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Establishment of a mouse myocardial infarction model
and systematic evaluation
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[ Abstract] Objective To establish a myocardial infarction mouse model for systematic evaluation. Methods

s

A

total of 42 C57BL/6] mice were divided into two groups: sham group (n=8) and model group (n=34). Myocardial

infarction was induced by squeezing the heart and left anterior descending coronary artery ligation. Echocardiography was

performed to evaluate cardiac functions at 24 h, 3 d and 7 d after surgery. Then, the chest was opened and the occurrence
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of myocardial infarction was evaluated. Heart samples were collected for TTC staining to confirm the occurrence of infarction
at 24 h after surgery. Heart sections were prepared for HE staining at 7 d after surgery. mRNA expression of inflammatory
and fibrotic related genes in the infarct area was detected at 3 and 7 d after surgery, respectively. Results  After surgery,
the left ventricular anterior wall of the model group showed a whitish myocardium compared with the sham group. TTC
staining showed a white infarct area, suggesting that the model was established successfully. Echocardiography indicated
that cardiac functions of the model group were significantly decreased and gradually deteriorated over time. Expression of
inflammatory genes, such as TNF-a and MCP-1, was increased significantly at 3 days postoperatively in the infarct area (P
< 0.05). Histological analysis showed that many inflammatory cells had infiltrated into the infarct area at 7 days
postoperatively, and the boundary between the infarct area and non-infarct area was clear. Expression of fibrotic genes,
including FN and COL3A1, in the infarct area were increased significantly (P < 0.01). Conclusions The MI mouse
model and its evaluation were successfully established and refined, which provide insights for model establishment.

[ Keywords] myocardial infarction; systematic evaluation; squeeze the heart; echocardiography; mice
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BT T T E 4,3~ 5 min BPRAT R, A5
UKD BURES . IR P ARA Had & R gh4L, 1
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AN Bl A AR AR O (E
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2 RO IED) B TSR IR
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PRAEIRF o tumor necrosis factor-o, TNF-o0)  EA4% ZH
L4k F—1 ( monocyte chemotactic protein 1, MCP-
1) FIARJG 7 d £F3% 5 1 (fibronectin, FN) | Il %4 i Ji
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Table 1 Primer sequences

FEA Gene
TNF-a Forward ;5 -TGAGCACAGAAAGCATGATCC-3’

5| #))F7 31 Primer sequences

Reverse: 5’ -GCCATTTGGGAACTTCTCATC-3’
MCP-1 Forward ;5’ ~-AGATGCAGTTAACGCCCCAC-3’
Reverse:5’ -CCCATTCCTTCTTGGGGTCA-3’
FN Forward;5” -CCGGTGGCTGTCAGTCAGA-3’

Reverse:5’ -CCGTTCCCACTGCTGATTTATC-3’

COL3A1  Forward:5’ -CCCAACCCAGAGATCCCATT-3’
Reverse: 5’ -GAAGCACAGGAGCAGGTGTAGA-3’
B-actin Forward:5’ -CATCCGTAAAGACCTCTATGCCAAC-3’
Reverse:5’ -ATGGAGCCACCGATCCACA-3’
2 #R

2.1 IR OEEE

XSRS S TR TR AT AL, H Sy
PR /N RGO RS R f5 2R 1T LCA 2591, 51R
FARYHML, B 25 7] WEEFLEBAL LT LCA ki3
SR MRV B 7oA W ) DT (56 B N RN
FARIEW , TCA G (E 1A) , RJ5 24 h Tl 7T 0L
BEAILH O ASHATSEIX & 1 (& 1B)

TE: ARG 24 h RTFARH O MEFE AL K BRI B: RS 24 h
WTNLE O IR ST K B AR 7 3k - ZE o 3 BE
B 1 /)N B AR AR (1 A 7 RO R A

Note. A. In situ and ex vivo diagram of the heart in the sham
group at 24 h after surgery. B. In situ and ex vivo diagram of the
heart in the model group at 24 h after surgery. Arrows. Left
ventricular wall.

Figure 1 Establishment of mouse myocardial infarction

model and general view of the heart
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2.3 ETTC #f8

ARJG 24 b, BUO PEAR A #1475 L TTC Je s, 1]
MELBNER T AR A0 7 3 2206 (K 3A) AR
RIZHARAE X 5 (8 AERAE X R 2T 8, NZEFL A7 &
B4, AR X T (5 T AR B b TG N, 5
DRI ORI R L2 A2E F (E 3B) .
2.4 10fE HE 38

ARJG 7 d 0RE HE Jetan] UL BT AR 41 Fip i
ZHARREFE DO WILHE S 42 55 | i ot =F & 5 AR ZH A5 3E
D0 LHE S ZE 6L , 28 AE 200 i ™ i 322 Vi, 44t 25 45 L

AT AR OB 24 h 0 3 d O 7 dOIEM ERRMERF B ~ E: SIFRLMHE, ™ P <0.01,™ P <0.001, ™ P < 0.0001,

(FHE/FEM)

2 ARJFnahi sl

Note. A. Representative images of the cardiac M ultrasound of sham group and model group at 24 h, 3 d and 7 d after surgery. B ~ E. Compared

with the sham group, ™ P < 0.01, " P < 0.001, "™ P < 0. 0001. ( The same in the following figures and tables)

Figure 2 Postoperative echocardiographic changes

R2 UL AR

Table 2 Echocardiographic indexes after myocardial infarction

F5 4% Indexes fF AL Sham AJ5 24 h MI-24 h AJE 3 dMI-3d AKJG 7 d MI-7 d
EF(%) 60.52 + 7.77 40.72 = 12.66™ 37.97 + 9.98 ™ 30.64 £ 9.84 ™
FS(%) 28.51 = 5.57 16.34 = 7.06™ 15.39 + 4.63™ 12.24 + 4,38

LVEDV (mL) 0.09 + 0.02 0.12 +0.02™ 0.13 + 0.01 ™ 0.21 + 0.04

LVESV(mL) 0.04 = 0.01 0.08 + 0.02™ 0.08 = 0.02™* 0.15 + 0.05 ™

LVIDd( mm) 3.30 + 0.20 3.63+0.18" 3.69 £ 0.13™" 4.38 + 0,28

LVIDs( mm) 2.36 + 0.27 3.04 £ 0.36 3.12 £ 0.21 % 3.86 + 0.42"

LVPWd( mm) 0.68 = 0.10 0.56 = 0.13 0.60 = 0. 10 0.58 +0.13

LVPWs(mm) 0.98 £ 0. 17 0.73+0.17™ 0.75 + 0. 12" 0.79 £ 0.19
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AT ARE B AERAARSE 24 h,
B3 Lk TTC Rt
Note. A. Sham group. B. Model group after surgery for 24 h.
Figure 3 Heart TTC staining

FIHR AR DAL Y R 2 20, e 5 e B G A0 5 A
FEI S X0 LA B 22 40, AR AR BB X B A B8 X, W]
Do LA LA TE 5 380 22 45 B 0 R A 4, &
BRI B LTS AT (L 4)
2.5 fERRXKIEMFLENKF

NOHEAR S 3 d, D AEFESEIX. TNF-o F1 MCP-
| RBFREBRFAABET G, ZFEAGRIFE
(P < 0.05, & 5A) , #2780 FEARBE X 58 5E I
IO 7 d, OBEREESEIX FN Fil COL3A1 ik
KPR FARAH BT &, Z 5 BA G FE L (P
< 0.001, &l 5B) , &7 0 IEAE AL X 21 HEAL AR BE N EE

TE AT ARGAFOHE 7 & OHERIFEIX 51X Gk GO AE HE 326 10 551 20 BRI A,

& 4

LJJE HE Bt

Note. 10x and 20x representative images of cardiac infarct area, border area, and remote area of the heart HE staining at 7 days after surgery

and the sham group.

Figure 4 Heart HE staining

TE:A 08 3 d TNF-a Hl MCP-1 mRNA K154 ;B0 7 d FN Il COL3AT mRNA ik,
B 5 OEZH LU LT AE AR DG RE R Rk oKk
Note. A. TNF-a #1 MCP-1 mRNA expression at 3 d after surgery. B. FN 1 COL3A1 mRNA expression at 7 d after surgery.

Figure 5 Expression levels of genes related to inflammation and fibrosis in heart
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HBhZEFL LCA [R5 2% | S il X 2 K 45 n) 8 v A
L3NG Y - i W N e S a7 Y R v A
SRRE Y S — R A S R TR RS,
Y5 Gao 25OV B O AR R 9k v S R AT A
FLEE G ISR AR LY, B 5 4 G T/ R rh 4 2 0 4
YEFARET B 52 0, HAS 5200 TR B2 % X W3R
B REE A o B IR F AR R RN BRAE T 1Y B 42 A
MR BRI [ 44 )5 1 R LR 57 42 75 35 1 1] B
MBI E M s 58 4P . JERT Andrade 557 4ftH
1 FFARIACE G A Lo el P A KR 9 48072 , e A
R T LLREHE = T ARAETE 2, T AR 2 Ay Pt A A
FEJRAN 1T, A Bl A S A S A AR A R
JRIFAE s o0 S BT Y 5 =, a1 & 30° Mkl
HFRUI TR AT RE 450, K 5L B R B/ BRI R LG
SRR T W AR 45020 A, B R 300 1 B2 kB
H (Blg/NT 30°) 7] 5 M R AL 08 il — e e £,
AR T 12800 B S5 6 Jes %) AL 5 2 SR A e A
55 = AN 0 00 B 30 R O B AR Y 5 LA
PIZE OB ARUE FEHT 2 mm 247 #4745 4L, (H K
e e LA O HEAE AT L 6 s R0 ] 298 sk 72 v il By 2
PRI, S BUNRIE T, Rk X — L%, A] e 2
SN ZA U NES BT AT S5 5L, AR5 UM B 50
LS S/ H I B, DLafA g5 L0 B E A H
FiAr /N R ESFL s BE R B[R], A B T4 & R A2 s
N3

WA AR 58 78 LU 9 99 RS2 B Y S iy I,

— A B e T/ RGO R AU ) 3R e PR F
flRZR , ST 0B & A R 1 52 bk S L B A=
R P AFAE A IE AR AR D
kR BN AR A O AL AR AL O L I AR
A LS A 1 55O A AR AR A I B 7 O e A
OBl S AL B R A B I 0 T RE R AR MIRT
PET/CT A0 JILTE F3127°0  TTC Yo i 7 A 5E X
B HE e 0 S BT X 48 A AH 5 J RS U 42 7% 10
RAENHHL s TUNEL Yoo Ko 8 7~ 5 5 PRSI 12 7% o0
ALAMAE A T ; Masson =YL N £ Ak AH o B RS
MR OB R & 5 SR 050 10 ™ 18 M Al
ST, DA AR B AT AT PR RS A AR ISR 2R A
ST BEBCT Hod LR T B, 2230 E 2 O
R FEA PEAN R R, 3 BALEE DUAS Iy 1wl O TR
A2EVPAN O E D BE 2% PEAL | 2H 200 B 27 PPAG A 43
TAEYFAL 5B — R aT DU o R IR EE 25 4L
Ja ONERF AR AL, #4545 DR R & 1, Ui B 45
FLALT , (H H T AR e R AR AR S 9 B ) AN R a4
R LR F AR, AR AR I X K A S b2
(), AT AR B AR 5 UM B ifE 47 4l BOW 22, H IL B Y
FEFEIX AR ARG — M LR B i A I g WL
SR Jr Z Y X 3 BE AR RN AR AE AL 2R %, HO
A [ G, 5 BE R R B, 55 ) Al as O
SRR RO 5 O D RE , O AN B F R AR
LT, 20 DI BE ST R, — T T LWL B AE B
A E EIF M RSB O ILIE Bl B R R R
THOS, BREAR I & A8 K R O LSz 4085 51—
TAARIAE A2 O B A WS bR i A8 Ak, ARG 4G . EF (FS
% T B, LVEDV  LVESV  LVIDd, LVIDs & 3 Tt
o B TO Bl XA B R B, H/ RS
ERER, BEUEHED S H, LI iRE, F=,
YRGB A Y (a, | Hod TTC Yo EIH L X 43 FEAE X
SAEREAE X, O] A e SRl b A A8 T AR AT S
HE J €8 AT WL E2 310 J5 BT X0 L ZE 4 | R 9E =
TN 2 X« L sc 7, B0, 50 F AW 50T
fli, FEAFEAR)G 3 d RIEFRAR PRI FIAR ST 7 d £F
AL AR PRAORI , HE AR, ARG 3 d N AZNEGG
FEAMERAE T RG 7 d EABE I 6
A R A 5 56 [R] 2% 5 155 450 W 00 T f s A ™ A
& ARG AY A RE 8 bR AL HE . TNF-ao MCP-1IL-18 |
1L-6 %5 ; 7R I 1) 45 4k £k 48 b B 45 . FN | COL3A1
MMP-2/9 Postn , TIMP-1 %5

ZE I AR ST T S T /N B AR Y |
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WL N R 20 M 55 1w B Cx43 25 /) B A
57 B LA 5 A O B 5

UAF  AmE  KER VIRE,ER FHE RA ETRER,
FEAEBE LR

(1. BB R 2 RIFBEBE BHRANHI SR SR e S st 2, QU0 beti 525 iR K E mi i s, K 4000425
2. BB R EE B BFRAMEHIISTES, A A RO 2, B0 et SR G K E R IR R 400042)

(] B0 87 0058 PN B2 40 M 3555 11 43 (connexin 43, Cx43) £ /N UL ED ) 3% He 1l 48 4% K/
W HEIHREHEATHIN . A5k #F 8 H Cx43™ ™ /N5 C5TBL/6 it B BFA4E T (wild type, WT) /NERASHE, T8/ L4k
215 CSTBL/6 /NRUIRIAE 9 ARaEF T35 R 4 S 40 FRKE Cxd3™ " /INERAS 1L A8 PR B2 A AR5 572 1k 238 Tie2-Cre 2 /1N
B BLUF AR Cre /MR 22T, 3545 Tie2-Cre/Cx43™ /N, FIFH B PCR IR & E 173 AU 458, Western Blot ¥
RIS DE A TN /N U 2R 55 _E Bl K (superior mesenteric artery, SMA) F7 Cx43 ik, | B AR TR 10 & 457 A A )
SMA I &F /W 4E T RE , A0 25 T 1 R 3808 S A4 B 1 A 2 BB RA 3 (0 &F sk S i vk . 8558 PCR HLIK
TRV 2, P 2 TR R 25 SR E S Tie2-Cre/ Cxd3™ /NS DA L , W 2 R Bl bk Cx43 B a5 5 0 2R AL E
W REMR(P < 0.01) . 5 WT /INGAE LY, F 43R5k MU45 PA Ke M Cxd3 5 1 B IRLBFE- 5 1) PR B A58 1) I 7 467 7 I
Rk (P < 0.01) . &8 R Cxd3™ ™ /NS 1L P Bz 40 A 57 VE 3 3K Tie2-Cre BE41 /N UK DO by 2
L P9 R A0 A% PR B Cxd3 2 F/NBRL, /N BRI 22 168 L shilikrh Cxd3 Fah R AIG, LT 7k S 1k I kBRI, 791
AT MBIFSY Cx43 B HAH S 457 1A D AE TR b it/ R R Ak sh s
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[ Abstract)

it to examine vascular relaxation/constriction. Methods

Objective To establish an endothelial conditional connexin 43 ( Cx43) -knockout mouse model and use

Eight Cx43"™ mice were crossed with C57BL/6 wild type

(WT) mice and the offspring were backcrossed with C57BL/6 mice. This backcross process was repeated nine times, after
pring p p

which the Cx43™" mice were crossed with vascular endothelial-cell-specific Tie2-Cre recombinase mice to obtain Tie2-Cre/

Cx43"* mice. The genotype was confirmed by mouse tail direct polymerase chain reaction (PCR). Expression of Cx43 in

the superior mesenteric artery (SMA) was measured by Western Blot and immunofluorescence. SMA rings were used to

Tie2-Cre/
Cx43"* offspring were obtained and identified by PCR, Western Blot and immunofluorescence. Cx43 expression and ACh-

measure vascular relaxation and the contractile response to acetylcholine (ACh) and norepinephrine. Results

induced endothelium-dependent relaxation reactivity of the SMA were significantly decreased in Tie2-Cre/Cx43™" mice

compared with WT mice (P < 0.01). Conclusions A mouse model with endothelium-specific Cx43-knockout was

successfully established by intercrossing Tie2-Cre mice with Cx43™™

mice. Cx43 expression in vascular tissues and the
relaxation reactivity of SMA were decreased by conditional Cx43 knockout. These mice may thus provide an animal model
for studying the link between Cx43 and vascular function.

[ Keywords] vascular endothelial cell; connexin 43; genotyping; vascular reactivity
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HEZ A H (connexin, Cx) J& T—F S EEH,
REE AN AR b S 3R I e 3 3, 12 3 3 2 40 B[R] 3%
FERIAS I ) FE A5 A0, O H B Y AR R AR AT
5 88 DA S = R WL A /N1 1E 8 20 L Y T e
HR AR 43 it K/ i R r 44 0 Cx26 ~
Cx56!"7 BRI oN, EHE AR OIS REH A
KEFRBIIFHEEEENER, LS5k
1 A A L G IR B R R S OIS RS
KEMEEEHA EEH 37, Cx40, Cx43 LI
Cx45, Horp, Cx43 7E.0 M RGP EHZ 32
FE L N T AN Cx43 TEMiFL3h By b i 1
FH , Reaume %5 15 501 FH 3 IR 4 B0 B R (Sl ik B AR
JET A Cxd3, SR IE TEST & C57 /NEUIREEH)
FHET Cx43 (2% A F bR/, B S Heet 257
Z/NRAIESE T Cx43 78 Jili 1 A8 7 5K B2 0 4 98 3 op &
VEEZAEH, HRRXF kR mmEe gt 2
MR Cxd3 BY/NERBRL, i T Cx43 7EZ2 1A% H 441
HA )2 oA B R FEARTR AR X 12 R A
AU TR 80 B ko v B — 2 10 5 R
P T H A DG FE S Cx43 @R/ BB 7 4y
R H D REHE I B HE 1 >, Rk, AR EESECR
Cx43™V1/INER LS P Rz 20 I R 5 P e 3k Tie2-Crre
AN CSTBL/6 i 2R HF A RN, A i
BN A S PE R BR Cxd3 2B F /N R (AR5
AHG 0L P B A0 2% P R B Cx43 2l T/
PERAETaA T/ R A EZE H AR A ARG
T2, WAVE T CE RS vHe R it AT TAGR) |, IfiE it
PCR Y72 5L [ 4 DNA  Western Blot F190 5 52 ' e
RN M 4E Cx43 FRIBSF I IEIEATIAE , S8 )5 For I

A BRUFIILAE PN B A0 P 2% A P R R Cxd3 225 1/ B
i 2 I Bl K ( superior mesenteric artery, SMA) fi¥)
A8 S PR (LA W 4 R 5K S W ) o A BRI TR
ABWFFE Cx43 1211 D RE b B F 32 A B85 05 14 3l
LS

1 #R57EE

1.1 ##l
1.1.1 SEEshy)

8 N (MEREAF ) SPF K Cx43™ ™ /R H 3
Jackson L B E (3 WK OE B K UE 5.
1611A14822) ,2 HIfEE SPF 2% Tie2-Cre 41 il /] il
W F VLIRS AR 2 R AR MR IR 003 A PR W) (S Bt K
- AW E 5 BE) [ SCXK (75) 2020-0004 ] ,
C57BL/6 /N R B 5 0 B 2 0 S 36 sh i v 2
HE SRR TR R A e O SER B ot SPE 2%
S FRIREE [ SYXK (Z2)2017-0026 ), [ SYXK ( %)
2017-0058] , 4Rl F= M 1E] A HAROKIRE . SR .
A EEA IR MR T A (40% ~T70% ) |, il BE 3 il 7
22 ~ 24°C , A BENRT G IR SR sh )
FEAE B A 2% 1 2R (AMUWEC2020034 ) ,
AR Cxd3 RRZAR AT/ 10 H 8~ 12 JallE K
H 20 ~25 g, LI AT 0.03% 19 % B EL 2
(30 mg/kg) PRI, A FE I BUIM A5 04 T Je 22 5500
112 EZH SR

SR A IR & (L35 DNA 2 EGAF A PCR
K F)) W B 3¢ E Bimake 2% 7 ; 75-F K ( Krebs-
Henseleit , K-H) ¥ F BC , Be il rids 25 53490 [ 4 T
Y TR R M ABRAR, L E L REY
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HmKEL (hE) HRAR, BRI A A4 T
A TR (W) B A RAE & AR IR
(RIPA) Y H 3 [ MCE A ], Cx43 —$i 4 H 3£ [
Sigma 2y A, IEHL AP/ BRPEOE —Him B =
Jackson Immuno Research 723 #], B FR 3k 2% p W
(PBS) ¥y 0A A th A2 G A A B R B IR A A
PEDE YL H 3 CST 2w, DAPL Wy [ ¥ [{
abcam A\ H)

PCR ¥ ( Bio-Rad, 3£ [H ) , BUEALL AN SR HOL R
4t (LI-COR, M) , AW YI HL(Leica, f2H) , HOk
LR W FUBE (Leica, 8 1)), fof 1L 45 5k 77 90 5 41X
(AD Instrument, #RKF) .

1.2 Ak
12,1 @ PR/ R B Ay gt

Cxd3"™1 /N B AE 5 5 it . 8 2 M
Cx43"™™ N 1 HBEME C5TBL/6 /)N BB 1
F% 495 F1 AR/ SR G X T FAR /N RS [ A
PHATYE VR REI AL, Cx43™ 1Y F1 /NRAE Jy 38
AR R S M i = 2 LAY E Ik 2 S E Y
C57BL/6 /NRGZEHATINZE 15 8] F2 PN, i
LT Cxd3™ () FARAE S SR AR AT 0l 32, 4K
WIIZE 9 Yk, EFEFEH AL Cx43™ 1Y F10 AN [A]H:
BN IEAT B3, ik £ 5L AN Cxd3™ ol
Cx43™1 5 Cre /N Bl 22 it 7] 3K 15 Tie2-Cre/
Cxd3™ /N
1.2.2  JERA % E

INER ARG 2~3 JEHHE TS5, IR 2 mm K
FUB%E, ¥RV 1.5 mL EP % i IRk &
ULEH 42 L1 A DNA $2 U, A 55°C 7K 14
H1 30 min, &5 95°C T1A 10 min £, Flox 54 .
51 8 % 5 5 -CTTTGACTCTGATTACAGAGC
TTAA-3", T U5 ¥ ¥ %51 5° -GTCTCACTGTTACTT
AACAGCTTGA-3’ ;Tie2-Cre 519 5141751 5 -
GCCTGCATTACCGGTCGATGC-3" , T i 51 ¥ ¥ %)
5’ -CAGGGTGTTATAAGCAATCCC-3" ., WK Z
J5 20 pL: 2 x M-PCR Mix 10 pL, b #7519
(10 pmol/L)1 pL, TG4 (10 pmol/L) 1 pL,JC
fiti7K 6 WL A DNA 2 WL, J2 0 2k (4 Fi FR ) S5 51
e PR T B Flox :94°C 2 min; (94°C 20 s,
65°C 15 s, FAMEHFE 0. 5°C ,68°C 10 s) x10 JEFF;
(94°C 15 5,60°C 15 s,72°C 10 s) x28 fg¥,72°C 2
min, Cre:95C 5 min; (95°C 30 s,60°C 30 s,72°C
45 5) %30 fEFF;72°C 5 min, FHELEHREH 1. 5%/

IS HHEE AT FL UK (B RE A 10 pl) |, AR FL K
SEROR Y e /NI R A
1.2.3  Western Blot IEK: I Cx43 25 7 SMA
Rik

BN SMA A SIS AR AT 19 7 26 1
B ) RIPA , BB 5 7E 7K L 246 30 min J5 250
(12 000 r/min, 15 min,4°C) , B ¥ G0 L AESE vp
W ,100°C T3 5 min i 85 (1221 S8 )5 il 45 10%
SDS-PAGE 43 B¢, AR RESLR 30 pg, Cx43(1 ¢
5000) 1 B-actin( 1 = 7000) i FH — Bt H B W HE AT Hi
B, ZHONILEST R ST/ (1 2 10000) , FWLEE
LLAMARHOE R G, IR AT Cx43 IR IRk E
1%, H Quantity One 43H7 8 1F 32 B4 2H 96 61, IF
Pl B-actin fE NS AMX AR, XORIET
ANTRIAN A 14 B £ 00 /0 BRI A8 2 SRR AR T AT 4G
ISR AR 3 Uk, X 45 AR R Rk i T e i 2
G307 .
1.2.4 DA Cx43 25 F7E SMA Hh ik

Bk BN B SMA TICA VK 1) 49 22 58 H I [ 58
24 h, SRJ5 A B W O RERE K, 20 B AL 3 S 1)
R, 2 s KA bt s B = 0.3% TritonX-
100 WM 3 min, A1 0. 1% 4 1L 3% & = 6 3 A
2 h SRIGIFE Cx43 —Pi(1 = 500) 337 ; vk H In — 9t
(Alexa Fluor 488 ,1 : 200)37°CH% 5 2 h, DAPI 4444
JE PRI I R B R, d e 3 R AR R
Mg
1.2.5 /B SMA Il A5 &5 5K/ W 46 D g kil

HUNE SMA il 25 1048 58, 6 Ho: T8 K-H
R TE TR A . AF 30 min BEA% 1 UK K-H W,
TR 4 YRS A B A RO T 0 TR , R IR AR
IREF- 5 15 P K-H AR E 30 min, 285 ) 16 R
RO A L B LR E (NE, 29 EN 107,
107,107 .107° 107 mol/L) , Ff Wk 4ii i5 ) F & W )5
fia) 3R K RO A 2 B REBR ( ACh, 2R R
107,107 107,107 107 mol/L) , &I = FAVA
HTA AR 1B T, = SO 1 A8 PR 46 18
TSI IIE R T, , 0 NE 17 9 3Ll 5% 1 {E N
T,” N NE J& L% S0 4 35 B0 & 30 i 5k (i
T,” I ACh J IfiL 3 ¥R &7 7K 38 2°F- & W R 5K J1{E
T, , 53 3R FH B R WS4 5K 07 FN&T 7t ok 2 Bl 4 il
EP IR SORE WA S = (T, = T, )/ (T, -
T, ) x100% ; Il 55 &F 5K L i Pk = (T, = T, ) /(T,” -
T,” )x100%" """,
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1.3 SitESH

FH SPSS 18. 0 Ge it #EAT S 143 Hr , 92 56 4L
i DSE I R 22 (2 + 5) TR, R ¢ K50 HL A
HZIEMZES, PLP <0.05 R AABEN,

2 R

2.1 MRERBLTE

FEP AL Flox 4l LTRSS 5K 580 bp 4% , 24
A 024 580 bp F1490 bp RUEAF , BT A BN A 490 bp
465 3 Tie2-Cre PR HLIKZ55R 481 by, F4E I G 4
U B IA RS 1~ 6 RSN, 1.2.3.4 %5
J& Tie2-Cre PHPE/N;2.3.5.6 50 Cx43™™™ /)
Mo ZASEREW, 2 TR 3 5% Tie2-Cre/
Cx43™™ /N, B 1B 'S 7~ 12 2[R /N R
11 f1 12 5 J2& Tie2-Cre FHYE/NE; 8 il 11 57
Cx43"™ N, LG4 RENH, 11 52 Tie2-Cre/
Cxd3"™ /NE ., J5 2252 56 DA TR)AE 1) 5 5 0 6 7 X
i T Tie2-Cre/Cx43™"™ 4l & F/NEUkK B 218
A TGN BIBET 3 B[] 5 v ) S A B R 5 -

FR AL/ AT IR L5550
2.2 MEARK Cx43 BiB/NREBRIZEIE

[ 2A "' Western Blot £5 5 7, Cx43 @RS
T/ SMA i Cx43 28 1 &35 K7 B B FRAIC, 5 18
A AN 2E A B EPE(P < 0.01) . #12B,2C
HRAR T A R R B A AL/ B SMA 45 Il PN B2 T
Cx43 FELLFRIR 1M Cx43 @RI G T/ R SMA 4 1
PR THT Cx43 eIk AR, 3% S A8 25 51 HH T 24 A
K, SPGB RIS
2.3 miBR Cx43 FX/IMER SMA & &F 3%/ 45 Th
A

B 3A M7 A BRI Cx43 REBR 24 1/ Bl SMA
AR AR/ STk th £k, &1 3B A I 45 4 1) RE A
M SETTE5 A W | N5 P B 40 M 25 P PERERR Cx43
25T/ SMA X NE 755 19 Wi 4 S g 4 5 85 A=
RUNRAHEETCH 22 5 1R 3C (i 45 &7 5K T g
K 45 31 45 1 R, Cx43 B 224 7/ Bl SMA
X ACh 755 19 P9 B2 AR 1 10 67 5K B iy M B 3 PRI
(P <0.01) fCHEFAERUNR 10% 257,

TF : M ; Marker ( biomed , BM2000 B BM2000" ) ; A ; Tie2-Cre/Cx43™ " /NS EE (1~ 6 J /MR B4 5, Hh, 2 5 3 5 & Tie2-Cre/
Cx43™V1 /NER) 5 B Tie2-Cre/ Cxd3™* /NELYE 2 8] (7~ 12 g el s /NI 4 5, e 11 52 Tie2-Cre/ Cx43™ /N

1 /N PRI AR Y 2 25 2R
Note. M. Marker ( biomed, BM2000 or BM2000* ). A. Identification of the genotype of Tie2-Cre/Cx43"¥1 mice (1~6. The number of mice

littermates, 2 and 3 are Tie2-Cre/Cx43"™ mice). B. Identification of the genotype of Tie2-Cre/Cx43"* mice (7 ~ 12. The number of mice

littermates, 11 is a Tie2-Cre/Cx43"* mouse).

Figure 1 Identification of the genotype of offspring mice
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{E: M: Marker( Thermo scientific,26616) ; WT: ¥ 4= % ; KO : Cx43 #iBRA4 5 T 5 A: Western Blot K ill SMA 1 Cx43 {93814 ; B 5 LUH S IHAL;
SEPAERAL, P < 0.01;C.IF Kl SMA ' Cx43 193Kk,
B2 I0UF Cx43 FEbRZ4A T/ SMA /1 Cxd3 (IFRIATEDL (n=3)
Note. M. Marker (Thermo scientific, 26616). WT. Wild type mice. KO. Heterozygous Cx43 knockout mice. A. Expression of Cx43 in SMA detected
by Western Blot. B. Statistical plot of fluorescent ratio. Compared with WT group, ™ P < 0.01. C. Expression of Cx43 in SMA detected by IF.
Figure 2 Verification of Cx43 in SMA in heterozygous Cx43 knockout mice(n=3)

TE:WT B AR KO Cx43 @iRA G T A ARFRME M WA/ A7 ok I 22 5 B« 1A WA S S M BT 1] 5 C A8 & o SO o M B S 1 1 5 5 AR A
HH, ™ P <0.01,

3 R Cx43 JE X/ SMA I EF 5K/ AR DN RER IR (n = 8)
Note. WT. Wild type mice. KO. Heterozygous Cx43 knockout mice. A. Representative curve of vascular relaxation/constriction. B. Statistical plot of
contractile response. C. Statistical plot of relaxation reactivity. Compared with WT group, ™ P < 0. 01.

Figure 3 Effect of Cx43 knockout on the vascular relaxation/constriction of SMA(n = 8)
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[ Abstract] Objective To review the method used to prepare and evaluate animal models of perimenopausal
chronic unpredictable mild stress (CUMS) stimulator use,

We searched the CNKI and PubMed databases for

depression, including animal selection, ovariectomy (OVX) ,
modeling and treatment start time and behavioral testing. Methods
studies of animal models of perimenopausal depression from the establishment of the databases to May 2022. Studies were
screened according to defined inclusion and exclusion criteria, the relevant information was extracted and summarized, and
charts were drawn. Results There
were 65 rat models and 23 mouse models. The modeling method were OVX+CUMS and OVX+CUMS+solitary culture. Most
studies in rats used SD rats (OVX),

A total of 88 articles were identified, including 71 Chinese and 17 English articles.
aged 90 ~ 120 days and weighing > 200 g; most studies in mice used KM mice,
weighing about 20 g; 76% of the studies selected seven or eight stimulators, one or two of which were selected randomly
each day and were not repeated within 3~7 days, with fasting, water deprivation, tail clipping, ice-water swimming, and
day night reversal recommended method of simulation. Grouping according to behavioral result reduced the influence of
individual differences. Vaginal smears were generally started 3 days after OVX and repeated for 5 days; 89% of the studies

chose “treatment and modeling at the same time” or “treatment after modeling” , and modeling and treatment should be

consistent, generally 21 or 28 days. Positive control drugs included fluoxetine or fluoxetine combined with estrogen. The

most common behavioral experiments were open field, sugar preference, and forced swimming experiments. Conclusions

We reviewed the most widely used preparation method and evaluation indicators for animal models of perimenopausal

731 Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7

depression,,
perimenopausal depression.
[ Keywords )

stimulating factor
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Figure 1 Flow chart of literature screening
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Figure 2 Distribution of PDD animal model related literature by year
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Note. A. Grouping method. B. Start time of vaginal smear. C. Vaginal smear test days.

Figure 3 Grouping of model rats and use of vaginal smears
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Note. A. Amount of stimulant used in CUMS. B. Frequency of stimulus use.

Figure 4 Selection and use of stimulating factors
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Note. A. Molding time. B. Treatment start time. C. Treatment duration. D. Selection of positive control drugs.

Figure 5 Duration of modeling and treatment
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Figure 6 Frequency distribution of PDD behavioral test
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Animal models combining disease and syndromes related to metabolic diseases
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[ Abstract]  Objective  This article provides a reference for choosing a reasonable, reliable animal species,
modeling method and evaluation index system, and provides a reliable animal model combining disease and syndrome for
Chinese medicine syndrome differentiation. Methods We systematically searched the last 30 years for literature on animal
models that combine a disease and a syndrome for six diseases related to diabetes mellitus, obesity, hyperlipoidemia,
hypertension, hyperuricemia, and gout. Then we collected and organized the relevant literature, and summarized animal-
related parameters, modeling method, evidence types and evaluation systems. Results ~ Among the 243 literatures
retrieved, 132 literatures involved diabetes. The syndromes include deficiency of both gi and yin,damp heat trapped spleen
type, internal heat due to yin deficiency, excessive internal heat; 3 literatures involved obesity. The syndromes include
Spleen deficiency dampness resistance type; 9 literatures involved hyperlipidemia. The syndromes include Phlegm turbidity
blocking type, qi stagnation and blood stasis type; 7 literatures involved hyperuricemia and gout. The syndromes include
spleen deficiency phlegm dampness type, blood stasis type and damp heat accumulation type; 92 literatures involved

hypertension. The syndromes include phlegm dampness essential, hyperactivity of the liver yang and vigorous liver fire
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type. Male rats (SD rat, Wistar rat) are involved in the most widely used experimental animals, quail is also applied to

hyperuricemia and gout. The modeling method involved are mainly single-factor, dual-factor and hybrid-factor. The main

evaluation method of creditial card combining disease and syndrome is to judge and characterize animal model by

macroscopic symptoms, signs ( behavior experiments, mental status, livestock manure, tongue images, ect) and

pathological indicators ( glucolipid metabolism, serum biochemistry, liver and kidney function, ect). Conclusions The

current modeling method and the main evaluation method of animal models that that combine a disease and a syndrome need

to be improved to provide a reliable animal model combining diseases and syndromes for Chinese medicine syndrome

differentiation and to establish conditions to study Chinese medicine syndrome differentiation.
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Table 1 Retrieval formula of various metabolic disease syndromes combined with animal models

Disease

(IES Lo

Abstracts search

ES

AR

Subject search

RAKE

Title search

I

Diabetes

NE e
Obesity

o5 R I A
Hyperli-
poidemia

o5 DRI I
iE S AL
Hyperuricemia
and gout

i I
Hypertension

CBEIRR + 2 BB + “WRAE + 2 8 + ~ (R + A +
" yand (“FIEE" + S + “BIRPIE" + B +
I + < DA + B + < BHATRIL + < FARHE + 2% W
")

(“Diabetes” + “Type 2 diabetes” + “Diabetes” + “Type 2”7 + “Glycemic control” +
“Hyperglycemia” + “Diabetes” ) and ( “Extreme heat with yin asthenia” + “Qi and Yin
deficiency” + “Yin and Yang deficiency” + “Blood stasis in collaterals pattern” +
“Dampness heat trapping spleen” + “Stasis of the heart and collateral” + “Syndrome of
static blood” + “Kidney collateral stasis” + “Eye collateral stasis” + “Wind in the
air”)

CNERE" + “REBERE” + “NEAR” + “JEBRIICHE" + “LOPENLRE" + “ b P e
+ T ) and (“JRMEIREL + PR + BRI + CBIBN + < H
)

(“Obesity” + “Obesity” + “Abdominal” + “Abdominal obesity” + “Central obesity”
+ “Central obesity” + “ Overweight”) and (“ Dampness of spleen deficiency” +
“Spleen-kidney deficiency” + “Liver depression and Qi stagnation” + “Yin deficiency
and internal heat” + “Stomach heat and damp” )

(“FRBIMLAE" + “ MARSH " + “MARL L +FemAg” + “MARRAR" + “ MAg”
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hyperlipidemia” + “Mixed hyperlipidemia” ) and ( “ Damp-heat stagnation” + “Spleen
deficiency and phlegm excess” + “The stomach is hot and the inner organs are solid” +
“Liver stagnation transforming into fire” + “Spleen-kidney deficiency” + “Qi stagnation
and blood stasis” + “Qi stagnation and blood stasis” )
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+ “Gout disease” + “High uric acid” + “ Hyperuricemia” + “ Hyperuricemia” +
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1 SCHRTH He2h

Figure 1 Document screening result

2 AARESOR R IESS & SRR & L 431

Figure 2 Percentage distribution of animal model combining disease and syndrome related to metabolic diseases

31990 ~ 2021 AR PEBAR O (IR UESS & Sh PR RAR R SO ST
Figure 3 Animal model combining disease and syndrome related to metabolic diseases in 1990 ~ 2021 annual number of documents

issued statistic
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Table 2 Current status of animal models for the combination of diabetes-related pathologies
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ICR/MER (120 mg/kg) Damp  heat trapped B;gd o . ! ) IE T
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] volume
STHH0 ke o e TV U S SR T
q:;m;:gl/ lg'17j(ﬁﬁ?& TR HIm R K/ PR TR
ICR /MR ST7(;10 - ko) . o - Early heat-rich type, Number of activities, fecal properties, %5 IfiLFE, RS
ICR mouse ’ mg/kg ACOmIe niddle and late stage  eyes, body weight, food intake, water Fasting plasma sugar, insulin

dried gi ‘cinne 1:1
ried ginger : cinnamon ( Qi and Yin deficiency
type'“]

:1) water decoction

I g g 12

Qi and Yin deficiency
[12]

type

KK-Ay /M
KK-Ay mouse

e i A
High-fat feed

consumption,  urine  output,  anal

temperature

PRHE R4 PR /oK 91U
H1% GB (A ki

Body weight, urine output, mental state,
food intake, water consumption, grip,
GB value on the tongue, pulse amplitude

PRI 1/ WLET | A

Urine albumin/creatinine, Glu
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Table 3 Current status of animal models for the combination of obesity-related pathologies

WFh TR TEY S ULAAE PR TEAR
Species Modeling mode Syndrome type Appearance signs Disease indicators
5 e+ K RERIRAS 9 95 1, /7K ik, 3% : s Hh= o
o R ol U R e e
CSTBL/6N 100 Ly Wi TR TR S S T w90 6 O R I3 A AR
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& . and dampness . ’ g LT Glu, total cholesterol, triglyceride, low-density
C57BL/6N Water wet bedding . intake, water consumption, fecal S ; o .
. obstruction . lipoprotein cholesterol, high-density lipoprotein
mouse (50 g of bedding [16] water content, body weight, body .
. type L s cholesterol, fat distribution volume, very low
with 100 mL of 7 length, waist circumference, Lee’ s . R
. density lipoprotein
water) index
IR CH I = R LR 2 A [
BRI EE + PO i 2 1) o o SR P 1 ML JULIRT A5 D9 e g A
pag 2 1 | g . .
1k§/\ 2ml/d ot en deficiency 7 LR NN e N EE '
SD K ii2le and dampness Nz Total cholesterol, triglyceride, low-density
SD rats High-fat feed + Ice bstructi pre Body weight, tongue quality lipoprotein cholesterol, high-density lipoprotein
sugar water 2 mL/d obs I[TS] ton cholesterol, creatinine, alanine transaminase,
type

+ swimming

aspartate transaminase , enteropeptide

hormone, gastrodin
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Table 4 Current status of combined animal models of hyperlipidemia-related pathologies

Wwh TR UEZY

Species Modeling mode Syndrome type

Appearance signs

SMUAAE PRFER

Disease indicators

Wistar
KR =R
Wister  High-fat feed

AL >

Lee’ s index

Wistar  WOKIS + /NE LTS E 1 (468. 75 Sl 2]

I M R Lee’ s 48
#

Phlegm blocking  Body
[20] i
Lats type circumference, body length,

RE B LGS

IR B CH 9 = R R BE A AR A [
5 i 8 i A A REL I
weight,  abdominal Total cholesterol, triglyceride,
cholesterol ,

low-density
lipoprotein high-density

lipoprotein cholesterol

LA L H I =R R B S R AE
525 R IR S P OEL 9 7 . D N i)

KR mg/kg) + AEHFL Qi stagnation  Body weight, food intake, f:FgfiE IhUlE | iolveeride . low-densi
Wister  Ice bath + calf serum protein (468.  and blood stasis tongue  quality,  activity -ota eno esterol, _nglycenide, o ens%ly
Lats 75 me/ke) + fat milk lype[ 21 volume l%poproleTn cholesterol , hlgh-de'nsny
lipoprotein  cholesterol,  prothrombin time,
fibrinogen
AYeE AR JRR A N RF IR EA
JOEL ] 5 2 B I OB T S DL T
i g i BE + 4k 4 E D3 (600000 RS TR TS TS AL DA i) 9% P 45 ML T AT 1] | 4
SD - WU/kg) + BHORRECOROE,30~35 Ao p Sl S TP IR g o i)
KR VH ) Qi stagnation o . Fibrinogen, blood urea nitrogen, creatinine,
SD High-fat feed + vitamin D3 (600000 and blood stasis Sp()ntaneou; a(:tlvm;,s., low-density lipoprotein  cholesterol,  high-
rats 1U/kg) + stressful stimuli ( sound, 1ype[22: mngi]:le an ]lty’ For;gue, ar density  lipoprotein  cholesterol , total
light, 30 ~ 35 V) quality, body weight cholesterol,  prothrombin  time, activated

partial thromboplastin time, whole blood
viscosity (low/middle/high shear)

LI H 9 =R AR BE A AR T

SD FEMG R+ 4E 2k % D (60 0000 U/ AR i 122 g
KE kg) + Je B (45 min) Stagnation of Qi AEFHURA EF :?‘5‘[ T&h IBEtlﬁ{ IHEIEIFT ide. Tow-densit
SD High-fat feed + vitamin D (60 0000  and blood! ®' Mental state, hair quality 1.0 a1 cholesiero }’1 | 118 y(;erl © h.m}i_densf Y
Lats U/kg) + tail (45 min) l{popmm{n cholesterol igh-density
ipoprotein cholesterol
2.2.4  FIRBRMAE S5 K CHRIESS G shY) AR IR 69 28 Jy SR sh, m R BE S L 28 d
B J S 55 0 DA MR 8 15 AR B 8 R 32 B £kt et
(B TEIZ W 7 R0bs v ) 47 T XS TE A ﬁj\ﬁ\] N B e 24 48 T LA 24 SAIE, WP iR 8 (9 U A itk — 25
W AAZR G, SRR P Tk BRI B R A ErUE 5 BRI SO E 507 , BELAS DR AR HE M, 5156

TP 10 PR TR IS 995 TaE 45 -6 3 5 0 A ML I 00 ﬁfK
18S9 R 95 IE 25 45 20 A5 80 S 1 P 2 23 0 (L
%£5).

SR VKA S LA 3] 1R PR IR I A 48 3 1 AT R 2
T AR, S B B B AR 5 e B S AR
AAARIZAL A3 HT A BRI TR 1 IR R
BRI AR B, 51 A e PR R I , 1 88 5 N 2R PR

PRIRIMAE , ¢ WML T 328 988 7 3035 A Y e 8. 3%, HFE I
MUAFET BE 2 2 A A B TR F . R & 22 5 R
AR 15 d BRI 5 d WE G TR
TG BRE R A2 25 1Y 112 Wi bR o 10 IR e A 1Y | 75T
A AR [ RSG5 PRIR B ( monosodium , MSU ) , %
Ty BUARAL T 5 PRIR RE IR AR, L7 B | i
i AH ML MSU 25 5 51 53 5T R E
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Table 5 Current status of combined animal models of hyperuricemia and gout-related pathologies

Pyl TR TEA
Species Modeling mode Syndrome type

SMILAAE

Appearance signs

PIRTE R

Disease indicators

e e e i 7 28

SD
PN SRk Spleen deficiency
5
SD rats Fructose water phleg[;rzr;_ dampness
type- 7
YK RS K LR A
Bk e fi s L i )
3D E/I;%SFE + BREAEA + W O ED
N . . . Dampness and  heat
SD rats Hydromel, oil alternating with sceumulati [ 29]
anhydrous ethanol + smart €€ ation type
climate box + injection MSU
RIS 100 mg/kg + EhAR 2 e
Wistar T 250 mg/kg [30]
A ﬂ:u 3
K Adenine 100  mg/kg  + iR ] 30
Wister rats ethambutol hydrochloride tablets Blood stasis type” ™
250 mg/kg
" Wi
13
%gﬁ R4 Spleen deficiency
Difake quails Yeast powder phlegm dampness
type’ *!

Wi B3RS F R RIME,

PRAE "
Body weight, athletic ability, I PR R L
. Serum uric acid
RI value on the tongue, urine

output

REROR A BB B/ K E /D

EE KPR LEHS HAFE 6 HNER 1B MRS
Mental state, hair quality, food F

intake, water consumption, interleukin-18,
tumour necrosis factor-a

Interleukin-6,
urine color, stool properties,

gail scoring

ML BR 1 , =T L 5 % B IR R

[ERNEEESN NGNS )
ENGEY Serum uric acid, triglyceride, high-
Body weight density  lipoprotein  cholesterol ,
insulin, Glu, creatinine, blood

urea nitrogen

& T K EH RE

Tongue color, fecal properties,

IMLIRAR

. . . . Serum uric acid
hair quality, fecaluria, dry

weight, moisture, body weight

2.2.5 ARG HIESS & Zh A

e L Ja T P B B SR Y Y Il R
e R B UE 23 B A AR A L R BE T T
KITUES SR IR PRIB R AR HATHUE
455 S IRORIAT B 6 BT I KT RS IFBH TR
SN PRI ZE R TR A A (R 6) R
[vi] 8y 3 Ay =X T 3R AN [] A9 T A 5 10 DR A () 2
o DR 11 vy 1AL S JOT 3 30 %) IR A8 A — B, AR IR R 4
AT, W I PRAFF AT

H & P & 1L K B ( spontaneously hypertensive
rats, SHR) N FH$5e) , JRAF 5T o ML & o BIL il 1 7 226
Ve 245 1) B AR Sl R Y D 14 ~ 18 JRL R L
BHIT A F2 B AR AR FH %ot J5 e v e
RAFPUR R IT o 38 5o X 1 5 o 1 AL A B Ak
TR R T BOR R B3R 35 8L, 40 %F SHR
REAHE E 11 S N ) BL e 22 8 i), 2 30 T
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PHYCE A EERR BMA6 475 SHR K B A /0N 3l ik it
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Table 6 Current status of combined animal models for hypertension-related pathologies

Yl TERT 5 UE 53 HMIARAE PR HR
Species Modeling mode Syndrome type Appearance signs Disease indicators
WH T LS4y A ROIR 2 B L XUAR
JFFH B TR MR M R (S AR R R Wi T | 545 €0 e | e % 3R ik PR AR G
F L 4y [37] Masticatory muscle contractility, mental — fik
Electrical stimulation Hyperactive liver Yang  state, hair quality, bilateral ~ Systolic blood pressure, S-hydroxytryp
with blood stasis' 3" conjunctival color, irritability, tongue amine, calcitonin gene-related peptide
quality
. M’J‘?/ﬁ + %HE‘W*‘# H?JLJJE(’H"!EQ“RJ ﬁiiﬁﬂ%‘(%ﬁﬁiﬂiﬁﬁ%ﬂﬁ%ﬁ@.ﬁﬁ m}i‘éﬂﬂ@?ﬁfﬂizlﬂﬁ\m%%‘ﬂk
SHR XL Fuzi decoction + high-  Hyperliver and phlegm AT =1
SHR rats fat feed e [ 38] Body weight, imitability, bilateral ~Blood pressure, total cholesterol,
atlee stagnation type conjunctival color, time of revolution triglyceride,, angiotensin Il
Woedte s I i = 7 R
Sk S = s . g [N 1R -1 L%
FEERE | me/ml, + N Rikds B % R el g DL I T R AL AT
s 1 B A PRI BRAE US98 ik v o
i Gir . . . . Systolic blood pressure , total
. Yin deficiency and Yang  Mental state, hair, urine output, fecal . . .
Sodium laurate 1 mg/ L o [ 39] i limb ) ) cholesterol, triglyceride, low-density
mL + anger method yperactivity type properties, - Amb - symmelry,  posture lipoprotein cholesterol ,
reflex test, corner test . .
serumendothelin-1, plasminogen
activator inhibitor type-1
WiE - (&5 R BT, 3.
25.5 mg/mL) + 1% O . Wods He T IR LR LI R KRR
o kg K WFI L0 PGS TR WAy iy e g
} Fuzi decoction Hyperactive liver N . . Systolic blood pressure, aldosterone,
SD rats . . Irritability, hair, facial temperature, . . . . R
(contains ephedrine 3. YangL 40] . renin, angiotensin II , atrial natriuretic
25.5 mg/mL) + 1% &P peptide, calcitonin gene-related peptide
salt water
SE R CH i =R AR R A
JOEL [ P e 25 L i 2 P [T e A
TR B/ KR R PORAS R I s IR s IR K L JBR R
Wistar il e MR R R P e PR HATIE L
Wister rats High fat and high sugar ~ Phlegm-dampness Mobility food intake, water  Total cholesterol, triglyceride, low-
feed congestion typeL 41] consumption, mental state, stool density lipoprotein cholesterol, high-
properties density lipoprotein cholesterol, body

weight, blood pressure, fasting blood
glucose, fasting insulin, HOMA-IR

=Y

Iy =|
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[ Abstract]

induced proteinuria. Methods

Objective To examine the potential mechanism of Ling Zhu Tusizi Pills in a rat model of adriamycin-
Thirty-six specific-pathogen-free male SD rats were divided randomly into six groups (n=6
rats per group) , including blank, model, low-dose Ling Zhu Tusizi (14 g/(kg+-d) ), medium-dose Ling Zhu Tusizi (28
¢/ (kg+d)), high-dose Ling Zhu Tusizi (56 g/(kg-d)), and pyrrolidine dithiocarbamate ( PDTC; nuclear factor-xB
inhibitor; 100 mg/(kg-d)) groups. The last five groups also received two injections of adriamycin into the tail vein to
develop the nephropathy model, with one dose of 4 mg/kg and another dose of 2 mg/kg given 1 week apart. After successful
establishment of the model, Ling Zhu Tusizi Pills were administered for 6 weeks. We examined general vital signs and body
weights of the rats, as well as 24 h urine protein, plasma albumin, serum creatinine, blood urea nitrogen, and C-reactive
protein. Morphological alterations of the renal tubules and glomeruli, renal fibrosis and basement membrane thickness were
observed by hematoxylin and eosin, Masson, and periodic-acid Schiff staining. Modification of the foot process in
glomerular podocytes was observed by transmission electron microscopy. Serum levels of pro-inflammatory molecules
including interleukin (IL)-6 and tumor necrosis factor ( TNF)-a were detected by enzyme-linked immunosorbent assay.
I-kB kinase B (IKKR)/nuclear factor ( NF)-kB/monocyte chemoattractant protein-1 ( MCP-1) pathway-related proteins
and nephrin and podocin proteins were detected by Western Blot. Results  General health was poorer in the model group
compared with the control group, as evidenced by body weight loss, increased 24 h urine protein, and decreased albumin.
Renal tubule enlargement, disorganized glomerular visceral cell arrangement, diffuse foot process fusion, podocyte death,
extensive fiber deposition, and basement membrane thickening were also noted in the model group. Serum levels of the pro-
inflammatory markers IL-6, TNF-o and CRP were increased, renal-tissue phosphorylated (p)-IKKB, p-NF-kB and MCP-
1 protein expression levels and the p-IKKB/IKKB and p-NF-kB/NF-kB ratios were increased, while nephrin and podocin
expression levels were decreased (P < 0.05) in model compared with control rats. Rats in each treatment group
experienced variable degrees of symptom relief compared with the model group, with medium-dose Ling Zhu Tusizi Pills
having the best therapeutic effect. Rats in this group were generally healthy, with increased body weight and albumin and
decreased 24 h urine protein. There were also notable reductions in fibrosis and renal tubule edema, a smooth arrangement
of cells in the glomerular visceral layer, enhanced foot process fusion, and no thickening of the basement membrane. Serum
levels of IL-6, TNF-a, and CRP were decreased, nephrin and podocin expression were increased, and p-IKKB, p-NF-«B,
MCP-1, p-IKKB/IKKRB and p-NF-kB/NF-kB expression were all significantly decreased in renal tissues in this group (P <
0.05). Conclusions Ling Zhu Tusizi Pills reduced 24 h urine protein and serum pro-inflammatory markers in rats with
adriamycin-induced nephropathy, possibly via inhibition of the IKKB/NF-kB/MCP-1 signaling pathway.

[ Keywords] proteinuria; Ling Zhu Tusizi Pills; adriamycin nephropathy; NF-«B
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T SEMIML, TP < 0.05, " P < 0.01, (FEIR)
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Note. Compared with the model group, * P < 0.05,™ P < 0.01.
(The same in the following figures)

Figure 1 Body weight records of rats in each group
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Figure 2 Detection of renal function in rats
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B3 KE'E HE

Figure 3 HE staining of kidneys in rats

B4 KB Masson J4

Figure 4 Masson staining of kidneys in rats
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B5 KE'HE PAS
Figure 5 PAS staining of kidneys in rats

Be KREHEHRHEA

Figure 6 Electron microscopic pictures of kidneys in rats
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7 R RAEH T KF

Figure 7 Levels of circulating inflammatory cytokines in rats

8 KR'BF414! IKKB/NF-kB/MCP-1 i I 1 %5 (A F2 k7K P
Figure 8 Protein expression level of IKKB/NF-kB/MCP-1 signaling pathway related in kidney tissue of rats
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[ Abstract)
by D-galactose at various times. Methods
weight ; D-galactose 150 mg/ (kg + d) + 4 week, D-galactose 150 mg/ (kg - d) + 8 week, and D-galactose 150 mg/ (kg -

d) + 12 week groups with six rats in each group. Another 6 WKY rats were used as the blank control group. A non-

Objective Establish an animal model of small cerebral vascular disease (CVD) in SHR rats induced

Eighteen SHR rats were randomly divided into three groups according to body

invasive sphygmomanometer was used to monitor blood pressure of rats every week during modeling. The Morris water maze
was used to assess the cognitive function of rats after modeling. Brain, thymus, spleen, and liver indexes were measured by
the weighing method . T-SOD, GSH-Px, MDA, NEFL and CALB/SALB contents in rat serum were determined by ELISA.
HE and LFB staining were used to observe cell morphology of the prefrontal cortex, ventricular microhemorrhage, and
myelin sheath injury of the corpus callosum. Results Compared with the WKY group, the blood pressure of SHR rats was
increased with the increase in D-galactose injection time. Learning and memory abilities were decreased significantly.
Brain, thymus, spleen, and liver indexes were decreased. T-SOD and GSH-Px contents in serum were decreased, while
MDA and NEFL, and CALB/SALB levels were increased. The number of cytopathic lesions in the prefrontal cortex was
increased, the amount of perivascular space and dorsal microbleeding of the third ventricle were increased, and
vacuolization of the myelin sheath of the corpus callosum was increased. The most significant pathophysiological changes

SHR rats injected with 150
mg/ (kg + d) D-galactose for 12 weeks are a CSVD animal model similar to the human CSVD disease status.

were observed in rats treated with 150 mg/ (kg - d) D-galactose for 12 weeks. Conclusions

[ Keywords)

cerebral small vessel disease; hypertension; aging; D-galactose
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i 7N Il %8 9% ( cerebral small vessel disease,
CSVD) J&— ZR F1 52 ) Jii /)8 i (B0 46 B 4h i 48 L />
SIKA/INER K ) 25 44 5 ) ] 1) Pl 285245 2 9 2R
MEIRIRZE AR s 43, CSVD S8 T 4
BR 25% 1 rh I S 45% R, B2 o 3 e 1R
HOBEH Y WA E A SR ,69% ~ T5%
B A IR T U A R I R B0
/NS KR N bR A T 4 L 11 2 B2 PR 3R T B A
s AR /N, 5 | G PR 3, (R I A CSVDHY
RN, CSVD £ & T 2R, J2 51 i A IA
REREAT B i MR N 22— = 67, 929% 19 %
4F CSVD A5 B A K il S A
K EEXE CSVD A R A S HL RS g T M ARV T 4 5
TR T 2 08 e I B 45 L s R K B ik 1
AL B g AL R R 9 A8 45 CSVD shiy iy, SR, A
5 CSVD [LEY2F B 24 i JCAH S SE BB 5%, A
SRR AR AR g% AR AR, S IR Ay i = — il
Al KPR AR N2 CSVD Iife R &I R 1Y 3l A
A HETF R R Z MR CSVD PRl n] i
ANEBRPRE T CSVD fA7E2E 5, BHATAER TS
MEBEANK CSVD W fa W R, B # IF3Eplsr
FER R & i B A 1 A T B i kAT
I, 5245 AR L B — ) S 4% 7 ik 24 4 i T
REALIUL CSVD I IRFRAE , ASLIGHIIE T3 & H &
MR EESER R K, CSVD FAIL B 78 48 2 —
TR T o] S W PR 28 A s A AR

1 MHREA=E
1.1 ##
1.1.1 SEEmshy)

SPF %% 14 A HErE SHR KR 18 H A WKY K
fL6 H IR 260 ~ 280 g, H At 5t 4 i Al 1L 5256 5
Y4 AR A PR w4 [ SCXK (51)2021-0006] , 1 35
TR E 2R o 2 [ SYXK () 2019-0009]
TFREME (25 = 2)°C , EmEE W 12 h/12 h
BTGB PEMRSR S d, A BRBURRL 5K, L4
T B 24 R 2 S 3 ) 4 P 51 s v ( LLBH-
202011090001 )
112 EZEEH S

D-2EF B ( Sigma-Aldrich, V900922 ) , & # L
X7 & (Servicebio, G1030) , T-SOD , GSH-Px , MDA |
ALB \NEFL 20 & ( DU 358 i R 2E W RHE ey
FR 2\ 7], E-BC-K020-M , E-BC-K096-M | E-BC-K025-
M . E-EL-R0362¢ . E-EL-R2536¢) , K/ E fit T
I3t (b R A D H R A PR A W\, BP-2010A ) |
Z I1He B pR 4 ( Thermo Scientific, MK3) | A= #) 4H 21
AL (1 b 22 8 M s A 38 A BR A F], BM-1) |
WY Y B BL (35 B THERMO SCIENTIFIC,
HM430) 2= il (72 E ZEISS, Stemi 508) (47
e H M R 4 (74 M 3DHISTECH 24w,
Pannoramic MIDI) ,
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1.2 FHik
1.2.1 e Kbt

18 2 SHR KEBEHLS; g 3 4. D-2F FL B (D-
galactose ,D-gal ) 150 mg/ (kg - d) + 4 J& 21, D-gal
150 mg/ (kg + d) + 8 J&4l D-gal 150 mg/ (kg « d) +
12 J84L, 551 WKY 4I/E RN, fdl e H,

SHR KR F 4 D-gal 150 mg/ (kg - d)
4 J& 8 JE 12 JE, 37 LA 0 i £ B R
) CSVD K B Y ( D-gal 1 51 W Mk B 80 mg/
mL) , WKY KEREHE T ES 0. 9% NaCl,
1.2.2 K EURUR I Hs 2

EERIIEE SHR K BURT WKY K U s 1K L &7 5K
JE o IS B SR FH R /DN BT RE T B il R 3 i K
RSB ML P 5 Y I 00 2 i ) 4 X6 31 72 (8:00 ~
14.00) , 7 5 min N, EE I 5 K, & LB HE,
U A% 50 Y5 B0 Sy ot P 00 (O )
A3 ORI D0 2 5B 1 T R A o B
1.2.3  RE MG

B R 5 KRR EE K T 4 D-2PFLBE IS Ik
& 068 BESFEL,
1.2.4  Morris 7K 2K B K60

TS HS X A5 2 K R E AT 7K 2K B 2 2T |
Y5, IR —7 B R B BE A K T, 25 1 min R
FREF- 5 WP LA 5| -5 AME R 20 s, 2% > FFLk
4.do TE S KM 5 T X5 19 G2 BR A T B i
AJ B SRHAE 2 min PIC LS5 s i), Bk ikt v
RIT; 505 6 AR 15, R R — A K 50K R BRU T BE i
AKH e 2 min PIFE H AR GBI 9 3 2 B[] A
ER7e RN
1.2.5  JE#SEEckm

BRI , 5 R 5 G 2 20 g A | T
AL WL 1, PRIUNE S BT, TR S £ M AR 4
B R TR, A NERRTE B = NEAS i (mg) /
K (g),

B KBS ik R T

Figure 1 Brain tissue, thymus, spleen and liver of rats

1.2.6 ELISA 7:Azi 45 20 K B i E H T-SOD . GSH-
Px MDA NEFL %4t 2 CALB/SALB $5%%

KEURREE S 18 E B IR 1L, 3000 r/min 5
A 15 min JFHC R . ARYE L AR & b A BT
HEATHERAE, K 45 28 K Bl %5 1 T-SOD |, GSH-Px
MDA NEFL i ¥ ¥/ Ifil % 1 & 11 ( CALB/SALB) 1%
Ak,
1.2.7 B 23 B

HE Y@, JU 49% 22 5 W [ i g 21 21, G 38t
4 um VIR JEHAT Y, B K AR R Y iR
iR oAk D g e Took CEEBL K W R %
B, e B o B TS, WA T A&
1R BRI SV HAR L

LFB e B4 wm B2 D) R AR H 8 Y
PR S Ul B T A, Bk KAk Yt gy
b K B, R RS B B R TR, B
B TR 45 4K BRI AL SUBE R 1 O
1.3 Sit=ZE4aHm

KM SPSS 20. 0 Ge i3 kA7 et o0 b, it =
PEORER B bR 22 (& = ) Fon, L] Fh iR
FHER P 2 07 22 70 Fr, 4L 1) 2 5 L8R L LSD H
Dunett 35, LA P < 0.05 NEFH G52 L,

2 FR

2.1 BAKRBR—HBERNE

St AR R & P, SHR K RUELETY 36 1 3 4t
D=L IS, Bl A v S s [R] A 384 hn, KRR 8 2k 2
DG A IR I 2L AT Sh G218 IR B> A i
FEEAYR ARG RN (AR 1) .
2.2 BAKREICIZEATL

5 WKY 20 %8, D-gal 150 mg/ (kg - d) + 8.12
JEL 2 K Bk ke v R 30 R I s 2 B T AR 30 Al S
e H ARG B4 Ui sl B 1) e 2 46 465 (P < 0.05,P <
0.01), BPREZE D-gal i HHEF I IG I, K B2 )
ICAZRE ST R IV RE & A et (LR 2,3)
2.3 FHXKEMETH

5 WKY 4 e #5, AR 0 4 R BRI 4 e A& 5k
BB ETE (P < 0.05,P < 0.01) ,Hr BfiE D-
gal TSR] 38 o, R BRI A RN 5K 3 A
AR EE ) (LR 4)
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Table 1 Changes of weight of rats in each group

4151 IR (g) RZARTE (g) WEHRKE(g/d) FH P1iH
Groups Initial weight (g)  Final weight (g)  Weight growth rate (g/d)  F value P value
WKY 41 WKY group 472.00 = 2.20 621.00 £ 9.55 1.74 + 0. 12 / /
D-gal 150 mg/ (kg - d) + 4 JH41
D-gal 150 me/ (ke - d) + 4 weeks group 285.00 + 3. 60 329.00 = 7.87 1.57 + 0. 15 4.07 0. 0800
D-gal 150 mg/ (kg + d) + 8 JAH
D-gal 150 mg/ (kg - d) + 8 weeks group 284.50 = 2.25 361.50 £ 7.20 1.38 £ 0. 14 14. 87 0. 0040
-ge . H4 ,
D-gal 150 mg/ (kg - d) + 12 Ji4] 278.00 = 191 389.50 + 6.37 1.32£0.117 31.03 0. 0005

D-gal 150 mg/ (kg + d) + 12 weeks group

F: 5 WKY 44, ™ P < 0.01,
Note. Compared with WKY group, ™ P < 0.01.

.5 WKY 4014, " P < 0.05,™ P <0.01,
Bl 2 2% 2H R R RE v AR 1 | b S KR Ui sl T [ R 5 B v £R 9
Note. Compared with WKY group, “ P < 0.05, ™ P < 0.0l.

Figure 2 Escape latency, retention time in target quadrant and target quadrant latency of rats in each group

A WKY 4H;B:D-gal 150 mg/ (kg - d) + 4 JH4H;C.D-gal 150 mg/ (kg - d) + 8 J&ZH;D:D-gal 150 mg/ (kg - d) + 12 JH4H ; &£ FRRAH
FRZIR

3 B RRUKRE TSPk
Note. A. WKY group. B. D-gal 150 mg/ (kg - d) + 4 weeks group. C. D-gal 150 mg/ (kg - d) + 8 weeks group. D. D-gal 150 mg/ (kg - d) +
12 weeks group. Upper left quadrant is target quadrant.

Figure 3 Swimming track of morris water maze of rats in each group
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5 WKY 4IHE, * P < 0.05,* P < 0.01;5 D-gal 150 mg/ (kg - d) 0 JEHL#,*P < 0.05,"P < 0.01, (FKIF)
4 HARFIMIEAL
Note. Compared with WKY group, “ P < 0.05, ** P < 0. 01. Compared with D-gal 150 mg/ (kg - d) 0 weeks,”P < 0.05,"P < 0.01. (The same

in the following figures)

Figure 4 Changes of blood pressure in each group

2.4 HHEKRAESRIEHTH

BtiE D-gal T3 S5 s [R] B 365, 4% 26 KBRS i 48
B RRFE R RS A S BT R, Hoh, 5 WKY
4 A8, D-gal 150 mg/ (kg « d) + 8 .12 JE4H KLY
i 5 R A5 M A R B R IR B
(P <0.05,P <0.01)(WLIEI5),
2.5 FHAKXRIMFH T-SOD, GSH-Px, MDA,
NEFL &2 % CALB/SALB #5354k

5 WKY 4 %8, D-gal 150 mg/ (kg - d) + 8,12
JAZH R BRI T-SOD |, GSH-Px 7% 2 B & T [ (P

< 0.05,P <0.01) ;MDA NEFL &+ H1 CALB/SALB
HERE FFH(P < 0.05,P <0.01) (WK 6),
2.6 HAKXRRMEARFETL

BRI ZH 2L BT T UL, WKY 20 K B T4
B 5 T 25 2 01 R BRTE | 4 A2 4 JEEG R A
0 TC B S A BRI DX S i 2
AT BT 50 3 5 T 5 A TR 20 o A B A T (] A 3G
K RUHTA R o 20 MR 28 A8 A0 R HE T A% 18 46 5 — i
ST A e A IR 95 5 ot A [ ) B4 O
DT i A A [ 5 2 (%) 8 45 AR IS, O P s YA

5 AHIRRURE R MR s B MR B R R f

Figure 5 Changes of brain index, thymus index, spleen index and liver index in each group
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6 AZHARBUMLTE T T-SOD GSH-Px MDA \NEFL 75 &2 CALB/SALB &4 1k
Figure 6 Contents of T-SOD, GSH-Px, MDA, NEFL and CALB/SALB index in serum of rats in each group

Pes . Ho D-gal 150 mg/ (kg » d) + 12 41K R
MGLA 251401 5 WKY #H e iech 2 (WLIE 7)o
3 it

CSVD J2& & 4F N & UL ) — b i P i i % ¢
I, I AR i R0 A i 1 0 0 15 | s B P i A A
U B TR /INBE B | I A T L () B O AR o
BG40 5 5 A5 S PR A, B R B | DA AR
ANBLHY T Bl 20 S o, — ELR R O R 1 XL
BT SR, CSVD Sl 4 4 7 i R 4%
— JEEBHA T CSVD BRoTHERE, DL, s A
AJHE FRAE R CSVD iR X TAF5E CSVD 1k
AL BRIy A EEE X,

SHR KR AT 7 H 2R &8 F 77 A i i R 248 B
Ly B A B A 5N R R P e i e i R A
L D=2 AT 3 sk 4T B O S 4 A 4G
PR A U (AR LT A2 A SR 2 ™ AR A
TR A A A D AR Y ARSEEE DL SHR KRR
RTG530 H T 5 D-2E LA S SHR KR
WL T MM E N BRI &R
CSVD Zh Al Al 5 KRR FE RN ZE CSVD A
B A% B A T AR I R FRAE

Morris 7K 2K B J—Fd I K B2 > e A2 68 1 1Y)
ZMAT NI e R G 4 T b % 58 sh ) 2 R A
e ™ IRPRAFIE £, CSVD 5 & AN o fg
B A ARE AN AR ST 0 6 % 2R AR A R IR A7 K
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TE: A s B i Ie 25710 11 =0 5 5 00 i Ak 5 I o A6 P83 Bl ) By I 20 5 IV« DRI BB S 45 A3 15 O o
B7 AR ERIEHS A

Note. I . Morphological changes of prefrontal cortex cells. II. Changes in dorsal blood loss of the third ventricle. Ill. Expansion of perivascular

space. IV. Injury of myelin sheath in corpus callosum.

Figure 7 Pathological changes of brain tissue in each group

B, 45 R BR, BEE D-2 FUAE B E] A 3, K
A ThRE P 5 I &, 2% 21 e A2 B ) R, b L
D-2EFLBE 150 mg/ (kg - d) ST 12 i #Y SHR KK
PN ESTATE

il N A B 52 2 2, AT ORI A o
A= FRTAIRE ; i i AR TP X S B AR E, SR IR
PRt E B I IR AR R B A A 2 —,
BEE AT 0 3G K, 25 4 B 45 1 RN A B T e kAR e
A AARRGE N DIREE AL L ARSI AS R R,
D-2F-FUBE AT B AR SHR R BRUAY il 48 55, e Al i %5 het
FEECRFHE 80, LI D-2F> ZU0H T 5 s 1] g 384 Jon
A A8 BOZ T B, o L D-2E3LBE 150 mg/ (kg
- d) FESF 12 BB SHR K BUIE #% 75 50 A9 1% 11K B
B,

AL D AR P R A AE s B b, T-SOD |
GSH-Px ] 5 AL 1) S A R S8 A6 SF- 47, 177 MDA
A )42 S e i oo SR R T SRR SR A
J& CSVD WY FZR LA 2 — gz, IR IR
A=Y CSVD BF MK P i fr i B TR
NBEN | HAAR R bR Y5 CSVD ATl g i
YA O, Bl D D) RE 4505 09 0 B, 1l T-
SOD \GSH-Px %5 7K - B f B AR 7 A S0 6 25 1L b

7, D-F U AT 5 & SHR K B4R AL B 8, 51 T-
SOD ,GSH-Px 7K-FF [# Fl MDA 7K i, H %
D2 U G Asf 1) A9 388 o, K B AR 483 405 0 i,
L D-2EFL0E 150 mg/ (kg - d) TS 12 J& % SHR
KA i 3

ML 5% B3 451 45 = CSVD 14 44 3h i BE BR 35,
Zhang %" FH ShAS B SR A ARG CSVD 1 i 57
BB Rk B, CSVD B I B¢ B 75 335 a4 o X
Wiz WA, HUHGHE E M BE T (S R R Y kY
TGN o 0L e s 458495 52 88— i LA B 3 9k 11 2
F 5 L7 A 2 A ) HAE ( cerebrospinal fluidalbumin/
serumalbumin , CALB/SALB ) ZZ 4L P-4 | FL BB,
PR I G ot s 4 4 A e Y R 2 A
(neurofilament light, NEFL) 278 TRI5E B,
AL 20 20 BT 2 R R E RS W Rl o A, IFOE
W], PR B L Y NEFL 7K 2 & T 0E
WA )G L T NEFL 5 2 B 38 i nl fig &
PR 10 101G 5 B 3 5 R A 2 AR S B gt R
IR T DB UM B9 SHR KRR, BE % 1 5 5 1]
(3, CALB/SALB LY {H 32 i 48 K, 1L o NEFL
AKE LT, Ko 2L D2 ZLBE 150 me/ (kg « d) 4T
12 JA 1) SHR Kl CALB/SALB F{H A1 NEFL /K 3
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Ll 3TE N

o e s a0 XL T L fRD B R D R R A
J& CSVD [ EZLRB, B I8 i R /D
BRI B RO G R g S5 w4475, F 5 B Ml R
T B S 5 S IR AR O, HL R A R
ARSI TG N . Renard 457 #1 Lyu %7 4%
WHFFE T G g REAS [R] A7 0% 17 1 e 7K~ o34, i L
BEAC LI I kE B, 9F — 2B TR S, i R
R T A Rl S o P B PR A ] L () R
I CSVD R En s 2 —, S48 % UIAH
KB WS R, AR AR AR N B I A T
S, 0 i e o A ] FRL D) B K R A R
1570, Zhang %7 IESE B AR ARG, w55 1 R A
LRI AT 0 /N 4 2 Ak 3 AR 4 R R )
(T N N B =R = e 0= N0 N
TRFR AN S22 T B, 5 00 5 3 i PN I 1 55 o 2
S GhmIAR ST o, Bl 2 AR A 1 K B
55 KU N, CSVD U R T Ak, i
R £ 5y AR i DTG T, A1 A /0 5 e I 4 i )
RESEH, BIE) 12 BABESS , T S B0 3 Bk 28
ARG IR BoR 45T D-2F R 54 1Y SHR
BRI f 84 o, R iy 4 Pt Bz 5 4 i
FETHE I 2 | i T BRI () B O M 2 o ™
I, DEIRIR X BE S 2s fe =, Herp DL D=2 FUHE 150
mg/ (kg « d) FESF 12 JA B SHR K UK 2 29 A2 B
ITE N

Zi BTk, R A SHR KRR 5 D-2F 2L A% 150
mg/ (kg + d) 12 LT & 61 5 A3 CSVD $20%
RASFANAR s PR Ry N2 CSVD ML iy ik —
FFEBEE LAl
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[#ZE] BH#  Wf miR-146b-5p 16/ FUE L A AL BT rp ) FRIBAE O, I T 1 N AR miR-146b-5p X /MR
B R AL, FiE K 24 H 8 AR CSTBL/6 MM /N BUBE L 2 A I T AR 4 (sham) , UUO #4554 24
(UU0) ,UUO+¥ miR-146b-5p HLFERAKLH (UUO-KD) , %40 8 2, Sham ZHANYIIT Kk | 5 58 ELF B A4 00 B S PR A
AMESFLEE WAL B, UUO 41, 47 Sl JR A REREL (UUO) s8R, UUO-KD 41 i S L% CRISPR/RixCas13 d
R /N BUE AT RR S miR-146b-5p Rk, 24 h 5 AL i E ST UUO /N ERBR I, 7 d 5 AR FE /N BROKCEE B s
A, HE Yo (@ M5 B A8 1k, Masson 60 B [H] 50 2F 20k AL R 32, e 20 A0 A6 DU 2 4 Ak AH 56 28 1 («-SMA (FN | Col-1)
2%k, Western Blot, Real-time PCR £l miR-146b-5p . a-SMA | FN [ IL-1B ,IL-6 , TNF-a R, R miR-
146b-5p 78 UUO FE R i 22 T A4 R IR miR-146b-5p J5 %3 K B 2% F & (P<0.05) , [ i}, IL-1 IL-6 \TNF-a %5
RNEDI T35 B B F 4 (P<0. 05) 48 HE Masson Y4 (/5 MLZEF], UUO-KD 41452 UUO 41AH Hb B 450 BLAT, B /N
IR, B0 R AT A bR I B g, HAaRE b as R A& . o-SMA (FN  Col-1 SF£F 4Efb 48 /7 #£ UUO-KD 44
i E MR (P<0.0001) , £5i8  #0] UUO W& 3Rk ) miR-146b-5p 7T W i 238 5 £ 24k , miR-146b-5p A g2
YA — DRI IR

[X#IA] miR-146b-5p; ¥ 1] AL RUIREAR ; B 4R Ak ;18 1 s
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Renal inhibition of miR-146b-5p expression ir situ improves renal fibrosis
in UUQO mice

XIE Kehuan, GUO Huaiying, HAN Rangyue, WANG Li"

(Research Center of Integrated Traditional Chinese and Western Medicine, Affiliated Chinese Medicine Hospital
of Southwest Medical University, Luzhou 646000, China)
Corresponding author; WANG Li. E-mail : wangli120@ swmu. edu. cn

[ Abstract] Objective To investigate miR-146b-5p expression in mice model of renal fibrosis induced by unilateral
renal ureteral ligation, and to suppress miR-146b-5p expression to improve renal fibrosis induced by unilateral renal
ureteral ligation in mice. Methods Twenty-four 8-week-old C57BL/6 male mice were randomly divided into sham
operation group ( sham), UUO model group (UUO) , UUO+kidney miR-146b-5p knockdown group (UUO-KD) , 8 mice in
each group. In the sham group, the skin was only cut to expose and free the right kidney and ureter without ligation or
disconnection. In the UUO group, the animal model of unilateral ureteral obstruction (UUO) was performed. In the UUO-
KD group, miR-146b-5p was specificly knocked down by electrotransferring the CRISPR/RfxCas13 d plasmid in the mouse
kidney. After 24 hours, the UUO mouse model was established according to the method of the model group, and the mice
were sacrificed 7 days later to collect kidney samples. HE staining was used to observe renal pathological changes, Masson

was used to detect the degree of renal interstitial fibrosis, immunohistochemistiry was used to detect the expression of
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fibrosis-related proteins (a-SMA, FN, Col-1), and Western Blot and Real-time PCR were used to detect miR-146b-5p,

a-SMA, FN, IL-1B, IL-6, TNF-a and other gene changes. Results

Real-time PCR showed that miR-146b-5p was

significantly increased in UUO model, and the gene was significantly decreased after electroporation knockdown of miR-

146b-5p (P < 0.05). Meanwhile,the expression of IL-18, IL-6, TNF-a and other inflammatory factors was significantly
down-regulated (P < 0.05). It was observed after HE and Masson staining. Compared with the UUO group, the UUO-KD

group had a better kidney structure, slightly deformed renal tubules, and less severe renal damage. The degree of fibrosis

was significantly improved. And the results of immunohistochemistry showed that a-SMA, FN, Col-1 and other fibrosis

indicators were also significantly reduced in the UUO-KD group (P < 0. 0001). Conclusions

Inhibition of highly

expressed miR-146b-5p in UUO can significantly improve renal fibrosis, and miR-146b-5p may be a potential therapeutic

target for renal fibrosis.
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AR, DL ) 0T 48 2 Ak SRR AR 948 M B
( chronic kidney disease, CKD ) & i % {2 3 34, 4=
BR& R 10% , Hod 70 % DL 8B #E 5 50% L)
L, HAT M= ARG R IGIT B IRAS IR
CKD W 7E R K AL, I & 3 8 R 9T 7 i, &
FBiih CKD iy & 4 & B 2 K EE® | microRNA
(miRNA) & —2 PR3 R i i B 24 8 22 A
BAF R AR di S 2055 RNA 201, A ESh i )
LS5 R SN R KR, Z W5 COE L,
miRNA 7E AL 15 W5 70 B s B /INBRG A2 | 22 i Al
B 9o S5 22 A BB Y R A AR SR ks IR s MR
AR RS 2H A 4030 i 5 S Y, AR /B UUO A
i 1 A0 45 miR-146b-5p 7£ P A9 Z 4~ miRNA 7£ 5
HA P ERIL, AHFEHRIE, miR-146b-5p AT 47
5 240 B R 19 A BEL DB H 3 38 AT K BT 47 [ 8 5 e
A4 {H miR-146b-5p 78 & £F 44k b 19 1 F A o sk
AR R S — RO AN e R
ST g i o e A TE AN B S AT LS K H TR T
AR rUE AR T AR A 85 75 40 B 5 e,
W12 T R R /N RO A 7= BRI YT SRR
FY RIS T AT R (AR R
AR E A IE BH AT 1A PN 4 A7 ) s 2k e PR A g
R miR146b-5p 76 & L ek i E R AR DF o
57 UUO /DN AR W4Z miR-146b-5p 7E/)N B £F 4
AT v (g F R 0, F38 3 JE A7 FL A B R A B
il miR-146b-5p FIZRIE , FEF T I H R IR X/ U
LA REAE T, R CKD B R 4EAL ) 1A R 5T 45
it L%

1 M5
1.1 ##

1.1.1 SEE3h
SPF 2Pk C57BL/6 /NER 24 H 8 JEIY , A

miR-146b-5p; targeted electro-knockdown technology; renal fibrosis; chronic kidney disease

22~25 g,y H HREZEEYABRAF [ SCXK (1)
2020-030] , 17 3% F P4 e B2 B K 2E 5250 sh i b
[SYXK(JI)2020-065]) . /MR H B &0k, 3
BEURE 20 ~ 24°C  AHXHEE 50% ~ 60%,12 h/12 h
WIS 2S8R AR 9% 1 B IR SE 08 BF 5T 3R A5 7Y
B BER RS Y e B2 2 AT (2021DW027 )
112 EZEH S5

TRIzol ik 7 ( K AR & b Bl £ A BR 2 A, Lot®
P5207, 4 [ , oM EE R BURL R 250 & (KR A1k
RHEABRA A, Lot#Wo623, 1) |, fdi/M a-SMA
UK (proteinch, 00096457 ) | %3t/ B Gapdh $i 4
(Abways, AB0037) , Jedii/NR College-1( Col-1) ik
( Cell Signaling Technology, 4060 ), % $it /N K
Fibronectin( FN) Hi{& ( Abmart , 334482 ) /)N B 475 /)N Bl
IL-1B /A (Santa cruz, sc-52012) /NPT 1L-6
Pk (Santa cruz, sc-32296) /N ER B/ B TNF-o 11
& (‘Santa cruz, sc-52746) . S Hi /N B Wnt-5a $i 1K
( Affinity biosciences, DF-6856) , %31 /N il B-catenin
UK ( Affinity biosciences, AF6266 ) , 9% Y6 %€ & PCR
Yook iR 7 ( Promega, 182068 ) , HE % {4 i 7] &
( Beyotime Biotechnology, C0105) , #1424 #f So & 4H
113 £ ( ZSGB-BIO, PV-6000 ) , Masson 4% {32 51|
B (NRAEYN T, BA-40798) . LightCycle 96 72
FE 1 PCR ¥ ( Roche, FHi+) , 1F B 4 W55 (2
H, Nikon Eclipse E100, H 7<) | H 3k Al F1 10 4% 4% i
# 8t (Bio-Rad, 3 ), 1 ki M %% Y % ( Pulse
Generator CUYEDITIT ,Z6[H) .
1.2 A%
1.2.1  sh¥ord] K Sc s 1

TR HIEF A (WT) BT AR (sham) FEHY
ZH(UUO) 1 UUO +miR-146b-5p #1 [is) H, 7% f 1% 40
(UUO-KD) , 2 sham+miR-146b-5p # [ii] H % f A 20
( KD-1day ), &t 1 2% S i ki %% 4
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( Electrotransfection ) o 5 A ZH ALY A 00 35 35 Kz
JHk , % i LI 25 A 00 Bl PR A4S A A0S L B80S W Ak
B AR 45 2 s SCHRES ST B PR AE R BEL /N
ST a0 R R s S 19 130 B L 20 B T R
/NS e/ NRA M SR AESS 2 1 em 20D IFY
BB IR, o3 B AR AT, Vi S A DN e e R A, T
BT T FR RS T 1/3 KB4 RILL 4-0 B 224
SEFLE RS 5 B Wi RS, 88 A I . UUO-KD 4,
TSRS T R T S A SR U AR, 24 b
Je B 7 LN A PR SR BH /N BB R BRI R L JRR
NG B R A, RSN BRUE K B Bk, T
sk e P B Sk OS 36 GRSk A T 4RI
FIARLZY 100 L ( BURIHEEE =1 pe/pl) , WES & i
i HERASE (1, RIS T K T 4R BT K2
B T AN 32 AR B KR i, TS R,
WRIAF R ICE AV R S WESHL L < 500 Q A,
RIFT b5 s % (4 iR LR (P V) = 50 V, B 5%
L (Pd A) =300 mA , BEE HLFEFRFSERT S (Pd on)
=50. 0 ms, BERS HLEL R BB (Pd off) = 1000 ms, &
HIE U (Pd N) = 4 1R, W HLIEISR 24 h 5 LR
WS/ T2 IV R AR E s e < VA = =1 DT R A
A, KD-1 day 204X /N BRUIEAT R 7 5 22 B T Aor
P AE | Electrotransfection ZH AW i3 47 "B JR A7 HL 3%
SR, AR 1 d BT d S ARSE/ N BUR T
ARAANE LK 174 BHLE T 4% 2 FHBE P [E
TR gt Jo o B A U T -80°C
UKARTRARAE, T IR 8L 1 2 RNA
1.2.2 CRISPR/RfxCas13 d il kA

PR A4 i R 10 . fil A DHS o J8% 52 25 41
Ji, 18] 8RR ¥ B UK 5 min, 36 6 IR, BT 42°C K IBH
I 90 s, INA LB 55373 500 L, THEIRH 22
50 min ( 100 r/min, 37C), J§ B > 5 min
(3000 r/min) , 14 LG W, B 100 pL HiTERG
AR T AMP HTPEAR I B ESE Radi, iask B
PRI, 35 5 OB TR, 4 JooAr 2 B 7 s SR P i
afifl 5T R (sgRNA J¥ 41 (57 —37) : ATGGAATTC
AGTTCTCAGAGCCA) ,
1.2.3 Real-time PCR il 4% 2 /N BV 240 miR-
146b-5p ik

HBUZR A7 B 2H 41, TRIzol ¥ 32 U 2H 41 v 2
RNA , Nanodrop % 5 RNA ¥, B 1 g & RNA,
Fie IR 3 2 S i) G U A 5 B 2 5 SR B B cDNA
Ll cDNA W#iHy, Fil miR-146b-5p 5142 8 PCR iz,
FIE UL PCR A R J5 i#£17 PCR J2 i, PCR
U2 959C,30 $;95%C ,3~10 5;60°C ,10~30 s;

40 MEFFEEH . LL U6 1E28 miR-146b-5p BN 2
HP, GAPDH /EH 1L-1B . IL-6 \ TNF-a . -SMA (1)
SIE R E S Rk AT H bR L A
Xp eIk xR IA T 27 L, AR 1,

*1 51UEL
Table 1 Information of primers
K 44 FF3l(5°—3")
Gene names Sequences(5’—3")
miR-146b-5p F.CGCGTGAGAACTGAATTCCA
R:AGTGCAGGGTCCGAGGTATT
IL-18 F. TGCCACCTTTTGACAGTGATG
R: AAGGTCCACGGGAAAGACAC
IL-6 F: AAAGAGTTGTGCAATGGCAATTCT
R:AAGTGCATCATCGTTGTTCATACA
TNF-a F.CATCTTCTCAAAATTCGAGTGACAA
R:TGGGAGTAGACAAGGTACAACCC
a-SMA F:CTCTGGTGTGTGACAATGGTCC
R:CGAAGCTCGTTATAGAAGGAGTG
U6 F.CAAATTCGTGAAGCGTTCCAT
R:AGTGCAGGGTCCGAGGTATT
GAPDH F.:AGGTCGGTGTGAACGGATTTG
R:TGTAGACCATGTAGTTGAGGTCA
1.2.4 /N HE 442 )2 Masson J4ff,

HE Ze o o /INRUE 22U 5 H 4% 2 58 H i
VETRIE E 48 h, 2 QK , —HREW S, A
R AL IR ) R AL A 4 pm U0, 4T HE 3
o, 55 LS B A 2L A B

Masson 4 €8, . Gt {i %) b 47 5 00 i 2 7K
Jo AR R YA 5 min, IKYE, 19% 3 BRIEKE 7> (4
0.5% % KAEE 2 min, KEE, EFELYMG S ~ 10
min, BEEHBR 35 1 ~ 5 min, T 28 e 6 5 7K Bk
1% VK EERR 1 min J5 Bk 3R, WEEEE B 4L 4 a)
e T
1.2.5 ZEHESZEENE ( Western Blot) #rill B 40 21
L HEAAH G R IA

FHEAECERT o FEIILEHE A (a-
SMA) HUB 441 0.1 ¢ B TR, P HET
VKRR, B4 20 ~ 30 min, 5 B0 B, SR
5 ThHT S W B R RS I R R IR
AREARE AR EVHEE N 10 weg/pL, J5 A 8 pL, 3]
12% SDS 3R P4 s Tk Jiie 6 Ji v 32F 47 A Ok, B oS &2
PVDF /542 1 : 1000 FORFGRE LU A £ se 44
o-SMA T 4CIFF LR, FIMA HRP B HiH# ik
PBEE 1 h, A ECL W0 BERE LR /BT A 1% , 45
SLLHPREE 1/ NS HRX R EEE R ST
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1.2.6 /NEREFHS A1k

/N BV ALV S 49% 22 58 W BV 1 5
48 h, AR LK, B RE W )E , A IR A
YR LE & 4 wm B AU R, SN
SOK PR E G, B, N Z s PR o-SMA |
Col-1.FN Jf-4% 1 : 200 #i B¢ LA, 4°C 1 %, F5-3i% Jn
AYIEA D, FIEBF 15 min, DAB B, FAER
Y WK YRR W 15 min, AGE G B R BT
W2 «-SMA ,Col-1 FN ik,
1.2.7 FF AN miRNA U7

W A R M it B8 A ) 20 w58 B, $2 B
it RNA J5 % Hlumina HiSeq I FEASGHEA T
1.3 SZitESH

K H SPSS 21. 0 XF i A7 4 it ot , 1H 5%
B A IER AR EE AR EZE (2 £ 5) R
TN AR E IR S0 sk FI A 8RR . A [R) 22
SRR LR, I N TEZS A B 5 25 55 W02k FHAEFCXT ¢
Kol , 77 2 A FF K Welch” s £ IEAEFL X ¢ 4656,
ZA A 2= TR L8, 25 A RF G IR o0 A By 22

FMR S 2R ANOVA K%, 21 6] 2 9 LR
LSD ¥, % H BRI GBS A 807 24857, R
Kruskal-Wallis H £ 55, 25 327 4 0] A7 7F 22 5, g —
AR P SRR AR (9 1 2 80K 90 14 4 4 1) 7 4G L
P <0.05 hZEFBAGIH¥E X,

2 #R

2.1 44 UUO #B4 miRNA 3Ri%, miR-146b-
5p £ UUO B EES

HE Je 455 R UUO /N E#E sham 41708 R
ANEY IR B /NERAS Y i SR S ' JR) JTH E
TP A R 7R UUO 4 %58 sham 20 B [8]) T o S0
WUWLBhE H («-SMA) , FN £ 2 85 (U R g 5 3 &
S Eid \PCR 455 —2(P < 0.0001) , RH &
B S I & 2 Fh miRNA 78 UUO /N FUE P
ik, Hp miR-146b-5p f L FHiig B fe A B B2, PCR 4
RIIE miR-146b-5p 7E UUO /)RR Py k88 m 5
45 - —3% %8 sham 2 5L 10 (P < 0.0001) ,
WL,

A HE B 555 B S LSS5 € a-SMA 1Y Western Blot 455 ;D a-SMA [ PCR 455 E; /745 5 8] ; F: miR-146b-5p i PCR &5 34,

5 Sham ZHAHLL, ™™ P < 0.0001,

Bl 1 miR-146b-5p 7£ UUO /MR 51 5
Note. A. HE staining result. B. Immunohistochemistry result. C. Western Blot result of a-SMA protein. D. PCR result of a-SMA. E. Sequencing

result. F. PCR result of miR-146b-5p. Compared with sham group, *™ P < 0. 0001.

Figure 1 miR-146b-5p is significantly increased in UUO mice kidney
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2.2 REOEBEREG

SR TR I A Ho, 2 1 5 20 S 60 5 016 o b v
P R B T R E OGS, UL AL
LA s, T R S 4% miRNA I R 14 i o7 Ha,
g it BRI Bl A RBOR S EON B
] B AR B S L R (Pd V)= 50V, U LI (Pd
A) =300 mA , BER R AL HF SR (Pd on) = 50. 0 ms,
g ] FL 5 [T B (P off) = 1000 ms, A HL 76 YO8
(PdN)=2, LK 2,
2.3 B4 miR-146b-5p ¥t UUO ‘547 I & 25

I

TEH /N EUE L miR-146b-5p AR FOR 1 d )5,
i 1L Real-time PCR Kzl £ miR-146b-5p ik &
ETRE(P <0.01); HHE 7 d JF'EYRe b5
To il M IE ST AN 20 B vl O B, LR
7 d Ja , BNt 45 3 B s UUO-KD 4 a-SMA
FERETRE(P <0.01), H5 PCR 4R R —2

(P <0.001) ,HE B¢ a55 5 & Masson 4 (.25 R ik /i
UUO A/NERE A ZUrb /NS I 5k, B /oK
DRBH . ELIA) TG 5, 26 W 7 0 1) AR /DN BV
PR 5 . HL 2 miR-146b-5p 8 i) o % R AR
Jei /0N B T S 6 4 B ok 2, e DR 9 2 [ o
£ A Ak R 2 R, LR 3,
2.4 HEFEINE miR-146b-5p J5 7/ B&{K UUO /MR
KRAE R FHEET

UUO-KD #% UUO 21 r] 3% T 14 1L-6 ' TNF-a |
IL-18 RIEFE AR mRNA Fik&, H 25 HA B &M
(P < 0.01); Bl fb 25 % W /R . UUO-KD 41 %
UUO 4B 18] a-SMA Col-1 JUAR W Z s/, H B 4
LGN T HE AR5, Western Blot 2552 & 81, UUO
HH wntSa, [B-catenin T HAKFE E¥E s, UUO-
KD 41 wnt5a ., B-catenin 3¢k 34 I 3 T K, 15 B HE 5%
] miR-146b-5p Ji5 Al .2 T UUO /N RS AE )
A4, WK 4,

A DR RS EE B OB T B RN S 98 ; C. CRISPR/RfxCas13 d #R)7517R A,
2 JEA AR AR

Note. A. Schematic diagram of mouse electroporation process. B. Luorescence image of kidney in situ electroporation under light microscope. C.

Schematic diagram of CRISPR/RfxCas13 d vector sequence.

Figure 2 Process of renal electroporation
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¥ :A:KD-1day ZHHLH% /5 1 d, /DB miR-146b-5p PCR 4524 B JRE AL ; C: WUEFMIL S5 D a-SMA [ Western Blot £ | 5 H & {45
JLE.UUO /MR LSS S PCR 4559 F . HE YL 825 5 G Masson 825 5 UUO 414, *P < 0.01, ™ P < 0.001, ( F&IF)
Bl 3 HFENH miR-146b-5p Xt UUO B9 BLECAE ) 52 1
Note. A. One day after electroporation, the PCR results of miR-146b-5p mRNA expression in mouse kidney. B. Urea nitrogen results. C. Creatinine
test results. D. Western Blot results of «-SMA, protein quantification results. E. PCR results after electroporation of UUO mice. F. HE staining
results. G. Masson staining results. Compared with UUO group, * P < 0.01, ™ P < 0.001. (The same in the following figures)
Figure 3 Effect of electrotransduction inhibition of miR-146b-5p on the pathological changes of UUO kidney

WA RIEFRHR PCR 255 ;B a-SMA | Col-1 Hi 41k 255 ;€. WntSa, B-catenin [1] Western Blot Z5 R I (15 fb45

4 U miR-146b-5p J5 AT FEAR UUO /N B AE I 2F 4 Ak el s
Note. A. PCR results of inflammation indexes. B. Immunohistochemistry results of «-SMA and Col-1. C. Western Blot results of wnt5a, B-
catenin, protein quantification results.

Figure 4 Electrotransduction inhibition of miR-146b-5p can reduce inflammation and fibrosis in UUO mice
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3 e

B /INGEE ] 5T 2F A Ak S — 18 PR A T A
TR RS M B R R Sy R I B I 0 420
7, HAURE 2, A2 B w0 0 i Gd
FRG BRI R | SRR N 2 230405 B S8 , 4T 4k 4
J TG A AT B LA K PR TR S 48 #E CKD 1)
KRRt AR B /N 1) R 4T 4 AL 3 BTN R AT
I I SRR B A 8 M 1 T O
HX T 5 2 A r 6 7 B il 26 I IR b i 3k J 477
SRS R T 053 SCREIR T AT 3 S AR AR A
LAl i ELERZ A SRR T A i

= AN EITFE £, microRNA 5 ZFh 48 B 1)
UG, HES 5 E A4 — A E 2L
4371 microRNA J& /NI 45 5 RNA, A7 H K
WY 2R I6e, 2 5 & P E AR B AR
H miRNA /5 mRNA A9 st 282 e /EH, I %
FENFANSG], RN R R EEHNR ", 25T
RPN AT dE AL SRR A P B 3o i S SR
ZH I 0 108 HH 221 miRNA 78 B £F 44k UUO /)N U
AU 2RIk 3 F I 2 90 50 UE )5 & B miR-146b-
Sp FRIBARAIL R W2, B AT E NS A S5
CIESE miR-146b-5p 2 52 F it f2, Rk
B, miR-146b-5p 7EARIE M B 95 T TG NF-xB (1938
BN T B R AE A Ichii M 1 Paterson
A LRGE 18 L P miR-146b (1936 1k K HR
VRCHE T 55 B T s A8 1 & R AH G, I 5 4 0 4l =
TEARDC 5% B 35 7 5 K BUE B2 BT miR-146b-5p 3%
INMUEA EYIRZR ,, SR miR-146b-5p 7 B £F 4k
EPE R AR HL, I, A A BAITHRITHR &R miR-146b-
5p TEBF L AEArh e . AWFSE R, B £F 4R AR
PR B, miR-146b-5p B & T+ &, L% @ Ik miR-
146b-5p 23 ¥ 4% UUO B 4R (b fR B, X
seglk WP OR miR-146b-5p 7] fE A2 UE B 41 4 1k Y
HERE

AT BF5E miR-146b-5p 76/ EUVE £ 4e b h 1
FH FRATTS00 2R FH B D o7 e Y s AV TR 1 7 2% T A
miR-146b-5p 7£ UUO /NRE TP rYRIE . HATE AL
WO AL TR B e R R O g
YA Jy o o A A G 2 H AT — o 2 5 ] e
FAR , BAE 1982 4 Neumann 2511715 — Y
RGN TR FIS XN R T S R e, L B%
YL JREAEANIME I B VE TR, {0 40 M B B AT 55 38 3

PR, TR 56 R 40 i sl 4 2P 19 O 2, BB
{14 i 28 A s 1 5 R 1 5 9k EL A AR AR L AR
Jo (B2 A B A A A B A e R g el B R T
T O BT A A B U, HORE S R R
3k 5 7 RO L 2 L R A, o 2 2 B 4
AENY ARBF AR RTI SE B B UE T R e
T ORI e AR R B GO FLrh R B e R B T AR
R R0 Rl R TE BRI A S M S5
Ji , FLG e 5 R P i O ROR 7, 48 HE Yo 5
TIIRe ki f5 & IR 28 J o7 HL e 1 B A T U 20 L, 21 41
SERgTEEE LA FN , JC B S B A, ot LI | R
RAMRA R R 5, /NRE DRE 51T AR A&
AR—3, CHBARE TE L I /N BUE Ay
S, oAt TR R, FRATT & BIR L A
AT LR S m A/ BV miR-146b-5p, HBH & 410 il
UUO /NERUEE /NG 18] Jo £ 2 Ak %) s B ke A%, ot i 468
718+ HIL ) LB AR miR-146b-5p J& AT miR-146b-
S5p BYF&IR DT B2 /)N BB A DR A8 25 4 L7521
B 441k,

I, X T £F A AL ML B B R R 2
FEPE  ASBIF 5% HI 401 3R AT 38 2 00 ¥ & B miR-146b-5p
FE UUO /NS rp i 338 I, IR 9 UE 1 B £ 4 A i Al
o miR-146b-5p FIh 45 R 5 /i H I — 2, K& A
FEIR , wnt/ B-catenin {55538 2 5 & it S 45 Fh
Pt 5 BB B B /NE TP Y wnt/ B-catenin 7 B
1R/ INVE AL TR AKT (8 % A=, B /NE Y Wt/
B-catenin [ 3§ £ ¥ 1% 0l 6E T B AT MR A 4
A1 S 3 Western Blot 45 5 & ¥R, A5 B0 41 op
wntSa . B-catenin 1F & HK ¥y E ik, 4 ) i
RS , wntSa  B-catenin Fik 4 g & NI, IR A
A8 miR-146b-5p ] g & o AL Gl R T /NS 2
AEACI R SO 3T 77 A2 T LA a-SMA | Col-1 AR
AL BUE | J5 AT AR B /N B R At
T miR-146b-5p ik, K5 I 21 4E AL AH ¢ mRNA 1Y
ARAk SO A 5530 EIE SE A S A 2T 4R AL AL

25 FAFR , miR-146b-5p 75 /N BB B 4 IR 45
SEFLIS T 10 B 2 A A A Y v v 3K B T A 91
miR-146b-5p [13R35 ] 2038 /N B0 B i R 48 25 L.
R4, £W miR-146b-5p A] BEJE ¥ £ 4k
ALEIVATT HEAR , T N B 21 AL 096 7 32 A1 3 19 BF
FEITI
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LT DR ENE” HISIR ST 28 AN 5 R 48 w1 O
S IR K B A AE B g B AL il
FHEHEF @E 2% FE KEE,ERE CHEE, KT FiFA
(1. WP EZRFE—MEERE, K7 410007;2. WIREPEEZR2:, KT 410208)

[FZE] B8 AT A0S 7 455800 SR R IE R B s RAERIHLE . 3% 30 HSD K
SUBHAIL A T H 2 AR rh2e] A2 R 2 2 38R F < v+ SR sl Ik A T e S AL e O
AR MAPTERE TR YERIR I 22 d, 25 L 7E AR S 8 RS T LA 5 030 I 7 TAL 3 14 d, F28 25 RICK R |
J | FE Bl ik B it X0 AL 2, SR PR It G 2 W FREIN 5 15 ( ELISA ) Kzl 45 2H 5K BRI e 1L-3511-37 & & HE Y fh
WAL O WLZH UG BRI 25 5 Masson G (0 WLER 32 3 kiR BRIE 25 S R 41 AL % Western Blot 43 5146 10 ot .0, 3= 30 ik
1L-35 IL-37 HB ERIEREARE, ER (1) BERABIEF A mE 1.-37 10L-35 B EFFEK(P < 0.00001) ;
LA T2 11L-37 1135 BB FH T (P < 0.00001) o (2) HE Y0, 53 R BRI 2000 L] 5 0] U R 48 M 4 i 40
JELZH AT B DX IR AR /)N ] UL 2% X ( marginal zone , MZ ) FI1 3l Jik Ji] il bk B8 22 (DK B /gl R g RS &2 0 Az a0
NILEH 2R 48 P IR T e AR T 2 B S 02 | N2 28T O T 8 40 A 1R 9L /N 52 (trabecula, T) | ML 52 ( splenic sinus, SS) , H g
Y5k ( central antery,CA) ST . Masson e g /R B 20 3= B ik N B4 A | S5 R SR ELIRAEAE T TR 40 i IR B TiT
UE 5 "2 L T Bl kN RS i, £ AERCUAL nT WA SRR, (3) BERLZE R RO L, 3k A 2 TL-35 (1L-37 P18
FEELAEASEEEMTEFRHP < 0.00001) ; FEEA R TGN, TPk AR 1L-35 10-37 FH 65 1R
I i 0 2 R AR (P < 0.00001) , 518 CHD S IMFEIEAE R A BRUAT S « 0 R R 6 ™ B0 PR UL RS R 0 ¢ ; 25
A LT % CHD A LI SRR SR AR, Kb 5 R IL-35 (1L-37 7KPAH 2,
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[ Abstract] Objective The aim of this study was to explore the mechanism of Yiqi Huoxue recipe in regulating
immune inflammatory response in rats with coronary heart disease syndrome of qi deficiency and blood stasis. Methods

Thirty SD rats were randomly divided into control group, model group, and recipe group. The model of qi deficiency and
blood stasis syndrome of coronary heart disease was prepared by exhaustion, food control, and ligation of the left anterior
descending branch of the coronary artery in model group, and recipe group. recipe group was pretreated with Yiqi Huoxue
Recipe for 14 days from day 8 of modeling. On day 25, serum, heart, spleen, and aorta were collected for cytokine
quantification and histopathological examination. Results (1) Serum levels of 11.-37 and IL-35 were significantly lower in
model group, than control group (P < 0.00001). (2) After treatment, the serum levels of TL-37 and IL-35 were
significantly higher in recipe group than model group(P < 0.00001). HE staining showed a large degree of inflammatory
cell infiltration in the myocardial stroma in model group. The red pulp area of spleen tissue was smaller, and a large
number of lymph nodes between marginal zone ( MZ) and the periarterial lymph sheath were seen in white pulp.
Hyperplasia, structural disorder, the presence of foam cells, and lipid deposition were seen in the aortic intima in model
group. Inflammatory cell infiltration of myocardial tissue was significantly lower in recipe group than in the model group.
The intima of the aorta was thin, and scars were seen at damaged fibers. A normal distribution of trabecula(T) and splenic
sinus(SS) was seen in spleen tissue and central antery ( CA ) morphology was regular in recipe group. (3) The average
optical densities and protein contents of IL-35 and IL-37 in the myocardium, aorta, and spleen of model group were
significantly lower than those in control group( P < 0.00001). The average optical densities and protein contents of 1L-35
and IL-37 in the myocardium, aorta, and spleen of rats in recipe group were significantly higher than those in control group
(P < 0.00001). Conclusions CHD model rats with qi deficiency and blood stasis syndrome support the theory of

simultaneous treatment of heart and spleen, Yiqi Huoxue recipe improves the inflammatory state of CHD with qi deficiency

and blood stasis syndrome, and its mechanism is related to the upregulation of IL-35 and IL-37.

[ Keywords]

syndrome ; immune inflammation; Yigi Huoxue recipe
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55039 ( coronary heart disease, CHD) J2& 3% [F
BOET- I FE B 22— 2 L0 P 43 1 — T
FERL, W T AR B H A XURS: [ 8 5 i 3]
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3.3 45 R EE 208 UE S, G 9 RE SN FE
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RIGIER T, A KB ERER kIR
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2 NS DA B A S i G &R B IR 1 A2 A
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i, Aol I I ) Ik 2R | 3% K A R IR
AWFFEIES T R UE R o D RE AR, S b4
ST SN IR ST 05T O AR R
AWFFERI, MR B LA N B B 1618 52 BE T D8

simultaneous treatment of heart and spleen; coronary heart disease; qi deficiency and blood stasis
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1 #R57EZE

1.1 ##
1.1.1 SEEsh¥)

16 Jii% SPF it SD KK 30 H /&K EE (280 =+
20) g, W1 R S i v SR S s A R R [ SCXK
(#)2019-0004] , 1135 TR o = 2 K 2E 25—t
BE B SPF 245 b3 [ SYXK (31)2020-0010) , 52565
WIAFREA N 18 ~ 21°C TR EEAR RS 40% ~ 70% , ¥
Sazs S b 10 AR R 12 h OB
F12 h SREEFRES, A SO K sh Wy S g, Y 42 ) e
PR 2] K 2% Be 22 f0 B 25 D 2 W R o ST i
(TACUC20201010-3) , S5 F232840E 3R B,
112 FZEH 5
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P2 15 g AU, PR W [ W RS T B 2 R 25—
R B B
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A G (FY2083-A) B0l H FILAIE WA YR A
FRZF];DAB Wik (bt h A2 4 07, ZLI-9018) |, &
AR IBOR & (22865-23) (bR T (23876-26) |
ECL (53 (21278-34) ¥y 3§ T ¥R 50 35 [ sigma ik
Pl
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WAL (BURFHE  ALC-V10, H E) |, BT R (MY,
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i), K48 ( Blue pard, DK-8AD, H1 &) | .0» Hy, &l
PL(BRF , BL-420, FEH ) , 225 W e (AR EL 3T,
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), Fahfee XU R L (FEBR €, HM325, B fw] ) | g
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1.2 Ak
1.2.1 3o ses 1

KB RERHL N 3 4. 1% 4 R4
Mg, a4 10 B, S %R A&
B IEH 4R BUIE B 4 % BRI 4L TS0 46 1
~ 21 KR o+ 45 87 il 4 SO M e A
TIERXSESE 1 RFFAT Sl ik &8, LR Rk
ANBEEE KT TR R THI 10 s S 7 s b o, A%
SRR 1 IR 5 7 B U UK R [ B AT A R A

HEEEENIER S0 12 Bk, &L 21
d, T 22 KR A R 2 bk 22 1 & S a5 Lk
il B e 0o o g BB AN IEBIZE S LLA 25 K
800 S HURE S A] A5
1.2.2 283 I 77 E B il %

B <00 I 7 i AR I 10 A5 7K, B3 30
min J& , WK SO BT 2 UK, BEIR 40 min, 753 2 K
Y, T 0E AR 2 1. 6 g/mL,4°C UK RAE
1.2.3  KrHahs -S540 77 vk

55 25 RIPRIFR B, BROK BRI i , M 2H 2 3l fik
Rt afin (X0 ILZH 2R R AT A R A . (1) W45 4k
F— RS, (2) ELISA A& K LI o 1L-37
IL-35 17K~F-, (3) HE ek Mg R ol 4l 4
TRERTE 8 007 ; Masson G4 6,15 W0 28 3 5 Jhioms B
B, (4) g Ak MEE R BUC L, E8h ik
JRZH 2 1L-37 \1L-35 6% BRIk, (5) Western Blot
R FL | B bk RS 1L-37 (IL-35 A
= AEL,
1.3 Sit=ZEaHm

KHGEH 2 80 SPSS 22. 0 43 # S 56 K | AR
P A TR B R AR RS TR RS 36 72 - TP kR
FH X2 k3 T BB DO Y R 25 (2 £ 5) R
AN ISR R RS RO 2255 R AL« K, R
Wi L KRGS P < 0.05 227 BHA G H2F

2 R

2.1 BAXR—MRRELLR

TEF AR BURT MR ZS RAF, B A3, S R
i B2 A 25 R L B RORLBE T, BN aR
s PG B AR R A LI A RS A Tk
A, DL 1

TE:A TR B AR C P24,
B1 AR —BOR A A
Note. A. Control group. B. Model group. C. Recipe group.

Figure 1 Comparison of general state of rats in each group

2.2 FHAKXRMFS IL-37 .1L-35 K F L

HIEH A L, BRI R R 1L-37 \1L-35 i
fIR(P < 0.00001) ; S ZHAH L, o 25240 K FRL TL-
37 .IL-35 BEFF+E (P < 0.00001) , WK 2,
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L PRALE A, 7 P < 0.00001

B2 ARG G e A R S 6 T A 4

Note. Compared between the two groups, ™ P < 0.00001.

Figure 2 Test results of enzyme linked immunosorbent assay

2.3 BFAHAXBRON.FoEk BERBERESE
Eb 8
2.3.1 OHIHZ HE Yok B g

IEH Y HE Yo n] W0 WLAR ML 55 B0 395
HES , TOA% [ 405 FL 28 R 545 e, RS TR 2000 L4t
FNZEREL, O WLEF 46 1780 ZE AL, 18] 5l LR i R
PEANMIRE 25 4] R PR I S A 2 B s
Al ULZH A AEAE 2 R, ULIE] 3A
2.3.2  FEFk Masson 4L 055 EL

TEH LSl BT v RSP 1 LA e HE 5] 2
ST TCRAE AN MLIZ T, LT 4R T M, o 4=, R
Y AMRFIE IR | s D T 2 3G A v RSO L AR i HE 1)
ZAL, JR A i e e L, I BERG AE  S5 R ER LT

FETERRBTUCTE . v 24 20 PN AR i £ 2 e 451 Ak ] I,
A9, UK 3B,
2.3.3 4141 HE YL Bisg

TEH 4R AT BETT DL INZE (rabecula, T) A K
SRENES S5  /NREAN - o TR = o O
(splenic sinus, SS) , SS ZM 43 7 A 5 2 1) B W 40
B, b Je gk (central antery, CA) F G IE IR,
JE 321 4345 KA B P/ IMAR ( splenic corpuscle, SCor) |, AT
LRI B i, AEAYA LR N 4h 4r sl U85 2, T
MO LT A X AR /N CA BG4, A BE AT I 4 X
(marginal zone , MZ) F12J Jik J&] Bl 9k B0 45 =2 8] bk B2 /)
SRS 2| SR BT R A BN 5| S A TR g
B PEGAL R IR R AT T.SS, H CA JEZSHL
LI 3C,

3 BHRBHALRISE
Figure 3 Histopathology of rats in each group
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2.4 BHKXRO,ENEK AR IL-351IL-37 &
RANFEELE
2.4.1 O NIEHZ R g

SIEH A BRI KR IL-35 \1L-37 34 18 2%
FEIR(P < 0.00001) . SHEAIA AR L, 245 41 K B
IL-35 IL-37 ¥ B #F T+ & (P < 0.00001) , VLA 4A,
4B,4G ,4H,
2.4.2  FEBIKGsE e L

SIEE A, BRI KR 1L-35 | 1L-37 34 1 2%
FEAR(P < 0.00001) , SARIZHAH LE, 25 41 K B
IL-35 . IL-37 ¥4 3 7+ 5 (P < 0.00001) , WL 4C,
4D ,41,4],

PR E S, T P < 0.00001,

4 BHREL EDK HHR

Note. Comparison between the two groups, ™ P < 0.00001.

2.4.3 RGP RS

HIEFEAM M, BRI KR 1L-35 | 1L-37 34 1 2%
FEAR (P < 0.00001) . SECAIZHAR LG, H 25 240 KR
1135 1137 ¥ B ETHE (P < 0.00001) , WL 4E ,4F,
4K ,4M
2.5 BHKXRO,EFHEK AR IL-35,1L-37 F
HE& =R

FEO MAE RA ST 5 1E 4 i, BRL A
KB IL-35 IL-37 ¥ 8 FEAR (P < 0.00001) ; 54
I ARG, 2520 R R 1L-35 IL-37 B ET S (P <
0.00001) , WLIE 5,

11.-35 . IL-37 3Rk

Figure 4 Expression of 1L-35 and IL-37 in myocardium, aorta and spleen of rats in each group
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P E g, ™ P < 0,001,

B 5 AKEBU . T8k M 4id 1L-35 IL-37 & Ak

Note. Comparison between the two groups, ™ P < 0.001.

Figure 5 Protein expression of 1L-35 and 1L-37 in myocardium, aorta and spleen of rats in each group
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[EE] BB R MSTL2 MG K RAEBE0iT Yes MG YAP A KA CEH 43 ML H
LY EE 1 GFAP HHIJA T K F Caspase3 Rik XIS S IIREIRE M, FiE  HEH 105 HARKE 180 ~ 200 g MUAFHE
P SD KR, X 35 HAUBAHEAR DIBR TR BA IS 259 B TF AR 4L, %F 70 R R B S B B 3 A 1 ) 43S A 38
EhoKEH MST1/2 #5240, i JE v S A R K (1 mg/kg XMU-MP-1, 7EFARJGE 1,3.7.14 .21 28 K, AT RS
35 % BBB iz shHIBEIT AT, S8 5 AL FE R BRI AR A B4 405 X8 R AL 21, AT SR e B S Y € N SR B B IR AG N | R 45 21 K
B BRA LU YAP \GAP43 Caspase3 ,GFAP F£ihZLIFLL, &R ALY S BBB i@ s Ui RE 445 R B m , WA
JE5E 7 KA, MST1/2 50 4L iF 4y 0 s FAE B ER K4, — TIPS BIRIGH 28 K, ZRALRIT¥E X (P <
0.05) , BPEEIHCLE R W, ARG 14 K MST1/2 IIHIFILALAY YAP Rk B m FA B KA, 2R AEFITHE XL
(P < 0.05) ; RJGH5 14 K MST1/2 #5240 GFAP Caspase3 2535 B AR T 2E B K 41, R ) & B GAP43 i3 %
K, ESBGHEE (P <0.05) . 360 RR, MST1/2 MHI5 240 J6Re AR 1 B iU 25 4 4 S5 M HE 4 |
A AR K 2H It AR R MR T IR M AR TR . P A R R BT R YAP 7E M &40
RIS AEFREK AR MST1/2 A2 YAP FEpI 28 e B4t it th 32235, B MST1/2 I 520 YAP  GAP43 B4
e 5 B 7 T A B £, MIST /2 0031 700 2E IS A g S 0 o A e e A 8 /0 T A B R K 4 S 8 DS XU &5
R BN, YAP 5 GFAP HEIIERIFRIL, &8 A8 )5 K a N H MST1/2 #5768 B AR 3 YAP ik, iz
PAEGT L, A0 2 AN AT T, A S 7 DX A A S5, At S T 5 I A T o D s ot 22 2 2L A HE 2 5 )
THARERAASE  RIEZEIRRIKE

[E8ER]  MSTL/2 M B REH 5 Yes HHIE A
[HESFES] Q95-33 [ ZEkFRIZAE] A [XZEHS] 1005-4847 (2022) 07-0942-07

MST1/2 inhibitor for spinal cord injury repair in rats
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(1. Faculty of Basic Medicine, Luohe Medical College, Luohe 462000, China. 2. Luohe Medical College Third
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[ Abstract] Objective To investigate the effect of an MST1/2 kinase inhibitor on expression of YAP, GAP43,
Caspase 3, and GFAP in rats with acute spinal cord contusion (SCC). Methods A total of 105 adult female SD rats
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weighing 180 ~ 200 g were used, of which 35 rats were subjected to a laminectomy and no drug injection as the sham
operation group, whereas 70 rats were subjected to spinal cord contusion and divided into normal saline and MST1/2
inhibitor groups injected with normal saline or 1 mg/kg XMU-MP-1, respectively. Western Blot and immunofluorescence
were used to observe YAP, GAP43, Caspase3 and GFAP expression. BBB and inclined plane tests were used to observe
motor functions in rats. Results The inclined plane test and BBB scoring showed the scores of the MST1/2 inhibitor group
were significantly better than those of normal saline group from day 7 to 28 (P < 0.05). Western Blot showed that YAP
expression in the MST1/2 inhibitor group was significantly higher than that the normal saline group from day 14. GFAP and
Caspase3 expression in the MST1/2 inhibitor group was significantly lower than that in the normal saline group from day 14.
GAP43 expression was also observed in the MST1/2 inhibitor group from day 14. These differences were statistically
significant (P < 0.05). Immunofluorescence showed that the MST1/2 inhibitor group had less infiltration of inflammatory
cells and formed a structural framework of nerve tissue, whereas the normal saline group had obvious infiltration of
inflammatory cells and formed a large number of glial scars. Immunofluorescence also showed that YAP was expressed in
nerve cells in the Sham operation group. Moreover, the number of YAP and GAP43-positive cells in the MST1/2 inhibitor
group was significantly higher than that in the other two groups, and the number of mature and hypertrophic astrocyte cells
in the MST1/2 inhibitor group was significantly lower than that in the normal saline group; double immunofluorescent
staining showed that YAP and GFAP were co-expressed. Conclusions A high dose of the MST1/2 inhibitor decreased
YAP expression, activated reactive astrocytes, reduced the inflammatory injury response, inhibited apoptosis of nerve cells,
improved the microenvironment of the injured area, and promoted neurite regeneration and function recovery.

[ Keywords] MST1/2 inhibitor; spinal cord injury; YAP
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PP [ SYXK (72)2018-0007 ), ¥y i) 35 444 . 45
HAKBRE T 12 h/12 h OGR/BEEERR, A B 3RBOK
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12 EZEH S

MST1/2 ##17] XMU-MP-1 ( Apexbio, A8735) ;
YAP #Hi{& ( Santa Cruz, sc7568) . GFAP #i {4 ( Santa
Cruz,sc33673) ; GAP43 HiiA (sl 18 Y4 R
/N F],ba0878 ) ; Caspase3 HLAA ( Bioss, bsm33199M ) ;
MAP2 $ifA ( Abnova, MAB11155) ; FITC #Rid%¢ 6 —
BT ( Bioss, AG09011170) ; TRITC #ricd (dL 5 iz 4
BrAEWH AR A F],106374)

PGB (JERE, TS-100F, HAS) | 4 A 3kt
J6E A% 2 45 ( VilberINFINITY3000, 5[5 )

1.2 A%
.21 SE9eird Kii:

105 KRR 35 HBENL A BURF R4 A
PHERK £ MST1/2 1 il 77) 41, B8 s 3 5 3 2 2 4k
(30 mg/kg) PRIEEAR L, A EM B2 TF ARG,
TR IE H 2By I B Bk, A o B LAY, 22 B% T9/10 7K
SEMEMT , S B R R XF MST1/2 4100 k) 350 2 A 3 R
KB 10 ¢ spifi B B 30 mm &4k A A VE T
A BE T B, 4 e P B R X R TR 4 3
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PIIU BRMER TR R B L 3 2 AE A LA R Jik
PIET BRI HER 3 WA EE e e, BhHE PR B BB ek &2
Ui, 4 TARG 1 h #0882 x 10* U/kg IR I8 i
AT R R, RERESK, LS 3 d, MST1/2
HIFIZH XMU-MP-1 i f#7E DMSO FF B 1 mg/kg
P T G, A R K 2 v A 45 AR B AR OK, B R T
S VRGESTES 3 d, BT RAASEHARANHE,
1.2.2 ME$EHR

(1) iz YIRETHAN

FARIGH 1.3.7.14 21 28 K BUK BT8R
S8 BBB 12 S eV, WEAN K BUR RS 3h ol fig
PR AFH

(2) PEF YL M FE

ARG 6 4B EAR LIRS O R B %
EL 240 (30 mg/kg) R B, D 32 2 Bk PR 3 3 A
250 mL A BRER K FVE A 250 mL 4% 2 5 L IR
LB REAL S, AT A MY R VIR 43 n
A YAP Hifk  GAP43 HifK  GFAP $Hifk | Caspase3 $iL
& MAP2 ik, i & 4°C vkA6 33 92,0. 01 mol/L PBS
Uk 3 K, BFIK 10 min, JILA FITC 5% TRITC FRic %
6B, CE 4°C UKFEIEE 12 h,0. 01 mol/L PBS &
UE 3 W, BRR 10 min, HlE R, 508 WSS N ULEE
THEL

(3) Western Blot £l

FARARGH 14 K, 41805 JKR, WERE
X ETF4 0.5 cm HHEH L, A SRS HK,
12 000 r/min &> 15 min, B F 358 &, R 8
VR T B O e AN 1 22 5% v R G AT HLTK, SR 5
HE A3 PVDF I b, CE 50 o/L B AG U5
TBST A 2 h, Pk 3 K, BEYK 5 min, 43 5 i
JYAP HUAK  GAP43 Hi ik  GFAP $i {1k | Caspase3
Pk, ik B 4°C UKAE i 5% JE AR PR, 0. 01 mol/L
PBS Y 3 YK, K 5 min, WM AEY E "4, %=
& 20°C & 2 h,0. 01 mol/L PBS ¥k 3 ¥k, FIK 5
min; 74 il ABC 3850 & 65 SR 255 & 3 k.,
E H B R ARRT R IR (AR R IA = A g/
AgainX100%) .
1.3 FitESH

K H SPSS 20. 0 SR A AT 08T, HdiE LA
PIE R (2 = ) Fon, 4L L RCR FH SRR 2
Z0T, PR LA 0 R FE SIVK ARSI, 4G 36 7K T o =
0.05, P <0.05 FnERBEAGIHFE L,

2 #HR

2.1 IEZhIfEEEM

Rk 25 5 BBB iz s WIREPE 4345 R o, AR
a5 7 KA, MST1/2 MR P53 B I & T A
KH(P <0.05), ~HFFZFIARGS 28 X, A W
EHEER(E1,E2),

1 RJ54541 BBB PF4r25 R L4
Figure 1 Comparison of experimental results of

BBB test in each group after operation

B2 AREAHRHRECEER L
Figure 2 Comparison of experimental results of

inclined plane test in each group after operation

2.2 HGREHFEENE

BEGY A, BN, MST1/2 4100441 30 4 %55 71 48 i 4
JHLRE T R 2R 1 2 S R RE 4R A B R K 2 B
ST AR Y B M 2 TORIR (LA 3) .
2.3 RERALEYE

BB R T RAL YAP TERN £ 40 i
rR B R AR BEER K 2 R MST1/2 #5714 YAP
FERN 28 105 5T 240 Jf Hh B2 38, B MST1L/2 #4551 41
YAP BHPE 20 Al B s T HAB P ZH (P < 0.05)
VL% 1;MST1/2 #1520 GFAP FH 4 2 ffd %5 1 )
T2 BER K 20, HL MST1/2 4008 350 20 B 2218 K A
BT s T 4 i K i o b AR AR K 4 (P <
0.05) , WLZ& 2; MST1/2 #4520 GAP43 FH 41 g
BoE I & T AE B K (P < 0.05) (WLE 4),
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Figure 3

B3 ARJF 14 d SAHEBEHL MAP2 e ede (aisg

Immunofluorescence staining observation of each group after SCC at 14 days

R 1 FUAARFA B R REETOCR ORI YAP BRI R (n=35,1)

Table 1 Number of YAP in 3 groups at each time point after SCC by immunofluorescence staining( n=35,number)

4340 Groups D1 D3 D7 D14 D21 D28
=] Al é
ﬂ“*tﬂ 2.0+0.5 2.0+0.5 2.5+0.5 2.5+0.5 2.0+0.5 2.0+0.5
Sham operation group
Eh ok 4]
éEIE"’fﬂ(’E 4.5+0.5 5.5+0.5 9.5+0.5 15.5+ 0.5 14.5+0.5 14.0+0.5
Normal saline group
MST1/2 %14
Al 6.5+0.5" 10.0 = 0.5* 18.0 + 0.5* 30.0 = 0.5* 27.0 + 0.5% 28.5+0.5%

MST1/2 inhibitor group

S KA AP < 0,05, (FFRE)

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

4 ARJ5 14 d &4 YAP .GAP43 GFAP st e (g

Figure 4 Immunofluorescence staining observation YAP (GAP43 GFAP of each group after SCC at 14 d



946 P E SIS A 2022 4F 11 A %530 455 7 Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7

R 2 SUARE W] SRRSO Y ORI GFAP FHYEA I (n=35,1)

Table 2 Number of GFAP in 3 groups at each time point after SCC by immunofluorescence staining( n=35,number)

534 Groups D1 D3 D7 D14 D21 D28
ﬂ%ﬁ/ﬁgﬂ 5.0+0.5 6.5+0.5 6.0+0.5 5.0+0.5 4.5+0.5 5.0%0.5
Sham operation group
iﬂﬁ.ﬂ(éﬂ 20.5+0.5 36.5+0.5 45.5+0.5 58.0 0.5 53.0+ 0.5 54.0% 0.5
Normal saline group
MST1/2 #5141
MST1/2 inibitor group 150+ 0.5 20.0 £ 0.5% 25.0 + 0.5% 32.0 = 0.5" 29.5 + 0.5% 27.5 + 0.5%
2.4 BEREWIRIZEE GREENC A R R, RIG 5 14 K MST1/2 il
HHEMUIG 14 d, YAP 5 GFAP 7ERIE Rl FIZHAY YAP (GAP43 KA W] i T4 #ER K 4H (P<
Mt Ik, YAP 5 GAP43 RILFA (WA S5) . 0.05) , RJG5 14 K GFAP  Caspase3 iAW WK T
2.5 Western Blot #&ill HEBER K (P<0.05) (WE 6)

T YAP AR Y 2 4% €5, GAP43 GFAP : LS N 241 65
B5 ARJE 14 d RREsObr g g
Note. YAP. Green in cytoplasm. GAP43, GFAP. Red in cytoplasm.

Figure 5 Immunofluorescence double staining observation of each group after SCC at 14 days

B 6 Western Blot #ill AR5 14 d %41 YAP .GAP43 GFAP Caspase3 & H 3Rk
Figure 6 YAP, GAP43, GFAP, Caspase3 expression by Western Blot in each group at 14 d
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3 it

HHEB 235 U0 B LA AL 12 3 FlE 24
LB RERE %, £ 25 iy 0 AOE | DR A ) R s i 45 i
AR 2B R AR R Y R R 2 R G, (0 H T
TARBRIT B BRI Ik, ARG 2
J& , BT A1 B 23 b F — < BTE " BRSSP
A BoE AW Ie kA R # R R E
YA LA Ay N R AN R S M R B
2 J5 A i 3 O R 22— DA B A L 2012 4F,
Liddelow %517 % B FiAS [) 2810 1 Jsz 1oy 2 9 M Joit
YN AL A2, AT QDA B AR 2 W AR = R I
Yt AR AT A — T AL, B U AT LA S
TH A2, TEME R BY A A R
A2 B ] LR GO 20 2R A SRR g T AR K Y
BRI, SR IR il 2 4 G5 M HE R 5 S
2 0 SR A 1B AR, T I 2H R e FSR AL 4 S
B L A B A5 5 I RE R, B A1 3 R
IR DA G 28 2 SR IR AR S R,
FERR P I, B B T A e A 52 4 A ) AL
R, R E R — A A EAFR T, K
O 4 L 3 A A TR o 2 1 I 5 e, 55 i 4t
ZoGRFE FERKAEA T

Hippo 17 518 B i _LiFH 4 N 1 2248/ B2
78y L % R 2 W e 1 2 D S A
MST1/2 Lats1/2 i S R0 YAP/TAZ %% 553
15 PRl 20 B A A% 0 iU GT, E B 10 SE PR s A R
Kok s Bk 40 i 2008 i 4l e e T &
MR WES R, RS HALUE RS WA fe
A ZL A ALE " IE W ML Y Hippo 3 % 4 22
ML IH] Y AP % S5 i R 8 4 0 i 434 5 431k 5 A
MR, BB 3 i MST Fl LATS — 2 571 34 it
HIRERR AL S, fd YAP/TAZ %% SE30HE I 1 5 40 i
Jii 14-3-3 FR 145 A T 2 R 12 R ALK f i i
b YAP , [RIEHERG & 4 e r=t o

FATHEE R BN FEIEEHER T YAP R
TERRZ AR vh  ZE B BRI S YAP 7E R 22 5T
£ i T2 R R N A A s A R A R R
MST1/2 BABHMEIF], Z ARG 14 K YAP kK
SR S A B ER K 4L i L Caspase3 \GFAP 3
KO BAR T AR B K4, HIRIHEAR G 14 K
RPN GAP43 B R L, BT iX 2
i F XMU-MP-1 @3 #0 ] Hippo 38 #% ) MST1/2 ¥

fitf , YAP Joi il i R AL Bk B A, Kt YAP 5 TAZ
a4 A e A A% i3t S tead1-4 B4 S H T
FHE AR ], I8 miR-29a i % PTEN & 4, #4075
PI3K {55 538 ¢, b 22 A2 K B 11 GAP43 K&
KT AN G YAP 5 Sk PR 0 B A R R
Ui AR AR 1 Crb3 A1 2 S R i g A A B g S
PG % A R TRERS WK B R M R F,
O TR et 22 20 i 2 R N B Y 2 1 R 7 5 B BB 30
J&i R FH MST1/2 S35, vT LS80 SOD1 1 M F
K, 08D T 24 Z4)R 35 AL B H P P38 il Caspase3 FY
Ik TR T3 R s b e A g T
Baia 25 B 5E R BLKETEIL YAP 20 F ARALAT AR
R 25 40 346 B T LA A b2 20 R T 1 R
TS L 3 780 1% B 46, A R T 1 0 00 M 3 9 3 Ak R
e BBIESE T OYAP B2 AR R AR VR, T
SR BN BB )R, 2 YAP 0T 7E 4 i i
HR AR, T I T i I 40 A T A HE T AR S
B BEI 5 R FH MSTL/2 SR I3, & AR 5 56
14 X GFAP ik /K V-0 BAK T FEh Ak dl, FRAT]
IITIX T T 40 M0 4% N YAP/TAZ 7] 5 Smadl/5/8
ghh R Smadl 155, A8 7 J2 7Y 5 5 400 i 43
LB N A2 B PSR GG i 2 ] UEE RIRE SR, 5 &
Ao e AR B, IE L A1 B 5L Y 5 T 4 g
RE A G, Ul 2 o 2 i I R 2 F ek Bk
JIR2 I 4 i =2 ) A e 8 ) G SRR IR T i, 4
il /NS S5 A0 B TS AL, WD w2 R T R ks,
P25 22 S50 10 fii 57 5 D i 48 21 AR R i 4, i il
PR TR 3R 3K, B0 A BE 47 DX 3 P 3R 5%
Huang 2681 BIE 9% % B0 /N BRI B S YAP S p-
Smadl/5/8 NEaRE, 5 9z E AL AR, 5 50 BMP2/
Smadl {5 5 AFaE , I 5 | 52 I i 53 20 it 4 Ak sk
D, Qu SRS Sz BRLE ok X T S Y L 3 e e
R MST1 & PS4 ] 5 JoT 4 J8 Ik 9 A% X+ NF-kB
T DD /I 5 AT L ) T AR DR P 2 T R R
AL 000G 5 R X BB A — AR S T RIS

Zx bk BB 5 R & N MST1/2 # 4l
FIREIA WAL HE YAP 3K W% 4 5 4540 S N, 10 4
PR AHLIA T, WO BRI X ROA B, AR i BB
U2 5 240 BRI I i s o 28 2 2R S A HE 2R A ) T b 48
FRFAEMBE eSS YRR
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[ Abstract]  Calcium ions are important messengers in the nervous system, which produce various cellular signals
and play an important role in the regulation of neuronal excitability. Calcium ions in the clear cell area perform highly
specific functions. Calcium signals indirectly reflect the activity of neurons, calcium signal detection in neurons is
especially important to study cerebral cortex functions. Two-photon calcium imaging in the cerebral cortex has a unique
advantage by revealing real-time in wvivo activity of cortical neurons at the single cell resolution. This article reviews the
application of two-photon calcium imaging in the study of cortical functions in non-human primates.
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Research approaches and status of animal models for acute Kidney injury
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[ Abstract] Acute kidney injury ( AKI) is a common disease in clinical practice, and its incidence is increasing
yearly along with a high mortality rate. Therefore, establishment of reliable, stable and reproducible AKI models is the
basis to study kidney diseases. AKI modeling method are diverse in accordance with different experimental purposes. In
this review, we describe the approaches to establish AKI models, namely drugs, unilateral ureteral obstruction, ischemia-
reperfusion, 5/6 nephrectomy, and infection. The purpose of this review is to discuss and summarize the current status and
method to establish various AKI models, and to discuss the advantages and disadvantages of the induction method and their
corresponding clinical signs in terms of their pathological mechanisms. This review provides a foundation for standardization
of AKI animal models and the theoretical principles and experimental basis for in vivo studies of kidney diseases.
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T HA AT 1% M B9 ( chronic kidney disease , CKD)
FNZAR I % ( end-stage renal disease, ESRD) ¥ i
RS2 AR R — b DL HE A PR, AKT 76 42
BRI FI IR B = A RO R 75 2 259, 9 H., AKT
HEJEZ CKD 2412 5 M Z R4 115 5 il %
PR 2 2R B0 AR, WHE AKT #EE 2 CKD #L]
AT R IR AE R RS S5O0 AT L A6 7 AT
SEZE AKI [7] CKD Y& JEHERR , 4% CKD U 9
AR BRI B I AKT Sh AR A 11 ST g
g BB A AT HE— 2B R o BHL ) Sk yy Jr
o ARSOK N AKT 1 Z2 R0 3 Py A8 0 57 K D
TrEAT RGEH 5 BT 5 A8 45000 0 T 52 50 5 )
FORY 5 TR WEFEHE 5C B B AL B K 24 W i T 4
PERAY PR B2 B S SR

1 AYFSHERGRE

1.1 ERF

AKI J2 i A A v i 52 700 J o S 1) DL
RAE , TES R B A T2 AKT 45493 1 27 = Kt
PRI ol T 5 300 7 580 9 58 00 U 52 99 19 g ] o
BRI AT B 5 2 0 M B 28 1 I
o LR T R B Y AKL S5 W O 0
HAEK

7E 2019 4E 19— IS8 Lamby %5 L2 21K
SRS R R IS e B B LA B ) S B R
a1k T B 5 S /NBRJE i % ( glomerular filtration
rate, GFR) 19T i I B A il I SRR R B, Bk 17 %)
i3 2l 725 5 T [R] H2 52 W A1, Zhao 550 & %
27 d RIS G R0 S BUEYE SD R BUE NV
ZSULIR B A R A T B4 15, T 2Ok A4 D RE Y
B A 15 SD A BB TG 4 (reactive oxygen species
ROS) 73 WA 34 INFIZE A& mtDNA 3 W34 22, 241 Jifd 4
TR, 51 R BV ™ i A S8 A O R I, 2 T
FORBL AKT By &R XI5 5 R SR sh 5 ke
BB S — TR IR 2R X B /N b R 40 i A9 2
PEBUOI RIS R0 5 D AKT A9 18 B B LR, A
FERINN, FTAT B3 52 0 2 2 0 B, 0 2 ' o
Qb AN R R /N L B A Y 2
FEIBE, 3% 0 ML N Ca® UK P, B = B R IR T
(adenosine triphosphate, ATP ) & it 3 F 8 PI3K/
AKT/mTOR {5 5@, %55 W /NE B RN i T
BB, 3 B /INE R ZE G [ AKTY

1.2 JiA

JEF ( ciplatin, CP ) Il AR H 89— R 45w
IR EY ., CPAE N i ham e 2y A sk |
K 2405 25 Hh B S (E RT3 1) ' ) e e A, (1
HEZ R E Kl 205, 25 B3R AT 33 1 B 46
B3t WRRAFE & BR, i FH CP IR 7 I8 AE 1) fR
FERIIAAN S R AT () i 0, (E 2 SR 3 R AR CKD
(R 30 DRI A A 388 o, v B f6f 76 I PR P oK % 4B AKTD
Fok, BN H CP Mt AR B S Rk th &
RS

WFFEENIRI A CP B Bk py M T, 3 2 5
HIRFIHE (20~ 30 mg/kg,3~7 d) B BIEH & (5
~ 15 mg/kg,2 ~ 4 /3 ~ 4 J&) Wik 2 6 =
ZHRT/NE R B 202 0 0 B i O 5 8 ) T
filn, skt 210 gk H MM TCR /R, a5 3 d 44k
JE s B CP (25 mg/kg) A5 20 il B 405 B 7Y | i
JATSISE 4 SD KR — kM RIS 7.5 me/
kg B CP J&, T 24 h %0 % B PR & 1 2 A0 385 LT
( serum creatinine, Scr) . Il JX & %l ( blood urea
nitrogen , BUN) ¥ 83 8 2 F+ 57, HIWPRYI 7 45 8 i
PRV /IR i ik | R A 25 R AR B /N T DL 2R
AL, B D) o e M 4 B 3 V0, 40 A P e 24 400 it A%
[ 4R TR 2 55 B 400 10 B R AE . AR A A
SR 4 SN INRUE — R MERE s 1 5 4 me/kg ) CP
JE55 3 hoE, SEM/INEURE (Y IR 9820, Ser & BUN
HH SRR, O B B NER i R B ST /N
L B R P 7 R S 9, A e N R B R R
FIE AL 8 — WM I 1 5 CP R Tis S T 5t
ANEURE R BB AT S H IR A BRI FH AR I
49 20 mg/kg 1 CP 55 T bfEPE C57/BL6 /)N B A
HEPE BALB/c /NRL AKT P BLARSKR YE, A 5T & BR
2 CP i35 72 h J5H) C57/BL6 /MR, SCr & & B
Fhen, B R Y R B /INER BB N iR
B T 4 K - 6 (interleukin-6, 1L-6 ) ) mRNA
Pk AR T AR, O B ATP K7 B 3R
VT R IO AR S 2 14 T, 2% o AR I 3 R R
FERG . CP S BALB /¢ /NEUS B R 3
BN T R AN IR BE, B /NERZE 4, I Y R MR
FOE A B E RN it — %t CP S
AKT FIVEFIALHIS T A OCHE T, EZR I CP AT DL
TR A Y T #E €9 jE (5-hydroxytryptamine , 5-HT)
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B, AR LR 5-HT BEA# , SRR E AR ROS
FHL, CP i BT LA ] 3k Je TR AT AR W X 32
(farnesoid X receptor, FXR) F 7% £k, M1 4100 il B i
MRk, F0 1 38 TR R 5 5 19 PI3K/AKT {553l
B AR HE B AT N B, RAE A R T AR 51
B

CP 75 S5 50 3l Wy B 100005 i OB 3 2R3 T
22T RGR) i B, S50 S W AN [R] i AR 1) %) H
U R B R R M TR, ), Sears AL g
C57BL/6 /ML FVB/N /N LY CP U 22
1 C57BL/6 AEAE R 24 8 57 i CP DU B 47 4
b AT UL R CP A4 HE AKT P85 8 75 2
RSB A 23R XA F AT & A — 2P 5
SR,
1.3 Hil

R0 55 00 B 0 A B R B 2 v
B, ORI T H IR B S R HahR
PSR AT L5 1 J) F8 L A IR BE K i 87 DAY ¥ I g i
el WLLL 2 R i 20 A P 90 2 T, T LA A 1 A
LU 2T B A AU 4 , S BCH L AT GFR
B, 5 R B R S B R

T HM & s AL, 5 ke, Bl sn
B OB R AR 1] 5, S AR A7 5 v, DR T e 2
FEEATH FIR B B AT B, R 4 fek
J5RE KA Ak A BROBUAN 5 PR3 S 50% HIM% W (10 mL/
ke)3 h 5, WA RSB B ML Ser X BUN A9 & 3%
Ths, I B BRBIRL R B B /N 1 8 PR S
B /0N 3k B i ik F0E ) BT ARG R IR T, Madkour
SRR LA T M SD K BUBR U S 50% H b i
W10 mL/kg) S T AKI, AR 2, %0 58 ok
T WS 25 2575 2, 45 25 )5 R B AR R
RER, HLFE B R B0 SCr Fl BUN % 2t 3 b 3% 4
e SR HAb S A K BUE IRBE S R E MR
3 R IAEARAN NOD FESZ (R PR 1 45 F JUAH G 2
H 3 ( NOD-like receptor thermal protein domain
associated protein 3, NLRP3) , & #i1554> -1 ( kidney
injury molecule-1, KIM-1) , it K & H i — 3 ( caspase-
3) SERIRI W I X T RE A T H A T
SRE/ PTG LG B, T AKT, AR BLRY ' 4
V35 RANAE R R gl R B, SRAR R 0 A R Y
B K A R AU S 509% 19 15 mL/kg B9 H A

W5 3 h W ULESHE I Ser 2 BUN FHi5, T 24 h WL
FEEIE /NG T 200 B 1) ok B SR8 B B /INER T

I 0 50 AL P e EL B It K PN B 2R 6T
P AR BRI 5 1 P T S 760 i i B B s 25
BHEERE A AKT FIBFFEH
1.4 BEFEUERSFEH

CHEZG (2015 48) ) ik 83 A EE D
2 Hrp s 24 RGBT 2 B4 )i
BB SERA AR Y R AR
VERH A B & S 0 N 22— B & 148
R DA g ST B B ) s A 80 ) b i R o L A el
BT AR (aristolochic acids, AAs) B . AAs
WL FZMp 2y, L 60 4E4R, 38 = th = AN
SE 2R YRR A 051 PR A S 5 R ) AR R R
BEJG , P AMIFFE 5 AR 4k e B 1 4% S A ) Bl
O HAE ROESFh e h oA a5 ik
(0 AAs A 772 BTN THRIT AAs I 81
BUBEHEAT T AH N (4 Sh PR (R A5

Cosyns %5 PR H T AAs B S HVE % AR
(B T AE (DL S R i T 17 ~ 21 M H
M , BEFERFEIE I B K 2, AAs i SR Sh B 1005
TR A R T B SRR R, T, 2021 AF, TR A A0 4
BALB/c /ML 5 mg/kg 17 1 16 I 12 5 AAs J&,
ARTES 137,14 28 42 KA/ BUE IR A
K I AAs X BALB/c /NEUE U5 T4 7 K ™
0, 2 I A /N R A AR, L% Ser . BUN B9 %
T IFFES 14 RIGHIE Y A, LA Masson B {4 1
PAS oo )5 WA ) AN BRUEF /NS 1R 28 40 | 1R TR
S A 0 1135 10 B /NS B 2 B P R o T VA IR A
LRI R, 8] JFK i 5 BRI, Wang 25177 44
etk CSTBL/6) /N UK I TR 3 AAs (10 mg/ke) I,
/IN B 30 g /NS T BR 5 B S Y 2K S o /N B R ™
FEAE, B/INVEIRBE 2 H A0 A A0 3 J5 ORI 3
. PR I, AAs B ES 1E IALE
FEEHT AAs EF T miR-382 (it ik, #mi5]
2 NF-kB/miR-382/PTEN/AKT i80S 805 —
RANVRGAEIR . AAs BUB 05 0 Sh A5 R i % 2
HACAPE— R AAs 1B R PELE 2 E T B R
5 ER AL, JF H o SE g ATl b 24 5 i B 3 Y
B A R S AR AL T R A i Sh A R SR
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2 Bk FEE %G (ischemia-
reperfusion injury,l/R) 125

/R ASEHRL I — b M () RS R B NE 8 A0 8h )
FEAY o J H AT T0F98 AKT & CKD 1y 21 3h
YRR ARG PR, K2 509% 1) AKT Y % A2 02 v
B R R, B /R R R AR TR S E A
BBt 5 T v, B SR S st [ ) B ot AS 2 3 B 7 B
SRR TR AR A, (PR T T L 1 B ) 1 2
SN BT E R 0 7 o B RN AT

B /R BRI T AE 2 R0 sh i b RS e HiL )
L EmG s b B /R S EARSE OB Sh ke L
il ke i SR A PR B ) A I i S A T I
C57BL/6 /INERBRIALAS [R] B [E] (0, 15,25 .30 .45 min )
Je FVETE 24 b, Bl RIIBOR 34T B ) B A4 A 00 % g B
VT, LB /R #E LS R0 30 min A2 45 min /)N
SR T R ., JF B S Ser, BUN 4 & 3 T+,
o PR (7,25 Sl 8 BRI 30 min B9/ BB T 3 /)
I VR 1 /NS b B A 7 1 e bR
2, ' BB s B T LK i PR E AN i B SE 1
B 5 AR ABL Y S I R 5 R ) vz o T R B
Rirh R /R BB EENT , 3220 T B 5w
(SR, LR 3h 7 45 07 T AR5, G e i AR ik
F /R S04 5 5 R TR (5 22385 4 7 DA L 1ML 3
NS B UIREZ B KR, I BN B#E &
Ha ' /R 05N, 2590 B sl kol e 309 0 3t o 4
SR E B R B M Ser . BUN B #i T, 94
TE 24 h k3w, DFSEE AT Z R S sh Yy
I/R B RUAL E AKT, I3 2o BF 55 £ Fl 15 5 3 I a0
Keap1/Nrf2/ARE SCigZ TGF-B/Smad i %, Wnt/3-
catenin 18 B ZE R T AKL I FERLHL, 456 T
1Z W23 W 5T Ry I R e i die 48P B 4 40 Y 3
SEARAE T S M ES AR R

LR B /R BRI RETE A5 Ay SRR
FEAE T B SO P S /R, B S R S
25 (SCHRHE 45 18 ~ 35 min AZE) (HBUN'E 1I/R
JIT BB 0 5 45 0 1 45 45 AR R A, X AT fE S
SRS SN G R AT R T
AR S RIS

3 Bl KRE %L AR (unilateral

ureteral obstruction, UUOQO)

B 27 2 A A S48 1 B S v i R Y R H iR 2
— HR A K e — B R AR B RS S R
UUO T 1970 4F 15 UHH TR SR G ) ' [ Jo £F 4
G KRR S R ENTE 0] LUAZR N HTZ T A
BRI /NE ) BT 4T 446, JF H UU0 BAg E4 4%
A SR A/ BE T AR AR A, T, 1% B
A A A o AR A% B 2 AR A A 0

UUO A] LR T 2 Fh 525 s Wy b, (35 /0 B
RELKE KR K R 2R3 55, JF H, UUO 1E5
S PSR S Y R A R N R ) B Y 2T 4k Ak
AEAR T H N T~ 14 d A T KA TSR 3 5
T A JE B R AKT BB BE, 14 d R IS0 B
B B s B, R UUO rE Y sh B A A
EIPE L AL P 7 F BESE n, AR AL A K 7
(transforming growth factor beta, TGF-B) Al 55 iY £F
YRR 18 5 Ak, A0 AP BT RR, B b R ()
FEIUE% Ak (epithelial-mesenchymal transition, EMT)
B SRR B A A R i 9 e g
UUO IS T /N AKT, I H & B UUO ARG /N
B, RN B /NS 4 B /N T B
R AE A B B, 4N i A B BT A a0 £ 4k e A T
(fibronectin) S T B¢ J AR 11 4= B8 W & 1 0, (2 2 4
AR T~ S S AR G -4 TGF-B, G5 46 414 K
“F( connective tissue growth factor, CTGF) ;& 4% 4Jf]
fLifafb 2 11 1 ( monocyte chemotactic protein-1, MCP-
1) S RS JF B EMT #8355 1k, o —
HHLHIBFFE &2 B UUO 51 i B 61475 1 fg 5 4t
H:E D 34K (vitamin D receptor, VDR) /¥ & Il & &
7K 2 & 4t ( renin-angiotensin system, RAS) 315 & %
ARG KR,

BAR UUO J2— T i AKT 34807 5K, (H 3
W HA—E BB, B0 UUO 3 A bR 4 5 BEL
SR PR M , 3 S Xt B 1 PRVB R s 0 3R AT A
DN BRI 52 30 5 1) AE A 22 4ol P R BRUAEE Dy 52 36 3 A6
X RHFTHESE ,

G KR UUO A58 (14 3 452 5 =X 2 B i 15 1)
PRAETEBEE W do b2 1 JEOR S T AL IR 25 LT
B, AEVRE AR A R BB Y PR IR
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IS8 4 h I BE R 5 A0 2, O HLAZ Ml ) o7 e 3R
JTF B R Jg, DR i AR A B AR B B 5 &
BN BE R R EETE KA T,
MR i PR A8 Bt A PIAL IR /N T 1 em fHAS
[T 2530, F A B, i R Y UUO 3k R 5 4%
GBI IR EA PRI /N, RJF I AAE D,
PET- AR PR BR AL S8 1 T A 5 30 1230
IRRIRFAE , H R 1 UUO EAT R AE A — P i 5T
HRIF AT,

4 5/6 ' SIBRAR

5/6 "B Y BR AR S — il 20 A 75 S B 005 A
B RUE 1952 48 H A 576 ‘B UIBR A L)
PR R BB AKT LAY i F AR IR E L F ARy
HEWADARCERAEH , M5 R G S5 31
D L 1% e D 23 R I g R e I O
5| FLE /INER B A 2 T % B BT PR IR B R S
B ] RS | S 00 B B 0 ok 23 B AKT 3837 &
HE Ik DR

R4t 5/6 'EVIRR R W F R % fE—WF
ABF, VIR — M B 5 R =4y 2 —# 4, 8iE R H
OB VIBRIE VIR 2/3 340 20l |, 7L R e, 44T
TIAFARME T — I R IR AT
AREAEE 22 EB I B4 5 51 K SR S5 AR 5 A
RUJE S, TR g g S0 (o — 2B vk TR R
5/6 EUIBRIE B, IF 5 25 5/6 B VIR
ARACTHIRL EL e, FoR e R A, — B MMk
TR SIS K I AESS 4.8 12 JE i SR i 35k
FH = B Ser AT BUN 7K 150 B — 25 85y =00
BUEPELT I H, — 203k F AR W] DL AR K BR Y R 3
UCBUBRSUER, FRARR T T AR X 512 56 K BRI 453 3 Tk
B ML TR 2 R I I RR e | 7 A g 4 X
B ) JLR, I ELIR B T 46 & 19 TAE &, R —
B F AR F WA A =0, (Hir s 4F  F|
5/6 ‘B VIBR AR BT R 2 I FH A5 3k 5l el R 7Y
W, — TR AR S, N, 576 B UIRRY
B 451 P i B AT 7 i — 20 BT 5 S

TE5/6 BUIBRA R SC80 sh e 86 b AR AT
IO, R SR 10 55 5256 5l 1 359 02 AR 1) 52 56 X
%0 H ST R EE A AR B #3590 2548 (0 AR (U | BT
PAK B R T R T3z 0 M LA 1 S50 sh

5, /N T AR RN, AR AR IR M B A
AR ANl & A ik b i AR

5 RBREFSHBERGED

YR K AKL B9 R Z— . TATIR = 0E o
R R AT S 5 | RS B U g M 4 3 1 e 32 Y i
W, Jageit, T s e B b, 2k B IR i 1Y
KA IR 51% ,Hor e w4 SOtk B D R S 0 1 &
RN 5% , X BL R SR w0 5 | kS 1 B 4
Je— MW A TR B 2R g H A,
Yy M Y B 45 B AR o R DABIE 5 R A
B, 4G F ARG FERN R R AT, EEN M
RS AE KR N R R BEERED
5.1 FRESBEEEG

BHaiFLZEfLAK (cecal ligature and perforation,
CLP) S —Rh 857 ELRTAE A I REAE AKT AERY, 2
FREE AN B B 4005 B R EE S %k
SN R R TR BB %) 52 56 Bl W 1) [l AR v i S S, T
Bl 173 WA5FL, 745 FLAL i i LA BT 5138 28 il OF 5%
R NEY G KB Wk g iE b, 5 2] v
PR IR libiA: 2 LABG 1 S2 56 sh ) R sET Y

CLP 7R Ji5 5 35 1) I #5001 1l i &t | 40 A X 5
Bt K4 B I B 7 2 1) 52 i i B A IS ] A4
1. Lewis 22550 fn Seymour 2501 P HD-X11 TG
g ARk T 28 CLP dAHY C57BL/6 /N O
R IR LG SR 7, IE A BT T AR R IV A R
RAEMNEN T HEHE AR Lewis 45 % KB, #% CLP
(/INRFEA ST AN T S B0 R 38, I 7= A LA
RRERMEAMIR T HER, RS 5~8 h B 1™ &
AR 72 S AKI SEAR . Seymour R0 T AN B
fE CLP RJ5 K7 h R 254 F 0%k, I H
o REAR, B B AR E PR XUER 40 TL-6 , TL-10 i
JREIRAE IR T —o (tumor necrosis factor-or, TNF-av ) 25 1)
257K 1Tk, Holthoff 457 ] & B CLP A /NEAR
J& 2~3 h WL UG TR, 1 24 h TR AL
AR IKF,

CLP 5 51 M 55 M AKT B2 9K 5 116 IR & 9 2
FEARLL , BEAEAR S i AR AL I A Ik 230 T 2 AKT 19 &
AR AR T FARPR AR, 40 . & 25+
TR ]| 25 0 0 R 20 22 R I 24 1 ik
GEWHEA —EMES BN CLP FARJFIERYL A&
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S BAT ERAE LA, 6 BT 55 A TR 1 AKT AR 3
—PE2 N, CLP 3 4% 7 X iy 48— Ak & n] 8 52 1
R — B

5.2 NEZFSBLHRG

& Z B (lipopolysaccharides , LPS ) 1 b —F &5 2%
T ST A 114 200 B R 1l 5, 2 — o e 7 SR 1) FH T 4
R R R B 5 N B R R TR
W25 B AKT B Sz Y R LPS i 55
W AKL (bR EALRR BE v, — b, APk
. Seemann L1y C57BL/6 /N B B 3 5 LPS
(5 mg/kg) Ji 24 h POLEEE /N B I o i | 1A K
PRI A RRAIG I3 U2 98 20 L B 7K B AE LPS 1 5
J& 12 h AR T AR R R Y T R, (EARE
B, RS LPS AL 2 h )5, /NEL TNF-a0 ETFT
4500% , T3t & - (interferon-y, IFN-y) & 1L-6 /K-
58 2 T iR, RS S BRI SN R
R BRT DA RREA SRR AR (9 & A=, LPS 1S
SR/ GFR FEAIC, 1L Ser K BUN 1 .34 Tt
1, B AR R AL PR B I T A T 1 1 0 45
Wi E R,

H SRR T AR 4N /Y LPS 785 A rp th 23 7=
AR R RR, 3 5 LPS o A i S 45 25 07 =X
S B, LPS [ WA 45 25 0y A 4R E
I e S B VA A B 5 A R PR R e 1
LPS, %5 55| & 250 sh W™ AR I %, I 2E RN
FET ARG Y LPS VES) B ] 8 R B8 Uihen
Pt AR TC Ik 5 R B A B INVE B, 5 SR R
MY R, LPS 175 S kSRR 1 B 451473 107 P )
X [a)7% I HA 2N, LPS 1455 37 BN A
B HGRAY AKT® ) el WL, i LPS i
SR AKT 55 B ] N T e BRI B 9 AF
FEH AR 3 A A 70 o B G S R DA e
BT

6 RE

HISCRTIR AT vh | bR 25 0 RG 1 AKT A7 R
SRPRAE T | BB 75 i Tl 45 K, HAMAR ] 22 57
WK, 18 A S50 B0 ) B A8 0 A B ] B AR B2 A
—E SR HZR, UUO K I/R AR 3 A A0 Xt
(o, HAB AR — M K o 5 k4, O FL R e A8
JERT A PRI 3 P A A5 =0 T3, 2 I

AKI B 27 ik, B 208 CKD 1 A s 45y =0,
5/6 B YIBRAR f TR YL R &, BRAE 8, IF H AR
S A B AR A A IZ I X S G B 5 | R AR
L 20 8 A DA P At 135 455 2R AR IR S Y
AKI AR 2 2 X e 2 1 F 5 o, 7 LAt 451
g rp A (LR 1)

BT by AKTBERY DL AR 38 17 22 HoAth mT LA
SECE 0 14 3 AR R kB N 245 9 35 - T 3K
AKT A58 7 o 38 nf DL R FH i e 700 i 1
LSl PR E RO R AR
A5 FE SRR A 3 0 AL S ) B R AR T 2,
TR NIRRT AR SRS i ki
BEUIZR AT ARG HE B /N B AR i 2 3 P R
P10 22 JR2 A o R o ok 1) sl A 8 s A 48 g FH T 1
P ST, ANIE 5 25 A DR 20 et i S 2 B A G [
FALEHE . & M7 8 H (osteopomtin)  CD44 4 i J& 1 &
FA AT 38 4 761 77) CIP/KIP ik P21 K P27
TR, S sh Wy B S5 S I A i U
TN, BRUK, B NEZE R, B /N TR AT 4
PEINRIAE AKTSER %) Zhang %606 EMT A6
F IR % B 20 i 5Z 4K (urokinase cellular receptor,
uPAR) B /N BUE EMT ), BB /N b R 4m
L T B A, N TR ST AT Ak T A A
FEFFA 54 U0 fibronectin 2 T B9 F B2 B -1 FY
mRNA ik A, o a7/ AKT &AL, Ma
AR T /NRA AT Bk E 2k 2 )5, X IR R %
AR 7N BB B /N ) I £ Ak I S, i T TR A
i, I ELAEAR 5 5 0 K B R B A B 3 14 ) s
TP SR AN A i IR I A AT R K A A
AHRAE S TGF-B/Smad 5 538 PRI O E N
FM (decorin) FEBRE , & B0/ BRI AR 4 K 7 T 0E IR
T, B NG e, O HUE AR S BT R
HET AR AKT AR

DA AKT sifs 204 HOH R 34 e o5, 7
A 14 B ) A58 T ey el v B T R A O A S
RISz SN . AERHF TAE R R X
WFFE I RE A5 B 25 5 AN TR 1) 1 e i B s A
AR, VEREIE & Y AKL B8 X A AUH F) T 52 5
WG INAR & 8 | I 7T LA A 58 i 25 2 A T {5 1
KeAa il R S 2 5L
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R 2MEEB (AKD BRI 7 AR gL

Table 1 Comparisons of the advantages and disadvantages of acute kidney injury ( AKI) model construction methods

S TN S

Classification

R RE 7 vk

Research approaches

it 175 % AKI JELA

Clinical causes of AKI

Pesi

Advantages

7353

Disadvantages

R

Contrast media

E4H (CP)
Ciplatin
k7N H
Drug induction Glycerinum
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Research progress on the application of zebrafish
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[ Abstract ] Zebrafish has become a widely used model organism to study vertebrate development, genetic
mechanisms of diseases, and drug toxicology. There is high similarity in the morphology, physiology, functions, and gene
expression of zebrafish and human eyes. Furthermore, zebrafish embryos are easy to obtain, develop rapidly, and easily
observed and manipulated. Therefore, zebrafish has become a good animal model for human ophthalmic diseases and
provide new insights to further explore the pathogenesis of diseases and treatment method . This review introduces the ocular
characteristics of zebrafish, the application of zebrafish animal models in ophthalmic diseases, and evaluation of ophthalmic
drug efficacy and ocular toxicity of drugs.
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e BE D £ IR SR B /N AR L, AR R AR
R LR B IR IG A Az o e v R A AR 25 44
FIATAYE TRV E B £ T LA I SR ORI LS AT
N AL Bl BB IR Bl BB | D BB B R R
JO7 b s SN 4 A T RE 4 SR A B A L Ak
DAL FP W, 71, 4% B N 283 I e 829% il N2
BOWIEH 20 —Fh g S 0 H R R, L
PR B 2RO NS IRBREE 1 KL 4 14 2
PIRERY I ik — A SR 5T B S L R 7 7

TEARIEHT (9 DL, AS 2308 K A0 40 B S 0 1) R
FPAE, B 5 0 2 4y A R 7 MR B S 25 W97 38
2P IR BEPE DA P A N

1 BID & RIERARHFE

P RS 7E R A A 2 D RE AR R 3R Gk |
5 NGEHRIEARL (BRI A — 225 57 (W3R 1),
LATT R 38 3 58 T A L bR AR O ol A 40 Ao 22
ST AT A

R B S AKIGRERE 4

Table 1 Comparison of the eye features between zebrafish and human

254 Structure A2 Human B4l Zebrafish
gl BRI A B 2 47 4 L 2B B2 F RE A A 4
Cornea Thicker corneal stroma, included corneal nerve fibers Thinner corneal stroma, absent corneal nerve fibers
g AN PR IZ 45
nterior

chamber angle Trabecular meshwork

Ventral canalicular network

P ERE
Nearly spherical

EHEINES R
Lens Ellipsoidal
E— JERERRJEE N A s BE R A A S B
WA . . . . .
. Thicker retina, highly populated ganglion cells, included
Retina
macula
p— L 52 A S TR , Rl 28 S A B A
R]; . Retinal axons are unmyelinated, while optic nerve axons are
Myelination .
myelinated
o ‘ Ji 1 IR R — 2 00 o 24 2T 4 7 i [ oz
s VPN LB AR SRR, 5 5L
RS, A B R0 )
o . S .
. Half of the optic nerve fibers in each eye project to the same
Optic nerve

fiber projection

side of the brain, while the other half project to the opposite
side of the brain through the optic chiasm

PUHELN A 32 5 ) = (e, R = S M EBURR Y PSP 40

JRE LR, 2 T MU AR X 2, B 2 BB
Thinner retina, less densely populated ganglion cells, absent
macula

SR AR A R

Whole axons are myelinated

B FUR I BT A RO 22 2T 2k 40 28 3o 0 52 3, JF 3 4 B i
Xl

All of the optic nerve fibers in each eye pass through the optic
chiasm and extend to the opposite side of the brain

PUHEZ A 325 O O (B, 05 S SRR Y PSP A

Cone-dominated tetrachromatic vision, included UV-sensitive

.. Cone-dominated trichromatic vision, absent UV-sensitive
Vision
cones
R A XU ey 8 B L 1Y) TE AR

Eye position

Frontal eyes with highly overlapped binocular vision

cones

XU 5/ o B L o 4 LR

Lateral eyes with less overlapped binocular vision

1.1 fiE

B £ RN IS Y A BT A 4 2 A R
JZ B E R R RN Z T
H 5 A HE S i — B, B A Rt )2 JC I A5
L7 EBETh fa ff B 5 NS A A L A7 e — 2
B9 25 S, T fA R M 2 LT 4 B =, JE TR R R
WS
1.2 ®HiER

KEHHFLsh P T Do K= A= s B i 41 41
TERT A SRR A0, B /K 35 3 i /i 5 A 1) DU )
TRsh' B Aa K T O IR A b e A
) 455 PR: 000 245 A s A — WL PO B M 41 L R B
AT by A AR AR 2540 50 FL s AN [ (E AR A

I R AN AN B K T 3 1 A0 AT LA R R Y PR
SPEENOT
1.3 SRk

B e AN AR A 347 pl 2 HE B Y bR
TREF ALK, B ATTFE AT A0 502 deR AR R 40
AR WL B R AR R 40 R T
RAR IR BRHUT 1750 5 £ fit bR AR 1 Bz 200 i A A< i )
HE—25 AR AN BE Y SRR R A
FE N3 BR% | JLT- 5058 A e i, i oA
HMESI A e S e A e M . AR B
DA AR o B Ay ZRIERIRIRE A, eRIRE
(A AFARL P T JFC 82 Oy F 5 356 AR Bl R R Y 4 4
B
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1.4 MR

55 ONZEARL, B D #5252 i b AL 40 R
FrAMIZH R, B Ao A0S 200 1 n] o3 Dy 4 SR
ZL A0 58 N ORI S A0, PRI A RE 5 1 1) P 58
POy, ARG = 52 A2 UL AR I, Hof =
LA EAREE T A0 R 15 3 R A BB, (R
T B S AT ORI S A AR T ELA I LA
Hip R, I RAFA @38 B £ 0 o
2T 20 i ( retinal ganglion cells, RGCs ) % & KT
REFI/INEL, BT B B, DR B e i A2
W SHFLBh YRR BE Dt REE A 5245 1
WO JIEE, LA ) DG B Miailler S5 400 ML, ‘& RE A5 40
49177 A= Z2 R A0 19X S REL 240 JEL o0 A= = ) 4 ) e
[ ST
1.5 {imz

N A F) R Ao 22 P 5 AT B B AU Y
PR 2 5 A RER | 1T B0 S £ 4 T 2 Bl S B A
T AL 0 JIEE Pl 5 A s I B U2 B R L 22 T
SN P e R 2R L Nt IR — 2B 0L
PR LT S S B I R, 55 — 2 5 5 L Ae X, 4%
SRFEI IO TS0 £ g R B A R AL 2 2T
YA 2 58 SOFAEAR BR300

2 WL &R B TR AR B R R N

PRS2 T T R NP AR O HE R Y
AR ZS R B D £ L R T e Y 7 A T
neh bk At 2 4% F B2 ( morpholino oligonucleotides , Mos )
F1%) ik PA] IR -2 AR R 522 i 8 A AT ) o 12 w0 432 (P
55 Y R A 16 o e (] S 52 17 8] ( clustered  regularly
interspaced short palindromic repeat, CRISPR ) M H:4H
K 1 9( CRISPR-associated protein 9, Cas9) ftJE K
PO S IAL I N R, A, — L8R T 24
Yy DG RREHUARAR 1 55175 R HE 7 1) BE B £ 5l )
TEMRFRE th WA 2 7 RAEFA9 R . BLUR #E X B
Ih A0 S WA A T | N B DGR L R
PRI FIRR A 22 4510 55 IR AR T A4 07 T A B3
2.1 AR

FBRE IR A R — 2 H AT 3845 S B A 0
ANJE MAB2IL B RAS 2 FEMIEE R AR, BE S
i mab2111 FENGEAL BN A B AL, IF Bl 4 i
AR 2, 340 2 L DA 0 J65 400 JE A0 T o, #f e
FEAL A B R AE T B AR '), Zebrabow & — 41 REH
X B A W) AR BCRE AE B A AT 2 bR 0 1

RIS A W98 2 Zebrabow ISP T £
20 B ) TR AR R B 3K 26 8 BT TR AN T iR axX 4
2 BRI A7 R 9 i T S T A0 P e = 0 v 0 4
FXREE ) LA, Tkkala S5 R 509 )7
VRN T — ] E A SR A O B D AR A R 4
FRRY AR o A i B 45 1] AP A, BAT
SRR b K FEAERE ), R 48 7 AR I B R
BARPLS p9A7 PR,
2.2 BAR

T OGHR Y S 2 B AE B 5 0 rp 45 31 1 AR B
RIS AR B2 i 26 1 32 AR AH G EE 1 2 (low density
lipoprotein receptor-related protein 2, Irp2) & [H 4 48
VIR X £ 3% B Ry U4 S s | ™ E I AL IR RS
IR TR R TP RGCs BET1 A (23 P450
X % 1Bl ( recombinant cytochrome P450 1B1,
CYP1B1 ) 3R 9 722 J2 Jit M B LAY 35 DG IR UL )it
R, BES A48 78 T eyplbl Je PR 2 38 o B2 ph 22
U A% o 5 i IR AT B A9 & B Y, Axenfeld-Rieger
ZEAAIE (axenfeld-rieger syndrome , ARS) J&— &1 HR Aif
BOREAR, P28 R T 5 5 BB, 0 HR A
WL W S 28Uk ZEH IR foxel F1 pix2 Fe R %
APETL ] L HH ARS HRAHICFR A FRAT
N-H3E D- KA E R ( N-methyl-D-aspartic acid, NMDA )
PRI T S BOK TR dE ST T — Fh O IR % A M
PERIAY | 3R 90 A L I Ao 22 27 24 J2 Bl RGCs J2 5 B
B, 5 RGCs B Sy A ARl i 4
P S T R s S A ST T — i Ol IR S R
BRI RGCs JZ AT AR n >
2.3 ARRE

FINBELE S A ARE b i o5, (3 BAT 514 5
PER LW S R A R R, B 40 &R
AR {1 TR 5 A8 A AT 3R B Ay bR AR v aT L HICEE TR
ANER RN NG LA WU NP N N WSS
A SRR B AL AR S B 1 S T 4
(heat shock factor 4, HSF4) I i e 8 3
(pituitary homeobox 3, PITX3) %53 K 28 48 n] T 34
AR R B A BT AR A TR 27 bR A 2
F 43,45 7K 38 38 2 1 0 (aquaporin 0,AQPO) 128 kR
#3EH o8 (gap junction protein alpha 8,GJA8) ™"
SRR A | ] | S R AR A6 S, S AN i )
) i i FE TR A, AR AR & AR AR R LT
R, WA, 7B Dty Py N RS T AL, LT
AT LAST BV i e AN 325 BH 1) 1 PN e, LBt I (] 1)
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RS | AR AR I e i AT
2.4 MEER
2.4. 1 BEPRIFHLIM B AL

1 PRI A0 B4 4% (diabetic retinopathy , DR) J&
B PR 5 UL B L A O A, B TS f 2 SRR
LSRR ER (75l i o = S S S SO 8
JA A AF 5% 1 A Sh A A Y B 1 £ B R
T 2% M 0% MR T 1A A S, MK
Bt 3 A% N ACIRIZ NS AR JE FE 3 i, 400 1% i e,
Pl sZ 48 SR T AR AL 5 M DR, 36 1 A 7E A
XA AN 10% Bk FrOREE 10 d, AT 5 S M
FESHT A= i N am R A B IR R
( streptozotocin , STZ) N iH LAY IR K 55 B 40 At 1 S 3K
o MU B i N R S STZ, AT 5 1 A -
B, RPN DR AU EGR B 2
T it 1( glyoxalase 1,GLO1) BRSSP IR
K- Fh e FOBE PRI 1Y | glo1 ™~ B £ R Il 25 1R
111577 N A= A L = | R
2.4.2 AFIARCME BB

A% FH O P #EBE AE P (age-related macular
degeneration, AMD ) 43y T PE AR, Saito a3y
PR B ER AL R R DGR /S T — b T AMD
RN 3 T S R 1) J5E DA% J2 52 8 R A4 i A% 0 ik 0
D PR TR L T T AR R R AT R R ks
. Cao %54 Bt Ih £ 7 7 AN [l e & 45 UM AN
IK IS BT MLAE A U, N7 T — i A8 AR B ik
AR R MO E OC R IR AMD AR A H Bt i 4
N 4= K A F ( vascular endothelial growth factor,
VEGF) 24 ] BEL W A= 145 09 A48 1, 22 3 R 7R 1
fif 1(high-temperature requirement factor A1, HTRA1)
55 AMD A ARSR AL AR OCHE | 1 R3E hiral BRI
RE T £ 3 R AR I € 2R B 2 S AR 4k IR
F R ADCIRSZ SR ISE T X SEHRFAE 5 45 AMD
ALY F5 R —#K3E (von hippel-lindau , vhl) H£ A
SR I RE B f AR i R B AR T TR o ™ E A
AR LA S IR PR A LA | LA T L B B K
FIRR R BSR40 VEGF 24 BELIT 1 HIR 8 A 1 5 A=
JR AR R okl BE S fZ R AR AMD 1) — DR
RO
2.4.3 By LALIM B AL

B J LA R B A2 ( retinopathy of prematurity ,
ROP) J2 2L LA B (9 LR . Wu S804 (T Bl 4
VSR EENT T HE Ly ROP AR | 3 50 Ay JE 0o i .

SITE 200 43 SORNZE I B T, B 5 B4R
S R AHOBE DGR T VEGE #1570 7T sk 4
A IV A RS T Tt AR B T 2 i A T A
AR S0 77, 140 I RSSO A4 1ML 7 A2 1 DR, AMD
HIROP (3L [AIRFAE , DR R ST AR D X 6 50 1 2
1D 2

2.4.4 PRI ERAE

AR S, 2 AR 4 ( retinitis pigmentosa , RP ) J&—
ZHAL AT 40 PGB AT M R e, BLAE B ML 5 A
(rthodopsin , rho ) F& K 5875 [ BXE B £ % B8 0 0T 41 g
TER T G AN AR H AR Al 145 28 31 AR i PR 4 20
HUAZEEI ) N2 USH2A JEIN 5875 & RP f9 3
DL, o de WL A S AE L T 45 13 A0 i
+, MR FBREROE AR — A S B R e 1 N T
BB A HH BEAE U mRNA P, 3T MOs $iR
55 13 55 Bk ER 5 A BE 5 0 mT R 5 TE 5 1Y 2R
FI 2R 8 LSS DI RE , % W98 RP 45 8t 15 M 950
YRR R AL T ATRES N = HY k- N - 7 fi S i
( N-methyl-N-nitrosourea, MNU ) J& —Fl e b 51, vl
HF IR B I, T30 DNA 28748 filfi 7, MNU
P 1Y B By A] 7 A 2K LT RP Y A AT Al
B
2.4.5 SFERMEEEFRG

Fe RN TR UL PR A 65, A2 i AL 4 A
SRR AL B2 38 1 R O g R, JFRE
120 MO (5 B AL B 25 NPl 20T, A= W) ph 5k
2(period2, PER2) j&— M I8 15 JE A, per2 F A
SR I BRE 01 28 WL DA AL IO i R 2 Sl 45 A S, A
HEAN AL AR 1 R IA AL, DAL RE R R
2.5 Mm%

AN 22451473 (optic nerve injury , ONI) . FR A 4k
PitER R 2 2E . 5L AR, B fo b i i
ZRGHARRNM LA R8T, 7TLE ONI J5 5842
WRIZ BT BE , RCCs S H A oS FiA & A
Diekmann %) #J # T A4 K # 55 H H ( growth
associated protein-43,GAP-43) J& a8 FIH B &k @ 06
FHH (green fluorescent protein, GFP ) 3% ik 1) % &
BELhth AT/ ONL 5, 3555 GFP makik
T RGCs B HAhZE , (i 5 25 1 m] ALAL 1A FT RE
It AR 5 B X R R B 24 W db SRR 45 5, 7T LAY
Bl 2 7 A= Jok A5 v (9 05 45 906 52 1oy RV S 2 T 1Y
YEH . AR E M GFP-UE AHOCE 1 | okt 3
( microtubule-associated protein 1 light 3, LC3) % 3K



970 P E SIS A 2022 4F 11 A %530 455 7 Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7
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[ Abstract]  Atherosclerosis ( AS) is a chronic inflammatory metabolic disease closely associated with risk factors
such as hypertension, hyperlipidemia, hyperglycemia, and hyperuricemia. The intestinal barrier function plays an
important regulatory role in maintaining intestinal homeostasis, and intestinal flora is an important component. Disturbance
of intestinal flora can lead to intestinal barrier damage and an increase of intestinal permeability. The related products, such
as lipopolysaccharide, short chain fatty acids, bile acids, and trimethylamine oxide change and can cause inflammation,
oxidative stress, and other adverse reactions that then affect the occurrence and development of AS. In this article, we
review the interaction between intestinal flora and the intestinal barrier in AS development and its risk factors, and provide
a reference for the study and prevention of AS.
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Xof & BB BUAS B Bl R 7 S A A R S

PN RS BIERL R 2 E ORI BBl Briy ]
AS B Al IR B UIAA N il oA 2% TR A
TR F R BT, TR BUR I B AR DL
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HEAG W5 R (short chain fatty acid, SCFAs) | iH i1 iR
(bile acids,BAs) Z bt —H % ( trimethylamine oxide,
TMAO) %4 BT & AR AR Ak, Ak i (i 4 T 22 3 ) ok
ANTEIRZRGE, 51 RAE S A AC R, 520 AS
JEL RSO I 8 A 3 5 B AR AS K
HEAG G PR 2R A R JR FE 2 e o L, i) 3k | Ry AR5 1 B
ifi AS 2%

1 BER#FSHERRE

1.1 fFERE

i 18 5 W fH M T RS 1) M s R AT AR IR A 3y
GoRE BRI LA BE B b2 B B AN AR W B, e
it i p i A A DGk B 41 i 2H 0 R HL oy I R BT
TRZEL AN, REHRAER R U AR . s b B 20
B 5 % 32 (tight junction, T)) SE25 R4 E B B 5%
B BERFAILIA 5 A0 R IE 43 B, A AL BELES K4+
LA FEDTHEA o T ) 58 5 1 2 W 18 38 3 P R F
TR B SR 78 . fb2F Bt s 2 2 i i 26
G0 T A s 4 20 0 W B B il A B AR VA
B, BETH AR I A= 4 A= 0 5 e B i T 1
B B — B T 3 AL RIR A 76 Ay Al
B RS 5 T K A TG T U VR
1.2 fpiEEE

T DA R A A M 3 s AR R T 4, 2L A 2
HAECRTER, 175 1000 ZFh 4, 215 100 T 424
YL, 7B 99% A MR IR A, B E AN — i
BRI A W TE 9 AR A A T RN A5 1 v B0 A, S
AWSEERFELAE LR, HE L ETH, IFH
SR SR B TR A 3 TR R Y A A,
FEIERETR 1] AR B 1] B A T ] R AT R D BB
DT T PR T ] SR ], e SRR RE T 1T RN ULAT B
11 929% L) B
1.3 BERBESHERENEE

EFAFOLT AP 5t B oA 5 0 3 R DR EE
RS, LA 258 37 1 O =X S R o TR A A B 45 BT
VEHT, BB R e A R B 1 e i 1 o o e
WA RSP A ) B B X 3 5 = A A T AR5 g 1

HoAt 5 B 25 14 D Re ¢ 2 %, B 1k 20 i XA FY)
AR
131 Jis s s ma b e

e T -5 20 T 2 0] TR S Il L B A0 2 1)
FETERGRTBLG JE BE o A2 AP XF HLAHR B P 1
RIS R o o T8 PR 2 100 1) T4 2 I 4 5 )
FEARSC IS4k, I ELE 3o &> SR AR 5 Wil e i 285
F o an, 5 2 B AT T A B A, 20 R R T
(¥ E BRI K LPS BEZ A4, LPS REREMRZ 1 B
B BH, A HLABE B TY A DG & I claudin-1
occludin F1HA] 813445 1 (zona occludens 1,Z0-1) [
FORPAL, SRS AR (F 1L,E DT, W
I, LPS HAY ST 28 24 VR, 5762 1 286 I ot A8 A
Aafitin pEEseZ | JF B b A AR L,
— L BN RS REZ . BE A I 18 i 7
PESE N, a8 P LPS B 5 3 AR T J5 23 B Toll
FEZZ K (Toll-like receptors, TLR ) P 51 384 716 42 5% 5%
F-«B (nuclear transcription factor-kB, NF-kB) 7| &
B S INE , B4 TN B A 0 4 L 5K AR A R ol PR 1
RAEH T A A W BRI, R T) 8l 1
BEVERE IR B — Dl A FEEZ LPS A
AL JEBCEEEER (B 1) Y [RIRERY ¥4 B
BEF= A B = H B ( trimethylamine, TMA ) TERF B R
RS 3 (flavin monooxygenase , FMO3) 481k K & 1k
EEﬁﬂf( trimethylamine oxide , TMAO) ,TMAO QAR
LA R AE RN, BEAR T Rk m (K D 5
Z AR RBUBAT R 45 £ 2 T AR R E LA TH AL 1Y i 2 21
Y FNBTTETE RS 20 ff B SCFAs, A0 2B TR A T IR,
SEATE A W X 2R LA e 38 b e 240 Jif 1) o Sk
U5, AL R0 5 5 B O 7 791, i o I 1R TR
FE [ 4 ( AMP-activated protein kinase, AMPK) 3k
PATT TY AL S i e (2, | 1)
1.3.2 Jis e e A e

Jil & K AETE 22 Fh o WA A A, M i v B KGR 32
SRR A 00, ¥ A0 A T 1 B s i 0 4 1
PO IR P88 T T AW i T S5, mT AR 1k B0 TR R
e b A A BA AR . KigE H 2(Mucin
2,MUC2) SN2 1 B BB o, A o He A 1
BEUFEATESNZRUZ X T e S HBE AT MUC2
A B AR O, TN E RS IRUZE S b R 0
A FLE A B0 R B BT B0 B R Bl
WEZH & B v 2 [ (Akkermansia muciniphila , Akk )
AARERN AR R REERE N A K,
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It HAEP: CRREEFMIINIRER o Akk A5 B BEHE IMARAR
2R L R e R IR H) Bk [N A2 ) SCFAs EAS 3
P MUC2 & PR 1) 2R A F iz R 28 A Rk (3 2, &
1)1 FE/IN BB R o B, 45 F R R G B P 3T i
[6 22 S 484 0, 7 31 A BR T 40 1 3z gl T 4
TR 2 M 254 43 A6 0 5340, BAs 1 R fe2 it
W BN 2 — , BE RN AT 5 40 T 200 S ) 410
e,
1.3.3 Jasi v e 52 M G g o i

TESRPE SRR b, ORE A0 i AT AR M4 i,
REBLIBOF 2 s N LPS ST, AT S0 JR 7K 48
AR EL 2 v AR SR 40 ( dendritic cell,DC) | J5 #
REA AT Bh4hHE CD, " T 240 M 434k 5 T 4 A
(T regulatory cell, Treg ), 4+ W 1 4/ & - 10
(interleukin-10,TL-10) 55 i#F — 2515 5 7= A e E R 2R
F A (immunoglobulin A, IgA ) 45 &% JE 45 5 11 52
AT HCBESE TR T 26 W b, O v A0 B 23 A0 A4 BEL
IR il Rz At SCFAs 3 3 il 5
Wi 4 L DC AR HE TIL-10 B 430, S5 40, it
TS5 S 1 A e 28 8 5 AR DG Y A IR )
e MiE v TgA 170 W, BN, ARARZF LA
G S AT B 1) A IR Z2 48 AR SCFAs i EFRAR
A ARG E T, Y RTOE Treg 20 SO PT R
BN, AR G B BT Re ™ o AT B RHRAE DG
TE B TR 9 B 1 A 2 T T A Y 4 e, R
YaE RGN 32 MBS AR A N 3 MO
IRFLAT AR B B I 1, I8 ik 14 s BRSP4 7Y
SIILEY TgA SRIGTRFHE s 111
2 BEFEFSHERELIEX ASH
s

Jo B R AR S 5 W R0 S5 o | oA B R AR g
PR R A O T A B RS AS W IR B 15 B0 T TR
SERARAR K AR A 8 TR B LA ™ ) B 52 i)
SRR A G B, I J PN B 5 2 TR R0, B
o TR R 3 L, AV i 02 T AR ) M 1 R B ) B
AR T BN ) Ty 6r A TS FUE X ] BE 2L
PRAR A, it — 20 38 0 Jip 3 300 3% e, 3 00 ME T
RV MR, 2 R RE A ) S0 o ZE A, R g
[T N e R N O 8 B A A B iy 1R
FT A PR 77 A o 4 4 o 1 R RE AR W 1 e e o
B JRAEKFREE A H T FRAT AS S HAG B P R 45
PRI Rt

2.1 % AS ERER

AS BEHT RNy o — T I R AEPESNR , 75 AS
PRI I S A R v RAE SR v 2 5 4 i A e i
PR HERR IR B BRSO R E M, D3 A, R
AL AN i A5 A2 25 ol fe B PR 3R 2 i), 2R AS
PR A H R R, 5 N BB R R TR
IREERLHIAT G, Al folT B A2 200 JHRORY BT I 55 PN B,
o BRI AR WA B I IR A 2 5 AS BEBR
TR AR AC R | v I e R R BT
YU e PRI A VA 2B 2 10T S 4F IR 40 A AT 4kt
JRE R T BAE RS K R 23 IO 158 5% R AR TT
XI5 AS Bk R B D), AT AR R R AE AL
DA BLGR . BEAE N 2% 0 IR ABE TS, AN B A7 3C
FIRATRE i TR TR AS G PR 3R B Hh 0 T8 G B
ek D,
2.1 1 R2WE R AT

e A LA 2 i A ZE LA 5 LR A e, AN
I AS B BIER 2 — R ARZ CVD mfE R &K,
R IR IMLRE 9 0 T T R 873 3R B B K T 7 Ui
T I BRI AR SR 3, BT 18 | AR
T Akl 5577 SCFAs T /> (LPS B! 75 i i
WEMEET il v LPS feths i s 2 5 20 3%
FLBEIORLAR L A e ALK, JF H 2 5 B A0 M N K
MG FU AV, EAS AL (F 1) P

SCFAs BERYAIEBE B, il id G 8 FER
& 43 ( G protein-coupled receptor 43, GPR43) Fl
GPRA1 fEFEMENE A, AH N 52 14 BE R 35 9w i
FEZK-1( glucagon peptide-1,GLP-1) Fl1 & 7 kIS4
KK (peptide YY, PYY ) 733, 32 111 4 T 8 2
T, 982 2R AR5 2 R 8 o o A e 42 o TR, DA T 9
AR AE A & A (1, 1) ™ R, Bl e R
KL B SCRAs 77 H i /b (LPS B, A F T i iy
3R UL N Mg T o e e B M ) R

IEHNOLT , BUSCRF & FLAT Al 020 BAs
AR A0 TR R0 4R E PR 25 U 90 BAs, 45 M7 38 T R
SRVH )2 BAs AU 52 ma JIE T 1R 1Y i A K
ARG 2 — 2D B IR i 1 A2 25 AE i 1, i
SR YL BAs & MU R BOLZ KL e B X 324k
(farnesoid X receptor, FXR) {% fL 8¢ 410 il , X1 i I Bz
ST R BB AR LR Y L B A S
5T WS BAs AR, i EL AT 40T BAs & 0
J38h , BAs TERRACIH 5 T A 454 2 SR A
T T A 35, FXR T LA B s A= B, 34 m g
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fRVEF (1,18 1)
2.1.2 SN b

o MBREE A 1 i v A I — 2+ R (R4 X
AS AR A I e IR A 2 K e R DR
i, S ANBER AR B K AS B S R AR R R
PR G LPS S B G Y i & R
RZ— R i R A+ P E B B 40AEThfE,
P v RO DRSS (22 1) YL 5341, TMAO RE i i
WERRIEILES 3 -G/ 2 U B ( PI3K/ Akt) {5518
SEES o ) s AL i RN B BT (R ) Y

MUBCFT B 45 25 A 181 T 35 n0bs JL G 0T B AR
WS AR ARG IE R W 338 , J7 ) SCFAs REURY B 41
i, A ) R R T IR R SR ARE BlA
h e —FPARAE RUAE (14 25 25 T, 2 TR 97 R R RO PR
HIBEIED , Akk AR L EACE: 6 26 B I 1 B 2R
ARURRAE | S 580 S5 A A S T TG 1, A8 50 BEL Lk B 7K
TR W) o ik, A8 R T R AR I 18 I A S
BAs CL R IE S8 A 0 EEH Y, A BT
FEST M PR MR 5 ), U2 R FXR R (=) 4
Y R B 5 2 SR T R AR B A0 e A
BEEFELE DD,

2.1.3  mE I

e ML R v I s o LR AR & 2R, = Rl
o EAFRRE O 535 UL RRALRMESE AS, B AF Rl AR
i LPS Tk, 51 & R B 2 H R bR 2 KF 1
i S R R AR LG 38 LA R | 38 Ik
PR AR R 22 RREAE T, DL B SO 34 5 i
FERIRHLEIA I (F 1)

SCFAs fEWIE GPR FIWLBE AH R 37 74384 Jinn ' 2%
B HE I T 57, 2R 1 F T SCRAs HLAT &F ik 1 45
YERE, BRI e 7 45 PR 28 3L R4 F R DR EEAE X R
(£ D TERZM D32 A5k E ML fE &
FE—E MR ERORY . BB B FEIESE TMAO fEs
LS S RS RO PN 5T X A B T T R AR
(ROS) S5 AH 38 ik S i/ INsli ik, I8 i %k
Ang 11 S 1 BRI B AT B /D BR g 0k 32 DT 4 5
Ang T1iEF R MW LE, H TMAO fEZEK: Ang IT X}
R ER (£ 1)

2.1.4 2R RER

I RER ST = F — ke )2 AS YIS B I
FUAHE SCH  BENEE AS FEFE, 7£ AS BEHOhAF7E R
LY PRIR  HE KT IR R X AS FE7E EAEAE . HULIASR
figaod v PT TR PR R R 445 o B 05 1A N B, 51k

A FNAELE R B, 0 T Y UL A0 B 3 A o Al R
4 JRE ASY T IR R FR Y i T T A v OUBE T
AL LR AT TR 55 0 TR 40 10 1 6 1k B P il 7 3 il LA
o SCFA Jg/b | W 43 A AR RN 32 PR ATG , 1) 1 PR iR
L AE 3 DR

e PR IR e by S B0 B RR B HLE S LPS A
Ko LPS 531 TLR AH G R AE S AN fin i 1
WA, B I, A IR LPS B R
HERTRE ) I 5T K BR, T IA E DR R TT LA 4
ROS MR, 1o e s A4 B5 H v S i Ak, 3 7% NLRP3
RIE/NMEFN NF-xB 55, it — L 23 T A
BREEDIREF= AN A BeAh o0 # 2L I EAE
T BRITE DR R I AE PP E B e i — 2B 5T
KB, LPS Fl IR B A Bl OC 4 il v R 04 A Ak Bl
(xanthine oxidase, XOD ) DA & JR iR 5 1F #H ¢ (£
1) M0 SR, o i R A Mo 8 T A 1 R LA AL A 3
T B — RV
2.2 FmMASWEERRE

HHT, 76 AS BEH (g 0F 52 & Bk H H R
A T 22 P AN T, D0 BE BRI M T A A S
A AT TSEBEAT R RN | 2 S D T, R DL A TR AT DA
IR R AR E A CE KT AS BE B I 5w H R e
PEMT SIS s AL BRE I 1 38 B R 16sRNA | 72 3
DR 2H S P 45 SR R | AS SR LA S IR e I
e MU 5 R R A 35 1) g 38 1 e 2 B 5 1 IR
SAH AR 25 S JEERE B 1 DRI 4BLFT 181 1T 7 LR AEL
(F/B) W& HL A B ZREVERRARS . AS BB
T PEREAE T /K P 322 330 R JEERE TR 1] 3 3 1 m L)
TAUFFIE T BE A F/B RN (£ 2) .

B REAE AS SO a6 R Bw v, & & 1]
R 1) A8 Ak SRR B R, 3R Bl R FF 1
J& R ICTE R T LA S Akk %5 25 A TR T B B
%, e T 0 R 3R A G B = S FF L e A
PR SR BOR T = B2 T, D34, 9 B R EAE A
AR AS S GRS PR 250 rh . 3R 3 W
BRI 2) P UL T A TE R R A
WS B & A & R EDIAIOG, Bt — U T AS
5l P 3R AE i 8 R A — e R, fln,
AS DB A6 PR 2R 28 i 5 v 24045 4l LPS /KF
TR R G h T, B LPS 5 TMAO —FE X MUK B
R SR NF-kB 259808 S0 B AL 38, 1F
— S IE SR IR (£ 2)
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K1 JHERHEEXT AS R B Z 15

Table 1 Effects of intestinal flora on risk factors of AS

PRI Hi s

Disease Phylum Genus

AR

Effects on disease

HERRTEE 1 SRR 1

ﬁ%gﬂ 1 WAL EE T LB R |
PRI T RSRER 1 R |

I 2R 2 1 o e 2 U |
Streptococcus 1
Enterobacter aerogenes |
Desulfovibrio 1, Bifidobacterium |
Ruminococcus | , F. prausnitzii !

Akk |

MG Pk |
Hyperlipidemia  Firmicutes |
Bacteroidetes |
Proteobacteria T
Verrucomicrobia |

FIARITICE T BRI R T
TR T AT R |
PR | AT S |
WEFH R B S R |
EHER KIS l
Collinsella T , Desulfovibrio 1
Ruminococcus 1
Bifidobacterium |
Roseburia |
Bacteroides |
Akk | , Prevotella 1

JREBER ] |

e I AT T

Hyperglycemia  Firmicutes |
Proteobacteria |

%Lljéli”ﬁ T \me{ﬂ&lﬁﬁ T N
JEmn N s T R RS T
FMAT G T SRR |
JERERT BHICH | HRE |
FFETT | MUBFFHE | EATFRE |

= L AT | FEFR AR AR S 2 |
Hypert N Firmicutes | EERCHEE T
ypertenston Bacteroidetes | StrcptowccusT . Klebsiella 1
Proteobacteria | Desulfovibrio 1 , Ruminococcus 1
Collinsella T, Faecalibacterium |
Roseburia | , F. prausnitzii |
Bifidobacterium | , Eubacterium |
Akk | , Prevotella 1
PWATFHEE T K SRR 1
ELEETT | MUS PR | FLRRFTE |
R FUFFEET T HRIRE |
Hyperuricemia  Firmicutes ! Bacteroides 1, Parabacteroide 1

Bacteroidetes T Bifidobacterium ! , Lactobacillus !
F. prausnitzii |

7 SCFAs T | AT V8115 ST 4L 253 At 80 32 53 0 L R A ) £ >

LPS S NFLBE HOBLIE 8 11 E ARLIA Y

RULERFT | BEAE BAs b, AAI TR BRI

The decrease of SCFAs producing bacteria is not conducive to the regulation of
adipose tissue decomposition, leptin secretion and appetite suppression[z‘sr
LPS increases the entry of chylomicron lipoprotein into the bodyLmJ .
Bifidobacterium reduction reduces BAs transformation, which is not conducive

to lipid metabolism! %’ .

75 SCFAs B | AN 412 25 [ B 28 43 b A SRR M, O A A0 o 4 M it 52
BAs /0, HUR A2 PR FXR AR E A 25 B0 5 AP 2 s ™)

7 LPS T 1 8 JRAEE B AT, B B AN R I 5] A A
TMAO 3 it PI3K/ Akt {5553 3 HIUR o5 1R U IBE 5 3k

The decrease of SCFAs producing bacteria was not LOHduLlVC to the
improvement of insulin secretion and sensitivity, and decreased glucose
tolerance. BAs transformation decreased and its downstream receptor FXR
promoted glucose tolerance and insulin sensitivilyms] .

Lps-producing bacteria increase islet inflammation, leading to B apoptosis,
insufficient insulin secretion, and insulin resistance **). TMAO exacerbates
hyperglycemia and insulin resistance through the PI3K/Akt signaling

pathwayw’}lw.

LPS 21 U‘cbii*ilﬂ FHVE R F ARG ) B U R AR AR
W RAER | SR WO P 2 RAEE I, ¥y 5 75 1L % 76 BL R AT

,36J

TmmiﬁAmH%%mmmWﬁ%ﬁ%ME SR

SCFAs FUf Pk 17

LPS can increase heart rate, increase the level of norepinephrine, decrease the
sensitivity of pressure reflex, and also have pro-inflammatory, sympathetic
nerve activation and neuroinflammation effects, all of which are related to the
pathogenesis of hypcrlension[%] .

TMAO enhances Ang II induced vasoconstriction and continues the hypertension

[38-39
process” ]

SCFAs have vasodilatory effects! 7 .

XUBCHT T FLERAT T 55 40 B8 R 23 A3 1 26 1 i %8 I SCFAs , & 5%
SHRARIBERIZ  LPS AURRRA: BOCHER LA K PRI TEAE

Bacteria such as Bifidobacterium and Lactobacillus can secrete active protease,
transporter and SCFAs, and participate in purine catabolism and transport. LPS
is positively correlated with key enzyme of uric acid production and uric

aCid’Al‘ASJ.

TE T FOR B RE AR ¢ | " RN R R

Note. “ T " represents increased abundance of flora. “ | "represents decreased abundance of flora.

TMAO US55 RAE S A3 A

FiE Ta-F2 AL 1 ( cholesterol 7a-hydroxylase, CYP7A1)

2 55 )10 [ SR IE 1 PR A GOt | YL R 40 I o DA B o (I8, 1 0 IH [ B e 3 B i 200 6 A g o M AR (&
NG, BRI Cai 457 aE it 2 R4 F B R 1) L I 240 i [ e I 1) 5 3 ) S 3k 4 ]
B 7E AS B I A IR AN B TR L DA TMAO #5552 |, FMO3 1 TMAO 4 Bk il
B EATSERESR CuC RERFF, CutC & TMA T AL A 3 0 sz 1) L[] Pt B s g 815 THD K
S4B LR 7 57 5 IHARAH S %) TMA 361k, 5 22/ R HRAAEH Y HAN TMAO A g S Bl /Mt B
SR RPN TMAO /K F B8 & S 8B ] IEfRksdhn i s>, it o] WL, TMAO AN {LEE
SR, JFRJE TMAO RE T JH IR AR & BUEG AR W AS AYBEHRIE LR 5 i BEBR A e 1
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[FIREAERR A 77 1 & ¥/ FH B AT BAs, BRTE
BERE A SE ) T & 458 42 /E I 2h, BAs i i FXR
SERZ RN NF-xB HHE 98 ), I H FXR BETERG %
KRG — AR A BRI, i 4 5k ) — R
TR AR IR B Fe ML IFE Y 0 B 4N, FXR
i S MUC2 # ik, H NF-xB 1% 5 H h'™>
SCFAs AN BE 410 ] NF-xB {if £k, if A8 8 i i %
GPR43 ZE3Z K TS Treg 0, 31 Treg A1 DC
FEAE TL-10 SEHTR AN R T 1 HLE R SCFAs
] DAFRARES I 1 10 v 4 pHL (L, 300 74 98 7 g B4 2

1, IO HEAT 25 4H P 151 A0 2L R AT TR RT SUBE T B A 2
1, DT 52 Wi G0 26 W 3 T, B AEC O I 92 i 1 XL
G2 JGIBTE AS S B LB N R b, R AL
VEON R 1) 5 e R AL T S M AL, SCFAs YA £ 1
FIZRINA B T 452 17 18 W R A8 2 8B
R RAE L B AL R Yuan S5V RS T SCFAs
X NLRP3 #$E /IMA BT BRI 520, 45 5 7R
TTHRER B LT 1 Db 20 R 1Y R A R 28 11 7K i it -
1 (caspase-1) i 1k, caspase-1 i fb4% 1 il Al 9k 2>
IL-1B S 59E K7, WIS Bt A IR ERI (R 2)

F2 JHEETEXT AS 520
Table 2 Effects of intestinal flora on AS

]

Genus

Hi
Phylum

Xt AS R
Impact on the AS

R T AAAE 1
Rk R T DRI |
FLERW)E | SEREER |
FATHE | TS |

YRR B |
Ruminococcus T
Lactobacillaceae 1
Streptococcus T

TR 1

Firmicutes |

Roseburia | , Lactococcus 1
Aerococcaceae |
Eubacterium |
Faecalibacterium |
F. prausnitzii |

PFFHE |
WRCHE |
Bacteroides |
Prevotella |

HUFFEETT

Bacteroidetes |

TATART T T
T IR 25 R s 1
BT IEE |
Collinsella T
Eggerthella 1
Bifidobacterium |

el

Actinobacteria 1

SR AREE 1
B [N 1
PSR
BN e 1

Klebsiella T
Escherichia 1
E. aerogenesT

Desulfovibrio 1

LI

Proteobacteria |

PEfE I |

Verrucomicrobia |

R 2ok 2 P4 ] 7 2 BT |
Akl |

BEERTA 1 SO TFAEHIN , 7™ Az 36 P4 0% NLRP3 JERE/MARILAL /MR, (2 316 PR 41 %
IR, AR AS BESUE MR, S M BES AR E T

TR JOFFR | 7 SCFAs W8/ BT gt B AL TS , 15 5 01 1 57 fiE 1 AR, TE v 4 )
NLRP3 JE 1",

The increase of Streptococcus leads to increased expression of inflammatory factors, production of
reactive oxygen species, activation of NLRP3 inflammasome and platelets, and promotion of foam
cell formation, accumulation of AS plaques, affecting plaque instability'GZJ.

The decrease of F. prausnitzii and Eubacterium reduced SCFAs production, which weakened the
anti-inflammatory and antioxidant effects, reduced the ability to repair the intestinal barrier, and

could not inhibit NLRP3 formation'®’.

YIRS ST | 7 SCFAs Jiob | i e b W it MR A, 20 g I3 AR oA 4m i
IR, EEREES LPS LI AAE 2 A

The decrease of Prevotella and Bacteroidetes reduced SCFAs production, which reduced the
biotransformation of cholic acid degradation, and affected the formation of lipid metabolism foam
cells. Prevotella was negatively correlated with LPS and inflammation**’ .

g A D) |73 b S R DAY B R oy d ot < A S e e A DDA £ 2 ) L S i
MEREHIE L) ., BUBEFFIRT | WM R K Al LA Bk S BAs A4 S0 98 0 I 187 A
W

Increased numbers of Collinsella bacteria lead to increased levels of inflammation as well as
increased intestinal permeability. Chemokine production and neutrophil recruitment promote plaque

[63]

formation' ™. The reduction of Bifidobacterium resulied in the reduction of bile acid hydrolase and

secondary BAs production, and increased inflammatory response and intestinal permeabilitymm.

PSR BBRIR R A28 5L AT IR T R TMA (9% A, 51k 4 K F Kk, LPS F
=r[9,31]

=] o

BRI 1 437 SCFAs JF77 4 H,S XMl b R A3 E/EI, Bl & 4ol

The increase of E. aerogenes, Desulfovibrio and Klebsiella pneumonia promotes the production of
TMA, causes the expression of inflammatory factors and increases Lpst®3,

Elevated Desulfovibrio can decompose SCFAs and produce H,S, which is toxic to the intestinal
epithelium and triggers inflammation!®* .

Al | 7% SCFAs fEJ7 LA K38 e BG4 i T BEAR, A T REAR LR LPS 7K, 40 IR AS B 43
TG BEEIIN, 02 5 200 PRI 05 0 40 B 0 A T D, AS BESdg >

The decrease of Akk reduces the ability of SCFAs production and intestinal barrier protection, which
is not conducive to reducing blood LPS levels. The expression of intercellular adhesion molecules
increased, the role of pro-inflammatory cytokines and macrophage infiltration increased, and AS

plaques increased tesl,

T T FORRER AR < | " RN R R

Note. “ T " represents increased abundance of flora. “

l " represents decreased abundance of flora.
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3 &iE

ZE TR, AS LA K iR IAG | w E  v
PRIR S5 AH OGS AEAE R 2 LAY IR, i) dn o =2 (9]
PELH TR AT TMAO B3G5 SCFAs BAs 25 4=
TR 2D FH I A TR A AE G 7 ) LPS | TMAO 3 i,
SCFAs BAs i/, 5 SR B i AP OR3P 98055 | T) R
FARRAT R 902 0 2 DA K 98 RE 55 s g, 1 figy 18 I i
P WiE RN, KR E Y i AN, I
E— AR AT I I WA AL, A HFE W R AN E
A SN ITANE =R AR O =D TR AW I 1 X A N1

KU BCEFAIL , £ 2 o AR | s B | &l | R R
FRUVA K AS W) & AR, L AT UL, 7 30 A A A O
FEINE R GEAE A HILT T 52 s & A R Jg | AS
HHEfERKRT AFER HEAEH(E 1), Kk, #
I BGE M TERASRIGTT AS DL RAH P59 5 ] Bl R
FARNGIT FBL

H i T 0 25 AE PR B A ) H B AR L
A R — LR ST, 40 Akk T8 14 HE SCFAs %
T VE T AR ) i i A B AR T i e R
SEfe, AH B R 2 T HLE M AR T 2, BT Yoon
LSV K BR, ARE fiE X W —Fh 84 x 10° K/, 44

TE 2L O FT LR AR S T R A A s lE IR HRIE I . W3l B AQI ™ ) SCFAs i i 7% GPR41,GPR43 432 )
T EAK R VB L B (R 309 2R AN F 5 Wi FF FHT s GPR41  GPR43 I B AR HEHT 4 F 4308 ; U3 4, SCFAs B i RS (1) JE A, £ 47
TJ 454 ; IR i 40 NF-«B J8i/ ¢ 58 K743 . LPS ARl XOD fie ik BRERIE A, B 52 B 22 L K NF-kB, SR (2 48 K 43Uk , 11 48 AE
BBL 2R I S5Hg o EARIA™ A2 19 TMAO LARIAE D7 351 e SR8 KL, 38 3 4 ) AKT 38 6 LAk B AC 38 TMAO 3238 i CYP7AT #ii)
BAs JEM, BAs A&l id FXR SRl 4 5 K 143 b e WiIE ot e b s i
1 JAIEERES AS DU SER R R

Note. The red arrow indicates the promoting effect; green arrow indicates metabolic production; blue indicates inhibition. SCFAs, a metabolite of
intestinal flora, can inhibit appetite and fat formation and promote leptin and insulin secretion by activating GPR41 and GPR43, respectively;
GPR41 and GPR43 can also promote the secretion of anti-inflammatory factors; In addition, SCFAs can inhibit purine formation and protect TJ
structure; and SCFAs can also reduce proinflammatory factor secretion by inhibiting NF-kB. LPS can promote uric acid formation through XOD,
activate sympathetic nerve and NK-kB to promote the secretion of proinflammatory factors, while inflammatory reaction will destroy TJ structure.
TMAO produced by liver metabolism triggers inflammatory reaction in the same way, and hinders sugar metabolism by inhibiting AKT pathway ;
TMAO also inhibits BAs formation through CYP7A1. BAs can inhibit the secretion of proinflammatory factors, fat formation and promote glucose
metabolism through FXR and other ways.

Figure 1 Relationship between intestinal flora and AS and risk factors
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P9 IYEE T, P9 REIE T GLP-1 43 45 (iR i ZH 21
PR TR DN B A 2 B AR S M, MR
B KB PO L 2R ML TEDRS R  2 AFAEAR EAR T XA
AR AT RE A GBI 16T BB A

St b Ml G AR AR O A 0 4 A LR i

ANWIER , 0 2 B R A0 A A P RS £ £ 4E 7 A2 SCFAS

f . BB T IE S 1 8 TR BE 7 A BT B T AR 0 &

A8 BAs X FARUE WA SIS & BAs o

DIOLHIFANEA 1 {H 0] REXT [0l 1 32 1A B BAs %1z

L ZE A BIL 7= A 23 ) LB X A Y2 &

B BAs MRS A FXR B#ah 7], 9F B 24457/

SRS, 7 TS BT IR 7 AR 1 FXR P 114 3R

AL AR XTI FRT R L BAs AT E T £ (i

FERARF R NS B LA S FXR AR OGP0 1Y ¥ 7E

i,

3B A 5 1 18 5 I ELAE T RE I 5 22 R

UMK, 22 WU 5 3R W i T A A 1L A5 5 0 L A

PRSP Z B AT MU | W 18 R 45 2 TN

A AR B NI A B 5T, G 0L

Y Pl T R AR A R AR P T R B L I i 1 T i
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[ Abstract]  Tooth development involves reciprocal interactions between oral epithelium and mesenchyme, and is
achieved through complex regulatory networks. Abnormal spatiotemporal expression of the molecules involved in regulating
tooth development may lead to abnormities of tooth development initiation and successional tooth replacement, which in turn
affect the number of teeth, resulting in tooth agenesis and hyperplasia. In addition to using traditional mouse models, in
recent years, animals such as miniature pigs, monkeys, and ferrets have been increasingly used in tooth development
research. Here, we summarize tooth development models and molecular regulatory networks of vertebrate successional teeth
to systematically understand the causes of abnormalities of the tooth number in humans.
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[ Abstract] Human respiratory syncytial virus ( hRSV) is a major cause of respiratory disease and infant
hospitalization worldwide. At present, there is no effective hRSV vaccine or therapeutic drug. A candidate vaccine for the
hRSV susceptible population is currently being developed, and an animal model of hRSV would therefore play an important
role in the preclinical trials of a hRSV candidate vaccine. Although many models have shown effectiveness in preclinical
studies, few have entered clinical trials and their success rate has been low. Animal models to date have been unable to
fully reproduce the pathogenesis of hRSV infection. Here, we analyze the advantages and limitations of hRSV animal
models, including the use of hRSV to infect non-human mammalian hosts and the development of non-human pulmonary
virus animal models. The aim of this review is to provide a rational strategy for the construction of an effective animal model
of hRSV infection.
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N 2B I W GE A B %% % ( human  respiratory
syncytial virus, hRSV) J& JLEE T I I 38 B G4 (lower
respiratory tract infection, LRTI) fx & WL JF K 2 — |
AEF AR 270 T1 ~ 380 1 JLE AL BE, 94 600 ~
149 400 4 5 H LA LS R AL EUE
S0 AH I hRSV 75519 S8 47 2 i[RI AR L, T LA
SAERAEAR RN R IR YL . hRSV S IF R
AR RRLRS E AT H ARG R RE BT (1 PR, R AR
IR E AR K G B9 hRSV ¥ 1 (formalin-inactivated , FI-
hRSV) & ffigh LA T & | L K ik = BB 5% 4> 5 81
hRSV JEGL S AL 9 Sh Py A RIS ey X LAAE
PREGHFFE b AT 58 09 F B 2 4 AR S50t e LA
BRI & 32 3 8 R A

RO IR JE Ab, HoAb AR A2 R K 3 3 Wy AU R
hRSV &l 52 2 Z8 VR /K-, R B 25 1Y 56 3 1 Jek
e UG BUR SRy Bl B 22, AL s Py A Y dn Al
BUL/NELL SRR Gt BB 1R hRSV & il
SR, B BRI B T A B e REBTAR, il
i fa St LG hRSV HA S AN E, IF M IRA T
hRSV [ &bl 44t 7ot

XF AR NSl 5 5 B 1R A SR 18 P R BESE,
gk g A= 0F W 18 A5 MU BE ( bovine  respiratory
syncytial virus,bRSV') 114 452 4 450 7 71 Jk e KUt 4% 95
7 ( pneumonia virus of mice , PVM ) F{J /] FLRE AU 5760
EATAMUAE T i 5 95 B % 1Y & s L) b B AT
P fEL, T ELE R T IEAl hRSV ZE B YRR

1 ANZEREER hRSV B85 5

hRSV F R 2 S IREL H G 7 . b))
o B S A EAE S TR 4 ~ 5 dL BEJR TR B
B IPIZE A hRSV I PR 3 B AT LA 3
R BB RE R, B L I ARE PHZE B
BERG R R, 1% ~ 24% 1B IL & A P45
hRSV 32 A 27 B b Bz 4 e 1 RUAT 1T 2R i 36
AR AE ], SR hRSV HAE B 14 i 2 205 B 2
PSR LA ST BRI ) T B A0 i AR 1]
JPERG 2 A SR b R AR IR BE I 7 | 5 24
RN A £ 4 A 1 ROR 2 1 B ZE A0 S
FRIE™ B0 S A LI S T I T R TR
( bronchoalveolar lavage , BAL) H LA H-M 47 41 itk 5,
SUE I A K AR 5 20 IR T e
IRBEIA F-a (TNF-a) | 2SR -6 (TL-6) | 1 41 i

M E-1la(IL-1a) .CXC/CC b F (40 1L-8  MIP-
la MCP-1 1 RANTES) , K T4 2 (IFN) | IL-4  IL-
5.IL-10 TL-9 FI 1L-17"°) | 3¢ W58 51 (4 S S5 2 107 A5 By
THEDE hRSV BUwfE . AN [ SRR A 5 i R
0] B S Bope M AR Y AR LY

2 WEIRIE A R B AR B A

hRSV 1258 A A 45 ff . hRSV gL 4 A2
iR RS L71i): B ND N & (NS PN e s R A | NN ]
FREEMAE AL, B AR A dEA
REKhY MR NS, BT RERZ I,
XLES Y XF hRSV 11 5 il #8 J2& SR v/F 1, T LA AE SKE
65 v R o B SRR Y 2 T BUIR b & T PR E
AR AR, A 5 1 B SR i = %o 4 1 2 1l
FIER YL B0 & 58 4 FUVFRY
2.1 FEARKZEZY (non-human primates,
NHP)
2.1.1 ERR

hRSV )& M 20 R 5% S8R0 i 43 5 1 ok
[ AT oA 2 B3 g 2 AS (S RE 7 SR AR AL 22 ]
fER% B REM SBIERRAL B N, L %YL 10" pfu
hRSV (1 B AT DLHE H B 5 (B R K TR AR
F1BAL 43124 10° F1 10° pfu/mL) 74546 ~ 10 d,
XETEILE G ARG — REELE
HRURR YL (1) SRR AR BT I I R R IR (HLAE B
Py el VB 7 11%) B A AN B} AR e B — AN IR 5 3 4 3% 1Y)
AR O ZIRE T hRSV AHE S A& 1 &
FER I, o — B3R A I il R A R Y B
12 SAE N 9 R ]SSP il ¢ B4 4 29 B 2 R AR o
AT LA 2 hRSV B 5L, 18 7 H B0 6 L A 240 i 5
N LA R A AL il e B BR 1 B 28 Bl UE
FEARSM R B AR RE N B B R 4 R hRSV 1)
JEYL

A 2T IEAS hRSV U 75 75 5 1 10 1
FIRME R U hRSV 7R SRR N Y A2
il A A R P 5 T B 1 JL B AR AR, i L Ds
WRAENS 15 T B R HK BL B J5 19 1F 2 A hRSV 1K
a7 BRI ERP K hRSY FEHEE I F MG 1Y
UG HREE(VV) B SREIR HP=A TRK S
LR, W7 H X HEH hRSV Wi iR 3 R 2%, X
SIS SAHE Y VY XN B AR RRURI Sk 8 A L
SEA MR R T B Y
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2.1.2 AEMMERAE

T VAl hRSV ke i, F 2 W 12k
FeVF hRSV & il iR N Z# M ( African green monkeys,
AGMs) " hRSV J&YL )5, AGMs X 7E i 34 1 30 5%
TR 2H 20 B~ IO s R BRI 0 g
hRSV #JE#T M37 #k 096+ BAL iy o vk 2 it
FBIE I E] 9% il v M bz 41 i 21 J2: hRSV gk
e L3 BAL i 402

Kakuk %) % ), #F FI-hRSV Y AGMs #%
hRSV JE YL J5 2 ) 9058 1 1 i %) i 8 g 28 ek A2
FEFP T A8 7K By AR I I B2 B (FI-HSV) 1
AGMs , W47/ Y% hRSV 12 H 8038 55 1) 41 29 P 2
Ak, HUR ™ R B IR T 4L Rl FI-hRSV 19304,
IXUE G R O 1 AR 1Y A S 5 0 1 A
£ F hRSV 334, 7T REJ& FI-hRSV #7034 th
IR 5 14 EL 2 2 AR B SR

FIR— L hRSV B2 1 B E I nT i/ R sl
B hRSV 7= A2 58 2 A4 VE T, H Eyles 261 ]
XL S AGMs, & 3 HAR AP 8% 1 3 A A A,
HAERFRIR F 8 G & Y & il i i 72 20
B (rAdV) PIR S LAk A hRSV F A G 3 A insi
Fefhm, bR IPIRGE A R ARk A R R, DLAR
FEERAN CpG MR ¥/ G 8 12 i 7 2 1 i 3
WD BRI, E PP 1 T b A AT AT UE A
FEUANHEL A AEIG 5, X BEWL IR 25 R, /s i
RUTCVL T hRSV BEF7E AGMs HARLTT
2.1.3 HAth NHP

SR hRSV AP i, 17 2 NHP C 9 HIE
hRSV AYRGLAE Y | YL hRSV B Sk A £ H B
B g HOE R T B PR R, O 75 RE A8 78 B IR i 5L
8 ~ 17 dPY Sl AR X hRSV 51 52 1 Y
JN 55 BRARAREAR 36 77 M M 45 T O A e A R R
PRI TG ] L 25 [ A1 Al 25 48, (I il 2EL 483
ik s>

28RN R hRSV (1077 pfu) A4 41130 486
2B LRTI BAL A 90 75 3 BE AR 2 RS 24 h
IREN R KAE, B S B i S 7 il 45 78 il K
i 455 T AR A () 5 i 98 | A S A b R I L A
TAEE B ZE RN 4 PE AN MR, e AT
B2 L RO T - /@ o i L s P 37
J& 24 h BAL 0y rh Mk 40 Mo s i 55 3 RIFEE T
W, B S B AR M gt B, ATk — 2 i i

G, LI il 4 AE S50 A s B A2 I ) 45 SR, i 2
X 1o R SRR R R S I R S
2.2 HBE

hRSV A2 JBUHT A 6 I, &5 R R RUE AR
NG , FifTs = B B AIF 2 TR R 1T LAY 22 kS
US55 RSV g g L3 ML o BE T o A
FELF BSR40 MR B A 48 g v ] LA i
FRREPUR, BOLEH 3 ~ 6 K, BAL K %
mRNA MBARAK -3 i B0 (8, IF 7658 14 RIHIR
YL R hRSV M37 176 7 23 3 g B 1 iR
MBS 1 ~ 6 K, 252 BAL PG 530 E R i 1T
100 1% , Jili &R ELWE 4 CD4* 1 CD8* 4 g Fic i34
IFN-y . IL-8 , MCP-1, MIP-1a Al RANTES £ mRNA
IKEAG Bk n >,

F2FP FI-hRSV P nl 10 B 26 F i e i 2, JF hk
B 1L SO AR 1 & R SRS, R E R
S B2 AN S AAE TR R A R R A At it s
PR M o 3 TR BT K ( maternally derived
serum antibodies , MDA ) 7] DI 15 49) FL5% 7% 3 76 F K
P70 F hRSV F 8 (R Be 4 RE 2 7 i )
FLA AT S S KO B B TR ORI, 26 R AR
P B A RE 2 ARAR A0 FL , FL0 3 i RN AR B L ok
PR B E T A G S0 5 A, 2 ~ 3 H
IR E2Z B hRSY Yk 5, S50 BRAL A L, #22 R0 %
B EEE AR A 26 SR il F A 0D T 70% , JF HL
it B B S U A, 3k BB AT B, BEIR G 4
i — B2 G 300 7 %, ATREAIR hRSV X 22401 L
R E AR
2.3 BEEZEDHY
2.3.1 R

R U 1 A S R AV B AT TR
FERGEE 97 7T 2L L BALB/c /N B 100 135, 18,
HEROEA H B IR 45 h S 8 B A B il
BB T R ] E R AR R R, AR A
HBXT hRSV 9 J8%  (HIRREAE 3 d A L s v A 42 1
TR P R TG e T i AT LAE £ R it
L1 b A A bR B R AR S PR R B 1
Prlat, hRSV Y 25 5 | A BRI &8 IFN-y | IL-10 1L~
6. MCP-1 14 & ] 75 % 2 [ ( growth-regulated
oncogene, GRO) fY) mRNA i1, Jf- 1475 & R FEe g
HEAAE R TEIIBE IR G2 00 i A A BRI P
o BE 2 A, e R HE s (R B T HLsh ) A e
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A AR B WA ML S AU AU N R R O RRAE 1Y
TR Y JRE SN

A BRFITEE L AL 3 v 4995 5 TR R AR K AR Oy
AL, ERE B G A B I3 P 8 2 R R AR
T 12 380 FLEA TR AE, MK BRI BT 14
REMEIG S 2 H W LN NS L YT hRSV 19 K Bt
J1B L M RTE BT PR I Y B e R R T
N, R —Fh AR FI-hRSV 8 1 5 B050%
EASHPRER . RS FI-hRSV BEEUZ T hRSV Y
S (AR B BE T M Y B A SR R R
FE BTG A . B4 B RPOA R RN
FOEAE hRSV JEYL i 1E H 4 R 43, T A0 A BRASE A2
Hh I 9% A Ry R P T N R ) AR SR
1M, FI-hRSV S A U 76 58 11 ™ A% 1 5 R 9 8
PURR S PE T 40089 5 3 A O, [ I hRSV HitJ5m
G )l VAR -2 i I R S R NS
hRSV 365 1 1 22 A PRI, AR e 8 42 B T AR BB
TR 25 5
2.3.2 /MR

UGS Z /N hRSV 1 5 e 7R 25 5
B B30 45 5 e Y BALB/ ¢ /N 4% 12 00T
7% hRSV MEURHLE ', SR hRSV J5, 5 8
FE/INERU S s RS A . /N — A2 #B X hRSV 5
S AEE A UL G AF BRU5) JR R s 7 e ) A
hRSV (> 10° pfu) J&i75 & 0w FIr b i 1, HAFIE 214K
I B BCMBEE WA T A AR A i
5 TR B AN A0 S A8 T BB SR A i R 4 D BORG R Ay
WABEIN , TERRGe SR I R A R R RN R T
ARFTHR . /N CD4 I CD8™ T A 7824 T X
JIE™ W €8, BRI 5 B35 2 00 2 5 0 v 38 R 4%
VER, e CDATEY CD8™T 4 il , #R4x 4iE K o 75 Jak
YLt [a], {5 E A R RE IR 28 A 5T ek A i v B 45
P00 BRI, X BEWLER 4 5 55 o 8 1 ) AR o B
(14 S T R 2 ™ 10 P I 2R 5 95 s A L 400 i
Jiti 5 I B T i BT L

FI-hRSV 328 1 5 3050 I 2 i) /N B A 55 &
Th2 WA 56, HARFE S Mg B vk 4 s 2 K&
R A3 Wb | A B ek | A TE BHL 28 SO b TR
(airway hyper responsiveness, AHR ) 34 il DA % fifi 5 B
FEii b, Y CDA™ i fifg Bk 2% B B IL-4 i IL-10
I RE T N AR B R B AT R . B FI-hRSV
PEWTF 00/ BUICE Ny JE sh Aok g iE B A

By s AHR A B4, 1F Qe HAth sh 4
RRA BT U, %k 0 B 0 D 114 G 28 i I 2% T SR A
RER /N EUR ARG 3, SR, /N BRI NS 7R 5
FARJE T By PG SN 7 AR AR 2 22 570/
BROGT S22 B 422 0 19 I I ] BE 5 v A8 W R R R A ]
filhn, F3k hRSV F 8 G & [ Y 5 41 0 1 s 75 7 5
RPN SZ hRSV YL (XA A AT
B ER

— A= I REYE CD8YT 4 it 1Y A T Ak /N AR
R FEJREYE hRSV 10° pfu B | AT S8/ BUAR 842 Al
il 2L 43519 , o BRATAE Sk 41 =2 48 8] PRl S E , BAL
LR A 5 A RS £ X 5 hRSV R
(LA, (HEF4E 7 BALB/c B4 hRSV J5 , BAL
rhRRE 20 ) LA R 10912 0 BT, 453 58 /)N B
FHEE , ANTR AR /N BB AT BE 2 PEA% hRSV i 1 28 1
B B AR
2.4 FEABEMRFESHNYIEE
2.4.1 bRSV BRYL B FIR

FERSR A F2 TP F 5T 3R N 200 58 95 5 1) — AL
PIETE X IE 58 4 FRVFY, bRSV YL Y B i
ERHIAE 6 A LA i/ E, BARBERPUAR
REPR I A4 52 bRSV JER Yy (AT 2R G5 9505 19 &
o R TR SRR R LA OK O SRR T K
PR IE 2 ~ 5 d, I AR R AL 5 B 15 43 0 40 34
T W A | R PR XE R & AR, RSV B
FELFBAIE I A0 MR v 11 Y 4 A v 52 ) IR
SR BTPERG 28 | 1 K IRFE 1B 0 B A M v R
DR A LA MR S s A8 . b 20 | G
TR b 26 | s 200 L ORS00 L
e S e -

bRSV #1 hRSV 7E B A~ 5 Bl 41 1 [A] I 1 29 Ky
80% , 1 H X} hRSV H A7 R 5 M 1 2 v B bt 1 3 5
AU RSV AP, HATEES B 48 T hRSV
FEW VAR, G DNA SV | W B B8 1 Ul 2 75
PEWT AU R R LA R S50 TR A 19 K3 bRSV,
I8 5 T IR AR R W B R s ) e
W AT DAAE R hRSV i 356 28 15 I PR AT PEAG ) — 3843,
XL EBERE T 57 hRSV Al bRSV 2 [Al 45T A 2 1
FT, flhn, HZk hRSV @l &8 H FON Al M2-1 (1)
rAdV SRREEREEA | TR RN 354 IRl Be I i =
295 TG 2 iR G g, T AR 2 2R 52 4 HIRAE) RSV
IR T
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2.4.2 PVM JE&YL /N R Y

PVM 549 52 M /DN BRUIT 2 2020 1 Ol |y, 52
g /N UG PVM 3 SO 1) )™ 1 72 B2 G T
oMl i /D Bl R AAERS, BALB/c BRXT PVM %)
JE T C57BL/6 B PVM AHXHEST, /Nl (60
~600 pfu) PVM ELfi$5Fh BALB/c B, % 3% BE7E /)
BRI 348 42 i 380 ¢ v P O R O 51 R ™ Y I R R
PO R A B A A A I M AT B A R
A, JFi5 S BAL WS R b 40 BB I, B IS
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Research progress on the pathogenesis of articular cartilage in hemophilia
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[ Abstract] This review summarizes the research progress of joint cartilage pathogenesis in hemophilia patients to
further understand the unique mechanism of the development of cartilage damage to the occurrence of blood friends, and
aims to provide new ideas to repair cartilage. English language databases, such as PubMed, Web of Science,
SpringerLink, Google Scholar and Chinese language databases, such as CNKI, VIP and Wanfang, were selected. The
English search key words were hemophilic, Joint bleeding, cartilage, Pathogenesis, cytokine, immunocyte, iron,
synovitis, blood, plasma and signaling pathway. The Chinese search key words were hemophilia, joint hemorrhage,
cartilage, pathogenesis, cytokines, immune cells, iron, synovitis, blood, plasmin and signal pathway. In accordance with
the inclusion and exclusion criteria, literature with a high correlation of joint soft bone pathophysiology of hemophilia from
January 1981 to March 2022 were searched, older or repetitive literature was excluded, and 60 related articles were finally
included. and Conclusion Various cytokines, immune cells, iron ion deposition, chronic synovitis, blood, plasmin, and
signaling pathways lead to chondrocyte apoptosis, leading to hemophilia cartilage injury in which iron ion deposition is

critical for hemophiliac cartilage injury. Various influencing factors are interrelated and complex. How to regulate the
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damage of various influencing factors in articular cartilage is expected to become an important method to repair cartilage.

[ Keywords] hemophilic; hemarthrosis; cartilage; pathogenesis
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Progress in experimental research on establishment of a diabetic osteoporosis
rat model induced by streptozotocin
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of Jinzhou Medical University, Jinzhou 121001)
Corresponding author: XI Yue. E-mail;xiyue-In@ 163. com

[ Abstract]  Diabetic osteoporosis (DOP) is a chronic bone metabolic disease induced by diabetes mellitus, which
is characterized by a decreased bone mass, increased bone fragility, decreased strength, and fracture tendency. To better
explore the pathogenesis of DOP and develop treatments, it is important to establish an animal model that mimics the
pathology of human DOP. The method of establishing a DOP animal model induced by streptozotocin has the advantages of
simple operation, short time, high molding rate and relatively high stability. This article reviews animal selection, feeding,
streptozotocin application, modeling method, modeling criteria, and testing indexes to provide a basis for more in-depth
research of DOP pathogenesis.

[ Keywords] streptozotocin; diabetic osteoporosis; rat model; research advances

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

BEPRIR ( diabetes mellitus, DM) J&—FF LA LB 3 2030 4F, 5N D20 85 42, 1 4 BRVE IR i HUs
SHRFIE AR UL, R G BN AR R, BT REAR 9% X EWE KA 7. 65 [N EA B

[EE A ] INLI (1996—) , 2o AEBEAL AR A:  WFE7 1] B s FUs 11 rh 7 BE 45 4 e R 5 B 9
Email ; 952762386@ qq. com
[EEEE 1 EDL(1973—) 2, Wi Bz, AR, BT J5 1) PR B O ARE I TP Y R 45 5 1RY7 . Email :xiyue-In@ 163. com



1004 o E S0 B AR 2022 4F 11 55 30 555 7 5] Acta Lab Anim Sci Sin, November 2022, Vol. 30, No. 7

PRI . SARREDR S AFEAR L, X 26 N B9 FE T3 A i
B an, s R FET SN T 28% ), B DRI
B B AAE ( diabetic osteoporosis, DOP ) Jg& H: ™ i Jf:
RREZ— Wi PR 22 22 B D <9 AR I B 57 2 BE 136 3
B R B A T A, R AR A R R OR R
K, Oei %5 & Bl DM & BB 3T & 4 R Ak
DM & 47% ~ 62% , IS FRE (FIE Ak
) DOP Bl Hy i Bl F-4R37 97 DOP 3 24 1Y) 1 A
iE, FAT DOP @A T ik A =, 2l 27 S 4|
I 22 PRIV A e DL DAY i ok 0 R v e O £ TR 2R
( streptozotocin , STZ ) 75 5 754 R HAH X8 BL | 5 20 1)
TRk 2 5 iz A, SR, STZ BB IR 2 2 &R
F IO T 4% Bl S PR D T, ARSI AR 28 PG AR
STZ e sE Pk 4 253k A MR 451 R I sk STZ
P DOP K BRI 1) 5 1k B AH St 5 ik J ik
freiid , BRI Kl PRAH ST 58 S kit — 2D iy
HFo

1 R FE R AR

PEE R RN G Y RN R
S T B AR B i sh ), i T RS
NG i ) AR BROAH AU HL HE B T | B A 0
5, BT R R UL DOP sy #E SD A
Wistar KU ), STZ % Z MM E T30 | e
PERYIEES B 20 LU ME 1 BE 25 5 52 3] STZ 55 1 2
P, X I A 20 0 7 AR B AR, HL 3 R
B, ] A5 TR ) R R B g T M DR B, e SR
R BT AR IR AR 3 — PR 2R i ) T 4E , A g e
PESh P Z WGt fEH] % DOP BERYES 4R
JRAEAR R o3 e M 1 O B BIF 5 3 g HE B 8 R
T, B e xR BRI R — A
2~34F 78 3 A B RIMMERGA, 6 R Ik H i,
17 A LIS #EA AR, D1 BORE B B 50
FAJE (type 1 diabetic osteoporosis, TIDOP) £ & A= F
AR N T 3 AR BUHRIVERLEL, 2 BUbE
PRIA B LB A (type 2 diabetic osteoporosis, T2DOP)
BAUR RZ ] 3 Al S LA s,

e W R D W DR A DR 2R o R o O T e
AR HE | JB & 28 HC BT L/ BB i 0 A 2 45 4R
A&, S U STZ 5 T 85 T2DOP F A, g
HE R BB/ B N PE R TR 1A 7T e b o R
g MR RDRL MR LAV S DR 8 AT, 9 TE ST STZ AR Hif
WIMEsE . v Bl o I TR R AT S8 — B 7 vk S i
BHAM, AT EEA PIJE, — R 755 8 1 ) A 5%

Blt O — 52 B9 B4 3h i R R L DE R SR
A WY 2 R 10% ~ 209% 5% 10% ~ 20% i
B 1.5% ~ SDARMEEE 0. 4% ~ 1%[HfREE 60% ~
80% W KL 5% ~ 10% HAb " S —Fh k4l
fRraRE HLA 4 T 45 41505 FR 0 R R TS EE, Tid 7 B
BRRLTE  (E A% B 5, B T RP 2, 45 i R 1R kL
5 U A AN [R] , 38 % A M IR W L RE L 30% ~ 50% K
JRIKE , TR T 50% Bk et m gtk &>,
U250 g e M ) 55 A BT i) o S W PR e R B
Y B RRIE A KR M, W 5 s 1] ) 4 2 e 5 22 41K
PURREE | ILAG S % 72 B IE AR DG, R STZ F 2 7 A 5%
BT ARG R IG 107 H | sh 4 A o 3 0 M O &
(1) 2 J% I e 0 52 3 LA 0 R 1 e L AR B [, A2 i
4 ~ 12 JEAREPY,

2 STZ KK F

STZ J&—Fh ) 1EPT A 28, A o2 — P 2 A5 4
BE— RS AR | e i GLUT2 # & biss 5 8 H itk A
YU . 7E 155 & 0 R 0 JL AN AT Ak 2= ) i
W, STZ 50l A 78 sh i H LN S IR, 7E STZ
5 S HOBE R TR 2 B A 25 4 T E A A= fL AR 1k 2
0 F ANh PR ol B sk, R, STZ i
TP PRIACTR T —F G R AH GBI R TR 58
B Sl OB R ) g AL AN AR 9GO K RE Y, H
51 EWE R I ALE] S — A AL R S W AE AL R L 3k
PR il 10 ) L % M 405 TR B 3. DNA e 61k | O-
GleNA BT | & MRS A A5 R i 42 | RE
FIAH B FE 35 7 72 NAD'/ATP #E 38 0 43k BF 30 384 1)
DNA EE ML A 5 HSOb R Rt R BN
VERRVERCIR B 40 S Rz | Il 2 iR
R, 5 N Fh w7

H Al AH 56 52 560 #F 58 BT B9 STZ & i 2 R
Sigma, 2l = 98% , % T HoAlL it it | 208 5 DL K AN [+]
ri R 2l STZ X6 AR AR SR 1 LA s ) 75 BEFRAT T 32
— 5T, REAE A FR, STZ R A7 7E —20°C LA
b7 1 A FR A, S5 AT STZ FE & Y B B 0 4
AR R LA, T STZ R IR AR g,
RO AERRYE pH (BT, o e RIS S minks R
AFFEIRER G P . STZ W W AR % J5 5 min
WETEE R & IE A, I 15 ~ 20 min B TER
PR ER 5% v 43

STZ 11 45 24 3 1% 0 R 5 W PR 75 - 2 38, Tl
STZ, (1) R it FN R 3 1) 5ek R 1Ak A B8 PR o] 1 Hal ek 11 R
ARy v LIl i R ik IR R STZ g
FIR AR, Takeda %5 1 R ## ki3 41 STZ %
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A, B A0 Tay 4EUY B 5Y A PR K e
STZ HIE TR S B i et HLE B, m Aok
ol TR I 25 1 A BT B, BRI K RUBE T
RIEANEI RS, BEAh, B A 2 PR e ki 56 A
R0 KT s v 5, D0 T R 55 245 9 1 W ORI
WEEA K, SR, Skt e ARSE Y B 5T
WESE A 7 2 BCR A 22 R K, T R bk iE
SSE2 R FH SR e, R 7 ) R R A, HLR
FRIKACAN , NGy HRAE , 5 1 I 25 PR FE , AN 5 4 il ik
JEE R T RS T B R B, 2 e I
VAR EN

DR A% o ] 188 i f 5 40 L Xk STZ Rk | 5 R
AR 2HAH UM PR AR ST BT L, ST B
TE S STZ ZHi¥s R RS &, (B 2K 09 25 £ i [i]
4~24 h AREEDEOST R T AR ) T I S I WA [
AREEHE] (12.16.,20 .24 h) XFEESE 1 BB R % K R
BEASRFE0 45 3 R AR 1 20 h K USRS d5
FET- R, I EEE B A, Furman 267°% 0,
TEFESS STZ ZHi R BN ZE R 6 ~ 8 h, STZ 4525 1]
ABFEOR I B 4 M 1 R ol I 0 JHF 8 D A7 i 19 90
FE , BT BB M08 %) 5 248 Jin AN R Y
A, A SRR T 1900, o7 R 2 sh ¥ B, e n]
WL TE STZ it 48 h PN ) sl 4t 10% FERE
TR R G R L

STZ 1971 15 FH 25 245 U BSUIR: HE S50 b s 1 R 7R B
AP E R 2, 7E T SR, 3 5 40 o R BT
I 2R /DR, o R R, an— ik
PRI i 7 B STZ 60 mg/kg, W B 42451473 52 5% B 40
ffg, A5 5] T TIDOP Ay & BRI 5, F 8 A T
TI1DM PZ5H S5, /N it 22 Uk 328 1 19 5 SR AE
T 3EFEMLE] B FE 2, FIHT A EE, BE T A A A A
L TIDM f9 &I R, (HFET R AR, (H T A= FLE
TR, WA A AT /NG R B T £ STZ
35 mg/kg, F M HTEL R BUIRFE S S IR R B2 )5,
S IR B A, LR & R A AR A
REST, LT T2DOP AFRI S SR, 551 8 b R Fof
()22 AR L, FEEARHR B, v RS 275 K HAR
BRI , i R B, AT RE g iR sh st AL,
STZ B30 AR 8 4~ 44 3 90 0% K B 2R 17 Ak, DR
134 N B E R AT HE A W SBT3,

gi I, ilad STZ 753 HE ST DOP ARAITE LI 4R
A — 8 BT 58 00 1 4 TR T STZ PE T
R SBAF TR A2 T R A AR R ARt ) A A
SEHIE A H O SR AR

3 ERTTERRARE R AR TTE AR

3.1 1 BMERRERERMIEE

A4 450 S AR I (230 + 10) g (4 8 Ja i ik
SD KB, @ PR 73 1 s A2 R R A2
23 W 1 5 STZ 60 mg/kg #E 37 TIDOP 5l 4 i
A, A 72 h s, K EURF DKUY BENLIN B =
16. 7 mmol/L, I th L 2k 2 & 2 JRFEAR BT, 77 6 0%
PRIGIZ R AE 0 B s KB, iR 8 J&
JE A B KRR, WCAE IR A 0 AR 4 W R i ( alkaline
phosphatase , ALP ) 1% 77, % [k i F1 e B 2 2L 2R 470
HEEWEE  JERT IR H AU AT A 2E e . 45
IR 5 IE R 2R RRUR bb, A5 B 20 IR | 9F B i 5ROk
T B T A EE S R AIG, B A AR RO
W] 3 PO AR R GE /N, BEE B /N B, AR
[FIFREE A BT )2, B /NGRS T AR A 43 3t 2 %
1% TRIFE S 2 58 I, i3 h ALP 36 )8k B 3 BT
AT G TIDOP JMARL S W2 Wb, Tk WY
—RPE PR 5 STZ 60 me/kg 8 J& 5 Al B 34 £
T1DOP sl

ST 4 40 PR T (201 = 20) g 19 3 H &1
£ SD KRB, BRI SE 1 F, 56 1 FRZE/E 12 h
Ja , AT IR ST STZ 60 me/kg , ST BEBEAE T
JEFRIG 1/3 ALRETT R gsbE . A 72 h J5 , LLBESL
ks = 17. 6 mmol/L AN BUSARIE , 431 T B
U5 1.4.8.12.,16 JA £ FlibLZEEL 6 FOpE PR paibi U K
SRR S AHDCC Y 6 F%H R 2 R BRURR R AR A, Aoz
Febr, MIMAE A B % B (bone mineral density,
BMD) ‘HHLUE B 2= (B /NRH R B /INRE
FE B/ INGEECEE S /NGRS R ) UE SEA% 5 ¥R T DA
WG TIDOP KA 7R 4~ 8 Jil 1 it
BRAAH OC 48 F5 A8 4k B PR, o ik BUARE 3 y AR A
e,

An ZE R 8 RIS HEME SD KRR, AR B RER K
Ja XK BB I 3 B STZ 60 mg/kg IR E B R Ik HY
LRI T 2B > 11. 1 mmol/L, 7EiEST STZ
Je 3 WA I DRI e R 0 A 2 A
JiRE 2R | Ca, P YU A1 R IR M B B2 i 5b (tartrate-
resistant acid phosphatase-5b, TRACP-5b) (241 & H
fif} K FIE45 2 (osteocalein, OC) [ & BE DL K it 4tk
WEMKIYZKF o X BB 2R 7 AR AR 20 B R ZH 22 537
SRR S IEE A R BRI K BRUA R | JRes
& B o AR, L7 Ca A1 P K EFEEREES,
OC 7K Z F#AK ; A1, TRACP-5b 21 413K (il K
FRITDR R 420 M I bR %) 995 1 A S 35 3 I BB DR e K
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FU% BMD B A 5% i (BMC) i AL, BE
VLo T4 B A B 21 TRAP BFHYEANM, B /g
B FIVR B A0 AR50 i B kD IR SRS T
$t STZ )5 3 J& DOP BEARIEIA] i 57

25 b, TIDOP iRl 7 il £ 3o 72 rh il 8 AN
BB b R R R 8 T R — R Lk
i Js BAYR T S R i STZ 60 mg/ kg {51 FE IR 5 400 i
BRI vk A A AL | e i H RIE S e bl 3 & B
AT YERL AT, o] AR i T, R POKE R
W RE B E R, M Ca P LOC KF-FE
i, TRACP-5b 21 21 25 1§ K 01 LR Bt 4 it e k4
hin, ALP 1% 738 BT, TRAP FHYE4H MG 22 | Joe i i
B AU LSRG, BMD  BMC F&AIC, B4 8UE &
THEFZ B /N R B> R, 7
BRI S FR AR AR A RN B R, ROk TR
— ARG ST, TIDOP R ) S FERE A 325, 1
B id STZ 77 St 4 bl | 57 HH — & HDR PEA
BERIRREME ek SR TR R
3.2 2 BBERFERRAER

WFFE K R, = W | AR AR £ T DA 7E AS el A g
R FE A S B B B R 2 R B R R
AT S U DR SR YT A B RE S 5 AR
H/ SRR RN 32 AN RORAS, KR & STZ v] DL
P AR 45 /0 B i 5 A0 S0 R o O R B
BT STZ 175 5 W RS R R A I 2 FROBH IR
(R Hy AR 2 DX 1 U ER 2 FRORH R Al G A
HA %G ma o i, sk, 245 F
FZAERIRRGE T T2DOP , & BRUME R 9 K B 88 T8
AR S B ™ B K TR R

a4 50 e AR (200 + 24) g (OHEYE SD K
B, AR 2 e W v AR DR (109 585 L 20% FERE 2%
JEE B | 19 NEER B 67 %5l 1Dk ) MR 5 Ji 5 2R &
12 h, — W22 R ST STZ 35 mg/kg, 72 h il
FEHLIMKEE = 16.7 mmol/L G N, &M 4 JF
Je K AR B A3 AN i AR AR S A8 bR, 25 R R 5 1E
O WA LH A DR 9 4H R RRUR TR R I A i I
WA S T 5, SRR SRS 5 ol I =
ALP R R S 2 BES RIS
RIPUBSE BN R M PL.Ca,0C, [ TRZJFASHK C
A K IEH A LA 0 B B S BN
AR B I D TR BRI K, T S IR H LU
Wil % BB R W R, UL SR R AR R R 5 A
R A /NI STZ 35 mg/kg TEXERLT 4 J& Al
VI T2DOP K ERUBLAY A AL AT = b | i g
[ 5 F AT LB T, B A A A 2 IR

R R R

PR AR SRR (238 + 12)g (19 7 JAIRHENE
SD KB, AR 41 R FH =0 B v W e Rk (E AN B ) I
=4 Ji, ¥ 35 mg/kg — KM E ST STZ i &
T2DOP A1, F STZ {45 3.7.10.14 d.21 d
SRR A2 R B A W IUWE S 2 3 U A5 25 I il bR 34
= 16. 7 mmol/L, W A b PRI 1A R T . 8 J& J Bk
RIS X B A KRR B g, AR A 4l R RUE T B STZ
Jo R SR EUH S T SR L R B R R R
2R IR B S R R ; 25 IR A B B T
1o, TR RRRIRES 5 1 % 40 O S S 5 R AL 4
YIR AT WL /N B HE B Micro-CT $3 M = 4k &
A s KRR R RO /N R S R AR,
AN R TR I B RS R,
7 JEIRE e SD R B bl = Mg T Rk SR 4 i S
Bl I B R /NI STZ (35 mg/kg) , T LAy 3
37 T2DOP KA A, A S 8 JE B & 4
2 SARF L5 A LARRE DOP RS R EEST

Guo 2 A8 Bf 58 B AR £ 2 753 i HDACL/
HDAC3 {55530 3 il 2 5 F20 98 79 56 STZ 5
SR B BB AAE I, 8 AR 180 ~ 190 g,7 ~
8 JAIMSHEME SD KB, Ik 1 JE 5, 45 T8 bR 41 AN
BRI AR BRI S BRI (IR T L 45% ) 5
SRS EAP, S 4 L 4 )5, ELE 2 d IE EEES
STZ 35 mg/kg MR &, A7 2 BN R G A 780 7 5
STZ J&i , K BRAESZ I I 0 BLH s B AR 23R 07 14 14,
BRI AT AG IR A R A BRI R FE
bro (SR ALK 2 44 (nCT) VA 22 B
A R v/ NGREE AL iR T BMD B9l a4
SR STZ Ah B BRI | e 5 28 /K- 34, 4R
BALP F1 OPG T, TRACP-5b il B-CTX 7K FE-FHEs,
BMD T, FAK T H R R L SUARBUR A /NG E i
T /INGE Ay B R N2 R AR S K, 3R B vk i AR
RS i T

Yang %5V fF 58 4 D1 REFE B 2 BB PR IG5 S
) 2R SZ M B, 28 R EE (100+20) g 1Y 4 Fi#%
HEPE TOARR S PR SR A SD KRR, AR R R R 42 A2 e
FEIRIRE (BLr AR5 J8, 256 12 h 5, KRR E
4T 35 me/kg B STZ, — )5, 425 I B K =
11. 1 mmol/L B, B A B IR KR, T R4 2y
6 Ji 1697 6 JEJE WA H R B AT AL CT 4307 .95
ARG - er e (0 45 | 25 1 7R 5 1E 8 41 i A 4
KEE AR H SR TR S /N GR R /N R
FEA, B /NR B B BT

Ying 25 B s X STZ 15519 DOP KB,
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H BRI VE A, e FIARTE 180 ~ 190 g AYMEME Wistar
FRR PR R 1R AR 4 R UM v v A e
(JENiEE 45% )4 J& , R EUE IS 4F STZ 35 me/kg 14
i ESE 2 d, HESr 2 BUBE PRI . 72 h 5 DU B
HLIHE , & F 16. 7 mmol/L M R R AT o 38 5 il
G 47 # BRI e R iayr 12 B, Rk
T ik B | B AR K SEAE 16,7 mmol/L LA F
9525 12 JEE VA L A T8 b | B skt # A4l
ZUEARE S5 R BE PR AL R BRI EE R R I
TIE , BMD F %, i ALP F1 OC B @ F&AK, B /gt
PRBU I B E R R BE Y AIK T X IR AL, 465 A A5 A 45
BORE /NGERI R = T IR 4], SRR - e (a
TR /INRBT, BRI D, Wang %Y FEBF 5T
K REEXF STZ B8R B DOP (45 3 8 i iR B
TR RSB G KRR S Fh AR o
REAAELAE 7 L | STZ 3 S5 15 PR % 5[] | STZ 1 77) £
TS UE BRI | A A (1] S 38—

Lu %51 & Fi A H 180 ~ 230 g (HENE SD K
B, PR 1 AR 2 S BRIRRE(37% keal IR
15 . 46% keal kKAL) 17% keal B FLAN 4. 40
keal/g &) MEFE 4 J8 )5 W s 1 5 35 me/kg IR
STZ 155 T2DM, STZ {F4F 72 h J5, 288 8 h, W
BRI LI S B R A S R R R, DR
50% 7% B8 K W UG , HEAT 100 A 2 AR T R 50
(OGTT) , MG MAEH L 11. 1 mmol/L Ak IR Jis #
RIGERR T, 8 JEUG K A BB e B 0 i
S — M, 45 R, 5 IE W 4L e E, R
I R B M T SR L RS AP, (K EE  BMD
BMC .0C & ALP g 3 F#AK, 25 I I 4% . TRACP-
Sh MIREIRSEN T o, AN A 2 -6 LUK s 400 e
FE 40 M B /3 B AR B A SR
B /NRECR N /NG5y B R NS A B R e
B, UE B vk i ARORE PR e R B B AR
P B () R

I P12 g FIA R (180 + 20) g 1Y Wistar Bl
N PERESE 7 d 5 BV T i e AR R (20%
B ,2. 5% A [ BE, 10% 3590, 1% 0 R B, 66. 5% S A
R SR, 10 G, REZEEAZEK 12 h, BRI
Fie 20 mg/kg REIE ST ST 1% STZ Frig iR S vl
ST STZ 7 d 5, B kBRI 2 1 Ifw% , 355 i oa
= 12 mmol/L HIMTE 5 F 46545 (1GF-1  TRAP) 5
1E R IR 2 A B e At 3 S 22 i R R
S DOP BRI KRR, 12 JiJ5 , S5 X R4 e, B AU 4
K2 M B AUC F+ 75, i3 OC | IGF-1, OPG/

RANKL 7518 0 2 FE K, ALP \TRAP & i 35,
Micro-CT 7~ A Bz Jo i T AR Lb | B o i TR 3 /)
PR W R, B A T R B i B
TR | PP AT R 5 R Y R TRAOKG
— AT Yot R 4 KBRSk A B /N S R 2
BiL RN BT PATR, 1B TR R

VFEEFEZEPY Zhang %55 7836 F Wit & NF-kB
15 58 AT AN B f BAL I 13 X DOP K SRUVE FH AL
I e R A E 210 ~ 260 g A9 3 A #% SPF i1
Wistar K5, @M PEME SR 1 A5, BEVLE 10 JAE
RAEFRT HRAL S5 TR R RMA IR . 4 45 RS
T e b R AR (R BLEDRE I 209 R L 15%
BEI 2. S%AHEEE 1. 0% IREREE ) ME 3% 8 i, 25

NESK 12 h )5, A2 T IEE YT STZ 30 mg/kg FE5T,
M8 IS STZ 1 B EBUR ML, LM BHE = 7. 8 mmol/
L A T 5 AR 2 BN PR AR o . B IR
96 A BRURAR. I 5 T R B 21 K B 4k 82 3 3 A £ R
7720 JE SR AAURE X 2682 B 06 1E X B2 K
AT 2 BUBE PRI 12 Wibs o 10 K SR BMD iE47
WE . BUE 28 B /N 1E 7 % IR 2H K B2 BMD2. 5
AFRUEZEAIE A T2DOP RISt 12 J& A R
FHIILA: P o3 B A e RURE X 26 H 3 13 0] 2 {SUAG: 1
BRo 28558 T /RAE AR 2 K RS IR U B 5 3 P ALP
KT Ca TC2E 57, S RICPUHE o, B 3 it
BMD %,

Zi b PR BB E R IR KB I G STZ
N7 T2DOP R ARVET | = b = B 4R R 7 i B 7 e
(40% ~ 60% ) LB H VR & A FERE S STZ 2
I o I TRk R RS2 st 8] (4 ~ 10 J]) |, STZ B9 57
SR ZUE, R IR I W R e T B R ISR A
WA PR EAFAE 255 STZ i 23 35 mg/kg, /N
SR 2 R PR AR o A IR
KV, Z R B2 RAER, B 2 N ES STZ J5
3dak7 dasEimpE= 11. 1 mmol/L g FfiAL I 4 =
16. 7 mmol/ L, AR 5 PF-H b IR s B T i A A 7R g
PRy A AR M RS & OGTT K, B A,
(ALP .BALP ,0C ,OPG) Fl‘& W & ( TRACP . B-CTX)
i Sl R F = ) N E T E a7/ DA oY S

Bhm (B KAy SR S i 5 R ) B R
HIRBIES BHLESITE#S (B RE/ Y4
SUARTL B /NGERE R oy R A5 A AR B0
&, RIS 1 BB T AR A LA A
FEH R X 51 Ry STZ 1) 45 24 75 5 LA I v 5 STZ
ZHE AR E R R, BARWE 1,
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Table 1 Experimental study on establishment of diabetic osteoporosis rat model induced by streptozotocin

B HL R g
) gy PR DM LB DOP IR 3L
Type Animal high—fugar diet STZ Molding standard of DM Modeling time and index selection of DOP
: g FRIEEE SERGERZEN 720 8
% SD K,8 R T I § ~ . .
AN o DHLIETER, i > 16.7 mmol/Le & I BB AT Bt
LB 10yg T o A e h Z SRR WG Ty ol P
(45] & . g'e 72 h after STZ injection, random 8 weeks
Type 1'**) Female SD rats, 0 week intraperitoneal .
’ g K 1d et ¢ 60 blood glucose = 16.7 mmol/L + Blood glucose, water intake, food
(23gej : 0)0 ’ 1nJeci(10n © symptoms of polydipsia, polyphagia, intake, body weight, ALP activity,
- & me/ke and polyuria histopathology of pancreas and femur
. o 4 ~8JH
Itk SD KL, 3 YR M 5 ™ ™ .
’ ) W B LU A
AR, (201 = 60mg/ky  RERGEETES 72 b mpepLngy R RALSUE S5 A
e 20)g 0 J& A single = 17. 6 mmol/L S CR/NRITRL R JOA RO
Type 11461 Male SD rats, 3 0 week intraperitoneal 72 h after STZ injection, blood 4];{, ;Sx;zeeks bod ioht. BMD. b
months old, injection of 60  glucose = 17.6 mmol/L  00C g1ue0se, bacy Welgh, s one
(201 = 20) o/k histomorphometry ( trabecular bone area,
- J me ke thickness, number and separation )
3 JH
RAINE R R A B YU A TR LT
AU IFE 1 5 PRI 5b AHEUHE F i K B85 3% B4
HEPE SD KB, 8 60 mg/kg WEEIR (AT B YR
1 ﬁg[w] JR% 0 JA A single 23 I > 11. 1 mmol/L R B LS
Type 10477 Male SD rats, 8 0 week intraperitoneal Fasting blood glucose>11. 1 mmol/L 3 weeks
weeks old injection of 60 Glucose, insulin, Ca, P, TRACP-5b,
mg/kg cathepsin K, OC, deoxypyridinoline,
body weight, bone weight, BMD, BMC,
bone histological analysis
41
PR R P = S IR S
o N A 2R IS L I L e R
Ve < 9 B N N N N
‘ RUREEA BE5E 1WA C Ak,
HEPE SD KR, 35 mg/kg BENRAC R ZETE S 72 b BEML B B R ’
20T (200 + 24) g SJE,— A single >16.7 mmol/L J,'X](,Xﬁ -
Type 2[50] Male SD rats, 5 weeks,— intraperitoneal 72 h after STZ injection, random Bvx;ee b'ght holesterol . triacvlelveerol
(200 £ 24) ¢ injection of 35  blood glucose = 16.7 mmol/L 00y WOLEHE, GHOTCSISol, Macy gyeero’,
o/k fasting blood glucose, fasting insulin,
me ke blood Ca, P, ALP, OC, type I collagen
cross-linked C-terminal peptide, BMD,
femoral pathology
4 ~ 84
- . BEMRAHRIEAG 3 d,7 d,10d,  Poki R R AE 5
It SD KR, 7 YN s 1 31 PN o e W 1 o Py R 2 ¢ L R
RS v BRI a0 e 3 Y IR = W BT WL
2 75t ]2)0’ 4 J&,— A single 16.7 mmol/L, "
[s1] °© ’ . R 3d, 7d, 10d, 14 d, 21 d after 4 ~ 8 weeks
Type 2" Male SD rats, 4 weeks,— intraperitoneal e . . . .
L . STZ injection, fasting blood glucose =~ Water intake, food intake, urine output,
7 weeks old, injection of 35 . . .
(238 + 12) o/k = 16.7 mmol/L for 3 consecutive body weight, fasting blood glucose,
- & e times histopathology of pancreas and femur,
femoral imaging
14 J&
MURE B 2 MR S e
. TR, B R R PO A R R M BRI
" H222 d g ) e v e s e
HEHE SD K, 7 T B 5 | RIS SESRIK p HEIRTE A1,
-8 JAH, 180~ 4 J, 459 fg 00 M BRI B AL UARL BN
21 190, Bt iperioneal S R B 2
Type 20521 Male SD rats, 7 4 weeks, fat jee 14 weeks

~ 8 weeks old,
180~190 ¢

ratio 45%

mg/kg for two
consecutive

days

Blood glucose, insulin, body weight,
BALP, OPG, TRACP-5b, B-CTX,
BMD, bone volume/tissue volume,
trabecular number, trabecular separation
and trabecular structural model index
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&Rl
foho £
s ity WEIOE pmpnn DM ALBEHR e DOP IR R L
Type Animal 8 . STZ Molding standard of DM Modeling time and index selection of DOP
high-sugar diet
6 JH
JEEIEE SUAR T AR
et SD KRB, 4 BRI 5 B /NS JERE A3 S BE R4
Ji W, (100 = 35 mg/kg FERRVCTRER AT | RS, 2 IR b MR R AL
2 #4053 20)g 508, — A single =11.1 mmol/L 6 weeks
Type 2[53]  Male SD rats, 4 5 weeks,— intraperitoneal One week after STZ injection, fasting  Tibial pathology, imaging analysis of
weeks old, (100 injection of 35  blood glucose =11.1 mmol/L bone volume/tissue volume, trabecular
+20) g mg/kg number, trabecular thickness, trabecular
separation, trabecular structural model
index
) 12 JA
L2 d g .
A 35 ﬁig (AR 1L BMD I35 ALP AR5 %
o yisi-sss MERE Wistar K 4 i a5 llg |7 R O BERGEHR S 72 h BEALILES BTSRRI T MR
T R,180~190 g Tljlk s 16.7 mmol/L 12 weeks
[)15555] Female ~ Wistar 4 weeks, fat mjge/cklonf © ) 72 h after STZ injection, random Body weight, blood glucose, BMD,
2 rats, 180~190 g  ratio 45% merke 1o WO Hood glucose =16.7 mmol/L serum ALP and osteocalcin, femoral
consecutive . . . .
d imaging  pathological  analysis  of
ays trabecular bone
8 Ji
MU R AW e PR R R
BRI i a =N N R
E’M@@eﬁxﬁi SIER T /N R AR
BAY IS I i 5 VSRR /NGB | 43 25 BE A
Mt SD KB, 4 F,37% T 35 mg/kg BEMRA PR TS 72 h SIS = S5 RIAE AL
2 #1560 180~230 ¢ SN A single 11. 1 mmol/L 8 weeks
Type 2[%6] Male SD rats, 4 weeks,37% intraperitoneal 72 h after STZ injection, fasting Blood glucose, OGTT, insulin, body
180~230 g kcal fat injection of 35  blood glucose = 11. 1 mmol/L weight, BMD, BMC, serum osteocalcin
mg/kg and bone ALP, inflammatory factors,
trabecular bone volume/tissue volume,
trabecular number, trabecular
separation, trabecular structural model
index
12 J#
. i o . ; M 24 I il 2 AN
R AR 7 oy o LR E B R
v 20y ~ E-SIN B N
PREEES = 12 mmol/L, IGF-1, TRAP ‘ﬁxf o i L '
. >, o /BT B KT (LT RN B
Wistar K I, 20 mg/kg BREAK B LE A i g2 Ve ARG T s L g
[20] oo . TR Tt AL A T2 T P ol TR B 4
2/ (180 £ 20)g 10 Ji, A single Seven days after STZ 1n]ect10n, s
01 v ) e » GUBRSE LW 12
Type 2201 Wistar rats, 10 weeks,— intraperitoneal fasting blood glucose =12 mmol/L,
R R . 12 weeks
(180 £ 20)g injection of 20  compared with control rats, IGF-1 =
o/k and TRAP have sienificant statistical Fasting blood glucose, AUC, serum OC,
mee a ave signiicant SalsUeal - yop |, OPG/RANKL, ALP, TRAP,
differences . L . .
bone tissue imaging, biomechanics,
pathology
FEMRAET RIS 7 d R A =7. 8
mmol/L AR R AT, 4k 2
SERETR SR 20 J, WL T
TP Wistar K BAYC I I i 5 %XTHﬁQﬂj(ﬁ%Zﬂm* 2.5 12/
2 g0y (21-57] ,3 H %, 210 30 mg/kg AhRifERE KBRS I L B 3R TR
T ~260¢g 8 i, — A single After 7 days of STZ injection, blood  [iff &5, il & RACHTIGEL, % &
?2:7 ] Male Wistar 8 weeks,— intraperitoneal glucose was = 7.8 mmol/L and 12 weeks
2 rats, 3 months injection of 30  accompanied by insulin resistance.  Fasting blood glucose, insulin, P, ALP,

old, 210 ~ 260 ¢

mg/kg

After 20 weeks of mnormal diet
feeding, the BMD was less than the
average BMD of the normal control
group by 2.5 standard deviations.

Ca, insulin resistance index, BMD

TE:— R EEAR ],

Note. —.

Fat ratio unknown.
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DL b S I 5T T84 IE 32, STZ i S 857 DOP
KB 7 i 5 R B PRI, AR 8, 2 A RS
Yo B Ak A K e B v B iDL TC L B D7 e R
FRIF[A], STZ 1Y 5t 8L, 2l B A AR i) 7 =X 45 2538
7R B AR S AR ARt
B K 55 AR 22 DR 38 88 DD AH G, IR 7 | A6 DN 48 A
ZRE RIRHIL A S A B [ B ok g —
ARG AR DOP ALY [0 #2501 R AR v
I, TERATARIE I B 1Y S50 BR l if 7 50 56
KA F A5, FE LI it By A BOR  FLYE
1, N RS2 e SE g 45 58, ek, oA 7 i
TR AE AE B 4 2 B AR | T s A A R A A
1%, ANBEAR TR Y 30 Dt L $H 0ok R R0 2 o B ) 45 =y
B, DRIk o o i S R AT 0 1 i 6% 40T 5 o S 4
DOP 1 &S 1L it A%, Piplm) 22 56 P AR BE IR 22 1
RS U1 R DOP [ B IG T 7T B A LA
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