCCGTAAGGTTCTCTTC
P R:GCCAGTAAATGTCGGAGTCTAC
_ F.ATGAGTAGCGCCGTGTTAGTG
Axin2

R:GGGCATAGGTTTGGTGGACT

ufa F:GGCGACTATACCACCCACAC
0 R:CTTCACCACTCCTACCCAGC

F:ATGATGCCTTACGGCACAGG

TP R:GTTGCTGAGATGTTGATTGCTG
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XPHAUHEAT 1 h BBEE, AW AR5 S e 45 &
RS , KA T — PO PR, F 5 9ok g
OHCRIE ST, B P A S @1 O s 1756 —
REeEMmjE EEPREE "R OSSR, &K
JRRIN DAPT BEAT 40 MR g (0 B, 5t I i
WS, SBEDIE: Zh i e An B AR M T 96 fLAR
T 49 22 5RO IE [ | 28 0 3 s A Ak B
J&  m—HiiE R, W H N EEE — 5T DAPI
SRR, PO e g

1.3 SFit=ESH

i GraphPad Prism 5.0 #4453 M7 5% 5 %k
i, itk R R D7 2500, LLP <0.05
TR EAGITFEX,

2 #R

2.1 CACHEB/NBRAEMEBREBKE.RE. &
BB KERESMBIEHTKL
ME2 S5 IER A, 557 .10 14 5/

WA EMKEE B A5 T C P B i D R A S IE R ML, " P < 0.05," P < 0.01,™ P <0.001; 5% 7

L, P < 0.05,%P < 0.01, (FEIRA)

2 Sl B SR i AR (n = 6)
Note. A. Colon length. B. Colon mass. C. Mass per unit length. D. Spleen index. Compared with the control group, “P < 0.05,
P <0.01, " P <0.001. Compared with seven weeks, *P < 0.05, *¥P < 0.01. (The same in the following figures)

Figure 2 Length of the colon, mass of the colon, mass per unit length of the colon and spleen index(n = 6)

SO ZE i K i & 46 . (P < 0.001) 3 5 1EH 414
L,55 10,14 A4 i A= (P < 0.05.P <
0.001) ; 5% 7 JAAHEL 14 A5 & THm (P <
0.05) ; SIER AL, 55 7 .10 14 JA 45 2o K
JERR (/K E) BFEHA S (P <0.01,P <
0.01.P < 0.001) ;5% 7 AL, 14 J&45 7 A7

KETHR (P < 0.01) ; SIEFAAM L, 55 10,14 4
R B W E TR (P < 0.01) 3 5% 7 FAHLE 26
14 J 85 E TR (P < 0.01)
22 CACHEHEBNBEAEMBEERRERES,
Masson 2 5 B IR 4T 4E T 78

&l 3 1E 2 /0N FRUAS I B A HE B B, T
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A HE J4 ;B . Masson J4 0 ; C . 25 1 i 5L £F 2 i AR

3 CAC BRI R T AN [l o BB B 285 R D 21 A 1 AR

Note. A. HE staining. B. Masson staining. C. Area of colonic collagen fibers.

Figure 3 Morphological features and collagen fiber area of the colon at different pathological

stages in the CAC mouse model

FAE FARR 40 i, JC I 2 RPN IR I, B T
JEFUZTCAE 565 7 JEIBE L /)N BR 235 1 i A 45 o
WD HESZEAL, FR o BRAR 5 R L AR T8 | T 0
PEANIR IE B 25 RO T L SR A HE R
PR M e g B 1 JEE S R MR BRI Be R, 5B
10 JEAIRRAARZE /Y ZE 6L, /AN — , BRAR 4t A A 4 it
N RV 2L 200 B A% W e A el R DL R e
ALY b B NI AR AR A 14 R 40 A% AR
PERIR T B 8, 3040 A A 45 M s B S8 7 R PR B 3R
JUEE BRR TR R 2 K LZ, IR A R
J& TR b NI A Masson Je 8, 5 1F H 4
FHLCAE 55 10 14 BRI B ETHE (P <
0.01,P < 0.001), 5%5 7 FAHLLEL, %5 10,14 J&
WL 4E TR 2 (P < 0.05,P < 0.01) , #2775 %%
BRI ik VA R R T AL T
2.3 AREREMELEFH FAP,CD4 MUC2 &
SE3v

WK 4 R IEE /NRES A 2R D 3R IK
AT 4E A5 AL 2 19 FAP 10,14 JEAC AN LAY
S FAP AW Z 0 g T4 ARl
V) CD44 B /D FRIREIEF 45 L4, 1 7.10,14

JERRTL/INERZS 1 CD44 b KR 5% | 3178 CD44
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B4 CACHR/NRE A FRRE B FAP (CD44 MUC2 B3R &34
Figure 4 Protein expression of FAP, CD44 and MUC2 in the colon at different pathological

stages in the CAC mouse model

B 5 CACHIA/N LA R ELGT B mRNA 2k
Figure 5 mRNA expression at different pathological stages of the colon in CAC mouse model
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A CRRRE R BEZS i B LA B Ki67 Al CD44 TE6HRA,

B 6 ARRIFHBLE IS BT M Ki67 .CD44 DRk

Note. A. Morphologies of colonic organoids at different pathological stages. B. Fluorescent expression of Ki67 and CD44.

Figure 6 Morphology of colonic organoids and fluorescent expression of Ki67 and CD44 at different pathological stages
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[ Abstract ]
research. Methods

Objective To prepare a stable rat model of chronic liver failure to provide a tool for basic
Sixty-six SPF SD rats were divided into a normal group (n = 18) and a modeling group (n =
48). Rats in the modeling group received an intraperitoneal injection of 50% CCl, olive oil solution (1.5 mL/kg,
twice a week ). Multidimensional assessment was performed at 8, 16, and 24 weeks, respectively, including
ultrasonic examination of liver morphology, hardness, portal vein diameter, and ascites, and collection of serum,
plasma, and liver tissue to detect liver function, coagulation function, and blood ammonia levels. Liver tissue injury
and fibrosis were observed by hematoxylin-eosin( HE) and Masson staining. Cognitive function was assessed using the
water maze test. Survival were recorded simultaneously. Results Rats in the model group showed decreased activity
and appetite, yellow urine, and increased abdominal circumference compared with the normal group. Ultrasound
showed enhanced liver parenchyma echo in the model group that thickened with time, secondary ascites formation,
portal vein dilation, and portal hypertension. Water maze and blood ammonia tests confirmed cognitive decline
(memory and orientation loss) and hepatic encephalopathy in the model group. Gross observation showed that the
liver in the model group was atrophied and appeared rough and uneven. HE staining showed hepatocyte swelling,
steatosis, and necrosis, and Masson staining confirmed fibrosis progression with pseudolobule formation. The liver
function indexes AST, ALT, TBIL and blood ammonia continued to increase, and coagulation dysfunction ( prolonged
PT and increased INR) gradually increased with the modeling process. Conclusions Intraperitoneal injection of
50% CCl, olive oil solution (1.5 mL/kg,every week) for 24 weeks can stably simulate persistent chronic liver injury
in rats and lead to the typical pathological changes and complications of chronic liver failure, based on the
decompensation stage of cirrhosis. This model replicates the pathological evolution of human hepatitis from liver
fibrosis — liver cirrhosis compensation — decompensation — chronic liver failure, providing a reliable modeling
reference for the study of the mechanism of chronic liver failure.

[ Keywords]

chronic liver failure; carbon tetrachloride; animal model; rat
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Figure 1 Experimental procedure
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K SPSS 24. 0 A kAT 52 55 BdhE 3 A, 3t
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FEAR ] Y Ho AR B DR 32 07 22 93 M, 20 18] 8 18
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e

2 #R
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Figure 2  General situation of rats at different time points of modeling group
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Figure 3 Survival curve of normal group and

modeling group
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Table 1 Mortality of rats at different time points

A5 fif [ 53 SET-HE/n BRI TA] SR AR K RSB n BET-HR/ %
Groups Time points Death counts/n Number of remaining rats at each time point/n Mortality/ %
Y
N E,T'ﬁ 0 18 0
8 Ji OI"I:d group
kY
8 weeks T 4 48 8.33°
Modeling group
Y
N E'T Al 0 12 0
16 J ormal group
o
16 weeks ﬁlj:—_*ifﬁ 6 38 15.79"
Modeling group
2y
N IE,T’ A 0 6 0
24 J4 ormal group
] iy
24 weeks et x| 3 26 34.78"

Modeling group

T SIEWAME, "P < 0.05, (FER)
Note. Compared with normal group, * P < 0.05. (The same in the following figures)

8 JEl A, AR LA 0 35 THiss (P < 0.0001) ;38 (P < 0.01) , (HBERE MK (P < 0.0001), 5
2 24 AR AR/, SIER 41 24 FIRRIL SR 16 AR UM LU, iR 24 J8 R SR T
BB EE (B =5 (P < 0.0001) , I THEIK EARIE T [TEBIKILR TR (P < 0.01) (LI 4) .

H5IEWAMEL, ™ P <0.01,™ P < 0.001, ™ P < 0.0001, ( FEIRE)
B4 A [k I 2% 4R ST P (L e A
Note. Compared with normal group, ™ P < 0.01, ™ P < 0.001, "™ P < 0.0001. (The same in the following figures )

Figure 4 Comparison of ultrasonic values of rats liver in each group at different time points
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S I PV A ) B A 5 0% o AR 8 JHIR
B A I 22U T v, 5 1E R 2H 8 JR R BRL e A TE
PEZES (P > 0.05) , HoKR B R INR W 5

TR 16 o K B B 2K BT, iR 24
JAR B UK .35 BT, M L ECRA it
B (P <0.0001), 7KEEHEATE H S
I E] ) A ST 24 ) R Rl b v AR A SE 4K
HEASE B UKD EF- 5 I e 5 FRA B8 15 18] 46
B, SHIEHRH 24 AR BUICEEA B3 125 (1
A P <0.05), f&/8 KEICIZ T E 7 J1I806R , H
UG (UL S)

B 5 A [ kIl 2% 4R SR i 20K Bk ok e ol LA

Figure 5 Comparison of blood ammonia level and water maze data of rats in each group at different time points
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B 6 Al 45 R USRI

Figure 6 Liver appearance of rats in each group at different time points

B 7 ARIEEHE HE 426

Figure 7 HE staining at different times

b5 Ishark $F43 4 (2. 64 + 0.84) 4% w& 4 16 J&
KR b B R AT 4 B B3 £ &3 B 208 K
/N Tshark PE43H (4.0 = 0. 65) J3; A 4H 24
JEIRK U 4 21 SR 27 AR 4L, (B /N k)12 B B,
Ishark TF43 4 (5. 61 + 0.5) 4%, 4 06] b B4 A
FE2ER (P < 0.0001)

2.7 A[EEEE s KR IE ML B
SIEH A g, i 8. 16 Ji K B 1 40
JL LT PR A B A3 L iR 22 AR
(P >0.05) ;@20 8 Jil Hibiidd 16 AR B E
2211 OO R SV 1 O R RN T o R T
ZE5(P > 0.05) R/ MBI A BT T B e
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8 A[AJI[A] f 45 4R Bl Masson B

Figure 8 Masson staining of rats in each group at different time points

B9 41K Ishark ¥4

Figure 9 Ishark scoring of rats in each group
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B 10 A [ I 44 4R B A LD | P PR A | /A AR
Figure 10 Comparison of white blood cell, red blood cell, neutrophils and platelets of

rats in each group at different time points

B 11 AN ] s 25 2R U BEXS [

Figure 11 Comparison of liver function of rats at different time points
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12 AS[R]A ] A5 4% 2H R BUBE L Zh RE L 4K

Figure 12 Comparison of blood coagulation function in each group at different time points

SE IR A, KA i JAL 30 e TR BE . HAT, %
o 1Y) B P AR — R A A AL ) B A AN TS
3, T BRI | G FOmE [ 1 16 7K 55 5 A A
AR DR e ELME AR [, B B, [ B K [ P i
REIR—FE LT CLF Sy B il 5 7 14 fE 58
MU CLF i B AR A, LR TAERA
B A ML 5 T2 WA 206 I R T 1 MEA
B S, 38 VI 2T e — Pl sk AR T
AR B8 1 J s R SR Bl A Y D O J AH O i
TR BEICHE RO 34

CLF 9 B4 i S8 L a2 A8 1 S/ TR AL, i
IFREAL ST K2 CCL, V5 B RAE
EFLik . W IR WA G Sk O A AR
FURIT XA ) 2 38 15 s A T Ay s 05 1A
JIRAIA] #2572 ACLF S R Ik A LT 4
ft: CCl, 65 D->FFLME L/ s 220512 e A0 547t
JRIBCE IR 2 iRk L AR FE AR A5 LR L
TERZH0 ACLF BRI pg i it th CCl, A
ZEFLEUE L 5 T 1Y, SR e e D-2E L
A EZ a7 i D PO NTTI=IN R A -3l
MRN8 1 S PR R AT Ik A 2 i g R T
FI IS SR AT, PR 2O T
R I 55 3, 18I A P Y g 1% R il D I PR A
FT AT SR TT I, 229 W Bo s A Ll AR
BFN B, 3 T 0, FEAS I 5 P DA BRFE 18 Jn 2 1 T
S SR PRI S i AR S I R SR T A (R
i PR CLF F8 & B BEAS AR A S B MM A 17
Bt VAR CLF KBS RAL,

TEARMHSE B8 T IR A R, 4R
B I8 4 5 PR B KR A 0 R ], A3 3 A ] 49 A
[, FEIEAREERE 8 Ji KR B 2 i IR R T,
4141 HE Masson 46, 58 8 £F 48 A, U6 B By
BAFTENG PEAT S e s FERE L5 16 J4) e il
ARBET S, AEE TR, PT K INR R,
M/ NAR B I s A (3 | 1] bk
ELARAR TG 1) T T I K i it BEL g 3G,
BURE K, PRHR AT UL 1 A2 ML, MT™ AN, Masson
Yufa ] ULET Y4k 4 e 28 R AR/ IR B IR B X
Wy B A7 TE £ 2 Ak — I AL AR A2/ e AR A2 30 1ot
PR TR 24 JEI R T FaRFE bR LT 35 R
PAAN AR AR FILAE , 5 T, Hh 3wt [ 14 1
K HE Ge i 7n A A [ 2 B2 1Y IF 4 i IR 48, 12
Thi .2, REGCIZ T € 18 J3 T Bt B fiki
X — RIVRIAT G I 5121046 v TP A2 1R
VRIS T 3% K LIS 1 s A AR Ny
eI

25 TR AR5 R IR & CCL, MR i
M S 0 5 S R AR A A UL M 2 — I 2
YA — TS fb— P M T 0l (e R A
WA AR bR o B AR b | ARG 55 T T X B
M2 TP S R PR R AL, H B B R
B AR I FE T2 AR o B R 4P Y
FasEVE, FTVE 18 MR I i A ] s i 275

2 % X Bk(References)

[ 1] LIND, CHEN H, XIONG J, et al. Mesenchymal stem cells



822 [ SEEG B YR 2025 4F 6 55 33 %5 6 ] Acta Lab Anim Sci Sin, June 2025, Vol. 33, No. 6
exosomal let-7a-5p improve autophagic flux and alleviate [6] LIN, GU H, ZHU Y, et al. Recent advances in the
liver injury in acute-on-chronic liver failure by promoting treatment of liver failure [ J]. Med. Philos, 2018, 39
nuclear expression of TFEB [J]. Cell Death Dis, 2022, 13 (8B) : 50-54.
(10) : 865. [ 7] MEZZANO G, JUANOLA A, CARDENAS A, et al. Global

[2] hRESSBYIR o SIS N T2, e burden of disease: acute-on-chronic liver failure, a
SR S ETINTR 5 AN TR 4. P8 i2ia e systematic review and meta-analysis [ J]. Gut, 2022, 71
B O[J]. ARG 44, 2019, 27(1) ; 18-26. (1) 148-155.

Liver Failure and Artificial Liver Group, Chinese Society of [ 8] SINGANAYAGAM A, TRIANTAFYLLOU E. Macrophages
Infectious Diseases, Chinese Medical Association, Severe in chronic liver failure: diversity, plasticity and therapeutic
Liver Disease and Artificial Liver Group, Chinese Society of targeting [ J]. Front Immunol, 2021, 12, 661182.
Hepatology, Chinese Medical Association. Guideline for [9] ARORA G, KEEFFE E B. Management of chronic liver
diagnosis and treatment of liver failure [ J]. Chin J Hepatol , failure until liver transplantation [ J]. Med Clin North Am,
2019, 27(1) . 18-26. 2008, 92(4) : 839-860.

[3] LOUT W, YANG R X, FAN J G. The global burden of [10] LI F, MIAO L, SUN H, et al. Establishment of a new
fatty liver disease: the major impact of China [ J]. acute-on-chronic liver failure model [ J]. Acta Pharm Sin
Hepatobiliary Surg Nutr, 2024, 13(1): 119-123. B, 2017, 7(3) : 326-333.

[ 4] XIAOJ, WANG F, WONG N K, et al. Global liver disease [11] ARROYO V, ANGELI P, MOREAU R, et al. The systemic
burdens and research trends: analysis from a Chinese inflammation hypothesis: towards a new paradigm of acute
perspective [ J]. J Hepatol, 2019, 71(1) . 212-221. decompensation and multiorgan failure in cirrhosis [ J]. J

[ 5] WLODZIMIROW K A, ESLAMI S, ABU-HANNA A, et al. Hepatol, 2021, 74(3) . 670-685.

Systematic review: acute liver failure-one disease, more than
40 definitions [ J]. Aliment Pharmacol Ther, 2012, 35
(11) . 1245-1256.

(¥ ]

2024-10-23

(PEZEHIFERY BRXNE(PXZOBPHER S

A SCHIR T 2 (%) SR B R 9, 5T N B3R AR DG SCHR Y
K g Gt R HT, LR 2E R ZOE R, (b [ SE 56 sh W24 4 ) 1
UG SO0 0 TS H SN ) 2023 4R Rl (BPSE 10 fR) 3h4)
2/ NI %I T

STz TS HURYE ) SR B PPN FE PR VPN 1Y 2 R
IR AT 28 ﬁm,ié@hwkﬁéﬁr“*{zmﬁ]o

H AT, AT Rl 5 SCRAE PRSI TR ) | 2 AR )
ZEA VT U B T R VR 0 ) rp 2 R T 25 AV B T
(CAJCED) Ge il AT | € Hh 2 A J 1) SO ) St s ) 5 kv [
A= ) SCRRECE P Crp A O 3 P (oot ) R e ) L (P R
WCEHEIA R (b ERMEAZ O IR RSO D IR E B
W) S R

IR R 2 R FATHHS B 5 SR BT KA s A A&
IR E S5EE, ARPIREIRE L RTFIPIRE R, AP0,
PN, R PR, AT, iR — R A 5

lII-
o,

)



2025 4F- 6 H o E LI B 2E June 2025
335 ol ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 33 No. 6

PP R B TR 4. D-FIUBHA SR Z KB S100A8/9 KA () NLRP3/ Caspase-1/1L-18 & A AE (L [J].
[ S 06 sh ) 4k, 2025, 33(6) : 823-835.

FENG D D, ZHOU Y, PANG Z Y, et al. Changes in SI00A8/9 and NLRP3/Caspase-1/interleukin-1p pathway in kidney-aging
rats induced by D-galactose [ J]. Acta Lab Anim Sci Sin, 2025, 33(6) : 823-835.

Doi; 10. 3969/j. issn. 1005-4847. 2025. 06. 005

D-2f FLBHA T AU % K RUE S100A8/9 KA FHY
NLRP3/ Caspase-1/1L-1B ji f% ) 725 4k,

BAA AR ETE KA KE KK ERED

(1. WL Tk R B R 5 T AR BN 3100142, WiV EZj k2 h E 25k 225
BN 31005333, FEMIARE I 310024)

[#HZE] BB FiT S100A8/9 K A5y NLRP3/Caspase-1/1L-10 il JE7E M D-gal P55 19 K LB w28
RIF H,0, %S HK-2 40 SRR e, ik 12 5 SD KRB A IE# 4L F1 D-gal 21, 250753
J& R D-gal (150 mg/kg) #HEN7 AR FUE 52 AR | 8 J] 5 R BR S T IICAE B AR AR, DO i 5 5% PCR K6
FEMFEEER p21, pl6 F1 p53 mRNA Fik K ; SA-B-Gal Y (0 W5 I 4H 4L 2 HE 00, I K Z-AF 41 (HE) 1
Masson Y2 (& WLEZ 5 41 455 B 27 A8 Ak, #0135 5 BUN A1 CREA & &, & I ' 4141+ SOD  CAT, GSH-PX I
MDA &, DHE ZL (5 U158 B 20 41 ROS 7K F-28 Ak ; G le o s A S100A8/9 2 3R 357K, Western Blot
MLFAEALbR Y Collagen T, a-SMA Fl TGF-B1 L & NLRP3/Caspase-1/TL-18 i # b4 & 8 11 A9 F ik K
RSMRIT H,0, F4H HK-2 20 i B 28 Rl 2 8 1 p21 \pl6 FRib7KF- A 0E FF IL-18 \ TNF-a mRNA
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B E R p21,p16 Fl p53 mRNA FiE KB (P < 0.01) , 3 EH K B-2LFLHH T # (senescence-
associated B-galactosidase , SA-B-Gal) e il /R Z A E B EW L (P < 0.01) ;L7 # BUN 1 CREA & &
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T HK-2 4 e 250, % 5 1 p21 . pl6 Fik K P AR AE P F 11-18 \ TNF-a mRNA ik KRR (P <
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[R8RE] #5100 55245 5 5 1 A8/9;NLRP3/ Caspase-1/1L-10 i #% ; 1M R AE

[HEF%ES] Q95-33 [X#IREB] A [XZEHS) 1005-4847 (2025) 06-0823-13

[BETE LA HAREIEEIUH (LTGY24H290004 ) , VT4 254 2 A e VA 5 F 7 75 9C B 2 TPt H (ZJDSE202202)
Funded by Zhejiang Provincial Natural Science Foundation of China ( LTGY24H290004 ), Open Project of Key Laboratory of Drug Safety
Evaluation and Research of Zhejiang Province (ZJDSE202202).
[EEB N 1P, L SR AE B 1) SEB s 5 L2 3, Email :22749782932@ qq. com
[EEEE 1kad R, 5 WA B8 A58 05 101 K™ i L 558, Email : zhjianyou@ zjut. edu. cn;

FAEE T A I S SR, A T L SRS L 2B, Email : wdj@ zemu. edu. en,

* JLF T AE VR



824 [ SEEG B YR 2025 4F 6 55 33 %5 6 ] Acta Lab Anim Sci Sin, June 2025, Vol. 33, No. 6

Changes in S1I00A8/9 and NLRP3/Caspase-1/interleukin-13
pathway in kidney-aging rats induced by D-galactose
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3. Westlake University , Hangzhou 310024, China)
Corresponding author; ZHANG Jianyou. E-mail; zhjianyou@ zjut. edu. cn; WANG Dejun. E-mail: wdj@ zemu. edu. cn

[ Abstract] Objective To investigate changes in the pro-inflammatory mediator S100A8/9 and NLRP3/
Caspase-1/1IL-1B pathway in a rat kidney-aging model induced by D-galactose. Methods Twelve SD rats were
divided into control and D-galactose groups, and injected subcutaneously in the back of the neck with D-galactose
(150 mg/kg) to establish a rat model of kidney aging. Kidney samples were collected under anesthesia after 8 weeks.
Kidneys were stained for senescence-associated beta-galactosidase (SA-B-Gal) , mRNA expression levels of the aging-
related genes p21, pl6, and p53 were detected by quantitative reverse transcription-polymerase chain reaction( qRT-
PCR), and histopathological changes were observed by hematoxylin-eosin( HE) and Masson staining. Serum urea
nitrogen and creatinine, and catalase (CAT) , glutathione peroxidase ( GSH-PX) , superoxide dismutase (SOD) , and
malondialdehyde (MDA) levels in the kidney tissues were detected. Reactive oxygen species (ROS) were detected
by dihydroethdium staining and protein expression levels of collagen Il , a-smooth muscle actin (@-SMA ), Protein
expression of SI00A8/9 was detected by immunofluorescence, and transforming growth factor ( TGF)-B1 levels in
kidney tissues and key factors in the NLRP3/Caspase-1/1L-1 inflammatory pathway were detected by Western Blot.
A renal senescence model using HK-2 cells was constructed using H,0, in witro, and expression levels of the
senescence proteins p21 and pl6 and mRNA expression levels of the inflammatory factors IL-18 and tumor necrosis
factor-a(TNF-a) were detected. Cell senescence was observed by SA-B-Gal staining. The effects of the SI00A8/9
inhibitor paquinimod on expression levels of SI00A8/9 and NLRP3/Caspase-1/IL-13 pathway-related proteins in the
aging model were also detected. Results mRNA levels of the aging genes p21, pl16, and p53 in kidney tissues were
significantly increased in rats in the D-galactose group compared with the control group (P < 0.01), and SA-B-Gal
staining showed a significant increase in senescent cells (P < 0.01). Serum blood urea nitrogen and creatinine levels
increased (P < 0.05), CAT, GSH-PX, and SOD activities decreased (P < 0.01) , while MDA activity increased in
the D-galactose group (P < 0.01). Collagen I, a-SMA, and TGFB1 expression and the ROS content in tissues
increased (P < 0.05). Glomeruli were atrophied or absent in the D-galactose group, the lumens of the renal sacs and
renal tubules were enlarged, the nuclei were deeply stained and constricted, and numerous collagen fibers were
deposited. Levels of SI00A8 and S100A9 protein (P < 0.01) , as well as NLRP3, Caspase-1, and IL-1B increased
(P < 0.05). Paquinimod alleviated HK-2 cell senescence and decreased expression levels of the senescence proteins
p21 and p16, and mRNA levels of the inflammatory factors I11.-18 and TNF-a (P < 0.05, P < 0.01). The number
of senile cells was also decreased, shown by SA-B-Gal staining (P < 0.01). Paquinimod also inhibited the protein
expression of SI00A8 and S100A9 (P < 0.01) and NLRP3, Caspase-1, and IL-1B (P < 0.05 or P < 0.01).
Conclusions S100A8/9 participates in the chronic inflammatory response by activating the NLRP3/Caspase-1/IL-
1B pathway, thereby promoting D-galactose-induced renal aging.

[ Keywords] kidney senescence; S100A8/9; NLRP3/Caspase-1/1L-1B pathway; chronic inflammation
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EEGRIN R4 BEE A R
JEl R BN 8 M T R 2
TERrH A, IR AN S 22 BT
BILTL Xk T 18 il 1 A 5 1100 5 Sk % vl 3 2 A R
A 1 o HA F B 2 RN SR S

AWFFE W 3 2 T P A B ) 4 B RS 1
RIE L HA D REPERF I HE RN R —
20 B35 ) E S AR O 2 A R Y A A i X 1
R 7 AR A TSRS M A 1 7 A
IR A 5 S 00 40 6 3 e 1 (] 0 1 2k
SUE TN 3 5 A R 2, S B DRI , ek
T T S T 2 A L 5 PR 1, 3 i o R
PEER, i B N B RAE K- FR 2 TH i, A RE M
IHIHBR , BB B R0 R B A B Bt
A SR A AR HE PR TE B B B AH AL, XS AF
MRAYT T R AR L,

& A it S100 45 45 & & 1 A8/9 ( S100
calcium binding protein, S100A8/9) /& S100 & H%
T 87 O Y5 T A 2 200 i, e Pk A A
Wi A, 2 1 1 40 i S I v A AR AR A
TEZ S B 10 T 3t R v (91 Gk B s 5 O
TRIBHEE R B A0 2B 514) S1I00A8/A9
Iy U 2 2 B 2T HE AL R RO 7 A= 1Y) B A
o, Rl ST00A8/ A9 P IA A J& HE 4L B B0 & |8
R RO TERR G, AR F TIOR8
PRV s 0 ML & R AN o8 4 E A, (H A0
S100A8/9 1T fiE 2 B 1k 18 4 ' o A J ) — P IR 7
Sl . NOD BESZ AR VR (A5 M U DGR 1 3
( NOD-like receptor
associated protein 3, NLRP3) J& F NOD #£Z A
J5 , 2 — P PN Z A R e R e R G K
B 2H R AR g3, T A 52 B K A -1 (cysteinyl
aspartate specific proteinase-1,Caspase-1) J i FlfiE
RYIML A+ 40 i A K -1B8/-18 (interleukin-18/
18, IL-18/1L-18 ) 1 43 W, 3 B R AE | I 1 3L
W RS R W S100A8/9 FT LG NLRP3 4%
SE/MRE 5165 2 5 Z M 2R B I RAE TR
Rk B AT LT A4 O UREBE ) R S i
LR TS R i Caspase-1 FI IL-18 G B R
GRS, A8 3 SR AE S B AR, H AT S100A8/9
NHAFH NLRP3/Caspase-1/1L-1p3 15510 f&
SR CLAE Z RS A5 2 1 A5 B B (B A

thermal protein  domain

B e AR ) LA A AL AT i AR R 45, R
FFRABRR,

AR HAERT L &M, & DL 2L b
( D-galactose, D-gal ) %5 F Y 3 % K § O BE
S100A8/9 1) mRNA FIEE /K P45 2 R = 1
S100A8/9 K H:A 5 NLRP3/Caspase-1/1L-18 #
i {7 530 B 3 B AR AT R R AR
SEHGTE T 2 R S D-gal HE 7 K RS R
[ BF Al S100A8/A9 #I1 il 7 MA %45 3 ff
( paquinimod , PAQ) AT ARSI AIE , Ky #7558
(5T SEml IR Z S M B R B iR B s R e it S 22
LRGP

1 #R5EFE

1.1 ##
1.1.1 SE5sh¥y

SPF ZhfErE SD KRB 12 2,8 ~ 10 Ji %, 4T
250 ~ 300 g, H i e S8 sh WA B 5t
AR A SCXK (971)2022-0004] , 4 35 T Wi
R 2 B W) 92 e A 5T O [ SYXK () 2021 -
0012] , FABEIRJEE 22 ~ 24 C, MIXHBE 40% ~
65% B A% W I 22, SEE ) A S
POK o ARSI 28 Wi T rh B2 2 R 2 sl W i R 5 48
PR A 2% 0324I (TACUC-202302-04)
1.1.2  Ziffy

N /N i R HK-2 W 3 o E R4
ol (SRR e T T U TN | A=
SCSP-511,
1 1.3 EEEGH A

D-gal (G5388, Il H Sigma Aldrich) , %P4 —
Z & % ( dihydroethidium, DHE ) i #| &
(KGAFO019, 1 [ VL9538 25 W B AR A A BR 2
A, &AM X B2 FLWE AT B ( senescence-
associated B-galactosidase , SA-B-Gal ) Y& {3 57| &
(G1580, 14 F AL 5t KR ERHCABR A ) | Anti-
S100A8 ( 15792-1-AP, Il H Proteintech Group ),
Anti-S100A9 ( 14226-1-AP, W4 [  Proteintech
Group) , Anti- Il & i€ It 25 1 (type Il collagen,
Collagen ') (ab7778, W I Abcam) , Anti-a-F- i
WULBh# H (alpha smooth muscle actin, a-SMA )
(AF1032,11 H Affinity Biosciences) , Anti-F 4L A=
£ K F-B 1 ( transforming growth factor-g1, TGF-B1)
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( 21898-1-AP, g H Proteintech Group ), Anti-
NLRP3( DF7438, 1l H Affinity Biosciences) , Anti-
IL-18 ( AF5103, Il H Affinity ) , Anti-Caspase-1/
P10/P20(22915-1-AP, J H Proteintech Group ) ,
Anti-p21 ( ab109199, M H Abcam ), Anti-pl6
(ab51243, W H Abcam) , Anti-GAPDH ( ET1601 —
4,0 3 2 Y EORAG R A W), PAQ il 51
(HY-100442 1 H MedChemExpress) .

4 A 3h A4 4k 4 B AL ( HITACHI, H &),
Precellys24 HWRE B A R HL ( Bertin, 5 [ |, 9656
i PCR Y ( ABI StepOnePlus, EHE), EAHE
Tk B ISR 48 ( BIO-RAD, 5 [ | 3 2T AMBOB Ik
BRAESGE (LI COR, L) | fif i 4% R s £ 4l AX
(Thermo Fisher Scientific, 3¢ [H) , £ ) gl 1L
(Thermo Fisher Scientific, 3 [® ) , ¥ P 24 2k /K
LB ERHL, 2 A sh A8 U) 7 HLA A 3h e @l
(Microm, 8 ) | B # (50) U1 A 3 Hr
{X(Olympus, FIA) .

1.2 FiE
1.2.1 Zh¥ordl SiEm

R BRI N AR SR 1T e PR B B A
BEALSY M IE 4 AN D-gal 21, BE4H 6 H, 2% X
kY D-gal 0K BT HRAE H — K B R 44 D-
gal (150 mg/ (kg « d)) , IEH 205 R SRR 9 A
PRERK  JEZE 8 JAl, S IIA] WA 2H R BURS i
ARAS, A B AR,

1.2.2  4ifEsssR Kb e

HK-2 4 jfd 17 10% FBS i) DMEM/F12 }55%
A 37 °C 5% CO, AMEHFA MR FE . H,0, 1
RS T A AR AR S i e
HE 47 BE W #5 ( methylthiazolyldiphenyl-tetrazolium
bromide , MTT) 545 , 27 SCHk'™ N 28 925 H,0,
IR . BEIEKE HK-2 4145 4 Fh 7S FLAk
TR TR B 80% ~ 90% J 4y R 3 Ul a8
M40, H,0, 4 F1 H,0,+ S100A8/9 1 5] PAQ
(H,0,+ PAQ) 4, PAQ ¥ 4 50 wmol/L™ | &
43 S AL, LRI 48 h,

1.2.3  ZERE R 5 PCR(qRT-PCR) A&

BBUiE R B 2, fd T TRIzol 2542 HROK B
U2 RNA JF I8 B RNA R B FNSEEE R
e SR & mRNA 3% 5% 5% eDNA | fifi ] SE i
PEGE R PCR UK cDNA #4174 34 L) GAPDH

VENARES BEIEAT A 2 1, SR 27 BT
KEEFAL P AEE H P EER mRNA FHXF R KK
Vo BERGIYFIHmA TAY TR (L
) ARRAFIRIIFE (R 1),
&1 qRT-PCR 51975
Table 1 Primer sequences for gRT-PCR

mRNA £ Fk SIMFHI(5°-37)
mRNA name Sequences of primers(5’-3")
F:TCCTGGTGATGTCCGACCTGTTC
p21
R:GCGGCTCAACTGCTCACTGTC
F:GAGGGCTTCCTAGACACTCTGGTA
pl6
R:AGATACCGCAAATACCGCACGAC
F:CCTTACCATCATCACGCTGGAAGAC
p53
R:AGGACAGGCACAAACACGAACC
F:ACCAAGTTCTCTTCATTGACCAAGG
IL-18
R:TCCGGGGTGCATTATCTCTACAG
F:ATGAGCACTGAAAGCATGATCCG
TNF-a
R:AGGAGAAGAGGCTGAGGAACAAG
F:GGCACAGTCAAGGCTGAGAATG
GAPDH

R:ATGGTGGTGAAGACGCCAGTA

1.2.4 SA-B-Gal Juf2,

W BT Y R BB H 2R VKR U0 R, R R
Uil A5H SA-B-Gal [# & ¥ [ 30 min, RFLLLFE
SEHALLUNE, H PBS FEAMEE T, A
SA-B-Gal B, PR & BT E B 1k 2% %, 37 C
EE R, S g R S OGS B U T SR
HEOF T 2 20 B L 191
1.2.5  REE DIBEAH TR bR I

W25 2H R SRR I J BB, 3 5 1LV 4% BRI
R &t A 0 T4 A 3l AR AR 2 B ORI K BRI
A R Z A (blood urea nitrogen, BUN ) HI JJL i
( creatinine, CREA) & &,

1.2.6 ELISA #i

A 2% 2H R BRUBRR e I WA R AR A IR £ 2
Z1UE TR BT AL A) I 2400 | 4 48 4 1 50 R
F 6000 r/min 5.0 5 min, B H FVE A, AR 45
ELISA 127 0150 B e 0 4% 28 K BV 2 2 1
EALY) B AL ( superoxide dismutase, SOD) | 11 %8
1k & B ( catalase, CAT) 2 e H Ik i & Ak 9 i
( glutathione peroxidase, GSH-PX ) F1 N — &
( malondialdehyde , MDA ) J& {4 7K -
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1.2.7  REE HLH
species , ROS) 7K

K] DHE e (a7 | h 3 5 fif 1) R B 2H 21
VKRV A, FHBCAF A9 DHE ¥, T 37 CHROEIEE
20 min, PBS Fo/r e T, AT/ 4 6-—
JIRFE-2-FKFE 5[ W (4 | 6-diamidino-2-phenylindole
DAPI) I, BEEIFE 10 min, 7E2EE B i T
£ fdi Image-Pro Plus 6.0 A5 B ROS R 3K
K
1.2.8 Western Blot 74T

B B R BUE A TRIR Y B L A
it , AR R R & B B EOR IR IV A BB A, JF
MFEA AT E B, ISR 5 25 0 AR
SR TN A T P e J P UKk 0 15, B I A 0 A i i
PRI K BEIE I 1 2R e B B IR 4T 4E R
LT 3% 4 1E HEH WD =R E A 2 h,
09 5 % B4 B9 Collagen I, a-SMA | TGF-B1
NLRP3  Caspase-1/P10/P20 £l IL-18 2544k 4 C
MR R, BRI 2P0, 5O YRR
W —PUERIFE 1.5 h, PRI 24000 — ¥,
B E T Odyssey I ZLAM AL IHOE UG R 50 Ltk
178 o s, Rl 25 H 8 1Y Rk KF-
1.2.9 REUE B UL

B KB HLVE T 10% hE P b EE , 4
A AR YRS AT IR KRR AL (HE) YL
Masson Je {0, WL B H UL A48 4k, 1 F Image-
Pro Plus 6. 0 #B{FTTH5H A S 24 e A e
FE., BHNAYACRE = WAL 4 G R
B/ B HL B x 100%
1.2.10 HEFOLYf

PO R e T, 28 B 2R I i 3 P
J& , iR B (9 S100A8 F1 S100A9 Bk T 4 °C
JFE A, PBS YRS INTOE — 81,37 CHHE
1 h,PBS PRIk, N DAPT E a3t R, T2
A AL, ffiF Image-Pro Plus 6. 0 X115
B 441N S100A8 F1 ST00A9 F FHPEF AR
1.3 SitESH

v B s 45 R ¥ SPSS 22. 0 Fl Tmage-Pro
Plus 6. 0 ZX 317 A0 28, B8 LAV 3MH + brifE 2z
(% £ 5) 2, A RIE LR IS A ¢ K
ZHRLBCR AR HE R T 2508, LLP <0.05
2 BT BENE,

P %8 ( reactive oxygen

2 #R

2.1 D-gal KR BHAARTEZIBERMNALRFIE
FHIRMm

il 1 FrR, D-gal LSS 8 A, 5IEW
2 HH, D-gal 2H KBS 2140 SA-B-Gal Ge (ot ¥
KR A €0 BE M X 8, 4 R s 2 AN i g 3 i (P <
0.01) ;3F H D-gal 4 KR 'E AL EILA p2l,
pl6 F1 p53 mRNA FRikH W EFH (P < 0.01),
HE YL (025 5 B R | 1E % 41 K B /N Bk gt #y o %
THMT, A MOE SRR B/ NVRER I R/ INE 5 B /I
B R, LR 2 2544 S # T D-gal
ZH R BB /INER TR R AS R | 22 30— 7 ) 22 4
R SR B /DN S Js 4 O NS A T A DL Y I
WO, AN A R G 146, HED) 2= 6L, Masson G4 @
R IEH KRR b i R LA D 2R b B
%, D-gal 20 BRI A S R 21 24 Ak 20 2 T R
KR AT B ME (P < 0.05) , DA L4
R D-gal 2 FIERTRINASKRE =L,
2.2 D-gal XX R % Ih 88 i 4 #5 #5 ( BUN,
CREA) By

PE— A T 1L BUN Al CREA A9 &5 i
DIPEAN K BUE D Re 616 O, 5 1 % 4 th ¢, D-
gal 2] K BUIMLTE H BUN A1 CREA & & & EF+
(P<0.05), KRG =EFEKEE/NKIELT R
( glomerular filtration rate, GFR) 5%, "B T g 32 i
TRE(E2),
2.3 D-gal AR BEHLAMANIER ( CAT,
GSH-PX.SOD MDA ) #J&0

{1 ELISA J7 A6 I K B 20 4019 SR 1k 1
WK, 5 1F 8 20 AR, D-gal 4019 CAT , GSH-PX
1 SOD {G M B 3E TFHE(P < 0.01) , MDA Jfi 14
HIn(P <0.01) (K 3), VL ELERFEH, D-gal iF5
SRERE =R EH ST AR RE FIREAIR,
2.4 D-gal X KR BEHLE ROS =AM

BB R R BB AL 2K ZR Y R 5 4T DHE %%
(K 4) REEER BN, 5IEF A A, D-gal 41
KEE ALY ROS FRBIEHM(P < 0.05) , 4
NEEEFEAHLN A A ROS,
2.5 D-gal ARBALAFEUXBEARIE
KRN

SIEH YL, D-gal 41K BUB 4 rh 27 44k
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. HIE#HEMI, P < 0.05, P < 0.01, (FEM)

1 REUF LRI p21,p16,p53 mRNA 22 5 335 FIZH U FL2A 4521
Note. Compared with control group, *P < 0.05, *P < 0.01. (The same in the following figures)

Figure 1 Differential expression of aging genes p21, pl6 and p53 mRNA and histopathological

results in rat kidney tissue

2 KFUME BUN 1 CREA £ &
Figure 2 Contents of BUN and CREA in serum of rat

FRi&# Collagen M, a-SMA Fl TGF-B1 Y& H %

IRHIEI(P < 0.05) (B 5) . ] D-gal %5+
J R U A 2R AT AL AR B R
2.6 D-gal W RKREHL S100A8/9 URENF
#) NLRP3/Caspase-1/IL-1p & i& X< & E F R ix
Sap=A

HIEE A, e s G R D-gal 41
KEELH L P2 964 B S100A8 H1 S100A9 1 B
PERIBRFWEM(P <0.01) (E6),

NLRP3/Caspase-1/1L-18 {7 & i@ % 2
S100A8/9 1Y T~ Eid i = — , Kl 1 23 % | OC
[H-¥ NLRP3, Caspase-1 & TL-1B 2K 1 # kK
. MNE 6 HFEH ,Eﬁﬁéﬁﬂﬁﬁ,D—gal ZH KB
NLRP3 Caspase-1 Fl IL-18 & i B (P
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B3 KEELZ CAT GSH-PX SOD Hl MDA it
Figure 3 Contents of CAT, GSH-PX, SOD and MDA in rat kidney tissue

B4 KEFHZROS Yefhsh

Figure 4 ROS staining results of rat kidney tissue

B5 KE'EHL Collagen Il .a-SMA F1 TGF-B1 2 H KKK
Figure 5 Protein expression levels of Collagen I, a-SMA and TGF-B1 in rat kidney tissue

<0.05,K6B),
2.7 S100A8/9 #] &l 7 PAQ Xt H,0, F S
HK-2 s E = ZEER N

R T 20 B A B 2 B S100A8/9
1/ 5 NLRP3/Caspase-1/1L-1B 48 4iFt 2% Bk i
N BRI H,0, #8 T HK-2 Jii ks
ERRL A S100A8/9 #liHilF] PAQ 47+, Wi

B HG 3 2 20 it B A G I s e, an il 7
7 MTT 5250 8 AR B2 A 1000 pumol /L
SA-B-Gal L5 R /R, 525 A LA, H,0, 4
LM B (P < 0.01),p21 Fl pl6 HH
IR (P < 0.05) , RAEHF 1L-18 1 TNF-a
) mRNA FEK P (P < 0.01) ;PAQ THil)5
H,0,+ PAQ 4 &A= AL (P < 0.01),
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1 A:S100A8 F1 S100A9 FI e 7 Y4 A ; B: NLRP3  Caspase-1 Fll IL-18 & H # kK,
Bl 6 KEELHL S100A8 SI00A9 Jz NLRP3/Caspase-1/11-1B i i b 3HH [ 4k 2 5
Note. A. S100A8 and S100A9 immunofluorescence staining. B. NLRP3  Caspase-1 and IL-1f protein expression levels.
Figure 6 Expression difference of key proteins in SI00A8, SI00A9 and NLRP3/Caspase-1/IL-1p

pathway in rat kidney tissue

p21 Fil pl6 A FKIEFEML(P < 0.05),1L-18 Al
TNF-a () mRNA FikACEH B SRR (P < 0.01)
2.8  S100A8/9 #] #l F PAQ Xf NLRP3/
Caspase-1/IL-1p i# 2 #2201

meE 8 fran, S A, H,0, diY
S100A8 F1 S100A9 ¥ FEIBHEM(P < 0.01),
i NLRP3 2 (1R B3 (P < 0.01),
Caspase-1 Fl IL-18 WY EE IR X B m (P <
0.05) ;5 H,0, 4%, Jin A S100A8/9 417 il 5

PAQ J&,H,0,+ PAQ 20 A9 SI00A8 F1 S100A9 1)
E AR ERIR(P < 0.01) , [FH} F i NLRP3
HEHFIRFMR(P < 0.01) , Caspase-1 5 1 £ I5 %
flR(P < 0.05),1L-18 & HRL B EFRM(P <
0.01),

3 it

FIRT 1 D-gal 3755 (1 3l 4 i ok e A 7 2 3
EPIR YR R A  R )2 0, AEET H AR
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AR H,0, Xt HK-2 177G R A0 B, SA-B-Gal e ;C. p21 M pl6 & [ FEKF ;D REEKF IL-18,
TNF-a mRNA Fik7KF ;5 0 wmol/L H,0, #LL," P < 0.05," P < 0.01; 5 HAAMIL,*P < 0.05,“P < 0.01; 5 H,0, 41

MH,"P < 0.05,"P < 0.01, (FEIF)

B 7 S100A8/9 #IlF PAQ XJ H,0, if5 (A HM B 5 Y (14 52 )

Note. A. Effect of different concentration of H,0, on survival rate of HK-2 cells. B. SA-B-Gal staining. C. p21 and p16 protein

expression levels. D. mRNA expression levels of inflammatory factors IL-18 and TNF-a. Compared with the 0 wmol/L H,0,, * P

< 0.05, " P < 0.01. Compared with blank group, *P < 0.05, ®P < 0.01. Compared with H,0, group,"P < 0.05, "P < 0.01.

(The same in the following figures)

Figure 7 Effect of SI00A8/9 inhibitor PAQ on H,0,-induced renal senescence model in vitro

LA A O FERTHE FNBE R, D-gal 75510 sh A 7Y
FEAS LS50 R A | BIE /N AR R e, Bl
)4 BN 225 B IR AT MU A B R
T LR REAR AT 22 R ARHEE R A
D-gal J7 {5 b K B o B AU ik A1 1)
H,0, ¥4 & HK-2 40 i 5 2 A #% S100A8/9
K H A S ) NLRP3/ Caspase-1/1L-1B {5 518 & 7E
KEE T2k,

ARSI ZE R R, 5 IE R 4 A, D-gal K
SELHEP p21,pl16 Rl p53 mRNA 723k i 5 4,
REMME L X5 A G GE — 3P B
EREEAEPRAE S Z I W E , o kY
PR S B RE MR AL FE A S I v, AL 2
JEA A MELE] D-gal KEUE/NERA —E R
ZE45 B /)N A S R N AR RS G R A A TR
e 4R I R R R AT A, S R
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Bl 8 S100A8/9 #5 PAQ X+ NLRP3/Caspase-1/IL-1( 3 & f 5217
Figure 8 Effect of SI00A8/9 inhibitor PAQ on the NLRP3/Caspase-1/IL-13 pathway

e B PRAE | B D-gal KA AR B ThREZ M,
B DIRESZ Y 75— bR e GFR BYREAIE, I R L
BUN Fl CREA J& ¥4 GFR ()5 & Ar &9, 4
GFR B Z AT ( = 50%3# /) , BUN fil CREA
F4 I PP e B 2 I S AR ST 4G SR R D-
gal 20 KBl BUN #il CREA & 838, IE52 T D-gal
KB E DR, 2T 5% 2 B KA ] D-
gal PIHENNANAL PN ROS Y 7= A= 20  mT 4D AR
TEIRASTT P A G ZEELR B 47 , 38 n Sk Rz
W R Rt AR KRR RE SN R BN
¥ AGEs MDA .ROS . NO F1 NADPH “& 1k i 7K °F-
#ain, SOD . CAT H1 GSH-Px 7KF T B, i 1k
REJTRRART AR L5 UESL T D-gal KRB BT
AL RS (U CAT .GSH-PX  SOD 5% F %)
AR SEAL N B W) (4 MDA ROS ¥ i) 4 2
L, BEAN , ROS A B8 NN 98 S S5 W 38076 25 3 8
B LR Ak i A J Y AR IE 45 R R D-gal K
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[ Abstract] Objective We explored the anti-depressant activity and mechanism of arecoline in vivo in a
mouse model of depression induced by chronic unpredictable mild stress. The aim was to explore the possible
mechanisms of action, providing experimental evidence for further research into the health benefits of arecoline and
theoretical support for the scientific development and utilization of this resource. Methods Sixty quarantine-qualified
SPF C57BL/6] mice were divided randomly into a control group, model group, fluoxetine group (20 mg/kg), and
arecoline low-, medium-, and high-dose groups (10, 20, and 40 mg/kg, respectively) according to body mass (n =
10 mice per group). The effects of arecoline on the behavior of the mice were evaluated by open-field, tail-
suspension, and forced-swimming tests. Serum corticosterone and serum and brain levels of superoxide dismutase
Malondialdehyde ( MDA ), catalase ( CAT), 5-
hydroxytryptamine ( 5-HT ), and norepinephrine ( NE) levels in brain tissue, and dopamine ( DA), gamma-

aminobutyric acid ( GABA ), tumor necrosis factor ( TNF-a ), interleukin ( IL)-10, IL-1B, brain-derived

(SOD ) were detected by enzyme-linked immunoassay.

neurotrophic factor (BDNF) , tropomyosin receptor kinase B (TrkB), and ¢cAMP-response element binding protein
(CREB) were detected by Western Blot. Results

speed of the model mice in open field tests and increased activities, and significantly reduced the immobility time in

Arecoline significantly reduced the total distance and average

the tail suspension and forced swimming tests. Arecoline also significantly decreased serum corticosterone levels,
increased SOD and CAT, and decreased MDA levels. 5-HT, DA, NE, and GABA levels were significantly
increased, and the cytokines TNF-a, IL-6, and IL-1B were significantly decreased. Expression levels of BDNF,
TrkB, and CREB in the brain tissue were significantly increased. Conclusions Research has found that arecoline
has a significant antidepressant ability, and its mechanism may be achieved by reducing oxidative stress damage,
inhibiting neuroinflammation, regulating neurotransmitter balance, and regulating the BDNF/TrkB/CREB signaling
pathway. . This study explored the antidepressant efficacy of arecoline and preliminarily revealed its possible regulatory
mechanism, which can provide data support for the neuroactivity of arecoline and lay a theoretical foundation for the
development of arecoline as medicine.
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arecoline ; anti-depressant; oxidative stress; neuroinflammation; neurotransmitters
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HERRHR (L5 . A14660, Wy [ [ = A LR
AR A ; R IGIT A (5 :202109102,
FUAE  BER 10 me, W E H M U254 BRA ) 5 #EAR
AW Ak i ( superoxide dismutase,SOD) | N [
( malondialdehyde , MDA ) | 11 %A fk & i ( catalase,
CAT) JZJH i ( corticosterone , Cort ) 857 & (L5 .
A001-3-2, A003-1-2 . A007-1-1, H205-1-2, Il [ Fg
TR AEY TR IL-1B IL-6  TNF-o 57 & (it

2. H002-1-2 HO07-1-2  H052-1-2, W4 [ g 50 & %,
YT ; Z B % (dopamine, DA) [ 5-HT NE -
ZFHE T R (y-aminobutyric acid, GABA ) 355 & (it
5 H170-1-2 \H104-1-2 'H096-1-2 H168-1-2, 4 [
B AR Y TS ; TrkB Hiik (Ht 5. 28205-1-
AP 13129-1-AP, Il H Proteintech Group) ; P-TrkB
YUk (41t 5 ; AB229908, ) i Abcam ) ; CREB , P-
CREB ##& (4t 5. 9197 .9198, g [ £ [ Cell
Signaling Technology ) ; HRP #5 ic B9 1l 3 $T % .
HRP Fric 89 1240/ B (5 111-035-003, 115-
035-003, 14 H Jackson £ %) . Behav #1171 4
MR GE (S JLbehv, g [ |3 5 B R A R
T s HL T ROE (RS ME2002E , I [ AR 4 5 2

Al
1.2 Ak
1.2.1 5%

SPF gl C57TBL/6J /MR 60 H R 4 14
LT R 6 A, 43 R A A AR P TT
2H (20 mg/kg) A M6 A AR 57 B 41 (10 mg/kg) A2
AR R 4t 2 (20 mg/kg) AR B8 55 77 4k 4 (40
me/keg) B 10 H, WER 1 Fros, 768 0K 2 A1,
ANEAE 1T ) B R] R 1 B0 ) 15 it PN 1) B AR
Sas A A, g/ NRTE 14 d WK BEVLEEZ 2
~ 3PS RIS AR AN SRAL FE SR B 1k i
FEA R TR N R AN 3% S it R i S AT
T, FERCI A R0 AT HE B 45 2, S AL
BERYL 2 T 55 1 2R 0B /K, FoAth 20 25 7 AH N 245 TR
EIRR R 20 mL/kg, B H 19K,

1.2.2 3R Ea 6 s

LG 14 d JFHATIT RSN

037450 ( open field test, OFT) : 452 14 d J&5
KR 25 )5 30 min, H Behav i¥17 M0 # R 48,
R B 6] 47 10 min, SEG LRI R AR 00 /)N BRI
A IRAE e B IE R U S 56 M [F]— 137 & 7] —
AN R EE /0N BRUE DU B ] PN ) 955 Bl
THOL o

2 B KM (tail suspension test, TST) : /)y il
OFT WK H ,#47 TST, SLEFF IR, A i i/
SR BLEARAL, LA SRR — e B R, Wz
FUNERURI B A 7 S 56, B3 7 H 3l 4 18] 75 AN 2 B
PR bR, SCEEESE A 6 min, id 55 4 min /D
SR B[],
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R MEVEA UM S 1]

Table 1 Schedule of chronic unpredictability stress

F 18] Time 1A 5 3 Molding method EL{ARA}E] Specific time
9:30 ~ 21:30 Hi4f;
H1R A 12 h + B 12 h 21:30 ~ 9:30 fii%
Day 1 Bind 12 h + dump cage 12 h 9:30 ~ 21:30 bind;
21:30 ~ 9.:30 dump cage
8:30 ~ 2030 £5 1,
EPBN AEEL 12 h + 1% 12 h + BRI 21:00 ~ 9:00 MR
Day 2 Fasting 12 h + wet cage 12 h + day and night reversal 8:30 ~ 20:30 fasting;
21.00 ~ 9.00 wet cage
8:50 ~ 9:00 VKKK ;
9.00 ~ 21.:00 ##iA ;
ERDN VKKK 10 min + B4 12 h( 22 30 min) 9.00 ~ 9,30 M
Day 3 Ice water swimming 10 min + stroboscopic 12 h(noise 30 min) 8:50 ~ 9:00 ice water swimming;
9:00 ~ 21:00 stroboscopic;
9.00 ~ 9:30 noise
8:30 ~ 2030 £8K;
HaR BK 12 h + 256012 h + BRUBE 20:30 ~ 8:30 5 fr
Day 4 No water 12 h + fasting 12 h + day and night reversal 8:30 ~ 20:30 no water;
20:30 ~ 8:30 fasting
8:30 ~ 2030 fii%;
EIRIPS A 12 h + % 12 h 21:30 ~ 9:30 4f
Day 5 Bind 12 h + dump cage 12 h 8:30 ~ 20:30 dump cage;
21:30 ~ 9:30 bind
8:50 ~ 9:00 PKIKWEVK ;
9.00 ~ 2100 #i[A ;
EAPN VKK WETK 10 min + J5A) 12 h( 3 30 min) 9:00 ~ 9:30 M
Day 6 Ice water swimming 10 min + stroboscopic 12 h(noise 30 min) 8:50 ~ 9:00 ice water swimming;
9.00 ~ 21.00 stroboscopic;
9:00 ~ 9:30 noise
8:30 ~ 2030 £8K;
X . .00 ~ 9.00 JIA ;
. #9K 12 b+ HiA 12 h( ¥ 30 min) 9:00 ~ 9:00 JiA;
S No water 12 h + stroboscopic 12 h 9:00 ~ 9:30 B
Day 7 o wate SCopIe 8:30 ~ 20:30 no water;

(noise 30 min)

9:00 ~ 9:00 stroboscopic;
9.00 ~ 9.30 noise

R 38 7 UK RS (forced swim test, FST) ;7N B
TST WK H ,i##47 FST, 2567 M A K IR, R
23 ~ 25°C, KRS I TR, SC
FE] 6 min, 035 4 min P/ BT vk s ] LA
St AN AR R AR
1.2.3  FEARWUEE S A bR b

FE FST 45 35, % A /N BRGEEAT R L
PFxX Bk S AE 4 °C 13500 r/min F 250> 10 min
AT . BB L BAEALRAEAE-80 °C N LAE
HE—0 0. K ELISA #0013 7 Cort & 2,
I35 ARG ZH 21 SOD MDA CAT [ , 46 I figg
HLUR R 2838 [ 5-HT . DA NE ,GABA UL K R4
KAF TNF-a IL-1B | IL-6 HJ7KF

1.2.4 Western Blot 73#T

{1 FHZAL AR 22 MR B AR 1 0, I b 70 W T Tl
T390, 0 O 4 T 2R SR AR, T B 0k 2
WAk, 2% MRS WTE 4 C LA 12 000 r/min
B30 15 min, ISR & B A & =0 LIS
S AR I BURE A (30 pg) 7E 8% 1Y SDS-PAGE
HEATHLUK, LUK AR MR AR S 90 V, 24 20 min;
B IE 120 V38 i T YL 25 1 Marker SR A & H UK
P IRm e, BEJE, B R A, AR ki =
PVDF I |- ¥R 44 F 300 mA 1H i, 0. 45 wm fL
12 PVDF i #5 B E] 60 min, SR )5 5% FY) BSA-
TBST #iBs—Pife 4 C TN HE S, Mtk r s
G FEE R, WE S, H TBST YE3E 3
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W IR S IeG(H + L)HRP(1 : 10 000) ,
FIEMFE 1 h, Western Blot 2558 1+ % e A% 5=
Geb AT R, T Western Blot [ 7] 404k 5 B
Wi, B, R Tmage J 3K (BRAR 6. 0) X 2571
(&5 AT 04, 3T L) B-actin SN BARE R
FHXS FRIB KT AT I —fhAb 3
1.3 SitZEaH

i FH GraphPad Prism 31 (BRA 8.0.2) 1E
B, it SPSS B F (hRAS 25.0) #4741t b
AR £ FRE2E (& 25 ) Fom, R
B TT 2250 T v 45 A B (AT B A LA SR )
K H Fisher /)M 3 25 5795 (LSD ) =5 J5 K 56 L
B, PP <0.05 HESHA BEE,

2 H#R

2.1 iEEEHEIT/NREY 5 E EEEMm

WE 1R, 5o 4 R BRI /N B %
TR ISP 247 3 5 0 2 T H i (P < 0..01) , 177 1% sh 8k
BEWA(P < 0.01), SERIH LA, BIETTH
ATE RS 2E /0N B AR ST 450 8 B I S AR (P
<0.01), G RECE EHM(P < 0.05 3 P <
0.01), Z5FFH AP T 0 F /N BINAR AL T
A T
2.2 tEEREERT /N FRE R N 5R I8 i ik iE Bh B i8] By
=AU

WE2 R, 5% HH B4 /N BUTST

T A AL, P < 0. 01 SERATLL, * P < 0.05, ™ P < 0.01, (FIER)
B 1 #ARsT /N OFT AU (2 £ s,n = 10)
Note. Compared with control group, *P < 0.01. Compared with model group, “P < 0.05,™ P < 0.01. (The same in the

following figures)

Figure 1 Effects of arecoline on OFT of mice (x £ s,n = 10)

2 FEABHEXT /N ER TST A1 FST 36 s Bl 0 (2 = s,n = 10)

Figure 2 Effects of arecoline on TST and FST activity time in mice (x + s,n = 10)
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ANBFE] S E T (P < 0.01) , FST A gl i) [a] B
W, SRR A, PG T 4L/ B TST A3
B [E] A FST AN Sl [ 2 8 2 TR (P < 0.05,P <
0.01) ;KA AK 751 12 41 /N B TST A3l B[] f 3%
B (P < 0.05) , BEApAg 45 5 4 /N Bl FST AN 30
] B AR (P < 0.01) o 45520 A ]
e /N BUAE TST A1 FST 3R, A 46 28 41 Al R
14,
2.3 IEMBEEIXT /SRR M E R RIS AR A BN
WE 3 s, 525 4 i, B4 /N R
Cort MDA W24/ (P < 0.0001) ,SOD ,CAT &
FHW (P <0.01,P <0.0001), SR 3L,
FPEITH /NN TS Cort . MDA 3 TR (P <
0.001.P < 0.01),SOD, CAT B E T} & (P <
0.01.P < 0.05) ; #EMEHRAL , b & 58 & /)N B Cort

BEMEAL (P < 0.0001) MDA fZE[EME (P <
0.05.P < 0.05.P < 0.001) , BEHEHIAK 72577 21
/NELSOD BEHEHN(P < 0.01.P < 0.001) , KHip
BTG, b R N B CAT B (P <
0.001.P < 0.0001) , 455RFH], FEABHL T 15 Al 2
FHRE AR IN R L P ALK
2.4 FERMREENT /)N BR AR B R AL BB FE AR A B2 N
SEIRE 4 FR 525 A i AR /N R
MDA EHHI(P < 0.0001),S0D CAT i &
(P <0.0001), SR A, BPETT 41/ R
K24 MDA .3 TR (P < 0.001) ,SOD .CAT i
FETm (P < 0.0001) ; AEMPHRHAR | | e 55 2 /) Bl
MDA i FE AL (P < 0.01, P < 0.0001,P <
0.0001) ,AEHBHRAL | | 70 2 4H /) Bl SOD 2 2%
HAn(P < 0.01 P < 0.0001 P < 0.0001) , KEHETH

52 AL, P < 0.0001; SHEFIALMIEL, ™ P < 0.001, ™ P < 0.0001, (TEIR)
B3 e/ UL I SN AS PR RN (& + 5,0 = 10)
Note. Compared with control group, *P < 0.0001. Compared with model group, “* P < 0.001, ™ P < 0.0001. ( The same in

the following figures)

Figure 3 Effect of arecoline on serum oxidative stress indexes in mice(x + s,n = 10)
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B4 BT/ UK 2L A SR FRREIE (2 £ 5,0 = 10)

Figure 4 Effect of arecoline on oxidative stress indexes in brain tissue of mice(x + s,n = 10)

B FIEA /N CAT B EWIN(P < 0.001 P < ZJAJfY 5-HT . DA NE 25 B Jji 2% Jh 28 336 I e 8 Ui
0.0001) , Z5H B, A Mpm T 90 ) 4R B i nTRES S EUMAREEIR A9 & 4L, GABA th 2 5
RIS BRI P B A AR B 7 FE I SR A R OK TIEg R R 5255 A4l R, RN
2.5  FEEBE XS /I B AN 40 4R 461 4255 R A B Ml DA NE 5-HT 1l GABA ¥ FEAL(P < 0. 0001,

UnEl 5 s B R 2 A 2 AR R, AT P <0.05.P<0.001,P<0.0001), SR

W52 HAMI, P < 0.05,"P < 0.001, (FEIF)
5 KEHRTE K ZHZR P 5-HT DA \NE .GABA HJ520i (% = s,n = 10)
Note. Compared with control group, P < 0.05, " P < 0.001. (The same in the following figures)
Figure 5 Effects of arecoline on 5-HT, DA, NE and GABA in brain tissue(x + s,n = 10)
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A ORPEITA /MR 5-HT B8 (P < 0.001)
DA NE Fl1 GABA 24 BT 7ty s A RIS | 5 71
/MR DA 1 5-HT B ZE (P < 0.001.P <
0.0001 .P < 0.05 P < 0.0001) , K HBH 5 1) 5 2
/N NE Fl GABA T (P < 0.01. P <
0.0001) , #5543, B2 ABA T 7 v] 3 i b 3% 42
TN BB P e 28 8 BT R I K T S 3R B e A AR

2.6 HEMEBEEXT /)N BR Ao 2H 28 40 Al [ F A9 82 A

YA PR 1 14 7K S 2 A P AR E 19 B 4S
B2 WE 6 Fin, 545 FTALA H, R4 /N B
MZH 2 TNF-o IL-6 IL-1B 7 & i (P <
0.0001) , SHEERIL] He g, A ap i b | s 751 4/ B
TNF-o F5 B E K (P < 0.01 P < 0.05) , KA
BB ) B A/ B TL-6 IL-18 7 i EREAR (P <
0.001 .P < 0.0001),

B 6 HHBHIATINZHZ T TNF-o IL-6 FI IL-1B BYSEMA (x + s,n = 10)

Figure 6 Effects of arecoline on TNF-at,

2.7 tE#PEEXS /N R A 4H 42 BDNF/TrkB/CREB
EES BB

mE 7 R FR , 525 AR BRI /N R
021 N BDNF/B-actin {8 . P-TrkB/TrkB FUAE
1 P-CREB/CREB . i &K (P < 0.001.P <
0.0001 P < 0.01), SHIARILLAH L, A5 ARGk =5 711
AR FIE BDNF 8 H#RA (P < 0.05) 5 %
POYT RS A v 55 2 ] 3 R P-TrkB/
TrkB FfE (P < 0.0001.P < 0.01.P < 0.0001) ;
FPETT4 Al S 8 P-CREB/CREB HL{H (P <
0.001) , BEHE Bl =5 77 £ 40 P-CREB/CREB U {H A
Pt 2 4 S 3 B R R0 0T 10 /0 BRL A el
Y I AT fig 5 HxF BDNF/TrkB/CREB {5 51 % 1
PRI YIAE G,

3 it

FVHRAE S — B UL ARSI , H A BIL A
S22, HETRY R i il 3 245 T - K-
% (hypothalamic-pituitary-adrenal , HPA ) %l D1 GE
SRV BLE | FA R B P 2 S B | 34 AN R
AL S UG DR 45 #4 R  BE ER EAR E DA BeAt
S HREAR YL SR RK LE R UL AR B # RN BE 5T

IL-6 and TL-1B in brain tissue(x + s,n = 10)

A BEAIAE 95 BREL R V8 22 WL 2 AE A4
14, I L — 240 A S 780 g i DX A R 1 9 B A Ak R
JEDMAREHALS ) BAR SR =R 2 |
VEFEIE 5-HT K NE PR Bl e 2z T4
BRAE A R TY o H 25 BRI i A B o, I HL
oy BT R IS IR RN AN | H A ML
AR, BEBBTINAR LS, FMeE S & HAb
— BBk L) 25 HAR P HAF A B PLImAERAE R, BT
TRRAWFITHYI 0 5 LR, [F o — 2 R
VS TETR YT B ORISR NS . ARDFSTE T CUMS #5EAY
Fay g/ N RAAIRAR IR | /I8 BRI AT A 2 K 00 4 S s
PERYZ 45 e 28 0 BRAL W™ 37 H 3206 Sl B 3%
/D, S R R ST 4 R I S AN TST A1 FST A
Sl ) G B i, SR ATy [ R 8 g A AR
B F 190, 345 3 R K50 2 4 i e AR R g 5
JiF B2 AR TST A1 FST AN sl i) i 25 A1, D
FE ARG T TR LA K B A LA RCR

HPA 1145 252 3800 1 7 2 41 AR AE & e
(ML 22—, EA IR, M3 Cort /K
VR Wt 25 34 HPA b S 19 58 10 A 550 )
FRICH ) R 5 A A X 3 — 38 I 1 8 2 K
N, ARSI 5800 5 T S5 Sl W I B i 4 2 Y
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A B EESS A B BDNF 2 3R 1K ; C. TrkB 85 FIRERR LK F-; D : CREB 3 R LK -
B 7 KHpsEsT CUMS /ML BDNF/TrkB/CREB 3# BB (2 + s,n = 3)
Note. A. Western Blot result. B. BDNF protein expression. C. TrkB protein phosphorylation level. D. CREB protein

phosphorylation level.

Figure 7 Effect of arecoline on BDNF/TrkB/CREB pathway in CUMS mice (x + s,n = 3)

Cort YRFE , 25 FL A | M MBAR T 790 1T {25 AR/
B Cort i, Metid S (L2 H MDA 1] H
S e A0 PN SR AR N SR R Y S — T,
SOD 555 CAT 3X 7% i i 7 4k 5 41 B B 404015 5
EA E B P A D R R B,
283 14 d BYRERRT I, /0N B P 0 A5 Ab A 6 il
SOD HI CAT i 1 . 35 $2 /&1 , 1 Ak N b B
MDA 7K-F- DU B R, i — 20 uE I TR A
EERNPUASRE T, AW SRR, AR
S A AR AR AL B 25 BB 50 2D /N AR P MDA )
R BB E /N SOD Fil CAT kK-, Hik
MBS Ak 7 A 473 BE 0 L SR P VT 5k, R I e
RBER AT A A T HPA il RE , % A A R s A
Kk BTN AR R, % 58 B B R U N, 5-
HT DA FI NE 55 B 5 4 28 36 5 19 it = J2 I IR

PIAIAE A AR AR B PR i g A /) B 4 40

Wizt 28386 it 5-HT DA NE 1 GABA , 45 530 |
AR 25 7] o 2 ol 3 14 /N B 5-HT F1 DA 5 &
HAERSRFHPGTT, [5) B A AR ak = 77) it 41 f 3 0
J/NELNE FT GABA B i, HARMBRS AL | v 2 1
T NE A1 GABA /K-V-FH i BB 5 0P8 VT T gl
RICI 25, AR BRI CUMS £
T ELAT Y BRI S o 225 JFOK S VR, il i
Z W} 5-HT DA \NE 1 GABA By ik/KF,
BEAfEN , AT ARV F AT 68 38 43448 1 X AR A
RETEAY 5ok, CHUY BF5E & B, A A0 v A
A0 ELAT A0SR A9 GABA SR ECD I VE T, RELIE
MEMPIA AT BEVE ] T8I & R 4, S Bl 2
W LR ZEKF BT AR s R 52—, #
ZRIEMBULIE 7~ FEMARIE (R R AR 75
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BREFIAE IR, PR RN
PR ARE YH A R F LA B 98 E /IMAS 1) 8 3L 2 ]
DIl & i 28 98 0E J2 0, 32 T 0 )4 A8 A AR 1 B
B, A HRIE FRA A2 5 | I T B 2 58 0E
Fh AV | [RIHRE TIL-18  TNF-ou 25412 4 20 Jitg [H]
SRR T iR = TS Rt N s el A R U 2 Wi I B
REREZS , 2 SIERRE ) & 4 k™ AR
b A AT AR BT I3 /s BB ZH 2R IL-6 \ IL-18 M
TNF-a FJ7K, SH AL AR L, B AR a5 77 4
2H (20,40 mg/kg) /Nl TNF-o 25 1 i 35 PR A, 452
ABARE ARG L L 3R /D BRUAY TL-6, TL-1B (110,20,
40 mg/kg) O i S 2 R I, 2 WA AR mR R 2 417 1)
P2 R RN V8T A 288 5 K P 38 B T AR 1R
FH o MRTE I 3R 1 BDNF &5 S5HMARSE % VA0
KB B A, 7R IAHL 2 2 e A2 55y T i
AR 5T R, AR /KF /Y9 BDNF S5 404R
RE B 2 B SE INAT 56, TokB A5 S8 S48 & T
G T B 1 X AMABAE (1) & A AL ] At AT 24
YRR A mE R CREB /E A —A4 &
B SR F, 2 59897 BDNF f3£35 &idiZ i
e, CREB il fbIf 5 BDNF i T I fi 45
A R E R Dae” . ARS8
HE— 2RI /)N BRIk 21 20 BDNF , TrkB . CREB %5
A, 25 R RN SRR A A L R A el e 77 e 4
A 3% 1 BDNF & R E (P < 0.05) ; B AR
o I AT B3 P-TekB/TekB HUfE (P <
0.01,P < 0.0001 ) ; A2 6 5 =5 77 i 2 P-CREB/
CREB HEA FTTHE . 1245 53 WA MR A ] 3 i
JE$5 % 26 21 BDNF/TrkB/CREB 155 538 % XA
NS EER

25 b ARHFSE R CUMS R/ B R 58 o)
OFT TST FST %547 Ay 2 V- 4 A A A XsF 4 A5 /)N Bl
AYAT A RENR 235 5 e BASE AR Bl 2L 5 8 35 BT AR %
YE, AW 2E SE B SR R 2 8 o AR R AL
55 H LT A AN B 7 | 0 2 AR L A
7 #h 2h JFA, A SR 45 BDNF/TrkB/CREB 15
S BRI, A AT GEPT AR 24, A AR A L
B ZWEAER X 0] B8 N F e XL G 16 9T O A
R F B ) — MBI iR, AR E IRIZ
1R AR ) BT A0 AR DAL ) 2P e s FL R RE Y
PRFEAILE] , P Ay e A A ot 2 00 M 4 R R S
FF AR 25 FH T % 25 5 RIS HEAt
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[ Abstract]

injury (ALI). We aimed to construct a model simulating clinical ALI-induced pulmonary fibrosis by repeated

Objective The progression of pulmonary fibrosis is a common clinical issue after acute lung
challenges with lipopolysaccharide (LPS). We then observed the development from ALI to pulmonary fibrosis, to
explore the possible mechanisms mediating the transition from inflammatory injury to fibrosis. Methods Mice were
treated with LPS (1, 2, 4, 8 mg/kg) intranasally to induce ALI. At 7 d, 14 d, 21 d, 28 d, 35 d, and 42 d after
modeling respectively, a-smooth muscle actin (SMA) , collagen 1 (Col-1) , and hydroxyproline levels in lung tissue,
and collagen fiber deposition were observed by Masson staining and compared to determine the process and degree of
fibrosis formation in different modeling method. Expression changes in interleukin (IL)-1f, tumor necrosis factor
(TNF)-a, and transforming growth factor ( TGF)-B1 in lung tissue at each time point were detected to explore the
mechanisms of fibrosis formation. Results Treatment of mice with 1, 4, and 4 mg/kg LPS for 3 consecutive days
(M-1 group) result ed in a stable ALI-induced pulmonary fibrosis model. Masson staining showed that a-SMA, Col-
1, hydroxyproline, and collagen fiber deposition in the lung tissue began to increase in M-1 group mice in a time-
dependent manner after 7 d. Collagen deposition in the lung tissue interstitium was significantly increased at 21 d post-
modeling, and fibrosis indicators were significantly increased at 28 d, compared with control mice. Collagen
deposition continued to increase until 42 d. Hydroxyproline and collagen fibers in the lung tissue in the other model
groups with different doses and hit times did not increase significantly compared with the control group. TGF-B1
expression detected by Western blot began to increase gradually 14 d after modelling in the M-1 group, and was
significantly higher than in the control group at 28 d. The pro-inflammatory cytokines TNF-a and IL-1B increased
significantly on day 7 (acute phase), and TNF-a expression continued to increase until 28 d, while IL-1B3 gradually
decreased after day 7. TNF-a and IL-1B in the lung tissue both continued to decrease after the acute phase in the
other model groups without fibrosis. Conclusions LPS 1, 4, and 4 mg/kg for 3 consecutive days can be used to
construct an ALI/acute respiratory distress syndrome-induced pulmonary fibrosis model, via a mechanism that may be
related to the sustained high expression of TNF-a regulating TGF-B1 to induce fibroblast activation and proliferation.

[ Keywords] acute lung injury; pulmonary fibrosis; lipopolysaccharide; inflammation; model
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5255 1 AB270993 , Il [ £ [E abcam A F]) .
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LPS(1.4.4 mg/kg) 1A, FL A 15 A5 75 7% [R) 55 50
(1), Con ZH B i 2550 19 A BEER /K, - A1/ B4
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0.01. (The same in the following figures)

Figure 1 Changes in body mass of mice in each

group(x = s,n = 5)
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Figure 2 Changes in the lung index of the mice in each group (x +s,n = 5)



852 [ SEEG B YR 2025 4F 6 55 33 %5 6 ] Acta Lab Anim Sci Sin, June 2025, Vol. 33, No. 6

D M-5 1B FT 5 05 =X, WLEE RS ) P fili 4] 21 4R &
Wb T 2R ARAE BN I i 8 5 B J B AT
2.3 MALREFNEREEEITHTN

LR YA S 7E RAE 0 5 18 2 B R
R Bk G 20 40 HE e 0 054 4 /N BRLTE
AN TR [R] YT 5 20 2 S S P A A B, A BT iR i) 4%
WROTE B AL B 2 Sa g X R,
PR 1 PP vE WA T BE R4

HE Jem25 38 B oR (K 3) : Con 2H /)N U ZH 21
SERSERE M6 R R DL S I B8 AR M 20 R
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Table 1 Pathology classification standard of lung injury

2y A Re
Grade Rating basis
0 it RE 52 4 TOI IR, TE AR AR , TEFE I
Alveolar wall was intact without thickening, inflammatory infiltration and congestion
1 i B S TR IO A R AR MRS (PRI ) | I BE R DL 5
Alveolar wall showed slight disseminated inflammatory cell infiltration ( neutrophils) and no thickening
B R 3Z B S AR v PR 0 R SR A ) 35 BT BE R B R (1 ~ 2 )
2 Significant and extensive infiltration of inflammatory cells (neutrophils and monocytes)
and slight thickening of the alveolar wall (1 ~ 2 times)
3 U R RAE AN A5 D BE R 2 ~ 3 i
Severe inflammatory cell infiltration, alveolar wall thickening 2 ~ 3 times in individual areas
4 JEE R AR AN AR Bl BE B IR 25% ~ 50%ifiZH 4154k
Severe inflammatory cell infiltration, obvious alveolar wall thickening, 25% ~ 50% lung tissue compaction
5 JUE AR AR e RE I RRE > 50% iR S fk

Severe inflammatory cell infiltration, marked thickening of the alveolar wall and compaction of > 50% lung tissue
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3 KU/ RAEA R [T 5 A T2 SO B 28 R A SV BEVE Sy (HE 48 ,x + 5,n = 5)

Figure 3 Lung histopathology and lung histopathology scores of each group of mice at different time

points (HE staining,x + s,n = 5)
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B4 /DA R AT H SUR IR B (HE e ,x £ 5,0 = 5)
Figure 4 Analysis of collagen deposition in lung tissues of mice at different time

points ( HE staining,x + s,n = 5)

5 /NERIRIETE T S HYP & & (% £ s,n = 5)

Figure 5 HYP content in lung tissue at different time nodes of mice(x + s,n = 5)
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B 6 454/ ]I ] A fZH 20 TGF-B1 . -SMA Col-1 FOHE 53834 K M-1 4/ B2 5 F
MEHRIE(x £ s,n = 5)

Figure 6 Protein expression of TGF-B1,a-SMA Col-1 in lung tissues at different time nodes in mice of each

group and protein expression of lung tissues of M-1 mice at each node(x + s,n = 5)

TAT R & R, T R ARl BR K, 78 28 d YA

JEEN IR A4 T 2t SR, R WL %€ 3 2H 23 5E

5 ¥, TGF-B1, a-SMA Fl Col-1 Yy 3 ik K L
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I 48 5E N T TNF-o IL-18 A3 5 8 4% TGF-B
S AT i KRR AR S g6 45 R R (&
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SEW B F TR (P < 0.01) , H—T1 & ML
28 KFFZiTH (P < 0.01) , 1M HE 44 TNF-a
TESET R W2 T, Z 05 TCRpLE 8 4% 41 o 45

B 7 &4 /NEASE R S IL-1B TNF-o B973E 635 M M-1 ZH/N BUTH A& AR
MEHERKE(Z s, n=5)

Figure 7 Protein expression of IL-1B \TNF-a in lung tissues at different time nodes in mice of each

group and protein expression of lung tissues of M-1 mice at each node(x + s,n = 5)
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0.01), M 42 d AN FERTHE E B3 (P <
0.01) , FRPHLF AL AR Jy 5,

B8 M-14l/NEUITZH AU i 2 2 Ak e
HYP & (% +s,n = 5)
Figure 8 Significant fibrosis and HYP content in

lung tissue of M-1 group mice(x = s,n = 5)
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Preliminary comparative analysis of cytokines related to blood and lipid
metabolism and histopathological characteristics in SPF grade
and GF grade golden hamsters
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animal model, NHC Key Laboratory of Comparative Medicine, National Human Diseases Animal
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Corresponding author; ZHU Hua. E-mail; zhuh@ cnilas. org

[ Abstract] Objective To compare the hematological parameters, biochemical profiles, histopathological
characteristics , and cytokines associated with lipid metabolism in 8-weeks-old specific pathogen-free (SPF) grade and
germ-free(GF) golden hamsters. Methods Twenty 8-weeks-old SPF grade and GF golden hamsters, with equal
numbers of males and females, were utilized in this study. Serum cytokines associated with routine blood parameters,
blood biochemistry, and lipid metabolism were quantified using automated hematology and biochemical analyzers, and
enzyme-linked immunosorbent assay kits. The cecum, small intestine, lung, spleen, forestomach, and glandular
stomach were examined by histopathology. Results We compared the result between SPF grade and GF golden
hamsters at 8 weeks of age. Regarding hematological parameters, females showed significant differences (P < 0.05)
in white blood cell count, hemoglobin concentration, mean corpuscular hemoglobin ( MCH), and mean platelet
volume between the two groups, and highly significant differences (P < 0.001) in MCH concentration ( MCHC) ,
platelet distribution width (PDW) , and lymphocyte count (LYM). Males showed significant differences (P < 0. 05)
in mean corpuscular volume, MCH, LYM, neutrophil count, basophil count, and basophil percentage, and highly
significant differences (P < 0.001) in MCHC, PDW, lymphocyte percentage, and neutrophil percentage. In terms of
biochemical parameters, females showed significant differences (P < 0.05) in low-density lipoprotein cholesterol
(LDL-C) , high-density lipoprotein cholesterol, fasting insulin ( FINS) , and glycosylated serum protein ( GSP) , and
highly significant differences (P < 0.001) in triglycerides (TG). Males showed significant differences (P < 0.05)
in GSP levels and highly significant differences ( P < 0.001) in total cholesterol, TG, LDL-C, FINS, and C-peptide
levels. For serum cytokines related to lipid metabolism, females showed significant differences (P < 0.05) in
interleukin (IL)-10, adiponectin ( ADP) , and IL-6 levels, and highly significant differences (P < 0.001) in high-
sensitivity C-reactive protein ( hs-CRP). Males showed significant differences (P < 0.05) in hs-CRP levels and
highly significant differences (P < 0.001) in ADP and tumor necrosis factor-alpha levels. Hematoxylin/eosin staining
showed that the cecal muscle layer was thinner and the number of crypts attached to the mucous membrane was
reduced in GF compared with SPF grade golden hamsters. In addition, the ileocele was enlarged and the number of
goblet cells was increased, the alveolar septum was widened, immune cells in the white pulp of the spleen were
increased, and the blood content in the blood sinuses was increased. There was also thinning of the anterior gastric
mucosa and the basophilic strength of the glandular gastric tube gland was weakened. Conclusions This study
established the differences in routine blood parameters, blood biochemistry indicators, histopathological features, and
cytokines associated with lipid metabolism between 8-weeks-old SPF grade and GF golden hamsters, to establish
preliminary reference ranges.

[ Keywords ] SPF grade golden hamster; GF grade golden hamster; complete blood count; blood
biochemistry ; cytokine
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free , SPF) ¢ FIJC T ( germ-free , GF ) 2% 4> 75 b FR 1Y
I R A Ak 2 2 B 2 Rl I A DG 4 it
#0147 70, 25l S 2% 0, A DG
WA AR R S %

1 HBEH®

L1 ##
1.1.1 ZE5shY

8 JEIs SPF 2 4 # M iR 20 L, 4% 2, {4
M 100 g, W43 F-Ab 5t 238 A 1L 5256 sh ) 47
ARA RS 7] [ SCXK (51)2021-0011),8 J&i#% GF
RAHHLE 20 H MERESE IR BT 2958 100 g,
H ] 2 2 R 22 B B 2 52 56 3h W 0T 9% i 2 A 1R
R2H EHF [ SYXK (5)2023-0037]) , SPF 21 GF
G 4 v Ml BR A ) 5 T o [ S S 2 O R 2 S

YIS L G B B A I [ SYXK (50) 2023 -
0037] ., mFWEIZhH B H &AL 50 kGy “Co v
S 2 R K 1 T G B UL, B ROK
KRR 233 132 °C, 1 h A9 m i e R KR AR B )
FRIREE R 21 ~ 25 °C {2 E 40% ~ 70% , IR
FAWIWIRE LR 12 h o 12 h, ASZE B RS T E E
“FRbEE B e 2 S5 S W T 5T B S 56 sh il 5
BRRZE B2 (IACUC) it ifE (ZH23002) ,
1. 1.2 EZH S5

it 4 2 (interleukin, IL) -18  IL-6 TL-10,
MR IRFEE F o (tumor necrosis factor-at, TNF-at) |
TP ZE -y (interferon—y, IFN-y) FEE C J2 I 2 H
(high sensitivity C-reactive protein, hs-CRP)  JgH<
# (adiponectin, APN) | C-ik ( C-peptide ) | %5 i Jif
55 % (fasting insulin, FINS) . ¥ 1k I 7§ & A
(glycosylated serum protein, GSP ) ELISA i 7] &
( it 5. JM-06129001, JM-06092301, JM-
06131601, JM-06092801. JM-06092601. JM-
06133001, JM-06133401, JM-06134201. JM-
06133801 . JM-06134501, W4 [ ; VT. 75 55 4= W £
ARAEBRAFE]) ;&% 50(4#5 001,14 7 . Jb T %
FEARAWBARAT BR 2 WD) 5 148 3 23 A P A 1t 5]
(#1t*5:697307850064 , 14 [ : ABX) ; To7K £ 1 (it
5 TG10015, W H . Jbntil ) K e T w3 —
H2R (L% . TG10065, 14 A - Jb i | ks 4 ik T4
A 5 PR R YR (HE5 . G1004-500 mL, 1 H . 2
DFRYE IR AE R AT BRA T ) 5 Brar Je i (Hit
G1001-500 mL, ) [ : I PELE /R A VIR A PR A
A)) s FhIR S WP H S AU (M5 CO163M, I H
A FAREHE AR AR o 4 [ 3l i 40 i
AL (RS DX 120, I H : ABX) ; 4 H s IfiL IR
AR A (TS . 7100, 1 < H 7)) 3 B 1)
A LSS . STOOA , W I - TR B iR A AR B4
BHIRAF]D) ; etk i — KL (F5 . DRS-Prisma-
P-JCS&Film-JC2, 14 [ . b HU R B L H A A BR 2
H)) IEE BB (H5 . BX43, I H L i e
HRHERRAFD) .
1.2 FHik
1.2.1 Mg AEEE4s b

SR E 12 b, E ST 0. 1 mL/100 g #5748
50 WRIEES , 26 MR HE 20 # K AR I, 42 1R 4 A
S I AR A3 BT AN SE AT B 2 ( white blood
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cell, WBC) ZLZH %5 (red blood cell,RBC) | MfiL£1.
H H W B ( hemoglobin, HGB ) | 41 41 il &
( hematocrit, HCT ) |, F 4 £ 40 i /& 1 ( mean
corpuscular volume , MCV ) ¥4 21 4 ifd Il 21 & H
(mean corpuscular hemoglobin, MCH) F-#JZT 4 fifd
I 21 25 A ¥ B£ ( mean erythrocyte hemoglobin
concentration, MCHC) . Ifil. /)> ¥ 5% ( platelet, PLT) |
1L/ B ( platelet hematocrit, PCT) | ~F 47 Ifit /)>
HUAEFL (mean platelet volume, MPV) | Ifil /M 43 7
e (platelet distribution width, PDW ) | ik E 4Jif iy
(lymphocyte , LYM) | #.4% 4f i ( monocyte , MON ) |
g PR 4B ( neutrophil , NEUT) | W iR P54 241 g
(eosinophils, EOS) | W& % £ K. 4 ffE ( basophils,
BAS) . ik [0 40 M H 4% Lt ( percentage of
lymphocytes, LYM%) . . #% #40 il & 7 Lt
( percentage of monocyte, MON% ) & 1 7 41 fifd
H 43 H ( percentage of neutrophil, NEUT% ) | W& [ig
PR 4 I8 E 43 b ( percentage of eosinophils,
EOS%) | W& T 1 4 28 Ml & 53 L6 ( percentage of
basophils, BAS%) , 3 21 T il ¢ A= B2 4545
1.2.2 It A A5 bR

A1 25 3500 r/min, &0 10 min, 53 & ML,
K F4x A 3l 8 A A 73 B 4SO 7 S JEL T B ( total
cholesterol, TC ) . H il = B ( triglycerides, TG ) |
LDL-C, HDL-C , 75 Ji§ Ifil % ( fasting blood glucose,

FBG) , >k H] ELISA 5] &l %& C-peptide , FINS |
GSP, I 8 T i i AE AL~ R b
1.2.3 4 7l

KA ELISA 25 & 0 22 i3 1L-18  1L-6 |
IL-10 ,TNF-o . IFN-y .hs-CRP (APN 3t 7 I J§ £t 12
PRI A A A
1.2.4 YR

Y EIRICSE B W D T ETE R
HEET 4% Z KW R, HARBIHE O
WK, A )RR S m, AT IR AR R A
41 (HE) Jett JE5E FARIA
1.3 HITFESH

{# ] GraphPad Prism 3K 10. 0 A, 174K
P ab 3 R 2= o0 A, T TR DOEBME + AR
Z(x = s)FN, HE 2700 R ISR « K
5., P<0.05 HEAZRITEEX,

2 #R

2.1 8 FE# SPF 27N GF & & Hh i 1 7% 4 18
fEHREE R

5 21 I A B A AR, DLER 1, S
% WBC .HGB \MCH .MPV f il {6 A B &M%
(P < 0.05),MCHC .PDW LYM il 4= {8 A %
H B EMZER (P < 0.001) , HAy 14 W0 8%
P 2% S, M PE MCV ., MCH, LYM . NEUT, BAS,

F1 8 A SPF Al GF &M A MK A FESEL (2 £ 5,n = 10)

Table 1 Blood physiological parameters of 8-weeks-old SPF and GF grade golden hamsters(x + s,n = 10)

) W T
o § Female Male
Test item
SPF GF SPF GF
WBC/(10°/L) 7.32 + 1.55 10.11 + 1.97° 8.01 + 1.59 8.66 + 1.15
RBC/(10"/L) 7.25 + 0. 61 6.83 + 1.53 7.38 £ 0.42 7.68 = 0.86
HGB/(g/L) 159.90 + 8.70 168.90 + 8.60" 155.70 + 7.76 168.86 = 17. 17
HCT/(L/L) 0.473 + 0.027 0.446 + 0. 098 0. 466 + 0. 025 0.473 + 0. 054
MCV/IL 65.30 + 2. 10 65.40 + 0.92 63.30 + 0.78 61.71 + 0. 88"
MCH/pg 22.16 = 0. 80 23.23 + 0.44"° 21.20 + 0.34 22.00 + 0.47"
MCHC/ (g/L) 339.30 = 4.27 355.80 + 4.17* 335.60 + 5.26 356.29 + 7.19
PLT/(10°/L) 747.60 + 88. 81 753.60 + 102. 84 647.10 + 187. 14 596. 14 + 130. 00
PCT/ (%) 0.437 + 0. 050 0.403 + 0.043 0.395 + 0.098 0.370 + 0. 058
MPV/IL 5.85 + 0.33 5.37+0.25" 6.38 + 0.62 6.30 + 0.50
PDW/% 13.42 + 0.50 12.07 = 0.29* 13.47 + 0.42 11.97 + 0.37™
LYM/(10°/L) 5.35+ 1.02 7.90 + 1. 61 5.31 + 1.08 6.89 + 1.00°*
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gFE1
‘ it
K 5 Female
Test item
SPF GF SPF GF
MON/ (10°/L) 0.00 = 0.00 0.01 £ 0.01 0.01 = 0.02 0.01 = 0.01
NEUT/(10°/L) 1.83 £ 0.71 1.91 £ 0.69 2.48 + 0. 66 1.68 + 0.46"
EOS/(10°/L) 0.02 = 0.03 0.08 = 0.12 0.08 = 0.10 0.03 = 0.03
BAS/(10°/L) 0.09 = 0.02 0.10 = 0.04 0.11 = 0.03 0.09 £ 0.01°
LYM/ % 73.73 £ 6.03 78.18 + 4.24 66.56 + 5.96 79.26 £ 4.40™
MON/ % 0.06 = 0.05 0.09 = 0.09 0.18 £ 0.19 0.11 = 0.10
NEUT/ % 24.56 + 6.21 19.96 + 2.83 30.91 + 5.42 19.26 + 4.51™
EOS/ % 0.40 = 0.41 0.71 £ 1. 12 0.91 £ 0.91 0.33 £ 0.38
BAS/ % 1.25 £ 0.35 1.06 = 0.32 1.44 + 0.29 1.04 + 0.18"

.5 SPF &AL, *P < 0.05,™ P < 0.001, ( FEIE])

Note. Compared with SPF grade, ™ P < 0.05, ™ P < 0.001. ( The same in the following figures)

BAS% MM A B EFEM2ZR (P < 0.05),
MCHC .PDW .LYM% NEUT% Ft i {5 A A H: i 25
PEZES(P < 0.001) , Hax 11 WL EZER
2.2 8 A SPF 4 #0 GF & H b R 1 & £
fehReE R

M A AL TS RS 8 300, DL 1, ek
LDL-C HDL-C . FINS . GSP , C-peptide [ & (i A
HBFEMEZEF (P < 0.05) TG M8 A H %
PE2ZESE(P < 0.001) , Higx 2 Tidh o i #2257
HEME GSP R B EEZ R (P < 0.05),
TC TG LDL-C FINS C-peptide {13l & {575 # H 53
FIEZESF(P < 0.001) , HAR 2 BT E 25
2.3 8 A4 SPF 4 #n GF 4 & & ith R AS K 1548
KM EFIEIRE R

ARG AR AR 1 95 A S 4B B K 7 7 100, LA

2, Hoffid: 1L-10 ADP I EA(EA W& R
(P < 0.05),IL-6 hs-CRP 1% 0 &2 {8 A # L i3 3
PEZER (P <0.001) , HAx 3 W EM 25 (P >
0.05) ; HEtE hs-CRP By EEA B EHZF (P <
0.05) ,ADP 1 TNF-cu fi% I 8t {5 A5 H H: i 35 P 22
(P <0.001), Higr 4wl FH2E55 (P >
0.05)
2.4 8 [F#4 SPF 230 GF & &R A AR IE
5 SPF 4 ¥ ML AR L, GF R e W E
AL A8 T, B A T 280 A 4 24 1) I o 0 i /D
(FE 3A) 5 Iml g 48 s 3186 K, MOt 4 f 4 i34 % (&
3B) ; Al Fw e v (18 3C) 5 L A O g 20 i 1
Z IS E sy hn (& 3D) ;1 B R AR
(B 3E) ; Bt B IR AR g ma i B sl 55 (11 3F)

1 8 J& SPF Al GF 94 # Hb Bl ity it ¥ 42 A 2 40 f
Figure 1 Blood biochemical parameters of 8-weeks-old SPF and GF grade golden hamsters
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B2 8 JHik SPF Hl GF Z4x v H B B A QAR G20 i X+ 25l
Figure 2 Cytokine parameter values of 8-weeks-old SPF and GF grade golden hamsters

HAEW HE Y4B i HE Y4, C. i HE Y@, D 1% HE o0 B, 1078 HE e F. iR HE Y4,
B3 8 i SPF A1 GF 24 RE W mlin i 18 Ar B R E HE Je@ R

Note. A. HE staining of cecum. B. HE staining of ileum. C. HE staining of lung. D. HE staining of spleen. E. HE staining of

forestomach. F. HE staining of glandular stomach.

Figure 3 HE staining of cecum, ileum, lung, spleen, forestomach and glandular stomach of 8-weeks-old

SPF and GF grade golden hamsters

3 it

A 58 K B, I A BR AR A P WBC
HGB MCH MCHC .LYM f4ill 514 GF 9¢/5 T SPF
g% MPV PDW [l E{H SPF 2% & T GF 9% ; Itk
MCH MCHC ,LYM , LYM% (¥ lll & {4 GF %7 T
SPF 2%, MCV .PDW  NEUT , BAS .NEUT% . BAS%
FM A SPF 208 T GF 9, Iy A= k48 5 b e
P£ HDL-C , C-peptide [l S1H GF 2T SPF 4¢,

TG .LDL-C FINS ,GSP (¥l & {f SPF %% T GF
2% HEPE TC . TG , LDL-C , FINS , C-peptide , GSP ]
W EEAE SPF 94T GF %, DL A fbFs brre
AL RTIG 22 5 03, T RE R b S GF 44 b i
(4 A V5 R & AR AR b 5 Al BT B T S A AR L
KU BTG FO B AA BR, i 52 R lE 47 30 5%
EHCEIEA 5%, — A R A # A e S H{E
L RS R IS SRS S S AR
speE LR GF 4 M U BE AR T PRIR 40 it 334
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% BRERE WSS ERHM A S5 Y GF
PR KNS i A S e — 2, XA
P FNERRERS GF Rl LY Fr e
K i T 22 IR AR IR S

AR SR BF 98 45 R o, 3 koo A i Ak
(atherosclerosis, AS) .2 UM JR I (type 2 diabetes
mellitus, T2DM ) . B 1% 45 4 B8 5 1 ( non-alcoholic
fatty liver disease, NAFLD ) Jz A JFE# -5 10 i P4 2%
JiE ( meta-inflammation ) 25 UJ A1 ¢ . AX 22 40 it X
o TL- 13 241 3 2l ok ok A B 10 18 1k 498 I N 1
PR PER O S TL-6 S0 A G B R T
TR P ) Rk B TNF-a 1] S 4 A 7
153 Wb, A2 3k i o G i, S BUF IR 195 72 T2 0 it B
AKF Tt i, 2 R TR Ve AR D5 Y ok 57 A
R ADP L@ A TNF-o 94 URIRS
T, REZE A 21 5 5 M 2T AL i e, 55 NAFLD
AR A4 hs-CRP FIILAR 4 1045 48 A5 7K F
TE DM B & B E Wb A EESH M E T,
FBG ,C-peptide ,FINS 5 B[ 205k A 4 24 s 9 45
BT, XBE i 28 3 1T 55, e 32 2 A9 2 Wa DU i
PRI OL Y , GSP A S Bl IR R 2 ~
3 JEL A WA T K S W B 3 10 1t AR 7K1 R
e bn 2z —"" ) IFN-y ] 3 i 7 % ol 0] 5k 1%
P00 98 05 < AN, £ kR I AR B R T, 2 SR IR
AR AR R W T8 B R AT L
i3 2 Ay 2 R R 4 0 2 5 A e Y
RAEFIRE, BN, B Al LB 42 5 JIE [
PSRN = ERA Qi LA™ ) YMAO 42 i B
KT IR 0 2l ok ok B A A 5 g 3 1 9 2 3
AT 5 S i R I e B e A DA B AR 2R LY & A A
500 A S PN B R Gl A T R K R R,
NAFLD A tIL i o (%) 5 i 3ok 72 F0 I W HERR . A
U AS R o, A PR 46 A o e TL-6  hs-
CRP B {H GF 24 T SPF 9%¢,1L-10 ADP [y
ML SPF 2% % T GF 2% ik ADP  hs-CRP |
TNF-a HYI (B SPF 205 T GF 24, $2 7 3 1
FE T REAE A QIS AH O P Hh s i 2% 9 4 I
RAEVERL

AT I GF 9% 4 v b LAY ¥4 4 1L B
A=A ZH 20 3 SR A A 5 40 i K 745 b
FIN S SPF 4 S R A 257 3R
GF 2 4wt b B3 n] BEZE T 5 1 18 e A 5 IR XA

KPR R R P AT EAE ], SC5 3h W) i A=
HRA AN (AN 5 38t % R ARG iR 32 3h ) H
1 PR B SR KCP R SRR A SR T 2 IR
Gl ERZ ™ A AR H
YR B — | AR R T AT S A SRR R TR
BT REEAR A RIAER B BT
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[ Abstract] Animal disease models are important biological tools for basic medical research. Establishing an
ideal animal model is a critical prerequisite for acquiring reliable experimental data. By enabling molecular-level
characterization, omics technologies can enhance the precision of animal model assessments, thereby improving the
evaluation criteria. This review summarizes the current applications of omics in evaluating animal disease models,
discusses their potential for quality control implementation, and proposes novel frameworks for standardized model
validation.
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Figure 1 Process of disease animal model construction and evaluation
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Figure 2 General strategy for omics study
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Figure 3 Role of omics technologies based biomarkers in animal model evaluation
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[ Abstract]  Chronic ulcers on the body surface are non-healing wounds. Establishing a suitable animal model
of chronic wounds will provide an important tool for research aimed at preventing and understanding the complexity of
chronic wound formation and related pathological mechanisms in the human body. Animal wound models are usually
constructed by inducing molecular abnormalities via external injury interventions to induce wound formation. Common
modeling method include surgical resection, pressure ischemia, drugs, and radiation treatment. The success of model
construction can then be evaluated by various monitoring method, such as natural recovery of the wound without

intervention, measurement of wound size observation of physical signs, measurement of body mass, organ index, and
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infrared imaging. Despite the existence of numerous modeling and evaluating method, however, there is currently a

lack of unified standards for animal chronic wound models. Researchers should thus choose appropriate modeling and

model-evaluation method based on their actual needs, to obtain the best experimental result.

[ Keywords] chronic wound; chronic ulcer; refractory wound; animal model
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Table 1 Comparison of advantages and disadvantages of common modeling animals in experiments

W AR Zh ) P

Common model animals Advantages

e

Disadvantages

MARBARRE, 2 AT AR R/NG TR AL A5 i Iy ORI A i, nl s el A7 bR, AR

A FE I SERTIEE

TR AR 43 TR L B 3
Ways of wound healing are different: the wound
contracts, parts available for mold making are limited, not
conducive to causing wounds of partial thickness

AR SR, T 2R TS A EE T AR A Pl nl s A AT R, AR

TRE R IR EE R E

/MR . . . o

Murine Price is relatively low and it is easy to obtain,size of
’ the body is easy to raise and handle,abundant
previous studies
WA BARER , 23 345 R BUR/N 5 T 57 ARAEAL
=1 Vg i
KA o JRER N
Rat Price is relatively low and it is easy to obtain,size of

the body is easy to raise and handle,abundant
previous studies, there can be multiple molding
points, suitable for full-layer molding

Ways of wound healing are different: the wound
contracts, parts available for mold making are limited, not
conducive to causing wounds of partial thickness
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rather complicated
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[ Abstract]  The development of bio-psycho-social medical models has focused attention on the impact of
chronic psychological stress on diseases. Chronic psychological stress falls within the category of emotional etiology in
traditional Chinese medicine. This paper systematically reviews research progress into the chronic psychological stress-
related combination of disease and syndrome, and analyzes the advantages and limitations of different models. We also
provide insights into the direction and improvements of future research into chronic psychological stress-related disease
pattern models.
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N, S BRAE AR TR RO s B 4D 5 R
E L EEEEL R AR 5 9 RIFIRIELT MS &
B WSTR[ R AT 43 S R AR A K R4
P56 N =i il = W 61 B X s =X P
R B4 20 TSR] (180 min) MS K B 1
FERCE 2 TR (15 min) MS KRV, F38
SEAEPINT CSTBL/6 /NFCR F MS H A5, & PR 6 A5
Ja B/ B 26 P BH KR IE A0 TE A A A T A
1 MS BRI SRE TR R B, AR SR 5 E S 4
A 0yg 2 B A 0 Sk v B 5 AT o
W LVE R T G S N PR I E R I HLE R R
IEHF AL S AT E R IeESEE S MS ST kiE
FHTHF5E 2 0 0 30 40, (R 2 3 AR 0K LA v
Ko I E T A i SRR
1.4 1844t 35 # KA # ( chronic social defeat
stress, CSDS)

CSDS & M At2s 2 A4 St A A 28 R
J1 o AN B ) I SR 2 B AE S st Y R 2 T
I, o7 AU ARG e DA 3R B0 S i 1) g i
A 7 A N s B, DT P AR B B AT SR (an
TR SZ LA R B AR PR AT R st 2 ) 2 B A B ek
ARIPT CSDS A FHEE T Bl e At ) A H:
S kb B S Y S DR T e, DL I uE L T
SRR CSDS i, BRI
TEMEPE /DN BRURE B R0 A 11 2% TR e M /)N BRUPR T 19
JriE AT CSDS M /N RS AL S (H 20K CSDS
TS ¥ FHAE MR /N B SR B b, i 5
PRI — PR ECST I BRI g pE A 0
R IR, AEAE N RS W i it o2 vheis 2k
EIIAY VNG Y 3R R e L A S (A X N

A&, HRRET B FR0E S # kit s
FER(17 ~ 2242 P ~ 24
ZAANT G R AR AL FESEAT R S 5T
JHEAE DGR v e B, T — A v 457 A PR 1
PETE A 2 B LD 4 KA B 1 BB W) I AR
FR A R S 28 CSDS R Z2 T A i
Y, BRICR 1R 25 SRR

1.5 1244t S I ( chronic social isolation
stress, CSIS)

CSIS 5B 38 i [ &2 W) b 5l 2 8] /Y 425
), BB AR Sz 4t S B A5 SRR
WhE . SRR/ AR, S RN R B
ZAETEREAT R 40 R AR B T D) SR Bk = IR
Ao CSIS A iy P ol 22 S ¢ I AR T /) BRUBE i
B G ATTY R VAN W d MBS R B B R €2 11
TR P A 1 S A5 R s 3, 5% RRZEL AR
e, #1328 IRAT. (social isolated standard single cage,
SSC) &H 4t 22 9K 7. H. T # 5 % fih ( no visual
contact single cage ,NVC) 4 I FEVEAT H A A U147
N7 AT AR AR AT RS 46 4T o4 J7 T A5
SN B A ARAT R A A M, X
S H R R X SR A RS R R, AR T
Xof Tl 55 BRAK AT AU P B A Y S W AT (2
M 5 Sy DR bR JC I 8. 22 51, CSIS i
BTk b e A R B v, R U B s i W] E R
P AEJEDR Jg BEA SE B — | ok 4 A AL L S
FEE AR R,

1.6 =]{51F B (learned helplessness, LH)

LH J&44 S50 3h ) 2 i T A ] Fl 0 H.JG v (ol
HE P 5 B 45 v Al H 52 38 5 3 34 T ik e 3k sk Y
WA H Iy R % 2k H R AL HL 5 R
U, i RS S B R R S
FRATATIF, AT 6A5 5 87 S a5 il 8L,
R 2 T8 6 5 F, IO ) — A 44, ThT 22 1) LH
IO 1) B0 0 18 A R sl e o Y 2R SR X
BALB/c /NI4T LH &85 , K B0/ B A= SR
PRI, LH 387 b B AR bR o AL A B2
e, (EATY A B S PR — &) s B 56 3 40 3 i 1Y)
B, [FIRTRE B B AR AT LH Jr ik i A AT, 7
T S0 sh W @ T 2 45 Mk T B BURK (learned
helplessness sensitiveness , LHS ) 34 J2& >J 154 JC B L
Pt (learned helplessness resistance , LHR ) JIRZS
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2 BUNMERGTEERIELSAE
) #5E B Ry

2.1 #I%B%E ( major depression disorder, MDD )
fRIEL & s

TVHRIE 2 22 B RS S0A0RS B, R Bk
R AR O BT L 2% 8RR R P R R A
A RFE A RFE AR SRR
F ) CUMS/CUS J2& IERAE AFF 72 H FH s 4
Tk o W R 5T K BRADARAE 8 L Hp I I Y
Sk FRERIIS A R0 AT G2 o 5 R 5 7 e A6 0

T RIS 0 R AR R by e oy | T2 5 20
KF“CRS + IRF%” ik, KB SABZE RLINAR K
SRR T DRI T A %) 000 DX 250 A 2 A
SEHH g LT DA ek st L AH OGN X T B, T HF
AN 1o X E A P DU 336 T 2 ORI DU R iR
7 CUS AR R B, & B0 B BT 1 A 5 70 44
A PUIERE i B2l f 9y TG RN, ik —
HARBH CUS AT R 2 AR B0 AR A K U AY

JHFAIS 52 2 R D ARRE A I FT 4 22, i A5 vk
WA R, BEHEE R CUMS + KHE
B 7 ) R PAIS E FFATS A R R /N R AR S
ANEROE B 22 AT R K NS A fEE AR I A AT
IS G Kl A IR, R e A0 R B 4R
CRS A4 AR AL i RUAMARIE LAY, R4 145 14 d
Jo, REA SR BTEE B & A BEHUEL O 3
FLME S B IR 78 A VK KA 22 5 1 55 3¢ B3 ¥ n
U A AR IR F 8L, 3l 1 JR D-AKEHE
SRAE R A BRIV R AR B A 6 b, D08 P 20 328 S E
R SRR ) A B IE 2 i 8
R S TN IR 5 32 155 ) L 5 8 g 3 A R
AR P IS M TR A A /N A SIS e R, R
JLAEITE CRS JE Al B AR K 8 5% £ B5 I
TR LA FEE AT A i RIS S /N RS AR 3 ok 5
AN A BRUE A 1 4 1k HUAE 48 CRS 1 #5505 vk
g T AN R4 BT

FTFHE S E R “MS + CRS” v 1 7 =, i
LA INE A 7 3 R BRAE R BE 7 d AR TE Bl L 7Y
FEARIEAR (0270 8 38 21 d B LA BH i HTAR I 3 22
R T, SHEASE @S “MS + CRS” 57 T AR
PH R BUAMAR /N FRBE A  7EAF RRUIRAE RS 5 ~ 14

KItiAT 8 h/d BIRFEIY 8 5 2R R 26 91 KIT4A
AT 3 h/d Hp2E 21 d WSEE R i, 38 A8 Al
Vi GE 3 HOM R PR A AR 5 ( Al GEE RS )
AT ROIE, 45 R B AR 3 A7 D /N BRAT R A
SRR PTGE B IR B g AR 7 1 S FT RCR 24
AR T S s AR P T

XIBABA S R« CUMS + [z FyESF & kT
(IR 25 mg/ke™ 3 B HE Y PD AR AE K RRAE RS, R
“CUMS + RS AT 0. 5 me/kg” 1 15 ki 754
PERAE R BB Y, 525 1 4H bR A, ' R B RN 9L R
RIS R BRI A TR AT Dy (T ki 2 1 R
TR R G 22 s A A IR B D )
FRAE R I A R A 8 e B R LA AR
i R BRI R B RIS DA Bl ) i 2 LA A
FAPESCEE B il o A ) 28 S o0 Tk B gk A 7 4]
SE o W RAB N SR FIRRE 5 1 6 2 B g A 4
BBAE K RS AY 25 R R 525 A i, BEAL R
RGBT I | I3 B R P 22 3% I (brain-
derived neurotrophic factor, BDNF)  5-F7% {4 i ( 5-
hydroxytryptamine, 5-HT ) . £ [ % ( dopamine,
DA) . EH'H [ J# & (noradrenaline, NE) & = M
15 S IR T ( eyclic adenosine monophosphate
cAMP) Ras #15¢ K H 1 ( Ras-related protein 1,
RAP1) | 22 ZL 5 35 A 85 1 306 0B 1 ( RAF-1
proto-oncogene , RAF1) £ IR IA N T 1IEH 4 .

WG NIMLIE cAMP T sy & B REUE i 2 F1
ST M B (estradiol 2, E2) FhE | S2ER
(testosterone, T) & & M AL /& B BB 09 45 5+ 1 48
PR BRBEBHAES @t < CUS + 3R + EE
IRIRZE 2.5 mg/ke” #E7 5 FH HE RUAAR A BB
a3 HAXT I, SRR BB TOOLEE  KIE T8 2
W POK B R A 3K cAMP K- |
Th ML B2 & B2/T AR TS, J5 22 1d 7Sk
Hb B AUANDIE B8RRI AT SR ASE Y AIE A Sy W B
FIOY AR LS R CUMS + 8 mg/ml
ARWRZRFE B 7 528 77 11 45 9] HE ) ARAIE B AR SE
/N EABERY | e S AR/ )N B TG 140 M e 1 1 BT IR S
W ThE RIS B A B AT 1 P AR B L B oK
i MK cAMP 59 Th s Y I RE R
2.2 1B S5 4 & SR IE ( chronic fatigue
syndrome, CFS) & & ZhiRsy

CFS 2 —Fh 2410 18 PERYBIIR A , HAZ L
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FEAR AL 92 55 | Bl BR AN 4R | 32 30 5 AN 38 DL SN R
Pafit A, H UL e R RF S BT, 290 K pL ik
12 RG RS SERAH 1% DR G
BT CFS AR B9 AN 22 1 A0 i sl vk DL R s BRAL
il R 1 A BH A, B 9 B2 CFS 1Y% FH 3
WL MR %k ek B, 7E ICR I C57BL/6
6] 5 2 /NELZ 1R AT CFS YA, Mk /)N B R S A
BESTEFHEM/NR, IGIR CFS B AL 2
RN AU s LA o 7

RS SR 21 A dRan ik + CRS + 1k
BRI Iy il 2 CFS KRR 9 Hg A5 7 | A Al
KRB A2 Sl RE T VR DL At 25 5 i B9
25 Ty U R AE R U6 A5 5 AR B AL CFS /3K
ARACLAE AR, 8 it JH (g L 7 I, A A K BR Y i
e Sy e AR B W ikats , v e
K 4 JHREBAT + BT + BETT 1Y
D7 B AT CFS KRR | AR A R R
iz 3G Sk D A 25 2 A a2 R AE T U 4
R, RN K AR Y R R D-AOHE HE T 28R B I
T H B LA 15 1 1 IR S T v 5 AR, U P
RIK R B B ohaeEal, P R« 1k lirik
+ CRS” & il CFS A5 %F CFS K H %15
K B LU ST CFS JEVE BH R R RRBE Y, B K
SR IR s> K= EE M BB b L
PP B AR TO I gN 25 U AF W6 2 9 RH
R UEAZE FN W bR | 28 25 e R Al s 1R 97 Je R B 55
IR NV FH R 1 T 22 DL B S ks 1 B I
PHHEIIE CFS sh i il fr 2 A3k, AHfk R4S %
F“ J1ug ik + CRS + FRIE M-S " 095 ki e
MRS BHEERY CFS KRR, 5 HAl tbi ok 3, s
FH MY CFS I UM R0 AL %5 I8 T 96k 0 448 A
B bk B 41 A 5 18 0 B S R ARG, BH H e % D
BETFM, TFMEC R NES AT AR
30 mg/kg + R KIFIK” #iE CFS B B UEALAY i
T VUK 3 R BRAAR T T R, pR AR 5T 5 i ad LT
PR AT B K BURS ph 22 B | B OB R BIKIR | =
FUMESE B R AEAR
2.3 %5 ¥4 A 1E (irritable bowel syndrome,
IBS) fRIEE & hiiEE

1V 5 B4 A AIE IBS S —FRE P18 DI RE 2L
PRI , I PR 7 2¢ B0 A 7 252 ol (R 8K & 1E 19 59
FERK  HERE A7 R AR MR S 5, M s = B 18

SER U N A ) A2 S H A I R AT LA 43 SR
FL 7 IBS (IBS-C ) FIE V5 7 1BS (IBS-D) ' | IBS
(5956 SR AN AR e
SO X H % B2 AR o LS L AR 30% L
b HRAERHEIAE 1 h PL B AR AR AR T ~
14 d 2= A MR ) IBS-D R EEFR B,

BB 2R “MS + CRS + HIEHHEE”
BT ARG Y IBS K BRBEHY | B 5% & I 2% 1 A
J7 ¥k el B & B MS B S CRS 15 L AE N
FESEURE B TS | A R R UE Y T Y 25 S 2L A
geiter s X, HARIAT 5 AR AL kg Y IBS-D i
Bk, MBS EEAXTH MS VKK HEE | FRK B
R 5 AR R E A A 7 A 8 1BS-C K AR
BRI “MS + KoK B ™ KR B Y
EOTOEH R ok s e E
W T AR T R A i D D L RURL AR /) J5
A i RO E B T, A G R AR A AL
B MS + VOKHE E TS IBS-C K R HEAE 5
"W R 0 R SRR 1 SIE , B DL MS &5 A Kok
HE S ITHEST (1Y IBS-C BERIST & v B2 JTAR G R UE 119
B, SRR e 2 O DR R BB 1% L Ak
bR RIEHEE + CRS” HE 7 1Y AR it i 784
IBS-D 5 9 2 UM i KBRS AU | i A8 5 K B2
BT AL K HR S ZE R IR OK B B s/
FEETAR 0 ORI A 5 5 Btk 2 15 o, 3R 0 AT
JELRRERE IR ] e B AL 2R B X L VKoK TE R
i RN RS W RLE Gk, kAl
HVOKHES &k BERKRER B HE N E B
T e 32 Y NS | PN O AR S N £ R R AR
FF RN, PR vk K 8 T 45 e 2 v T LA DL gt
SEFFHRIE IBS-C K BRI

RABAE O R B« CUMS + 720 1 v 1 3 i
R TRIFRE + 56% MRS THE H " FUE IBS g 5 1 ph
TR Y | 6B 3 A AR BRI 254 MR T 43 9
TEAr =T CUMS K UM BE Kl 47K F CUMS K
B, LA I E B 99 TE B A 3 A5 9 be Bl i
CUMS J7 755 bf BTl A 25 IBS S uFRRAiE H LA
IRy AR,

WRHE " R CRS + FISM 10 mg/kg #E
B+ AL AT B R 25 me/kg WLTE” H 1 B kg
A IBS-D KRB RS, BUASE 5 KRR LD RS i Ik |
R Bl | £/ VS % i sy SR B Bk R 1
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DR I HRATC R 405 g o 8 AR AT S5 o 3 IR 4% |
B R IUIE v LR DG A — R AU, il TR
' I Mg e 2 O A AL AT DA el s AR KRR D | R AR
IR MIE P ¥ 5 (substance P, SP) | IfL45 I
7 BK ( vasoactive intestinal peptide, VIP) . 'H 3l
Z (motilin, MTL) F1 5-HT 7K°F,

2.4 HiNHBEXKRFIESE SRR

PRAEE R T R 4R +
CUS™ il % H B4 1R T JARIE K US| 5 Bl
B R R T AR A R B LA TR S S R BRANY
FE— B B0 AT A 2 b A A IS Tk i 5% B0 4
s T HEE W HE R E | MY Ghrelin & &
e R y-E TR ( gamma-aminobutyric
acid, GABA ) i HEAIL,

LI AT X B Al 9B e T 1 M ( herpes
simplex virus 1, HSV-1) AR /N B AL 25 T CRS,
I L & B E TS KR PG 8 B L T A
VS IR YT A8 T4, DA IS 17 A i i |
TR HSV-1 & & B AR AL K /N BUSEARL

BB S R AT 3k + CUMS™ 2257 [
Y 2 25 B AR AR IE R BB R, 5 4% 25 3421 A
Pl A T G e 485 5 12 1) O IR L A A ) 25 B e
D7 B R SR B T B A ) ST I A | kg
MR g RN, VIR 2%, B AR IR MR
AR A

RO AT %o 1 2 M v il R BUR F CRS 2
SR I AR AL IR A . 5 8 P e ifi R
B LR A B, A AR A B v 4 o R T A R
(] LU REATG | 2 BV 03 TH i I o 52 1) [ A1
PRBTREREAG T @ e (TR, DL B2 IFARAR AIE
AIPFHIFAE -3 o PP A 1 B R A B Y s
AR IR

3 IEMERE

3.1 EBEOENHIEENERNENX

WEE DR 7 B B R FIAE 35 K- B 3R T, X
P AR R BR T 40 5 o 75 55 LR Y
Hopg N 2= e B R 2 i b B AR i B 55 ke
958 I B KRS AN S A N A A Y
EREURN R, ARV NEUE TR0 B,
S A B B AR A, — RE R BE B n] RLUA A R
BN IR, £ AT UL P R O T R AR IR

o s AR G o E B R T 5 S
PGB MR FE T, A b Tl Ak 2 25 1 i
BT A T AR N SR FH 0 A ML T3 7
T2 T v R I R XGT R1 i B ) B

3.2 HeEMOEBENHIERIMEREFERN
o) &3

BRI Sk v I 3 DR 5595 E 22 [8) 8 AN e — —
XA 2R, DRI A G s B0 1 1 45 7 1k mT
REIE AN H BT ae 22 R B A ; I H AR S A —
FESERE LT A R UE 19 2 W0 R 2 i ) Ah
FERZ T BE LRI ERIE R R T,

“UE” SE BB AY , TE LIS N o AR s A
TEAN [ IE 1 21 6E 35 2h 1 28 A6 B H BT I8 W i A ()
A, 2 ) 458 AU A, 2 78 A [] I ] 28 30 4 AN [R] 3
YT H A B E R B B0 R s AR T B
BB = Ay AL RAVE TR R E AR R
SIS AP BB o AT BE IS — A SO LA IR
PR, HEAnAE CUMS o #2 ip i vk ik , 7T B vk
BB FEABALFAUE , AT 8 i Al B ™ i 1) FE HE Il
PEIIE

X T8 7 G A Ak 2 245 ) ) e TE 4 A AR
R 2 B BB A9 [R) B, Eb b8 1 1 3 B0 AR
A AT R R 280 JIC 2 AN 2 12 A TR0 114 95 [ 2
MR IR B4l 0 48 P I s A 7 Tk e 7 R I
AR N R e TR AR AR, T IR T 4G T4k
SO WUERANTE, S 75 U I 5 2018 7 7 3o A9
7 SAER IR WA (P I 58 _E AT A AE IR R

R T A Ik 1 (] LAk, 5 — A (] R 12
PER O UESS & S AR P AR R ST,
TUE RIS BT 32 2838 2k 2 AN FE R 5, M LA o
G B U2 S Sh ) ) AR R B, LG i o i
AR BENY RN W 5 BACIRAS AT g2 RS
W IER R, AT B G e B 5 R sh i) B IR0
AR, F b, Wi shi A E RS
NSRG53 BILAS 65 X I, A2 SN ik i
55 YRR B AR R — K Rl
3.3 B2

Fhes R Rk T AT TAESE 2 07 T i 22
A, 3 SR AL AN T Jht G b i) 1 ONATT B A T
L HRAERE o BR A 45 URE I B AR & Ok i
PR A= R P 42 DR AR B 0 B Hh &
s NS AR NS SRR AL, LR
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N PR A 12 P 0 3L SO IR &5 B B )
FERIR I 520 4 Je & 25 B R 1R S BUw A E
BSR4 5 10 T AE ik 75 2R S A X 3%
SRy AR ) BRI N B S B RS RIS AT g Y
HEBR AR A4 o 385 07 2 A T3 Bl SR
G HOR AN & J o8 3, 2 DN G i B ) A AR
ARV R G EA B KN HE 1, XA
Y5 1) e DR R 3K AR S A 5 A R s, R AR HH A
iR AR AT A N ZEBRREAE () S B A
E— DR ABFSE 0 0 A& AL, IF Bk — 20 A
I DR A B o) 3 v B IR Y A ) o SR A, O R R A AN
MNRIT Ik . [RIES 76 I HH 5 DR s 6 2 ) A5 1 2o

TR T 2 0GR A B R B K R4 38 R R, 7 HE S iF
58 K 0 ] B o AR ATE 98 (R R 2 e & B, B
TR, A SN 1 U BN SO UE 45 & s s AU 1Y
TSI I 12 DA Biff A 305 R X0 G A A 3 3 o 5 1A
R BRI AR S A A T, DU
TIASE T S HL S B S B B0 04 08 P O B
PORIESS SR,

EF VA, TE R 52 5T i A B B 22 117,
P L 385 3 ﬁﬁ%@iﬁﬁ%%ﬁmmUL
TR AR B A B B B R MRS R R A
EMﬁmﬁ?“ﬂWﬁﬁﬁU” 7 R IR K

o BB TRASRGTIE M 0 BN, S0 UE 45 A B Y
%éﬁ%ﬁmuﬁﬁﬁﬁﬂﬁmyﬁ%%ﬁ?
AR AL 2 AR PR

T 1 3 ST R K OF 0 s BN SO IE 4 S
PR X B T A S BUR IR A BT P
KB 245 B PRk w] B2 BT 250 k45 7 T B
AHEEZ X
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Research progress on experimental models of
Diamond-Blackfan anemia
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[ Abstract] Diamond-Blackfan anemia ( DBA), also known as congenital pure red cell aplasia, is a rare
genetic disorder characterized by bone marrow failure, congenital anomalies, and severe red blood cell abnormalities.
The rarity of the condition, and consequently limited patient pool and scarcity of research models, means that the
pathogenic mechanisms associated with genetic mutations in DBA remain uncertain, and the clinical treatment options
are limited. This review synthesizes the findings from zebrafish, mouse, and human cellular models of DBA
mutations. We clarify the pathogenic mechanisms and monitor the progression of drugs into clinical trials, thereby
aiding further in-depth explorations into the etiology and therapeutic advancements for DBA.
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EVH RPS19  RPLS . RPL11 % 24 A~ ¥4 1A 2 1
(ribosomal protein, RP) 3&[H DL & GATA-1 EPO
P53 45 6 MRS I K ) 548 25 30 DBA 11
KR BRTIAIT R T EALE AR R R
R FER AT A T A R A, B R
Ji & (glucocorticoid , GC ) WA HI 2% ) BTt
25 LA K — R GUAS B, A4 B BT i A | K
JRZE4E R R S I A a2 9 BB
WG I 2, 4k & MR ) e — Ik A PR TR
7T RIS I T A0 MR A, R R PRR T BA R
KRS,

SRR AL T T AR 1Y & AR AL ) B
L IF HIRRE IR YT AR Fe 2Pk 0 P4k e (L 5
B, ASCIEERT M BE 54 /NEY DBA AR
1T E R A K DBA JRY7 259 ot 5, LA
S DBA 07 SR Y K

1 DBA {EtE B3R
1.1 RP B EHXF=FENHEARM

( hematopoietic stem and progenitor cells,
HSPC)/4I % #H 28 B@-1 ( human umbilical cord
blood-derived erythroid progenitor-1, HUDEP-
1) 4HRE

BHOOPALAN 4§ F| f] CRISPR/Cas9 7
CD34" 3 1L T-40 i A1 HSPC HH#E T RPS19 B
PRFIEEAS 2 1) DBA AR AR R B 21 3 41
TEPEPEBIFA | 302 Y 2148 M 7E 21 5 08 208 17
(burst forming unit-erythroid, BFU-E ) FI| 41 & 4 7%
JE WAV ( colony forming unit-erythroid , CFU-E) fiY
b PR v AR 3 B BEL 1 S, P53 Y S
RO R R KT Z WA, JIf H7E DBA &
#ohoBE W& F S LB 2N o,
PIANTANIDA % F| F RNA T4 0B BF 4 i
SKUE ) HUDEP-1 Hh RPS26 335, LABEl DBA
BF USSR H) RP AR AT REA 4, K L 40 Y
JET-RE N, LA 2 R M e 2 45, {H RPS26 K
TR B AR P53 B ERIA, U AR XA

P53 AN T p) EER A, BRIt Z 4,
RP SRS L 1] R 30 1o 358 5 e ot 2 I /552 i)
LMk, GONZALEZ-MENENDEZ 410 % 3
RPL11 BAfERN R 1K) DBA SB35 1Y CD34" #1480 g
Hv PR R I 1 W 7K T R A B R R T T
SA JKF-HE R IRAAAE 6 1542,
1.2 RPS7T Z#ERTH U208 BRBHARR

KUBICKOVA %" | H] CRISPR/Cas9 41
F [ J5 B 2 VAR N U20S B N i R rp sy 1
A DBA B M 4 & RPST HE R ( BL [ 4 Ak Fr
hg38 chr2:g. 3, 580, 153 G > T p. V134F) (41 g
RER . RPST p. V134F S EBUZ AT RERAS , [t
RPST-mut £l il 3 ()3 AR 2 16 i 5 6 B AH L
W, FERIHRE A, MDM2 7K T
K%, [ P21 ZKSE8E AN 68% , M P53 /K- AR5
AR T B-catenin ZKF3HGHN T 75% , 32 RPST-mut
Y ZR 7R AR T — R OET B A% B A DL 3R £ BL
il —— S W 38
1.3 SEEERLIE B A% A HSPC

A 1k ® B8 1k ( oxidative phosphorylation,
OXPHOS ) i 1 6 b7 {4 HL 4% 33 4% 7™ A= 40 Jifa Jor 75
B BER, TEFZ DBA BE T, LI ERH
RP 7%, OXPHOS i f§ #8532 8 T-#., fEC &7
B RP 3[R A2 B BE £ DBA #E7 Hh OXPHOS
RS2 BT, #28 OXPHOS 3 DBA RP 5
9 R 1 R iR 4%, T2 7E DBA S AFEFE N o)
— B O i AN XTAO 25N 5@ i B
OXPHOS #3717 DBA ZH iR 81 T DBA FEZL
21 L AEL 200 6 A A2 A A 4 e VR R I 2T A=
G TR Z2 880 B, TR OXPHOS 307 i)
CoQ10 #b38 DBA 4 ff G ke B4R K AE FH . B4 il
() OXPHOS 3 % 38 3 e 21 40 it 7 fb ik 2 v 1
AE N 20 DBA A L0 g el | i 4
il RNA iz iR R AR i A= & A Hd
T BEAR T R A 0 mT M , 0 0 21 2 A% B A
Z A EAEH , S8 2 R A YA B

2 DBA WD &EERMNIHAR

2.1 rps19

RPS19 78 JE Fe e 76 DBA B & Th R 3R,
ZHANG %1 F] H] TALEN 7€ B 55 o b A il T
ps19 AR, rps19 RRAFMKTEZHE G 3 d (3 days
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post fertilization,3 dpf) kB S5IRE LB AR, HE
JKM JFAE S dpf JEAET, XA R EET AR &
JEYE > —2 D) 1| 4025 F (hemoglobin , Hb ) & A%
/D, 2R ) 30 BEL T RO 200 A 0 T, R ES T 4f
MLF-8 e R FJE B B RNA FITEE A KA
[ LA J pS3 BT 3 A5 E  (HHALSE R 40 AN
RGN rps19 SEAR MR AT LA 3E A 7 S A Y
RPS19 mRNAs | L-5% Z 12 | i 9 $1 48 Bl - 410 761
25 P I AR RS R F B,
2.2 rplll

rpl1 1 Z 58715 BE 5t R G b i 22 R A i
B, 5 1 R o il R AR A 56 ik 42, ZHANG 21
I FHRE B ( morpholino ) % AR &7 T rpll 1 BB Y
BE DA A rpl1 1 2 S ORI/ R R
TEFN & 1M BB DL K ALK BF 5 mps19 25401,
rpl1 1 ZE7F PRI EL T 4 A ik | 3 i~ 40 A a2 |
pS53 3E HEE IRER L Y RNA AR (1 Bk P
AN]SR B rpl 11 278 M 21 20 i 1) 25
A R D, B ML, Ak, 55 A0 i 3 R
it R 5 A Y 2 X 2R 3K 0 alas2  op  fihla/b |
hit \aco2 s1c25a37 .sfxnl tfa A 1frlb KA,
FKUIBEES A rpl11 SRFEFZ IR 24> i,
4K T 52 M 40 e s a0
2.3  rps29

TAYLOR 25> 3 s b AR 27 T rps29 Gkt
FAMBE S AR rps29 RABESSHER AT
Ao R P L 200 ik 2 R Sk S X sk £ e U T 3
T, 24 10 S S50 G 30 21 40 it A R o TR AR
R ) 525 VR, DOV I A e A0 Sl A7 AP I,
WHEEY G B> S5 R R ) S
Pal AP ACT I, rps29 RARAR Y th TR R
fiff ( adenosine deaminase, ADA ) 85 W2 W4 i & fifd/
AACERR EE, R Rz 2w T
rps29 FEAF S B 1 I Bk B[R] AL AR B T pS3 A9
7 TR
2.4 rpll8

CHEN %" fifi Hj CRISPR/Cas9 % 5i 75 3 1
ST T mpl187 T RARK R L A G TR
AARTE 24 hpf B H 0L % B A4, 76 30 hpf Al
2 dpf Z [8], /NI /NS L B i 2= R Ak, 3 dpf B,
O T T 1 R T HH BK B, AR KR R, KT H B
KEANR,E 4 dpf EAHEBBIC, mpl18 ALK

ANBEBE rpl18 mRNA (p. L51 S) ¥RFL, IR A} A& B p53
VRO F Jak2-Stat3 {55 30 BK S0 5 B0LT 40 A
BHA
2.5 HfRE

rpl17 RAZRAEAL T DBA £ & 1 %% 10 RN fi 1f
WA TR AP EE , 33X TT R A2 H AZ W (AR A i 3okt 4 [ A1
FWER A2 ) & 1R B ) 1) IO 80 s I T 3 3
(2 epoa BLRFE 2 AR IR R H 25 DBA [
vt A | AN R N O = N
SENA, HLET A0 A BORR RE 2 s R AR R Y
MR >

3 DBA/MNRERHHR

3.1 Rps19 Rpl11 #0 Rpl15

Rps19 \Rpl5 Rpl11 (/N RAEHIE—E F2 R I
FRELALL T DBA BE B MY RESR R . AFA 2,
Rps19 A& R0 L3 b RNA T4 52 P36k IR 3 42 1t 45
F[1, Rpl5 F1 Rpl11 455 R W] 28 1o 75 5 5 PR 58 A%
RENA, RplS 278 /N U B0 H 21 40 Jfd a2 98 3R
P F A A Sh 2SR Ak, Rpl11 5878 /N RS2 1 A1
R 7 Bk L, I B ) eMYC KF S5
ﬂ%—[%—zs] .
3.2 HfitRPEHRA

Rps6 A1 il 5 /) BURE 7 % A= Ak & 75 ik
Fa , IR E & B AN ST LG . Rps6 Gt
P Je B AR K B R A o6 5L R B9 3 e /D
Al DL A r A% ps3 sk BHIEII I KT 4E-BP1 SRR
R, LA P53 & A 43 b 3E o 7 SR IS 4E-BP1
KV E A R, Rps128 1Y/ AL T 55
1A HSPC B 08 /D, HSPC Hr 4 Jay B 1% 7K
4R MEK/ERK F1 AKT/mTOR 3 [ 3 B 40
UL RPS12 7 3 I+ 40 i o e v 2 A 5 21 1A
TR,
3.3 FERP EH

Gatals SRR 57/ INRAE A0HE A 35 A9 22 UAE
AR, B A B R 2140 AR S, DA e B o AE 0%
HER 2 B BE AN LR B T HLIORP 3T Il 2R A
f [ ErER P Fluerl Bk S BN E ok
TEHHE H A0 AN, DT A 40 e N AR RO R A
Pk, XFFR RS K AAE RN AR IR T DL Ak
BET ., BRECE AT L o B 20 it P koK T ik
DML R A B, PR A i dE e, (EA R
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S, 7% B A 2828 R DBA Z140 it ] REFD 1 20 4%
IEM) HSPC MY LT 4 AR B, X — IR X T &
HSPC 5L P72 F1 DBA 1Y 3E T 86 1 5% 4 5 g EL
AEEZEX

4 ImFKEIr+E) DBA %

4.1 EURHLH

W5 3RWI, DBA & Wbl 5 p53 IS A
X, RPS19 HLAE KT REAS 4 AT B0k 1 1 41 i
( hematopoietic stem cells, HSCs) H1HJ P53 414
Beps, vEn 51 & i S, HOHL AT R 2
RPS19 Sl i SR A R A 4 2%, (o Hofth RP AR
200 RPLS A1 RPL11 76 4% 5t b A2, 38 o 41 il
MDM?2 [BI4#Z37% P53, MEAh, RP B8R FE ] BB
T PIM1 A1 AKT #9046 34 g , 52 2 MDM2 #il il , IF:
7S RPL26 A%, TG P53,

DBA WEURHLEI AP I p53 i, i 7] fig
5 mTOR i} #H 3¢, #40E mTOR 3 % 1] 22 fif 4%
M8 A, rpl18 B A~ 55 F1 nop56 BB A S8k
p53 il Jak2-Stat3 3 [ 5 H G o Stat3 T 0
Gatal , T UTERZL R 4 y-BR B RN, 23K
L1 Z MM 02 EPO 2838 W 0% STATS, {H
WD JAK2 A 310 e AR B R AL, 13X R IR 1R 15
L5415 DBA KIEAHC

GATAL #ft = 43 7] fE J& DBA By L Z —,
RPL11 %8 78 K h HSP70 & 11 2 ik A%, 5 3
GATA1 TELL R b ad 2 v 2 9 K 4 &R 0 S5 1k
B9 Bt & BR 25 1 /K f# -3 ( cysteinyl aspartate
specific proteinase, caspase-3) ZLff# M T BELIKTZL &R
AN M3 TE I S AN T, S &8> BFU-E Ml
CFU-E #H40 "', TSR2 28745 f& b TSR2 fi4 41 i
SVEREMERRAIT GATAL UK MEARIERD
orAb, B B i o R b R bR A R R ) B
et

B A W5 R, 1G5 1L A Nemo #3577
R 3 00 ) L 0 20 A R v T R A LR
TRA WA R ) ek ER, 25 DBA 1Y & R HL
B IR R LA A Bl R, mTORC1 242
HESAR ARG SR T A RN 2 ORI A, 1
INGARAR AP AE R , (A7E DBA B4 i
P Nemo 38 il 38 i % R fb mTORC1 9 7 15 B
a3 0 g P, #E B 1E T mTORC1 4 S A9 28

BRI SR F A AR 2 L8 DL R ZR kA
P A, e A R B H LL AN A A
4.2 &Kz

H AT DBA A PRIA YT = ZARHE T &K
A T R AN R TRN (55, TR AN
JEV SRR I v RIOAZ A 0L 38, AT Bl 38 B 0 g IR
XFR IFN T4 R T RECA DBA AR AUR
JERME L T GC K S i n i 24t A
RIVER , JF & o ke AR EE i 2 AR Z Y B DBA
RITIEZ Ty 10, HETA 2 Fhi e 25 Y b F i
Rl ARG B Bt , 6245 HLFEIRTT ( bitopertin) | —
FHL % ( trifluoperazine ) | 2 Al 75 3 ( sotatercept ) |
i i ( eltrombopag) .SMER28 Flik s

L-5 2 R ( L-leucine ) /&1 1 DBA B & ff
R p g e AT 235 A% 0L 40 1, . mTOR 3
OB O o4 R E A A R, 2007 4R,
POSPISILOVA %) k4GB HAE DBA A L14
A B N L 6 A B IRYY IR A Hb KT
55% , 2020 4F—TllE ARIRE: o, 43 44 405 S 1 )
DBA B FEES H IR L& 9 M H R, 4. 7%
() Hb > 9 ¢/dL HANFHKAS S I, 1. 6% 1 &
# Hb < 9 g/dL (B R ZI L1 4 o558 hn , 83. 7% 1Y
BEITC BN, Ak, 36% Fl 44% (1K) 5 1K &
ANZREA: R B A B+ X R L &R
A RE AT, O B MG DBA B AR KGR

bt — bt/ NBR AR R A2 AR B
e ELANME NS A6 1, T BRI 2T 2R A R DA Rk
SELIMBEE Y, BRI T R TR A AT
M AT RPS19 2825 (AR A PEE % 2 DBA iR
HHRBUE R APr R, Mezy 6 A~ H 5 83 Hb 1]
HIE 10 g/dL* ) SRTT, 7 2023 4F— I 41 X ¥
1A PE DBA BIG RIS P, 15 4 BE AL 1 Ak
| Hb Rk ol P21 40 i 1 0 R R 509% (1)
b, H 419% ) 8835 DAL I /NP 38 22 0 75 78 5 57 &
[ I

RV (ACE-011) 2 —FpEAMAEA,
AT TGF-B 8 M5 A A (40 GDF-11 FE S &
B) " EAR %' % 3 H /N BUIR 4 RAP-011
TEBE D £f DBA A (rps19 Fl rpll 1 R4 w8 4
BB 16 2/ Lefty | {5 53 1%, A 412 /5 21 40 fifd /K
o fHTE 2023 ARG R IR, 13 A 32 R A
PG B R TS A R AR R B R
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4.3 EREBEIT

LR g HSPC FH 35 1120 ffL F% i ] 3 A
LG P AR B HERR )N A& DBA 28 A8 #E 47
HAENEE, i DBA JRIT R AE T 2 . SE TN
FEERA (lentivirus, LVs) 2% CRISPR/Cas9 JF#& &
1295 B ( non-integrating lentiviruses, NILVs) FY3&
N G IR EEPNARIT I EE AR, LVs il
BRI R A1 & B 1 E R E AU ARt B 5
) % ik, GIMENEZ %" % #, & PGK.
CoRPS19 LV 185 8¢ 2 A% T 1Y DBA 83 CD34"
Y ONR V=R 0 S = W SR I M i
VOIT 25" $ tH— 3 o 125 B 28R 38 i GATA
TR RN, B X 240 DBA A A 5L, NILVs
AT B 5L R A LA R B 2 7E 1 32 40 i K
F7AE, UCHIDA %1% J£F NILVs JF & T H T4
TE R0 28 A8 1Y Cas9 F bk 304, R4
NILVs i 75 # — 2 JF & LLH F DBA /)7, 2
CRISPR/Cas9 7EI&YT SCD I B-Hb o i %% 1l i
RCE A, L T H 4] IE DBA AR Ry S,
SR, ZE FIIRYT v B 5| A 540 28 A48 TG B0 3
PRI R AN 25 200 e Ab, 3 0T A 9% B
CRISPR/ Cas9 43 19 [A] 5 2 ] & &2 47 R A A% 1
T RPS19 726 278 ()75 5 22 68 4N i 1) (4 b
EFIAZ RS, Sy DBA (3R 97 AL O 58 S 43t 178

BE,

5 it

DBA # AR 5% B ALH A EH 2 T 2 A
[RIBERIA A DLk oS, 83T e TR [R Y DBA 4
RI(FR 1), AMER B4R 35 B TR SOuL At
FORG U S P 34, AR P 3R 885 v i <7 HE R, 2069k
AR N 52 2% W BRIABE , Bl 4N RPST 22 6 58748
[ U20S ‘B PRJRE A BEAR TR phy T HERR T A N BREE 1)
SEM ARG A B0 IE 28 28 X6 B PR TS PE AT vRNA N
T PS3 {5 SB s S AN A AT F
T £ 51 AR D) 5L A 5 ) e B BT | BB R R
g B AR A5, 38 A T 245 W) e 3 1 0 e AN ) 20
JERCIIE , 7 I R S5 55 Hh R B T 80 LS E R
FN3E i A ER A2 B e TEBE L A ) DBA A R &
PG, T B AR G 2 W R S A T K P
AT 4 B S HEL, PR 25 90 R0k B T e
= T FLsh Y T i 52 K, i PANEY 4514 fiff
STl A -2 R ) A 2 RV L P, T
LA S0 PRI . 5500 & AR L, /70y RURE Y 3¢
B R B K, (H s BRI RN Ok B ad B R RN
25, DA A B0 UE 25 1) A R 4 4 T THD DT Rk
2 GIUNTE Rpl11 BAASARN B/ INERUSS R RN Flver
BRI /N BB A A B0k T S il O b o B A
B BRI i 2T 2 A AR B R Y TE Rps19 Bk
B/ BRI rh 6 IE T L -2 A R Y AT AR

F 1 DBA FHLEZ,
Table 1 Summary of models of DBA

Elk7E ] RERIR IR FRHER H TR TR FNEH AL 27 3R
Animal model Source Causative gene Phenotype and pathogenesis References
L1 R M PR B 5 P53 8 S W
RPS19 Erythroid cell selective deficiency; abnormal 17l
) activation of P53 pathway
T UL 20 . -
HSPCs RMIAACHT PR T B AL 25 A2 B
S AR AL B -
Decreased ribosome availability, blockage of heme
synthesis; blockage of oxidative phosphorylation pathway
LA L1 AL Z 455 PS3 ARMRAAE L
Human cell line FHS MR .
s e - [9]
NIt ﬂ'[[}’é{)ﬁlfl@ RP526 Impaired erythroid cell differentiation; P53-independent
L2 L0 -1 mechanism induces apoptosis
HUDEP-1
i O1 R AN T EE R R AP .
Impaired erythroid cell differentiation; hypusination
~ a% 2D AR s Wit S
I R A @Eﬁﬁﬁmﬁiﬁgﬁﬂfﬁ n ﬁﬁ%{%‘({?ﬁ -
U208 RPS7 reduction of global protein synthesis; activation of

Wnt pathway
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FFE1

ShFE R

Animal model

RIS IR B

Source Causative gene

H R R FNEH AL Z7%5 30k

Phenotype and pathogenesis References

O
Zebrafish

VR

Mouse

ps19

rpll1

ps29

pl18

pll7

Rps19

Rplll

Rpl5

Rps6

Rps12

Gatals

Flverl

TR ZLANM 73 Th 2 B bk EL A B Bt R
p53 Hl mTOR 3 B 45
Deformities, blocked red blood cell differentiation
lymphocyte deficiency; activation of p53 pathway
and mTOR pathway

WA T (3 10T A0 A L A0 M e 5 kA Qa8 32 B

Deformities, blocked red blood cell differentiation, [ 14,19-20]

[14-18]

and lymphocyte deficiency; impaired iron
metabolism

LLANAE A BRI AR S 5 pS 3l BT

Defective erythropoiesis, metabolic abnormalities ; (17,21-22)

activation of p53 pathway
LLARMLIRAZ B R 5 p53 11 Jak2-Stat3 3 B
Blockage of red blood cell maturation, deformities; (23]

activation of p53 pathway and
Jak2-Stat3 pathway

BN (T g I 23 A L IVA A

Anemia and craniofacial abnormalities; (24-25)

ribosome stress response
E AN rEAT L AR OB S 5 p53 8 i BE 0T
Macrocytic anemia, growth retardation;
overactivation of p53 pathway

ZLANMLRUASE L BE I JEAE S IR s SORL AL A
p53 Fl Cdkn1 3 FEHEA , LK DNA $ 45546 2
EH MR

Blockage of red blood cell maturation, anemia, cancer (28]

susceptibility ; upregulation of mitochondrial genes,
p53 and Cdknl pathway genes, and DNA

damage checkpoint genes

FRPEAT AL PDIRZL A0 B BELL 20 BB 5 R

Mild anemia, reticulocytopenia and bone marrow (27]

erythrocyte decrease; unknown
TR % B B s P53 A A B 45
i i 'ﬁ"ﬁwﬁﬂ?ﬁ] ] 4E-BP1
Limb development defects; P53-mediated

translational regulation through induction of
4E-BP1, a translational repressor

& 1140 B 2820 mTOR i B3 BE 3T 30)
Reduction of HSPC; overactivation of mTOR pathway

AL AR L B E AR BRI ;AR

Cell-autonomous anemia, bone marrow , (31]

and spleen defects ;unknown

RELAMMINEST M R QBSR4 LT ZK P

. . . . (3
Macrocytic anemia, abnormal iron metabolism; (32]

high hemoglobin levels

PRI AT EA [R] AR 9y v mT e 2 B AN TIPSR TR
TERFSE EPT@‘TE PR,
rpsT Fl rps20 5

B, N80 rY
8T /N B YRS £ 5 B0 I A
ARV DR DBA RS e AR TR B 5E H AR

FRARTRIEAT R | 255 7% SR T A DL Bk 5 L
SO N0 BRETAR S, DL ORI ST 45 2R 1 m]
FEVEANIG R AL 11

FPNRIT (A TR A R T 2 BT A
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Femg ) ML L-se & R BT A Al
DBA JRY7 BB R W, FEPRIR YT W] 3 i 2 1F DBA
AR B T O B s I R Ak SR A A, 1H
KA G TG A T PR TS 7 0 R A58 48 XU, A
FeZ B i (I L5 R 7E AN A R T
MAFAE2E S, HonT Re 1Bl mIAE R e i 2k —
HARA LIS AH AN RN
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[ Abstract]  Atherosclerosis ( AS) is a chronic inflammatory disease involving disorders of lipid and iron

metabolism. The establishment of suitable animal models is required to further the study of the etiology, pathogenesis,
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prevention, and therapeutic measures of AS. The main animal models of AS related to iron and lipid metabolism are

mice and miniature piglets, especially male ApoE™” mice. Single-factor high-fat diet-induced iron and lipid

metabolism disorders are a common type of AS model, manifesting as elevated blood lipid levels, large plaques and

iron deposition in the aorta, and significant increases in serum and liver iron levels. This review compares the effects

of different intervention factors on iron and lipid metabolism in AS animal models, and summarizes the method of

establishing AS animal models using dietary induction, chemical intervention, and gene modification, to provide

references and inspiration for future research into AS and metabolic diseases and the development of new drugs.
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atherosclerosis; lipid metabolism; iron metabolism; animal model
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o, B iR AR A FTH T3 ApoE ™ /)N BRI i
IKFFRAR , B0 kR LA S B | I 375 2k K S T v
BRARIE () FTH FTL &2 TFR1 38 B4R, k40T
A F R F-20 40 B 2 AH OGP F 2 (nuclear

factor erythroid 2-related factor 2, Nrf2) [ 1K Fl
GPX4 FHE, KT,
RSL3 J& GPX4 #II il 5, Al 5[ & GPX4 1y 2k
i, PEE ROS BLR iE ST, w IR iRk
A E T RSL3 BEAE #E ApoE ™ /N L3 ) ik i
Jo ik SR Ak 4 B R 2R R BRE B T B, 9 A 4 A
GPX4 Fl FTH1 i3k, 5 B i gkstr=""
BAT 27 % I i i e et B A R 56 T 410 1 571
(ferrostatin-1, Fer-1) 457 ApoE™ /N 8 )G, &
B Fer-1 REREAR /N ERIALAR , 187> AS BEHIE A%, B
A L35 4K S A 5 S bkl 4 & 5, Ik i ot
AW ( ipide peroxidation, LPO) #1 MDA M r=As
I B 3 fi 184 58 = Bl Bk 2k AE T A S B 11 SLCT7A1L
T GPX4 ik, ZBAEHE K Fer-1 NMLiE
WA 2 NS FRDRL I 32 19 ApoE ™~ /N BRUILYE 4 Fl MDA
IR, IR AE I 3 3h KA P9 Bz 40 Bk FE T, 1
INERFET- A 56 Nef2 | I 2T JN & B 1 (heme
oxygenase 1 gene, HO-1 or HMOX1) J GPX4 iy
35, A EE F% FTH1 5 FTL 9335, PUYLAERT
IRV BRI SR 20 ABCA R B
o5 =ACERFE T HI77) UAMC-3203 ( 12. 35 mg/kg)
25T ApoE™ " Fbnl®'™ ¢~ MM /NFUE , BF 98 & B
UAMC-3203 1] R A% /Iy BR300 8l ok BE B FTH 5
HMOX1 7K, 03k B 309 251 80 fok SEBR T 1, 4 BH 42k
BT 30 1 7] UAMC-3203 38 1 417 i) 25 5 fok B Bk
FTH 5 HMOX1 1 2& 35 , M 0 il B B 5 10 448 i
X} 21 40 i 0 A WV R 20 I A2k 1) AR R, B 45
M A 1 BXE ke i O 45 2B R A M i, BT UL, FTH,
RSL3 S#FET- M F B8 S S5 m AS 805
R,
=Y Ui X W = T o N T
TR G AN R) 7 1 A K e Bl ek B 5 M 1 2
FTH Fer-1 5 UAMC-3203 % AS #5R1/N ik IR 1R
AT NER
1.5 ERFETIEX AS sh¥#ER KRS m
At R DR 8 s R R R AR Al 2 2 i A3 A G
() AS SRR E i £l —, CATZE R A
BRI FE ApoE ™ Fpn1 ™™™ /NER 16 )5,
gE R /N T Sh kBB 3 &2 AR e
TR BE B AN A A 1 22 R RN B 32 B ik
AR RN SRE S 07 B S ] AR R R R R AR
B, ZJE R M IR R A B A )
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(deferiprone, DFP) %5 ApoE™ Fpn1™™""™™ /N ER
16 Jil , 25 R B B i RHE & 2R K 4 T3, 45
T DFP A9/ BUILAG TG 2. 35 57 3, E3h Ik BEEE
JRED | ML KT R AR AR RS R [, 7]
UL ApoE™ /N Fpnl & H B BEIE#E ApoE™
/NERLAS BRARIRIIEEEL, 457 DFP J5 BER3E Fpnl
BT R AR IE 5L

KA IR ES & 5 R 45H 38 1 (nucleotide binding
oligomerization domain containing 1,NOD1) j& [ Il
AR SZ A T ) — b, AR A 1 5 T
T OEHEME, FERNANDEZ-GARCIA %7 % A
R TEEHR IR ApoE ™" NOD1™ /ML 4 )5, S
RETAEHER SR E ApoE ™ /INELELHE, ApoE™ " NOD1 ™~
/N B IR BE PRI B 22 ) M0 I B R
BEW, MIERTC R EEES, b S 55N
W0 Sled40al | Spic., SlcTall } 1 8 o B
(collagen type I alpha 1 chain gene, Collal) %5 AH
KHEP IR, Gpad BE PR Y 3k i/, fie 1 B
BRAET , BRI, 7E NOD1 138 20 ¥ Fn s & ks
FEHEHY) ApoE " NOD1 ™~ /NI I B W20 i 5 1 ik
PRACHE AH 5 55 DN Ay 26 08 522 A0 iy e B, 3k W
NOD1 25 1 B mEn ki, NOD1 fyii 2k i
HERIETIE T AS,

5 i S R S R T 6 (signal transducer
and activator of transcription 6 gene, STAT6) J&:%&k
A Y SCERE T R, SHT 250 SR A e Ak Bk
B HTEE 5% AL A 50 T 2 5% (L B8 9 (proprotein
convertase subtilisin/kexin type 9, AAV-PCSK9) {F
SH4R T STATO™ /NEUS I 7. AS BRARFCI AL

BEA 5 s IR AR R R 0y B A AN BT A
STAT6 ™ /N E BB HESR T BUE I3, SelTall
Fthl | Gpxd S5 AR A OCHE K 3k s b, £ 30 ik
BEHLER TR i, 280 STAT6 R bR BEMEHE AS T
BRAET

BRUH 2R 2 5 I T R 15 AR 1 A T
Z YT SHIMER , i Hamp FENHEAT 46t
MALHOTRA %57 2R H 15 i 1 ) i 3% Hamp ™~/
Ldlr /N 21 B )5, 5 R 23S Hamp''* Ldlr™”
INEREE R, Hamp_/_ Ldlr™" /NE LDL 7K F FEA ,
BNk BE PRI B8 /L, B Ik B v 240 M TS P BRI 1
BT, BR300, ML 1 240 i e
BRUCAR, Al WLk 3R 1Y) ik = BB 52 i 1MLV Bk /K F-
IFRRAR A AN MR A R B B 2R AT AS

ZE LTk, ApoE™ Fpn1 ™™™ /NER  ApoE™~
NOD17 /N, . STAT6 /N M Hampf/f/Ldlrf/f &
BN TR/ NRA M T AS BRI

2 HRAIEREHEXAE AS S EE
tb B2 53 #

2.1 SRAERIETHEZ B AS 48 Y B Bh ¥ 7h 3K % 57
KBS

1, &1 AR E S RS 36 R SCik
(E0FE 17 5 T SCSCmk A 19 5 A S scik) |, X AS
BRI X AL W AL A TR T, R B R sh )
Tl 245 6 45 B 56 DT g I /0 BRL L OBUEE PR g o /N B /0
RURE 3 KIS, AR 1A B0 W ol A R AT HE)T
ApoE ™ /NI B £ (29 1K ,80. 55% ) ; 7F

R BRNBIIACH AS B B PRl KK

Table 1 Animal species and frequency of AS model animals related to iron and lipid metabolism

Y Bl 1Y VR/N HAab/ % AR/ A it/ g
Animal Classification Frequency/times Percentage/ % Age/week Body mass/g
ApoE ™~ 29 80.55 6 ~ 8.4.21 18 ~ 25
AL P BN L STAT6 ™~ 1 2.77 8 -
Single knockout mice ApoE ™~ Fhn]€10%6 + /- 1 2 77 8 _
ApoE ™" Fpnl"WirM 1 2.77 - -
ApoE™ " Nod1 ™~ 1 2.77 - -
LR PR g B /I B I
Double knockout mice Apol ™ Hfe ! 2.7
Hamp ™~ Ldlr ™~ 1 2.77 6 -
¥ Pig /INEVEE Miniature piglets 1 2.77 25 ~ 29 -
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YR L, ApoE” /N EEE R 6 ~ 8 Al
TEShPE R b, 46 R 22 B0k i £ 1 1R 3 1) (25
K,69.44%) ; FLUR & MEHE S (6 IR, 16.66%) ;
WEREASRR (17K ,2.77%)

1 GABACIAIOCHY AS SIS 53 A A
Figure 1 Proportion of gender distribution in animal

models of AS related to iron and lipid metabolism

2.1.1 ApoEf/VJ\Eﬁ

ApoE_/_/J\ AR ApoE 3 A i BR /N B, & AS
BRIRACI 2 AL A H TS0 . K 3w B 1)kt
WRFR ApoE ™ MEPE/N L, oM AR 7K1 .2 T
[ psf 2 Sl Kk T AR 3G i, LDL 7 3= 3l k463 473 1 45
BETN ARG, JUHAE 3 3l BRAR T 45 X s ) &8 3
e, A PRBES R E B & R, BTk
24, D HIZ A ) 32 N T I S RN S ks
FEREALAIE ST, HAT 4R A T | AT o) J g 38 M
LVRRAE 5 N2 i BE AR RS 20 ZERIR
A IR E T BT, ApoE ™ HEPE /N RUH 8 H T
WFE T Sk IR BT 2K LA R TUAR B 4, B0 3 I 45
HMIEPEER A SR L% 3 3 DKk IR AR 3R G 72
b, X — 1AL 0 FTE T RS 42 T DAl = R IR
FORSNIE R 3 3 bk ok R A Ak v 2k R AU Y
LR AH Ry FRAMEAE T/ BURY i 2 1 1 AR
H5AFMIRIBAERES
2.1.2  ApoE™ Fpnl"™"" ™M /NER,

ApoE ™ Fpn1™*V™™ /N B J& ApoE i B FiI
Fpnl SREE/N ARy — 4 5 5 v Bk e i
HE (Fpnl) SRFE/NREBEAL, 55 EIKER
ApoE " /NEAH EE, ApoE ™™ Fpnl ™™™ /N B It
A0 Fpnl BRIC EASE R ML /KF- 45 5235 s 1
TR R Bt e 2 S HAS E
WAV, [] Fof 40 A I JRIORTT S RE S5 o7 38 5, % Sl P A

RIS E T, EWEZIIE Fpnl 19485 MEBLE RERS
LRI 5 2 i 2k R BR 56T 2l fik o A A Ak 1 SR
FAE T, ELAS 52 i 2% 0 3R i R A Lk S
AL EU N U IR EE AL
2.1.3 ApoE”"NODI™ /I

ApoE”"NOD1™" /N J& —Ff ApoE Fl1 NOD1
XUEEBRAR Y 5 ApoE ™ /NERAH EL, I NOD1 He2k
A SRR IV R KT (RIS 10 I R AL Y
BRUTAR, [6] s 34 1 i & v B e 240 e v B,
PR T BEHIE B, %S AR A S E TR
T GE AR A I 2 AL B LA Bl Jok ok A i
IR YT T VBRI FH A A
2.1.4 STAT6™ /MR

STAT6 /IR STAT6 H& K i B /N B, 78 =
BRI AAV-PCSK9 WBKA1EF T, &) TIE WL
AS BEH P E SRR, ZAAE TS
G R ER P T2 AS R YT T AR RE A (H LBk A
T RESEUFIRME B,
2.1.5 Hamp"Ldlr” /MR

Hamp ™~ Ldlr™" /MR Hamp F Ldlr XREER /)
B FE R IR IR E TG, RO IR BT & T R s
BRACETFE LA K 25 1 LDL 7K S B [R] iR 32 30 ik
5 24 L 5 0/ | 8 3 TR Dl 553 LA B 1 g 4
BRUCAR B Z 0/, iZ 3 Wy B 3k T T 5 5 1)
BRI R ARG E B U AS IR A2
2.1.6  ApoE” Fbnl1“"°* /N,

ApoE™"Fbn1“ ¢~ /N[ j& ApoE 3 [H i R
F Fbnl FERI 2228/, B FH TR Sl ok A
R A BRE R A 1L 2 SR S o ) A AR | L s A ] 3
7 Kk 20 Jal A REAE S 3N Dk v 0L 4% 38 i S Bk e oA
VR T4 A SR S i B 5R i E M E gh Dk RN I S 3
kb R WR RIS Ak, %3 PR AL 5 T 5T
B0 bkt B R Ak v 5 A8 A RN H i R DG Y B
PRseT-pL
2.1.7 /NESE

/INERE RGO I A P 28548 i 2 1) 2 1 A
K E B BKBENG 51728 Ak 5 N2 BEARAL, AR T
ANEL A T AS BRIR R E ALY, 7R
IR | DB E SRR IR E RS 6 D H JE L,/
RIS TG /KA 2 Ty, (BB S rhn] D
20 L 2 T RD R TR AR IR BEAZ L, [ R 2 20 ikt R 2k
IPEILG . SR, AR R A AE ) 55 A R SR e
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FER R Sk R R ) B = 45 R BR A BR
il T HAE AS BFEH I R
B2 AR B A R AR R B A A O 1) B ik
SRR AL AT ST Th A 2, DRI TR BEAR MR A 5T B
RN R S BT A s e B 5 35 9 S A TR
2.2 HRBERIEIERXAY AS SRS T %
MR 2,3 3 4 B R A R TR,

WAL R AR (UNBRIEER (FeSO, ) , B34 7R 1R
FEHIR TR I HE At b3R5 I A e A I 4k R0 AR A 2k
SEHAMPI R, P97 PR iR RS A R
[ et A JURE /I BT B P PG 7 TR B DR e e it
AS A 36 Bl SRR S Bl i oAy 5 iR e v
TR E L, 36 43 YA 2L S g A 5T Hh 3 4 %
T 5 RRERTT I, T BN R BRI R

|2 BRIBICGHIAHSEH AS SRR Y7 AR B RDRHEC L

Table 2 Western feed ratios for AS animal models related to iron and lipid metabolism

PEIT R B AR HAC L U/ Bt/ % 275 ik
Western feed ratio Frequency/times Percentage/ % References
40% BRI 0. 21% JIEL [ et 20% i 26 1 1 20.00 (37
40% fat, 0.21% cholesterol, 20% casein '
219885 0. 15% fIH i 2 1 20.00 {407
21% fat, 0. 15% cholesterol
BT 72 C1000 R E#ME 20% FLAK AT 0. 15% IR EBEAT 50 mg
AR E 1 20. 00 [at]
C1000 diet supplemented with 20% milk fat, 0. 15% cholesterol, ’
and 50 mg of vitamin E per kilogram of diet
TD. 88137 #h3E 21% I i1 0. 290 AL [ 3 1 20.00 [33)
TD. 88137 supplements 21% fat and 0. 2% cholesterol '
LR 1 20. 00 [26.,42]

Not mentioned

F 3 BRARIGIADCHY AS SRR RSy A S

Table 3 Summary of modeling methods in animal models of AS related to iron and lipid metabolism

BRI . e Wk L
LRSS M RO T T
Molding Moldi incinl Moldi thod Frequency/ P rage/ % Molding
Classification olding prineipie lding methoc times ereentager o cycle/week
P . AL T N Pe ” s s
Single molding High fat/western feed Feeding a high fat, western diet ’ T
o5 N ARV VS 5 R WREIR AR/ VU TR G IR |
L Fes0,
SRR | TS0 fRd . 5 13.88 16.20
High fat feed/western feed Feeding a high fat, western combined
combined iron carbonyl iron/FeSO, diet
MR R TE RIS oA T
TE AR & 75 A R BBk HEHEL 10 mg B/
High-fat feed combined Feeding normal diet combined with 1 2.77 20,21
with iron dextrose intraperitoneal injection of iron dextran
Oy 10 mg for each mouse
Composite gkt 1 )7 K G WL RN Py Ik A
fodne AR ST Fer-1/FTH/UAMC-3203/RSL3/DFC
Combined high-fat feeds/ Feeding high-fat diet, western diet 5 13. 88 12,16 .20
western feeds regulating combined with Fer-1/FTH/UAMC-3203/
iron metabolism RSL3/DFC
IRIR AR IR & SESNT JFkt |
5 AR B R A PAYK IS AAV-PCSK9
High-fat feeds in combination Feeding a high-fat diet combined 2 5.55 6.8.12

with others

with EV/SESNI plasmid, single
injection of AAV-PCSK9
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JE A kL8 ek B R R O Tk (23 Ik,
63. 88% ) , HUIER FH i i/ V8 7 iRk B B A 1 ]
Bl T B (5 U, 13. 88%) , Jo =% JFH 5 i il b B
A T T S VR T R AR A B P R AR T (41K
11. 11%) . WFFEERNRACEIAE DG AS BIR LR H
KR IR RE/PE T IR E B @ R
S 3 Fil, FeA B OIR B 22 1 02 16 JE T 8 JH
(H 21 ¥K,58.33%) , Ho2 12 J8(5 1K, 13. 88% ) |,

2.3 AE%E=3 AS HE MK R BRI
Boath

gk 4 Rt R, B — SRR e fd it
ApoE” /NER AS 1Y & J Mk IR R = FL., HU
4RV 5 DEMETZ %570 R H 25 o/kg BRILEK H G
TR B SR ApoE ™ /INEAT ApoE ™ Hfe ™ /MR,
X5 AS W8 WAL AR S VR #fE0 HEPT g 5 i
BRI A S Sl 1 S A AR OCG . 2% Fik SE Bk e G = IR

R4 BAARFEE RGNS AS RN UK ERIE T L8 o b
Table 4 Comparative analysis of iron lipid metabolism in AS model mouse with different levels of iron intake
SRR A e TEA S 19/ JH sm
Feed iron molding ClasZiCﬁcation Molding cycle/ ]i:sult
principle week
FALL T IEH 0 BRZH 25 o/ ke SRAEER 5 AR R B /)N Bl 2l ik oo A A AL B
25 g/kg A E R e Z et AS KR
25 g/kg carbonyl iron ApoE™~ 1 Increased atherosclerotic plaque formation and promotion of AS
high fat feed development in mice on a 25 g/kg carbonyl iron high-fat diet compared
with normal controls
VIR E RN SR8 (5 mg/kg AR /N RAR L, V7 IR & ik
E)‘é/rg%‘;l@i( 25 g/%;g%, @%ﬁ%ﬁé I/EJI\ Eﬁﬂﬂﬂ?ﬁ%ﬁ% Hﬂtf?ﬁ(jkq;rﬁjg , ﬁzﬁ%ﬁﬁ
v R ferritin 1] ferroportin FEIRIE AN, PN AS &
25 gﬂ,;\ﬁ%ﬁ@b Compared with mice fed with western diet and low iron (5 mg/kg
25 o/ke :arbonyl iron ApoE ™~ Hfe™~ 20 carbonyl iron) , mice fed with western diet and high iron (25 g/kg
N liet carbonyl iron) had lower blood lipids, higher liver iron levels,
western die increased expression of liver iron storage protein ferritin and
iron export protein ferroportin, and inhibited the development
of atherosclerosis
SFIEF O B L, /N BRI ILBR ARG, 32 Sl kb BE AL BE s |
MRS HIEE Pk FTH & FTL K580, 3 s kTR &, i
2% IR 2 B TR il AS [k J
2% carbonyl iron ApoE™~ 16 Compared with the normal control group, mice showed decreased serum
high fat feed lipids, reduced aortic atherosclerotic plaques, increased expression of
serum iron and ferredoxin, hepatic iron, FTH and FTL, and significant
aortic iron deposition, which inhibited the development of AS
FHEE T ( Ozoi%ﬁ%%ﬁﬂ}ﬁ?@? ? . )(j 2%%%}%9&) %;i%t’xﬁd\ B,
s ey ML ESK I DRI 0 AS &
2?;?%%(}???;1*4 AnoE~" 2 Compared to (0.02% carbonyl iron) mice on a low iron diet, (2%
hich fat %;e d p carbonyl iron) mice on a high iron diet had significant iron deposition in
g - tissues such as the aorta, liver, and spleen, which inhibited the
development of AS
5 IR B /N L, e R ARER R £/ N BRI PUIA Fir il , 3230 ik
BEHOE s/l , M8k R | 035 B 20800 | I B8 & R,
< 20 mg FeSO, £k TP EEFBES R WARIURR 30 BKBEHUE I, i) AS 19 &
= ek ApoE~" 16 Compared with mice on a high-fat diet, mice on a high-fat, low-iron diet
< 20 mg FeSO, iron pot had improved lipid profiles, decreased aortic plaque formation, decreased
high fat feed serum iron, hepatic iron, and serum iron modulators, increased serum
iron binding, and no iron deposition in the aortic wall or plaque aortic
plaque formation, and inhibited the development of AS
AH LU R T S AT M 4 1 ApoE ™ /INERL, SR FH IE 8 TRRLER A5 16
FETESS (5 H 10 mg) A BERERTER 45 T 5 i Apok ™ Mt/ 4 4
S5, LML BN TC T, 3220 JikonT UL Btk B, je JER AN A U o 3
EH GG 5 I fs A CFRUUE , F K BER B KBES rT UL B R0, (R E AS Y &
10 mg A7 e wH BTk Compared with ApoE™" mice without intraperitoneal injection of iron
Normal feed combined with ApoE™~ 4 dextrose, ApoE™" female mice of 5 months of age given 4 weeks of

intraperitoneal injection of
10 mg iron dextrose

normal chow in combination with intraperitoneal injection (10 mg/each)

of iron dextrose showed elevated serum iron and TC, visible visible

plaques in the aorta, hyperpigmentation of the skin and internal organs,

and visible iron deposition on the wall of the aorta tubes and in the aortic

plaques, which promotes the development of AS
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T RNA T 8 Apok™ /NSRRI 2L (B AE I 8
BPKERDTRR ; WK F 20 mg FeSO, AN HE ok 3 &
R RHZ T ApoE /N EUIR AR IS 2EEL , A0 RES >
TP DT, AR R I T AS BRI 2L
PIER . 45T ApoE™ /NS 1T 10 mg A7 75
WEIFER , IRBELEHE ApoE ™ /INERL AS BRARIL I 2L
AT, H I AT UL A I R e A B I s 1
SN TR i R AS BRAR A 52 A 22 5%
ARt — LA

3 BREE5RE

AS S — ™ U N AR R YO 1 A
HAGRHLH 2 2%, SRR RS AL WA DG, 3¢
BRIT TR, B R S IR IR RE WS ApoE™ /R
F/INELRE I i S, 02 2 B JOE B0 R Bk 0 AR
i, SR G ACHIAH A8 bR (I GPX4 | SLC7ALL,
p53 .PTGS2 FTH1 FTL NOXI %) K& tE k78, i
JIR TR EBC 5 S T S Bk SE T AH S AR A W B (A
FTH RSL3 Fer-1 fil UAMC-3203) fiE %11 AS zh4¥)
BRARPTZRAEL , v oA 38 2 1 1 R AR A o B ik
sk AR AL AF 5 i (LT 1 L N SRS T v Al e e
BR A AN A B R /N B AS TE I B R AR A Y
SN WAS ], 75 1 R AR 20 Jhko ok 6 At Ak A Bl
A E 252, 3l Dk o A B 1k R A A AE ¢
SRR L PR/ N, JEH R ApoE ™ /NEL, B
& B PRORD B R R 1Y &, ApoE™”
Fpn1"""™ ApoE™” NOD1™~ % 3 [ T #2 /) Flth
AEMCH AS YR ACHERL SIS, /)
B TIZ T AS BFgE (H AR B AU 5 AN
TEZES ., Jidbh,/NERE BAEO A R 451 5 N
AR, ABAFAE M) 55 A va7 | Mk DL R 1] 77 55
e, AT, I8 T m BRI v R DRHIR 5% K
AT AS AR CiH ZE AL IS, SR 1T EE X R B AS
BRACH AL A B A, BRI, R kA Ry ik —
A AS BRI R AL R BT X T 42
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Research progress on animal models of cancer-induced bone pain and
mechanisms of traditional Chinese medicines
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[ Abstract ) Cancer-induced bone pain ( CIBP) causes substantial suffering for cancer patients and also
diminishes their quality of life and self-esteem. The mechanisms underlying CIBP are complex and evolve
progressively with cancer advancement. Current treatment options show limited efficacy and are often accompanied by
adverse effects. Traditional Chinese medicine demonstrates potential advantages in managing CIBP; however, the
mechanisms of action remain poorly understood and require further investigation. The development of a standardized,
stable, and reproducible animal model is crucial to advancing research on disease pathogenesis and verifying the
effectiveness of therapeutic interventions. This review considers recent method for modeling CIBP in animals and
summarizes the application of these models in studies of traditional Chinese medicine mechanisms, with the aim of
guiding future research directions in CIBP.
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‘B ( cancer-induced bone pain, CIBP ) 24§
AR B PR B IR 5 R P, T 80% 1)
S BB A R R ) CIBPY | P E R ) 2
B MRS O, Bl 2R AR H K
2, EETR 225 AT AR A2 CIBP EE 254
1097 07 2 B — 2 835 BB AT I (A %
it o TR 25 2 0 A A I AT ) R
oA it AR A 2R B PR SN R RN e V)RR
SO A RIR YT T B, WP RIS Bk
S BE 2GR YT 7 iR A RO CIBPYY n— 35
Meta Z3HTESE Hh BEAMAEEXT S CIBP A —E ST
O JIA Meta S0 8746 H EFR AT CIBP 9%
I 9o JRE B v A 1 SRR BT 2 24 0 A

(AR sk, 2L CIBP BMLHI 2 & 2R 11,
IF-Fiti 2 Ji AE 14 308 8 I e A A W6 M 98 440 e
H AU 75 Ak A 2 E 20 B RN 1 S T B 28 0T 22 [R] 1Y)
AR EAE R, B T B0 IR e B T
MEEPERR . XF CIBP &4k & JRHLH B9 4
B 48 I R S X5 M SRR IT, ORISR A
HHURIFSE, sh P 2 I 27 S50 BF 55 i — Fh
HELAR, A A FaE | ) R 1 Sh g A
USRI 5 95 95 A& 9 AL T R 565 0E - F0URS Bt 7 Rk
R4 AL AL B2 B B A 3 AR W A
CIBP BRI T (W3R 1) , IF B4 HAE
= 2540 5% AF AL 1 B 5T 0 N T, LA R A I Y
CIBP B4ty

F 1 JE 3 4E CIBP shii B pT 58 4 o5

Table 1 Characteristics of CIBP animal models modeling studies in the past 3 years

B TR

- e R PEIRAT W
WRANCKE  SmBREE  Gkons ono o WEIIE . .
. . HUBZWIRER IRl s {79
Tumor cell Animal models Site and R X - .
. Pain behavior Test for Advantages Disadvantages
source strains method of .
. . test methods analgesics
inoculation
AL 51 e
. - ¥ ' ; - BRI A7 A i
WAEMEPESD  ABEEE obbaeex  seNave o AR AT
. [1s] b2 ﬁ*‘]‘fﬂ\‘ﬁ lﬁﬁ%ﬁ—
K Cancer cells Mechanical el . . R
.. . Prolonged Long induction time,
Adult female were injected pain SFN and/or . ;i .
. . . L (15 pain single behavior
SD rat into the left tibial sensitization morphlne[ ! .
. testing method
medullary cavity
Walker 256
FLI 40 NI T ey
Walker 256 broast TR N E AT K
carllcer cells l ZifER R 173 9o TN TR B0, X 2
! JEL i e ) ‘ B it 10 i
TRAE ER A PO S W T/ 5 %%Ei]'ﬂ %?ﬁ@ﬂﬁxﬁl%xﬁ
. Cancer cells [ 16] E3y5) Single behavior testing
Wistar K FR, O Thermal s )
were injected . . Short method , the follow-up
Adult female . pain Morphine and/ . . . ..
. into the bone . . 116 induction time of pain is short,
Wistar rat . sensitization or dezocine ') .
marrow cavity of time and the long-term effect
the lower 1/3 of of drug intervention
the left tibia is unknown
T W R
AN
ARBE,
WAEHERE AN BT
C57BL/6) 5 Tl 2 1k s e
s S s AR TEIE  peantimitrss
) FLARE BALB/c3H i it Two types of . N -
< (18] o R
41 INER Cancer cells NSF nej cancer cell Sinele hehavior testi
EO0771 breast Adult female were injected Morphine''*! lines and Pingle behavior lesting

cancer cells

C57BL/6] or
BALB/c3H

mice

into the bone
marrow cavity of
the right femur

mouse strains
were used to
improve the
reproducibility
of the

experiment

method, long
induction time




I S22 2025 4F 6 H AR 33 B35 6 3] Acta Lab Anim Sci Sin, June 2025, Vol. 33, No. 6 927
&R 1
R T ARER s N
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Tumor cell Animal models Site and N . L . -
cource strains method of Pain behavior Test for Advantages Disadvantages
. . test methods analgesics
inoculation
SFL HILA
JRfOE AR < g
BAMIESEE) ik ek S o o e G
VRMT-USURES  RAMPESD  ARRAEE S, STRESKY  mgR CRd TR
2 KR Cancer cells mechanical lentivirus Behavioral S%E!/ S .
MRMT-1 breast Adult female were injected pain expressing- testing b h‘p(?nlanf‘:ouls paii d
cancer cells SD rat into the left tibial ~ sensitization, TRESK, methods ° ha\ﬁor Ikn.dy © mlx}f
medullary cavity thermal LV-TRESK " vary with the skin pam,, thus
ain affecting the
senin)tization experimental analysis
AN 51
wppy eI PR PR
C3H/HeN i s o (21 177‘779-'\']11‘&??‘/2‘%* N
N Cancer cells “"I:hermal Nalbuphine KEIRFREEA St iR
Adult male were injected pain Comb}i)ne d Prolonged Single behavior
§ C3H/HeN into the l)f)ne sensitization with paimn les%mg me Lhosl,long
NCTC 2472 £ 4 mice marrow cavity of hine 2] induction time
e ’ the left distal forpime
NCTC 2472 femur " N
fibrosarcoma cells 9B 2 S mmﬁ?ﬁﬂld:\ microRNA- %Jgﬁi Téi
‘ A e NSF  #i fik 199a-3p i A FT R
AR I %ﬁﬁﬁ’ﬁ Mechanical 2] kLt
C3H/Hel /MR Cancer cells paii. MicroRNA- Prol(?nged lﬁ%ﬁllﬂ.ﬁ{?
Adult male iniected into th sensitization , 199a-3 pain, Long induction time
C3H/HeJ mice jece o he NSF, thermal .a-rz}z behavioral
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sensitization methods vary
SR A
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SCID /MR Cancer cells Mechanical Carprofen repeatability i
Adult female injected into the pain b arpro ;_ Ofﬂ ] of the Single behavior testing
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S 200 right tibia induction
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C57BL/6 /ML Cancer cells PEAy T Behavioral 7GNICIES SIS
Adult male injected into the Spontaneous Nothing!*! testing Long induction time
C57BL/6 mice bone marrow pain behavior, methods may
cavity of the limb use score be closer to
right femur the clinic
SEHG T SR
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G AT 3 . . . 5
WCEEHEEERE e mmrears) bR B4 ‘ "
M C57BL/6] T ke e i TING 34 EREE 1259 A4
Lewis Hﬂjﬁélﬂﬂﬁ /J\EF—EL ZEEX H'H Hﬁ% &(/?\ﬁﬁi/i STING § Experimental ?}ﬁ&ﬁ%z‘\‘)ﬁé
Lo Cancer cells Mechanical ) il R P ” .
Lewis lung Adult male . . e protocol was Early intervention
were injected  pain sensitization STING . A
cancer cells and female into the bone and cold pain NS relatively effect of painkillers
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C57BL/6J marrow cavity of sensitization safe Wlth. 1o is unknown
mice systemic
the left femur . .
gastrointestinal
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1 CIBP sh¥ =B R i B

1.1 CIBP sh¥EEIESI A RIEE

FU CIBP 3525 5 & KOS T4 96 40 B 253 245
/N 202w B S e A AE 4 B A6 38 i
FE B 55 B BE 1E 9 I AS [R) 41 2L 00 T8 B 5% %,
TXRRRRE TR (1 Jnp 2 5t A5 4 B B AR A AR /N g ]
wom e, SRR T I, LR E
T U6 s 200 B S5 380 6 145 25 3 1 B B s o e i
T BRIy ey sl A B s T A CIBP
SRR %) B R A A7 R AE 1999 4, SCHIWEL
2D NCTC 2472 25 4 PR 40 i v 5 1) B6C3-
Fe-a/o B4 U C3H/HeJ /N SRUBEH i) & 1 152
A —A/NEL CIBP SR i o & CIBP /)
RS AR r A5 A 5 T AR b 871 o & A ) i
fe22AE Ak, B BT A R 2 1R 28 00 Hh e 38 5 kK
il c-Fos 5, 3X 5 8 0 5 BUH B 3K 1) 72 i 4% 1)
FHG, 55— T A B K Bl CIBP 2 7R1E £ 2002
4E MEDHURST 25" 5@ 3 %5 SD K B B P i 4
MRMT-1 K BUFL MR 98 20 M 5 i s 5 i A R 7
FERRJG 20 d P X He A B 8 AT A e EE S ), I P
H YR A R M A B AR R N, A
1999 4 Z T 4K #E7 1Y CIBP sh A1 E A 10
LR XA LAE— E L E P CIBP AAE IR
JEHEBY T /% CIBP 1953 T HL BT &8 2555 .
1.2 &H CIBP zh#1= 8k 3 EM R R
1.2.1 Walker 256 FLARJ@ A0 175 519 CIBP 3h4)
PRI

LIRS A M2 75 5 CIBP Sh B & UL 1 4
M2 B WESE & B Walker 256 FL IR I 240 oA A
1) B Py A A S 50 4 ) AR R R e 1) g B bR £ L
AT 5 2L MRS T A 28 CIBP g B A 2=
FARL T2 T CIBP iR, FU &Y
AEFE R D AR 2 (sulforaphane , SFN ) J& 75 i T i
CIBP #H JC & 98 47 2 I 4 i g ik 598 4 ),
Walker 256 F %965 20 B 7 5 2] il AR EPE: SD KB
ZeleEaElE LA 45 CIBP ShiiRl 7 RET 3 d I
RJG5 3.6.9.12 15 18 Kl i B ik ik 47
7RI, 58 6 KM 7. CIBP sl )5 | 78
BI7 L PSR ST SEN R/ s E, SCab 4k Rk
B, CIBP #H 47 N[5 {5 ( paw withdrawal threshold,
PWT) 7E55 6 K W& PR IFREZe 2155 18 KX, i

ZEyESF SN Al dE CIBP, #E— 2 43 BT iEW], SFN
AI SRR MEX) CIBP B B/ 7, i Al R 5
Hoil ik & d CIBP KRR -BT R Z 4K (mu
opioid receptor, MOR ) &3k 1 T I AH 5, X 7] BE /&
CIBP JA77 AW A4 A, M TS 25 1 2 1 2935 7
CIBP Jr a8 A EE N 28,y 1 WA b A/ = Xof s e i
MER R, A S R Walker 256 K FUFL AR
9o 20 PR 5 30 AT P Wistar KERZAER S T 1/3
B HEEE SR 5 R EN TN 58 i CIBP 34, L
Sy JE R YT 2 B N e S B b A i 2
RIT 7 d, I AR R 25 25 )5 30 min 38 5 PO
B ATAT I, SEgR A R R HEZE 2 4 d
J BRI RO 0 3 AR, ARG R £ b A S 5 e e
AT AT B SE S8 CIBP KBRS 76 rb e I fff 24
PERY K Je, X Al AE 5 i S K A R LR iR
( periaqueductal gray, PAG) 144 o B f 32 1Ak 3%
IR AT R
1.2.2 E0771 ZLIREANMLF 1 CIBP SRl
EO771 LR 40 i & 2 ok T C57BL/6 /)
U B A PEFL g , i ELE AR R ARSI
f ¥ FH S5 6 1 LR OB AL THOMPSON
USRS BT 25 )RR toll FESZ k-4
(toll-like receptor-4, TLR4 ) X} Bl b 25 ¥y it 245 Se 15
FA A B T E0771 FLARE 4088 R 13 5
P AEMEPE CSTBL/6J /IN BRI A7 0 10 11 B i
JE L CIBP /RS FE5 0.7 .10 14 KXt 3h ik
frfr s kB I T RmAT il 5 A &
IR 45 L ( number of spontaneous flinches, NSF) .
TEER T RGBT AR L, CIBP 4] NSF {2 3 1
., EREH 7 KA CIBP AU &L 5 iR
7 2H R0 B2 P-4 ) A A 5 3 o o e s A R
KB FAORIEE . 785 10 R 5 XIRAIAH L, JRYT
H/NEUNSF W2 /b, MRS 14 KI8T 4/
SRR AN - EL AR BT 35 P NSF 35, i —2F
SEER AR SE, 5 2 M MEZS 24 8 L T TLR4 15
S [ P PN < T e R S 7 Y 2 A 3
WA I P M 25 245 ] 394 i Jie 33 5 100 - B O 2R
IR IR ATy, XA — & B b & il i TLR4
ZARPLEN 0 N TR E T E M S —
o) DAL 2L s A YD R (6. 1) B AR/ IR &R
(BALB/c3H) #4T T AH R B 52 56, JF 3K 45 LA 41
[F] S H 5 AR
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1.2.3  MRMT-1 FLA 98 40 1 75 5 1% CIBP 3h%)
PRI

MRMT-1 ZL g 98 40 i 38 5. B T CIBP i A%
Hp DRI IS Vi R 1 R IR T AR R PR AR
Gt BT WESE ST CIBP s
R UEAE A 2K MRMT-1 7L i 98 40 A v 5t
BB MENE SD R B M IS B 57 CIBP A AL
5T WAL B 2 ¥ i 1B ( TWIK-related spinal cord
potassium channels, TRESK ) 7E CIBP & 4 %) #f ¢
YERT, E55 0.7 .14 F1 18 K, b4 A & I N
('spontaneous foot lift,SFL)  HLARIR i LA K A
BEEAT A IR SC 0 3 o G U Y 8 L
Western Blot 43155 5 ESE T CIBP KRS IR
B IR B RN T AR R 2870 b 8 70 P 1) 4 g A
22 dirh  TRESK 1Y 33k b 2 B AIG, X 7T fig F 5L
HH R SO R R
1.2.4 NCTC 2472 254 K9 40 1355 5 /%) CIBP 3y
YAy

NCTC 2472 21 4 A 8 41 M2 d5c 5 Tl 45/
BB CIBP A5 74 1) frbogig =11, & 47 C3H/He
ANEUR Tz A AT N, — T SE 568 NCTC
2472 21 4 IR R A0 AT SR 3 BUAE EPE C3H/HeN /)
B IR B Sz i ) B S L FE SR 0.4 .7 .14 21 R, N
PR SO AT AT A . CIBP 445 I IR
H{E ( paw withdrawal latency , PWL) 7£55 4 KHH i
TR AR 14 R H)75S 24 H CIBP /ML, iR
SR SE 7 d VR e R S g A e, SEE
GEILEW, g A HE B A e e 2 2 e Bk e e 4 2
FELGZE T PWL H AR, 1X AT 5e SRR gy ik 5
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