TN H L E ES

Shiyan Dongwu Yu Bijiao Yixue

WHT 198159 BelF £43%F F2H (25 198H) 2023 48 25 HiihR
® e H &
= B . _
JRE PN AR REIEER
o PRIIEED WKDR™ NIAE T Ragg 1 S A AU B S D B
(LAY SR EY:) HERRE FfE:AVA
= NEF, R F. & B AR, REA, W, BT,
MiITER TE B K weveeereeeireeete ettt et e 103
M SRR A B NS R RS BB
(S ISLLIRBE) Gl DR, B A W B, BEE, AR, K e 112
oy R 2 L 22 M SR AP R S
FH1: 021-50793657 2, B, Bk, T B, FHHIE, T ceeeeeeeeeeeenns 124

E-mail: bjb50793657@163.com
UAE: http://www.slarc.org.cn/dwyx
mEMRIA
skRE
EN
R E R SSEIRIE PR A ]
k 13
BRI TR
CHE: FNAFFRIT
MR AR 4-789
z &
(SEEREY S HUES:) Gt
201203, LifrhiERE 35775
Hi1: 021-50793657
BaRA: EER
=)
£31730.00 7T, 224 180.00 7T
PEREEEZLIRYS
ISSN 1674-5817
CN 31-1954/Q
hR 1% 7= BF
ARFNFFBERBUA T, 8 CC BY-
NC-ND 4.0 H}8o 2023 FERRAN(SE
Yo SR ) ARl R A o

T MR TIRA , BIHN JRER 3 R
(ELFRHARBRTE B MBI REE) %2
TAF AEEEIBERRIN A,

BRARFR 1ML, AR TF H B9 A SRR
RERATIG T2 T E I HALEIH AT

B F AR A BT N ARIA R ZE T FiE
B, R, HPE, ¥ OR, KMk, ¥ F, 4%,

Ak, AU eoeereeeermmmi 136
TR ZE AL R TR

03, HER, PG, T EIR 145
B I e

FFIE, 3 4, A5 Ko 156
B IE IR AT A A B AL OB S

ok, BRER, PIEIE, F T 163

NI TR SR R o i
ZRR, F M, kOB, IXE, RAE, E 0, AER 173
R IR 20 A\ 5 SEIGsh Pt R st 7R i

TABR, FHRI, ARFREZ ceoeeeerreeerim 180
fikrea LR ZRAE AR 1 SRABLPIAS Pl 7R 22V BRAE O A AP FH AT
it e
e 2o 2 186

El5h eI s FHR i R
HARSEEG B A PR T3

O OWR, BHH, Thre, T OB, B B 194



LT REEH
AT X LG N R A U FE R TIB 1A
X HW, BEIFE, AR, TRE, FRAM oo 205
IEREZMRSRESNE
(EhIRRSE . TRINSEEGHRE) BN ARRIVE 2.04SE FOfRRAIRIAR (—)

I o4l F A BEK, HEL, S B & B, KT, FhK. & # F A BB F e 213
LR SR EZR SR EN
e = gy A M L = ] PP PP PP PP PP PP PPPPS 225
BTN ERI R AFSTIETIIIIER «oveeeveeeeenennoiiiiiiiiii e s s s s s s esss 227
ZE-FE-RE
(B FY) 5 IR TR 22 YA L R RHE TS TS wovereererresseeeesestet ettt it 8
(BB 5 HUERER 27) 565 3 Ji (2020—2022 4F ) L5 TE SCHRBEAL FL voververmrvnsmnismnisisisinninns ESWEN/ WIVEECT
LB sh 5 e 22 Ye 3 Ji (2022 AF ) TS B R AR B A4 AL e, 135
(RIS B BE 22 ) i I SCAR MR AT FE coovverereeeeee e 172
LIS EN S L ZE 2 2023 AR LT R T weveverreeerermmmmmnntitttiiiii ettt e 185
(LR )5 HT B YA N E GRS A5 BRI R UEIH cveeveereeeereese et 193
(BTN 5 LS EE 2R Y RS T HH «eeeeeeermmmmmmiiiiiiit it 204
(LB 5 LA BE ) SIS AE RS RN ZS T ceeeeeeermmmmmmmmiiiiiiiii e 212
(RIS BhY 5 A B 22 ) 2023 AT A R o e vvvveveseeeerrmmmmm i Jodd 1

S R PR PPN B BiE 1~7, 546 2~6, 3 =, HE

HAFIELARZEL: CN 31-1954/Q*1981%b* K 16%126%zh*P* ¥ 30.00%2000%13* 2023-04
(BT IE TR, ASTIE FH FAR LG 75 IEFER 2241 )7 1E 2552 2 pro global 2251\ JT IE4: % £:41] J5 1E Capitolium Z251))

FHRSEREZE  URA

FHERER RS #HRL BBIA fWists Bt = R SR
O F O FEZE S & ERR ERT OB B W
= 8 ghsEt RET m BR sk & 5k B ®IWE PRISE
PREA] AR TEsr 2= £ EFE £ # REER HAEHE
" % #t B sk ROk A

FHRERE KRE TTH

FHASEHR  EER

o
B

FHBBER  Eitte MER O ORT 7 R
FHRELIRmR  wh FER # m EmL sk o BFEHOA B A &
AR WEE £ # EHE RER



LABORATORY ANIMAL AND
COMPARATIVE MEDICINE

Bimonthly

Established in September, 1981

Volume 43, Issue 2 April 25,2023

Directed by
Shanghai Academy of Science and
Technology
Sponsored by
Shanghai Laboratory Animal Science
Association
Shanghai Laboratory Animal Research
Center
Edited by
Editorial Board of Laboratory Animal
and Comparative Medicine
Editor-in-Chief
WANG Jian
Executive Editor-in-Chief
WU Baojin
Published by
Editorial Office of Laboratory Animal
and Comparative Medicine
3577 Jinke Road, Pudong District,
Shanghai 201203, China
Tel: 0086-21-50793657
E-mail: bjb50793657@163.com
http:/[www.slarc.org.cn/dwyx
Managing Editor
ZHANG Junyan
Printed by
Shanghai Newcabo Business Printing
Co., Ltd.
Distributed by
Shanghai Postal Bureau of Press Issuing
Postal code: 4-789
Price
RMB 30.00 per issue
CSSN
ISSN 1674-5817
CN 31-1954/Q_
Copyright© 2023 by the Editorial
Office of Laboratory Animal
and Comparative Medicine.

This is an open access journal under
CCBY-NC-ND 4.0 license.

All articles published represent the opinions of
the authors, and do not reflect the official
policy of the Editorial Board of Laboratory
Animal and Comparative Medicine, unless
this is clearly specified.

Executive Editors for This Issue
ZHANG Junyan, DAI Jiejie

CONTENTS IN BRIEF

Animal Models of Human Diseases

Establishment of hKDR** Humanized and Ragl™ Gene Knockout Double Genetically
Modified Mouse Model
LIU Susu, WU Yong, CAO Yuan, ZHAO Haoyang, ZHAI Shijie, SUN Xiaowei, LI Linli,
FAN Changfa .............................................................................................. 104
Comparative Study on Different Recovery Periods of the Spermatogenic Dysfunction
Mouse Model Induced by Cyclophosphamide
MA Jingwei, LI Gen, YANG Yang, ZANG Caixia, BAO Xiuqi, ZHANG Dan --+++++++++ 112
Physiological Indexes and Histopathology Analysis of Sodium lodate-Induced Retinitis
Pigmentosa in Rats
TAN Ying, LIAO Wenping, GAO Qilong, LI Yong, SHI Xinhui, WANG Jingkun ------- 125
Establishment of Ischemia-Reperfusion Model in Cynomolgus Macaques and Effects of
Edaravone Intervention
PAN Mengxian, HUANG Xiaojiao, HUANG Zhongli, SHEN Guo, ZHANG Pengfei,

ZENG Yong, LI Wenfeng, ZHOU Huabo, WEI ZhUmei-««++++sseesseesseessesiuineanneenne. 136
Overview of Studies in Animal Models of Schizophrenia

HU Ling, HU Zhibin, HU Yunging, DING YUQang ««+«+++++sssseesseesseesusssusnsnannnans 145
Advances in Animal Aging Models

YIN Danyang, HU Yi, SHI Rengfei --++-seseeeeeseesmmiiiniiiiiiiiiiii 156
Recent Advances of Animal Models of Renal Interstitial Fibrosis

LAI Can, LI Lele, HU Tala, MENG Yan ««««ceeeeeessveeeeeeinnuiiiiniiii, 163

Research Progress of Animal Models of Stress Cardiomyopathy
WU Haosheng, SU Hang, ZHU Chao, WANG Wenhui, WU Shengbing, CUI Shuai,
ZHOU Meiqi .............................................................................................. 173
Research Progress on Influenza A Virus and Nervous System Disease of Human and
Experimental Animals
DING Xiangrong, HUO Shurui, DAI Jig]ig««-+++sssseseeeursesesemsimsiiniiiiiiniiiieins 180
Research Progress on Neuroprotective Effects and Mechanism of Glucagon-like
Peptide 1 Analogues in Alzheimer's Disease
MEI Chenghan, CHEN Beibei ........................................................................ 186

Progress in Experimental Animals Abroad
Analysis on the Development Status of Laboratory Animals in Japan
GOU Huan, AN Xinying, TONG Yujia, WANG Yan, YANG Shuang :+««««««seseeeeeeeeeees 194

Quality Control of Laboratory Animals
Prevalence of Mouse Norovirus in Experimental Mice in Beijing
LIU Fangni, LU Junping, KE Yuehua, WANG Changjun, GUO Jinpeng «««««--«=+++ 205

Guidelines for Comparative Medical Research and Reporting
Explanation and Elaboration for the ARRIVE Guidelines 2.0—Reporting Animal
Research and In Vivo Experiments (1)
WANG Jian, LU Jin, MA Zhengwen, CHEN Guoyuan, LU Xiao, BAI Yu, LIU Xiaoyu,
LU Xuancheng, GAO Jing, LI Yao, Pang Wanyong «-«««--«+ssssssseessueessuesscurannians 213



N - . IS/ V23 N . a < 7
(Lszdy bt & F) 43420202022 F ) FhXH %4 %
§5¢mﬁ%ﬂzﬁ% B0 1 TR IR S AR R B R IR A 55 1 B
EE, SR, B A
(o s B B B 0 ML R, o o SRR B L B 5 s 7 5 TG R T 4 R BB 2 k2%
| BiE T i 7 PR R TR B A 3R L ) 3t
HLER B B, FEME, B IEF
SRk R M R R B R R
Zi RS 8 77 =M & SD K R & IR Rfik i 2 i L B
WE,EEH WA
(FERFEFREMELH)
ﬁﬁs‘é BB BB 4 e dm AN R B R K
HDIE, OO, TRENE , 28, BB R, RAE, B EUE
(BEFEXSEMESRERNNLHUTE  ERHERERELHRBELRA I H.0)
PSR BRI/ BR AR AR 00 . B A BRI v B PR
MR R R, SR
(LIRS L)
§‘f§‘l¢%§i‘ﬁﬂ?ﬁﬁ1%%‘5k RNk S PR R REE L
BREFIE, U, EE M, EE S
§<mﬁ|§ﬂjc%ww5ﬁ%mwmz S WITTEER K 55— BRI 5 f AR R
g%%?ﬁ:iﬂ‘ SLIGM: B B g i BUIR AR 48 A R Th1/Th2 40 B -4 % A 52 18 5 B B TR
i, BIE, B8
BRI 25245 PV B - 4 T eV — 7 B P 439 B 1 T o P 5 4 B P 43 U S 95
BB BRI R R AR LR R R
AR, BE DR, B, S 2R
LU B kLR E B R E 2 kBB
| R OBUNION B /R X v BRRE A R K FRLIA 0 T BB B RS I PISK/AKt 18 2% B 3% M)
CEBTR MONR, B, R, B
GEEERE RS — R ERG S, BEEL RS — R EREMERE)
PR ZE B /N PR FL IR 48 K BRAREY 32 ST AR
A, BB, XIS, A, B, W R R, EER
LR R E SR AR T E B AR
E*ﬁ#ﬂz%ﬁ%ﬁtd\ SRURF BB BT AR LA EY B AR 3R
ERK K EWHRYE RS BEE, ETH
LR E R SR s LR S — BBk S (R4S B RhE B0 SRS 2 /L AR SR B )
LN TR o 2R 5 PR A 3 DR R SRR S R R T R L
SRS, T
(R BRI EE SRR 5T R A 2 S S | SRR I BB 50 05 R A 25 0R 2 RS B, MR EL IR 8 B0 R B L B R )
§’#§’m SEES B2 B P R ER 2540 i 5
AR, T RE, RS, FWA, BRCE ILE
GETES AR HRRLKEDWESS: LEZRAMBT L HBAYKETBER)
{CNAS KBS I A AT 5 AAALAC IAE B FL B S 1
REW,HAERTE,AE, FE, TR, Dk
| ORI EEEIATT 0 R ENAEIA T2 FE R AT MRS P ORI RISTT  SRBIE LR AIRA R I SSIAH ISR BRI L)
jt AR BRI R RS 5 R A S E L
RS, EE, R RR, R, REE
| CREVRHEBES TR S SR AT LK AT & i EHAEH R0 KR H.0)
N RSB TR T A0 T8 B i IR RR R PR R R B 5 P L PR
FEH
g(mmﬁgéﬁmmmlzm@ﬁ;ﬁ@ém%;mmﬁgéﬁmaﬁsmalzmmw
AEFEEL K RIB M AEEMEFREE B LR R
RO, X%, BT, R, s
LU MRk B 45— R, P B E R A I, TN B R RSB
3B B T A0TE B R IT B A B U BRI IR AL R S 5 R R AR
SETRAE BRI, X R, B R TFIE, BB (mroEk s RER Med XFISTREA S ER B, R B S — IR ER R S
SR TR s B S — MR B L % SANR BRI L PRS0 B A B0 TSSO B A S — TR BB ATARSNAD)
SHERERIESSEH I EM K RERK KRR B E
CEA,EEY EEE, B, S, Bk
R E R IR R A AT RS s b BE 2 K 2 R Je A B I vk BESM BB 42 )
Z: [ B2 APP/PS1 AR /) BRI BRR IR AN S SR ML & = &R FH/ER
SXERR, XUSIAN, 5=, B A, i, 148, 28
(o E ek R B B, o o B R B AR ST o o B RN RS2 s ek 25 K% s A o BE TR R s RO ROA %)




Apr. 2023, 43(2) TSI ES Laboratory Animal and Comparative Medicine 103

DOI:10.12300/j.issn.1674-5817.2022.154 - ASEEEmahipiRE -

Animal Models of Human Diseases

EEK, Wt AR, LA, FEAERSSRAEH A EERS MR E £, 4
T Z R B A E M AR BT &, T 23K E A N IEALE S BAER hACE2KI,
B ST B AL KLC57-ras V2.0 S8R M/ BUBLEL, 3F )02 A T 4% B 37 7 0% A R R
25 W R AT BB TR . R R W X100 &k, 4% Science (245 ). Nature. Cell Host &
Microbe. STTT (3% ). NSR. EMI (3% ). Cancer Science. Cell Research. Virus (27%5).
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R, R B, WO, RN, R, ek, FHE, BB
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HEE] B BUEENSERREREFZR (vascular endothelial growth factor receptor, VEGFR) AJR{/N
B (hKDR") ZEMARRBR/NBEIMBMBRNE N, BXpeTiSSHMBAEBEREREN . AJIFMN 3 VEGFREE
SEYINIEERNEER, BiE BEARIET hKDRT BN /INEEBTM £ I VEGFREE SHL AR IE MR A
i%, [EARA CRISPR/CasO I RMWEEHHEFEER 1 (recombination activating gene 1, Ragl) 2%f&AJ C57BL/6N
N (R B Ragl” IR ) o REN Ragl" /NE 5 hKDR INE R B, THIEKENERGS . WL =EREEIGH
hKDR"|Ragl" IN&.o BRIGFE hKDR". Ragl”. hKDR™/Ragl”#1C57BL/6N /NG £ MiH 7~ 2 /)\ B8, o 2 S 5 B e 4 B
ENENMBERER. £R X VEGFRESRITITAT hKDRT /NEARFRIL LB ENRREEE, S5PBS
ERELL, MEERIRBERN (P<0.01), MBREBEEFE (P<0.05). Ragl™/N&R. hKDR"/Ragl™/NEAISME M B
MBI TAIREEIBE R (P<0.05, P<0.001). C57BL/6/NFEIRAIMCISMIBIEF7dfE, 7 hKDR"/Ragl”.
Ragl™. C57BL/6N #1 hKDR" IU£E /N AR N3 A] IR 4 < . BALB/c/NESRIERI CT26 HfBIEM10d fE, XNTE
hKDR"*/Rag\" %1 Rag" /NG AA R MBI B £ <, 7£ C57BL/6N K hKDR INB Rk M EE K ; EME3IFE,
hKDR"* |Rag" NG BI R IBRFRBE B KT Ragl” /NG (P<0.01). Ki8 KB 7T Ragl EREMG/NE, FHiFt—E ik
S B hKDR"Rag1 B R B R EIM/NFRIBEL; Ragl ERRER, FEKRENERRENMBABEEZNE. X
R LB BRIE hKDR MBI INBE I REREEN, EEki KiZER/NRENINERERITEE, wiE2HM
A F3 FIF VEGFR EE SR 25 0 T R/ ERAB B O[O
[% 23] hKDR" NBIENE; Ragl"BEBING; VEGFRIES; Hifk; ME PSSt
[PES#S] Q95-33; R-332 [W#kiFEMBIA [XE4S]1674-5817(2023)02-0103-09
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Establishment of hKDR'* Humanized and Ragl’ Gene Knockout Double
Genetically Modified Mouse Model

LIU Susu, WU Yong, CAO Yuan, ZHAO Haoyang, ZHAI Shijie, SUN Xiaowei, LI Linli, FAN Changfa
(Institute for Laboratory Animal Resources, National Institutes for Food and Drug Control; National Rodent

Laboratory Animal Resources Center, Beijing 102629, China)
Correspondence to: FAN Changfa (ORCID: 0000-0001-5556-2025), E-mail: fancf@nifdc.org.cn

[ABSTRACT] Objective Through improving the potential of vascular endothelial growth factor receptor
(VEGFR)-humanized mouse model (hKDR*) with C57BL/6N background to allow the growth of different
mouse tumor cell lines, to establish novel tumor-bearing mouse models which can support in vivo
tumorigenesis of different mouse tumor cell lines and be used to evaluate drugs targeting VEGFR. Methods
Firstly, a method to evaluate the in vivo activity of antibody targeting VEGFR based on the hKDR'’
humanized mouse model was established. Recombinant activating gene 1 (Ragl) knockout mice (Ragl”)
were established using CRISPR/Cas9 technology. Then these Ragl” mice were crossed with hKDR”* mice
to get a double gene modified homozygous hKDR'*/Ragl” mouse model by screening. Finally, tumor cell
lines derived from different mouse strains were tested on the double gene-modified mouse model to
compare the differences in tumor growth. Results Antibodies designed for VEGFR showed significant
anti-tumor activity in hKKDR"* mice, which significantly reduced tumor volume and weight compared with
the PBS group (P<0.01, P<0.05). The number of B cells and T cells in the peripheral blood of Ragl” mice and
hKDR'*/Ragl” mice decreased (P<0.05, P<0.001). Tumors were observed in hKDR*/Ragl”, Ragl”, wild-type,
and hKDR'* mice after 7 d of inoculation of MC38 cells derived from C57BL/6 mice. Tumors were only
observed in groups of hKDR"*/Ragl™ and Ragl” mice, but not in the wild-type and hKDR** mice after 10 d of
inoculation with CT26 cells derived from BALB/c mice. After 3 weeks of inoculation, the tumor volume of
hKDR'*/Ragl” mice was significantly larger than that of Ragl” mice (P<0.01). Conclusion Ragl knockout
mice were obtained and a novel hKDR"*/Ragl” double genes modified mouse model was further screened.
The tumor cell lines from different mouse strain origins were more prone to growth in mice with Ragl gene
deficiency. The results suggest that the reduced immune response of hKDR"* humanized mice will improve
the capacity of supporting the growth of mouse tumor lines in the model. As a result, more tumor-bearing
mouse models may be constructed for the evaluation of drugs targeting VEGFR in this way.

[Key words] hKDR'"* humanized mice; Ragl” knockout mice; VEGFR target; Antibodies; Tumor
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Mo 2%/ NEARL 2 FR R C57BL/6-KDR™ A0 /NTFDC,
PR RKDR™ ANJRAL/INER o 24578 5% F CRISPR/Cas9 ££
DRl 4t R RKs RKDR BRI 2R s X BB 3 M2
4~7, AR mhdr R IMNE T 4 OAESRA 10, Z%
B R R IEE, AEIRUFHL S RE A SR IR Y FUR
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% 2 A Bl S o DR UX AN R, AR E
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AR TERIGE ST, TR R A CRISPR/Cas 9 f7 /KR
C57BL/6N /N Ragl FE[H, FR1GT. BIbkEANAEIRAK
() G JBE ik B Rag 17 /NERAE Y . [l SR Ragl” /NG
hKDR' NIFA/INFRZRAS . i e SR A5 RUHE e B AL A& U /N
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EM AL 7T [SCXK () 2022-0002],
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V=(axb’) 120 iR AEFRIEZE] 100 ~ 200 mm® I, R
FR/INRBENL Y AR (BH4R), BREWREST
Ramucirumab. VEGFR2-HK19 8§ [A] & 44 f4 B8 PBS /&
#, BHANRAZFEN 20 mgkg, HIETT3)E. 4%
G, &5 & L RIRE AR, RIS 1 RN SR
B, LR, SRAH CO, MR ATE T SERG 51 SE it 2
RICSEMAE/ NG, WCERIEAZ, FRE,
1.5 #1358 Ragl” pigiRpE/NERIEEY

8T NCBI & ] Ragl FRIFEEER, Ragl BERA T2
Sk, 2K 11kb (Gene ID: 19373), FIIFH crisp.
mit.edu UG {E Rag1 B[R ()58 S G P —X Egb
HIRERS [, FrAEt seRNA Feik sk, Bl 5 18 FH ok
FEBGA A AR B B A sgRNA FIA A, FEE AT
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¥ Ragl-pT7-sgRNA-F. Ragl-pT7-sgRNA-R (&% A
1), DLsgRNA RS T PCRY Y, 1E37 C5%
4~ F MEG Ashortscript T7 ¥ i A @b TR G 5%,
FHE FH MEGAclear 8 35 76 15 [ WG Rl @ dt 17 adifh .
RN CSTBLION /NG T ARIESS H IR AR REAE R ICR /)N
BUS, ek Ragl Z8 & RIR/NRAAL . BEfSHE—
I R BLT 128 Ragl ZhE M BR/NRBAL, JREEMEER
Nt — PR UE LRI PR B A, BEATLEY Rag1 25 5L
Rl BR/NER S B AR/ INGR, B3 Rag1 BRI B 2A% 5751]
W s, EESIYI0 Ragl-F, FiE514%08 Ragl-R
(FHIRER1), ¥ HEFBN351 bp, EIEEEY 1Y
W fa AT R 5 S uERI BExT , B fS 2k — 25 SR R AM A IfL
AR XA AR B TRIALGE,

=1 EREVYRBSIMER
Table 1 Primers for model development
514 F3 (5" —3")
Primer
Rag1-T7 sgRNA-F
Ragl1-T7 sgRNA-R

Sequence (5’ —3")
TAGGTGAAACGATTCCCACAGATG
AAACCATCTGTGGGAATCGTTTCA

Ragl-F GGGGAAACCTTACCTAGAACAG
Ragl-R AGAATTCCGTCGGGTGGAT

KDR-F TTTATGTTTCAGGTTCAGGGGGAG
KDR-R CCAGCACTGTCTAAATTCAACGGC
KDR-WF GTATGTGTTTCTCTGCCCTCCTCG

1.6 193 hKDR'* [Ragl” \ &% % & T B3 I 30 ==
INRIEEY

M5 RKDR NG/ INSRFNA S Rag 1 B RIMEBR
N, TR BRI NE, B 6 ~ 8 AR /IS
fido BIRUEIZELDNA, FPCREEEHIELREAY, kHIN
EERIBH M B /INERE N FL AT R A SR AR i o ARIRE
e, 2t s ARG R R A& RE G R/ R o

Ve HAE 3 ~ 7 d B RKDR™ [Rag 14 NIGAY G
BRiE/NE 6 H, R PCRTEK ERER, BIHE
#10.5 em ZEAHZN, FEBUERIZ DNA, PCRY 3G,
SR 1, 33654 N Ragl-F. Ragl-R. KDR-F.
KDR-RFIKDR-WF,
1.7 5 FE I it B2 40 AR 37 =X 4 Al R AR T

i FHET R FNFERLIR BRI 25 S 90 73 210 3 HU/NRS
RPIMECR I, MAEANASEARFRAT 0.9% NaClFRE; P4l
ZEREAf s EwmE L, BSOS ERE, KRAH
ffLfS ., PBSVEMAR 2R K/ INERAME bk B4 A 25 B T 4%

B, S RlIAPLCD3 (PEFRIZ) FIPHICDI9
(APCHRIZ) HIZEHUAEITARID, VK LEEEIEE 20
min, JeZHRGEE 2 IRG, Fim M LT e
M TR (CD3ARE) FABANME (CD19FRE) &8I
IR b . SRFH CellQuest ERAA- M AE S, B IRE
AR IXLO* DA REAS AR AR A R, 455 AN B4
HE S SRR SRR,
1.8 IEFMIEEMAR

R R 45 iz 6 CT26 F11 MC38 40 it F & 10% FBS
1% PSR DMEM 5575255, 7£37 C. 5% CO, 55724/
BE7E, FRAHRRET 80% ots . fi AR I BSTH LA,
BOMGRIEERREE, 2 —-cREEIREE, KiksEs
(K24 e PR e R R T B R B
1.9 BINESEEEImETENMNRIEE

%8 | hKDR™ . Ragl™ . hKDR'*/Rag1™ #1C57BL/
ON L AFARFE/NR, BAZSH, ATELARE/NR
PERY, USER TR KA CT26 FOMC38 A, fd TG
&R DMEM K572/ 240, Ak i EN
5x10°mLJ5, FHL100 wL 73 FIEERE T/ N E A fa AR
T MY EHICRNEH, & HWEREMEAL
RGN, HE/NRIE R FPNSEIREER,
B 2R AR RRNEME KR (o) 18R 0),
FERERRE AR V= (axb?) 2 EIREAETR . /N AR
JF & N BRI 25% ~ 30% MR R R R 3 000 mm?,
PR/NRAEFREZ R E R, XSRS
FERFH CO, M AL X SE5G 5 SE it 22 SR A o U 7 N [A]
=4
110 HBHRITIH

FH GraphPad Prism 8.0 FX{F-4F 45 REGE AT 58 43
W Z s, BdEllvesRon. ZAHRE
WA R ZE 5 24T, AN REELERH LSD-
1%, P<0.05 NZEFA G FE o

2 £R

21 hKDR™ A\ &4 ) EA 18 B 88 R 47 ith i i
VEGFR2 B =S fu{F RO I iE i

N T 5 E hRKDR NVE AL /N FRAREEL P B %F
VEGFR il Sl i BT AR 2 RIS iR TS 1, ARRE
Seil it iz R VRS MC38 AL N2 T hKDR™ fal 1 AL
WIE 1A Fs, #E5 MC38 AT AE R A hKDR™ /NFR 52
Ramucirumab #{] VEGFR2-HK 19 iX Ji #14f %f VEGFR #{
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MR REGUAIRTT o Hrf, B4T Ramucirumab HifA
EAFDAfILHE BT, SCiGefE, MIEMRIAR. 4

XU, 5pPBSXHEAME, & Ramucirumab
VEGFR2-HK19 V&4 ¥7 J§ hKDR*"* 7|\ 55, 5 fit 988 471 A UL
1B; AT BRI T AR ARE (B 1C) BHEN

(P<0.01), fivEmis (&1D) HHEREE (P<0.05), #H
R, PBSHANESEAKDR™ /NREIREFIR . Bl
JRFAB TR R AE . IXELEE LRI, HURREA RN
hKDR™ /NGB A= K, hKDR™/INER BEAR ST EAN 5
% VEGFR # S oA A BT e v o

E: AR AR PBS a1 MC38 18 hKDRINB LI AR REE (DO, D10, D13, D16. D20. D24#1D25 53 B Fw it 53 2240
BERRZEME0. 130 16, 20, 24, 25K); BAERTERE, WER/OBNOMBHTEE, FHEMBAX/),; CH Ramucirumabfl
VEGFR-HK19 fi{hBE R EREEINRIAIR (BHAR/NR, "P<0.01); DABTERN, SEMBREMLLER (BH4RNR, P<0.05),

Note: A shows the experimental flow diagram of treating MC38 tumor bearing hKDR** mice with humanized antibody or PBS (DO, D10, D13,
D16, D20, D24 #1 D25 show the day of injection and the 10™, 13%, 16, 20", 24" #1 25" day after the injection of tumor cells, respectively); B
shows the tumors were dissected from each mouse in different groups at the end of the treatment period; C shows Ramucirumab and
VEGFR-HK19 can significantly reduce tumor volume (n=4, "P<0.01); D shows the tumor weight in different groups at the end of the
treatment (n=4, "P<0.05).

El1 §XJ VEGFR2 $8 R A9 HLIKBENNH) hKDR INERRIMPIR £

Figure 1 Antibody targeting VEGFR2 targets can inhibit tumor growth in hKDR'"* mouse

2.2 RINHSEE Ragl" BB TRPA/NRIEE

RIEEEAEREER (E24), ®itHFE& K
seRNA J&, R M i AY sgRNA 1l AR 17 B3+ 5
RIER AR pT7-sgRNA _EFFHITIRIMNE S, BEIS K seRNA
J Cas9 mRNA TR SZAG I EAE R ICR B2 o dR7E
IR ZREIN 1968, HAENRISH, THkkEE
A1 H, Gt 5 AR CSTBL/6N 28334 KT G H
R, 3153 H Ragl " BEAIRE FR/INER . PCR 478 B[R Y
LR 2B, HTHE L 285 bp H HI & Al & /NG
P88 4 365 bp K2 285 bp H Y& N2 A /MR

BEXF Ragl FEPRBLIA] DNA I e FL XS, 45 BRIk HA

Rag1 BL[KI £ 382 1] 462 if sk 22 80 bp (&I2E), i
BB TE sgRNA B R A HORTH . it — S 5,
H Rag 1™~ 52 R R e /N RO MR B I, 37 =28 P AR A 0
SRR I TR B AN S Rt A5 SRR, Ragl ™/
BTN (CD3ARAE) FIBAIE (CDI9FRE) &
B2 CSTBL/GN /N R A B B (P<0.05, P<0.001,

2C~D), i B Ragl™ 5o 55 Bt [ /DN BROABE 78U G 57
B

2.3 FiINh3ZEC3K8 hKDR' [Ragl” N iRk B iE ik
PE/VER

FE 98 3IE AKDR™ AR AL /1N B BE AR B AT A7 - xof
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F ARERENEEIZITER; BRI Ragl ERER: (Ragl” )/ NEMERBELEE (hom, ERAE/NE; het, BERZEG/NER; WT, BFFERN
f); CHRagl"BERE/NEFC57BL/N BFEE/NRIEMT. BHEABESSEHR=E; DAN2ENRT. BHEBABESSEDITERE
(BH3 RN, "P<0.05, "P<0.001); ERNRagl EREMHBNFERFZIIILL, e DEL RN A B

Note: A shows model construction design; B shows genotype identification map of Ragl” mice (hom shows homozygous mice; het shows
heterozygous mice; WT shows wild-type mice). C shows scatter diagrams of the percentage of T and B lymphocytes in peripheral blood of
Ragl” mice and C57BL/6N wild-type mice. D shows the bar chart of percentage analysis of T and B lymphocytes in the two groups of mice

(n=3,"P<0.05,""
B2 Ragl” &R mkR/\ERIMIE R IEIE

P<0.001). E shows the sequence comparison of target fragments of the Ragl gene. DEL shows the knockout segment.

Figure 2 Design strategy and validation of Ragl” gene knockout mice

VEGFR iR B R N HUMRE Al b, i — 20 etk
Rag1™/INR G HEME RKDR™ NIFAL/INRZRBL, TR 1S
hKDR+/+/Rag 10U S s AR I /NER, A BD M T e 17 A
DB 3A . X i A EEDEl hKDR+ I Bl I8 B ] Rag 1 153
S, BT SRR AL R B R SE RE . hKDR™ N
TR/ N B 89281 KN 351 bp, Ragl™ /N E IS
i AR/IN 285 bp, /NFRIERS 51X 2 F 4% 71 WA E
hKDR™ IRag1™ /INER o B 3B HFEA 10 20 3 HI R E:
Rt /N o

18 1o i =X 40 B R &S U AKDR™ /N R A1 RKDR™/
Ragl™"" /NERAPJE LA B 41 (CD3 #r7&) 0T 40 g
(CD19477E) &, AIWLAKDR™/Ragl™ RV s/ N H
BT, BN S RE RKDR™ NJFAL/NREA B IR, %
BEZHFEN (P<0.05, P<0.001, E3C~D),

2.4 hKDR"[Ragl" N R BEEEimNEF
F CT26 B E <

X% CT26 A1 MC38 BR I5 e 2 it 73 1] 422 #b T
hKDR**. Ragl™ . hKDR"/Ragl™ #1 C57BL/6N iX 4 fif
INFRZEAG JE AR D B2 N IR AR KIS, 45 SR TR,
A5 JE AR CSTBL/ON /N R IR AT MC38 AHififl f5, 4
INEISTET dEEATHIGE MR AR, BRI R B
INRE SRR ER TG FE X (K4A). EEk
FEP BALB/c /NGSRIE AT CT26 40910 d J5, X Ragl™™
1 hKDR™ IRag1™ /INER WL EE B g A= K, 1fj C57BL/6N
FIRKDR™ /INERAR WL AR BRI 538, hKDR'/
Rag1” /NGRS IR T Ragl /N, ZEFERE
FPFE N (P<0.01), EMREHHWIE 4B ~D fir. M
BRRE SE A A5 AT A, [ — R /N BRE] B R A MC38
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iE: AN hKDR"/Ragl” NIESSE s HEREEM/NEEERIZ; BRI HIKDR/Ragl” MBS ER/NERERBEEE (1. 2. SAVERDENR,
homiEEREE/NG, WTIBBERNR); CHHIKDR"/Ragl” NERESEREM/NRAIEMT,. BHEARESSEHSE,; DAI2HN
BT. BHEBERESSESIMTRE (BH3RNR, "P<0.05, 7P<0.001).

Note: A shows breeding process of hKDR"*/Ragl” humanized double target gene-modified mice; B shows genotype identification of
hKDR*/Ragl” humanized double target gene mice (1, 2, 3 show homozygous mice with two genes, hom shows homozygous mice, WT
shows wild-type mice); C shows scatter diagrams of percentage of T and B lymphocytes in the peripheral blood of hKDR"/*/Ragl”- humanized
double target gene-modified mice; D shows the bar chart of percentage analysis of T and B lymphocytes in the two groups of mice (n = 3,

"P<0.05,""P<0.001).
[E 3 hKDR'"[Rag! 3B m B E 2 1h/I R B3R 18 R 38IiE

Figure 3 Design strategy and validation of hAKDR”* humanized and Ragl1™ deficient double genetically modified mouse model

CT26 4 f5 BB TE A —3, SR AFDRIEE A
I A B 2R X RE AR S0 5 I BF 7Y AKDR'/Rag 1™ 7N BRI
Ragl”" /MR B K
3 g

R B & R R SR 52 B 2 Fh R 2R AU 52
iR R 5 HRo AR I BT A2 2 IR R AH BRI R 45
R OB AE U TR B B A e i B o AR ol 1) B AR
A, SRS, DLRKDR BE PR Ky H Az A R A A7
FIGTT 2 B ORBZ I oE, MR AR/ N RS
LR B HAE ML 558 7 T ] A PR R Al AR A o

AN 5E A AT HA B i CRISPR/Cas9 £ R ELRAS T
A VEGFR & A hKDR™ ANJEAL/N AL 1OV IRAfF 5
i, B SR N R CSTBL/G SEJE Y MC38 4 fifg e A
MUVEGFR IHUAZIIHITIRTTY . 45 R B RPiikZ5Y6e

MR AR, ISR G R AT HIPR A VEGFR $ifk
AR N FURTE o AERTEASEAG R BALB/c G &
[ CT26 FRIFAIM G AN IR A, A R IR AT e 2 /N
SRR AR G IR IR A = A T HERR R o
RRRA—. BERE. TREFER T,
XM EIEL F C5TBL6 & Y, TfETTEfi T
JAR SN AL R BRI R AR gt i, DARAS
ANE R R AL TR/ N RS, R T ARUEIE . A
[F] 1 55 ) SR RV ot S R A 1 1 ) S 2 B B AR AR 22
58, RN, FE3R1S RKDR™ NJE AR /N B Sy I,
A FEIE I PR CSTBL/ON /N Rag B[R 45 — A4
SMEFREFTIR 80 bp Fr B, SR S i 28 21 i 150
sryesds, fET. Bk LA S oiHE, 8%
TR, 315 Ragl /N BREIREMBEAINS, &
BRI R A CRISPR/Cas9 BE R, JEBARIE, FHAR
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F: ARMC38BIRMBMIEBERNAFM/NRMBEARREWIR; BACT26 RIEMBARBERNAMNRERER, CATRABEM
CT26 4k (£, LIHEFT/R) FIMC384REE (%) HIALEB/NERIMA; D SLie AR BAEERh CT26 HIE hKDR'"/Ragl" fl Ragl” NG RO BHERER 7 . &

¢85 RN, "P<0.01.

Note: A shows comparison of tumor volume changes in the four types of mice after transplantation of MC38 tumor cells; B shows

comparison of tumor volume changes in the four types of mice after transplantation of CT26 tumor cells; C shows the appearances of tumor

forming mice inoculated with CT26 cells (left, showed in the red boxes) and MC38 cells (right) at the end of the treatment period; D shows

tumor samples of hKDR'*/Ragl” and Ragl” mice inoculated with CT26 cells at the end of the experiment. n=5, " P<0.01.
El4 MC38#1CT26 MZMMEE Ragl" ERRAE SN RERPEREER
Figure 4 Tumor growth of MC38 and CT26 cells in mice with Ragl” gene deficiency

Ko #EKE hKDR™ /INERFT Ragl " /INRA AL i, 3R
73 hKDR""*IRag1™ NI Gzt be/ NGRS, DA —
SRERTE E/ANRB g HERRE ST, 1R E AR R
A RERE RN, AHSRHUA LTI RO R A dR it BE %
RPN

MC38 1 CT26 27 F /N EE s o bk, 200
T/ NREE R, (A5 RRIEARE. Hf
CT26 4l 24k N- LS EE-N- B iRt 5 S AR AR 7y
BT BALB/c =157 SR/ NGS5 I i i, MC38 i
ok H CS7BL/6 /NRIM S @i & 1 ARSEES
o, Tl /N R MC38 1 CT26 4 5 iRl 2B K1
RIFEZES, MC38HUMIAE hKDR™ . Ragl™ . hKDR™/
Rag1”F1C5TBL/6N X 4 Fi/NE S 5o, {H CT26 20
{HE RKDR™ [Rag 1™ /INERAT Rag 1™ /INGR A IEH A o 31X
BEZEIRERIH, BRIRT. BZHIES E6EA Y 58 hKDR™
N5 A/ INERAEAY #22 52 AN [ 1 5 ol Ut 400 Al B0 e 98 7 o
X555 — 2 B N R 2 A 2 B T R 4H
SR AEIRE T TR e,

EHEEBFRC AV, 53 VEGFR 5
ML REET i ST, MIHIm AR, MR
WL BT AbR v I , TR SRS T S SN A K e A
it 118200 3XHR TR AN BfF 9T 8 ST 89 hKDR™ N R A R
Rag 1™ BE R ok B RCHE 5 B DR 0 /N ERARE Y, i e
REBSRERGNII6E, HY5s 7 s 40 i f8 4 19 sk
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and Drug Control (Approval Letter No.#2021-B-002). All
experimental procedures were performed in accordance
with the requirements of laws and regulations in China
related to experimental animals, including Animal
Management Regulations (01/03/2017), Laboratory Animal:
Guideline for Ethical Review of Animal Welfare (GB/T 35892-
2018), and so on.

[{€& =ik Author Contribution]
BB ERASHARAERRIT . FREERIET;
RENEREARNALR;

EXAEPH AR MRS AN =N S SR s ) SRR AN BUE W B o
[#Z57= BB Declaration of Interest]
PTBEERBLNmPR TELUD.

[& & 3k References]

[11  OLSSON A K, DIMBERG A, KREUGER J, et al. VEGF receptor
signalling—in control of vascular function[J]. Nat Rev Mol
Cell Biol, 2006, 7(5):359-371. DOI:10.1038/nrm1911.

[2] CHUNG A S, LEE J, FERRARA N. Targeting the tumour
vasculature: insights from physiological angiogenesis[J]. Nat
Rev Cancer, 2010, 10(7):505-514. DOI:10.1038/nrc2868.

[3] EBOS J ML, KERBEL R S. Antiangiogenic therapy: impact on



Apr. 2023, 43(2)

SIS SELIRES Laboratory Animal and Comparative Medicine 111

[4]

5]

(6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

invasion, disease progression, and metastasis[J]. Nat Rev
Clin Oncol, 2011, 8(4):210-221. DOI:10.1038/nrclinonc.2011.21.
YAO L C, ARYEE K E, CHENG M S, et al. Creation of PDX-
bearing humanized mice to study immuno-oncology[J].
Methods Mol Biol, 2019, 1953:241-252. DOI:10.1007/978-1-4939-
9145-7_15.

ITO R, KATANO I, KAWAI K J, et al. Highly sensitive model for
xenogenic GVHD using severe immunodeficient NOG mice
[JI. Transplantation, 2009, 87(11): 1654-1658. DOI: 10.1097/TP.
0b013e3181a5¢cb07.

BREHM M A, KENNEY L L, WILES M V, et al. Lack of acute
xenogeneic graft- versus-host disease, but retention of T-cell
function following engraftment of human peripheral blood
mononuclear cells in NSG mice deficient in MHC class [
and I expression[J]. FASEB J, 2019, 33(3): 3137-3151. DOI:
10.1096/f}.201800636R.

FUGMANN S D, LEE A |, SHOCKETT P E, et al. The RAG
proteins and V(D)J recombination: complexes, ends, and
transposition[J]. Annu Rev Immunol, 2000, 18:495-527. DOI:
10.1146/annurev.immunol.18.1.495.

MOMBAERTS P, IACOMINI J, JOHNSON R S, et al. RAG-1-
deficient mice have no mature B and T lymphocytes[J]. Cell,
1992, 68(5):869-877. DOI:10.1016/0092-8674(92)90030-g.
BENTZIEN F, STRUMAN I, MARTINI J F, et al. Expression of
the antiangiogenic factor 16K hPRL in human HCT116 colon
cancer cells inhibits tumor growth in Ragl (-/-) mice[J].
Cancer Res, 2001, 61(19):7356-7362.

CAO Y, SUN CY, HUO G T, et al. Novel hKDR mouse model
depicts the antiangiogenesis and apoptosis-promoting
effects of neutralizing antibodies targeting vascular
endothelial growth factor receptor 2[J]. Cancer Sci, 2023, 114
(1):115-128. DOI:10.1111/cas.15594.

KARAMAN S, LEPPANEN V M, ALITALO K. Vascular
endothelial growth factor signaling in development and
disease[J]. Development, 2018, 145(14):dev151019. DOI:10.1242/
dev.151019.

CHU V T, WEBER T, GRAF R, et al. Efficient generation of
Rosa26 knock-in mice using CRISPR/Cas9 in C57BL/6
zygotes[J]. BMC Biotechnol, 2016, 16:4. DOI: 10.1186/s12896-
016-0234-4.

B &&% Ak, F. 7Y PD-TIEIRERR )RR F
IR & ZE 2] B EEZIRFIR, 2019, 40(4):357-363. DOI:10.
3969/j.issn.2095-5227.2019.04.013.

BAI J, GAO Z T, SHI L, et al. Differential PD-1 inhibitor efficacy
among different mouse tumor models[J]. Acad J Chin PLA

(4]

(18]

[16]

(17]

(18]

(19

[20]

Med Sch, 2019, 40(4): 357-363. DOI:10.3969/j.issn. 2095-5227.
2019.04.013.

TANIURA T, IIDA Y, KOTANI H, et al
chemotherapy in two mouse colon cancer models[J]. Cancer
Sci, 2020, 111(10):3527-3539. DOI:10.1111/cas.14624.

WHATE, RRIEL, Feig, & . MC38-luc Fa s M I vk A B R 72 /N
REHREFERRIETNEBU. BEERNKFFR, 2018, 52
(5):305-310.

LINY T, LIN Y H, RUAN M, et al. Construction and validation
of luciferase expressing MC38 cell in murine hepatic

Immunogenic

metastasis model of colon cancer[J]. J Fujian Med Univ, 2018,
52(5):305-310.

HERBST R S, ARKENAU H T, SANTANA-DAVILA R, et al.
with
previously treated advanced non-small-cell lung cancer,

Ramucirumab  plus pembrolizumab in patients
gastro-oesophageal cancer, or urothelial carcinomas (JVDF):
a multicohort, non-randomised, open-label, phase 1a/b trial
[J]. Lancet Oncol, 2019, 20(8): 1109-1123. DOI: 10.1016/S1470-
2045(19)30458-9.

CHATTERJEE S, HEUKAMP L C, SIOBAL M, et al. Tumor
VEGF: VEGFR2
angiogenesis in lung cancer[J]. J Clin Invest, 2013, 123(4):1732-
1740. DOI:10.1172/JC165385.

GIATROMANOLAKI A, KOUKOURAKIS M |, SIVRIDIS E, et al.
Activated VEGFR2/KDR pathway in tumour cells and tumour
associated vessels of colorectal cancer[J]. Eur J Clin Invest,
2007, 37(11):878-886. DOI:10.1111/j.1365-2362.2007.01866..x.
LUR M, CHIU CY, LIU I J, et al. Novel human Ab against
endothelial

autocrine feed-forward loop triggers

vascular growth factor receptor 2 shows
therapeutic potential for leukemia and prostate cancer[J].
Cancer Sci, 2019, 110(12):3773-3787. DOI:10.1111/cas.14208.

FRANKLIN M C, NAVARRO E C, WANG Y J, et al. The
structural basis for the function of two anti-VEGF receptor 2
antibodies|[J]. Structure, 2011, 19(8): 1097-1107. DOI: 10.1016/j.

str.2011.01.019.

(KFsHER:2022-10-09 {&[E1H &R :2022-11-27 )
(AXREE KRE, S8%, TFE, B¥FH)

[BIFAEX]

NEF, RE, BE, E. hKDR” NIRW K Ragl” £ R &R B I &=
BEEImERENRRRENEL] LY SHRES, 2023, 43(2):
103-111. DOI: 10.12300/j.issn.1674-5817.2022.154.

LIUS S, WU Y, CAOY, et al. Establishment of hKDR"* humanized
and Ragl” gene knockout double genetically modified mouse
model[J]. Lab Anim Comp Med, 2023, 43(2):103-111. DOI: 10.12300/].
issn.1674-5817.2022.154.



12 LY SR ES Laboratory Animal and Comparative Medicine Apr. 2023, 43(2)

- ASEERfmahiDisEl -

Animal Models of Human Diseases

DOI:10.12300/j.issn.1674-5817.2022.167

K g, TEREARSEGIE L 8 A% E E T AN K (National Institutes
of Health, NIH) ME 16+t G850 TAE 4 4, B0 F H E A4 Bk 7 A 2 52 B8 25 4
GUF R AR 254 06 T it B T A8 B R E R IR B S AE A ALE A S S 2 3P AL R T
HEEEMAR, WEAESI, EEMAT MATE: (1) HFh. #2 R G0B B AHLH 50
BAR K IBIT B W AR (2) IR S AR KR IR BN A L RTR I A R (3) bk
KR i B A A EAT A SE S AE R ALRIAE 50 (4)  FasE AR AR AE % Rk o AR R AL R
B R RFSCIIEX17H, BitEwmA T 1364, KFMTIH4E Acta Pharmaceutica Sinica
B. Redox Biol. Neurobiology of Aging. J Med Chem. Brain Behav Immun%¢; %4i% # 3
#yORAME AT RAF 2013 4% “HF BT LA AT, 2012 b T & ALLUE T
EH) AT HRFAAT EFE

PRI 55 T A RS Bt he 0 U Y A I Pk B2 10T A B

W5

Bk, A, B W, BB E, WEF, K T
(s[5 I 2 25 A 3 v 5.5 26 0 S0, K2 26 0 3 e M 5 2 A L % 4 5230 5, A 100050)

EE] BN WEHFFNUABEBREEEFAERESRNREBEENNERE. Fix B48R4-5FAREESE
7918 ~ 20 g WY ICRIEMNEREN S A 3N RAF I MEEA, BHSH, 3IMEBEANESRNRFLRE1~7XKiE
SERE RS T BT IRBEBR AR 60 ma/kg, BEREDPILLEEIAF7d. 14dF21d. EMERAMRENRIESE, 303
BREN RIS RS MR R, SENREENNERESRESKRIENASE, EL. HEMBE,
MERTEHEERERY. HERBFUREANMESARFEZEN, BFREDTNEBFIHERXIER. ELISA
EREXTAERNNBEEYIREE. EARNMBKFNENRSEREEST K. £8 SXBAMRL, K
B IEERE7d. 14421 dPEERA/NRERIEHIIBPE TR (P<0.01), 7d. 14dRIMEIEHFT7d. 21dW
BERIEHPEE TR (P<005); BERENEERK, ERASANMWEANFTEZIRGENBRE. HNEEBR
WBERE7d. 4dNERERFHEEERL (P<0.01), MBEEFKFERE (P<0.05), EBAPHF_HESSH
EiEZ (P<001), AEEAHEHRSEMNBENYBUBESSHERE (P<0.05), ERTEHBABRKRIEED
BBE T (P<0.05), v-AEBEKEEIBELF (P<005); ER7dHERA/NEBFENBETE (P<
0.001), HBFBERPELFH (P<0.05), MBERIPBERMEEAERRBEEM (P<0.01). 21 dRIREE/NRIE
FHEXER. MEEEERKE. EREUMPKENERGREEEEETHIARBEE (9P>005). Fie T
BBt AR 60 mg/kg ELLIERRIESY 7 d, FHRERF7IMBVNEEESHRABPE, EBAEREENINRERER
HE, MEERSEPNER, ERERRLEBERRE 2 dNREBEEEIUEHREHIRE, BEERKXKTE,

[X i3] FBiBiRE; £RBIES; RSH; ICRMR

[FREIH2S]R332; R698 [MEKFEMIA [XEHS]1674-5817(2023)02-0112-12

Comparative Study on Different Recovery Periods of the Spermatogenic
Dysfunction Mouse Model Induced by Cyclophosphamide

MA Jingwei, LI Gen, YANG Yang, ZANG Caixia, BAO Xiuqi,ZHANG Dan
(State Key Laboratory of Natural Products and Functions, Institute of Materia Medica, Chinese Academy of
Medical Sciences & Peking Union Medical College, Beijing 100050, China)

[BETH] EXRESFAITLIIUE (2018YFA0901900) ; HEEZF R F bt EF 7= 0l fHE LT E (2021-12M-1-028)

[E—1EE] DER(1998—) , 2, BEHRE ARG O HHBETN REBIEHHF RLIGES, E-mail:majingwei@imm.ac.cn

[BfEEE 5k F01978—) & 4, BXESID, fHRLO: HAMASHERTIHEERB LB EHFR. E-mail: danzhang@imm.ac.cn.
ORCID:0000-0001-9792-4549



Apr. 2023, 43(2)

SIS SELIRES Laboratory Animal and Comparative Medicine

13

Correspondence to: ZHANG Dan (ORCID: 0000-0001-9792-4549 ), E-mail: danzhang@imm.ac.cn

[ABSTRACT]
dysfunction mice at different recovery periods after cyclophosphamide modeling. Methods

Objective To compare and evaluate the improvement degree of spermatogenic
Forty-eight
male ICR mice aged 4-5 weeks with the body weight of approximately 18-20 g were randomly divided into
three control groups and three model groups, with 8 mice in each group. Each mouse of three model
groups was intraperitoneally injected with 60 mg/kg cyclophosphamide continuously from the 1 to 7" day
of the experiment, while each mouse of three control groups was intraperitoneally injected with the
corresponding volume of normal saline. Then these mice were continued to be fed for another 7, 14 and 21
days after cyclophosphamide injection, respectively. A corresponding control group was set for each model
group. The mice in each group were sacrificed after blood collection through orbital veins at corresponding
time points. Testis, epididymis and seminal vesicle were taken and weighed, and their reproductive organ
indexes were calculated. Histopathological changes of testis and epididymis were compared after HE
staining. Sperm quality analysis was used to determine sperm-related indexes. Serum reproductive
hormone content, testicular oxidative stress level and testicular signature enzyme activity were detected
by ELISA and related kits. Results Compared with the control group, on the 7, 14" and 21" day after
cyclophosphamide treatment, the testicular index of mice in the model group decreased significantly (P<
0.01). The epididymis index decreased significantly on the 7" and 14" day, and the seminal vesicle index
decreased obviously on the 7" and 21 day (P<0.05). And the histopathological damage of testis and
epididymis of the model group gradually alleviated over time. On the 7" and 14" day after
cyclophosphamide treatment, the sperm count of the model group declined remarkably (P<0.01), the serum
testosterone (T) level reduced (P<0.05), the malonaldehyde (MDA) content of testis increased significantly
(P<0.01), the content of reduced glutathione (GSH) and superoxide dismutase (SOD) decreased obviously
(P<0.05),the lactic dehydrogenase (LDH) activity of testis reduced obviously (P<0.05), the gamma-glutamyl
transpeptidase (Y -GT) activity increased significantly (P<0.05), the latter two of which are important
testicular signature enzymes. Therein on the 7" day after cyclophosphamide treatment, the sperm motility
decreased significantly (P<0.001), the rate of sperm malformation increased obviously (P<0.05), the serum
levels of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) increased notably (P<0.01).
Nevertheless on the 21°*day after cyclophosphamide treatment, the sperm-related indexes, the content of
serum reproductive hormone, the level of testicular oxidative stress and the activity of testicular signature
enzyme did not change significantly (P> 0.05). Conclusion The reproductive toxicity in mice was more
apparent on the 7" day after intraperitoneal injection with 60 mg/kg cyclophosphamide for seven days, at
which time the more desirable spermatogenic dysfunction model of mice could be established. However,
with the prolongation of the recovery period, the indexes of spermatogenic dysfunction in mice gradually
recovered and approached the normal level on the 21 day after cyclophosphamide treatment.

[Key words] Cyclophosphamide; Spermatogenic dysfunction; Recovery stage; ICR Mice
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Figure 1 In-vivo organ state of spermatogenic dysfunction
mice on the 7"'(A),14"(B) and 21*(C)day after
cyclophosphamide administration
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yellow arrow indicates spermatid; the coil represents the number of spermatogenic cell layer.
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Figure 2 The changes of testicular appearance(A) and testicular histopathology (B) of spermatogenic dysfunction mice

on the 7", 14" and 21* day after cyclophosphamide administration (HE staining)
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E3 HBtRAHESERERERF7.14M21dRNEMZARLER(A) AR (B)ER(C)BEFTIL(HERS)
Figure 3 Pathological changes of epididymal head (A), body (B) and tail (C) of spermatogenic dysfunction mice on the

7™, 14" and 21* day after cyclophosphamide administration (HE staining)
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Note: In each group, n=8. Compared with the control group, "P<

0.05, " P<0.01. The data above the model group is the percentage

decline compared with the control group.
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Figure 4 The changes of reproductive organ index of
spermatogenic dysfunction mice on the 7"(A),
14*(B)and 21°*(C)day after cyclophosphamide
administration
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Figure 5 The changes of the sperm count, the sperm
motility and the rate of sperm malformation of
spermatogenic dysfunction mice on the 7", 14*"
and 21* day after cyclophosphamide
administration
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Note: FSH, follicle-stimulating hormone; LH, luteinizing hormone.

In each group, n=8. Compared with the control group, "P<0.05,

" P<0.01.The data above the model group is the percentage decline

compared with the control group.
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Figure 6 The changes of the serum testosterone content,
FSH content and LH content of spermatogenic
dysfunction mice on the 7, 14" and 21* day after
cyclophosphamide administration
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Figure 7 The changes of the MDA , GSH and SOD content
in testicular tissue of spermatogenic dysfunction
mice on the 7", 14" and 21* day after cyclophos-
phamide administration

&0, SRR, CP X HE S A E AR
HIZRREER IR, XS T A S AL BN CP AR H
fr Y, RIS RS B AL E A A SR B AR
CP A BB RS 1, IR RIS /)
TR, BOMERACAE, Bk BRI T A 1
B 1o TR AR AN, MUFETERER
MaZER M A, HETEME 7T ZIRER
f 23 1k B 2 W Bk ——CP B B & (eyclo-
phosphamide equivalent dose, CED), 8 A] FKAh
AR SNV NI E A Gl
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F: LDH, ABKEE; v-CGT, v-AaBEEBE,; mgprot
(gprot), B=% () BEH. SH/NHn=8. STRAMBLL, P<
0.05, "P<0.01, #EEAE FHHIBASWRAL KN TEE DL,
Note: LDH, lactic dehydrogenase; v-GT, gamma-glutamyl-trans-
ferase; mgprot (gprot), per 1 mg(g) protein. In each group, n=8.
Compared with the control group, 'P<0.05, “P<0.01. The data
above the model group is the percentage decline compared with
the control group.
8 MBI AR ASERERERF7.14M 21 dRVNE
ERNALRLDH I y-GTIENHTK
Figure 8 The changes of the LDH and y-GT activity in
testicular tissue of spermatogenic dysfunction
mice on the 7", 14" and 21** day after

cyclophosphamide administration
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FRAMRERE TR ThRE . MBS HE ReEZ5 808, CPA|
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MEFE RN, ERS RS, ERAEEE
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BTRENIHG; BEEMEER, 5514 RAERNEH
T/ NEEREANR LB T, mME$21R, B
THEE—DHZ, £ LRFRRE R T ERK
o HAN, BTFEHEH. BrEIETRIEREME
WUAREIEShRE R B BB bR, R 8 H kBRI ARSI
RERYUFIR, RS SRS B T 2R B RE AR EIURS +HO o
o BAGENEATEEEsIE FRIESR, HAT
M3 EIHE RO, BTSSR 2T
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LEOh, KGR AEZ N UAISE E 53 W AR i o
PR 2 FR R IR S bR o IR T S 2R o AR
R, BAREESE R B TMER T R 4ER:
PHEIHRESSIEF o ARTALIRE R IEH 1B 5 B TR N 3
T P BAF B MPIRECR E SR, T
SEWA A 53 52 B N Fe k- ER R — PR (hypothalamic—
pituitary—gonadal axis, HPG) FREAIETT, 2 N EMK
TR PE BRI R BRI E  (gonadotropin—releasing
hormone, GnRH) fEF T A5, FARREIK FSH A
LH, BTS20 p 73w 5 REMEA R R AR .
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25 P DR E AT KRR B AR RS VR ARG
BHEEIR, AAFREI, CPECEREIACEIERR, &%
TERNTURR RS, FSHANLH ARG s, 5]
ERRRA I SR, CPIEETES oGS 7 KA /N
SRS SE A K AR TR IRAL, FSHANLH & &IHE
TR, FER AR, SBEKEELH S, W
HIRISEER & = 22 F gt — 24/, FSHANLH KSR+
WEIEH

SAAL N AN BEAETNEE T
X2, EERET, RNELRGATIEMRZLT
AR JRERSE, NS EREEHE,
ST, WU E AR SN R R Y, MDA 2
B SE H HER NSRS~ —, ES
BRI TRERT SRR GSH 2 —MRS iR,
R RN E NIRRT A Y, R ETUAD AL
e IMEERER, EARAMEEINEE Y, fiEkRE
HE. MENAFRAREEERKATE, GSHEEK
FAEXNAERETIRE I AERF 2 OCE B SOD 2R NTE
PRiEEEFA R 7 B B B EGUA A, AR L%
A EHHENIE, AR ERIERAS . JE
g i ARG R MBS =5 T LR E RN R B, CP
T ES G5 7 RAIEE 14 RAEEIAH/NRSE AL MDA & 5=
HH ST = AT HR4H, GSH 1 SOD & & BA% Tt g4,
HE 7 RX3MEMRZRERR, MRS 21 RM
HREFELZITFE o

SR LDH £ 253046 T AR/ INE N B Ek R
TERGAR AR RS SRR IR N . TEJR TR R HE G
SRR Y, LDH Al { (RS B AR A AR R Fh PLER A
AR < AR IR RN, 2 5485 b i Bor
TRERAY, ERrREMNEERR S —, 2
SCREAN. R]RA AR A AR AR S AR 2 —
LDH % 770538 2 (i 20 73 Wbk /b, A AR A1k
Z, HNSsE TrREREREERE . v-CT2
SEHZ R (Sertoli 41ff1) KB REY, HigM
SEALFRNEE S AR P, BEREEF
BT IRAE R, DU R 5 AR A 2 e J3 B <5 1
AU DL B N R SR RS
RRAEL, CPIESTESREEE 7 RANE 14 R /IR
SEALHF LDHE SJIH AR T X IR, v-GTIE IR & T
XMREA, 221 RMAMRTCIREZ . XU CPEUN
FAERERERS, SBAAAZHE, LDHIG I N, nl@E

AR N y-CT BTE N, i CPXTEAL (G
T) BEFER A

g b, ARIHFRPIES: T d EEES CPR[E SN
FRAAERRIS, CPIERTEE oGS 7 RAGAIH /N R A RS
EIEBEE N, SR S2AZRE S RN
HHIE, WFEHE. BAE IS AR E RN T
%, T ESEAERTAEH, MG FSHALH & &
DEFTAEA, SBAAHLMDA, GSHAHISOD & &=4H
PR AR R, SEAAREMER LDH A1 y-GT
TG IR, (HEEER R, 5521 KA
HAE TR LR EEE R, K, WAETEREREL
SN BHLYRHE ST W FHERTER. MEAFER
RACE. BRALNERIACEA AR S
JI% 6 DT TR, R CPIENEE R G 7.
14021 REGPEAGEE SR, nlfSHi4516 . L7 dIERETE
5 60 mg/kg 1Y CP, FHZAIES R G287 R Al @2 5O HAR
RNRAER RIS, mBEENRIER, 2521 R4E
KPR IS S Ehr B IR E 2 T IEHE K. /INRAR
R R A 2, N CPIE AR T Fr B R
S R VAR UE R, SBRFRIER
Rab13 GTPase 54K bRz EHABYIFE By ASCNA
THARGRM. M. AR B ACEFIIE A 7>
WK R H— P BRAR Y CP i S/ N B AR R P
a7 AR [A], [RA T a2 b B ES R 5 A ks
B IEAR K S BN SRR R AR, NS i
11 ARG D BE AR R 2 TS PPN AN A A RS AH DS AL
HIEFFEREE T RIFE .

[EZ{CI2 7 Medical Ethics Statement]

KRR ROFENM LRI EBIFEEFRFHRILRED
MEZRAMARMILRNIEFCIEZRHZHE (R
5:00004267) ., FrBLRIEZEERBHEIZRNPERIEE
EM B EKFTo

All experimental animal protocols in this study were
reviewed and approved by the Experimental Animal
Welfare Ethics Committee of Institute of Materia Medica,
Chinese Academy of Medical Sciences & Peking Union
Medical College (Approval Letter No.00004267), and all
experimental protocols were carried out in accordance
with the requirements of laws and regulations in China
related to experimental animals, including Animal
Management Regulations (01/03/2017), Laboratory Animal:
Guideline for Ethical Review of Animal Welfare (GB/T 35892-
2018), and so on.
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Physiological Indexes and Histopathology Analysis of
Sodium lodate-Induced Retinitis Pigmentosa in Rats
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(1. Yunnan Institute of Materia Medica, Kunming 650011, China;2. Yunnan Province Company Key Laboratory for
TCM and Ethnic Drug of New Drug, Kunming 650011, China;3. Kunming Traditional Chinese Medicine Hospital,
Kunming 650031, China)

Correspondence to: WANG Jingkun (ORCID: 0009-0006-9724-6286), E-mail: wjkyimm@163.com

[ABSTRACT] Objective To evaluate the effects of intraperitoneal injection of sodium iodate on the
physiological indexes and retinal histopathological characteristics of SD rats comprehensively. Methods A
total of 64 rats were randomly divided into negative control group and model group, half male and half
female. The model group was intraperitoneally injected with 6 mg/mL sodium iodate once at the dose of 10
mL/kg and the negative control group was injected with 10 mL/kg 0.9% NaCl once. The body weight of all
surviving rats was detected on the day of injection (0 day) and the 2nd, 6th, 9th, 13th, 16th, 20th, 23rd, 27th,
29th, 36th, 43rd, 50th and 57th days after injection. On the 3rd, 7th, 21st, 28th, 41st and 62nd days after
injection, the rats were randomly selected (12 rats in each group on the 28th day, and 4 rats in each group
at other time points, those in each group were half male and half female) for serum biochemical indexes
detection. The organs were dissected and weighed, and then the main organs and tissues were stained
with HE, and the eyes were stained with HE and TUNEL. Blood routine indexes were detected on the 28th
and 62nd day after injection. Results After injection of sodium iodate, 88% of the rats in the model group
had transient loose stools. During the observation period, the body weight of the rats increased slightly and
was more obvious in male rats. On the 28th day after injection, compared with the negative control group,
the red blood cell volume (RDW) of female rats and blood urea nitrogen (BUN), reticulocyte count (Retic#)
and reticulocyte percentage (Retic%) of male rats in the model group increased significantly (all P < 0.05).
The white blood cell (WBC), red blood cell (RBC), hemoglobin (HGB) and hematocrit (HCT) of male and
female rats showed decreasing trends, but there were no significant differences between the two groups
(all P>0.05). The thymus weight and coefficient of male rats in the model group were smaller than those in
the negative control group except for the 7th day after injection, but there were no significant differences
between the two groups (all P > 0.05). Histopathological examination showed that the retina of the model
group gradually developed from wavy changes to abnormal electrocardiogram (ECG)-like changes, with
disordered arrangement of each layer, focal thinning of the outer nuclear layer, and apoptosis of the outer
nuclear layer of the retina. The incidence of lesions, lesion score and the number of apoptotic cells in the
model group were significantly higher than or more than those in the negative control group at the same
time, and the difference between the groups on the 28th day was statistically significant (all P < 0.07).
Conclusion In addition to retinal degeneration in rats, intraperitoneal injection of sodium iodate also had a
certain degree of influence on serum biochemical and blood routine indexes, and also showed a slight slow
growth of body weight and transient changes in fecal traits. Therefore, when using this model to evaluate
drug safety, the effects of modeling reagents on animals should be paid to attention.

[Key words] Sodium iodate; Physiological indexes; Retinal histopathology; Retinis pigmentosa model;
Rats
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Figure 1 Body weight curve of male and female rats after
sodium iodate injection
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Note: The model group was intraperitoneally injected with 6 mg/mL sodium iodate solution once at the dose of 10 mL/kg; the negative

control group was intraperitoneally injected with normal saline at the same volume and frequency. The number of rats in the two groups at

each time pointwas 2, 2, 2, 6, 2, 2 respectively for single sex. Compared with the negative control group, "P < 0.05.

El2 ERINIEST R UEER MiSENEIREN

Figure 2 Changes of serum biochemical indexes of male and female rats after sodium iodate injection
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i WEARMEERTHRERED 6 mg/mLER AR 10 mL/ke; PAMEXIERALIER BRI TN EBEKTS K. SHERT
EARHELBAEMERN2. 2. 20 6. 2. 21; SEMENRAELE, “P<0.01.
Note: The model group was intraperitoneally injected with 6 mg/mL sodium iodate solution once at the dose of 10 mL/kg; the negative

control group was intraperitoneally injected with normal saline at the same volume and frequency. The number of rats in the two groups at

each time pointwas 2, 2, 2, 6, 2, 2 respectively for single sex. Compared with the negative control group, *P < 0.01.
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Figure 3 Changes of blood routine indexes of male and female rats after sodium iodate injection

5, AR SRR, RdEIRBEEE, SMZE
JRkE AR ZE4E, I E M ERD, R
B2 61 RANAKRIKE o« MLIIEHE AR 1 4 A2 R AL R ER N
A 21, 28 RIAZ(IEME, 2542 KRG N, &
HhEE 28 REBHMEXNRRAFHE Z R X (P <0.01,
Bl5)o [EIAE, PRI AS P4 AR RR BN TE B 5 26 28 K
BEEE, SHEMBHAMEEZITEEX (P<
0.01, E5), ZEIFIEEHREK,

HR TUNEL Qe z5 5 TR, BAMEXT A A s T 5 A=
FHER 7K 5 55 28 F I3 A Rl AR oA B £ LR T A e o
TS T 20 G s v B B R0 /5 2 3 R AL I P M 2 T U
HEUE TN, 557 RIARNEE, 25 62 KAhA] IWLiE

A (K6). EGRIIEIR S5 FUE -2, Mt
X RRAL I T AN R > T R A, Hoh i g
[ 28 RIYAH M Z R A SR (P<0.01),
3 iJie

FlL iR B 72 — R OE LSS, X R 2R 1 52
(retinal pigment epithelium, RPE) A& RATEREM: B,
AITERNIME S Z MRS (/NG 1L RER B0
G R RN N AR AR, HALH
ZENE R B2 SRR R 1, BRI E E
= LR R RN, IR RPE AR E 1, R
AR 1o BRFEEEIAN, BRSNS BRIRDASM



130 LIS S LU E S Laboratory Animal and Comparative Medicine

Apr. 2023, 43(2)
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Note: The model group was intraperitoneally injected with 6 mg/mL sodium iodate solution once at the dose of 10 mL/kg; the negative

control group was intraperitoneally injected with normal saline at the same volume and frequency. The number of rats in the two groups at

each time pointwas 2, 2, 2, 6, 2, 2 respectively for single sex.
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Figure 4 Changes of organ weight and coefficient of male and female rats after sodium iodate injection
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Note: The model group was intraperitoneally injected with 6 mg/mL sodium iodate solution once at the dose of 10 mL/kg; the negative
control group was intraperitoneally injected with normal saline at the same volume and frequency. The number of rats in the two groups at
each time point was 2, 2, 2, 6, 2, 2 respectively for single sex. a shows the retina of the model group appeared wave-like changes on the
3rd day after injection; b shows the retina of the model group appeared abnormal electrocardiogram (ECG)-like changes on the 7th day
after injection, and the arrangement of each layer was disordered; c-f show the retina of the model group appeared abnormal ECG-like
changes on the 21st, 28th, 41st and 62nd days after injection, with disordered arrangement of each layer and focal thinning of the outer
nuclear layer. g shows normal retina in negative control group; h-i show the comparison of the incidence of retinopathy and HE score between
the two groups (Lesion 1 shows wave-like changes in the retina, lesion 2 shows ECG-like changes in the retina). **P<0.01, vs the negative
control group. The scale size in the figure are 50 wm.
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Figure 5 Retinopathy in rats at different time points after sodium iodate injection (HE staining, x400)

EEREERNE S Y, EHZER e e S
BRI (2) MERERFRCIEENBES SRR (CK. CK-

HRZERMERALE . ERIRIENES AR AR
IELRP B FZEERTT R B R IR RR B (E Zh AT

PR — PR 5 AR B 1 RGeS RE R B UARDGRE R HY
R, AEAEASTAF G s B A B e /K T S A B 7
K RRAL R AR L RUEIR , BEARHRR THEH 77038
YT IIA R RTEENE SN, R SCakiR & R £hAE

MB) BJIFESEE 7 RIFAA =N, HERAHEABTERR
B R TR (BER TBIL. GGT. AST. ALT #
BUN. CREAVESEEE 7 RIFIEH &, MR LR FEFRmG
Ft v B TRD 43 30O 56 21 RAIEE 28 K5 fE BRI 4 B



132 LIS S LU E S Laboratory Animal and Comparative Medicine Apr. 2023, 43(2)
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Note: The model group was intraperitoneally injected with 6 mg/mL sodium iodate solution once at the dose of 10 mL/kg; the negative
control group was intraperitoneally injected with normal saline at the same volume and frequency. The number of rats in the two groups at
each time point was 2, 2, 2, 6, 2, 2 respectively for single sex. a-f show that TUNEL staining was positive in the outer nuclear layer of the
retina on the 3rd, 7th, 21st, 28th, 41st and 62nd days after injection in the model group (the arrows show TUNEL staining positive cells) ; g
shows that the TUNEL staining of the retina in the negative control group was negative; h shows the comparison of the number of TUNEL
staining positive cells in the outer nuclear layer of the two groups of rats. *P<0.01, vsthe negative control group. The scale size in the figure
are 50 pm.
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Figure 6 TUNEL staining of rat retina at different time points after sodium iodate injection (x400 )
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Animal Models of Human Diseases
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FREZR/N (P<0.05), WARBREREZEN (P<0.05). &it EJZIJJL_LTQ&ﬁ%jCHLI‘:F‘Ziﬂ%ﬁ%ﬂfllﬁlélf
BB, ESCROAT 2= 0] LAE R R R KR R sh B BRI B 5 i VIR 5 o

[XiE] RER; RMMEMEER; ROBEE, KEE

[FES 5] Q95-33; R-332 [XEinEREIA [XEHS]1674-5817(2023)02-0136-09

DOI:10.12300/j.issn.1674-5817.2022.165

Establishment of Ischemia-Reperfusion Model in Cynomolgus
Macaques and Effects of Edaravone Intervention

PAN Mengxian?, HUANG Xiaojiao'?, HUANG Zhongli'’, SHEN Guo'?, ZHANG Pengfei'’, ZENG Yong'’,
LI Wenfeng?, ZHOU Huabo*, WEI Zhumei'?

(1. Guangxi Gui Academy of Science Huaren Jiying Biotechnology Co., LTD., Nanning 530000, China, 2. Institute
of Medicine and Health, Guangxi Academy of Sciences, Nanning 530000, China; 3. Guangxi Thinxon Biomedical
Technology Co., LTD. , Nanning 530000, China, 4. Nanning Huabo Pet Hospital, Nanning 530000, China)

Correspondence to: WEI Zhumei (ORCID: 0000-0002-1846-7501), E-mail: weizhumei@hrmtgroup.com

[ABSTRACT] Objective To establish an ischemia-reperfusion model in cynomolgus macaques and to
analyse the effects of edaravone intervention. Methods A total of fifteen adult male cynomolgus macaques
were randomly divided into three groups: sham operation (Sham group, n=3), ischemia-reperfusion model (Model
group, n=6) and edaravone treatment (Edaravone group, n=6). Ischemic-reperfusion model of cynomolgus
macaques was established by clamping the M1 branch of the left cerebral artery for 1 h. After 2 h of reperfusion,
the animals in Edaravone group were injected with 0.5 mg/kg edaravone intravenously for intervention treatment,
while the animals in Sham and Model groups were injected with an equal volume of normal saline intravenously,
twice a day, from the 2nd to 7th day. The behavioral video recordings, clinical observations and neurological
deficit scores of cynomolgus macaques were obtained, and brain edema volume and cerebral ischemia volume
were statistically analyzed. Results Compared with the Sham group, the animals in Model group showed
typical symptoms of ischemic stroke, with a significant increase in the neurological deficit score, the volumes of
edema and infarct of brain tissue (all P< 0.07). Compared with Model group, the neurological deficit score, the
volumes of edema and infarct of brain tissue were significantly reduced in Edaravone group (all P < 0.05).
Conclusion An animal model of ischemia-reperfusion in cynomolgus macaques was successfully established,

[E—1EE] BZE(1991—), &2, L, NEEFEE N, E-mail: meng@hrmtgroup com. ORCID:0000-0002-2363-532X
[EBEEH] FWIE(1978—), &, L+, 2EH, IEM%EIE)\AJK*EH%TT'E”U o E-mail: weizhumei@hrmtgroup.com. ORCID: 0000-
0002-1846-7501
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and edaravone was confirmed to alleviate the damage caused by ischemia-reperfusion.

[Key words] Cynomolgus macaques; Ischemic stroke; Ischemia-reperfusion; Edaravone
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MBI R A MCA M1 I, RfR5E e RMAIME,
FHEFIAITR, AT DL M1 BRI e O B e EL I At €
TR (E10) FAABRERARIE AR DLk 7 k2 21
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M1 (MCA M1) ; C, After MCA M1 was clamped, blood vessels
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Figure 1 Surgical diagram of left M1-segment middle
cerebral artery ischemia reperfusion injury in
cynomolgus monkey
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1 AERMFEPEHENERIRTFO R

Table 1 Neurological deficit scoring for cynomolgus macaques after stroke

B HEINEE ok
Category Neurological function Score
=R ERZR, Ao EmntEmmE 0
) BRR, BEEHKE, B REBIOKEMN 2
Consciousness EEIR, BERBIREN 4
=R BERMRNIBERB MG 6
BRIR, BEAERKE BETRRN 8
B BN, = SR MEeIREE 10
B S, mERIMEE R 16
=S o == dI P i 20
REBSK, XBREEG 24
REEXK, 28I 28
BHHAINE IR, TiEIER 0
Skeletal muscle coordination BREMIMAEEREMEE (HEFRBAEE A — T EEE) 2
RNEENHFKE STERHEE 4
HIFKLE, BB EH%E 6
SR BRI SITE, BICEE 8
Aeeduhr, TEJLEMET 10
P& (FEeuhz ), LR HIBR M R EEIEE SR 12
PEWIE (FBEU KA ERIFL R ), W EHIBERIEE R 14
HeegE o Dmae , 33 mE R BB R 16
RBE, NEERMLFRE R 18
k5 R 45 Sensory system LR
G E SR I8 R 5 B & OB R L (I35 « B AD Rt TR IF 5 ) 0/0
Facial sensation AR B 18 R A9 8 e R R B AR (I AR BB R D) il
BT B8 R B A9 8 [ L M B B R R R IBBEE R 2/2
RS EREE , B b R T SR A BR AR IR B = L 3/3
HER S EXREHENIER 0/0
Pinna reflex ERBENEHERE, WESREEHNE R 11
NEXBENBERRE, WESRBEBEMNE RN 2/2
R EREC , BRI AT A R BB 3/3
RS () BB RS AR B T2 IRER AV 4R I [T 0/0
Pain reflex (lower limb) PED BIE X 22 A R S B SR PRIR RO KT 4 e i 11
BEDBIE X 2 A R B R B RO W 4 I T 2/2
FEDEL XS $Z= At R B 5589 B A A T2 B A TINE Y I 48 = FL 3/3
FED BIE X 42 i R A B AR 55 A« 1B RO U 48 = R 4/4
R EREE, BRI XS 12 A ok 02 B W 4B I L 5/5
1Z5) R % Motor system L/R
F EE 0/0
Hand 2HIEERS (RERE. NEHBIEERE) il
NE/AZIREE (IEE[ESEXBEE) 2/2
REENENES(RERE. NERBELERE) A 3/3
K95/ iz o & 4/4
i EE 0/0
Leg 2HIEES (RERE. NESHBIEERE) il
BRES L (EESEXTEE) 2/2
REEMNEHNES(RERE.NERBAELRE) 3/3
gesh, B A gEuL L 4/4
BERD, NBEUAL  (BILF AT 5/5
R/ Tia ) ge 6/6
Fig E% 0/0
Finger ZEREENLH (RUAFIEIERNEEE) il
FEREEMLEH (RAAFENREREIFLAIE) 2/2
BERENLN 3/3
B R o/
RERENLH (RIUAHATIERT B EEL) 1”1
Toe FEREENLHD (RAAHUTIRS B S50 E) 2/2
BEEEMEN 3/3

E URIBIZER TS UEM S AN S BFS  EREEGNTFS LS.

Note: L/R shows the scores on the left side and the right side respectively, and the results are the sum of the left and right side scores.
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F SRBEBBNS ABRFARA (n=3). EETARKFHIKERY

BB (n=6) FKIXAIZ=ATA (n=6). SBERALE, P<

0.05, "P<0.01; SiERALLE, “P<0.05, **P<0.01o

Note: 15 cynomolgus monkeys were randomly divided into Sham

group (n=3), middle cerebral artery occlusion (MCAQO) Model group

(n=6) and Edaravone treatment group (n=6). "P<0.05, ~P<0.01,

compared with Sham group; *P<0.05, **P<0.01, compared with

Model group.

E2 SEHAIBERINBIINERRITD LR

Figure 2 Comparison of neurological deficits scores
among the three groups of cynomolgus macaques
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E: AFIBIMEBT RBIF KRR (0K) URAREEIXR. F7ROXMBELRMAGIEE (ART2WFLARFZISHT, BRDWIFIISHT);
CHID 73 T2W FLAIR. DWI SIS HTRISRIBK I AR R ST ER. 5 RREREN S HRFAA (n=3). BETRMDIIKMER Y RA
(n=6) FMKIXFIZAITA (n=6). SEBFRALLE, 'P<0.05, "P<0.01; SERIIEBALLE, "P<0.05, **P<0.010

Note: A and B show MRI scans of brain before middle cerebral artery occlusion (MCAO) (day 0), after MCAO day 3 and day 7 (A was T2W
FLAIRsequence, Bwas DWIsequence); C and D were statistical analysis of brain edema volume by T2W FLAIR and DWI sequence. 15 cynomolgus
monkeys were randomly divided into Sham group (n=3), MCAO Model group (n=6) and Edaravone treatment group (n=6). "P < 0.05, "P < 0.01,
compared with sham group; *P<0.05, **P<0.01, compared with model group.

B3 SEAAERNEILIRAE T2W FLAIR E5IF1 DWI FFI &R

Figure 3 Analysis of T2ZW FLAIR and DWI in each group of cynomolgus macaques
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Apr. 2023, 43(2) LIRS EZ Laboratory Animal and Comparative Medicine 143

,\EiJfF%E’JHkwaH,,\tDH) BAEEMALREIMFRORITER. 15 AREREN

E: AR2, 3, S-ERESMmER (TTC) 3e (84
(n=6) FMKIERIZEATHE (n=6). SHBFARALLER, "P<005, “P<001; SEEIIEA

DARBFAREA (n=3). FEETAIF NIRRT ERE
tb&, *P<0.050

Note: A shows 2,3,5-triphenyltetrazolium chloride (TTC) staining (seven pictures of brain tissue from one animal in each group); B shows
statistical analysis of infarct volume in brain tissue. 15 cynomolgus monkeys were randomly divided into Sham group (n=3), middle cerebral

artery occlusion (MCAOQ) Model group (n=6) and Edaravone treatment group (n=6). "P<0.05, " P<0.01, compared with sham group, *P<0.05,

compared with Model group.

E4 SESERNARRMETAFRLLER

Figure 4 Comparison of brain ischemic infarcts volume tissue of cynomolgus macaques among the three groups
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Overview of Studies in Animal Models of Schizophrenia
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[ABSTRACT] Schizophrenia (SCZ) is a highly destructive and complex psychiatric disorder illness,
accompanied by a variety of positive and negative symptoms along with cognitive impairment, which
brings a heavy social burden. Elucidation of the pathogenesis and therapeutic development is challenging
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because the complex interplay between genetic risk factors and environmental factors in essential

neurodevelopmental processes. Therefore, preparing appropriate animal models can help people better

understanding the neurobiological basis of SCZ and provide theoretical basis for finding new treatments. In

order to provide reference for the application and improvement of SCZ animal models, this commentary

reviewed several main modeling methods for animal models of SCZ, including neurodevelopmental models,

drug-induced animal models, and genetic models, and the behavioral evaluation, histological analysis and

possible molecular mechanisms of SCZ animal models were also outlined.

[Key words] Schizophrenia; Animal models; Behavior analysis; Dopamine; Y-aminobutyric acid
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x1 BHOREAXNNRERE
Table1 The animal models of schizophrenia
TR R BERK ThRFERE PRFRE SE
Type of model Operation Behavioral phenotype Histological phenotype Reference
HERFFEE LAEFIFFES WEERBERMAANLIEMBNE) AUETERHARRED, RN EFS = [10]
Neurodevelopmental H{BREEE RNIEIN, AR IESED, BEEsT] ERRIEN, BEMEEXEGNFE
model RS, ICIZ MRS , B IRIE N HMETHEYELS BEUREXSE
fer e TTiE I 0
HERHtERE BREZIBIN, WHMFEMORMIE  BISMHARED , B ERE, 8 [11-13]
R, BRI IEES AR, E SR PV REEE TR
BRI BN
BRBRZHE REEBEHMIEERE HXTHEEE WEBRNEETR, WENERET [15-16,18]
BEIEBET ABINERMER, B DOt REcngstEs. #
B EINNZEREBEMNFIRIEN HREGAREAUNBERRERENG
BBRYIZ B = RGNS PR M AE AR RN 3 AR X AR FRUR >
RIS &M RIBMRENSERNRIERE RIBAEBR A & B HANVRI MR E [15,19]
1TRIBL
HUMESEE SERBEMHN EDIE, DO ITECIZER, BHE NMDASHRERARE WRESKE,  [24-26]
Drug-induced model  z23fthgy s ERMG , B TEHDHI BREE RIBZFNSCR A 2 BRI BUS I
SUZER RETEILIEIC, SIREREITA. 21X BDNFEBNRIXKFRER, [37-41]
HETHNE EZZE, BRE] KMEAREFAE, 83 X5 PVIRMY
ZES HETHHE TR
AR CIURIE BICMEIER HRXENZIR,F AMKEZER. AR .SEERLL [30-34]
e BREEHfIERRE RERE LREBRUSM a2 T’
FEHEFZAE , BDNF/TrkB #97KE &
MK-801 ENIE, BRREHIIERE, K6 EEE, REIEsIERE, H3REE [42-45]
N, MRS EE DT, FEMRIRICIZNEE
EiiEn DISC1 RN HERXMERT ARG, BE WEBX KEREENRESRD, K [50-54]
Genetic model B IERES Ehv-afTREREITEERR,
NMDA AT EF] PSD-95 f9RIA />
L2qN2REGEME BREEZEHIERE DEEFHRIR KREMKETREMFRKE, =R [56-58]
B, TEIiSLZRE A WRBEBEENNRER MRS, £
B y-aZTEBRREE
NRGT EMFIRRT BN EEAREWE  MRINEEERI NMDA SAKFERR, 8 [61-62]
FITECRERE, BRENIERE SR Tt RN IR E RS
Dysbindin Z@, FIMICICHRE , RshFRIBT ZSERBRUSN, MlLxE D2 Z R [66-67]
b=l ESVS
Ulk4 RE 1ESRE, LENZ@EICiEE  Akt-Gsk3BESBREEE , Gsk3p &M (71]

=Pl

E: PVBINAZER; NMDABIN-FE-D- XL R, BONFRIRMEHEEFRETF,; TreBAIEBSERMEEZIAB; DISCIEIEMH D HAEKRK

2R,

PSD-95 BNt /E (% B H-95; NRGIRMMEZIFETERER; AktBIERMESB; Gsk3pRIMERS AEEREE-3B; Ulk4 RDunc-514F#1AE 4.

Note: PV, parvalbumin; NMDA, N-methyl-D-aspartic acid; BDNF, brain-derived neurotrophic factor; TrkB, tyrosine Kinase receptor B;

DISC1, disrupted-in-Schizophrenia-1;

Synthase Kinase 3 Beta; Ulk4, unc-51-like kinase 4.

TR RIS A AT %, IR 7 AR
P ZUERELENHI AR . BESh, XA AT LA
TIRBIZYIRY i, FPR TR AR 2R T

PANRAE R 1 IESE o
SR, B WS A ZUE S I R E — E AU SR
PR, 29907 SRR Z R 2 IR R S A &R

PSD-95, postsynaptic density-95; NRG1, neuregulin-1; Akt, protein kinase B; Gsk3B, glycogen
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ARG, G R R OB —, XL AR
BERAREZME, b, 2GRS 255 E A A
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[ABSTRACT]
in the field of health. In recent years, animal aging models have been widely developed and applied, which is

With the increasing severity of global aging, aging-related issues have become the hotspot

of great significance in the study of aging mechanism. Animals with short life span, such as Caenorhabditis
Elegans and Drosophila Melanogaster, have natural advantages in the study of aging. Various rat and
mouse aging models have been used in aging studies. In recent years, new animal aging models have been
developed, such as the African turquoise killifish. The authors reviewed main animal models used in the
study of aging, and analyzed the establishment methods, evaluation indexes, advantages and

disadvantages of each model in order to provide reference for related research.
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Table 1 Establishment methods, evaluation indexes, advantages and disadvantages of common aging animal models

i T SETNIET = e
Animal Model Lifespan Establishment Evaluation index Advantage Disadvantage
method
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Animal Models of Human Diseases
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Recent Advances of Animal Models of Renal Interstitial Fibrosis
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[ABSTRACT] Renal interstitial fibrosis is a common pathway in the progression of many renal diseases.
Whether it is chronic kidney disease or acute kidney injury that cannot be fully recovered, the progression
process mostly enters end-stage renal failure after renal interstitial fibrosis. The animal model of renal
interstitial fibrosis is an important research tool for exploring the pathogenesis of renal interstitial fibrosis
and new diagnostic and treatment methods. Different animal models have their own characteristics.
Researchers can establish different models based on their own experience and experimental purposes, and
carry out scientific research on this basis to provide more new methods for the prevention and treatment
of kidney diseases. The authors focused on several common animal models of renal interstitial fibrosis to
provide the reference for related researchers, including surgical models induced by unilateral ureteral
obstruction, ischemia-reperfusion injury, 5/6 nephrectomy, and microembolization; chemical models
induced by cyclosporine A, adriamycin, aristolochic acid, mercuric chloride (HgCl,), gentamicin, cisplatin,
and adenine; transgenic hybridization and kidney injury molecule 1 (KIM-1) induced transgenic modification
model; composite model induced by bilateral ischemia-reperfusion injury (BIRI) combined with gentamicin,
unilateral nephrectomy combined with angiotensin Il (Ang Il), and unilateral ischemia-reperfusion injury
(UIRI) combined with pLVX-shTNC plasmid.

[Key words] Renal interstitial fibrosis; Animal model; Chronic kidney disease; Acute kidney injury
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RS (ischemia—reperfusion injury, IRI) A9 ZEJH
Hz—
IRI 52 7Y 4 475 000 e 11— P TR #5245 (bilateral
ischemia—reperfusion injury, BIRI) %4 FLUEL -
HEEFR( (unilateral ischemia—reperfusion injury, UIRI)
AL B IR ANXH S DIBR AR (unilateral IRT with
contralateral nephrectomy, ulRIx) %Y, Y7 UIRI
BIRIARBLI, AN SE5e: H BTN [F] IS A3 P ) Bk i
BN RIZEREOR, HEEARBEAHEN S5 [
FIIME S, RPN R ER S A M ESOR M 57 222D 10
min, FEEAAFF I DA SE M- P REERR G, KRG
1~6E R EifE, YangZs ') @5 UIRT AR (SRHZ£M
B30 min) 2 dJ5FFIER 8 ~ 10 JE At BALB/c /NERAS
MIEAE, RfG2~3 dENLulRIx A, DU S
. HARTERET, B SIS /NE Gy/M A
R SBURA A TR R EYT Y, hERarES
A5 5 AT I AR B0 Z A ORI 2R o R
[F) SR P i ¥ AT AL P B A, AR st 10 f= 1
P 1 P ERTER AR 7T o IR [ SR A 1 355 PT LT
B RS, anZelE S R 50 min [EAAFFIRE ML,
7RV 10 A PIHR AT L SD R BB EARFRIE R, B ERR1H A
PG, SRR MM, BIERHRR T
Hefk, o,

HETAZEE NN, SfEEHR 5 BN RESE
ZWRE, MRENEARES, AISEEERKIThEE
B A W AL I M s 17, BHFRERIE, UIRI
Al VR ST B 4R 05 e A 18 M 1B A i A ) 55 1
BHPIAL, FAECAROCEEA] (R Coll. TGFB. CCN2,
CCN3) )k B R Hi R SR N [ FT L6 R 3Pz O
RIRAIE N2 0 JCICRIERL, RS I 1 R
MAY R ORE B, W50 PRI 73] 5 5 B B9t
friae, BB AR LR TE B B IR 4t i A s 1 B H
LE RN 2 TR . (HIRTBAI G 2% 202, ]
HEME, HEBIRIEEEHIMEE K, ulRIx BELT
BRIMAR A B S M s2 1, TR A,
1.3 BXEMDREE

B REYIR: (5/6 nephrectomy, 5/6Nx) A fE
ik INRECR RIS, TIAAEB NG S BT
W2 23 R, L1 JFEHEVIRAEE, REKREL Y
6 HH . HTRGEHRSMRERRE, B Ay

YH, FPRAAATARAEL S A, s [ /NEREEAL,
DU AHRLAY B /INE AR Z2 408, e T B e TR] o
a4tk 2, HSer. BUNFIREHAKFPHEEHo
AN ROR B AR A, iR s, H
HiT 5/6 Nx LA K B IhRE AR 5 A B i sh i il 2
I 2 N g B R T

BEah, PR 5/6 Nx 5] 224 g R, Bk
BTk FARGHLAE B, 1EEVIRGE . HE
TG 5/6 Nx B8, ZI7 B ABEAN . Hiid.
THERE R EEMENRS Y, IEHERRERR
17 1 R B v B B T A5 FL A 56 B DT BR =R (576
nephrectomy based on ligation, 1-PNx) B8, EfRRY
ERTTEE . FARVIBRNRAGE 1A EEREILAES
T, SEELNAEE ETRIRSE >, 1-PNx AR
[5 4 J8 B 12 JR B IS A I BR AR B AR G G 5/6Nx 1534 B
H, KREMo—FiENALEIEH (a-smooth muscle
actin, a-SMA) . ¥ EKKE - (transforming
growth factor-B, TGF-B). KEEH I fKEEH I
FORKFE i, AERFFTIENE B IR Y B A 4R E T 1 sE
A
14 EtFRIRE

PR BRI 3 FEELSL . Kimura 55 ¢ £
1999 T T i ZE S B BT VRIS 1M B s R R
A, HIERTTE: IREEZ (40 mg/kg) FREE 128
WARERTAES, WEEdE S sk N
etk (EA220~30 wm), VESIESPAFZIKEHR
[ 2 ERTSEFRE Sk,  DAB R TSERIR AZE B Bk
X EEPY IR IR BR B ZE T IS AR B B B /NBR i /NS Bk
B /NERNEHIME, SRMEAS, RE2~ 12/
AlAE SR A E A AR Ser AILEUIHE B BEK RGN,
MEEEANRE, EHTLENEEREEE, &
R SR B AR (R AT A A S B s ) R Bersani
5 DB Kimura 55 2 ORRL, HysE5%: 110~
120 H R ERARERE A TS IR 2290 (45 me/kg) JFRIE
[EHATIERE BT, SePARERE . P AR AR, AT AN
FHNPkizmm X, PACRIE MUFRANAE /2 & Bk iR 3l
FE7E B SRk I BTG DX IaRg T A B HA L PR A R R R 1L
Bk (E1£20~27 pm) ByEHELK (0.8 mg0.2 mL),
BEEYIRRA T RJE30. 60, 90 dHHFIGIE, S3HTAS
A Bt P BRI . B /NER, B/ INVEFTTRL SRR B o
FEICEAL b, AR R T PPN IR EIRUR S A
RRRLo B e ZEs [ rY FH M & 5315 Al e 2 Seaais
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RISk I R E R P B, HiZBRA R
SFEEE M 7,

2 HYMESHEEERTHER

FEAETE S BT R B T R AN AR AL PR
R RRER. SIHRIR. . B, REHML
&, DURmMmEZKEI (angiotensin I, Angll )\
MR, BUMZ . BEEIRSE — R YIMEZ s Al 5 T
515y s N i Y- N e 2 AN PS N s A 7 7S R = i
B SR AU A A AR A B R s AL |
IR FAORMAL, RREREBAL, i
AL BREERS S T RIR BRI SE . N BRI IA %
RAURHIE
21 HEEAEER

HRAZE A (cyclosporine A) fEAY 2 Rosen 25 128!
F B2 NHEST IR A 8975 ZFia @t iy —Fig i i if e
PEEIRAAL . JERTTTE . REEVNRIE IR RS PR R
A (15~40 mg-kg'-d™), RpEEy2~4F 20, H#
J& Al AR IR B B R B P 32 B HL BUN Ser F/KPAR
RIS RETT .

R A BH T — P EERARBPMRZ AL, H
VBN —Fhass e iz, B RTFE IR 28 H T
. OE. B, BESRERBEARE, E£—ERE LA
RmEEENEFR, BHSEEMMERARTENAR
RRRL, KA R EE A f5 ] RN B IEALAE B
TR, DU B /INE TS I S5 4 20 A AT 38 4
7 270, SR ER A 5 [ A TR PR AT 4k 1 2 B AR 2
B/NIEW S, B/ NEREREZEE, AR A
PE. PRIESE, BRIRRE, Bi@rEsim, mRer4Edi
TR FRIR R BV AASNE T, TR LR 4R
g R (29351

EiZ AR A S, BIAOR A A&,
TE—ERREE Lo T By Sed, BRI T =LA,
HOAEER AL IS T B A4S AR
22 MERER

&2 (adriamycin) JERTTIE: K RBEHITES
fEE (2~12mg-kg'-d"), £&2~7JE. HEHIHR
BHAEGIAL B2 e A TP B, (H TR
mHEES, HESNAG S ELLES, 5%
BRAA LRI, BhE. RIETE, SENnEdEn#]
Wro i E H B T & = A B = BN g — B PR AR
1, BTEEE R RER T RSP AR —E

PR — MU 2 S IRV EER R LR

Y. B BN e 0L R BRI B R,
FAES RGBT T 5 R B /Ny, &k i
TERBIREGEIE, 2P, BB NEZSE. 5
[ERRAE, RATCRBE T4, IR, PR
RUTE A TR SRR BN AR ME B R 27 S AT
T B B /NER T ALY B £ S ALE J Pl FRe Y B I - 44
AR BAA R Al R P,

HuTAM RS S Rm AR b, 45500
W, EMEREYE. MEAHEE, KREIRR
A REVE RN R HL B E AR S e Do) HopfFesh
KRB, KW E ek IS B AR R
(lysophosphatidylcholine, LysoPC) (20 : 3). #5#HE
(sphingomyelin, SM) (d18 : 1/16 : 0) %522 Fi{Rilf#)
SEHiEE 4 BB HRRRA A Rl (148-
hydroxy—docosahexaenoic acid, 14S-HDHA). —MHIgEH
[ (dipicolinic acid, DPA) . — + Z W N\ &g
(docosahexaenoic acid, DHA) %57 fh {45 2 H B
AE R, MmEERR. B LysoPC (18 : 3)
S 12 BRI S T A R
23 DRLEKIRE

SFURRTR (aristolochic acid) LTI /INEIERE
SRR (2.5~3 mgke), W 1~21K, Fsk
4~10F 8 NRIRISEN SRR, ARER
HED, MBS ZE. BT RS /NE A a4
&, HHESBAEHECEREINREACE S,
TRANAD 3 . Skl R 1) RE P 15 K BB A o i 1 4R
(reactive oxygen species, ROS) HJFRER, [RKEHTIR
FELA Klotho BYFRIA (2]

SR IR e — MR TR IR, 2017 SRt SR B4
HAGIA\BUETE R . XEANEEYRAFETS
WRRHEYIH, B ESEY SR N Ei 2 5
ZiH Mo A A LR HIR A LR 254 7] S 85 it
sl BRBERIE. BRRA4EE, SRR
i 9% (aristolochic acid nephropathy, AAN) . E I,
RS SRR R N ) B A B DA S A B AR B &
(PRI 5o

SRR E S A B e MR, 2 LS &
e B IR et 4k, B St SRR &
[AIFRRAES . Q1 Wang 5 1 JBIT EELE4A CSTBL/6 /MR
B SRR T NEE (10 mg-kg™'-d™") 5 diE S
NLPAEME B INE R E AR ERY AANBEAL . (HAH S
VU MREE T A 1B I [A] R AT AU A A s TR 22 8 R, i
BRI, BN,
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24 SERIEDR

AR (HgCl) &7 KE O AR HeCl, (8
mg-kg-d™), FEEEOME Y, R EHACAYING £ EAs
BZ—2Bl, BRTAEEFEMIN, ARESZED
PP A SRS, BAERRIERE IR

KRR A HeCl, =P~ B R s R, &
FERIUNE INERAE b, SV B/ INE ERBEART B[R] R &
iR, RASE SRR O, HHF HeCl,
e, FIEHEN Y SRR, SUSEiETiE
ITANEIVR SR B P SE g il o BR 2, RGN TR P i 7]
B HeCL S AT LG [ 2k s 7, el e
NSRRI REF 2L
25 KAEHREE

JRREER (gentamicin) ST INREKR L
TUHENRAEZE (80 mg-kg'-d"), £J7~9d 4%,
e A5 A T 2 TR K B R B S 3 M i & o FREL Y 2 6%
JREBEREIRE ¥, RIRIRGEINREIHEZ R, H Ser
N6 mg/L, BATHEA 2 mg/L BT

IRREBREE MR EEERIAER, EARRM
FERINGEEME, SERIERKR LRMER, B
RN a SR, RHEARHRFIEEHRK
RN, G AT R SR R4 R D RE
WS E, BRI, KEboat S EHEImK
BRERE MG HIE R ER R E AR E R E
o fE, BB IR M B AR T R A R R g M T
BRI, MUMMEIR KRB RZ AT @AM EHR AN
S s, e A BT S AT R R AT A
T2 181 5 R B 9T o W1 Huang 25 %) 25 C57BL/6] /1N
RIS R A E (80 mg-kg'-d™") 7 dE 7 AMES
P, RIS BRI SR G E R EIASE,
HNSBIhREREE. RIEMI4Efk, Albino % 0 257k
T Wistar KUz FIEFKAEZR (80 mg-kg'+d™) 9d
SN ARG, RABERBEESATESE 1. 30
F1180 d X R ERIEITIFZT, WIS A S0 5 ) 1 £ 4
PRI I B AR v A A
2.6 |RfHIEE

I EAER T VE . NS IS (18 mg/kg) ,
R, 3 dJEHMNIAEINE Ser. BUN B3] RRZH B {2 7
B IREAVE R — i iSRRG, TN AT
BB AT . A TIKE, KT E
REFE 7, NG E4enNEmEt, MES
DNAZES, FIEEA XIRES, PR DNA BIZhaE, FRimsl
G2z, 2R 2. B

TUBMERERZ Rt B MR RHI e Il R A HY
KEARZ—. IHES SR =R 2R
i B /NE MR SE T A RE . JRiE A e iRy
[ 20% ~ 40% AL BV IREATE B At
LRI SRR ARG, RIE. BERGELZMRE
RV S NE ARG . SRR AT B, Hor
fRf5i2% 1 (CTR1. CTR2. ATP7A, ATP7BF10CT2
) TEN UM R R A i AR R R Y,
XA R & AR RS RE T ABOR o IIEA A 1B 25 1
B BT R AR B SRS IR BRI
IR A== B R B IRE G, P E
NEEHAIETNERIE. KRBE. BE
ug sl I AR R, EAZ R R,
EMERTREEROR, BHEE, BotEe.
27 REREZESERREREE

BT REHEB IR (200 mg-kg™'-d™) 2t
4JE, FEfERMAIE Ser. BUN KRR GO0 BRZH A+
fars HFELANRAT DL S BTG B, 2R B B 45 &
KoK, HE Bt DL /NE T HES PO BRIBERS 2 4 Fh
BRI —, TIFETERN, HomRE =y
KRR IRIR . PRIERPTSEM N EZHORE, /D> —
SMENER, BEARBMENETENR ", &IRR
[%E (hyperuricemia, HUA) %SRS /NS F R
20 B A FL R JE T 245 22 H (breast cancer resistance
protein, BCRP) /=BEMREREES SIS EH G AR
512 (adenosine triphosphate combined transport protein
G superfamily member 2, ABCG2) FiAFEAK, XnlHE
(it B /INE b R 2R AT B [ o o 8 PR IR B A AR AR
SECEEMEIHRG B milER] R SFELIEK
M RIEMR IR, FEER HUA, TR
JREEFF S AT IR B ER B SRFTA R
S AT i HUA 2R RO ARG, i HUA AT e e i
R 2k 100, {H Sellmayr % Y f52EoR, JOAETR
AT HUA Aol e e SRR TR, FRAERIRAE B
thehdh, FEISTERIRE AR, EHAE KR
TR 2R 2l MO RE LR A O A []
FRRAEMA 4tk D ig v S iw R, A, £—
TERRE b PRI s % AT 25 I B T2 5P R 5 IR ) o -4
RIS EOFR G, XL A BRI S5 AT & 5 I [ 2
P il FRD A OB o
28 HittFESIRE

BT B X S RE RSN, B IIE R
IR M AEL, (8 B9k 1A E R - Rk R -



168 LIS S LU E S Laboratory Animal and Comparative Medicine

Apr. 2023, 43(2)

[E]fi] 245 (renin—angiotensin—aldosterone system, RASS)
BB 12—, 2 H DU I & B A R A
B, BAERNER. SR, AR S S
JREF AL,

3 HERZIHRY SR E BT g iR

5 R () SR AT A AAR AR A R — SR P AR AR R
IR, HEH I AT LR AE G Rl FRIA 1 i
MaHE. BHLERIEREE, IR EA I LA IIGTT 7T 5.
X R NSRBI F AR T
31 HEERZIEE

Lim & [ R H {5 22 & (diphtheria toxin
receptor, DTR) TEUTUG /NG FRIAMNF L [AME
% (diphtheria toxin, DT) B[/ S40M0ERM, MMiES
Ve B/ INE AR A ], N2 DTREEEEA/INGR
[FII AR R 223 LMB2 /15 A\ CD25 X B /NBk 2 41 i
VRGN [(HeD2s M mEH BT 25
(nephrin promotor 25, Nep25) IXzh], L Nep25+§§
FEDR/INGR R PR B DR/ N R 2R 28 5 AT RIS AU B (A
/NER (Nep25'/DTR*) FI{N E A Nep25 & H KA /N B
(Nep25*/DTR™ ) f& #L , [ f§ Nep25'/DTR* /)N f& Fl
Nep25/DTR™ /N ER I 7245 100 17 J& #5 5% 5 1E 5 DT,
LMB2, #55% 7 Nep25"/DTR*/IN AL ELAG BH iy 4
HE/INEFTE /NSRRI R S, TR 2 —Ma T
WRE/INEBA E B /NSRRI A BRI T 5. HE—
HHISERG TR, RME 2B ME S /NE R =1
IR f B /NBR R G B Uk, B/ INE TR TR A AR
WL AT — R 4L IR 3N DA RS A B R i G ok
SRR [,

3.2 BB A F-1(kidney injury molecule 1,
KIM-1) {284

KIM-1 &85 #REESE /NG E AN
e IR KIM-1 BEEEL R KIM-1"/NER, £E4 ],
45 R 57 KIM-1 A1) 9 A0 2 2 14 40 fa K7 (MCP-1.
TGF-BHIIL-65) . £FIEEHEFMERIL, HrMCP-1
72 KIM-1 {2 3t & A [A] R AT AL R B B ot . B AR
EASEEmE, @M KIM-1 R iHE—S S NE
[RAMERE. BHMEEZLMGE, #—P5FS
KIM-1 724, A E M RERDEEIEER, A RE
B /INE B AT e [

KIM-1 f2 —fh il B i B A 1 RS s & 1
HfgiaRih g ate B et o ig it B e rIAR 590,

5 5B R 4R P B S B DI . BRI
R UE RS, EESMES/NERTE
(acute tubular necrosis, ATN) HEZrhGERfn &), &
IR S, P B R 2 1 1 5 PR s ) o P it A
KIM-1, MCP-1%#SEEHELZEH, XLEEFAEN
Biia M IS 2 R A B B R

4 BEERTHEECESRE

At 22U ek — ARG T A I HE DA L BT
FERERHEARI, JEEARIRON S 2R o
— R EHEMIRR S N EEH TR &3,
41 BIRIRBXSKASEEE

WA IR Ae N, BIRTASAY (S PA AU
#F60min), RF2JE, ETFERNKKER (100 mg-
kg™'-d™) 5d, EZHEEIEHIANE 2N E R A 12
TSRS G, SRR Ser /K, &2 EIER
—WRIMEFIFRIEAE AT BT /N JEL % (glomeruar
filtration rate, GFR), i 1 & 5 EIA] U Ser BH & H 5,
GFR TRk Ali 20 J& 5 S e A AL s A 25 SR (5
IREINERBEAAT . Zat NG [, RS
AR SFHEGRME, 28N RAZIREAREE
B BRI T AR E G, (HIE
MR, IS,

42 B SIREES Angll 1B

BT VIR AES, R 1RETEG
BisiEE (NE Ang IER) EEAFAR, REEERA4
JE; KA IIE Ser. BUNFHE, 24 h JREH ERIAE
T ARG mn] Wk dh/NE B AR, K
A RAIIRIE, KRIEAAEREN %S, SRR E
HEFG 55 LR B AT 4eAE 1) i v R S B 6
ROEMEATN, e B DIERER & Angll T ER AR,
AR (e I B 1 5 W B (] R AT AR A
AITERCES BRI 7715, ARG & SR
VERIITRISE, DUSHEARLAER & RS2
4.3 UIRIAREXS& pLVX-shTNC [H it&EHE!

BT N UIRL (FePAZEME 7 26 ~ 30 min)
ARJG 4 d A HEEHCES pLVX-shTNC, Rf55 10 KA
A (6860 AT & B Ser. BUNKSEBH BT, &
AR EH (W a-SMA. BT s &
H-1. KEEH. FEEH) RAHEHEZ, =l
LU AR A] WA B RS ITARR o AFFURER, i EE
C (tenascin—C, TNC) 7EIEH AM'SPEFRNIARZ],
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& RIS ME B I R ) B SR AR,
UERH TNC 28 B A 4E R CBEBURIR R . TNC RT3
A5 R b B [B] B % fE (epithelial mesenchymal
transition, EMT), jHiT %4 &K avB6/FAK/ERK-1/2 {5
BYIHIE EMT, s B/ NS sef: 1, X2
SVEE IR RS S IR, SR XE S
R N AT B2 B A AT TG T T BOFTRIS

5 %iF

B IESRR N I H B, Hrh RER 7 5 B T
R A YIRS, AR — RO B Y B R R A
HEACSIPI IS T B IR & A & AL
NEE, FHEREERARNESERA, RS
FER] R AT A SR T HO M 5 TR ORI R, BR T
MEZMAFAR, AR, A F 45 S 7
FEFAE RIS A —E R R R, H AT,
B AR BRI AL g A A AR
%, HFPMEALR A HRR i DR — R B B L

2009 4, HL 40 g RNA il = (single—cell RNA
sequencing, scRNA—seq) ARG RAH, (EERET
IR R IR . SRR AN PR RUTRNA-seq &
I BERS I — FEAH MO 5% AL -2 KA, scRNA-
seq SR ATEHAIKT: EXTEEPRIZH 56 k2l S R AL A
HIKSEHI T 34T scRNA-seq 552 /K B8 58 & BA4H AL
FEAERE CERES) . = (AMAIE) PREE N
BERIZRIARE, ST AE P 5 R B AL ER 5T B R Z
PLEREATERN f5, RIS IEA DS B R FRIA KA T
scRNA-seq = MR AR R A E R i, iR
LSRG I SIS R AR AN [F R A2 [ B IR IA R 5
M, RERABIENAERZIEG, 7 RE AR
R

S ISR HO 2 2% B P 17 Ko B A BEATL AR (E i 55
HAWTE C AR S S PIRA, AR IRE AL,
DU B NARRE A% SRR EARIUR AL, X
R HEXS B LA PR 44 I8 T 7 29 YT 80 . kA
R IIRZR LS 25R o
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[ABSTRACT] Stress cardiomyopathy (SC) is an acute cardiomyopathy caused by intense mental
stimulation or physical stress. Currently, few interventions are effective in reducing mortality, improving
prognosis, or preventing recurrence in acute or chronic stages of SC. Therefore, it is particularly important
to establish a reliable and effective SC animal model to study the pathogenesis and prevention of SC. In
this paper, the preparation methods and evaluation indexes of SC models at home and abroad were
reviewed, including the operation details of catecholamine hormone injection method, binding method,
binding combined with electroshock method, binding combined with dehydration method, vagus nerve
electrical stimulation and other modeling methods, as well as evaluation indexes such as open field test,
cardiac ultrasound, electrocardiogram and ELISA, striving to provide useful reference for model selection
and establishment of SC research.
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JRHAL SCHEAIAT &, AL 1S0 Y SC B
AR B, NE FEFEST IR 2 ~ 4 mg/kg N ISR
R, BT RER, Fel2l4 mekg &L, D
RIKT5%, FETRANAG 16.67%. ZEAECE S g
PR IEEST 4 me/kg NE, IR HT T SCHAY,
2N 66.67%, KINECNEOREE, OHEB . 5k
JES B% 78 b 47 % % (fractional shortening, FS) BH &
o

FRAELIN, /INREH R SEieshPidek, &
G A R %, A CSTBLI6). 129/Sv /N RS
(R 1)o Liao% M HRHZISEST 200 me/kg B9 150, /)
MBS D EINRERETS, LVEF<35%, LMILILES
#H (cardiac troponin, ¢Tn) TAEF &, OALHBILT
HEALAZHABET o Shao %5 17 BLYRIGHETEST 400 me/kg
FHEAIIS0, 2 h /N AL BT BEiE 3RS
HHEOIRE R EEHMEIEEERE N [
a5 U8 fifi j] CSTBL/6) HEE /N, PLSO mg/kg SO I
TESS 3 RS . TES R RIZIVINREREANL, HEES)
WD o ST 3 A G DIEEHREFRAR, D EARARFIL
ENREM, OFBIRIK (atrial natriuretic peptide,
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F1 HEFAFREIKR DBENHEONBRENTGE

Table 1 Methods of constructing rat and mouse model of stress cardiomyopathy by chemical factors

k)| mMEER %51 FRIARE k)| bilis BHFER SE
Animal  Stockorstrain  Sex Age/weight Drug Dose Dosage regimen Reference
*E2 Rat sD 3 250~300g ISO 50 mg/kg BURFERRIEST 0l
sSD it 2~48#8,241455 g ISO 100 mg/kg  EBIRIERE ST [13]
SD T 220~ 250 g, 8 A& ISO 100 mg/kg ARIEMUZ R TES  5E3E [14]
sSD li:3 300~350¢g NE 2~4mg/kg BIREREITS 2]
sSD li:3 300~350¢g NE 4mg/kg BIREERRITEY [19]
/B Mice C57BL/6J T/ 8 ~ 16 A% ISO 200 mg/kg  BIRBEREEST [16]
C57BL/6J / 16/ ISO 400 mg/kg  BIRIERRIEST (171
C57BL/6J brides 7FE#%,20~25¢g ISO 50mg/kg FEREIEST3/E [18]
129/Sv / 8/ ISO 25 mg/kg EEERRTiESS5d [19]
C57BL/ 6J T/ 8/ ISO 30mgkg RETEEMBER,EL21dEMISO [20]

E: 180, BARBLERE, NE, ZRELERE=

Note: ISO, isoproterenol; NE, norepinephrine.

ANP). FX%ENAK (brain natriuretic peptide, BNP) . B AN
BREE H E ik (B—myosin heavy chain, B—MHC) BH & _E
8. Khurana % (9] {FFE 129/Sv /R, B H 1R FiE
SISO, JEELS d fg R LEHRIRIELL (picrosirius
Red) Jet IR E & H & & 2 & M. Walsh-
Wilkinson 2§ [20] BN NI ERIR, EAE21 AR
SO J& . MEE/RLVFSJdZ>, LVESD ¥4/,

REIETE ST IS0 27 SC Y i s FI R 751 o %5
EIRAERE, BULISCEA S . ENIMNLHIZTT AR
KER SCHEBIRY /AN —58, Bl SD K B HLIR
HE I R B 1SO (50~ 100 mg/kg) RIAERL SC )
JRELRZS . (EX /NSRS, TRt —2
HEH, /NEURZR CSTBL/6. 129/Sv G ER, 1EEF&
FITES SRS AMHE, BEA/I R (25~ 50 mgkg)
2 (3~21 %) 4, HAKRFE (200~400 mg/
kg) BRTESS, X TR A/ NSRS —E
WI3E. (HEMATS, ARG RS A = A S N
B, FERIhEERENG; ZR/NFIR AT IS g e R
L OIS A BN R AR ERACE .
12 MEBERESERLZ

PIBR R RS T BN 2, @ RARTE
ARGk RSN KIEE N S BN
A (3R2).
121 REE

R RSN YEE TR E A, 2R ahf]
WRPER, SRV EFAEENEL ], BRI
TN AE T RIS OB Y 2 AR AR 222, %
FEBAEEFE R, BT BORMRRRRS,

LR R A T AR rp R A% E T SE S sh AR B
BRI R BRSPS A . FrkE
e SD R SR AMEMNEE TRk b, AR K VU
2 h RIS SCHRELRAS, (OB B ORI
STE AR FLLRIIER QT [MIHAE K, AR i
RILNE M Tnl KRBT i, B8 DBIE B4 3
TRV DRI S ERFEAL o
122 REMEBEHE

&R FERIEUE —Fh AT 30 = A= 2 B 2 2 BB
J5, BAEREALENENN 8IS R AR &
TE RIS AL B V2 R T AR s i o
22 RGP SD R VB T[] E % Y [E 7E 30 min,
SRIE R H A B RIS NI 2 min 457 10 s J& JiK H R
(2mA), FEARBRIEEFEZ KA 30 min, H2
K, H15do ELISAARMLE R IME RG0S (cortisol)
BRIESE, BNP mRNA ZGARIE & OILHE G
BRI RRIEANIRIE, Rk A 4R A, AN
BNP A, Pi=2ik o fia s P s A
ZRRINER, WERRZREE LR, 2558
5 ER#HFIVE—2 mrE RS R R OEIR
ARHEIATE. RAEAEMLIRIE . LRSI R A
Hetl; EEMSRDR, LDURRE, AOERSE
BHERES, ZEO0=EFKE. O IEEEE O IH SR
2R (hydroxyproline, HYP) SEIHEH S,
123 RABESHIKE

TS 2 FEIG R AN SC B EAETEERK
WA, FFHENRIGTT I OIRERLAKE . FrLL, &
25 KR AR FIRKAY 50 mL. AR H R AR K Qb2
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FARRBRARAE T EESNEH 6 ~8 h, L3R, w]
DAl sC Y, Z5 R RO REREEEIZENIES, £
ERAEAE, REEIN, STERIAEMES, MRS ERRER

F2 MERFREI KBNS CIBRENGE

(epinephrine, E) K A FHE LEHRZE (norepinephrine,
NE) SEAEAE, RYEAHIRIE, OREHIIK
fil. $R5E, (EHHARIA SC BRI R 26.67% o

Table 2 Methods of constructing stress cardiomyopathy model in rats by physical factors

k)| w5 BiesikRE ERSE SEXH
Animal  Stock Sex Age/weight Modeling process Reference
KE Rat SD Mt 3~48#8,300~350g HR#&2h [23]
AKERat SD Mt 300~350g EE 30 min, BEE2 minEF 10 s ZEBRIH2 mA, BH 208, #F4215d [25]
AHRat SD % 280~300g PRHJIRKS50mL/d, BHRHE6~8h,iE%3F (28]

gr b, SRk AT DU AR H R A B T B
NI R B SCARAY, G REIYIEZENTR, iR
RO, AR, ORRERFEAE . M5 ) LA
BERTE, ARG AR AR S K,
PR S A A A g T X B 5T, IR AN T A FL s
O 7K B 75 E SR A0 i B A D] SCR LIRS, M HE
BB L G S B AT LIS 2 SC &R IR
1.3 HisEs X

B, BB EAR RN LT sh PR ISR TS
= P, E e 2 Hi. R 2 ~ 2.2 ke AUMEMEET PG
ZHE%, WREEEE, SRS, NIEE Y]
H213 em PO, sSEMREMNE, KHEHREE, HHE
JERBEA S T R EMZE 1.5 V BT, BRI 2 min
JEIAJER S min, f$EE1 h, S IEBEHRR REIL
TP, e ERE R AN, OHS IS ZEEL.
OB RS SR o (HIZ 7 VAN PARF R B ERER
=, BEEHARERR E AR 2 5 E Bk E R,
DUR RN () 3 % ) 1 A L A [

2 SCzhMERBIRYIFM fEtR

XFF SC el BEAL, & RPN /A A E N 5L
16, A LA, OHEL YE ELISA G, XLy
EBERT T PR SC AL S, AT AT SC3ia
FTRCRBPRANY o B 37 SE 06 2 188 i N B9 75— 78 BN (1]
iz 31 1 ) L RO W SR 96, (ES 2 MR T
P, XWELEEREE R LRK. LT IEERK
VB R SEGHRE T B BROANMIG, 7ESC9R I 2
PR AT I L D BE AR LB, 21 SCARAY Y B
LRRF B, ELISARKMITT iAW E, Hal DLWt
PR SC B RAFAT LR T 7K

YA

/eGSR 2 NG R 7 L sl W Ta A Sy
WrfE—E N EBN (W15 min) ZPIRYEERTE. 15508
i BEREIREL. RO, A B E e bR, DL
RS E B E R P TEIRA SC LAY,
1 DRI A B AR AT S ) e O DX S R YR B 1]
S S BRI A RS REKSE B2, ST RO X
A SCAERL SIS, CAHAE R BRL ) eEE rS . SC
HYrERINE EiEshED . tEAafEavE, sE)E
AR (B11AL B)
22 BELOE

VAR R/ B B, IR SC R
ER. ARERGE, AT R LE TR ERE
BEhERE, IR RLaEIARE B, XA R
EEEZsh RE, LM, R, @ELHEITF
AEUR, T OETE SCEALHY EEEEEME, SC3h
Y RN BBURERAELE , ORFNE ST RERR
i, LVEF fI LVFS & />, LVESD #f &k B0 (&
1C. D),
23 LEE

TESCHEALPEf O HL R E VR O R Al B - B
fF o SC AP AL ()00 H P FR BN AT P A
STEHa T (80) TifEE, DA QT [RIHAA PR (A HA
FER B AR Q I B B (B LE. F),
MR, BRI ST B ERE (K.
2.4 ELISA#&M

16 SC AT, ELISA Kl 54 VLA FEFR 1 2
RSO R BSERR, R REE, DU R B LR
el A OHINESEET (cardiac troponin T,
¢TnT). cTnl. ANP. BNP. R¢JREZ(ENSHAES T4
PikRE, R SCARIFEIEE Y, #£SC KR
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E: ARIERAN HTRHNEE; BRSCEAEAY HLWHNITE,; CHIEFHCEE, DAISCREALBE,; ENEFHLEE; FASCE

BEOBE,

Note: A is the trajectory diagram of open field experiment in normal group; B is the open field experiment trajectory of SC model group; C

is the cardiogram of the normal group; D is the cardiogram of SC model group; E is the electrocardiogram of normal group; F is the

electrocardiogram of SC model group.

B1 A ORI RE TN ERAREER

Figure 1 Representative images of evaluation index in an animal model of stress cardiomyopathy

B, BNP5cTnTHIELZE (BNP/cTnT) GRS, X4
TR, FEAERERRE . scai
T RN FREE. ¢TnT\ cTnl, ANPFIBNP 7o

&R

w

ARSIRES T AT SC s B R UL 75 IR0
firighn. SCEMRMIIMETERZ HEEIS.
A RIFEL SCIELIG UL, BRIEMR . BRRREIT
KRR SEFHIIEAL, AT LUN A G187 SC AR
RE SCHYIRT AT SR iR A T .

SCHNIALEN N 57, RO AERHARE T
A5 PR BRARHE — BRI HI Wb .
TRIFCR S S SC R EEA R, PAIILAE SCREAL Al &
, AnEE B, B, K. RREME R
EREYINEL, B RS ) LA B SR R AR
T BIRAS o R IRIX LTS FAAE R [R] I 318 5 T A
FIFEREH LUK, AT RME —ERERE Bl SC B P

K&, AmslEALSCHFERE S, HAETH SCHEAL
FE—ERIRE, FEYE— PR,

SRR, SCEYIBAIMTERES, BUS T
DHER, BAFERZ MEARRR. 5%, B2
BRI ARERIEAfr 8 b 1 R e IR R, FESEPAER
/NN SCHRIURS , fEZE A ZRIE IR Z5 25 7 B A5 74
AN E S IHAS SC TR A RAIRBEIR Rl 2 —; S8R
H OB R ANER T, AR PR, HR,
SCERKZSIy T EENZR, IEEESNHE, E
H BT s i A AT X 5, 2 EEsh )
PerEEsh P ol Sy AR M AR IR R . B, HHTAIE
BRI RN, BRZSE . RERELSIPIER
M, A D 85T R S 98 E 2T 5 25 Celocurin
chloride J5 REfE 42 SCHY AL ), (BIRDH HZ T 5
BTN TR, KA AL R A RE S B
FEHIARAISC HIRBELRAS, XLARFTHITHE A G IMER
5t
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[ABSTRACT]
leads to lung complications. Also it can cause a variety of very rare and serious neurological complications,

Influenza is a highly contagious disease that mainly affects the respiratory system and often

including Guillain-Barre syndrome, transverse myelitis, meningoencephalitis and others. In recent years,
neurological complications caused by influenza A virus have been reported in many countries and regions,
and gradually attracted international attention. However, the pathogenesis of this complication remains
unclear, and there are few related cases and animal experimental studies, and no specific treatment.
Therefore, the authors summarized the study of neurological complications caused by influenza A virus in
human and laboratory animals, in order to have a comprehensive understanding of the neurological
diseases caused by influenza A virus.

[Key words] Influenza A virus; Neurological complications; Animal experiment
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EE] BESMEEERKT (glucagon-like peptide 1, GLP-1) 2—FHBEDWHIIRESEEE, AENIEEES
ENBEN, BRNTEESHAEEE. GLP1EUME ZBTAaT I BERKB. M/REKSBE (Alzheimer's
disease, AD) STEBRFBFZ AFERESXBNELANFERFML, HERTRFZAEHARETTEBERFSE
ERBINAD ERNE, —&HEFIEX. BEl, GLP-1EUMEAD IGKRBIZIARMAKIGRILIEPIHERE—EHN
BITMER. AXBEHENEBT GLP1HIADNEZEEE, REDH T I RIS IEELATH GLP-174Fr AD B LI {ER
Mo GLP1 ZFELMMNERE, BEEEFHEMFZ2MAIGLP- 15K (glucagon-like peptide 1 receptor,
GLP-R) WS NMREBEEELRE, WESELE . MEXE. ZAAINETNABIEES. MESKEAMKER
ADSTEBERFBHXBELFER. GLP-1 s R2BUNELARINEIEER. BRESAMMEKE. fX. A
L. FSMERENNHRRARIBES, RERZFRIPER. AXHERE—SHR GLP-1EL3T AD BIIETT
ERREMESE, FHADBEHERFATER
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[ABSTRACT] Glucagon-like peptide 1 (GLP-1) is a kind of incretin produced in the intestinal with multiple
pharmacological effects, which can stimulate insulin secretion effectively. Various GLP-1 analogues have
been widely used in the treatment of type 2 diabetes mellitus. Alzheimer's disease (AD) is closely related to
type 2 diabetes mellitus, with some common pathological features, such as insulin resistance, and
epidemiological studies also showed that patients with type 2 diabetes mellitus have an increased risk of
developing AD. GLP-1 analogues have shown beneficial effects in both preclinical animal research and
clinical trials of AD. Therefore, the authors summarized the main characteristics of GLP-1 and AD, and
analyzed the mechanisms of GLP-1 in preclinical AD studies of animal models. GLP-1 readily crosses the
blood-brain barrier and exerts its neuroprotective effects by binding to and activating the widely distributed
GLP-1 receptors (GLP-1Rs) in the brain, affecting multiple physiological and pathological processes
including glucose metabolism, neuroinflammation, mitochondrial function, and cell proliferation. Insulin
resistance and inflammation are key common pathways in AD and type 2 diabetes. GLP-1 may exert its
neuroprotective effects by improving mitochondrial function and glycolysis, reducing oxidative stress
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levels, exerting anti-inflammatory and anti-apoptotic effects, inducing neurogenesis, and inhibiting glial cell

proliferation. This paper maybe provide the reference for further study of GLP-1 analogues in AD, hoping to

open new therapy venues for AD patients.

[Key words] Glucagon-like peptide 1; Alzheimer's disease; Amyloid B-protein; Neuroprotective effect

R AR AR 1 (glucagon-like peptide 1, GLP-1)
M E g LA W Ie BB R ER, AR
(R i i 2R TSR 1 ol v TILRE SRR M, RS2 il 7
VI, B R INIE S . GLP-1 [RIif BA Z ]
BEFEME, XPRMG. BRAE. BRE. FLA. FRIE. ShnE.
OHEFESEERE T 128, GLP-1 Rl 45& S GLP-1
Z & (glucagon—like peptide 1 receptor, GLP-1R), M
R ERZEER . 28 CLP-1R I B Fias7 1
BRI . KREILOR, BREBZFRITT—EBIA 2 1AL
B PR 98 B A% O R AE  (E IR 9 LR B R 220 BROE
(Alzheimer's disease, AD) EFRMNFth AR S E
H, BERERF & THIERBE AD BHE N thAa &
P, BEMRER, AERERETIRERIER AD 1

%1 GLP-1Z47E AD SIS R AR R

HEpHEIERE — P RRSCEIR AD AT RE 5 KK
WERBZMGUER, T L AEIRE 2 AD K FRRYEZIX
SAZR . Z M IRRAT IR 545 R R GLP-1 28
DAL S AR SCEEBR K B Ho At GLP-1R B30 7715
X AD BIAAIZIAE B R —ERISGEIER B (3R 1),
EEAERNHIREEE 2, Bl NG A0 GLP-
LRI T AD G777 BIIRR AT shP L S0 i sE it et 7

1 GLP-1HEi&

GLP-1 2[5l iz L4073 46 B £ 30 D2 S BR4H A
MR =RMER, EhiiER g BEMEE TR
MEGER U GaYIE A+ S8 GLP-1 35y

Table 1 Applications of glucagon-like peptide 1(GLP-1) analogues in Alzheimer's disease (AD) animal model

BRI B R
o 9 RRE BHBANRNE é@'{ﬁ@,ﬁﬁ ﬁ?ﬂ%i%ﬁ i
Drug Animal Age or body Dos.a.ge an.d .Dosmg BehaYlouraI Conclusions
mass before Administration intervals experiments
dosing
FFIE Rk Liraglutide™ APP/PST/NER(8) 14 B ip,25 nmol/kg A& qd,iELE2 FHYKRIRF) K WEICIZIRE
B ®E
FFIE L Liraglutide™ 5xFAD /NG (8) 4B ih,25 nmol/kg A& qd,1ELE2 KEE BEINED
=
GLP-1/GIP/Geg = #zh7IE 3xTg-AD /IR (8/2) 7R ip,10nmol/kgARE qd, EZZ BT H.YEE. K HEKETEIRC
30d b= 1ZFI T{FICiZ
DA5-CH® APP/PS1/NER (8/2) 9B 4 ip, 10 nmol/kgtkEE qd, &4 B i#H.YES.K HEIEICIZM
28d ®E KEI=EIE12
FHIZ AL Liraglutide” Swiss /N (f = R 3B ip,25 nmol/kgARE qd, i EE  FHYERIRE. R AEEZABERY
TETABERY,8) 7d fIgicizEsy SIERICIZES
XEBM Exendin-4®  SDAR(EDHM 220-260g  BIHMELL, R okiEE RERNABRE
T8 Ap1-42,5) 0.2 nmol (TpL) Sl =EEs
fMciZeeniRE
DA4-JCH 3xTg-AD /KR (8/9) 8RB ip,10nmol/kgABRE qd, ZEL& U 3H FWKIRE.  KEIAA
46d YREKEE

it GLP- 1SS MAEREKT; GIPIEAEREKRMREEDS RS, GegEEaMiER; DAS-CHHIDA4-JCI9R GLP-1/GIPNE Mz ; AD

1ERRZERVE; ipfEEEARES,; qdiEEXR—KX;

ihiER T8,

Note: GLP-1, glucagon-like peptide 1; GIP, glucose-dependent insulinotropic polypeptide; Geg, glucagon; DA5-CH and DA4-JC are GLP-1/GIP

dual agonists; AD, Alzheimer's disease; ip, intraperitoneal injection; qd, quaque die; ih, subcutaneous injection.
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WAI MY, GLP-1 A B KL KBS -4 (dipeptidyl
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J& . AURYE GLP-1 R4 A (27 1~2 min) ",
GLP-1 1 GLP-1R & #E{E A, GLP-IRfEfEAE. &
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(protein kinase A, PKA) FIERR H R 45 & & H
(exchange proteins directly activated by cAMP, Epac) i
0, FERARG, GLP-1R B 5 Al S
cAMP F1PKA ZKFHIAN, F5IEE I, BUEE 2 A ff
ZRb R, Y GLP-1R S S, nIEREAE L
WILEE -3 (phosphoinositide 3—kinase, PI3K) F1%Z
HFVEE H B (mitogen—activated protein kinase,
MAPK) @i, #msS5HMmER. s MEEE
oA

BFFE N G312 R AS (] SRS A H T R 8Bl R Y
GLP-1R B, A i3 ZEARAR . FIPHRIAR, AR
RGHIARLE IR PlAERR . 2R & R AL K
& S, AT R AIIEREE AT o

GLP-1 BB Z R 2 fE A s 1ERG /51
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SERTET., BRI S i ME s SR,
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HEH GLP-1R, X2 RIEME TR IR 5Lkt
HEEMEM " GLP-IRIERINNS 12507, A%
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2 AD#ER

AD Z— M TR AT s, UG IR
WWIZER RSN, EMIEHE TN
fit "' ADJRERY] A TEM LR OB, 4T
Heguss . WA RIEFR . ADEELLB-TEMm RN
(amyloid B—protein, AR) ZHk MM NE, AAMmEH
gdic =-TERNRREMEE, BIHTNL, BRABIERR
7% donanemab ) F1 lecanemab T < Hf — EJ7 35,

HAMZGWILENGIR F3A 3kt s AD Z5910F & 4l
KL, NS AEHT A AD KA wLE . AiFFHR
&, AD EFE KRN IEFAERMAGRES, 5FHIE
75, WM ER. MARERAR. et
BG5S BTG N, sE RO FERS . 2Rk
BERRRS . 1A MLROA] DNA #( 2),

RGONN AB B —Fm i = EER, Hp-7ib
BN y— 73 WA BE R B~k HE AT & A 7 I D
KB, AR REE SR O AL . HRE B TS I
ATP i, & A RIS RAITIRE, Mt
FFCMZTE Y, BER AR TR AESE AD L Iass
HIAER, [HEM T FEF S RIEMSEHERER
tau HERY, AR RAARII E BRI RE P, Bl
FENFNIEH B AR FEPE A R T BOAE T IEIFIZAIA tau—
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FESA]_ B2 BRG], FEEFERIGK, awmWEREEA
WA EFIAMERM AR R, RME R A N =IR A TE L
NI, X RO E R M M tau i
DRI, —2URft R H tau fBsd . BAD BN ZEIR A
PR 2R AT 1 AR B tau 7 B B9 K AR AT ETBLRT
3Kz 21,

WHEEHE (apolipoprotein E, ApoE) H—Rh#E s
wH, HEZhRe 2 EANEE MR i RES & &
H., Z5lERAEEN X . ApoE A]REFER
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T tau J5 B tau FEH O A S22 28 M A ST PE A 200
ApoE4 FE[RIE AD E il IR G XS R Z . Apok4 A BEE
Ao 7 G s A /N IR o A B S B AR v AD SR XU o
ApoE4 #5717 & X E ik A 5 2 A8 A BRI & 5 RIE R
RE, it s sEssgl, Sl IAZEAE 7 (tumor
necrosis factor, TNF) —a 73WAKPEE & 27,

PSR A UEEL, AD BE IR e R =R
ft, RS RIRTHILORHOA 2 1 AUH FRv 8%
R BRRHIE o R RPN 2 RE X B BB 2R 2 AR
IEH N, I AL s i35 PR T i R A5 5 B IR 2 4
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REAEEFZBURALE], RIEA ARG I, g
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HESHEBESEHMEEB (protein kinase B, Akt). ##
& RS 3 (glycogen synthase kinase 3, GSK3) Al

YL &5 5[RF (forkhead transcription factors, FOXO)
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Note: GLP-1, glucagon-like peptide 1; AD, Alzheimer's disease; this figure is drawn by Figdraw soft.
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Figure 1 Schematic representation of neuroprotective effects of glucagon-like peptide 1 (GLP-1) in Alzheimer's disease

(AD)
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[ABSTRACT] Experimental animals have made important contributions to human medical research and
life and health. It is known that the development of laboratory animal science in Japan has been relatively
rapid in the past few decades, providing important support for the development of the world's experimental
animal field. Therefore, it is of great significance to understand the management mode and resource
storage situation of Japanese experimental animals, analyze the advantages of Japanese experimental
animal development, and propose suggestions to strengthen the high-quality development of experimental
animals in China. Through literature research, the authors first analyzed the management system of
experimental animals in Japan, including regulations and policies, research funding management,
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experimental animal management, talent cultivation, and standard and normative systems. Then, the
current status of experimental animal research in Japan was summarized, including experimental animal
resources, major research institutions, and production enterprises. On this basis, it was found that the field
of experimental animal research in Japan currently exhibits characteristics such as a complete policy
system, flexible management methods, rich resource reserves, and large-scale industrial development.
Finally, by comparing the existing problems in China, suggestions for the development of experimental
animal technology in China are proposed: (1) drawing on the legal management method of
experimental animals in Japan, strengthening and improving the legislation and management model of
experimental animals in China; (2) increaseing investment in scientific research funds, playing the role of
research institutions, societies and industries, and promoting the incremental construction and industrial

development of experimental animal resources.

[Key words] Japan; Laboratory animals; Resources; Management system; Statute
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1 BAZRNYEXIEN

Table1 Relevant laws and regulations on laboratory animals in Japan

pilkeh) =
Issued Years Statutes
19714 (KT HRREBRY RERBAERTHER D)
1973 %.1983 F (hipRIF S EEIE)
1979 5 (XFIELEapEIe A\ EH B RAEE)
1976 & (RE DR FRFRIPEE)
1980 & (RN IR 7= AR EEND
1987 & (KFRERZRNIIE XBEH)
1989 £ (oM REMDED
1998 & (ERBMBLERBEEETE)

2005 4. 2010

2006 £ . 2013 €. 2020
2006 &
2006 . 2015
2006 £

20184

CRTENHAoE H R IR EIED
(=mEHDMEFFISIEBEIOEREL)

(Eh¥) LR IEFASEIERIIE S 3§D
(BEHNEEENOLEN RN SRR )
(CRMKFEEENTEN RN LR ENERTS )
(XTBIRAEAEERENERREDSHUNEREN

F EXEUERIRTXXE (1110
Note: The relevant data are from the reference [11].
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Figure 1 The status of experimental animal-related projects in Japanese scientific research funding in the past 40 years
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E2 BASXEmMERER

Figure 2 Japanese laboratory animal management system
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XG5E?, B, MR, EREY, B4’
(L A [ EA RS A2 T A 22 B 53 7 110122 2. AR 5 0% T b7 25 A o0 bz & 40 B R BAARE, b7 100071; 3. 3
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[(HE] B BAEHFHEXRIIRENLIEARETHFENILNRBR/NRIEWNMHES (mouse norovirus,
MNV) BiER. AiE NIORQTEFI/NRFEVIHE, SRMER. SWXURNRERA—E, Hit1396%
19544 RNR o WEEIEEHA, RATagMan REFEER PCRIE, B MNV-1314946 & R RN B BRE MNV
IER, IRIBEIRE (cycle threshold, Ct) BEHIENRE2EHER; RARAKRX5M/EEEFEREERH
THTZESEDN; BO5MNRIEEEARN CHERTHRIT R, RAESHREEN SMH/NE CtERTERES
o R HMEBHA139613, BALB/c. C57BL/6. ICR. KM. BALB/c-nude /NG HIZE(E MNV & H B4 ==
5 817917.65%. 39.33%. 10.57%. 18.32% F127.4%. C57BL/6/NGRAIZE(E MNV G HFAME=RATF BALB/c. ICR. KM
NE (P<0.05), BHBALB/c-nude /NRRIZE(E MNV & H PR ZE KX F ICR. BALB/c/ME (P<0.05); BALB/c-nude
NERFC57BL/6NRABESHERDER EXRFKMAR (P<0.001, P<0.05). i€ MNV-15¥RI B F/NE
MNV R BRI, 65 5 # LI /NE MNV BB ERE10% ~ 40%, H e C57BL/6 NG F1 BALB/c -nude /NERAY
MNV PR H RS

[%&iF] MNRIBWMFES; TaqManiRst; RAKESPCR; BARRSR
[FhEISHES] Q95-33 [MHEIFHBIA [XEHRS11674-5817(2023)02-0205-08

Prevalence of Mouse Norovirus in Experimental Mice in Beijing

LIU Fangni'?, LU Junping®®, KE Yuehua?, WANG Changjun'?, GUO Jinpeng?

(1. School of Public Health, China Medical University, Liaoning 110122, China; 2. Emergency response brigade
department, PLA Center for Disease Control and Prevention, Beijing 100071, China,3. college of pharmacy, Minzu
University of China, Beijing 100081, China)

Correspondence to: GUO Jinpeng (ORCID: 0000-0001-5966-4109), E-mail: pengpla@126.com

[ABSTRACT] Objective To investigate the infection of mouse norovirus (MNV) in experimental mice
raised under natural conditions from 19 biological companies in Beijing. Methods The mice used in this
study were randomly selected from mice produced by 19 companies, and 14 mice of each strain and batch
were combined into one cage, totaling 1 396 cages of 19 544 mice. The fecal samples from BALB/c, C57BL/
6, ICR, KM, and BALB/c-nude mice were collected. TagMan probe fluorescence quantitative PCR method
was used to detect MNV infection of mice with MNV-1 primer, and whether the mice were infected with
MNV was determined according to cycle threshold (Ct value). The chi-square test was used to analyze the
difference of positive rate among the fecal samples from the five types of mice. The Ct values of the
positive samples were statistically described; the non-parametric test was used to analyze the differences
in Ct values among the five types of mice. Results A total of 1 396 fecal samples were collected. The
positive rates of fecal MNV detection in BALB/c, C57BL/6, ICR, KM, and BALB/c-nude mice were 17.65%,
39.33%, 10.57%, 18.32% and 27.4%, respectively. According to the chi-square test results, the positive rate of
fecal in C57BL/6 mice was higher than that in BALB/c, ICR, and KM mice (all P<0.05), and the positive rate
of BALB/c-nude mice was higher than that in ICR and BALB/c mice (P<0.001, P<0.05) . The viral load of
BALB/c-nude or C57BL/6 mice was generally greater than that of KM mice (P<0.05). Conclusion MNV-1

[BE2IRB] ENEHENLZEMRER ENMHEAZERZEB R IEFEERAMZR"(2019T03901)
[E—1EE] XFHR(1994—) , & MR E, RS A BB SRS, E-mail: fangniliu@163.com
[BEEE] e 01977—) B BL BfRR, HRsE: EEMBES. E-mail: pengpla@126.com. ORCID:0000-0001-5966-4109
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primers can be applied to the detection of MNV infection in mice. The positive rate of MNV in five types of

experimental mice in Beijing ranges from 10% to 40%, among which C57BL/6 mice and BALB/c-nude mice

have higher positive rates of MNV than the others.

[Key words] Mouse norovirus; TagMan probe; Fluorescence quantitative PCR; Natural infection

WWFREE (noroviruses, NOV) EACIRIHEFRHH
BEIESE RNA R 2 . MRIREERIERTA NS NE: g
WaEE. REMERSR. dfksE. FLinSRE
FEw SR MIRRERNT = 3 A mk, &
B80T EERFEN; ZHESHRRAMN, TTaE,
KZH 3PN FREEHE (open reading frames, ORF) #4)
B&; ORF KZA4HE ORF-1. ORF-2F10RF-3, AJ%#hd
SFmEEMN ", B2 ORF-1. ORF-2f10ORF-3 4},
/INERIGE U 2 (murine noroviruses, MNV) ZHIM &
ORF4, UK G 1 F1G 11 251 ARG £ B
BERFE, G1IMGU#H D3 hof27 PAERE, H
B G .49 82 R 2 B0 s S I L & O SR A B,
NiEW%E (human noroviruses, HuNoV) VR{TVEE
2, BERHALR R, 2sHatEmRnE
FORIA, fE R E R S EA 20% B0,
SEoh, B R RWHE L, 2 ~ 4 R IR,
HERBEENGIRET 7. MNV ZHE——F7Ed
H 5 F A NS R Rl R K E TR S . RTH T
SR T R 2 AR A AR IRATLE /NS, ]
I MNV H 2858 HuNoV FBRAR R 2158 19,

5T, SR80 BB TE IR B R 7R R R
MNV SR = . BB H AR 67.3% BE 84/ N
39.1% [ SPF 2% /INFRAT 62.5% A S [ S 4 /N FRUE Y 1
MNV, HEFH SPF 4% C57BL/6 /N A AL T 20% F
INERAFTE MNV Fifhk 10, SeFAbSEhX MNV R 715
W, BFFEET 12639 H/NR, 45RFH LAY
MNV SRR 22.1% M, TR BL, MNV 2/
WHBRNRITHRS, EERITE (32%) HEHEAR
B 1050 E ", ek, BEHENTRE &S
MNV G EHE TRE, R R X S0/ N R BH
PSRy 37.38% 3V, b v i X S2 G /N BRAY FE R 2R R
29.78% ", EE PR X SEAG /N R A 78% T &, I
Oh, X 36 FIE AN IFREAS Y 1 182 3 SEa6 /N FR I ,
KBSk S W BTk (ELISA) Flfageskik (1FA)
RAEFT MNV AN, R BIPE MR ik 42.29% ¢

AN SEAGFI O e 5 B M B A S [ MNV-1, XA
TaqMan #4178 % & & PCR 5, ®LE T 19 FAEDA

A2 5 e FSEER /NS B MINV S8 R T TR
AT T AL SE A /N BRI MNV (B L LU s
K/ NIRRT, PSR EI AR R SE s AR SR L
REAZRIZEPI A F/ NS MNV #Ei R (2% mH,
ARSERGEEN T B TagMan BREFRGIN 7715, Al HEAESS
SEAG S YIER T AT AT AL P2 1 SRR vE AE M 2R R 12
MRS ENS R IPRHEESRIRE T

1 MRS55EE

11 MREEWRE

MACET 19 F A =528/ NRIV R A E], flEUE: &
. BHOR 14 FUNRE NI, MR/ NRERHY
FATHATRENIICER R 5 125 28 M TR s T 5 428 il vp
DTG . LA 1 396 78, =319 544 H/NRR. 5
i A/ NR BT AE . BALB/e /N 4255,
C57BL/6 /INER 267 %6, ICR /NER 265 %8, KM /NER 202
%&. BALB/c—nude 2375,
1.2 EERXNSME

T R A 5597 2 RNA 2 BURA F & . FastKing
cDNA 5 —85E G BOA A & . SuperReal 2% Y6 € IR EH1E
A A. EmEEEHEEER DNA EGRFIE&, BIEE K
AR () BIRAA: MNV BRbR s AL
HEREDREARBIRAF G, 73t &%
B8 B AE B 0ML (2 E Eppendorf AG A &),
5424R) . A2 Y% &M (3E[E Thermo A ],
1300 Series A2). PCRY (ZE[HE Thermo A &,
9700). SEAHEYEE R PCRIY (ZEE Bio-Rad A H],
5 CFX96™ Touch) o
1.3 HARE LELAK RNAZE

A1 1.5 mL B3 0B 7R B I8/ N R G Bk il B2 25 M
fE AR WA R S8 (e B IS 270 RNA K, TiCE ik
arhizin, RATREX Y REASLEG 2 I FEEME AR T
RNA f2HL; & FEATIR, R EE(EAEF/E —80 C,
TFREARZNA—E NI T RNA $2EL, SRR 1 396
3/ INR (AR SR A — BB AR b B 7 v, A B
F&: SR 12 000 r/min FIE BERE A A AT B OB B O
5min, HU140 pLAEZAR BVEWE; F2 B 2 RNA $2H05

I

e
fE J0 dn 0
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FlE vl TS, $RBUEAR RIER PR EERNA; REEF
G, fMFT—20 CrkFE# o
1.4 SRS

M GenBank KEX MNV 2 EL R 751, HRHEMNV
R E AT X I, KA NCBI#Y Primer—Blast %X
TS, TS 13xt, HRYES PR S
UM T BAES IWIMNV-1, B IIPL R
5'-TCTGTYCTGCGCTGGGTC-3", FIis[¥ P2 JF5]H
5'-GCTGCGCCATCACTCATCC-3', # & & % H
ATGCTGAGACCCCGCAGGAACG, i i PCR 2] #)
MNV-P-F2, % 5] ¥ ¥ 51 }y 5'-ATGGTRGTCC-
CACGCCAC-3', Tt F 5] R 5 -TGCGCCATCA-
CTCATCC-3's DAL YR AR AU RV E IR
BIRAF AR
1.5 RiEFRKMHPCRIFEMEREE

| A FastKing ¢cDNA 28 — Bt & A 71 & #
SuperReal ZE E SRR A SN 82 RNA 217 /%
BERIN o [EE TR N A cDNA B & ke B4 HE 5 —
HEE BRI S B TEAIE . RBRZRI2 pL 10x
King RT Buffer. 1 pL FastKing RT Enzyme Mix. 2 pL
FQ-RT Primer Mix, 5 pL RNase—Free ddH,0, & /5 /N
AFEEUAT 10 WL 95 7 RNA BET R EE 5% o RORL 2514
42 “CIFE 15 min, 95 CHFE 3 min, REIE4 CIHME
F—20 COKFIRT o

N7 PCRARHERRZ: : JELLHH T 7IR 10 5 RS FRE
SEI 8 M IEFEFERT MNV ORI ARYE T, TEEIN 2.712 8%
10°~2.712 8x10° ¥ Ul/uL, B HREEEE RN 31K,
R ZARE: PreMix 12.5 pL, 1E[f. KIASH (10
pmol/L) 435310.75 wL, Z&FEHR%EF 0.5 pl, DNA B 1
pLo PCRRMNFMF: 95 CHAEFHAZ M 15 min, AR5
95 CAEM:3s, 60 CIRA. ZEMH, &40 MEHRAIR
S, SRIGLHI TR DNA TEAREIRE R ATEERE (cycle
threshold, Ct) {EFRUEHRZR
1.6 TagqMan K E=E PCRZE M HE ARSI
MNViE=

DUFHAR B4 1 396 173 /N B (E AL 7R o S e S 5 RO
cDNA B, S0 1.5 5 ih 26 E & PCR SELG B IR
1T E B PCR IO HAE , AL AR I MNV &5,
ERHE PHMEREARSS R CUEEREET, HEY
HAZRBRCIf T E 2k PAMEAE AR SR CLE NA,
IR I Bl R I A B %

1.7 TaqMan3Z ¥ EE PCRiZ# 1T MNV {5 21t
]

KA L5133, W12 EAR SR RNA #7728
SeE R PCRARM . 12 R 25110k B MR 5 T 5
N E M, FTRET —80 CUkHFE, RES BN
ev7l, MNV (NCBIZi5 HQ317203). FUTFRRE. it
R 229e. A BEIKFTRHEE . MNV (NCBI 45 -
MF973199) . fREayiaE. ®RAKEE. K. iR
e LFEE. WA . SRAIJC RNA BE/KVEIPH
THERTHE
1.8 PCRFE=HF R 5L 53 #r

BHHREFE AR 2T E & PCREEI, 4558 FH
M B 20 /N2 (95 7 RNA FEAS, 378473508 PCR =2
1%, PCR RN ZR : 2XT5 Super PCR Mix (Colony)
125 pL, ERIESIYI& 1 pL, DNAREMR 1.5 pl, 7o
RNA 7K 9 pL, KRB ARFIN 25 ple RBLFEFF
98 “C 5min; 98 “C10s, 55°C15s, 72°C30s, 351
fEER; 72 °C 7 mino PRJ5HF PCR =Wk R AL E R A
Y R IR~ F TR, ik NCBI R # Blast £X
TR AL R 3T o
1.9 @#itERE

K SPSS 26.0 Gt # 4R E 3 DA_EAG IS SRt 740
HOHT. RFAESE Kruskal-Wallis K56 %F 5 4 5 b i
F/NRH CHEH T ESM ST, B SR/NRE CHES
WFEES, NWEH Kruskal-Wallis 156 ¢ 2% B8 FLES KT
BRI CHEHITE R T FHERFRESHTS
AR Z /N MNV BEPER R 2 R SR £ R
5 AR F /N B P VRS R B R B
W 75 FH 75 43 I i i 47 2H 180 6 6 B g, R I
Bofferoni VAR IE P1H, EBESFHKKEHR, PAP<0.05
IWNZREFHIT R L

2 £#R

2.1 MNV-15|489 PCR xRN Z

PAMNV-1859), 8 DHEREEE) MNV AL AR 5
(2.712 8x10*~2.712 8x10"’%|)_l/p,L) NtEMR, HTR
JERPCRELE; MMEHITIRERE. B85, M
MNV [FRi cDNA S AT B (X) Fobrvi 2 i
AR, DLRESE(E SRE BIERT ) CoE (V) AR,
RN 2R . T EERRMEHRZ TR . Y=-3.445
8X+41.822, fHKRE () 70999, ¥ HRK E=
95%, FEARERMZRMES MR (B 1),
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i Ct 2B EE.

Note: Ct, cycle threshold.

E1 MNV-15|#893ERI3E 5% PCR AT B 22 E]

Figure 1 The Standard curve of real-time PCR for MNV-1
primer

2.2 MNVEERMRIPCRIEIEER

DAMNV-1 M54, *f12F E4% T ev7l, MNV
(HQ317203). FRAFRJEE . mhIREEE 229e. Bl K H
KIFEE. MNV (MF973199). B afias. RAlfies.
e, RS, JWRE. BIFRE (RSaHl
N1~12) HIRNA #7786 E R PCREGM, 4558 ER
F2F16 SHARM PCREGHE A H AR TR, H
ZERINEAYE (K2).

E: 2. 6SHNRIBNES;, HRBESEAA1S v/, 3SEFX

mE. 4SERHES 229, SSEWEREXRRS. /TSHUFETHS.

8SIRAIHE. ISIHS. 0SHRFBS. NSIRFES. 1258

FHms; NABMXTRE. BE4&EHFAM: 1808874,

Note: No.2 and No.6 are murine noroviruses; The other viruses are

as follows: No.1 is ev71, No. 3 is murine hepatitis virus, No.4 is

Coronavirus 229e, No.5 is poliovirus, No.7 is coxsackie virus, No.8

is echovirus, No.9 is influenza A virus, No.11 is influenza B virus,

No.12 is hepatitis A virus. N: negative control. The baseline value

was FAM:1 808 874.

2 TagMan 3¢5 E 8 PCRI& T MNV 4 SRy & R

Figure 2 Results of specificity test of the TagMan real-
time RT-PCR assay for murine noroviruses (MNV)

23 MNVHIPCRFE¥IMIFRER DI

SRS E B PCR AR AT A G/ )N FR 35 8 AR 95
BERNAFEARSE, B 20 M FHMEREAF TR, 45RExR
SRR EL 25 AR o FEFIAH Clustalk WKL, R
BF 520 3 45 SR 55 55 DRI B JE Genbank FTHSCER () J L1
W EE B G AL IR 5| BRI TEON . BoR S MNV
AR B [EE N 100%, BHERF & %9 100%, ESE
RS 51 MNV AZER Fr B
24 5P mMERANREGBEHESKLNMNVEEHE
BRREHERME

RO R PCR RIS R TR, BALB/e. C57BL/6.
ICR. KM. BALB/c—nude /NE(ER MNV FHHEAS H %
I3 RN 17.65% 39.33%. 10.57%. 18.32% F127.4%,
5 R /NS R BRI 2 22.21% (R 1)
RARRIRETRE R, & DR RN R S H R
fEER (}¥=76.704, P<0.05), FRHAHRITHENE
FFRRELES, 455 R CSTBL/6 /INER A MNV B AR HY
ZKF BALB/e. ICR. KM/NE (P<0.05), HBALB/
c—nude /NFR AT MNV FH A4S H B AT BALB/c #1 ICR 7]\
5 (P<0.05),
25 S5 Mm@ mARNRIEREMNVIEEHEARCL
EshREERE
251 FREHECLEMNSH

S5 R Z/NERFR, BALB/c—nude /NERFEZRH Gt
8 [32~40) /3fATEHEE ", BALB/c/NRAIC57BL/6
/N CHEFEALE [34~40) R HEXE, ICR/N
R KM /NER Y CHE T ZE(E [36~40) (E3). ArE/N
FRUAG CUESEHTE 38 ~ 40 (IPHIEREA R SR %, JLF
b S P PE R 48%, 36 ~ 38 [X[B] B BH AL A & 5 FLik
38%, PERAFEAR CHESRIE32~36 XA, HHRAE
DT/ INER SR SR LR MNV 575
252 S5 7 mMmARMRAMEARCIERDER M
o

K HIAESE Kruskal-Wallis £ 56 % 5 Ff /N AT CHE
TS, SREARH (k) =18.660. P=0.001,
RREENMNROCGHESFZAGFEEER: BH
Kruskal—-Wallis £6&:56 ) % B FERTE XS 252/ INER B CrfE#E
T EEER, HR¥E Bonferroni £ IE JG HY PAEAF HIZ5IE,
ZE B R KM /N 5 BALB/c—nude /NER. C57BL/6 ZINER,
i) CHEZ [MZEFRHE SR (P<0.001. P=0.023
<0.05),

BB I NRMZH s RaekmNE (E4),
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F1 ERHNEEEEFHIMNVESEHER

Table 1 Detection of MNV in mouse fecal samples in Beijing

NEmFRER HEAH PR E PR =R
Stock or strain of mice Samples Positive samples Positive rate/%

BALB/c 425 75 17.65%
C57BL/6 267 105 39.33
ICR 265 28 10.57°4
KM 202 37 18.32"
BALB/c-nude 237 65 27.40°
SBHAHE 1396 310 22.21

The total number of sample

T BEBSEERR, RS C57BL/6/NEMELL, P<0.05; 4R5BALB/c-nude /INEELL, P<0.05.
Note: According to the chi-square test, " represents compared with C57BL/6 mice, P < 0.05;  represents compared with BALB/c-nude mice,

P<0.05.
x0 1 ZrREaneE, ) " ZRFEahRE.
Note: “[“ represents inclusion of endpoint value ; ") “ represents exclusion of endpoint value.

B3 MECtERESHhERE

Figure 3 Histogram of frequency distribution of Ct values of mice

ZERTR: BYUNRREX T A 4 MUNRE CHESE
NSTEL, SFVINERA ICR /NS CHE S RECEH . 1R
EAESEIG KA AT A, KM /N5 BALB/c—Nude 7]\
. C57BL/6 /NFRE CHEH Bz A ZE R B S 7=
Y (RIEBR PIESHIP<0.001. P=0.023), KM/
B CLE By A ALK T E AR A /N L, $27R BALB/c—
Nude /NER AT C57BL/6 /N BR 99 2 8 & ok B KT KM
/NS
3 g

2003 FEERABIMNY 17 5 @ % A A 7
ARSI B /N FREEA TR AN, &0 MNV 7R 5RE
Bl A ) AR ) 2 2 B SR ATLA O B i a1 — O i
fi D210 MNV FEVEZ /N 5 [T ES, E
R A RN R R VA i R = g A ORAN

BT, AR A R 100 FR ) MNV
5 1, ATRIERI, SR RUE MNV TTRE LA

i & Kruskal-Wallis # 36 #9 £ S LK LA K Bonfermi iR IE, "P<

0.001, "P<0.05

Note: After K-W test for multiple comparisons and Bonferrni

correction, P <0.001, "P <0.05.

E4 s mitmAR/INEMEEER CtEEE

Figure 4 The Box plot of Ct values for positive samples of
five stocks or strains of mice
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B/INERAE RS A T AR ) S ORI ATL R A S B 485 SR A
?2“['5‘[ [23724]0

TR, BRMNV-14h, RZEMNV SRS
ANFUR AT, Frak i@t @A RS 2, FrlL
W BB /INERFE MR, PR A TG I A8 A i s e /DN B )
MNV /EG B R E BRI EER E AR A VP i
Btk (ELISA) XfAbETHEIX 2007—2013 FE 1Y
600 73 /I BRIV A A ARG M, & B MINV 8% 4 %08
11.67%, 377 R A G R/NRAEAR, HEkg
FN0.27%, THH Rk E LR =N ARBERREERR
30.94% ', AREFFAEI, LR 19 FKAEYA T /N
MNV BGUR N 10% ~ 40%, 5 FRRERGELER,
HEMETRER R . (1) 5285REYAFREMMNY K
EHARIN R 5B, (15 MNV 3Z W 7 SL 6 = # 0 0%
(2) FE/INRIMTE iR R B 3 ~5 & ), 2
B MNV BGERNR R SRR EE 2 KR
8 EINFREL G 75 (3) WIBE SAHIEZE AT R A IS
M ERFEG R, RFFERER, ILEEWAFS
5206 /NER BALB/e. C57BL/6. ICR. KM. BALB/c—
nude FZEE MNV BHIEAS H1 2253 51040 17.65%- 39.33%.
10.57%- 18.32%. 27.4%. HEMT AN, HIRBG
B KM /NERESERE A MNV FEEZR R 119% (4/35) 28,
AEMFEIEE T A BALB/c /N . C57BL/6 /NG
KM /)N B B9 MNV &G 2 73 51 70%  (7/10) . 100%
(12/12). 64% (16/25) 11y DI_EJUR/IN R A2 @G H
FH MR SR FRAE R AR, AT g8 SHEAR R ZEE
KE Ko

ARFFFEH &L C57BL/6 /NER. BALB/c—nude /NER K]
FEHMNV e HH B  , HEEL 5 AT AT BE 2 C5TBL/
6 /INERJE TR E i IR 2/ BIF7RRH,
C57BL/6 /NERIE I MNV 5, R H F sl Rk e,
/NEHIFIE MNV & B PR EKE P R &
I, BALB/c—nude /N T 4H A S 52 050 B P S B 144 B
A EGTE D>, SN MNV B S e H iR 8 7242, T4
1}z B AR AETE bR MNV (S FR R PR EEA, R
MNV e R B o ZEEHEM], AR 75 ICR /NS
A H R B AR AR IR AT B 52/ N R B s TG P DA
RN RERTEE R AHTFTH KM /N A PE AR 4
N 18.32%, HJINIESEEG s KM /N R FE(E MNV &
HiBAH:R 23% (3/13) B0V AHIE,

B TR IR £ AR E] /N FREE AR AR A ARG
TRAN 7 AbE X 5 FRSEAG /N R AT MNV B GRS, i

FAE/NRA MNV EGR A AT R 5 . REFFRA
B, SE6/NER C57BL/6 A1 BALB/c—nude A MNV JEEHLR
BiFo BT MNV{ESLIe s i a s R [E A7 1E . #fE
IR, A E I Z#5E C57BL/6 F1 BALB/c—nude /N R
R E S L2 sh i, RIS IE ST A% Y sh v AR
SR H MIEHLAR ELISA VARG IIES & S5 @R mriam], 5z
FRIIT e b ERIE s, A AR RS AT B
XTI B/ R R T i R AR RS AEE] MNV B AR 22/
SRR, BUHAEA R4 R 37745 MNV FATERY
FER B, R, SRAZAEMEIATR BY DU R IME
HEEE Y St E R TS &, AR OKPREE HE B RER
B MNVIEE . B2, gk MNV G A
TEIRIERNL, I i 25 SE U = AR FEAT A Hh 3 P A A
B —2ebt, M/ ELIe S SRRl AT ] e,

[E (¢ I 7 BE Medical Ethics Statement]

FEXSENERAPELRNPIEREEEZMNFOHEK
1T

All experimental protocols were carried out in accordance
with the requirements of laws and regulations in China
related to experimental animals, including Animal
Management Regulations (01/03/2017), Laboratory Animal:
Guideline for Ethical Review of Animal Welfare (GB/T 35892-
2018), and so on.
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[ABSTRACT]
Researchers reporting their research process transparently and accurately can help readers evaluate the

Improving the reproducibility of biomedical research results is a major challenge.

reliability of the research results and further explore the experiment by repeating it or building upon its
findings. The ARRIVE 2.0 guidelines, released in 2019 by the UK National Centre for the Replacement,
Refinement and Reduction of Animals in Research (NC3Rs), provide a checklist applicable to any in vivo
animal research report. These guidelines aim to improve the standardization of experimental design,
implementation, and reporting, as well as the reliability, repeatability, and clinical translatability of animal
experimental results. The use of ARRIVE 2.0 guidelines not only enriches the details of animal experimental
research reports, ensuring that information on animal experimental results is fully evaluated and utilized,
but also enables readers to understand the content expressed by the author accurately and clearly,
promoting the transparency and integrity of the fundamental research review process. At present, the
ARRIVE 2.0 guidelines have been widely adopted by international biomedical journals. this article is a
Chinese translation based on the best practices of international journals following the ARRIVE 2.0
guidelines in international journals, specifically for the complete interpretation of the ARRIVE 2.0 guidelines
published in the PLoS Biology journal in 2020 (original text can be found at https://arriveguidelines.org). The

first part of the article includes the preface and the "Key 10" section, which covers "study design" "sample
size" and "inclusion and exclusion criteria". Its aim is to promote the full understanding and use of the
ARRIVE 2.0 guidelines by domestic researchers, enhance the standardization of experimental animal
research and reporting, and promote the high-quality development of experimental animal technology and
comparative medicine research in China.

[Key words] Animal experiment; ARRIVE 2.0 guidelines; ARRIVE essential 10; Study design; Sample size;

Inclusion and exclusion criteria
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Table1 Statistical terminology attached to the ARRIVE 2.0 guidelines
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Figure 1 The example of a study plan created by the Experimental Design Assistant (EDA) in study [22]
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Note: These groups initially consisted of 12 animals, but some
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