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Animal Models of Human Diseases
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[HZE] BAMMEM (spontaneous intracerebral hemorrhage, sICH) ERE MMM ESHNEFER H
BFUESREFRMNBEAEEN, BalETEaHbias L. WERSICHEIERTTLIERA=AZE: (1) BN
EmEE, FEFERMIA. KREBIE. HEKZER. sNEESNsICHIMMYT XEE; (2) BRESE
P MmEs, TEEZXEPUHEAMSNEARMBEFESENEHSNEARER; (3) EREBMER, TE85
SMEMEMEERER. MENFENSREEREER . NRKBERTHEXEREMER . KSR nERE
BEXEREHRERERREEEEXEREREREE, XUBEERNXBHEHNTHESICHRNARNG . mREMGHET
7%k, BB TFIRKREIAYRAE, @ESICHFAMALE. AMEERERDE T sICHIERBIE, EFANEBTA
EMEREENYHNHSE. FESICHERENERREMS X, EEEAAT. BUNFEEENSREIRRK
R ML sICH iR B E T AN IR, FHUR TS sICHEEPNMHRSREERANHRCE, REESH
BT sICHEXNIRRIZSYIXRIRITES.

[X#iEF] BRMREND; Zd; PEER; IGRIEYDIXE

[FE5S£S] R-332; Q95-33 [XEkinEM]A [XEH%S]1674-5817(2024)01-0003-28

Guidelines for the Selection of Animal Models and Preclinical Drug
Trials for Spontaneous Intracerebral Hemorrhage (2024 Edition)

Committee of Experts on Medical Animal Experiments, Chinese Research Hospital Association

Correspondence to: ZHANG Huabiao (ORCID: 0009-0002-1094-0891), E-mail: zhanghuabiao@yeah.net;
HE Gang (ORCID: 0009-0005-5102-6264), E-mail: hegangdoctor@126.com;
HAN Xinwei (ORCID:0000-0003-4407-4864) , E-mail: hanxinwei2006@163.com;
LI Yingjun (ORCID:0009-0003-5971-6599), E-mail: bjthst@163.com

[ABSTRACT] Spontaneous intracerebral hemorrhage (sICH), the most prevalent and lethal subtype of
stroke, is characterized by spontaneous hemorrhage in the brain parenchyma. Presently, there are no
effective methods for preventing and treating sICH. The existing sICH animal models can be broadly
categorized into three classes: (1) induced intracerebral hemorrhage models, including autologous blood
injection model, collagenase injection model, microballoon inflation model, and hyperglycemia-induced
sICH hematoma expansion model; (2) spontaneous hypertensive intracerebral hemorrhage models mainly
include stroke-prone spontaneously hypertensive rats (SHRsp) and stroke-prone renovascular
hypertensive rats (RHRsp); (3) gene-modified models encompassing transgenic hypertensive
intracerebral hemorrhage, transgenic cerebral amyloid angiopathy, arteriovenous malformation-related,
cerebral cavernous malformation-related and collagen-related genetically modified animal models for sICH.
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H & M W i
hemorrhage, sICH) J&#x & WLANEUIE M i = B 25 v 2k
AU R BRI AR 1 500 FREHEE G, SICH
R E L WOMFIER AR 4 5R2A R AT 10% ~ 15%, 5
AL 22 Fr B 209% ~ 309% 275 SICH £ Hh [ A9 5 B 0 B
= B RV X AR R 55.4% B, BROR H AiE
%of sICH B35 1 SE it L B MRFFR AR ICU B RS It , 2
AR B ROtk e HIR S R BR B AT &, 30 d 3T
TRANIA40% ), X 20% BYSE1F B Al 7E 6 D H N PR
SRAEEEE D, F, B s R AR A
B sICH fOSCB IR, SR sICH B/ARTELS, Ba+5
BEEMIERES

HHT, AR 73 E G AR IR R
IR, KEX SR a7 2 (AR
HREIRSRIFEMEES R 7, HpmEERE 2, mEAE
BNPIEEL e BRI RAE . R AR R AT R |
BAITEMFEPRATIERE . SCIR S AL I PR

(spontaneous intracerebral
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These models contribute not only to unraveling the pathogenesis of sICH and exploring preventive or
therapeutic interventions, but also serve as invaluable tools for conducting preclinical drug trials to
advance novel treatments. This guide comprehensively reviews sICH pathogenesis, delineates the
superiority and inferiority of different species of modeling animals, explains the modeling principles and
techniques for various sICH animal models, elucidates the technical details of animal model production,
summarizes the pathophysiological mechanism simulated by the models and their clinical relevance,
outlines the neurobehavioral evaluation methodologies for sICH animal models, compares the advantages
and disadvantages of various models, and suggests their applicable research areas. Additionally, it
underscores critical considerations in the design of preclinical drug trials for sICH.

[Key words] Spontaneous intracerebral hemorrhage; Stroke; Animal models; Preclinical drug trials
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MRS I3 T SITAERR G, RZ BUm PRI e th R AE 8
162 L REAUDCE R ISE, X EHT ] fE- S 2R PR AT
FATRGIRARIRRET RN —8 ST, PEHR
MER AR EFIYILIR ERE R =G KB
ZWRHERATHE, AZHE 60 RFERBHFFTRA 100 ZA;
ELAHFNIGRIA 78 BRI F S S5HT A 5r . fERReE
sadd: (1) RRMEEESYRRS . AR sICH
R AR BRI TR EAREORAATT . ARl EE
AP R H R AR . MIEAT RPN ROR . 7%
MR (e f R FLE AR FSTE R (2) sICH TIRIR
HTZ3PDIRAR T 2 il A EEARTRFA BEVE N sICH TR
HI SIS AL BRI I 7 TR S, DA R
RizA rhBEERHRA SRR RO R AL R

1 RITRFESHEEF

I ERE sICH B3 WA fERGIRI R . 70% Y sICH H
FIES [, BRI AT B B R sICH B & iR . H
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BITBRaRs. (1) SRS EIE. A
AR KEEHHAIFIIMRIE ARG RN IS, (2) K
BRI MR R R AR, BiAlHUREZG I B R A AT
B/ NISMREFARSE o 18 sICH FF5 1ML E>140/90
mmHg IRA T, IS5 61 H B H M ATEAAL K B LU 53
B MK 42%, GEERSEBTHIIN 50% , /N H I
8% "o LK REARFE BE AR AT RE IR 5 Z [RITFAE—E
KFo sICHG 1 hAHE (22.8 mmHg) FE(RHAR)E,
90 d Ji5 [ M i 2 D HE B P R G Rankin 5838 (modified
Rankin scale, mRS) ¢/ HH T 4F 5 KiEE (60
mmHg) R AR W48 I A BE 7 SR At 42 3] e 0 325 Al 3R
i o TERMESICH ISR, IR SR 5 K
R FHINE N A IS R -1/ E N AEREFES %
Bk % f& (the dual endothelin-1/vascular endothelial
growth factor signal—peptide receptor, DEspR) fE¥NE I
HhE LA AT B AR R R B SRIAKSE 2 A, 1
JEE = I DEspR ZaX KPR, SHETTHE R MR
RAERZER ", [HitL, FHETDEspR FRiA. R
247 Al DEspR*™ CD11b" %15 2 A4 AT [ 1% e 1L Al 2
SICHHUZET. %, B EEER, AR
5 Mo BT EEAIN (o) —iEE-L-FEER T B EhiR
£ (nomega—nitro—L—arginine methyl ester hydrochloride,
L-NAME) K&GE, AEBEZR (renin) FIME KR
& (angiotensinogen) MR (RYAY) BEER/NRAY3h
kI & Sk R T, 7R 10 dJS HEEESICH 'Y, 15
BT RIFEBES R . AR 2 b2t DA
IMEEIARTE, SE%ET sICH BYGT7 I TRIE A 12,

SEE AN AR T S BRI NME R, 5AAR
FEE A MESICHARDS, (EIELUHE R M LA A 1 S
BRGNS R AR D & AR R R sICH. B B IV
(collagen type IV, Col4) «lF]Colda2 FEEL M F =24
XF I B RPEAN A BB EAE A, IR R 5R A2 AT 5
7T IO 11T A5 740 H I RTS8 i i sICH U, AL AT B2
T EE /NG Noteh3 15 M {# 5 4 Fr BE (translational
segment, TS) IHEHIE, FE LIFEEFR/NIIKILE N
JESEIN, (RfE UL ER R B /NS kR, AT 5|
FLSICH o (ROMIEFEEoR . BEERILAN AR SMS ST
FE=R-d:3! (phospho—extracellular signal regulated
kinase 1, p—ERKl) P FE S )EE A 2 (matrix
metalloproteinase=2, MMP-2) % 5K MiE R EE/K 15
SRR AR TEE PR, p-ERK1/MMP-2 BHH 7]
FIAFRIR S A JRIR ELAS sICH JE AR Thag . HALH]

A2, I p-ERKI/MMP-2 Flijsee 1 ki & -1
FLA A - 2 e B OB AR

Ok 78 Ry A T 5 2 ok o L M 2 S Bh o 22 2 Fb
SHSICH 19 53 —FUINME 17 80% M@ AL
B ERUR IR, A IR EIERFER . fE£70%
PLERSICH B, 20% ARRTER I I o AH DS M v
I T o AR R A I S VR sTCHL BT I A7 B ARRAE
WG RZEM S (cortical microbleeds, CMB). F7Z
ERFLRVTFR (cortical superficial siderosis, ¢SS). ™
TR AE RS M (convexal subarachnoid hemorrhage,
cSAH) FAAKMsICH BEFEA A sICH A il 43 1M1
BWREE, BEHMBEREN8I%; HK SAH KK
TER AR I 95 B R85, 45 AR T I H O P R R A E
19% 1, i <SS TR RiE M R I a1 FL S o
SICH B & R B VIR MM A R GREY ™ ek
FEMAE R . R EMAEEMS (ransient
focal neurological episode, TFNE) 2% sICH & H 2
e E, LHELIZIR S TENE #0212 N
MERXELIM A /E (transient ischemia attack, TIA) H&E5%
L FFEZIGTT I B A 5 S BICH . PRI 1S 1
Ll BERIRSARIGIEREEE P ENEs R
EWREDFREY), BIEEBHE (apolipoprotein E,
ApoE) EERNIEY ApoEs4 FIRKTE R MR S R B D] o
ARG TR R 0L 55 VM STCH P 725 & 13 4 (K] 28 ApoEe2
gt 5 sICH IfR G R ™ BT
Ko TE ApoE T5N7H: PRIAS [R] A A e #4715 175 = Y
sICHH, G EAEYIREMBEARRI, W
ApoEe2/e4 TN EE RIANIR A A B s A L3
MW E+H (computed tomography, CT) frE&E, F
FerEssid (finger—like projections, FLP) Hifefitpss
PIES T

FIRRGTEEZG )R] SICH BRI N 7 ~ 10£%. 5
RGEHIREIANEEMR . E A R A E At A R KA
il (vitamin K antagonist, VKA) #HEL, #AEED
AR Fi#E57] (direct oral anticoagulation, DOAC) AJEH {Z
BEAR SICH KUK o EAETEMAREL, 3K BG e 2
SICH U2 60%, PRI IR 21 57%, KEEVDHEIR
DAI56%, FUKIDHER/DZ141% 2 o SEGTRZY)
IR, FIRDIE. REVDEE. FIIDHER
sICH XURAREL; 5 Ff =] DumAREL, IAEEITEEAT P RyD>
HEAFHIRY STCH MU, A (D HE IR I sTCH XU o
FERRG A ) Tl R, DOAC AT RAE AR MR S
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Bf sICH KR D 46% 2o ERSR DOAC BT MIRE
PImT i/ sICH SE O M R A, (BRI BN
SICH UK, 3Ra6 5 XU EEAE 9 55 A= Il th L
N, AR AT S [ Eam iT sICH, 28 DOACHE TN
TR, EARS A KA AR SRR P, B
AT i ANE RE TUBEZG )2 A E i AN ER RS E A RO H 1
51 sICH,

F L5 P, £ Ok g 4K L5 P PR A O 31 e
&, @4k sICH B EZ5 K. HATERR LA H
HA AR 2 TR I IR B M SR, — R e —
B RS ARS s R MM 2 5, A R4 T B
Hyiadr, MERRIEARRIMERZAE AR, sICH XK
EEEGIN, 5 IEMIEARER k™ E P, RZH
kit 4R M E W T 2 O R, S5 A v 2 TA L B
FER—mE A E R R BN, HARR S KRITL
CCM2FNPDCDI0EERIRAZ AR, FIFTIXEEEL R AL A
HIVERRVE AR 5 R P BB ), RASA1 BE[RI58A%
R vl A R L6 IR ) P LA B R HL SR A 3 )
M, T EPHBA BERI IR 25 I AH G M B SR
PR AR £ A I A W VR M sTCH B VR HA I XU s, XL
Koy B8 H S iR INE R mamGiE g 5E
— B0 BV S Al B bk e F) R R I 4 T A 2 5
SICH, HAERRRIE2% ~ 4%, {EHEEEM T
H34% fefs, A5 RS E A AT AR Y, i
WIS A BRI, A B S M B B2 ek BRI
HMOX. PLA2G7. FUCAl. ACP5#1IFI30, Wk T%
BN IR RER A e A SN R A 20k
BAESMTIRNERFREZERE, 5 INFSFI8,
CCIALY, TPH1. PKHDIL1#1TMEM235 54 b b A1
IVEFAELEARAEOS, AT E I SN A RE M I 5 S 2
FE kIR B, mMENEAERRET (vascular
endothelial growth factor, VEGF) 33K /g K sh
ErKI I AL, Ras X VEGF (A LI B E B BB
FEN B A _E RTH% Ras i FEVE AL/INERAR AL, AT Y30
Ao B ik B FEE AT SICH B4 78 A 2K i s s ik s 72 PR Bz
i &, AT E| S 5 Ras/22 24 5005 0 H S
(mitogen—activated protein kinase, MAPK) {5 5/ )
HNZAE, GKras ™,

o L[] B O (hypercholesterolemia) AIEERTA AR
OB ) ARG, o AN TR Y ] A L[] Bt sTCH & A= JXURG:
BAFE S, (K% EZIESRHMEERE (low-density
lipoprotein cholesterol , LDL-C) < 1.82 mmol/L %A

B 1l = R ARG 0 Lot sSICH XURS: P00, 24 [ fig 7K S
TEWTRYEEIN, sICH 25850 H FRY: . AH[E fEF 4.90 ~
5.10 mmol/L. FHZEEAEEH 1.12~1.33 mmol/L. (HE
2.55~2.76 mmol/L) . HIH=[§ 5.33 ~5.82 mmol/L. 34
MAACE R FER TR, sICHAREBRME, H
BB 22 A BE ™ ER () sICH 7, 55 5 1 M sICH o™ 2R
FERESL, B MLE AT AR sICH & R MR R, {E A
VI 2 259 ek I A RO RS GE B B AS 3G A0 A A A e o XL
6 B8, b IANES EE R ER , EARIS
M FEZTT 1]

2 REZERH

MK 20 % ~ 40% 4 sICH B ETERIRE 56 1
KRBT K, 2B R™E G R — N EESE
R R, gHERAWCTMEEE (CT
angiography, CTA) Y “fGAE". CTHY “JBAIE" F1
CHURAE" AR EEHUR 7R B IR
B, BRAINGEST “0 BAT PRy 12 F19 st ppsy )
X 3FESAR R BE BRI T I A R

1R ZGHI AT AR R TR Hw >k )™ B i
IRIGSR, B M RIFASRESR M A DI RE AN
2% AR (tranexamic acid, TXA) 5I1kMMzg#
RREHEIEEFVI (recombinant activated factor VI,
tFVla) J7R00HIT. RS TXA BERS B AR iRt/ i i
7K, HZ90 d N DIRER I BRI A 152
3 W, TEFLI/IMRZGY). VKA FTDOAC H5fi7
— A S EIA LA EOMIAZERR  (1darucizumab) 4T
FrEcEAA R TURECIEROE R, s AL inae 5 &
RO I, XPhEA TR Y R TR &
MZIhRE, HEMAARERE Y, fEh—MEH AR LA
FXalBFEH, RE%ES (Andexanet alfa) FIRXTE
P sICH BA REFAYIEIMAER, ERINA 18% ) EEH
BB REMEESEM, WA RISk S =, B
AT EA HY sICH IR BRG] 7 XTI RAYRR ST, AR
Ji BN B A M NS ERAS = AR AR, S E
I EFN & MAE S BCRA R sICH ), ISR E PR
R RIR A LT E R SICH B AT TR Al ML AN AR A P I
i, JEC I e R R 2 I AR, E T b = v 1T
A 7, BT BRI R AR SR o

SV AR 2 5 — P A B BRI LT iy R B 75
o IMAERZE EARURE sICH G IR, FET2R
SRR & S MEMAT M, 2R
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CREUAE T M 140 ~ 179 mmHg FEKE] 110 ~ 139 mmHg)
AMERGERD IR RMBORR, K= 8 INE sz
i ¥, REE MBE BT IACAEIRR BT 2R, HE
AT TG UE 8 275 X A MG Y vk 35 B AT B R 2GS
W hAE Y 1E B A IS SR RS S0 TR
B SICH AR oh P M I B35 Bk 75 ok i S AL W
T R IE 32 /K -y (peroxisome proliferator-activated
receptor—y, PPARvy) FIZH8 X ZARFEHTH (retinoid X
receptor agonists) AT AR /N SR 2 A/ R A Y 2R 1Y
fe A EAE ST, DN i B, (2 A A DI BE Tk
Y, B4 E (interleukin, IL) -4/f55555
5 WIE A 7 6 (signal transducers and activators of
tranion, STAT6) *f AR AR A EFRZIEHEZAEH
WA LG T IL-AGURTRL, AT U S B GE
maige, Wk "HIZFK (don'teatme) ~ fF53R
KB REAZLA0R - (CD,, fifk) , IAZAHFE A1
P RRSR B2,

H B BE R AR (i A &= e 1 . H B (white
matter injure, WMI) 7E A SICH H 7 WL, sICH A] 58
TR R AFZ A WML, Frb WMIATA KN BE T IR B
A TNRES IR ARG VIR &R o WML EIHLH] S
PR . MELE EHFNERES 5 RRURLRIL, Fia R
NI RS A C < IV 2 N S B M Y = PN
TEA Thy1-YFP B EFR/INE SICH 8L A, WMI A%
BEABIAILE o TR BOR . IBEE . oD =I5
2 Bt (Oligodendrocytes, OLG) FE45, SICH |5
N E5 A ) RGN E R B AR BT RE, IR0 T
ZRRIRRIZHIIRE, AR B, [(FHAER
H i Z 85 (histone deacetylases, HDAC) I3l 51 5k
REPR HDAC2 FEA], RIS /N oA AN AT
et MR sICH /N ERSRL B 48 SR AT WMI B
I, LRAP L E Bl WML EDSONRYT sICH i ShREH
R E BRI E . RHETT DA E RS . BT
PPN A IR B S (LiCl) VEA BRI sICH
RN A, Hop s WML S BE A oA v 17
NFRIA ARSI B TGS, HALHIET
LiCl BH W7 7 %5 % 5% & BEUEE -3B  (glycogen synthase
kinase-3B, GSK-3B) Fik, fm I NG MEMAES
A+ (brain—derived neurotrophic factor, BDNF) ik,
183 I OLG B 1 1 22 ik B 8 s SRR iy 5828 1 50
o PR o A RORE B 70 A AT /NP o 240 B v £ )
KIEIRZRIGTT sSICH/NRFERARL DR fi P B s - 1 T

TR 2 R 15725 Bt (FTY720) 1RY7 sICH /NFRUEE
B, #A IR WML, HETEENE, FREME
(Fingolimod) HATEAH T sICHIMRIGTT . BREIR
AR 400 mg ARG R A R I ER B,

M AET 2 sICH 7E40 Bl K S AR B PR B P AR
TEsICH [EBUN IR N, R w0 S 3
HMIFET . sICH [FAIMSET Bshi TR i g
W TSRS TS5, Hop, BRI T2 — PR
REOIER T IRBE K H R 4 A AR e RSB T /7 =X
FE WA RIS EAFI A KIS SIS (glutathione
peroxidase 4, GPX4) IKX#, sICHZWIEAIGE R, 5-HE
AALEE (5-lipoxygenase, 5-L0) FERIREFRAT LU HE
Z2UReRE . 5 N- LBt BRFH W A A= PO A%
BRI =9 e 9, ERRJE AN B AR M A /NS sICH
BRI, ARt A EE IHI BT ZE -1 (ferrostatin—1)
FIREHIZR-1 (liproxstatin-1) 3RiX, AILIREEFIZTRE
B RS M A T AR SE T O, B
GPX4 SEfi a2 H SO hIiKS & MR TE PR ERE T, Bl
HCE IR BTSSR s ICH BB A e . B2 PR SICH
BERBRE TR ERIA R, (HEHURE T2l
ZIRRISCEE R RTERE ) BT ilRRITFRas R
TR, Bk A] g o R I i ) sICH R ke Y
sICH JEAMOsE TS T & oA A SZ4RA, HRTE
HIE S B ANE W . £ AR EEAN B AR M f/ER) /N
SRR sICH A - g B oL A A DX e B 7 A R 4
HEThBE AN A MR FERE AR ) i —25 S BINK I,
UK S e AU 2 1. RIERTIAST . B
TEMESF 0755 19, SICH 55 A8 40 A 25 1 5 7K ik
IR AN 7K i 55 A s SR A B A L F A R L
Jrt BB IR B DIRE DG o 1K A e 288 2 P ik 7K e A ik oA 25 7
PR B, WNa'FICl . H i iAK a7 AR
FEBR (HEBEEMEEEK) S0 EfR<, REH
HRFESZ -1 B FIBIE TS H USSR BRAE sICH K FRAEAY
B REES, (HR R RIRRIF 745 RiEN ,
B0 A i ] DAk D v ] BBl K e Fe47

3 MEREEESFHE

RIESTI: SICH J& ROAE S ORER 7T AT ik afn 5 |
BERE, HEHSFEINAZAENTFDFANEE. =
H /N D A I RTRR Jo A e 5 % R~ AR IR BL, -
R RAE WIS S (PR e A A I, HLrh
PR 5 2 58 K I PR3 A A 3 IR TR S E AT B A
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1. WOIL-1B. PRRSRSERE ¥ B HEF R 7E,
XL S FEAR IR 70 5 [0S T i o, S
55 SR T3 SIENE 1 sICH J5 i 5 . 1ERRJR
BT B R /N R sICH AR rp o e ] B /DB S A . =
A RS2 48 -1 (formyl peptide receptor 1, FPR1) F1
HELIRES & fa . BUEITERRE T/ N R, g
MERIZNAE, JERIINE T AEINAERR . FPRIEEE T X
FEITFR, ATRE R ASRIGYT sICH By — M & [0, K%
BN REIEH B sICH AL AT SRR 5T sICH f5HY
RIEFMFMEF SN F1FHE], I HiE S REE &I
FE NS SICH RIEFRME T A,

TR /NI AL AT ENEANAR . sICH JE A RAE
F BT R TN RN SR AR A0S, T 1L-4 7]
DR /N IS o 200 T 5 4 L P k. 28 2 Dh BB B N7 R
Thee, HAPEMERS 1R RATE TR N ETLE
MANERE . TEICH/NRBAIF, 455 IL-4 f5r] DA
IR Ik K sICH 5 SO B P35, EEATLH]
AlRERE : IL—~4 W3 IETT MU/M2 ALk S RAE, R
M2 BA/INKE IR AR At A E R AR AR AR A, B s it JAK LY
STAT6 15 5 s S R 25 fifk sICH M2 RO 17, phig &%
fEF 5 SICHEZM TSI, Kk M1 BN A
FEL T SR AN 2 sICH R AT 7 d . (EmE U5
AP SICH R, AP R G055 MR TYER
RARPUERWORIE IR Al 8 I I 28/ IR A
BN AGE AN (HRTEARIG PRI 5 H ARG H
HEEE ), 1ESICH S, M2 HA/INKS R 4t F S k4l
LA BT RE VR F Rl s R she , JADR T i b B R B
LI A ) BB 7K Bk A R Ao M2 B /NS R 4 L T S 2 i
e EEs E R SE e rE, ELE AR, K,
ZINBR SR 4 B AT IR B BRI S M S A B L kg
RAEMNATT ISR B A — 2 1, TERH, sICH J5#
ZRIEARBEEAF T N EIANEH, 2 — e 4m
FRELRUIAR, BT 7E ] E SLI0 M AR SO M) T UK
WG, A2 TE S X —

Mg R AL ZD  SICH 35 I PR A 200 i () 56 LR 55
A B, HEESM RN AFEER RNA (transfer RNA,
tRNA) $65%. RRIAKINAESREL. NEMNEFIRRE,
IR R A/ TIRERS . MERERFS. WL
ZRGSAIE T A AR gt 7 kgl
A=A B RREAN AR S ME IR T sICH #8255, [RIRY BA
P IhER TR 7Y, kIS RRFLERE H AT
DAy i v ] B A, Ok i A e APk A

K TL-27, AT SAEAIANNE B 1 A,
INERIBE BRI =5, (NG b b 40 A A B 1 T
fRI5I,. [ERERRNZ, EEHTHERRESH
g PRI ZH LR 1eG B Fe K S FLBREAHERE S, AT
P R BRSNS B AR R A7 2

TP N THUERMERNL, 2R HAK A
KERGESE T 25 RENE. sICH KA 52
FHRI S A o BEIE . S BB IEZ= 4a Fivk R A
Y, TR AEZE SRR AT sSICH AR R/ 2B
PAR G it Z AT OCHR AR ) ) FETESY B A sl
JR R MG o BRI, SICH fE RS yse ikl Rk
AR MESET BidfA—1 (programmed death ligand 1, PD-
L1), SFEER/RAENEBERIGT R, AN, JEE
TRAGER FRAH DS AT YA PD-L1 390, (3] Bsf afm frk ] BB
JEPEPD-L1 I, UESE T AR TE PD-11 /2 sICH J& 5%
THTE —ASFHLE] 7o SICH FRE I/ INFIAL B Y
AR IEFENN SICH JE R R IR RIS, Hi e m] AR
SilfPR sICH ARSI AL, PR B ER2R )
I & 1% —1- % BR 1§ 52 /& (sphingosine—1-phosphate
receptor, SI1PR) Vi TiANGIT B &M% K EMEL 25
W, JFEAE (FTY720) A PUEIE A 73 FHLHITAT
IEFEUISIPR, NF-«B. BRASHALEE -4, S-BRR-3-1
lif}/2 H ¥ B (phosphatidylinositol-4, 5—bisphosphate
3—kinase/protein kinase B, PI3K/AKT). £ H BERLHETF2A
(protein phosphatase 2A, PP2A) F1P2X7 3Z & (P2X7
receptor, P2X7R) FEAEFUAT.. FLRIE. PLdHE ML
WThRE, A SICH# RIS R ), 1E1R77 sICH
EERR A, FTY720 AR fIE0N 3 A0 T BHIEr Bl
Al CD4* FI2 R K+ CD8* T 41 ifd 1 CD19* B 41 fifd >k
SERL 7,

P st . AT SICH 5 FEA i XU BT A 1R 1597 5
BRERSICH B T A B S RTEAC IR MR 2 b, 1BF
B EE RO IR 77, X sICH f i sl £
FFIERRAE THEE . AR RGO 1T g i, M
ks A A AR R e A e
SR GURBLEMIZ ZOE . M2 ] VRN B R ik
BHEEH ESHSICHEMEA T, s i A=Yt
1L NOD A2 AR KI5 & pyrin 25 M3 H 3 (NOD-
like receptors family pyrin domain containing 3, NLRP3)
FRAE /IR ZEE AH IR JR A s Wi e 8 R E B
NLRP3 ZAE/ M T B YR, @it NLRP3
AE/ANAYATT I - Rk, ATBEVE N —MGTY sICH & —
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IR A RS TN FERCIEBEIA S 00 /N SR gAY
o, B sk R R R R EHESE, Xt
TG =R ;P R A0 A P A ik e 1
INER, ERH RIFRGITROR 7. [k, #E—B5
sICH H 3 (I E T A= A A A S A A AR A e
WEE,

4 FHhYIIEE

EA5 BN KR By I 5B R 48E
IR EFENWHIE T ZPLibE sICH AL ), 13
45T 2021 4E 10 H—2022 45 5 H & 721 51 15 sICH 3
PIBRIRRZER TS . Paiva s Y REIRZEHITE (63%)
PR SN SEEGEhY . i A B 22 RO ZE B A ifn
AL (51%), HIRZRIERESHEE (35%), K
D H RIS BRI (8%), /b BN I A HR G
TR (6%) o FCIRWRFH 77 1A S sICH s s BL ) 17
RS B RES, FEIGLE sSICH IR PR TGP S Hoks v
HERERF AT B bR s A B,

41 FESMHER
411 RIEEFESIER
4111 EE R

IRE G2 — RSB E B, GEN I fiR B AH IfE E)
A /D EE R T AT F LA B R, S BUE B PN SE R
s, R T AZKSICH ™, ZMRIEEE A B TiE S
sICH ISR, Hrbfifi 5 % B2 B T
411218 5%

Rosenberg % 3 F 1990 FE & R E : A FURREE |
HEEREE, MEsL. ERSLAEMNESIT, A
ETESIRTE 9 min N A £ M EBRZIEAE 0.1~1.0U
EEE (XA S VIAY) M K2 pL i S KR
sICH; H I 75 ] i AR SR B A A R, B Ik
JREGH) S a, AIEHIAR AN, B2 0.5 UMV
T fiy JE g FH AR I o WSS Clark S5 ) SR FHAHTE /5
IR T IS 500/ N s ICH 555
4113 EBLFNIBIR

ARG ;R FRIR LS 0.2 U IR EG S 10 min 7245
HEIE R, MRUSES B, i X gy gz
FRSEE, TERT 4 h NI AR ARG R, 4 EF16 G
IS N — 25k ),

7K R RIS B 6 h 5, Ik s
B, 782 ~3 dIAFIEME B,

ITTL AR e P f7 375 1 - Maclellan 25 871 F MRI K& %

P, R P S R S 30 min f5, TG BT
BEE B MRS AN, FESTS 12 he 2 A4 d AR
I,

HAFRE . RBIRMEZIEA 0.5 U R JEEFE S sICH K
SN AR A T, TESTE 1 h PRI AL A I
JEIEI AT AT 400, 4 h g B, 24 WS RIS BT
. MARMOAIET 4 F BSRFERT SR, 7 d fE SR e
FEFRAT EL RGN, 55 3 R R B, TE 4T /5 4.
24, 48 h RS ZVE S AN & 7K &2 I, 24 hig
SN &K R B &N, KRERMITARERET
48 h, TE1JEGNEEIRE ", BRZEHSE0.14U
AN 1.4 U PR AEFRER KB SRR SICH J5 12 h,
L e ] BT 2 2R e P e 4 P T s 1 e e O s v
548 h, EWRAMMIIFIEHE A MG ERELRE,
MRIKGES /] UL V2 B E KR ARG E TR, M
i JE Bl AH A Y 8 R NSOIR R & e &R R FREIIITT
EINSIIMIE S [ —MK IR &R R R, 7R
HHM S 48 ~ 72 hikZF K, 5R/DFE4~ 6 AR k4
fFET AR B,

METNRERIR: B ARERE . TR . E
4ilal. AT ERE IR AT TR A E 2 Dy e ke
MEERE R, AR SR R G5 BOK BO™ 5 0 i
AR LR A D REB R . Pk E AR H A RE B 301k
g X HIREK EsICH B R kBl Ik
B REEFIAT Z B SR ESICH G 1 d, KRERMEIhAE
HEZH, 2 dETFEHIEE, 761~ 2 AR H T
=, H3EBIRER AR . KRSk
RS 0.4 URRIEREE 21 dJ5, FHIEIhAERRATIRE &
JEFAR, 22 D H BT MR AT B,
4114 itk = K L B

g (1) SHEFEERYGE, ERET%
BE, HimfaEtmE S R, BRI —EERT;
(2) WJEFGEBIEL 1 IR sICH & 55 B9 JLD S B
B, WIS, MR gk 02,

AR (1) RRIER A & RN E
PEREZY, HEEA T /NME B R TRg S,
SR e S sk 2 H 1 S B SICH B IRR TSR AT &
(2) KRIEHXRAA S G EER, aihma
Ty 6e K I A B B, IR K T sICH J& B A %8 1
JR P02 TR] Mg Ji il A B AR S i S AR A K
SICH G4k & VRN I B AR, RBE FHRAT 7T sICH
i 0L ] T A 2R I R A A e A
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RLF ;B S A SN AR S T 5 Ok oL i e iz
e SICH AR IPERT . DA sICH [G A DIRERITRE
B HRTT BRI 5 092,

41.2 BRIMFENRE
4121 BB RIE

B BRI A SRR SE RN AR E X (iR
%), BEREESCE K 3,

4122 158 T5%

BYRIESHE . RRERIT[E €S fG . RS e
flo fEVMREMSIS T, BIEMETFEGIEFR
1k B R 3N ik i DA 2E 12 18 1 B AR R IR,
T 1 & 5 S PN 2 23 R /NAE O (K Rl ki 17 1fiL & 25
50 #1100 pL 43 A14H 2 F AWk 20, 40 #1180 mL HJ Hf
&) 7,

PRIRTESTVE . Deinsberger % ) 7 1996 £E42 Hi
IR sICH AR 7575 o #5 50 L Hirfick 5 RSk i
SYECHIERSY . ESELL 10 wl/min BOVESHEZE 15 pL it
TIEARRERAZ, B EE =L 7 min ff MRIAE 15
&5, ARG F DI R TE AR 35 L K A AL
R, Belayev % L] 78 2003 A& F R YR T I i R H
/INRICHAREL . TENAREN S SN, R30S
WEF B — D SLAES L | AZEMBUR AR ERES
(BBt 3 min) M5 pl, HE7 min, RGERTH
(’EIL 5 min) 210 wL, B E 10 min [G25 18 i HES
. AL T RS A D RE R . KPR
KIGAFARFIRE FREEEA 2 . 5 AR S MR KA
gk i T E R AR L

R MR LA, PRTE RS A 3= B8 5
B T MR I R DA A A (%)
IR RSB TR, BAF s H] 7 MR TS &
HAL, M= AR AT E A A R A T A s L SR S M
FEMXBR . WKL Z AR [EREIR, SR EER
HERGTER

=WRVEIMEE: MaZs 0 F-2006 GEXHE AR T
2B B, HIVE T =R /NGRS i R B A
BAE M/ N R IE SRR IR R B, E ok
AS LI, B 7 min AR MR G EHE >~ 4
BRI, ARIGFEAS wWLIIHE, #1151 min DUIISREE ,
B JE1E 4 min NTE AR B 20 wL I . 1311 60
min 5, BAUNGRH I T A D AEER . 17IE 48 h
EHAFREL R, MR RmEBIKAR, 2R
R T B R S A AT

St — RV FEELH, B AR mE AR RE
MESHEAIIHENE, B NERMNAR 2
f—Ff sICH shissd . H Emit fEg I s L R & 15
SR, JFFAHE T K. B FRGEE R
sICH 54,
4.1.2.3 EEEFNIEIR

A LA s R BB ARIZTE A 100 pL BRI 4 h AT,
AR/ NERE , U AR LS 4 ~ 6 JETHEIE 2,

ik REEBIREIEA 100 wL BRI, 7£
24 h NFRZKBRGERE R, 2~ 3 dikBIgE @,

I AR R % M : MacLellan 25 157 i FJ MRI 34
KEARATEA 100 pl BRI G 12 hy 2 dFT4 d A9 A%
Jt BRHR IR, o TNk o 38 378 1 52 B () i 1
IR o Knight 5 7 B MRI W25, K BRI P9 7 B
100 pL BRI L d 5, AXAE AR S 52 2] i i 5 Fa
HEIEVERS AR, 14 dEIRRERM &, K5 R
M [ RE LI TR A B o

HAUREL: Xue % % BIFE T K SRBUIRAR T A
Lh~4 G, BN ZEMAREIL TR AR, 4558
R, VEI 24 hf5 iR B 421 rh R AE Rt B 21 2
FaztE s PR AR IELE 48 h AR IR, 258
MEIR TEM4 )5, /INRFRAMEIE I 2
48 ~T72 hik B KME, FFHFEEEI4 8 CD8aff )R AL
PR AN M5 48 h FFUA B, FEREEE] 1 E
TUNEL FHE4RRIAE R S 72 hikBR Al ez
48 o HEM H I 5 YIS B IR 5 | — M PR & 1 %
SEANRL B, FFEIEHRME 48 ~72 hikZIEE, 55
DRESE 4 R BN AE T A 5%

FRATHRERR . BRI . A ETR . S
gl AT ERE SRR ET TR LA S rh 2 D se ke
MEER TR, KREIKNAES 100 pLIEFFZELEAIL 1.
4. THI14 dJ5, PREDIRERHAF LRI RIS VRS
21 df5tahfgsE ke s KERSCIRATEA 100 pL
HRMJG 1 ~28 d, MHAEINEERSIRE "™ FRE K
ME AR R e FEHATIRE B R HIRE , KL
SRR E AT EE AR,
4.1.2.4 LR = % I A3

eiads: (1) BERGEFEEEAER. R
A TE LA I b 37 8 B v dfly, AR HIVE B
(2) T AMARARL RS o H I AR & A % R it A 5 A 2K sICH
1 B SRR B R B i 0,

B ALRE (1) PR VAR LR Al A I o i s o
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B E, NREEIMAZL SICH BIPRZESC BNk M 5
Wi (2) B5 HBEAR MRS EIRG
AN (B0) BRMAE NSRS, dihE 50
AR A ERR R, BEIN—Skgz

RLA AR AR S A A ST R Ak sy e
PRRE S AE SICH J5 4 & R ki 005 v B 18 A B ELATL
Hil, X SICH f5 B9 B 24 e I A 2% E 1& 2 6 53 0 H
i o,
413 WEKRFRER
4131 ERRE

R AR Bk A= AN, AU A A &
ERUR, X2 —FraifUikiE ICH SRRy R 10,
4132 EEH X

H Sinar & 1OV - 1987 - Jei o 7E SD KB
H EESAL, Re—DRER G A 25 SHEEL B,
N AR BN BRI AG M RR, &5 AR
GlEE L. BE 30 minf5, £ 13.3 kPafUSEHE
TIFRARERA 20 s 722 50 wl, £RFF 10 min 57
Ro MARBRFEARIR AL 8 1 78 OB BRI AR,
BN [F] AN AR Ak ZH 2R B e A
413 3 RELFMETR

HZURER . PRBRAYZE RIS AL T B A I S AL
R, FEAMERZ BB iz skt s, =
B H- 5z SR AN B IR AZ B BN IR & (cerebral blood flow,
CBF) &M%, fiNE (intracranial pressure, 1CP) i3
Thes Do, RERZERSE 6 ~ 24 h HEAANHAET:, 24 h
JE VR T AR 73 AR TS I AO R T 4B A TR g . fER
BRIBUSUG 10 ~ 120 min (HEURETTHATE, SERAME T
FIFET- I AT RE A B WA LA AL 1
4.1.3.4 iR = R KL

Poml: PRERFE RIS T AR sICH B i &
NN, A — B AN R E RS

B (1) &E RN, ASGEASLLX LA
LB ERTRZ o8 B TR T ) PRI 1 2 P 0 oot ol ) 4 i P
Hofiads . SRR sICH B ERAEFEARF & (2) BidEak
RAHR TG Ak & MR g 0

RLFH ;AR BRASAL AT B 6 sICH B9 I i o5 02 2%
KL\ SMRERARTE BRI S B8R AR FE, 1B AT F T
SRANTEEE AR (Xt A B R 0
4.1.4 S MHEFSAIMAY KIEE
4141 SERIE

e LA B 07 S 56 P0G £ 1 ) b kgt g, X

FPEH 2 T2 AR T S0 o
41.4.2 SR 7%

E SRR HINZAR ENAESR 0.075 U KBS S sICH
NGBR3 h RIS 50% fERE (6 mL/kg) o
VR 55 RG22 PN S BB S A iy sk B DO
4143 EELTN ISR

HLVRHE . 5IEW MK, fEEiE
6 h =3 MU S A MRS JER T G2 B8 R PR AR AT
IMEFFELRE N, AR AE 24 hiABIEE RS2 72 h,
MR AR E LA S 8 hIREBEZAKN . H&E
SARAE IS SICH & AR e isls ., EE T 2 E M T
R BBl ) 2 TR A BRI A R 2R . AR/ INFR R O RS2 A
SRMERRNEF-1HHEAER, T8I0 LA R &
i 4% B I f2 )R N & H -1 (thrombospondin 1,
THBS1) /AR EF-B (transforming growth factor—
B, TGF-B) /ME N AERKKE T (vascular endothelial
growth factor, VEGF) ¥ B, =5 7 IMiKFEFEINEER
1, FESICH [EARMLAF 5K, ALl T e A 5 S
ke 4 B A B A 109,
4.1.4.4 L8R = e L R

Pt ZALER S AL T AR M PR BR Al bR AR
SICH MR AR B 1), BB T IR PR 8 A A H
I RGBS, it — B ss b iy Rt
T BB,

B BRIV RN N, FREHE— P
HtE BRI AR AR s 1

R : AL AT B RS e HURE X A L A 5 A
SN, DAR SICH FRI AR R SIS 10,

4.2 BRSIMERKS MmEE
42158 R

T 18 2 22 75 VA AT E & PE e I i S TR A
AT DA ST AU AR i S 1T A A= ) B A PR
B R sICH S sy 1o

4.2.2 R E
Sy p i B Ok M I R B (stroke—prone

spontaneously hypertensive rat, SHRsp) H Okamoto
S U RAB AT, BREARRE T E KM
A ER R AR ERR . BEml. HAd10% &
A MRS, 80% KANMZEH . Z2aHiE B MmE V=
I & K 5 (stroke—prone renovascular hypertension rat,
RHRsp) f2H Zeng % 1) 0.3 mm FUERIRER S K
SOOI Bl B 4 A R sl Al B I 1 e



12 LIS S L E S Laboratory Animal and Comparative Medicine

Feb. 2024, 44(1)

Eo. fEEshkgE%E 40 85, 200 mmHg DA A2 & M
I E R AER N 100 %, B AR (LA H I
Mt sE . FEAES B AR ) KAEERN61.8%,
B R A RIS T ISR

4.2.3 ERLTNIERR

AR SHRsp K FRAA AR EURHAE 5 AZEAH L,
BARRIMINALRE NARNERERH MM, /NEY 58 &
MR AL, DL K o 22 400 L ) 2 o 2B 7 R 1 R BT 2k
5 (04 RHRsp A FREAG 5 A J5 75 I EAR (oL AR i
B AERANIPRATHERFER I, B, M
BERAJEL IRk As AR BRI A 11,

4.2.4 {50 = K [

A (1) BT 5hKERSREREL,
SHRsp 1584 B2 ] e _E 22 A B o L i 2 eh s i
BEERIN A SICH & i A 5 (2) RHRsp 5T
N, IEARER, B S AN H AR oL /i Sk A
TR AR B A= FRELAIE 110s]

B ALEE: (1) SHRsp MG ST, SRIEAEME, i
HiAzREME, rfEEME, S5, Wikh, DUSCR
IS 15 (2) RHRsp A2 HALAYT SICH AL, i
TEMNAEAT . i H I KR A M 2 FR IR AE DY), SICH [
KRR, (3) WM E S 2 EE M.
oG H o EAOAL B AN AT, T [ B AN SR AR
Rl [104-10s],

JS2FH : RHRsp 1Y A] B F- = 1K Sk REAE AL i
105 £ 0T A5 B A BEAT LRI 7, SHRsp A58 LRI I T
5T AZ sICH [ kit g [o10s],

43 ER(EImER

SEGICH FWREA Z o, BERREEFH
—AMNEBERE, PRAPEREAZ RS sICH A& KZEY]
S 1oet07) - B8 PRIAR S5 ] DA it S L AT 147 1L
SRR SHEKSLR M, HEEHshY R R DI
NE R, FIH SRR EHER AR H K DNA K
B BRI RS, SEEPNIRSR R e R, IATiA i i gE
BN E A, . AR s, —
BRIk, I kst 1t 5 R ARG AR R M 9 114 ofm 5 ]
MBI T RR 1%, HETEA /LM EERN
FE LA SICH BB gl B shib 52 B T SEae ot Y
A 355 72 0L L 2 56 DR | it A L e
DAL BN Bk A S B R AL Ry 4Rtk
11925 W PR R 7 R M A AR e T 2 1 A S i PR & i
fo,

4.3.1 5 M JE KL MiE B FEE

F Tida 5 1'% 7£2005 SE B IRRGE . RN S
SO A S5k R A RY/A N HE RN B g i
[, SEEENKERTIAE] 150 mmHg, 1 E/NRAE A2
o 457 @R B G — S A & e 7 -
NAME X FHZK AT A SN AR B B R S I, (R
3 RSB E R (198+6) mmHgo AT /MR
TE10 FENFET AN i, Erd—2/ N R ENK
T ZNIRADBE R AR 2T H I, HE AT B A 2 2 AR
5 NS E R A EFE AL, 25K sICH
PUEE B A R EE R E s Al
432 i N EREERER

Hik e A A T4 2 18 BTk A £ I AR (E A L
& Ll U, EERRTERZR S~
500 wm F/NENBKE BE, RES AR T T B IR ER
PRI A S Lo0) 2 e R AR SR SRR B B RE AR 1
AL SHEREE, RAREINZE R EEREE
EEEMPLG Y, HETEDHE S M RIAMHEEH
HifASE H (amyloid precursor protein, APP) FJFEEL[A]
/NERABEAR D18 112) e AR B R R I R
FISICH YR, DEUIEIIAR KA sICH,
4.3.2.1 APP23 B E/NRIRE

APP23 TG BL RN FR % B 1 R IK R R AE B A
APP751, HMEITHEAME Thy-1 B84, AT H I
ICH [l (3-1) i as S 24 7/ INRRLE 19 H IS
7 HIRH TR AR TE R AR B TR, B /NShBk, &
KINE DR EXSE, BEEFETHRR 5. K
AR AR5 . 19 A IR AL /N AT & sICH,
fHH MR AEIR/N, ANATRES [ A R PR AET
HMERALH W# R EA N, fifeZERE . 5
FOSCIRARE N D WL 27 HER I APP23 FEEE[RI/INFR AT BE
KRG, FHEMERK, ZEE R GERTT
HIRTRER AR TSR A DR 4 T ) B Sh s
4.3.2.2 Tg-SwDIHERF /NG

BN AR APP BRI A 315348 (Swedish.
Dutch #flTowa) , 43342 Swedish K670N/M671L. Dutch/
lowa E693Q/D694N,  HAERTARAE R R IE 27 Thy 1.2 4%
il 1S, 12 B Te-SwDI #EEL IR/ INFR AT E TR AR AR ()
/INILAS & BB E /N I, LARGE S sICH I ERAL,
TR AR H IR, MR RS o
4.3.2.3 APPDutch#: 5 E/NE

R APP BRI B E693Q 5%4F, 52 Thyl J&



Feb. 2024, 44(1)

SIS SELIRES Laboratory Animal and Comparative Medicine 13

B 1P N 2% SR G U M R AR - A s
(HCHWA-D) BHEERGH M M7 120 05 Ye ik
PR, Bk H TR SN S iR s = /Nah
Fic, 350 2 FHa BRI H . #HHH1%%
SN AT UK RN BRI AR M E 7, FF B AL
Gl DB T N s 111 N RE |l ies e 5
22 ~25 AR /N FOT U6 HEEUE 2 e A R B TR,
29 /N BRI, SR Z AR RN Y L, i af
IEZBARBUN, SIE/INRARE R GUEIR B AT RETEELER
INo ZTRFEARTEA A Y MRS . (LA HE AH G
HETR
4.3.2.4 Tg2576 S EF /M

Tg2576 /INFR\ B T T2 FH T A 98 Bl 7R ¥ 7 R o
Fisher 4 ("8 7L A7 dr i3 7 V@M REAE FER I sICH
FERE/NR . FEABEMMRT B F=H T, bk
E/NRFRIEANEH 695 MR APP 5Tk, T
A Swedish 4%, 1 1 5 & 1 14 Ge i m] DAR I Z]
15 ~ 24 FH Tg2576 FEEER/INFRIKSL R A H B AR AN
PRFUZ I R I Lo 8 FE B I/ NARER 2 251 DU
BRI X MR A 5. S8, fEFTTAB-40 41
PREEBE/INER 9 8] FE A AN ER , Uik 5 ] Fi iy X
B o #ah e Rl D INSE RN AR H TR, B
AIREZ NI AT AR EE TR ISR [FFEAR TR
th Tg2576 /N2 AR HHIL T sICH K HY A AR
H RNZSAL EB A T sICH 5T [
4.3.2.5 ADanPP7 B E F/NER

FIRNEF 2 R 2 — P AR A R R AT MR
. N BRI2 BRI SR H ek B rEE, &8
RS T R KARATERFEE H 3 454 Dan—iE
WAHEEHE (ADan) o Coomaraswamy &g (120] PL C57BL/6
N/ 52, M 3RIA BRI2 FEIAIH Danish 2872544
FAL, A CARS R B Al B AR & B R H 20X AR
R, HHIZEH FEEMEITTRIEK, RERIIN R
ADan & H7E NI BEGURR, FEME SRR
N B S AR AN L. 7E 18 H BB ADanPP7
FERL RN MR I BRI E 14 DMkt (B
IR B AR /INASTE . Morris ZK RS SEEG TR /N R iE
125247, Wiz SEse B/ N AR TERE I, X ELA AT
S EH B S MRS, 2RISR S [ A A
KRIE. MR RWEEEFH R4, HAtmA
A,

R R A I B A o B S A R LR P T

T RE TP HE DC HY sICH A/ NBD ik 2 54 M 5 43 L
o IXLLAEAL A LL[E] RBRIMEZ . sICH Y RAESHEER
A, ANRARELEE EE 10 S B BT (A A 8 & R
sICH, 1241k, WX SR HIER . BFE]. &
A R E M IR A, Bk A A
(ARG H I ER R U8,
4.3.3 i ah 2Bk S Az 4B X B EE hiR B

ik 3 e ok IR 2 2 — i R s BR85S 1 B
(SRR, RIRNANRA iRk < (Bf = B4 A
kS E K EEAEE, BREhEkZ RGN, $3
— RSN A ZEL 2, IR EE R X
p= 0 R oI 1 R = G TS N S PR i TS
ARG IEZ shigpars 12, RATH 5% [
HRNFEER, A5G H BN S SE A B A1
B -F KR LEAAE, & E ik st
i D2l i A B2 3 TR 5 004 31 e ik e 72 A
o ] i L DR T AR BE A % 10 30 e ik WS P2 ) 31 400
AL, KER ST F ORI FE ksl BBk IR A 73 AL, X
sICH FREL IR XD o Bl Sk e R ) B[R] A2
/NERAEEE QTR LA
4.33.1 AIK &M E R/ RER

SPZBERI 7S &L, FrE /N RT3 &
AT ML, 80% LA B/INERAE 10 ~ 15 J& i EH BN 1 1L
FEOR BRI U T o QSR NERAE AR A R, Bl
MR T A 2 R RIS RIS, FET XU 2 iH
TR XAU/INE R H IR EAE R, AT TR
Bk R PR I 5 T A 43 AL 2o,
4.3.3.2 Kras &M EEBNNRER

T[] 5 JE i/ INFR B ER S Sk SETE  1 RIA Kras—
G12V R 75 0T DAB B i) 28 /)N BRI ) & ik i FEEASE 2R
/NERAESE 9 N RN B & MBI 2 A i, T
5 S HE 0 g R R R E A D27 gah, b
FIA Kras—G12D BB ERU/NR AR 5 58 1 REDAT B S
Kras-G12D 3%, B 12 AN R K, FiE21d
(/N AT DARHIIRIR 52 4 B A AR H i, X 2 /NER I
B shE kR REL, RMENOEET K, &
A4 H S 128,
4.3.3.3 Notch4 #6 B /R & T

SR PEFRIR TS Y Notehd 28 [ Fr B0/ — 7
2~5EBENBET., HAMA RS RIS ik A
o FTA/INREBZ HIELSICH, FFAIE 22 dATIAS] e,
HEI AR B /N, HARE T E . R IR
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i 12,
4.3.3.4 Endoglin B A&k /N FRAZEY

FE iR Endoglin BRI B/INFAEAL (Eng™) HA
30% G sk IR, ai &Rz a2 R /N R
FIUIEH o FESIR VAR, 85 Cre EBAHRGSS 4 1ERY
B2 Endoglin %7 (hBEE&I55ES), K24/
VEGF Rb# 5 o] DL H BN S8 BRI 1 {H Endoglin
BRI 275 B sICH AR RE .
4335 HbEFE & ImEE

A 5301 356 TR 8 i sh A A ] DA H B o o Fr e 78
B SCHR X i i A7 48 75 R AR 2D o B R Gla 22
(matrix Gla protein, MGP) FERIRFR/NRTEH LG5 4
JE B AR IR A o3 B bk R & A g e o Y
TE PR B2 400 L 4% A2k e R ok Ry 55 [RL/INRRAE HE 2B R 85 14
R, BT DA I E] 3 bk B 72 ROLAG o 1f 2 Frg8 A1
Smad4 5% P 5L R FR /N RRUISTARY AT DA HY B 3 e ik R
2 U3 (HR AR R S 771 sICH 4,
4.3.4 fniBER M E R X EREIHIEE

ki 2R IS W 2 — FhBe E MRS R, Bt
SRS, BRI 0.4% ~0.8%, (A & W
(1 10% ~ 25% ., {URTFMshBikiErs Y, IhR L, K
By B AT MEIRFAE SN A R S Sk
HIMES A L, BRI 8% ~ 37% Y HR Al AR K
Himkd: 35 BT FRER, B 40% ~ 60% FY Ak 2RIk i
Bl BE BEERGES, 2I0H Jeta ik 51k G R
g5 1300 o PR L IR TR R AT DA % 1 8 5 A 1L 5
FERIhIEAL, R s s o
4.3.41 Ccm2 EEEX NG LEIA M ERAEE

AR R AR Cem2 BRI/ NRAE A G5
8K, BNl R:MIZ v am A M W Ay A 197 X th
SEUNEFmLEE Y 2N 8 RIFIERIT99%,
IS RAFERNT1%, 2 ARTFERE N 20%, FIF loxp
A Cem2 IR KL, L EFRESFE
P 90 d fEIE R ATIA 98.1%, 150 d /7% R Al 1A
95.8%, P Ak 183 do fNEhERIK I T th 454k
i A LA, RN DU IR 1 i
KWATE ; FESE S, RMGEER AT DURMIZ] /N &
BT, [N R 2 FLIR R (E5E 12,
RIGEERAING T I, X R A I R
BRI R, B BORROAL, FEAT e HIEERT
fORN DS 7ES8 1S, 6 WU/NRRAFE 5 W B 7 Hi i f
o, 15 JELUG, Fra B/ NG ER B T A o 2

A B2 H/NRAES.S Al 6 H i I L T AR A Ak
i fi 27,
4.3.4.2 Com1*"/Msh2- SR & FE & ks )\ R AR B

S [E AR AT DA A 2 IR L R A A H I
B H A= X H iR AT ik s
4.3.5 RIFREAEXEEEIHEE

B AN IV BB al (collagen type IV alpha 1,
COIAAl) HRRBHFH)LEB K MEMAN H
i M Coldal** 2/ COLAAT B R B BT P AL A
B, SHEHE 3 MBS 41 BYMNE TR 14,
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Table 4 Balance beam test
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Table 6 Modified neurological severity score
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Table 7 Neurological function scoring system in ICH rats

i B9 Scores
Test item
3 2 1 0
BREN(EEME ABREEZSRINBH REZNR ABREESEFMMILEE SEABRRAREELET, ART2REHR
FEPRMEZ5 min) B CEIRE L&=3 M ME REJCEIRE L&<3 M MUE EREENF BB )
RIKEHTIRE (B RS FRERE —MRAESNEREESHE —URKEDRD —MRAZER
EE) 1 B (RRE)
pRARER(EESE, WWAIRMHE, AXUEMIR BITITESZR, HEAIR — U A ERD RS — AT 2iZ
AMEBERFL) T E B (RRE)
Ze(ESBNEE FEMERENZ REZMIE BALTRMENE, kX NIME FoeCk RaeiEE ARZEERER
E#T) |yl BB 5l
HORE(MNEEE NEFHEMUAORM KARBEE —USENRMEFS—NU XS — SRR BRI B2 B /2 L — MR AZER
R EET) SZERIF B (RRE)
RERSER (NG WESEFMBERRN, XE —NUSANRLETFS—N XS — IR R BRI % B R KL — AT LE
HREME) H=E bRk BRS(RRE)

TFH 7% B 6 IMBEiR , AT MR RIREINEE

S BT EEBE 2 H0~3D 00 &E 3NERF. BORE0D, HH189D
= —ERTFICH RKEREAWEINEITN TG E, IR FaNEBFIKINE R 8 OANSHENEERR

R BARDKTIZITFD RARSARE

15, HAETERASGE. BEE. FREZRNES)
P — IR ML R el i S B RE s Y TR KRB 528
Morris 7K 2R B SEAG A1)\ 2R B S246 ST s i) 22 7]
S JFNCIZRE

5 ImFRRaMwidiERitEs

51 LRAZEEM

I SRdesh AT IR R AT 2570, 75 2™ %08
STRRE A SIE A AR N E . FEFRE, SEER3)
YrE R TATEF AElg, ST SR I B
W, A—RIEEMAAR e, HoflE: SLieshv
MWAREBEAE "L~ RNE” RERAL, FhY)
LA AR SRR ERVERIE”, ShSEE:
Wit PR A8 A BL A & [ 8 b v GB 14925—2023 (22
K, BsEse (udde) SR TN LUEMNHE
F 8 25 9 3F e IR %2 4 MR A B iZ /£ GLP (Good
Laboratory Practice) SEEGZENSEARL, HABZPIEIRK
MM HIZTREEM R R & " SLiesh Yl A v
AE” ARG = T,
5.2z B ik E

£ sICH WU IR IR A2 PR ge RS &R shr
JBARFEE FERANEMES R RS 2= R
BAPRHIE, TR S ARAER R /KP B AR
MZhFE , T2 S it 72 i nT S A oo b 1o

T sICHf R s aIE AR KK, ot Y.
R g D g 10 R T e 1)) HiR/NERL
KRG A R B, R E AR sh e A
FsICH @A ILs s, WK S,
5.3 mNYIRELIERE

e PR A 18 I SIS AL AT 7 VR G AR v A
AR, ANFSLRe ) Al SRR R OCE B, TR
sICH U259 R AT 3N SEie T, kP mia G lig
PR AR S B [ T 2 B B AR s, DURAS &
RSN . BUE BRI ER R G R AE R 7T A
AREE S, HE AR RSB AE, W9,
5.4 HPYPRLHMBHIETFML

23 AN U VRS 72 sICH IR R T2 56
FIAZNERTT o P A SERR IS T RO RS PR B IR AR AT T
R 2P0 R 1R S S R AT SR A SRR
BHE, YR ENERIE ISR B S A RS
NI

(1) PEfERR: EFRE. B0 BURBITEMN TS
Fr, WIFETIR. HIME. AT SE,
HE 25 HE AR B ELAREG I 75 75 . W2 B[] 5 RTDU 243
R

(2) B[Rz RIEZYIERALR TR, %k
BEMNGZERRE, WOk, EH. WERTEAE,

(3) ZaZjitla]: FFEARME sSICH BAURE S AT B



18

LR S LR E S Laboratory Animal and Comparative Medicine

Feb. 2024, 44(1)

%8 sICHZEmELER

Table 8 Comparison of different animals for sICH modeling

Animals

=D

=

Advantages

R

Disadvantages

EARKEY) SAEKERBMUEBIE 0 %, M EERINAM A MIGIEEE S A%

=

Ek
b
i

i}

e

ik, RlaREIARAEELENY. ES T sICHEREEEM
FIEBWR ORISR AR ELHR

BETEEZRRELEZMR. TRAWHOEREEEZWEH
RER R InFRi L RE""

ERPEATFECIRMENEMERNDY RN, B BERMFENS
%, Steiner EE 1975 FRHE T AFRREE MAEKIEE; (2)
BRIEEZEYARBAMSMEICHEE; (3)NAEREKK, EFFER
BEURBEMREBIRBET A (4) BRMENRICHE
e ZRTHEEEZMNHBREEEZVHHAR, AR CT.
MRLBEEZGRBURBYRTNFATRES@HNHF;
(5) RFDAEERBE AN O EE BRI EWEL BB,
o] iz FF A ZE IR FRI2 B AL 15 5 A0 AT I8 S RO I AR A 38
(6) S5 KIYALL, BIRMBEE A, BT ELE MK T

() F3E B AR I AP (A FR T BEEL WS S5 22 Eh B 20 ~ 30 %, @&
BIMARSCHNREBEEEZER BFHAEFNIIEFRER
AR (2) 3 HE B R E R BT 2 M BT I M2 57 8 X A0 B
B P AN B & R T A IR R R e E ) A0 MBS BR AR 9T 88
A EIRRRI R

(DARB R AR B K FIESZE @ FFERIRIEFMIRANULE,
BETHEZRTZ IR UENRGBIEEES IO
5:15% (2) SREMLLE  FRMRARE, BEMINES, BTRRE
&, RAFHITERNENHAE; (3) 5SAZEEUNKMNER S
E, FEREICHRT, M B EBZMET S AERL;
(MHERETXBAWRX, EMNBANE S, BE5KEULSE, Him
B INEEER IR 2 Y

(WABRFNENBER, RBER/N, ZEIR, 82135, BsICHHAR
FREBANY; (2)NEEEENYNEEREINABERS,
AL A KEMNZWERDS: (3) BEREIH/NRERE ZER,
=M SICHIREZNH N REDMEE; (4) AESICHBESEED
NERHEETX, ABEREEETX , EhERZIMARK
ZE, B2 EM; (5) T LURHIFNA A, HEH NS R
B, URASTBETREARUZND FEYZILFTIHER

(1) EEsICHREZITEETF TEEMS; (2)ERATF sICHHEE
BEMR, METES S

(NEAEEFHERER, —RJERENYEFE;
(2) EEFNEBE T8, RE) T RISEDWRIER; (3)E
WERIMRRHRR, MISHR; (4) £ 2™, mz
RSN, SAZBEFEERZSHASHERE; (5)LRIERME
LEER, MFERSRLE ZREREARRT,
B FEEX, BE—ENKEE, FET W AR
12 (6) eIz BRI, B EREER DRI
RIBFICIRICIE, BN E T AR A ERELL, &
RERNBEMNE N  REBMERLURIESDY)
BRI, AR e Sl R i 2 =4 E s S

(N BrEIXEEARIIENEICHESR, BRDMER; (2) B
A SE3E A AR M NN SE R ) E IR BIE , R
ZHEXERGE HEEESR FR MEDINFTER
BHIKRARE, TRESKIER, WNLREAIREX
HEMZENGE; Q) MBENEERSEHEGR,
BERHH—SRER, XEEATETRLEHEFER.
TNERT IR . EEMEZ AR

(MMBRR, KBERD  FEREDNES; (2)FAA
KREENY, BFLRARMNBHEZETREE , BE
3 ERR RS EEEY EZ T HRER

(N BEXRENIE); (2) FRELIE R  HRB T ER
B FARIDBRMAPAIZR

(NEEtE BAMIRERFERFASREIRR;
(2)ENBZRIF, FEMBRE; (3)RZEERF
F,ERRERERN S EAINAER

(MXBM/NBERERZ BRAEANED, 5 ALK
BERE; (2) AR, RS T AT 7= £ MR AR/,
FEEUBTAREEMNRIIMEFRAR; (3)HE
AETE BB EMRERE N

(1) ERZRAR; (2) KELEHHDIE) 7  SCUG Rl M




Feb. 2024, 44(1) LI SELRES Laboratory Animal and Comparative Medicine 19

*9 sICHRMEEILLE

Table9 Comparison of animal models for sICH
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Construction and Evaluation of a Mouse Model with Intestinal Injury by
Acute Hypoxic Stress in Plateau
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[ABSTRACT] Objective By simulating acute hypoxic conditions, an experimental model of intestinal
stress injury in plateau mice was established to explore the pathogenic mechanism of acute
gastrointestinal diseases in plateau, and to lay foundation for preventive and therapeutic measures.
Methods Thirty-six SPF-grade adult male BALB/c mice were randomly divided into four groups: normoxic 24
h, normoxic 72 h, hypoxic 24 h, and hypoxic 72 h, based on body weight using a randomized numerical table
method, with nine mice in each group. Mice in the normoxic group were kept in a conventional barrier
environment, while those in the hypoxic group were placed in a hypoxic chamber within the barrier
environment with oxygen concentration set at 10% to simulate plateau conditions. They were subjected to
stress for 24 h and 72 h, respectively, in order to establish a model of intestinal injury induced by acute
hypoxia. After modeling, the mice were weighed, anesthetized with 1% pentobarbital sodium, and then
euthanized by cervical dislocation. Duodenal and colonic tissues were collected. Histopathological
morphology of intestinal tissues was observed after HE staining. Western blotting and
immunohistochemistry were used to detect the expression levels of tight junction-related proteins in
intestinal tissues. Real-time fluorescence quantitative PCR was performed to measure the expression
levels of inflammatory cytokines and chemokines. TUNEL staining was used to assess apoptotic activity of
intestinal epithelial cells, thus evaluating intestinal injury-related phenotypes in this model. Results
Compared with the normoxic groups, mice in the 24 h and 72 h hypoxia groups showed weight loss,
shortened duodenal villi, abnormal crypt structure, and decreased villus/crypt ratio. The colonic mucosa
was infiltrated with inflammatory cells and irregular crypt structure. Expression levels of Occludin and
zonula occludens-1 (ZO-1) were significantly decreased in duodenal and colonic tissues of mice in the 24 h
and 72 h hypoxia groups (P<0.05). The expression of pro-apoptotic protein Bax was significantly up-
regulated while expression of anti-apoptotic protein Bcl-2 was significantly down-regulated in duodenal
tissues (P<0.05). Apoptotic activity of intestinal epithelial cells was significantly enhanced (P<0.05). In
addition, interleukin (IL)-1B, IL-6, monocyte chemoattractant protein-1 (MCP-1), and tumor necrosis factor-a
(TNF-a) mRNA levels were significantly increased in duodenal tissues after 24 and 72 h of hypoxic stress(P<
0.05). After 24 h of hypoxic stress, there was no significant change in the expression levels of inflammatory
cytokines in colon tissues (P>0.05), but after 72 h, the expression levels of pro-inflammatory factors IL-1B,
TNF-«, IL-6, MCP-1, and anti-inflammatory factor IL-10 mRNAs significantly increased in colon tissues of
mice (P<0.05). Conclusion The usage of a hypoxia chamber to simulate an acute hypoxic environment in
plateau can lead to abnormal intestinal tissue structure, intestinal barrier dysfunction, and induce
intestinal epithelial cell apoptosis, triggering an intestinal inflammatory response in stress mice. These
findings indicate the successful construction of a mouse model for an acute hypoxic stress-induced
intestinal injury.

[Key words] Plateau acute hypoxia; Intestinal stress injury; Apoptosis; Inflammatory response; Mice
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ook (hnsafd) (635 HXP1868) FIBCA FERHER
RFE (25 LOT: HX351691) 0 E AL e L {61
FEREARGRAR; B-actinfifls (175 ab8227) HH
Z[E Abcam AH] ; R M LGB (PVDFE) (175
IPVH00010) 18 [ 3£ [E Merck A 5] ; DAB @ ik 7 &
(20x) (635 ZLI1-9018) FIHiRt A EEARICHI L=
FitleCREY (£75PV-6001) ¥IEEILR P24k
EMEARGIRAT ; & RNA F2BUH TRIGent i3 7] &
(635 MF034-05) 5 SZI 5% & & PCR A qRT-PCR
Mix (575 MF787-01) ¥ EILEREEEVREH
RAFE: REEFiAH & (555 RR047A) W H H AR
TaKaRa BIO AH]; B[RS (WHAETAY TR (RHF) &
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WEIRAT G AL —25% TUNEL A TR &
(£75 G1501-50T) . EHEK (675 G1205). EDTA
(pH9.0) HUREEWR (175 G1203). AL HKRRAE
KA (75 G1221) . Pk e K& H Al (575
G1401). DAPLZ A (£35 G1012), “FMiEH&E
H  (bovine serum albumin, BSA) (&5 GC305010) .
Cy3 FRic ML 1% 1eG (185 GB111402) F1 Alexa
Fluor 488 FRic I Hif G (575 GB25301) HIEHK
DEEAE I REDRE AR AF

R (B150320G6C-A06) Rt @ EEY)
RIEERAE =M, AFRERMSEESTL: KA
fe R FrRzEshY, ARSI RSN A A N2
FEAE = SRR AR R . R AT AL (BLS
RM2016) FIBH$7. 26 FISH U7 BATHE (X (B S
Aperio VERSA) NTE[E Leica A H] 7= it o 42 AL IRAL
(B15 IB-L5) NANEANHBFHRAE =M. M5
DIk &% (5 DS-U3) FIEECF miMes (B
5 Eclipse E100)  H 7K Nikon 2 5] 7=t PRI G
A (FLS5#1681130) . ChemiDoc 55 22 28 F1SEHT 2R
J6 5 & PCRAY (5 CFX96 Touch Real-Time PCR
Detection System, C1000 Touch™) ¥ KZEHE Bio—Rad /=
o KA (H15S MagNA Lyser Instrument, #
03358968001) H¥it: Roche AF 7. ZERE H E &
{¢ (745 NanoPhotomete, N50-Touch) K& Implen
WNEIE . BARKEERL (BL5 SpectraMax ABS plus)
JFZEE Molecular Devices AE] = o
1.3 SHLEBIMERERRE

R SEge /NS R 77 1 S, SR A BRI S
5, BN EE 24 h 4 (Normoxia—24 h) . (&%
24 h#H (Hypoxia—24 h). &%, 72 h2Hl (Normoxia—72 h)
RS 72 h4 (Hypoxia=72 h), H4HIH, HHEAH/N
TG RS ek 7 [ SR e 2 S A SN (/N D il S A=
AN BRI LG = RREM N, LA A
RS EOEE N 10%, EIEE R G, NREEE6h, R
HEH 1% KB, 15IRS /g /NRIRERFIR,
RERS N BEAT IR, ARG ST SE 250K . Rl fG
TRIRE/NR T I AL, TS E PBS
Rk, FHIBR KT, BETHRAERE, %
2 —80 "CUKFLRME, AT EES FHEtrtaill. 55T
—/NRA ARSI, ETRES BN 4% %
REABEERTEE 24 h, EFEERK (AT0.9%NaCl %
W) T3k, RFT70% OFEm, AT REENA

SR HIE. A MEZER,
PRE EHBALo
1.4 HERBURBEHAREFZEWL

4 [E G B+ A8 A AN 45 A H 4 A T RE R 75%
85%-+ 90%. 95%. 100% L EERRAK, —HZKIBEH. 2

BB, VIFERENS wme KiF G T 37 CHEEE

48 h, PIFBRES 2K, IRVCRTIRTAZRAR T, 1
20 min, LKZEE T M 75% LEEERT &S
min, ERAKGE, REHITAREIFIGA: R
Mg Ge3 ~5 min, FPELGEGE S min, BR/KEE . S
P TSR, AR,
1.5 EHERENEESNFEREIh e L4
RATHEXERRIX

BHR F IR VRO T B H 2R AR DA RIPA 40 i 24
. =B FIBEER AN E S, RBUNR =450
ZilnisEE , FH BCA & HE =i &S & H IR
BAOFEARR30 pg AEH, IMAEH EAEZ MR,
100 CEWBAMEfG EAE, [HE 120 VYK 1 h 53 BEANE
SFEEAF, EH 200 mA IZ4 60 min ¥ SDS-ERH
T R - B #5821 PVDF R o D A PR
ZimE A1 hfE, AT Occluding ZO-1. Bax#ll
Bel-2 —#i, 4 CWEE (FRELLHIEIN1 12 000;
N2 B-actin FUAFRELLFID 1 2 5000), PBST Vi3
Rx6 min; IABRE S YIS IRICH L=Edi5R 156 —
i (FiAERRBEELHIEIA 1 0 5000), EERBES 1.5h,
PBST 1% 3 %6 min; F ECL EEEUL IR T 52 B4
HE, RS20 E B8 H 4675 F Image J SR TR % B
ST IKEE, DLHEHSNS B-actin & H £
i R EFRR H & E B FRIBK
1.6 REBEHAANFZERNGEZRZEZEENME
ATHEXERRE

B 14T EIEIF ISR, + i H g A s
o lEE, ME LEBREK, VIR RIBETERE
R P IIME S, A 3% i E A ERRRIRIE R
NG SE AR OV ISR VS 5 AR 37 "CIiF
B30 minJ5, IAEPIE Occludin £ c—caspase—3 —HT
T4 CHRWIE . PBSUEGEHINBRE A EEhRC
M L=E T G —HiHE 37 CIRAE ¥ E 30 min; PBS
ek, DAB R, FARER e, Bk
R A ST [E SR A AR . R Image J FRART A1
BRI A AR XIS TR E R, PR E=ED
EEE/AZ T (AOD=10D/area)

SREEH) B RA I 1
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1.7 SERFSRY¢TE = PCRAE M B7 8 3¢ 14 40 i & ##0
RATHEXERKE

B AR VR AR T B AL 2B 2 50 mg, fITA 1 mL
TRIGent f5 , {RIRASIH LM, RNA FEHUE (D BRE I
TRIGent i & A TH#E. SRS RNAYIIEG T4 C
4R 12 000 t/min 25,00 15 min, 7 BISW, A1 mLi&
FATECN 0.19% () DEPC ZKBL I 75% L B2 RNA T
€, HPWEL 2RISR RNA R 4 C&H
12 000 t/min &0 5 min, 7 L{EWR, ERTFEE1~2
min, DEPC /KA fi# RNA, {# F NanoPhotometer—-N50—
Touch 43 Y6 e BE T E RNA IR BRI R B0 % HRiE

F1 EHRFKESEPCR3IMFS

PRI E BT, B2 ngSARNA, 7EEFR
B DNA 5, #47 AR RNAFE] cDNA, SERE
& PCR JX BLA# A SYBR Green YRl ik, R BLAK RN
125 pLo TEFRZEEEE 95 CEM30s, 1 DMEHR;
95 CAFMES s, 60 ‘CiBA30s, ¥ HI40MER, RAHA
fire it 22 fp AT IE SO R, LLB-actin NN S FE
R, A2 E PR R E M3 (interlenkin,
IL) -1B. IL-6. IL-10. A 3§ A FE A 7 - o (tumor
necrosis factor—o, TNF-«) K BLAZ% 20 ffo#a £ 28 H -1
(monocyte chemoattractant protein—1, MCP-1) ] mRNA
MRICE, 5 IIREIER 1

Table1 Sequence list of primers used in real-time fluorescent quantitative PCR

H E@5I4 RE514

Gene Forward primers(5—3') Reverse primers(5—3')
B-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT
IL-18 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
TNF-a CCTGTAGCCCACGTCGTAG GGGAGTAGACAAGGTACAACCC
IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
MCP-1 TAAAAACCTGGATCGGAACCAAA GCATTAGCTTCAGATTTACGGGT
IL-10 AGCCTTATCGGAAATGATCCAGT GGCCTTGTAGACACCTTGGT

1.8 TUNEL 36 i£46 0 iFiE L 5 4 AT

fdi | —431% TUNEL 48 TR Stk T+
falA b R M TR, B RS BRI T
B L4 TR EI R+ i A s Ul R TS, R
HEgKTE37 CEE 22 min HITHREEE, HH
0.1%Triton BEAEALEE 20 min, SRJE NN TAT BEATRFIR
JEFRICE T 37 CHFE 2 h, FIIADAPL (HRFRFEREEL
11 1000) *fECG i, &5{EF Nikon BH% 2
%i DS-U3 X TUNEL FH G4 A T RS AT A
1.9 HitFL1E

S FH SPSS 26.0 Sk #E1 7451534, FEHH GraphPad
Prism 9.0 FR{F2IE o 5 SEIGES RAUER A SERE A
RN, AR T 44, HEHOIEN
WA (24 hsl72 h) FOBEH (FHRIISE]) #EATEL
B, DR M 2 (R 3 AR LR SR R UM ¢ #6256, A P<0.05
NERBGH R o

2 #FR
21 IEREMHTNERERBEARABES
TR

HHEAN AL, SPEBERNE 24 h 172 h 1Y

REWS T & PE/INRRE (P<0.05) (E1A), X556H]
MORFFREE R B —5, H—BMHEROERER, 5
AN I, BRI 24 h 172 h /N RS AR
PGS B R R AR . PR A R IR
HELT —ERERRERG (KI1B~C); IAh, B
BRI 24 h #1172 h BN 3895 B R4 FE AT
ENG (E1D), FERKETE4E (P<0.05), HE
KESREREIEL DERK (P<0.05, E1E),
22 SHRENHENFEZZEREARIEN
£

FHPRENS RN ZS R TR, BEE R 24 hFT172 h
fE/INR A ZAE A 2 K% SR H Occludin AIAERT
TR BERIE (P<0.05, K24), ifi BEE R
P72 h J5 20-1 & H X RIB KT Z R (P<
0.05, K2B), SRHLFRMEERER, BN
24 W #1172 h J5+ =8I 43 A Occludin & H B 51758
REBERED, EERHAERITFEEN (K20~
D) ; i 4E R 24 h #1172 h 1 BE R R4S 7 4 2R
Occludin 2 H B FEAIFRIAKY-, H24 W N ERER
HFENX (P<0.05, E2E~F), DL EE5REERE MR
AR ] SR IE R AZ R



36 LIS S L E S Laboratory Animal and Comparative Medicine Feb. 2024, 44(1)

F A, SHARKELZWN (n=9); B~-C, NREBHHEREERRFEARZTFS (BH3R/NEER); D, MNETZEBHERBER,;
E, N TZEBRAERE. RSRENRAERKE/MRSEELE (BHA3RNEHEE). Normoxia AERITIRA, Hypoxia BEARN KA.
BERAFEARMER; SWBALLE, "P<0.05, “P<0.01, “P<0.001, “P<0.000 1,

Note: A, Changes in body weight of mice in each group (n=9) ; B-C, HE staining results and pathohistologic scores of mice colon (n=3);
D, HE staining results of mice duodenum; E-G, Lengths of mice duodenal villi, depths of crypts, and values of villus length/crypt depth (n=
3). Normoxia indicates normoxic control group, and Hypoxia indicates hypoxic stress group. Data are expressed as mean # standard error;
compared with normoxic control group, "P<0.05, “P<0.01, " P<0.001, " P<0.000 1.

E1 REMHX/MRAEEN. SR+ iR ER SR

Figure 1 Effects of hypoxic stress on body weight changes and morphology of the mucosa of the colon and duodenum in

mice

2.3 [EREMHIFEHRRMABEFRIE
A

SERF 68 B PCRAG I AS SR B R, SR 24 h
JG/NR T 8 A 4 b TIL-18. 1L-6 #1 MCP-1 A9
mRNA FIAKERHE 5, 72 h 5 IL-1B I TNF-o
BACERE SRR (B3A~B, P<0.05); GBREENIE24 h
fa/INRES A 2R R PR R R FRA B el B AR AL,
{272 h 5 al KRR A 7 1IL-18. TNF-a.
IL-6. MCP-1 PR fi R R IL-10 A FRIA8 K-35 BH I
e (B3C~D, P<0.05),
24 IMERESNHFSHLEMRET

TUNEL &85 ER B, BREERNI 24 hF172 h Y
/INER A5 LR AR T B (P<0.000 1,
4A~B). AL NFE (BIXEERAL) EH
JRENIRE (BH0 -+ Zi8A ) ERER, BEERE
24 h e B /N IZIEAZ FE T H c—caspase—
3HIFRIE (P<0.05, E5A~B); SHENEAMEL,
TR 24 h A1 72 h [EHIA TR H Bel-2 BIFRA KR
FHIEK (P<0.05), 1 HBEERIH 72 b5/ A E (R
B M Bax (UERIAEHG IS (EI5C~D),

3 iFie

ZINGIFR RO LSOV N R TSR AVANES S v X
JE/NSBE R AR R, SR 2R/ e
A HBURELRT, FEARIERERER, AW
BRI+ 18BN . AERESE. AEK
FER R ELERR. AEZMR, S pHAR PR
HIEREHRFREKT BEFERE RAFREEHR,
iR S R AT (e (/N B B R oA R R H 3B Bl
MATEBARIA TR, W ERAEETRm. ik,
A0 X i S IS A [0 e 1) /N Bt 7 3088 8 S 7 S ) B0
R SE NLE T S B8 2 23R AR L A - RaA K
e, RVEARRE, HI—ERERRERN, H
BREE N 24 h I+ A8 AR B R ML, Bt
72 h A5 A HBROR ™ BB R RN o

IR SRR R GUER I LAk E, 2
At R EERER, HARIAY, AlRESE
e S 7K BT e SO K P, J 2 — MR Y AR B
B U B LR e B X R Y
RS S AT . AN, FR 78 WATLIE . Fgre]
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i A~-B, BEARMIEERU/NE T 2BBARTEZEEEH Occludin, ZO-THXREAREBMNERXENHT (BHIRNMEHEK); C-D,

REAQUZZFQN/NR TSR ERPEZEEER Occludin REFHNEEME (AOD) (BH3RNRER); E~F, BRARUEER

WNRERAR P EREEREER Occludin REFIINEEME (AOD) (BH3IR/NEHEAE). Normoxia BEEIFIEAH, Hypoxia HIRERHH.

HIRRTRNFYEHARER; SWUBALLE, "P<0.05, “P<0.01, "P<0.00T0

Note : A-B, Expression of tight junction proteins Occludin and ZO-1 in mouse duodenal tissues detected by Western blotting and their

relative expression level analysis (n=4). C-D, Detection of the tight junction protein Occludin and its average optical densitye (AOD) in

mouse duodenal tissues by immunohistochemistry (n=3). E-F, Detection of tight junction protein Occludin and its AOD in mouse colon

tissues by immunohistochemistry ( n=3). Normoxia indicates control normoxic group, and Hypoxia indicates hypoxic stress group. Data

are expressed as mean + standard error; compared with normoxic control group , "P<0.05, ~"P<0.01, ~"P<0.001.

E2 ERRENTHBRARCEZCNREN M NER+ZEENEHARAPEREREARENZ N

Figure 2 Effects of hypoxic stress on the expression of the tight junction protein in mouse duodenal and colonic tissues as
detected by Western blotting and immunohistochemistry

i A~B, MNRTZERAR, C-D, NRERHALR. Normoxia FEEIIRAE, Hypoxia NERELHE. HIERTAFHEIRER, B4A

6 RINEHEA; S3BBALLEK, "P<0.05, “P<0.01, "P<0.001.

Note: A-B, Mouse duodenal tissues; C-D, Mouse colon tissues. Normoxia indicates normoxic control group, and Hypoxia indicates hypoxic

stress group. Data are expressed as mean + standard error; n = 6, compared with normoxic control group , "P<0.05, "P<0.01, " P<0.001.

El3 SERTSRYSE S PCRAG NGRS M RXS R+ Z 18 BN 45 B4 A 4R rh ¢ 1 40 il Xl F RO RO 52T

Figure 3 Effects of hypoxic stress on the expression of inflammatory cytokines in mouse duodenal and colonic tissues
detected by real-time fluorescence quantitative PCR

OEFRERSS, At mE RS HIRO, KRS HESSENRERIERE B, JERIE, 7E4 905 m =7
VSEIAEER B, XA REE— B IR A Sk TAEME IS E Rt T SR E A L T, R
L. EE LRGN 2~4 dWER TAMEHENL  OREZEOERERA, BRERG RGN EE
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E: A, NBRTZEBALKMTUNELRERE; B, TUNELFEMMMITE. Normoxia AEEXIRA, Hypoxia HRAR#A. HIERRHFY

E+iREIR; BH3RNRELR, SEERALER, " P<0.0001,

Note: A, Photographs of TUNEL staining of mouse duodenal tissues; B, TUNEL-positive cell count. Normoxia indicates normoxic control

group, and Hypoxia indicates hypoxic stress group. Data are expressed as mean + standard error; n=3, compared with normoxic control

group, "P<0.000 1.

El4 TUNEL &N RS N3N E i L RARRBT R

Figure 4 Effects of hypoxic stress on apoptosis of mice intestinal epithelial cells detected by TUNEL staining method

JRIA, 5 iAo 0 S BiE R R AR ALE] A
HE, SRSNAERESMEBERRECEE, HEAEFKMT
TERAREMAII TGN EERE 7, 5F
Hh XARESE R AL — Bk A mif i Xk s 5 g
ARG, BB RIS RGeS . o
FEFRIH, LIRS T2 500 m i, IS S B ELESE R
W, Xt AR SR (B1>2 500 m) 5
HELE B s R e EER R — P, Bk, fEsk
AEMT (WEEkitX) rPREE SR E# 7.
B 25 IR A A 6 2 LA a8 B MR B 75 22, XNl
T IAiE B ATESER S, i S 20 b B 4 B
GifipEmB RN 1, BRI TR AR
MR RS K 7 PR 2 1 TR, BATAKIA
PERE R T S BUNR BRI, BRI
AMBERBUNR T+ A RETE. RSN
B BEBMRELTRE, 450 R0 IR A
. RSN,

B R R 20K R N 7 &b R Y 2 B R 1
P, SiE RSN, AR, Sbksk
AN+ MG H A b BB EREEN
Occludin F120-1 FIFRIAAKEA B Z R, $emzsiid
/N ARG R SE B AT A 2, AT S B E

BEFRAS . B i TP R E S AR E S, S
HEFEEE R Y, AR EAR RN
FEAT R EIZE M S, (BB T A5
PP B A AR DL BH B R B AH 2 . RSN, BB 2
UAE R B . a2 iR, shRgkEE s
SNEFFRATE I, RS ANG . RE%E
R, X a] B8 2 HE b T s Ji b XA 2B e R 10 I
DR 21, ZREI STt B A PR R SR N B A B
T BEREK,

718 5 Bet 2 S SR A it Az s A7 &S 1ot 1 b
LB bE 2 B REIRI 955 R AR AT 718 RS 1Y
A S, Xait—5 SBUEB AR S
SRR P, i R 2 A R e R R
HEMERERRE, WinmEEEtE, FREENa /K-
ATP VG, SIEMENKRAERE, NS 8E
V5 U4 R PR F I TNF-ar, TL-1B F11L-6 7ERR4E,
BREESEE, B ARG i
AKEEg &R 22 ARERFERIL, SREERNINGERS B 51
/N AR AN EE B 4 23 R P AR AR R 1 B R AR
EYHFRIBAKT, SHIBPRRE 2 H—%, &t
ARG FRIA T T 8 TNF-o 2 —FhE R R
+, HiidiESs DR T s LR, @ alE
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i A~B, BREALUEERN/NBREFALD BT HXEHc-caspase-3 REFHNZEME (AOD) (BEH3RNREXR); C~D, BEAR
B ERNNE+ZHEBERPBATHEXEDBax. BeR2WNRERHEENEEESH (BH6R/NBEHEAL). Normoxia % &38R
8, Hypoxia AERENIHMA. HIBERFAFHEARER; SEENBALLE, 'P<0.05, “P<0.01, “P<0.001o

Note : A-B, Detection of apoptosis-related protein c-caspase-3 and its average optical density (AOD) in mouse colon tissues by

immunohistochemistry (n=3). C-D, Expression of apoptosis-related proteins Bax and Bcl-2 and their relative expression analysis in mouse

duodenal tissues detected by Western blotting method (n=6). Normoxia indicates normoxic control group, and Hypoxia indicates hypoxic

stress group. Data are expressed as mean + standard error; n=6, compared with normoxic control group, "P<0.05, " P<0.01, " P<0.001.
E5 EHRENEFERALCEEQNRELHTNEBER AT EXERRENZID

Figure 5 Effects of hypoxic stress on the expression of intestinal apoptosis-related proteins in mouse colon detected by

Western blotting and immunohistochemistry

BEAOERAE FREE, TE R 20 AT ERR A A
ARSI E R E RS 2 IL-6/E NG RIEES
168 % B ) SR 1T IRl NF-kB BB 73 F 2 —
A CAE NF-«B, #E—2P et R VAR, =
REEHLI M . AR FEAEBR S N IR N Rz 1 e
KT TNF-a. 1L-1B 1 1L-6 5 & 1 41 B K 1 79
mRNA RIANE R E . A, RFRAELEM, +
iR R R T RENEE A S EEREERE
24 h, &S EEAERRSAE RN 72 h IR AR R
VIR ERIA, XEEREAMERA R, /INMas
B, BRESI SRR, BEETE RN R,
S5 RIENNR o 7™ B ) 28 M I R AR A AT (e e 7
HELE A T B RO . IR X B LA P RE 7=
AREARE,
AR, M TANE S bR 40 R
5, Tlz Rz 2R T2 5 [ A7 B R T RE R RS A S0 52
EELEENH 2, AIRE TR N 2 bR
B HTRNZH 2R R A Al A 55 H A 2 B RO AR i AT T 28

AT R — R T R4 sE T, 2
EH— P RERERNEZESR, B ERAES
SERFEHERET RN P, Jraesk, —EeptsRaRiAm I
B A A FE: o T AT BN R RSE M s o ) i 1 %
FESHRG 2 s AR, AlVAME CDISL S
() b Rz MRV T rT RE S8 L B2 R R DhRERR IR, LS
R A AR B SRFEM A B T U IS 2 0
(lipopolysaccharide, LPS) %S 7415 s FER M
097 K8 2 NS5 B 4% e R TSR g 6w OS2 g -
FZANBE T B RIS T RS R TR, L
REEAFSE HR /N b B A AR 52 TR R 0 R 805 S 0L 2
AT AR RS R R e MR R 2 — 1 ROECIA
AN, AR EAEREERE, nHEBEEEES
T, CHOIEEEZ AN ELZNRTESS T, 6
g5 TR E H IR . X TR RIEUR N AT BE &
AT ESEBEIEE R . PUTAMRE T NERER
REERURT Bel-2 R, X288 H Tn] URKN A AR
RLEOT B Sh &R AR IMREEL, FEAHBEER cFLk
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KL A AT A2 B F Bt & R & H B8 BUIE A (second
mitochondria—derived activator of caspases, SMAC) MR
Jio AR EER o FHSMAC SEUE T/ IMA T A A T 1
EH (inhibitor of apoptosis proteins, IAP) HYHIH], &
RGP HEARRSET P, AERFRAIL, AENE
PRERSE RN BRI e i T8 b R AT A A T B
HETAE S @B HUAT EH Bel-2 FIRIATE T,
R H Bax RiAH M. Caspase 3 A T 142
iR EEAZORBIYIRG, ERERTESEL, XA
CAREA T E —MEOIE, Wik RPTRTEE,
FARNRETER Y, AIRSRAN, A
LI /N BR AT A 778 c—caspase—3 ()8R H 7K 5 & 12
Ao KA EEISRER, BUSHTESERAEtmE -
BRI, S MBS NS RS ) 1 i i o) RE P
HIRTRER R —

H BT e =50 B I 50 5 R S 1 R (B 7
t, ZLUAENRZEN S, B NERERER. KK
JER . MRAEAR Tl ERE I IRES & & H (intestinal
fatty acid binding protein, I-FABP). D-#L.B&. J§Z% ¥

gt & # H  (lipopolysaccharide binding protein, LBP)

S 19:20.2) Sl PP e R PR D B R . X TN
ERARPEMERARR, =80 B 7E D
REAMAIENE . A BT TS LU KR EAEBF T
%, ZEISHIERAET 000 m & DL FAYAIEERES, ATWA
KE/NR . KREMERTZH: mARKREER
= ERREIEETR 5000 m, H90% ) A A IELE
4000 m R LI B DRI A O Bh A 7 ik 5L
PRIGIRAAKARTF o AR 5 000 m = AR ER
B, /NSRS A SRR AL, i i
T— RN ENINFEAR RN . 25 R ER, "EAaM
TREE AL Al S BNV R IE H G 7 B bEpe
IRebEng . B LR AT, 5 mE R R
X SEEE LR 2 MBS N E R /) PR AR B A 7 B
o, (HEARBSHEIE AR — PR AR,
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[ABSTRACT] Objective The aim is to utilize CRISPR/Cas9 gene editing technology to construct Dmd
gene mutant mice with a point mutation in exon 23 of the Dmd gene. Subsequently, the phenotypic
changes of the mice in muscles and immune systems are analyzed and verified, providing an evaluation
model for Duchenne muscular dystrophy and other related diseases. Methods Based on the sequence
characteristics of exon 23 of the Dmd gene, small guide RNA (sgRNA) was designed and synthesized. Cas9
mRNA, sgRNA fragments, and oligo donor DNA were microinjected into fertilized eggs of C57BL/6J mice.
After transferring the fertilized eggs to surrogate mice, FO generation mice were born. After mating with FO
generation mice, offspring mice were obtained, and Dmd gene positive mutant (Dmd"™*) mice were
obtained after genotype identification. Male hemizygous Dmd"* (Dmd"™") mice were selected for
phenotype validation. The body weight of live 3- and 9-month-old mice were recorded. Muscle tension was
evaluated through the grid test. Hearts and semitendinosus muscles were collected, and the
histopathological changes were observed using HE staining. Further, the expression of Dmd protein in
muscle tissue of 9-month-old mice was analyzed by Western blotting. An acute inflammation model was
established in Dmd""™ mice using lipopolysaccharide induction. Peripheral blood from the submandibular
vein was collected, and the changes in the proportion of neutrophils and monocytes were detected by flow
cytometry. Results The results of genome sequencing and Western blotting confirmed the successful
construction of Dmd gene point mutant mice (Dmd""* mice). Dmd protein expression was not detected in
skeletal muscle and myocardium of Dmd“"* mice, and it was significantly reduced compared to wild-type
C57BL/6J mice (P<0.05). Compared with wild-type mice of the same background, Dmd""" mice at 3 and 9
months of age showed significant weight loss (P<0.01) and decreased muscle tension (P<0.05). 9-month-old
Dmd"™" mice exhibited significant pathological changes in skeletal muscle and myocardium, including
widening of intermuscular space. Under normal condition, compared with wild-type mice, the proportion of
neutrophils and monocytes in the peripheral blood of 3-month-old Dmd"™" mice was significantly lower
than that of wild-type mice (P<0.01). After lipopolysaccharide stimulation, the proportion of neutrophils in
peripheral blood of 3-month-old Dmd"" mice remained significantly lower compared to that of wild-
type mice (P<0.01). The proportion of neutrophils in peripheral blood of 9-month-old Dmd"™” mice
significantly decreased after lipopolysaccharide induction (P<0.01), with a trend of change observed in
monocytes between groups. Conclusion The successful construction of the Dmd gene mutant mouse
model has confirmed the vital function of Dmd gene in maintaining normal muscle tissue morphology and
muscle tone. It preliminarily indicated that Dmd gene deletion could significantly reduce the proportion of
neutrophils in peripheral blood, offering a new perspective for the study of immune system alterations in
Duchenne muscular dystrophy patients.

[Key words] Dmd gene; CRISPR/Cas9; Duchenne muscular dystrophy; C57BL/6J mice

FUVERES (dyswophin, Dmd) BEATFAS  MEGE. 25N Dnd A LR o T
X QAR Xp21 |, Kik2450kb, RHATEME B, S5 DOnd EARKSREEERE " Dnd
RIIARERZ —o Dmd HEFRAREEMEMN PR ERRETESEMERERRE, E—NEoeHiEE
B|N427 x10°, FESATE LA, O NL4EHAT P& B AL B UL E 72 R RE  (Duchenne muscular
R A B A MRSE, [ s AEATL AR B L A 4 i B A% dystrophy, DMD) , 54w FhR DR ALE 72 A R JE



44 LIS S L E S Laboratory Animal and Comparative Medicine

Feb. 2024, 44(1)

(Becker muscular dystrophy, BMD) FIH[RIEIALE 72418
R fE  (intermediate muscular dystrophy, IMD) B4
DMD & — Mg L B an Ve e L Y 224 3 AL, 181t
X PR E, WItZRERARTEEES
e, R, EERHT A BEH DMD &I HRZ N
1/3500, ZA4E5% ZHIKE, 208 7E4FET-, M BMD
BHERIBNEM, RZAE 162 ZJ5%KinsIEE
HAFE R A K . IMD J55 1% 7+ DMD 1 BMD &2
A, BHFBEEE12~16 P RKIBHNEES T 1
Dmd 55 R 58748 5 300 H Al 5898 28 1Y oy B R IR ARKIRON
DMD A sKEL IR . AR LS & . LR
ZEMEILLEH IR TohER A s FTehE IR = LR
M (creatine kinase, CK) IIJE Ll

CANEE R, HERTEHAR/NR, Dmd R EH
BERBEX-ZEBILE HF AR (X-linked muscular
dystrophy, mdx) /NS AR EFBERIE G AR A S MIERIL
SRR FE N IE, X MALEISZ Toll #£324K 4 (Toll-like
receptor 4, TLR4) A% 7, BirthA AfEH, mdx/]
SRR TN B 4 it R B I 25 5 9% (trained immunity)
MR ERAE ), XRS5 AT A2 DMD BERIRTT
() — NEE A, £DMD BEd, JLAHSAE N
99, BWRHLZRE, PR AR RN R N ER]
TR —, SPHEHEEZHL Yo M mdx/NRE
AR AL R ARG, R 2 e s
AR E IS (myeloperoxidase, MPO) JiEE
WEANABAO R RSN 1y R AN Dmd SEDR AT REAEA LA
S A E—EE A

N T #— 2 FE DMD BRI RS, AR 5Tk
FELLCSTBL6] /NN 5, FIF CRISPR/Cas9 $57 K44
2 Dmd £ K 85 23 5 4h & C2983T £ 58 4 /) Bl
(Dmd™" ), IREIEBRHEEE G /NS (Dmd™) #H4T
EHFRIA. WEKIIFINL AR T AR AL
UERA Dmd B ] 538 /NI RUE h fE , it —2 A
HEZ HE (lipopolysaccharide, LPS) ES YT Dmd"Y /N
A PERERRAY SR AT A R ARAG I 91 J] A A
AT FRAZ AR ELBIAZ A, TRE Dmd BRI GAE R NLA
RGN R R GIHISEN, DA DMD S5 3R I
B ERILEIAGT R B D T RMZS

1 MRSEE

1.1 SEIRTYD
SPF 2% C57BL/6) By AR /INFRIE B i R i A= PRl

FARAF [SCXK (J7) 2023-0003], 3 H# Mk
(REE22~28 ¢) FIAER (KE26~32¢) FHATHE
FLRZAFRAL, 3 HEFI9 H RS HEFR % 20 H AT RESE
5 o BT C57BL/6) /N R B ST B Dmd B R £ 58 AR
(Dmd™") /NG B A R AR I A IR A F]
FIBFIESR [SCXK () 2019-0002]. ZhSCIefE I
WFSEIG SR 7T 0 f T [SYXK (377) 2019-00031,
/NERTAIFRT SPYF izt & FfRIEARFTRE K,
BTRIEERRERAIN ] 12 h: 12 h, B NIREFAENGEE 4
AR 20~ 26 “CHI40% ~70%. P SLIGERIEXITTE L
W SLIe BN 55 LB P LSRG BREL R (RS
202301302),
1.2 EERXNSME

%of ZINFR S A IR T B R A T 7 Y pX T 7 —sgRNA
JERERT Cas9 FRIABA N ZARLES H EHHE, mMESSAGE
mMACHINE® T7 Ulta #3851 & (AMB13455) JWH
Z£ [# ThermoFisher /4 ], HiScribe™T7 High Yield RNA
ARG & (#E20408) WWHEENEB A HE] . 7714
7 SL5e AR DHS o B2 50D (9128)( T, DNA 3£
W5 (2011B). Taql§ (R100B) FIPCRAHIFGIAFZEL
JHE HZR TaKaRa A&, Fohi/Nafdfgidsl e (D6944)
FEsAsRER G & (D2500) BI04 E ZEE Omega 24
Al, RIPAZYMRE (G2002). BRARTEMPIEEIRICFEDL
FR—#Fi (GB23301) #1GAPDH Hifi (GB15002) ¥JI
H # X Servicebio A @] o Dmd 4 (D8168) #1 LPS
(L3129) #%10g H ## [F MERCK A & . HE J4R & %
(G1003) FECLALAIERA & (G2014) 1 HHIX
FEHRREVRARAE . FREbUEE LR 2RO
BB RA A . =4 M R fr 7 79 CD11b-PC7
(561098) 14 HE[E BD A d], Lybg-PE (127607) #l
Ly6c—Violet650 (128049) & ik A ik 50 B 3£
Biolegend A ] o

RGFT FAGES . SR F R (NIBO00) W H T
KFCFEDERAT; mSERERE L (5427R) W
H # [E Eppendorf A & ; PCRAY (S1000) 1 H 3%
Bio-Rad A F]: ZIIREKFEHLUKIE (HE-120) FIEEAL
A (1600) HIHH L RERMSARAR; R
PIAAL (RM2016) MH Rtk RIGEEHRAA: =X
Ak (CytOFLEX) 4 B 2E[E Beckman Coulter A o
1.3 DmdERERRENRHF

Dmd FE R 5 5878 /N FR B9 A 22 SR IS 0 I 1 R o
C57BL/6J /N FR B Dmd 55 AL € i F 44 €8 f& Xp21 [X 55



Feb. 2024, 44(1)

SIS SELIRES Laboratory Animal and Comparative Medicine 45

(ENSMUSG00000045103) o R4 7]\ Bl Dmd 5 K145
W23 SAMNE T EAL A, &/ S RNA  (small
guide RNA, sgRNA) 741 (58 1), HHE sgRNA Hfi]
ORISR R R E IR & DNA - (oligo donor
DNA) (5R1) AT sgRNA FRIXF R E . sgRNA I
Cas9 RIAB AL G, RIBAEIME R &I A
1T sgRNA Fl1 Cas9 FERERARATIARIMNAE T

HY C57BL/6] /NFRAZFEBN, Y Cas9 mRNA. sgRNA
Fr Bl oligo donor DNA S RIZ k00, RIGH
AR, EE~TRS FORVNR. FORH /N
5 c57BL/6) BPAERUNR AL, A5 FR TR AN A 5
HHITPCREE (PCREIMIFIIEEWIRL) K=l
JetiN, SRIGBHPEF1AUNR . PCR RBLGEE: 94 °C3
min; 95°C15s, 60 °C 15s, 72 °C 3 min (F3357F
)5 72 °C 5 min, FIR/NRASZETHR, KE
Dmd HHF R EG T (Dmd™™, W) FIEEF
(Dmd™, #EtE) N, BERAEF/NRE Dmd™ ™ 5
Dmd™ /NR R BLIR AT . BIBEFRN Dmd B[R] SR AR
(Dmd™"™) /N HEEUENEE S F/NR Dmd™ FF 5
BEFAUIGAE, DUEFAERL CSTBL/6) /NFRAE XS HE

E1 DmdBE R RET/NEHNEREREE
Figure 1 Construction strategy of Dmd gene point
mutation mice
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sgRNA

BEZEBMEIADNA GCTCTGCAAAGTTCTTTGAAAGAGCAATAA
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Primer |
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Primer II
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Sequencing primer

1.5 MWEFEREUR HE LBIEN Dmd B F 5
TMBRORERINBHARBEEL

PRE3 Hie 9 Hi& Dmd™"™ /NG ATEF A4S C57BL/
6J KRR 9 HEURE AR, AAERENEL3 HigF19 H
/N3, ZEAIRIE L SR IE R BUCEFT AL
FH 4% % 5 IR IR TR S E 1%, & L EFE R BERR K |
AtEEEE, VIFEERNS wume YIF & HIREEE
CEEABKA RS, HITHE et 7oRIGSE, &
R ISR AL AbEE , (L et b gy ffi i, A
MERIIEET P, e BB 25
1.6 BEENK DmdEERT/IMEBARINKA

B3 HEA19 HiR/INR & 5~ 8 H, £ Kuribara Y
MR Y BT EEESEYG (arid test) o 7E H HIAYYER]
HEKFEREBE®S LS mm & BT, #1555 R
30 em, EEF EFEE 1 em M35, #EG/NREALT
&M L, IER/NRINEE BT B E R R AR [A]
DU R WU INEREAR ALK F1. S8 30k [12] BObRiERE
FFEERET: 0~4s M0, 5~9sN15y, 10~14s
K257, 15~19s K35, 20~24 s H45F, 25~29sH
547, #IL30sM657. BR/NRIEM SR, BiR(EE
1 min, PE3EECEEE.
1.7 #EILPSES DmdERERTNRKIEEE

HY 3 B #5019 H ) C57BL6) Ht FRAT Dmd™
F, BEFLZT MLPSOhFI72 heH, B4 5 H/NR. —Ik
PERGHETESS LPS 5 metkg, & SESRMERAL, 73 517E
ST LPSZ/E0 h A 72 h, 2 FmUGEHRIE, REE/NR
AN ERAKI, TS ERR ARRAAR I
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1.8 RINABARIEN Dmd B E BT /NE K AEE
B R9 5 ) I 52 7% 4 B L 151

B 1.7 95 REERN B NE MR THise b, =
ik ui B B LLF I AR ik (CD11b-PC7 #1
Ly6g—PE F A&l cp M RL 20 S, CD11b—-PC7 F Ly6e—
Violet650 F TR M EEAZ A AL ) . 4 “Ca# % )N 30 min,
A Bl BOZL AR A A7, 2R E 0 10 min,
PBS 1% 1% 41 L f5 B & T PBS H . H g A RE U R
10 000 ~20 000-2A, N A TR A i ARSI &7 ] i
TR R, SRA CytExpert RAFHETTAE R 5317
1.9 FRitEDH

FIFH PASW 18.0 4 GraPhpad Prism 8 RO 5
387, FF GraPhpad Prism 8 SR8, &SEG A fS4S
SEE AR R TER R R . ST AR AR [ ELBCR
0% FFEESS A2 HEWE BRI E 77
ZEoT, HAWRELESR A LSD- 255 P <0.05 9%

FREZOEE L
2 FR

2.1 FRINFEE DmdEESR=TIIE
K| F CRISPR/Cas9 £ /R YJE| Dind F:[K] 23 SN+

2983 kb, it FEVEEA TR MmELE (C) R
N NMaRRmEEE (T), RS IS FHEATRIEE R SR
/N, TS Dmd 28 F FEBR R FA T FE AR R T 45
W, 1K Dmd BRDIRERGE . B2 RSN T ATEST
A28 RO/ o Dmd B 5 5875 /N FL 0 72 S
WK 2A Al 7R o 18I PCR 77208 FO ARUNREL R A HEA T
Y7E, PCRA&Y) (RS FEIKES SR 2B) &Ml
(E2C~D), ARIFILIKE 2 H Dmd B:A 55342 B9 FH
TEFO AR
2.2 DmdEESRTNERIRENIE

B REREAR 9 B #2 0) Dmd B K 5 5848 5
THEMENR (Dmd™ /NG A BEALFN LI Dmd 25
HEREKE, 4R TR, SEAER C5TBLG6) /N
Fb. Dmd™™ /NEREOWLA (CEREAL) FHCEHR W Dmd
BEHNERE, ZRAEZHFEN (P<0.05, E3A. B),

BH/NR AR ERE R TR 3 HEE) Dmd™™
INRAERELIE R (27.42047) ¢, [ A 8 8B A A
C57BL/6) /N R AR I ME N (30.12035) ¢: 9 H
Dmd™"™ /NFREAREEIME (35.5+0.61) g, [HHRRE
AALCSTBLIO) ANFRAR R EIE N (42.621.19) g3 5
AR CSTBL/G) /NFRAAEE, Dmd™ /N B RS, %

A, STERBEREE,; B, SRTIRPCREYBIXER; C~D, DNANFEER (Dmd" IRERRTENE, WTHEFERC57BL/6JNMR,

M 73 DNA & FE+nEY)

Note: A, identification strategy diagram; B, PCR electrophoresis maps of Dmd"“*mice; C-D, DNA sequencing results. Dmd"“*, hetero -

zygous point mutant mice; WT, wild-type mice; M, DNA marker.
E2 DndBEERRETNRERBEELETE
Figure2 Genotype results of Dmd point mutant mice



Feb. 2024, 44(1)

SIS SELIRES Laboratory Animal and Comparative Medicine 47

FEZIFEN (P<0.01, E3C0),

XF 3 HERHN 9 H % /N B~ BEATLFT OO L ZH 2R i T
HE Yeft, 4558 5 R84 AL C5TBL/6) /NGB AL A 427
WA RAZ O IR IR, AR FON 206, LR 4R/
—: 9 AR Dmd™ /NRBIPA R NA—, BOER
SEANMIRN, BLEIFRAETE ; 3 HES Dmd™™ /N A AR RL
I EIRE R, HEREERAB TR, f£9HKR
Dmd™"™ /NE ULV Z R R OB B R NAS—F1
LB PR e SE R B AR AL, T BF AR 2 C5TBL/6) /NFR TG I
JRAE, 3 HIE Dmd"" /NI SRR B A IE 7
(E3D),

BHE (KB3E~F) ZExR, 3HERA Al
Dmd™"™ /NS B B FE 4> £ 4.27+0.25 F10.60+0.19, £H
6] 5 5 BB A7 CSTBL/6] /N B BB 45 850K 5.44+0.12
#13.64+0.50, 3 H#A Dmd"" /NGR A B4 508 2K

FE H BB AR CSTBL/6) /NG (P<0.05), THE9 3
Dmd""™ /NG AEHE S BUR Z KT A #1235 4E Y C57BLY
6J/INER. (P<0.05) F13 H#S Dmd"™Y /NER (P<0.01), %5
BAER, SAERLCSTBL/6) /NFAHELES, Dmd™™ /NG
HIFEK 123 N, EREEFREEK, 2/ NEEILEK
VARIEVAN ZIN
23 Dmd""IMNRESHXEERREPHODEREE
MR

#EHRE ., DMD /NRATIBRIE LN R S8R 240,
TR GBI, (HAENR, DR EE
BAK . NIRE Dmd BRI /NH A S R GHE
A3 HEE . 9 H R E Dmd™ /N BB A2 B
C57BL/6) /INER , 18 i IS S T 5 LPS i) £ 201 R E A5
A, PRIGEVIMEL, R A i A A AR A AP e 4 e
FIHAZA L E . 25 R ER, 53 HRAE £

T A~B, BERRETEGT Dmd"Y NR B (ST) FOBEALRF Dmd ERAKTE [TFER C57BL/6J/NE (WT) {ERIJER, GAPDH A
WSEH, n=3, 'P<0.05, "P<0.01]; C, 3F#FI9B#E Dmd""/NRINEFER C57BL/6JNR (WT) HRENELER [FEE C57BL/6J MR
(WT) fERRSER, n=9, "P<0.01]; D, HER@I&N 3 B9 B Dmd" /NRANABIEFTN [SEFEE C57BL/6J/ME (WT) 8L,
9 B Dmd"™ " INEH BEEMAOHMERES, NAEXNA—, BOSXEMREE (WEXL); n=3, HRKII00wm]; E, &MNNER
K DMBHELKREE; F, 38R BR/NRAKSESHFITE (3 BIRAI Dmd"YINE n=6, WT/NER n=5; 9 BT Dmd"" NG n=
8, WT/INEE n=5, "P<0.05, "P<0.01),

Note : A-B, The expression levels of Dmd protein in semitendinosus (ST) and heart of Dmd““¥ mice were detected by Western blotting [wild-
type C57BL/6J mice (WT) were used as the control group; GAPDH was internal control protein; n=3, "P<0.05, “P<0.01]; C, the body
weight of 3-month and 9-month old Dmd"" mice [wild-type C57BL/6J mice (WT) were used as the control group; n=9, “"P<0.01]; D, HE staining
results of muscle tissue pathologic changes in 3-month and 9-month old Dmd“*¥ mice [wild-type C57BL/6J mice (WT) were used as the
control group; the gap between skeletal (ST) and myocardial (Heart) muscles of 9-month old Dmd""' mice became wider and the size of
muscles varied; Infiltrating inflammatory cells were observed (sigh by arrow); n=3,bar=100 pm]. E, Schematic diagram of grid test; F, The statistical
chart of the grid test [3-month old, Dmd“** mice n=6, WT mice n=5; 9-month old, Dmd"" mice n=8, WT mice n=5, "P<0.05, " P<0.01].

B3 Dmd"" VR R BUIEIE

Figure 3 Phenotypic validation of Dmd""" mice
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C57BL/6) /NFRAHEE . [E] B #8 Dmd™"™ /NFRAE LPS 1 5f
0 hif, AR Al iz A i b ) B & Pk (P<
0.01, E4A. B), TMfE LPSVESS 72 hf5 AR i Fr
d LB AR T EBRR (P<0.01), {H S 4 M LL A%
BREZR (P>005). B, 59K EM

C57BL/6) /NERAREL ,  [F] H 8 Dmd™" /INERAE LPS VE5F
0 h Ff Ay H PRz 20 L A B A% 4 i L 1 5 T i 3
(P>0.05, El4C~D), MfiLPSTESS72 b5 Dmd™ /NG,
) R A i P BRI (P<0.01), B it
B E K& (P>0.05),

E: AFIB, 38# Dmd"™ " /NERIESIAESHE (LPS) 0h#N72 h B9 R 4R ALY GIFN SR AZ 4R BB LU BUZS 4k, CHID, 9 B Dmd"" /N x5
LPSOh#172 h/ERosh MR R ABEL I F0 SR i MABLL B2 (b . BFAERY CH7BL/6J /NG (WT) {EARIER. n=5, "P<0.05, "P<0.01,

Note: A-B, Changes in neutrophils ratio (A) and monocyte ratio (B) in 3-month old Dmd""*"¥ mice after injection of lipopolysaccharide (LPS)
for 0 and 72 hours; C-D, Changes in neutrophils ratio (C) and monocyte ratio (D) in 9-month old Dmd"" mice after injection of LPS for 0 and
72 hours. The wild-type C57BL/6J mice (WT) were used as the control group; n=5, "P<0.05, " P<0.01.

B4 FHVMEEEN LPS ES S R AER R ch Dmd™" /NG I 7% o0 14 i 40 B 70 B2 42l 40 B L 451 35 46

Figure 4 The proportion of neutrophils and monocytes in the blood of Dmd""* mice of LPS-induced acute inflammation

model detected by flow cytometry
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3 iig

A Dmd BEFRHA 19 MMNEF, fEE IR 4
KIK 14 kb By mRNA, H4A0 5 3 685 M Ry
FHEHP. Dmd &AM THIAMIEA R, RELERFH
MaRREE M R ENE, HER H BTE5H AN ik 2 C ik
NEE, MEEABRRX. &Rt X AR
it 1 BREKM Dmd EEESN, AELFAE M EE L
B, T EIARGMER G . Dmd H: KR4
B SECE BRI B T I T IR =S, B E RN
DLz

H /i EAHT A 1S 21 2 Mh Dmd 2R 53AE FE R B
ML . a0, A1 Morpholino 15 R R IR 3t 5 £
Dmd F KRR RBE S 1 DMD SR EAL U BT
58 Dmd EEEHAHARREHII6E; 18 Dimd B K] 23 54
B9 3185 NIMIMERE B & AL N MR E, SEER IR
WY THRAT, Dmd BEPRThAE HBAERFE , 1528 mdx /)
FRUIBEAL 13X 2 H i F T V2 19 DMD B i
Z— WA —MEINRZ TN DMD EALFT A DMD
IR Z [EIIHLE 7R A R & B RIEEL (golden tetriever
muscular dystrophy, GRMD), ZERIFEEYfLE. 4H
2 BLAN 2 B 2 7K P 55 77 1 AR H 20T A DMD R
i 1 BAMEIEIE S 52 5 AMNE oA SRR DMD
3 L SIRER ()7 RN S F e = N spiil avndyI S g ]
LT ADMD R, (2B EEY HE AA  RiT 2=
MBI 7 MR T S, RFVETS ., DR
e REGABE LRI, AR 5 HhE
HAFAALL, HiAzr % a8 s AN B BT mdx/)
SRS, AR E AT A H 4 59ME T R
Dmd™ /NG, Z/INRAE L IURFANLA D RE SRR 55 77
RE B e BB AL DMD 5 55 O JUE i B <5 22 75 1 i 22 7k
U8 A RM B/ NGB AL E A AR 515
MR FEAERIER 51 S9MNE. R 50 SIMNE+, (A
A SR PR R 2 2 7R 723K sgRNA B [A] A 51 59T 71
CRISPR/Cas9 BE K| %i #8753, HRUMKE T Dmd EHF*
RS T RS H SR SR 3R AE N A DMD fF
fiE 1 BEAL, Dmd FERS Dmd AACEERBUE bR/ D
mdx; utrn ™ R 2 5 ULE) DMD /NERIEAY, 2/ B
P EANE 7R A RRAY; HASEE I PR R A0 mdx;
myoD™ .\ mdx; adbn™" mdx; PV
S MR 7T DMD BOREF /N RS 20,

DMD & RN Dmd BRI 22 o H8 SCER I

mdx; a7 integrin_/_ N

. Dmd ZERZRAEH 55% ~ 65% WNIEFGS, HREAE
A11525%, BEERELE 8% 2, Dmd BEEERS R
KNG GRS BRI R EAE S . AN TR
AT Dmd™ /INFRKE 23 5 91 T 55 2983 {7 Bk e fifa A g
(C) RAJIMgRRERE (T) (C2983T), FE(Dmd HE: A
LR THERTH L, A — D EEN KR, R
FIDMD FHFE E BN B, AR Dmd FE R 5 5848
A EEPE /N Dmd™ ™ E IR RN G o B 58 & B Dmd™
/NRRILH AR . ORGSR AR SRR, 5Ok
TRIB A mdx N5 22, AN, ESCRIRIER
Dmd™ /NS KL, Dmd™ /N FREIRE R T OB
ZURAFIALTK RS AR A AR FEAIERT DMD
BAUNR S BRI SRR, SRR —8, H
AHFFEEA FH CRISPR/Cas9 £ AR T A ZRAF M DMD
AL, 5 mdx/NREEZ R B &M DMD B,
BREBH T4, BAZF s, ZLPSiES
SRR, YIPIAERIA, 5EPAR CSTBL/6] /IR
FHEE, 3 HERHT Dmd™"™ /N RS E L ARz 2 B AT A%
AR LLE]E R, 9 HERA Dmd™ /NG A AL 20 B
R F K. A ERE, mdx/NRAHE T B AR
B, TERMORIT . S92 B IR N k- k-
B ERREL (hypothalamic—pituitary—adrenal, HPA) &V
s P WA LPS HEAIE T, mdx/NRAER TE 4
RUNREEBLZIRER ST 2 BERMTER,
EEEHEN Dmd BRI W[ RETE IR R A S ARG HAE
HRATE T EEER.

Dmd 2R T ENAALSE RIS, EHAbA
A ERE . AR Dmd™ /N H Dmd
BERIE RGN 7 Eegoh6e, EREARN. &
XA TEER TR, Dmd™ /NRBR T LA R SRR
AT DMD BEHM & 0h, HAs R R RAMIH I
S 5EFAER C5TBL/6) /NERAHEL, FARTEST LPS I 3
FHES Dind™"™ /NGR4T mF MR 20 AT B A 4T A R A3
FIEFERK (P<0.01), MALPSESE3 HIRFIOH
8 Dmd™"™ /[N 0B 4 i A i R 4 i 45 s, I 2 R
(P<0.01) o FILPIZLZARE S WAt W I 4HA A 22 -6 4L
HF P, mAMENE-6 ERER G KRS E
Fo ARBFFEH Dmd BRI 52 /INRAE 42 B KRB
iR AR SR R A T g A S, X R —ME
RN TT R [FIRE, AR AT B A 2
HWEIR R AR A SE BB 2o ZEE N Dmd™" /NFR,
A7 I AR AR K S A R 2 B B A AT L (AT A1 18
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BEABRMHIWIE, SR ETREEE, HE2X
5 BB 2 B SEIG IR R IESE o AR © A STk,
LPS $ESS A Dmd™" INRARN G, BERIITE Y LPS
SZeEARFES, SZERESY, i B/
BN AT R A AR RO CD14 21655 5, )5
&5 TLR4 Z A N Bafe b E 0 -2 /B, 2Bl S
S5 X WRARHFERRTE Dnd" /NERERL L
g R A AT AR A B SRR 2 — o R SRS
WEES SRR, ARSI ES Dmd™" /NGRS AT AR
BF5S DMD 5 G5 2 5t 5 s BB U

i bRk, ARWREA K B Dmd B SR A
Dmd™" /NSRRI ER ST AEIR 5 DMD BORIERAEI &
AFFFE Dmd EEDIBERT DMD B AHISIA 7 T —Ff
WA AL 1o, i/ b SR G 4
KPR, X0 DMD S5 A &AL RN 259t e DL R
1AY7 T SRR R TR A S
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Bk, &, Wik, HIEAFEA, ) EEMKRFZERI NP CAEF BT K. S EINE SRR
IR BT AR AR FE S 3 M W BT ) AT AR R R R T R B TAEA R AR S
AR E M A TE ] Mo I RT 2 SiIR B M 5 5k RO AR TAE, £ RIS IF ST SRS M K
AR LR IR B P R LI B AR RO RS2 T % A SE e 3h M AR B, A S LR B AR R A 88 T /R
G BRI AL R R A T B R T R E L% B EA KRR E 195,
S E5ERARFMFILELTE W, B ARMFEILEHE 15, AP —FHLKSCIR X1, 25 %%
3R SO S 4 B AR A 2 35

bR LR R R R Gl 2 2 23 B

7w, REES FER, RN, A, B k!
(I 7 EA KLY F O, BT 530021 2. AR A R E K, A4k 541002)

EE] Bl HRAHIARMEEE. KESEPRBAZNTN, RITNARKBYRNTSHELE. KEHN
BXRR, DBAHESRMRILRMEREHENEDIRE. ik BEEL3R. 8RER15 dIAHE 20 R
MERES7, 12-"_BEFHFE (7,12-dimethylbenzoanthracene, DMBA) 0.15 mg/kg, FiFMSESH#EEE, &
STRMBR2UNBHREEWIERILIREIE. ERSEEE-CITHERIEHKARA (gas chromatography-time-
of-flight mass spectrometry, GC-TOFMS) %3 DMBAES & 43 ARIEEAINIED . DMBA %S 5K & 4 2 AR I RO A
BILARRBFSEENE (12X2) mEREYHTIELEDNE, BiEERS 24 (principal component analysis,
PCA). EX{RE/NTFRESHT (orthogonal partial least squares analysis, OPLS-DA) & Z#FKI+ NI, H—%
ZEtNHTHBZERKR, LVIP>1BP<005MINEREESEREY, HESHVDBEEZHEEWEER
UHNESKENHITEE, RENEARBERSEREFTHEH (Kyoto Encyclopedia of Genesand Genomes,
KEGG) BEHIEEFE=ERHEXERAZERE. £ DMBAEZSENMARMEAEEH40% (8/20).
DMBAEERBASIEEX AR, WHMBEFRNEBIOMRAHEERY, HP18MTE, 2 LA, £5
HEEHRITEEN (VIP>1, P<0.05); KEGGEELHAN, A&8RAE. HHERSE. TERER. ARk
BXAMBIBRAE BERDT . DMBAEREES DMBAEERAEARL, NG I1ISHAHES Y, &
R7FTE, NHLEE, EREERITZEEN (VIP>1, P<0.05); KEGGEBEBAOHT AN, ITEERER. aaBkRA
X2 M B A ERENZT . DMBAESERABASEETRBARL, WNFEINMEESTY, Eh14H
T, 7MER, ZREEFRITFEEN (VIP>1, P<0.05); KEGGEBAITAIN, iITHRERER. S8R, B
HEEREX I BRAEEZNT. £it RBEFSFTTRERAGEMEHIMBERCHE=NNTHISSR, &
RETRARBALE . HRECH. TEREBRER. AR ER5SESEIXE T DMBAIESHRZL IR MBI A E
5RBEEXME, XAH—THRILBRMPEREBOEDNHEE T Eit.
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Metabolomics Analysis of Tupaia belangeri Breast Tumor Model
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breast tumors, to investigate the close relationship between the changes of serum metabolic substances
and the occurrence and progression of tumors, and to screen for biomarkers reflecting the progression of
breast tumors. Methods Breast tumors in Tupaia belangeri were induced by orally administering 7, 12-
dimethylbenzoanthracene (DMBA) three times, with a 15-day interval between each administration, along
with a high-fat and high-sugar diet. The DMBA-induced breast cancer group and the DMBA-
inducedwithout breast cancer group were compared with the control group. Untargeted determination of
serum metabolites was performed using gas chromatography-time-of-flight mass spectrometry (GC-
TOFMS) in DMBA-induced Tupaia belangeri with breast cancer, DMBA-induced without breast cancer and
the control group. Multidimensional statistical analysis including unsupervised principal component
analysis (PCA), and orthogonal partial least squares analysis (OPLS-DA) were conducted. Furthermore, t-
test was used for intergroup differential comparison. Differential metabolites were screened under VIP>1
and P<0.05 conditions, and significantly changing differential metabolites were identified using the HMDB
online database. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway database was utilized to
enrich metabolic-related gene regulatory pathways. Results The incidence of breast tumors was 40% in
DMBA-induced Tupaia belangeri. Compared with the control group, 30 metabolic differential products were
detected in the serum of the group with breast cancer, with 18 down-regulated and 12 up-regulated (VIP>
1, P<0.05). KEGG pathway analysis revealed significant changes in four metabolic pathways: glutamate
metabolism, glyceride metabolism, citric acid cycle, and alanine metabolism. Compared with the group
without breast cancer, 18 metabolic differential products were detected, with 7 down-regulated and 11 up-
regulated (VIP>1, P<0.05). KEGG pathway analysis revealed significant changes in the citric acid cycle and
glutamate metabolism. Compared with the control group, 31 metabolic differential products were detected
in the serum of the groups without breast cancer, with 14 down-regulated and 17 up-regulated (VIP>1, P<
0.05). KEGG pathway analysis revealed significant changes in three metabolic pathways: glutamate
metabolism, glyceride metabolism, and citric acid cycle.Conclusion Metabolomics analysis can reveal the
characteristics of changes in metabolites in the serum of breast tumors. The results suggest that
glutamate metabolism, glyceride metabolism, citric acid cycle, and alanine metabolism pathways are
associated with the occurrence and development of DMBA-induced breast tumors in Tupaia belangeri. It
provides a foundation for further research into the biological mechanism of breast cancer.

[Key words] Tupaia belangeri: Breast tumors; Metabolomics; 7,12-Dimethylbenzoanthracene; High fat

and sugar
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1 BRSEE

11 SEXEz

B AE (4 B R PAE) HEMERE32 H, {@
BEARE, E120~140 ¢, HHERERR RIEZIH
SEATERAE [SCXK (JE) K2020-0004, i &SH&IiEHN
00024731, SEEGENWNIEFET T TH ERIRFE w50 Y)
MFEeE [SYXK (F:) 2020-0004], =i& (23+2) C,
FERTEE 30% ~ 60%, 12 h BE/BEIEEN, HHKRK. 3
YISLge 77 RE T T ERIRF L0 sh e B 2 B it
(N0.202006029) , E{ESL43H) 3R JFEM],
1.2 EEBXNSNH

7, 12-—HETRITE (3, 12-dimethylbenzoanthracene,
DMBA) (4ifF98%, #t5200601) WEHE g Al
BIR B IRAF ., DMBA VAW A ELH] . T FEAR &
DMBA ¥ 7] 150 mg, &f#T 10 mLIEAH A+, 60 ‘CK
BENE . FRZIRS], BRI A REIRE T 15 mg/mL 1
DMBA /&R . A5 & MEE (#65 201101, 200724) 14
HAETAY TR (RE) BRHERAE. 4% ZRAEE
(#it=5201103) B HESHaiE®R (S
JK200730) FIL-2-F KRR (#520023418) THH
EEREMREERAR . fTEMAFIN (ZH5E
fE bt ) = M &4 B B [bis
trifluoroacetamide, BSTFA] & 1% = H EH & wE k%
(trimethylchlorosilane, T™CS) (#E211670), HHZE
REGIS Technologies NEl. Faki (S 20201519)
FII A SRR B R T EA A dr R A R
ANFE . SAREIE (BIE Agilent 7890A) T4 H £
Agilent AH] o Y (F4S Chroma TOF PEGASUS HT)
E E ZEE LECO AH]
1.3 EFLARPNEIE R RO

W5 32 A RIRENL /> 4L ;. DMBA &R 20 H
EHEAIEL 12 H, DMBA ERHA S 3 RIEFL T
DMBA VAR, SR E H RS &9 0.15 mg/kg, IR
EEREEE 1S d; RN INEESERE, &
HEE MR AR 10% A RVBEF] 10% 58, B
HSR B 1B X R ZH CEAH [F] BRI (] P B 45 T AH TR 4
REEA, WS ER, DMBAESFGE, &
JEV RS R < A B FLIR A AR B A, SR HARR N 24
Ho
1.4 BHAEARE

BRSO S AR R PR S R A R S R

(trimethylsilyl )

SEAR 2 (RIS TR BRI EEHARR 24 1~ H 535 e for ik
R AR E AT 10%, Fi# 510 DMBA ISR BUR A
J5#&510 DMBA JEIR AR A . SERG 28 (I T A 4
PR MR AR AR O SR £, B HRRISR I 1 mL, HT%E,
4 CIRF2 hERIRE S, BLEREIME, 2%, A7
T —80 CHEMRIRIKF R o XA T IR RO I #E4T
AR AR B SR B, RIS AR B A S R e SRR IR F R A 47
TRYIR, BT 4% ZRPBERHEE, A,
DIFHE T HE G, A0S S MRS UR P2
fEo REETENEASSG R R AR ATER S 2 R B o
1.5 MBERHAFESF

fiff A B - AT IS A UG R AR (gas
chromatography—time—of—flight mass spectrometry, GC-
TOFMS) X DMBA 5 5 & A= L, g Jifr Jeg ) 4% Bl (B
DMBA R4 ) . DMBA 755 i A= SRR R o
iy (EDDMBA SRR EURAL) LU RE DMBA %5549
IR (RIERX IR B APt TR I
W&, #AJG 8 FE A3 53 H7 (principal component
analysis, PCA). Ex{mE/N_3RIESHT (orthogonal
partial least squares analysis, OPLS-DA) FE#HfTL4E5
oM, FFES A HMDB fEZ s FExt BB L2 =
RBIHATEERE , o N AR AR 5 B E R
P (Kyoto Encyclopedia of Genesand Genomes, KEGG)
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V15.0.2 84 (Sartorius Stedim Data Analytics AB, FiBi
Umetrics AH]) AT, 22 R ARG R o A5
WA PAE <0.05, [FIRT OPLS-DA FALE —F B AAE &
EEfE (variable importance in the projection, VIP) >1,
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1 IAMMEFBER

Table 1 Basic information of Tupaia belangeriin three groups

S n
#4 o txE/g f4/om MEREE  MEER/mm
Number of Tupaia . ] .
Group . Body weight/g  Body length/cm Tumor weight/g  Tumor size/mm?
belangeri
DMBA IE1& R By 8 4E 8 135.36+20.31 17.91£2.12 3.15+1.40 4153.12+213.23
DMBA-induced group with breast cancer
DMBA IE1E R B 2H 12 131.11211.54 17.68+1.32
DMBA-induced group without breast cancer
IEEIERA 12 123.65+10.54 17.73+0.65

Normal control

T BRI EA: V=(Dxd’xw)/6, DREREKMNER, IRKRREMNER,

Note: Tumor size was calculated by the formula: V= (Dxd’xw)/6, where D represents the larger tumor diameter, and d represents the

smaller diameter.

2.2 DMBAZESEMBZLIRMEBENAERABEER
Rt R FLAR 2 23 K FLARA R 2 2321 T HE Jeftufis
A UL DMBA & 152 58 25 A4 L e 20 2R B 25 A0 AN B
R, REEHEEE, BRESENE, NEESHNE
RIRRE (B 1A) 5 i oE 5 %of B 2EL v it 1 LR 2 2 A
FEAREE, HEIHN, Ry (B1B), E: A, DMBAGSERBANBOILRMEAR; B, EaiBAK
2.3 DMBAESWMEAEIRMERNCSAS  HOARAR. FR50um.

Note: A, Breast tumour tissue of the DMBA-induced breast cancer

tbﬁ%i group; B, Breast tissue of the normal group. Scale bars, 50 pm.
231 wlEESEEHE El1 RKEIFLIRIERIRIEE R

{ifi FH GC=TOFMS 7 R 4347 3 ZH A 5 [ 15 FEAS B X Figure 1 Pathological results of breast cancer in Tupaia
PR, AU R PR L2 Tl (L A belangert
SRR ST S Rl e \ .
JUSIGIPRS AR © AR, Bk ?W B b RRRAEATEA R SREE, AR
SR, SIS B AWK UL e e (51> 007), RIBUERELE
MREAER R 493 1k, BEXIE—BOVNT . BUR g megm . L B 0 2 T
THRE T 451 DRHENE; FrA AR RIS 5], SR T 2,

i A, DMBAIEEMEE (8R); B, DMBAIEEARMEAE (12R1); C, EEXNRA (121).
Note: A, DMBA-induced breast cancer group (n=8); B, DMBA-induced without breast cancer group (n=12); C, Normal control group (n=12).
B2 ZEARMODENEEFRE

Figure 2 Total ion flow maps of serum from each group of Tupaia belangeri
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2.3.2 OPLS-DAZERDHT

EHEBHEZRH) PCA 3T U BRI RER, IER XS
415 DMBA HEREURZH . DMBA A5 AR 21 A4 AR
R RIREAE R, AT AMEXEN, #H—F

SKFH OPLS-DA 73T & B, IEH X EZH 5 DMBA 1E5AL
JeZ. DMBA JEEEGRZH S DMBA IEHOREREAL. DMBA
TR AR 5 IE A R (MR RS, RIS AImE
FERX 2, HILPEUT 95% EEXEN, WE 3.

i*: A, DMBAEH#E MBI (DMBA-BC) SIEEEXEA (NC) MR EXILLAIOPLS-DASHE; B, DMBAEE AL EA (DMBA-BC) 5
DMBAEE R IEZE (DMBA-nonBC) MMiEMHEI¥ILLAY OPLS-DAEHE; C, DMBAEEARMKIZLE (DMBA-nonBC) SIEEXIERA (NC)
MmiBERETELAI OPLS-DA B El.

Note: A, The OPLS-DA score plot of blood metabolites comparison between DMBA-induced breast cancer (DMBA-BC) group and normal
control (NC) group; B, The OPLS-DA score plot of blood metabolites comparison between DMBA-induced with breast cancer (DMBA-BC)
group and those without breast cancer (DMBA-nonBC); C, The OPLS-DA score plot of blood metabolites comparison between

DMBA-induced without breast cancer (DMBA-nonBC) group and normal control (NC) group.

E3 SMRAEEN LA OPLS-DARRB S HE

Figure 3 Score scatter plot of OPLS-DA model for each group of Tupaia belangeri

233 MBEZESNEFIETHIE

it SIMCA-V15.0.2 83174347, LLOPLS-DA
TARIEE —E R B VIP > 1 f2 P < 0.05 Tide 22 AR ;
B AR 2 FA P AL E L 4A ~ Co 1BIERL E5y
M2 2 SRS 7 L A4 RN T RE
FEACUPR B AN, B3 52 [R) — AR 188 % B0 T 9 725747
i

B2 X DL ERHEF T E IR R I, A5 R LK
4D ~F. DMBA AR 5 IEFIRAX L, 278
W= a 30k, He18MNiE, 128 Lid; DMBA S
BRI 24 5 DMBA SRR SO 4Rt L, 22 /AR =)
G 18fp, HAop7MYE, 11F0 B : DMBA SR
RS IEFER AN, ZRRE a3 #, He
14FRYE, 1780 B,

F2HI2E T B H (A1 FRIAZE R A T & BURT 15 M
LIEZI
234 ERRSYREEREST

FIF KEGG Mg & i 22 7 A P FR fE i
ZERILE S, DMBA AR AR 2 5 1E 5% FRAH B 22 5%
W SR 2] 23 £ KEGG AU, H s A 7 i

= 8 B N A RS . HIMER A A7
FRART . TRERMM . PERRELMS . Hmd. B4E
VOIS ER AR DA R ol T R AR . DMBA 15158 akRI 2
5 DMBA i&E AR AU A 2 2R L EEE] 11 4
KEGG i, Hrpsgnm A 5 =i 6 & RghE N
PR, AEIRME . TIRERE IS . MaEs
. AREHBARWS, DIRRER. REZDBRMA
IR . DMBA MBI BRI 5 1R # X B 1 2 5=
RGP E S F] 18 £ KEGG fRTELE, H iR+
B 6 & MRATES A& R HilEe . 47
BRI, ElBkie s, R, DIRNERR .
REG BB IR

X 2R RS 5 0REhREETEE S, 4
7 KEGG B 4347, A %0 DMBA &5 iR 41 5 1B
SRR PR, BaERAE (ZR YN ok —
FRAIEIR) « ENHER(ET 2R iR -3-
BEER) . FTBEIRTEER (ZEFARYIN a-F K — BRI
fiilfig) . NERAWE (ZRAEYRIER) X4
B & R B AR (3 P<0.01); DMBA 1&g/ 2H
5 DMBA SR BURAMHEERT, FPERERIGER . &R
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i¥: ATID, DMBAEE R EH (DMBA-BC) SIEEERRA (NC) XItt; BFIE, DMBAE&E L (DMBA-BC) 5 DMBAEIRKRALEEE

(DMBA-nonBC) Jtt; C#1F, DMBAE®ERMIELA (DMBA-nonBC) SIEENIERA (NC) Xtto

Note: A and D, DMBA-induced group with breast cancer (DMBA-BC) vs normal control (NC) group; B and E, DMBA-induced group with

breast cancer (DMBA-BC) vs DMBA-induced group without breast cancer (DMBA-nonBC) ; C and F, DMBA-induced group without breast

cancer (DMBA-nonBC) vs normal control (NC) group.

E4 SMEARMILHERCHIXLE(A ~C)NBERRESITERARE (D ~F)

Figure 4 The volcano map (A-C) and heatmap of hierarchical clustering analysis (D-F) of differential metabolites between
groups of Tupaia belangeri

RghX 2 MUhER AR B ESE (ZRAEPN IirER) . A2~ (EZRREIAER) . H
o~ RRFIFTAIR, P <0.05); DMBAIERIRAL iR RPN HMER-3-BiKk) X3 U
FH SIER X FRAAEELN, ITBIRIER (ZRAY  EAEEEKRE (8P=0.002).

iE: A, DMBAEIEMEH (DMBA-BC) SIEEXIERE (NC) MELZEFRA WM EIEE; B, DMBAEGEMEE (DMBA-BC) 5DMBAIE
ERAELE (DMBA-nonBC) WLEMIZERM MR EIER,; C, DMBAIEERAMAEH (DMBA-nonBC) SEEXRA (NC) MtLiIZEZ B
PGB

Note: A, Differential metabolic pathways between DMBA-induced group with breast cancer (DMBA-BC) and normal control (NC) group;
B, Differential metabolic pathways between DMBA-induced (DMBA-BC) group with breast cancer and those without breast cancer
(DMBA-nonBC) ; C, Differential metabolic pathways between DMBA-induced without breast cancer (DMBA-nonBC) group and normal
control (NC) group.

E5 SEMMZEEREBEIITE

Figure 5 Analysis of different metabolic pathways among groups of Tupaia belangeri



58 LIS S L E S Laboratory Animal and Comparative Medicine Feb. 2024, 44(1)

#2 DMBAISIEREASIER M RAMBMM L XRERACE T

Table 2 Key differential metabolites between DMBA-induced group with breast cancer and control group of Tupaia

belangeri
DMBA IE1E i j&E4H vs IE B X AR 4H DMBA &8 Al #2840 vsDMBA 1& 18 K Al f23 4R DMBA SR B 2H vs IEE YT HRZE
DMBA-BC vs NC DMBA-BC vs DMBA-nonBC DMBA-nonBC vs NC
ﬁlﬁﬁi‘@ VI b Log- - ﬁlﬁﬁi‘@ VI b Log- - {Jﬁlﬂm VI b Log- or
Metabolites FC Metabolites FC Metabolites FC
H i EL-3-8 2762 <0.001 -0.650 T +tixkk 2236 0013 1783 1 HEEERK 3.020 <0.001 7.659 1
Glycerate-3- Margaric acid Methoxytry
phosphate ptamine
Aam 2.086 <0.001 3.051 1 &AW 2096 0.019 0812 1 §FE 1280 <0.001 4104 1
Glutamate Carvone Inosine
BREr ‘ 2561 0.001 299 T BER 1160 0021 0539 1 HE B 1.303 <0.001 -1476 |
Adenosine Hydroxyurea Glucose
heptose
2,6-"HEEREFE 1273 0002 1.035 1T -BiER#ESEE 1431 0024 0839 T Hil 2420 <0.001 -0419 |
2,6-Fructose Sphingosine 1- Glycerol
diphosphate phosphate
A-RERPR 1101 0.002 0916 T 1,5-fiKEE¥EE 1878 0035 0418 1 BiEE 2291 0.001 -1.011 |
4-Hydroxyben- 1,5-Dehydrated Lauric acid
zoic acid glucose alcohol
=iy 3167 <0.001 -1.640 | B&HE 1344 0036 1.042 T BHE 2737 0.001 3399 1
Pelargonic acid Ornithine Adenosine
1,5-fRk BB EE: 2779 <0.001 -1.216 | AE_E& 1375 0037 0508 1 @ETER 2140  0.001 0.914
1, 5-Anhydro- Tartronic acid Aminobutyric i
gluosol acid
R Aty 2382 <0.001 -1.771 | 3-FEIE 1248 0038 1373 1 HaERK 1738 0.004 -0.702 |
a-Ketoglutaric 3-Phenyllactic acid Threonine
acid
=258 2301 0.001 -1174 | N-ZBtE-D-mEfg 2.648 0 -2.090 | 1.2-BRkENEE 2925  0.005 18130 1
Fumaric acid N-acetyl-D- 1,2-Dehydrated
aminoamine Inositol
2z 1492 0.001 -0975 | o-FIRCE 2.371  0.007 -0.891 | #58 1568  0.008 -0.830 |
Hydroxylamine a-Ketoisocaproic Serine
acid
2-FRETE 2176 0002 -0625 | =”E& 1757 0021 -2106 | [BIEZE 2373 0.010 14.098 1
2-Hydroxybutyric Adipic acid Indoleacetic
acid acid
[-ERER 2313 0002 -1.319 | & 1043 0021 -0742 | HOF 1.882  0.010 2960 1
L-malic acid Citric acid Thymidine
PR R 1.860 0.002 -4509 | 4SPFE_EHE 2109 0024 -3879 | iR 2049 0010 3.048 1
Phthalate Phthalic acid Citric acid
LGl 2.085 0.008 -1.193 | HE 1.690 0.037 -1.451 | HimE&-3-BiEk 1664 0.015 -0574 |
Pyruvate Inosine Glycerate-3-
phosphate
ek MiEER 1356 0.033 -0.543 | o-fIK—ER 1978 0.038 -099% | ®B&EE 1292 0016 2622 1
Arachidonic acid a-Ketoglutaric acid Glutamate

i : DMBA-BC J9 DMBA 1E#& 5 #8345 ; DMBA-nonBC 75 DMBA &Rl fE4HE ; NC AIEE X BRA  VIP AL BNEE ; FCAEREH, CTRUBE S,
Note: DMBA-BC, DMBA-induced group with breast cancer group; DMBA-nonBC, DMBA-induced group without breast cancer; NC, normal

control group; VIP, variable importance in the projection; FC, fold change; CT, Change trend.
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3 iJig

FLARMRE & — 2 A F MR R, (23R
HEHLRE—HEGAT, EERFLABSE, HEE
FlBRER I o T AE R B IR S AT
FELIRPR A RIS, NEE, BT, FAR
BN IR R AR R B E . Fl, RN
5 DO ] i Ak 22 8 9 6 75 2 CLE 1 93 86 P £ Bl U 2L
PRI AR A E A TEST 100 me/kg [ DMBA VAR, K75 7%
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All animal experiments involved in this study have been
approved by the Experimental Animal Welfare Ethics
Committee of Guangxi Medical University (Approval
No. 202006029). All experiments were conducted in
accordance with the requirements of Chinese laws and
regulations on laboratory animals.
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[ABSTRACT]
biological changes and pathogenesis of COVID-19 by systematical sorting and analyzing the transcriptome

Objective To provide more basic information of comparative medicine for the study of

data. Methods Following a retrieval strategy, using COVID-19 and SARS-CoV-2 as key words, transcriptome
datasets related to COVID-19 from January 2020 to May 2023 were collected from GEO, ArrayExpress and
GEN Transcriptome databases. The composition, distribution, and research application of COVID-19
transcriptome data resources were analyzed. Data distribution was visually displayed and correlation
analysis was performed. The research applications and limitations of existing COVID-19 transcriptome data
were analyzed from the perspectives of clinical medicine and comparative medicine, focusing on clinical-
related molecular mechanisms, biomarkers and related immune responses, treatment intervention
strategies, etc. The research value and application prospects were discussed. Results A total of 975 sets of
COVID-19 transcriptome data were included. Among three databases, datasets from humans accounted
for the highest proportion, namely 71.9%, 77.9%, and 90%, respectively. Species other than humans, such as
mice, were the main sources of data, with the respiratory and nervous systems having the highest
distribution of data. Twenty-seven datasets were associated with clinical significance. Analysis revealed
that respiratory tract injury and other related molecular mechanisms were obtained through transcriptome
data mining. Biomarkers such as cfDNA could be used as therapeutic targets. The severity of COVID-19
infection was associated with cell changes and disorders represented by M1 macrophages. Comparative
medical analysis showed that mice, hamsters, and other animals were susceptible to SARS-CoV-2. Rhesus
monkeys and cynomolgus monkeys exhibited infection characteristics highly similar to human. Apart from
respiratory symptoms, hamsters also exhibited digestive system symptoms. SARS-CoV-2 can replicate in
the respiratory organs of various susceptible animals, the intestines of ferrets and the ears of minks,
resulting in interstitial pneumonia, diffuse lung injury and other pathological changes of varying degrees.
Based on the differences in immune responses, hamsters can be used for neutralizing antibody reaction
research. Conclusion Currently there is a wealth of COVID-19 transcriptome data, but there is a lack of
comparative transcriptome research. Transcriptomics can be combined with comparative medicine to
further explore the differences in comparative medicine of COVID-19.

[Key words] COVID-19; Transcriptome; Big data; Molecular mechanisms; Data analysis
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ArrayExpress Z08 G 60T (K1),
2.2 GEOHEFEMHESHSHRERELIE

FE GEO BHa ek, Fied i 2 SR AL e A Bl 15
783 ZHIH1 23 208 PMFEAS ;. Horr749 ARSI fek e i
BMFEA, 37D RFMERMEEFIRAR, 3DRYHE
INFE PRI . XSEEHRE T EORIET AL 31
BRI, B ARREHRE R A 563 1, shifi
R EHRE S RIE T/ (1139 ) . JEAREKZE (58
M) B (41 FEMSESsY) (E2),

B, “Expression profiling by high

El1 Z B SARS-CoV-2 Bkl RAKIE
Figure 1 SARS-CoV-2 infection transcriptome datain
various databases

B2 GEO #iEFEh SARS-CoV-2 Bt RA IR TN
b S
Figure 2 Classification of SARS-CoV-2 infection
transcriptome data in GEO series by species

2.3 GENBUBRERF SRS RPERAHIE

£ GEN £U48 A5 132 Pt i 2 I e i e
B, BYRAIHAR AR F T, BEGRLS
RIWE3, Hep, ARFERAZTERSZ (121), &
FIE B8 S8 77.9%. 1% IRR S IR Y R 557 2K,
HERTERTE IR RGFIMA RS, H— B4R
Fe SR BRI BRI 77k, R IIK 2 (8 H Bulk
RNA-seq /5%
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E A, RIS, B, REBRERNE,; C, mlFLEN %K.

Note:A, classified by species; B, classified by system; C, classified by sequencing methods.

B3 GEN #iEEh SARS-CoV-2 Bt RAMIES L ER

Figure 3 Classification result of SARS-CoV-2 infection transcriptome data in GEN database

2.4 ArrayExpress iIEFEMHERSBRLER
HEIE

1= ArrayExpress R R 60 P e 2 IRk
YL BE R SRR ARSI 7T R R AR R # T
REMARAERILE4, Hf, ANEZALERS
(541), HATBEEWREEMEI90%, 12BN 752K
RIS, A% RNA ] RNA-seq (G EER R

3 MERSEAERABENIRKREX

31 REMSHESEHAEXIGKRRENS FHNH

Frelim 2R AR B T2, BRI 5
A, EAIMIfEEA, BB TR, W R AR
OIME. FF. BHIRNERE . FrdiRERgeE a2
MGARRE, GOAfisheEAR 4. M. S e
RN EATGTE Nt SE - S R s € k1
RRNMIEAR A, F-ER7E SRS SAEREK,
BRI 1,

#17EL 9 B SR SLRE IR B b i BILLE IR IR R A o
Jha %5 UV @ Al SR A ST R, 5 R
B9 g SR FE A+ (tumor necrosis factor, TNF) |
F A1/ & (interleukin, L) =32, IL-la. FE{LIA
FHidfi [ chemokine (C=X-C motif) ligand, CXCL] 1
FICXCL3 FEHTE N 23 G R R KB IX A
TREEHE S RN, I T AT RE S B30 22 2 IS (A 2 FC A ™

E: A, RYMSE; B, REFHDED %,
Note: A, classified by species; B, classified by specific methods.
El4 ArrayExpress #iE 1 SARS-CoV-2 BiriE RAKIE D
EKER
Figure 4 Classification results of SARS-CoV-2
infection transcriptomedatainthe ArrayExpress
database

B G . MR S b ERFE NG S, B
Ko 2 o 1 Ik L A P AT 2% ELWR A < (AT e Jb
S, TNFEEFRIER G, B A1HLEUE B F (B-cell
Activating factor of the TNF family, BAFF) F1ffiRi IR
RIS T35 S BLAR (TNF related apoptosis inducing
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%1 SARS-CoV-2 BpiERAIGKE ISR I N EIREE

Table 1 Clinical significances of SARS-CoV-2 transcriptome and associated datasets

FEARKIR AL /HHEE =3 HiEERS
Sample origins Tissues/cells Finding Datasets' number
N E5R NHBE.A549.Calu3 48j, fHZH43 (N ) ; S S R IR (BB KA GSE147507
Human; ferrets EEMtR(E5R)
598 NHBE.A549.Calu3 4B (A ); Bk RXIH 7% 5 R ZAT NHBE 488 £ 18 MALAT1#0 GSE147507
Human; ferrets ®(E9R) NEAT13&3&
A;C57BL/6/N PBMC.AHBELR(AN); MMBENE)  BE4E. ERMEMNTARZ BNEEERIREE GSE149689; GSE155673;
Human; C57BL/6 EAEALY] GSE145926; GSE149443
mice
SHEER O e S RIS O I A B L PRINAB84511
Golden hamsters
A Human il BT B S S R BT R (B 1E KA GSE150316
A Human fiiE iR TEENERSBREENISEMBELRTE GSE145926
BIERBZMABITENERE
JUT— B kR M1 B ERAENEEHRTRSRRBEZENX GSE145926
ES=1=)
A Human Nk EEERIPENTNERSEREESR, FHRH EGAS00001004571 (EGA)
BEEME
A Human 5473 e m SRR RE B GSE161225
A Human mk. 2 LK. IER CCL3IZEERANTHHTHSRHRLRE . ORM GSE183071
PR EMIREY
A Human EIFRE. 217 . £ RUSHERSRASMHO FUREBEXMNEEE GSE156063; GSE163151
A Human eI N A l=E::0) ARGTE 7N EFREWIFEW T X 4 SARS-CoV-2  GSE161731; GSE171110
XA ARIFIE B9 ARI GSE152641; GSE157103
GSE172114; GSE161777
A Human PBMC.£ M. M3 A ML EYFREY TGFBI.TTYH2F1CD4 2 5% B /R M  GSE152418; GSE166424;
RIE GSE157103
A Human il FEmERATERENEITSS S100A9% 84 E-MTAB-11240 (EMBL-EBI)
HRER ARSI E R B X
A Human EE it HEZIRGBIEFA UCHL A I S =B ERE * GSE152418
A Human SMEM miR-146-146a-5p £ 3 M ERIBRNA ZFHEHS R HRA000238 (NGDC)
PHEBTEAITIRS
A Human ShE I EET6NEBRRD FENFEMARE TR GSE143507
A Human MR E E4HAE . AS49 A fE cIDNABEBIENBERHBRTERENIEFBANMELE  GSE147507; GSE154998
YIRS
A Human PBMC TERBEZEFPBMCHRER MK, EMEE GSE179627
HIPBMC EESKIERK R
A Human PBMC 1B PR B2 Ak 5 40 R 9 35 44 BT U 3 7 9 5 R GSE180594
mEEE
A Human B R R BB A IR B Rk R B M AD B 45 A 4B B U T BE 1 GSE159812

S NHBE A S & LR, A549 JfitfE A LB E K £ A, Calu3 A ARIREMIE, cfDNA J{EIFHEE DNA, PBMC 94 B M i Ak,
MALATT BEERBHEX MR EERAT,NEATIAREEFEER K1, CCL3NBHWEFEIR 3, ARG ABRRKRE1, AR ASHFIREAER,
TGFBI AR UAERKEFBESER, TTYH2 AERA tweety BiRE#) 2, CDA A D WA EZINE 4, UCHLT BiZ KRB EIREEE L1o

Note: NHBE, normal human bronchial epithelial cells; A549, human non small cell lung cancer cell line; Calu3, human lung
adenocarcinoma cell line; cfDNA, circulating-free DNA; PBMC, peripheral blood mononuclear cells MALATT, metastasis associated lung
adenocarcinoma transcript 1; NEAT1, nuclear enriched abundant transcript 1; CCL3, C-C motif chemokine 3; ARG1, arginase-1; ARI,
acute respiratory illness; TGFBI, transforming growth factor beta induced protein; TTYH2, protein tweety homolog 2; CD4, cluster of
differentiation 4; UCHL1, ubiquitin carboxyl-terminal hydrolase isozyme L1.
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ligand, TRAIL) f£ ™ 55 fiifi #3 {7 H 3% ik 7K °F #F 2%
Fi

B EE, BEEWHEEMINRE, B
JFEHRERRRS o Bl el e A i &I, BEAER
HEREE A4 . AEERMEARIIFFIAL BL CAY
R AR 22 e R B2 DUW B 2L B T RHE
Hammoudeh 55 ) Sy et s R L £R 4 P A
HEHE, &I GARIRE A Z AR EER . Dna) RYATE
B HZKJE K 52 Bl (Dna] heat shock protein family
member B1, DNAJB1). RS ZEMAEERKEF2 (insulin-
like growth factor 2, IGF2) . 3R B &K A ¥ %2 &
(epidermal growth factor receptor, EGFR). FF#fTAAE
KK+ (hepatoma—derived growth factor, HDGF) F1H:
ftt 5 E BRI B S P RIA K 3% B, o
SASIR RN SRAR I REAR RO 5 S P SRIA 1 T35
Ml XML T Hed i 22 A5 T AR 22 RE 0 N [0
Zamuolnile

R A B B E T, BB
R Mitamura 55 "0 K ILEH R E R LT A 2558
g, RERT (W0IL-6. IL-8FITNF). I A0
FRI#EF (W IFN-y. CXCL9. CXCLI0.
CXCLI1. 2BIR iR IL-4. 1L-5) #ik L, WM
PR M B0 78 A PRI R 1 S e e B PE 155, 4
Rl XBIEA . (A SRR IR A G 2 A1 2 B BRI iE
TR 2 R e ™ 2R i B A R 7 XU A DR Y
RIE, HEEBEHRET BRER. X— KR
TL R IR AL AL ] A B2 5 AT BE 2 e AR M i I B Y 45
R, BHE R A RS [ AR R R G T RN |
R FEHNE]

EFa R R S BUER N EE S, "L =0
Z—HEFEAESEERG (acute kidney injury,
AKI) ') Alexander 25 ') 5% Bl 3 jed s 28 S 4% 15 I A9
SR RE, AT B, FEAZUHE
BHE A T R KL 1 BB T ik, 2
ISR 2 IR G S B AKT R BR 25 42 A 5% AKT 22 []
AR

OIS RS FEREZ B el i B G, FRE
WROAIRG . OILE. Atk P, BT
33 805 44 | HY 150 TLAf 72 B 28 e 1k (|1 o3 3R
FEZHER R EERIHmENOME R %2
2 100 Wiscovitch-Russo % 1 #fi8, #ie/RE A A
AFEHRT, i SEH SR R B RS R AT

FEARR MM E F M (major adverse cardiac events,
MACE) . B FHE&ALRBEEHAEEH (mixed
lineage kinase domain-like, MLKL) &R Fe MR T,
A REXT T I3 BH 7™ B e o B TRk e B 1R Co AR 5 [ REE A
MK MACE BARKE o
3.2 BREVGSYRBXBERNHAEILGT
F RS

Wt 2 AL s BE o i Rl (VF 2 00 (5
Bo —MrE WHIN F R LR ZHMEAR, DIRGERER
RFHE. B, AMTA]CHZHEYIAREY), AT
oI SNFIRT T TR o

ARSI TBERR R R R EAEEE L,
—REBLW. FifE. BNERFEEM. Chen s M
KIEEREE DNA  (circulating—free DNA, ¢fDNA) fg
g VRt & ™ B R AR ED . %
TR FERARE fDNA TR A s 1] < 1R A BH B AN [A]
HfES, BA TR G BERERE T,
Gomez—Carballa % 1121 o A [7] 7 LR[S 1 e o A 4
BB R RIARREE AT T 2 A, K CCL3
B Efel W B e B B DA s Y
EFREY, M TR ERENES —E & Lo
Krishnamoorthy 2 (3] ERAEYEREFEMNSRFEIE
%, RV 1 (arginase-1, ARG1) 27 PEEA
FEPIRR EPIA] [X 47 SARS-CoV—-2 FH SR 1 SR R IR 2R 45
i (acute respiratory illness, ARI) A3 fth 2 AU A4
ARIL, EHRbm e a S 0 7 B R TE Rl s sk
G HIRMIRE ZIEFAKF, RIFH SRS
RS, Clancy 55 1 @3 471 & I AR AfAT 5 41 4
e WA AL AR ¥ B A FEH (ransforming
growth factor beta induced protein, TGFBI)., £ H tweety
[EVEPI2 (protein tweety homolog 2, TTYH2) F1CD4 %
S0 RN RMERRL, X 3 D EYIF RSP R
HENETT A, TR T & . Lin%s ) ff A
HERSIMAMETT RNAI, RIS A AR
iz & #R 5 Ui B8 B§ L1 (ubiquitin carboxyl-terminal
hydrolase isozyme L1, UCHL1) FRiAHIN G ™ EIEIRE
Ko XA G AT EIRT #E R UF R TS 3
R EEREETE, BEIRKGTE .
33 RTiERS RN RRERIST

BRI LSRR o3 A vl DU R B S I O 73 AL
Al e 2R AR G BUAZ OB ], SHR 00 5 AT [ P
FERBMIARFEEEHIZHRE . AT BT el s 2 JEk ALK
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B G515 3 )R, Aschenbrenner 25 160 i 4R 354
IHEETE T 6 T BA AR I3 HHAE 8 e 6 75 0w
WAL . Zhang % 170 X} 48 44 3 et 5% =5 % G B & 10
PBMC ¥ s it 47 7 &M, e STiER.
SEAR AR 52 B e s 23l e FR 38 B IEAH OGO 2R R IA
B, 2 e R R PBMC B G2 R R ERHS
S HEF K PBMC BA @ KRR N . Mukherjee
G U8 SR AT R R A IR B AS49 I AN B R
fifi ¥ E e (bronchoalveolar lavage fluid ) F¥ %% 5% 21
s, SEMBHEFRBHESES &RERNA
KT FHEAEH

Karami % [ #4522 7 #7775 22 Ik 4 A DA L [R] 2
RIKMWES, HHIRRFEIRAIEH 4 (peptidoglycan
recognition protein 4, PGLYRP4) #{1 2% Il 21 2 1
(hephaestin-like 1, HEPHL1) J&32/3% b 5z 4o
Ji AS49 21 i 22 £ 5 el ik 2 IR A B 1R B TR KR ] . Hu
S PO P B T AR IR L SRIA 45 73 4T (weighted
correlation network analysis, WGCNA) 0—Z I 714
TR R R B A TR, RELT 5
B AR RO R E B . X BEEL R FA 45
ZBYH S RIE A L PIRERTR, R 53R AL(E
SEAESRER AT DA e Y B8 BA ALY B AR . BRI
HRIA WA AR R R R 2RI, (Hizk
SITESRINAKREREAR, DOEAS 4 R 2E
RfER.
34 RHFRWBRNAEERADHS FIRED
F3ES

£ GEO Bffa ey, #EATHRSRTS RNA 734 (B fE
WL RS B A P M AR AR AR i S RNA 73
M) BRI R R EBER A 191 JRSAS RNA
S ERE R, (B R 2 R GUR 5 %
BRI EER &, 25T % 2 R KRR
[ER AR . AN F X EEIT/T M, Panir
% 00 4 16 FT NOD A% 52 {4 2R 11 45 4 3 4 G
% H 3 (NOD-like receptor thermal protein domain
associated protein 3, NLRP3) ZfE /M BHW 2584 &
PEIRNL 5 B 18 Bk DA B BEA I R R L HL A I E T
Wi o Vishnubalaji % P2 & B, RO 7 975 25 Jak G
NHBE 4 it % £ AH O M AR AR 1 (metastasis
associated lung adenocarcinoma transeript 1, MALAT1) #1
EEFEEFAL (nuclear enriched abundant transcript
1, NEAT1) WFHHEIESAS RNA KRR o Tang

5 1) 3o b B R R I A A R R A
1fiL 45 85 SRAS U E4AD RNA FTmRNA HE1T T 555740453
M, &I miR-146-146a-5p. miR-21-5p fl miR-142-
3p B HT L BRI T IS . dEIS RNA S S
TR R R AN SN S, (HE DRI
TR FMEHIE, IS G R —25 & i H G 7 N

MH.
35 RFABREMNLASHSHRSBENTE
EEMAX

PR B SR A A — MR AR B o< B A
MRAI TR, AT T RGN A . Ak
MU TE K AMNE AL 455 PR B A BN 73
R, FrERE R SEARIETIRY, X2RER
T B RO AR o JE R A A — A SR A e
FNERIE EEBIAE AL, w] DASERE Sl s e e A o)
HOZM A, N o Bf e TR AR T B el i 23 AL A 7
AR

Liao 5% 4 BT A R AT R IR, T BT
TR RS R IS RE IR e S S e R A
fafiT A=) ELVEARPR . Zhang 55 ) Fi TR d R Z
PRHRIA(E ST T AR eSS AT Al A, &
M1 A B AN AT B R R R S Z TR SR A
Yo

Filbin % 200 4347 SR RNA M0 6, $2 e
M. b R AN ARAN T A A O AR LR T AT SK B 4 4R
R, RN AR S AR AT SR TSR0 B A f
RIFVER o Carlos 55 P K, HHamEBE s
Al RER IR B 73122 A e rp R A s e, ™
AR AOAEHT 15 S100A9 55 8 4> Hh o M D AR fIE BE R
H Ko Schimke % P LI, 7EERAE W H Z AOHTE I
ARG, AR AN AR T

Utrero—Rico % P ffF 58 1 7 ¥ L FF A o B9 2R
FRZAAAE, IESCOGPR AN ELA AR Y A2 A m] TR e
TR ERRE . Yang 5 PO 43470k B X FRALAT
Hed I BRI AL 8 OB B SR AR S AR AR e s 4L
NSRS e 7 2 I F5 H BT i A B R s AN SR T
HHMIRE , R HTR R R R BTk 25 A AR
ek, TEIRM, HeTH RN e 2 A &,
HEERRAME, FROgHHFT RSS2, |
iz BA —E R, BEEEHREN, FEE A
M AR FRAR LR AR R ) 73 A e AR A e, 1X T s 2
TR AWTE R, A EARRIER
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4 HERSERTEAVMNILREZSH

RERRAUER

YA R R ERNERE TH, NAREFRE
AT SR R &S R SEIesh . [E R sl
FEHEZEEFS (https://www.namri.cn) S&HREHEED
e 18 R [ 2R 5 2 2 SR A0 B W S8 Al i S 2 AR — 1
HEEREA. BEEENERESG. I TEA
SMNI BB R R AEAE S B o AR E SR

4.1

F2 FRVMHNHESHRSERAEER

P G A5 B A B L WA e ek
RAREEE, BB RERE e R s R A
5, HHEGEO B FE R R S 22 I RAE B A Za SR AL
'], SRR MR B S R AEEE
R EE RSN, Hrp I E R R 5 ARG
re BERREL, TR TR e i e SR AN R R
7 RN IS e i i T B R B TR AR B R O 1
U, BREBAYEIERI M ImEREFRGEER, BE
Fe R MBI TS, FERUETIEI=

Table 2 Infectious differences of SARS-CoV-2 in different species

EREM/ER BB RRFR 1R G:;fjij&
Y o #I8 - i = e -
Species ?reeds/ strains Infection F.{OUtes.; of Applications Advantages Disadvantages Number
in common use titer or dose infection of GEO
datasets
N hACE24EHE  1x10°TCID,, £ HBENEImR, mE HE 88 RS 21
Mice INER GIESEY R
INER K18-hACE2/NE  1x10°TCID,, £ HENFHAR, &E HEEE EHTEREY 9
Mice FZ5IFE
INER hACE2-KI AJE  4x10°PFU @& BEBRERKEN, HEEE E|33¢7q kit -
Mice LNER B EIEM
e’ EEER 8x10°TCID,, W& HENGIHR, g8 BE BEUR BREFNNESER 4
Hamsters MZ5IFE SR F7d50R, A3
e - 1x10° PFU e HENFIHR, Em RBTEEER QUANNREF 5
Ferrets FZ5IFE S A R RS
1z {EDIE S 1x10°TCID,, ZKRSERSR HENFIHAR, EE SAEXSERMN NEBR 25
Monkeys FZ5IFE
& RER 1x10° PFU SE.ERFE TNHEaNSERE SAXSERN MEEx 8
Monkeys BX S R
K58 - 1x10°TCID,, ERSERE IE R BN G R, SARERRS KBS BXHRRDS -
Minks HYMBEITEN, B0
EIREH T
X4 ) = 1x10’TCID,, O S8 . REE [YHKEMEETEEL FH SIKE REL4EEE=ME =

Tree shrews

LEE

A AMERBKX

SE:TCID,, 3B S AR PFU, SRR .

Note: TCIDg,, tissue culture infective dose 50% ; PFU, plaque forming unit.

42 HSHFEUER

SRR RGeS AT — E R LA s B IR GYIE
W, RIEFERFEDNZ RFESUREER. S5
FERR MBI E R G TR ER, WiER
SR IESER S B E T o AR F0RE A S SEa6 3 Y
RSO E R BRI T TR, A5 HER3. H
RSB hACE2 /N &R T, ASEE

eI E 5 ARBL IR, SHIEAL
fili. REEFRAZNEENE, BESRNTHN
i iE K AR BT 2o SRR B AT A 2 A
Ry SVEMFIREIBZAETE. SRS MR 555 A R
FERIRFIRIE R o FUE R A & SRR = A
Pifk, FHORP 2 RS, AT TR R N

s,
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&3 FRAVHNHERSERIEER

Table 3 Pathogenic differences of SARS-CoV-2 infection in different species

i RS R R wEmE sxxH
. Virus replication ]
Species site Pathological change Immune response References
A FTEEFIREMBE X, SEFREBESE FEEEXT SFIN ZH AR RBD 89 1gG HLik [32]
Human
/N (hACE2 (£ EH/INE) il B R R K FERSEBNERIERA 133]
Mice( hACE2 transgenic mice )
BR . ER.SE B8 X REEMERG% FRFN AR R, IFN-R.IL-4.IL-6 . TNF-a. [34]
Hamsters IL-12p40 B FIHL AR 2 [
Er ERSE M. FE EAXSERXR [35]
Ferrets _
K58 E YN N = R, MEFER, A5 [36]
Minks R, BRBRG )
LERTIE S S8 X858 @R BB AR D itk B4R IE AN 1371

Rhesus monkey

71 :RBD, ZAEE X ; IFN-R, RS IL-4, BABRNZE4;IL-6, BRI N X 6; TNF-o, BEEIATLE F-a; IL-12p40, BARFE N2 1L-12/P40,
Note: RBD, receptor-binding domain; IFN-R, interferon receptor; IL-4, interleukin-4; IL-6, interleukin-6; TNF-a, tumor necrosis -a; IL-12/

P40, Interleukin 12 P40.

4.3 FhERsRRILREREYIE

COVID-CED (https://covid.com—med.org.cn/#/) 12
—DET R B P el R 2 A S B AR O T
TRCEH SR ) L B BB 0 COVID=-CED X AR
[ 5 B 3 B 7 s . AniEfl. BRI,
REMESLBIIS A ISR EHE AT, FERAEYIF
Bk, IR, IESRIFRIAZESR . COVID-CED HATHX
F T 15D H GEO s FEHIHTE i s AR, 14
RAFIN R AR 4,

TEHR ES T, ARGRFEARER T % 22 RN 2L
WIEEAFIAR S Z MR ZE R . AR AT E
Y, PR A e ik F GiE R sh AL f (152
o SR, HUE R R R e SR A S D N A T PR R
FEIHITE. BT EBRERFEMEN, B
T EHER B ST HRAGRN, BSIRh . B REARSE LURH:
SHSHTRNE S WA B EHRALRIE
AUEER I EE R, FEHURR 7T A A B IR R A2 T
Zld)o Ak, AMTATLLIZE A e 4 734 ok B 4 1 Hiz ot
FHE IR R AR LR E A R
5 B4%

B RAR N A SR E—E ik, FEE
FEREZARZRAL . B e e s o i v Rl P A s
Mo ANt BEEHFARARBIIE R, RAZE R,
RLFHEEAN 2N AN, EERFEFIEL -5

x4 BxERBESREDIEEAI COVID-CED HiEEIE
Table 4 Data collation of COVID-CED related to SARS-
CoV-2 infectious animal model

el nE e
Category Content Number
wih NS 2
Species
REWE B4 H USA-WATEL 2
Virus subtypes
AR/ R R R E fi .S & .88z, fibfE Calu3.A549. 9

A549_0eACE2. H1299 4 3 , £
BiffE Caco2 g, EE AEZ
S8 LEME

Tissue/ cell types

B8 52 4h.8h.12h.24h.36 h.72h.7d. 8
Time point 14d

RRRFIE 0 MOI. 0.2 MOI. 0.3 MOI. 2 MOlI. 5
Infection dose 5x10* PFU

HIRERS GSE147507,GSE148729 2

Dataset number

T USA-WAT, —f B IRIA T 1R MOl IS B E 3, PFU, B
o< ivs

Note: USA-WAT, an original strain of COVID-19 virus; MOI,
multiplicity of infection; PFU, plaque forming unit.

flfE T RERFF RO RS, S8 &R EdE tha]
MAE AR T T B sl SR gefs 5 2 Ath
HERRWE S, TEEG IR AR E RN R GTE.
KL, S H BRI e I ER, ERRR
TR R R SR SR 7 X R S rE
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AT T BRI e B A R A A
KB R B R e R AT T RS BTN R
R R A B EARIF LI E N T, B H L
REENEFRRAHMERG . RFFRESAR T
TR A, T T HIRRE S, [ 5IAH
IR TG AP B LB e Ao, $R e
HAEU R A BT E R E

RSO T3 T el 2 T LA ) e s S A
i, ATAT AR ERER. EREE. i
Feortfr. AIRIEE TS, RRSRAMPELI P
Dge. IRESFIHENER o fa SR A B e S 20 20 mT it
B SARS-CoV-2 5l HIBERRG , I TRAR
fepret L], R — RIS KSR
J7 AT S5 o

e B G B 52 B B BRI RO 4
Z—, MAREFBERSDITHHER 4T EE . B
NORTE R s R A LR, AT 2T AR I 4T
TR LN EIRTy KNG o HTE R R e R A Bs A
PR AR T EANANSRIE, JCHEAE IR
TR B R R R AT B A AR 75 T B R
{40 Ren 55 1) FeF B4 RNA 7 QA 146 54
MIE LR SR F, BE T AR I SNE Sl AL A7
CEARRIMIGARRE (FFh. MRl mEREE) A
Koo Meckiff 5 107 TR Fie G s 2 L IO 68 397 7 3 7 Ik
RHI R NIRRT, KRR B ™ B R A T
AT AHREIRE , ZLHEARSE B AR DA™=, X
BLE KRB HTE I i e FE iR 1A

[l e A B i NEABBIR AT, e S %
FE LI RR A 1 S, KL DL R
AP WG B OV E R, A OTE
AR R AT, AR TR TR i g
P B TR S5 AL TR st L BV RIF SR L, PR
TRERHK, RIS PR S A R H e SR A OV E R
RME. ASCEH T G #E A s B R e R H BE R
AL, WBIRRI, EMRER. 7 IRsIE=R
7 2 HERE AT R e BRI IR S, R %
HBIRI R E TR R R . EE NI
TR B I e i 2 8 ) L P 2 ] DA PR 1R 57 75 Th
—inke, BIRREASE IR E e s A B T A T
B, R aigie 5 HAtm R R A I TEERS,
XS Fe o e Y LU AR B 22 22 7 AT B R AHUHZ
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[fEE] HH WERENELEZFHALESE (perimenopausal syndrome, PS) mh¥EEGI& H EHITEE DT,
EERIERH S S ERMRMERNRRS, ARCEXDYERFNCEERGTIUEN TN EERHERSE,
BiEx RANBWHRAZE, L “ERZHSESE” F “perimenopausal syndrome” HAEHIEF, EREMNMN. 5
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FHESA R ETRIEH T & PSEIERFISHLR G, REXEPFMCHENLIRIIRE. BESE. LHFK.
PHMED . RANERSEXERS. BLARGERE—FHITIENLERE, A Excel2010 R PS sh i E B IR
B, RAPMNDEEEESEEFITMNIENR, T Excel 2010 IEFHITRITZ R IBIIDHT. HR  HFkH 2475
Xike HIEPSENMIRELE R SD KR (164)%, 65.86%) F1Wistar KE (353K, 14.06%). &7 % & % ZE WM
DREEERIE (1390%, 53.87%) FIBEMREMNIE (43)%, 16.80%). BFEENABRERN7ER ~18BF<E, Ho
PL3BEKE (22)R, 21.78%) REM. XFHRNER, XSREBIMSEWL. BEREMERE. ARESSE. —
IBERMER. TAFUMRURARELEQRRNTESIBRHITEGITEN. REENETRINFIEEEAAET
Migtr, AEEBPEREHERRA A EHENBEEE (125)%, 85.04%), FLREMRI LR N sHIEEEE
AL AN EARREHIE I ; RNEEHs B SN AT MmSE —ES SR ERERATIERMRIN (5
R, 3.04%). FEIFRFNERBPAETFNIEFEEENHEHTEEIFN, TREBIEERZMERHREUL
—RRERMBARTPEIER (3R, 204%). &t BRICSENPSHYBRHEHIERE, EBEXARETNYMNE
R IMER. EERININE. PEIEEIFNEFANGFERAZES.
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[ABSTRACT] Objective To comprehensively analyze the reported preparation methods for animal models
of perimenopausal syndrome (PS), to compare the advantages and disadvantages of various preparation
elements and detection indexes, so as to provide useful references for the optimization of the relevant
animal models as well as the standardization of their application in the efficacy evaluation of new drugs.
Methods In this paper, literature research methods were applied using "perimenopausal syndrome" as the
subject term. The publication period of the literature was limited to January 2016 to February 2023.
Relevant literature on the preparation of PS animal models was retrieved from databases such as China
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National Knowledge Infrastructure, Wanfang database, and PubMed. After screening the experimental
literature that met the inclusion and exclusion criteria, detailed information on experimental animal strains,
modeling methods, duration of drug administration, positive drugs, detection indexes and other relevant
information were collected. After the above information was standardized, the PS animal model database
was established using Excel 2010 software. The model preparation elements and evaluation indexes were
summarized systematically, and the statistical results were processed and analyzed using Excel 2010
software. Results A total of 247 articles were screened. SD rats (164 times, 65.86%) and Wistar rats (35
times, 14.06%) were often used to prepare PS animal models. Bilateral ovariectomy (139 times, 53.87%) and
natural aging (43 times, 16.80%) were chosen as modeling methods. The ages of rats used for modeling
ranged from 7 weeks to 18 months, with 3-month-old rats (22 times, 21.78%) being the most common. The
detection indexes were comprehensively evaluated from multiple perspectives, including serum
biochemistry, vaginal exfoliated cell smear, histomorphology, general observation, behavioral observation,
and organ tissue protein immunoblotting. Western medical evaluation indexes were commonly used to test
the successful preparation of models, with vaginal exfoliated cell smears being the most frequently used
method (125 times, 85.04%). A model was considered successfully prepared when estrous cycle disorder or
irregularity was observed. Some literature also determined modeling success by detecting a significant
decrease in serum estradiol levels (5 times, 3.04%). Traditional Chinese medicine (TCM) syndrome
evaluation often used a combination of Chinese and Western medical evaluation indexes for
comprehensive evaluation, with researchers determining the TCM syndrome through vaginal exfoliated cell
smears supplemented by general observation (3 times, 2.04%). Conclusion There are many methods for
preparing PS animal models, but there are still significant differences in the selection of animal species,
age, criteria for successful modeling, and TCM syndrome evaluation in the related literature.

[Key words] Perimenopausal syndrome; Animal model; Preparation method; Evaluation index
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Table 1 Distribution of animal usage of PS models

k) fERSURIR BoL/%

Animals Frequency/time Percentage/%
SDKE 164 65.86
Sprague-Dawley rats
Wistar AE 35 14.06
Wistar rats
ICR/NER 20 8.03
ICR mice
C57BL/6 MR, 9 3.62
C57BL/6 mice
KM /NER 7 2.81
KM mice
C57BL/6N /NS, 3 1.21
C57BL/6N mice
C57BL/6J /N 8 1.21
C57BL/6J mice
BALB/c /MR 2 0.80
BALB/c mice
ARG 2 0.80
Knockout mice
ddY /MRS 1 0.40
ddY mice
Fischer-344-CDF K& 1 0.40
Fischer-344-CDF rats
BRER 1 0.40
Rattus norvegicus
AR 1 0.40
Marmosets

232 BHABWHENYBIRIERE

R 27H, HAZMEREASURHESE W
WAV e WZIE R B A 30 3 8 STk T
Gith, S5RERBARIEAERERE LA 19F, WA
BMN10~18 HASE, fAAIRIL S0 NRNAE 6
A AR AL 119K R RO 1 I EHEHERR 5
2215k 4, MERAATHIRA B AR EZAE BB 2
12 B EA IR o
24 [AMXERZEY

¥ 247 BRVAGOSCIRE I TR B A B, BhSEEE R
FABEMEZG A AT B SCRR B 141 7, 51 59.84%;
A 28 f SCHRVE e 2 FRBHPEZGH . 2 f SRR A 3 FHBHE
ZY), SR USSR 173 1R, HAR (&
Z ML N R M B (541R, dEE31.21%) .
MW (17.34%, GHEE30WR) FIEFER S (141K,
8.09%) o FHMHXTHEZTYIE FISR S B 43 FLIE LR 56
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*F2 BREHERSAMMERSERZSH

Table 2 Distribution of modeling methods for perimenopausal syndrome animal models

IEEREE B GE SHE/IR Botb/%
Modeling factors Modelling method Frequency/time Percentage/%
IREESE XGPS PR A 139 54.30
Ovariectomy —T 2R, 55—k 80% 4 1.56
—UZ LR, 55—k 50% 2 0.78
—T ek, 5— R 20% 1 0.39
BAENK BARENE 43 16.80
Natural aging method
WIRUFYR EE 4 —EHHBERSHE(VCD) 1 4.30
Environmental chemicals

HZE&Y BIRHEIN ) 4 1.56
Chemical drugs IREER KO ER 2 0.78
BIRENBEZER 1 0.39
EARE% XM GR R PR AR S B REE 1 0.39
Compotnding Faotors RGP SRR AR B, 2 AT FRAAL 10 391
XA 5P SR B AN BX & EB R 8K 2 0.78
WGP EH R AR NS IEIRE 1 0.39
X GP EAEPEAREXS CO,RIBL 1 0.39
XGPS AR A NIRRT 1 0.39
5 VCDEX BB M RE X 2 0.78
RIEES BRAZUIEH M ATRIR 13 5.08
Disease-syndrome combination BRENKGEMERERHY 8 313
XU GR E A bR AR NN BRI R 25 5 1.95
XGPS PR ANEX 5 18 1 BT TN RY B 5 1.95

=3 NERRZBUEACKMEAMNMERONMFR T4 BREUZBRURRKMGASMNMERNNMAR

bk ki
Table 3 Distribution of animal age in ovariectomy- Table 4 Distribution of animal age in perimenopausal
induced perimenopausal syndrome animal model syndrome animal model established by natural
k) Fid RER BL/% aging methad
Animals Age Freq.uency/ Percentage/% ) Ak BE/R A%
time Animals Months of age Frequency/time Percentage/%
KE 6 B 5 4.95 RER 10~12 4 8.00
Rat 7B 4 3.96 Rat 1 2 4.00
6 -8R 3 237 1-12 5 10.00
8[Ei n 10.89 17 9 18.00
8 i 2 198 11-14 3 6.00
11? ’;;f: 2 ?:;‘ 13 6 12,00
12~14 8 6.00
12 @ 9 8.92
2 B 5 495 14 2 4.00
2~38 2 198 18=18 2 4.00
3B 29 2178 11-~15 2 4.00
3-48% 2 198 12~13 2 4.00
4B 5 4.95 13~16 2 4.00
6 A8 4 3.96 16 2 4.00
INER 7@ 2 9.53 N n 4 36.36
Mouse SEKS 7 33.33 Mouse 12 4 36.36
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*5 BESPSESMENMEEEZ MM BRSYERRY
bkl
Table 5 Frequency distribution of positive control drugs
used in the establishment of perimenopausal
syndrome animal model

USEDOREEE) TR Botb/%
Positive control drugs Freq‘uency/ Percentage/%
time
X BRI — B2 Estradiol valerate tablets 54 31.21
382 Estrogen 30 17.92
B % H Gengnianan tablet 14 8.09
E2h % Tibolone 12 6.93
£ A1 Conjugated equine estrogen 7 4.05
CIEIEE Diethylstilbestrol 6 3.47
H=EH, Kunbao pill 6 3.47
¥4 75 Teaching materials 5 2.88
XS 2 #HE Soybean isoflavones 5 2.88
AY3H Yougui Pill 4 2.31
JE/RUEES Nilestriol 3 1.73
2= Kuntai Capsule 3 1.73
FIEY Remifemin 3 1.73
BRI — B2 Estradiol benzoate 2 1.16
17 -2 JRIE — B2 17a-Ethinyl oestradiol 2 1.16
FpIAREER Genistein 2 1.16
7NBRbE R, Liuwei Dihuang Pills 2 1.16
b #5¥ Diazepam 2 1.16
&0 ORI Jingxin oral liquid 1 0.58
T =M EIREY Red clover dry extracts 1 0.58
&% & 75 Raloxifen 1 0.58
JEASOIRK Milkvetch root oral liquids 1 0.58
%5 7 /83% Zishen yangyin decoction 1 0.58
&% Z Commercially available honey 1 0.58
YSEAEATEL Chaihu Shugan Powder 1 0.58
AR Zougui Pill 1 0.58
BEFEREE Gengnianxin capsule 1 0.58
BE&EKH Gengnianle tablet 1 0.58

2.5 1EiNERR

e 247 SR PS SRR HE FR A T 28— M
Bk, MEEIE AR T EAE, M HHE
o [ — A I T A AN [EHE bR, ARSI I i/ FY) (2 3 A
R E (luteinizing hormone, LH). {EUPifA ol 2=
(follicle stimulating hormone, FSH) . 5-&F g (5-
hydroxytryptamine, 5-HT) &&, WHgh—% 0,
KGITE PRI TIIONVEE B S, REUIR >S5 RUASIFE bR
W6, EAmiEAiatr MR RS (19018, &
Ft19.09%) , HIRZHER S AR AR (1401K,
1 14.07%)

#*6 BESPGESMNMEREY ENRMENIERS 6
Table 6 Distribution of high frequency detection indexes
in perimenopausal syndrome animal models

SR B TR SR Bot/%

High frequency detection indexes Frequency/time Percentage/%

MEEIEIT 190 19.09
Serum biochemical indicators

PRIE RS AR 140 14.07
Shed cell of vaginal smears

fEERHSFE MR 92 9.24
Morphology observation of organs

—MRER (ARE K2 NI GERNSE) 84 8.44

General condition (weight, water

intake, appearance, activity, etc.)
TREMER 68 6.83
Behavioral observation
fEsS AN 56 5.62
Immunohistochemistry
fiE 25 £ 43 5= B R EN 54 5.42
Western blotting
LAY E & PCRAGIUAE X mRNA RIX 54 5.42
Real-time quantitative PCR of

mRNA expression
fEeTE 51 5.12
Organ wet weight
IESSHE 8 (RH) 50 5.02
Visceral index (factor)
AEERLAIR IR EN 42 4.22
Biochemicals of organ tissue

homogenates
EERKFALITRE 21 2.11
Tail skin and rectal temperature
CTHEBESITEFSY 12 1.20
Bone histomorphometric

parameters by CT scan
TUNEL &40 it 25 4R A T
TUNEL staining of organ cell

n 110

apoptosis
REIIGENEXEB D H 9 0.90
Immunofluorescence assay for

protein distribution
I BB bl 22 4 BEE B 3 3 7 0.70
Pentobarbital sodium sleep test
RBIEZF 6 0.60
Metabolomics
fpBEEF 5 0.50
Intestinal flora
X&NBEE 8 0.50
Bone density measured by X-Ray
Rz FAZEMGMAE X mRNA R 5 0.50
In situ hybridization of MRNA

expression
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2.6 EEARINEMIER
2.6.1 AEITFMIER

W B SCER A B, AN 147 i AP R i
FRASIN,  ECrf R R 73 SRR ET DAWRER B i B 7 A A I
K IR 5015 T B 25 L AN BN D9 PS 38 58K 2 A
(125%, K5EE85.04%), HBIME3.4% (51R) HIBFFOR
SR I V75 i — 1% (estradiol , Ez) TP T B HA ST R
( <20 ng/mL. <100 pg/mL) 1 k3] i 385 A5 A £ ) A
1, Wk,

X7 BRRHESTENYERERINNAETNIEFESH
Table 7 Distribution of evaluation indexes for
successful establishment of perimenopausal

syndrome animal models in Western medicine

AR IS SMEOR BO/%
Western medicine evaluation indexes Freq.uency/ Percentage
time /%
FRIE RS AR A 125 85.04
Shed cell of vaginal smears
FRIE R R 4RAE IR A + S —F2 5 340
Shed cell of vaginal smears and estradiol
11177 5 3.40
Serum estradiol
TRAZ—RBER 1 0.68
Behavioral and general condition
FRIERE IR A+ 1T AZF 5 3.40

Shed cell of vaginal smears and

behavioral obeservations
PRI R & 4R iR Fr +— AR IR 3 2.04
Shed cell of vaginal smears and

general condition
VERELEENIERFS 1 0.68
Vaginal electrical resistance method

EEBRARFIALI )RR 1 0.68
Tail skin and anal temperature
PRE R = AR -+ LR 1 0.68

Shed cell of vaginal smears and anal

temperature

26.2 HEIFMNIETR

LA SRR IRIESS SRR R 5D, (N
DR I AR R TP G E R B R AL, AL
BT PR ARK B8 PN SR E D B R T RRAEE 7
s I S SR R A SRR L BURE MR EE . 1H
. RGBSR & P E B B R AR BERE 1, ik
BRGNS bR AR B AR A R B N PGk B

FIKEIE PS AL, 539N AT TGS & R I 0%
SR FFAIE PS ST iP5, 2RI
B—C]jj [9]0
27 PSBE SIS MBS AR WIS
b

9T TSR A 5 PS A
BRAEARKATT, EHBH (07 RE (BIUR) ) Hips
0 1 B I FRATURA IR 0, ELBeA 7 T P
% 5% PS SDUNAE £ SRR AT I
JT SR, MRS,
3 itie
31 ERENMIEE

Gt SRAIAARIAT R E R A 5T
AT B & IR E R R, A
FISTRRT A T ), B B
IR A, AR, R
WRGE R A BAH A SR FT SD A EUR Wistar A R
GEDIRL, TR SEAEA RIS D X A
MR 00, IEIZ A TR AR R,
TERFMEHDCRRAY 1,
32 MEEHEEE

PSSR TIEER S | S T e
SIHTRIL. ST ELHER AT B 2 ke
7. TEBLEERR F A& BT B & s
FRIELE B0, KE A FISTIIER T AR, 1
R F AR, AR A K e
SRR IR0, L LR
RN 2 S RAMIN, BRI, 2
FLRL PSBULER A Y —. IEVORMER, SUAL
TR S BRI R R PS (M KA L
Fost 119, SRR RIS, X R
B SERRR, HOR A BT 58 BB I BT 1 B
TS5 FZE TR SRR I AR P RO S
SN ITIE REFERI I R, A
SRR T B A2 (st ), PRBAB 43
HIGTH R TIIRE 1) sE A ik 1,
BRI 12 HI A 1 B s s, 4
BT IR T R OB R o S 34
1A W KA 5 T BT LA A 2
B, BRI, TGRSR A A
PRI FIRUR B, S A I
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#8 ERZPEFSRE SRR RGBS MG N SRR

Table 8 Comparison of disease characteristics and detection indexes between perimenopausal syndrome patients and

model animals

5% PSEE PSER Y]
Categories PS patients PS animals
llm PR=IL B A MBS ST % KREBEHSERNERFREE SR
Clinical SERZREGRE ERES, WER SOERFMAKRE, BOERLETENR, WHREE GHHRTESE, T

IR RIRSER

manifestation

R M ER & : S50 M BB & R S& 4R IR
Pathological S GLEXHAR

observations

S UNRERETEAREER, &9

B AG AR R B A Sk F B

P ERLD

B HEIEEXKESE , R EARERZE (luteinizing hormone, LH) 2P 8% 2= (follicle stimulating hormone, FSH) A&,
S RNIBRRARS BMMEER HERR . RERFEIER, NEEE

YWIRRBIZ Bz (dopamine, DA) . BHE /N 2=-2(interleukin-2, IL-2) K E &
1%, (B 4 AR R B R (gonadotropin-releasing hormone, GnRH ) F+ &

DEXRRAXEGRERNB/NRBELREEVERL,; CTRERNBESIT

ISR
It — 2 (estradiol , E,) .5-¥2 & §% (5-hydroxytryptamine, 5-HT) (%
Biochemical S REDREBEMEMRZRKTE, BILH.
indexes FSHHS E, K, #2/FFSH > 40 U/L,
HE,<10~20 pg/mLIZ7RIPEINRERIB
EBRERE E:CTE X AT AN B/N\RHE, BBE TR
Imaging S ABONESCTHEXERELNE L3815
examination BETENS/NRHRR 25

FEHER; BRESRINT EMERATIARMNIRGES

Bk TTE. A DB v RS S 4- K
IHHEER 2% (4—vinyleyclohexene diepoxide, VCD)
G N ELTRE P, el AR RN ZG P (2
IR Rk T PSIERL, (H ERPIMT IEXT 45257
BMGN EEE, Msi—ifcERAR, S8
R

fEdl &S G R, KA TRz 2R B
S PR PRI A I8 AN FTTRATRIAN B RS & 18
PERGEREE 7T 5 R s ISt ZEERTE
IR R Frd AR &, AU BN SR g Rl B A= E /Y
Bl b, SREUIMASNEBRIEEG 75 20 PS Ao e 52
Bl | p e AR el L SIS & VAR A SE 2R g i 2
FEARAGIAY (25200 g P DU A 75 VA LR S 4 (A
AR F AR R B ) — RS SR R, 1Y
INT EREERE, PRGBS R A MR T
IR, #ra SRS R R T R SE
RZIAIHIRES:, PSHEFHAREIEIR ] BG4 INER, 12
BRI G 5 B A IRIAERE . SEE AN,
EREE AR A BRI X R SR S R £ T 2 —,
FYMESRIUESS & 518 , AT Al R B AR
2B TE AT E AT RORR A 75 20 o R & Ry
RBRIESS &AL, AR ) s h il & Bh T DR IE
EHRN R ELRTT PS HIERLH . (BEARRSRSE
HHRIL, RZ BTN Hh [ E A A A A A e 1 S
RE B EMIFE, SRZIERIFT. MEEHHIN, 8%

BitgEsE AR BUE SRR 73 R AT 7T IR A PS Sh1 A
HEEIERL,
3.3 ENYIFEICIEIE

IR 3R 4 FIAN,  RERITSCHRIZE PR 3 H IR AR
B 8 Ji i /1N B AR XM BRER DI BR AR B SEBR X G e 5
FRHNE R Z R AR EUNREE ARG, P BT
FERES, PN IIhREE A 5EE Y, mlEsE
KB AR PR R = FEO NEAE N
WMEATRE TR, K5Ik Ps ™. BARZMEN
Ve 11~ 12 BRI BRFERIT, ATz IR
R DN R GRS, SEAH
HERIVEERACE NREEARRAREL,  HoR A T PSR
AU P o R [F4R R S P  IEE ER BUR AR
[, e A 1 I R T A i B e A T PR RS
R, BRI
3.4 [HMEIIERZGER

e AT PS AL Y B = 22 H YR B AR AT
LAV, B TE T AR B SH xS R 25 O e
o HIFRS AR H AT K HIBH 29 IRk %, MY
W& T P, B TR, Hep, 7
ZLUKRRIE N E, 2ImR PR RSN
2 Y, FEREE AN SR E R PS;
2N A s AR, e R B A S i it A TE
NG R 2 TR R AR S TS RE e
BENERIER, WA A TG OEAZEPS &
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#, BCRIE B,
3.5 MIEtRIEE

ARG R TR, PHIERTEMIR AR &
f= . AT B U BH I B YA AR MR B S s B 2 1
WML, v, BEEEMEMNEES. Wik, H
N7 235 F IR AR R N B A DI AR v . HIR
RIMFEMTENR, KNIMEEMAKER AL AT E R
ELY TP, A AR & A A ), &
HR I 1 I 2R K S AR A BT R D O 4B e BB R E
PS B¢ A G A ] B I B PS X & B R B AL
LIIREREE, PRILPS RS, It — 2D HIBIsLLe
HH WAL RS SRR A A e R S A E
FAZRUR DR AE SE A0 AR AT S PR 25 O B ARG B
S AR ERE —o BEET TR FBEREIREA.,
i 53 2 T AR5 R 53 7oK, N RE TG
AT TG T S B T 1% 2R 1 B mRINA R IA 2 Rk R 55
S gt PS M B st 2R R A A kAR
HF BB E RIS MR ASRIR AT PS AL
HIFATT SRl o0,

B, BT PSInAEREER, PS EEE A UG
MZFER S FREAMEIR S 2, HORIESEIE H A
[ e B AR EAGI 7575, WIEERT PS HY BB FBRBR A Ao
Nk X 2. CTIGEEMESE 4, HBEHE
PEAR I W 5 DA T Z PN T2 & - . AR50
W 00— R VR A A [ o th AT e DR iR AR e 2 1)
HEAd R — SR ER M, HEARE R g
FERT, SRS R 3% A AT RAL AR FE AR . i Af T
LIS M TR R T2 A I 1 BT PS A m AL
WIARBAH, IRARMERE R OME . ME. NS
NRGE, W7 E A AR B — e AR A 25 SR 9 H]
WSROI ARIE . R B RADIE A Z fa bRtk TR,
Hofig A, AERE7 R —REENEE 3D
B BRI T T o
3.6 RBEEMGEIEE

TR BT 8 A2 fa SR 7R 2R PR AT B A B 4%
o TEBRIEN T, 2B 505 it BH I 7% 4
WA HIESNE A, RECY & SRR SLLe sh i 2l
5 A ELECR N, ROl sl 1,
SR ] R SE G EHRE IR R FEE— & M, (HE AT
FORHT R BHIE IR S AR B2 PRI PS Shis i i 5
HOR v, B STRIR S W, FHLe& Mt
VF, AR MEEEE AR B ETR, B

3

J Bt PS BB S RE A AR AL AR AR ES SR B 7R
HERSCHERBR TS, HH SR IE S S AL AN 5 D4
2 B 5EE O B B o BRI A SR IR T SR I
FAR A BRI T PP IESESI AT AR
3.7 PSBESHWRE MK HBIFMEMENER
(1A

PS JE SRR R AR R AN 445 T HY
ZAE, (HPS BEHEZINTRER RN, MEIRIFE
BAZ MRS, MishEFR AR E, 5854 SEhr
TG EE R, TWRIERER A — i AP,
SRS RE TR E R, LA R TP oA P 25 Y
BT ROER, WG s RIe Xt i I A & Rh R DR =
SRR E ZBIMHE STy, DU 68 B i
W H ESEAR IR Lo AEAERINTH, PS BE
BRI B MR ACE AR (T PEAE 1Y, EES S
SRR W s s PR Al i 45 & S Al
TEbroRPFTR T o R ARG TN 2 A vo el A A X R
BEEEA, Ak ARRBIIG SR, BN T8 7 MEE
SHYISERR MIFERR AR B 7SR AR AR BRI T B A —
EH, HERHFALZESHRE. RESEHRARE
PABARSE RN BOAE OB I T 0 ), s & A
¥ BEER D FRAFRME A, AT RS %
FERZREIFE, A B TRAST PS B L],
Mt B HiE SR 24 o

4 BESRE

Z¢ b, R PSR s EEAIEA R T
Qg AR ) PS shisiAl £ % SD K Rk
frigi; ERTTIRNIE e NS bR FARIEM E A
St Hrp IR F ARERER 0 3 ~ 4 ARE
B8 A I/, T B AREAENIH A 11 ~ 12 AR
HIRS /NBR ERATEZG e I, v BE R AR IE %,
RIENRE R IR S % LASDE &
LB AR, B I E R fE A 2 BRIE I 7
AR MiEEMAER. IESSARNPEFENE,

EHRAE AR AR TR, XF PSSR AL &
ERFFER AR —2EE . (1) ERFRBELT
B SCRR R ER 73 SRR A 1 R A IR 0 8 25 L
TR ESERR i, EXT3hE ARG R E S iR
e (2) (XA DEOCERE ST B, AT RERE
TIPFERR, (HE T PSARIREYE e, HIUEERAT
WEE SIB R 175 %5 mAAES &R
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(3) HEIZERFREENYIFEREE L FERRZE
5, HTAEREREIR NS 2P HI U LU
TR RBUZAE , SR RO P 6 I 1 6k
frRlEtt; (4) BEOSORIEREFRIRA 59.84% KIS
BRI K SRR IXT HREEL, 22 R0 58 5 (R L TE RS
A, BAANZAYA, sOHESYITR, X —
TERERE EFRR T SEIe s R R SE vt , BUNAE S EESEE0
rh O RN BH R X B DUOIE B 2 3 25 D O 34
(5) A ERIESS & shPIA A BIE BLAH 78 1M R 52
&, HiEAUHWr = s 0iiahs, 45 N R EZ A
IR IESS AR TT, DAk KT B AR T
FIERLE]E o
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Statistical Analysis of the Leakage Situation in the Automated
Watering System for Mice in Tsinghua University Laboratory
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[ABSTRACT] Objective To calculate the leakage rate of the automated watering system in Tsinghua
University Laboratory Animal Resources Center, to evaluate the safety of the system, and provide
references for selection, maintenance, and management of automated watering systems in animal
facilities. Methods This study investigated the automated watering system installed in South and North
Barriers of Tsinghua University Laboratory Animal Resources Center (Phase Il). Water leakage monitoring
was conducted over two periods, one over a period of 3 years and the other over 1.5 years. The occurrence
of water leakage events at the two barriers during the monitoring period was statistically analyzed,
classifying the causes into four categories: mishandling by personnel, animal behavior, obstruction by
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foreign objects, and deformation of fittings. The total daily leakage rate due to these causes and the daily
leakage rate caused by quality issues, i.e. obstruction by foreign objects and deformation of fittings were
calculated. Further analysis and discussion focused on the causes of water leakage and its impact on the
facilities. At the same time, the number of caretakers at the end of the monitoring period in the Phase |
facility without automated watering system and the Phase Il facility with automated watering system were
counted. Finally the difference in the number of cages per capita under the two watering systems was
calculated. Results A total of 52 water leakage incidents occurred in both areas during the monitoring
period, with a total daily leakage rate of 0.000 13%. Among them, 31 were caused by personnel mishandling,
accounting for approximately 60% of total leakages. Enhanced training, supervision, inspection, and
effective reminder measures could reduce leakage caused by personnel mishandling. There were 2 cases of
water leakages caused by animal behavior, 0 leakage due to obstruction by foreign objects, and 19 leakages
due to system quality issues, with a daily leakage rate of 0.000 07%. According to the operation data of
Tsinghua University Laboratory Animal Resources Center, the average number of cages managed per
person in facilities equipped with the automated watering system was 908, compared to 570 cages in
facilities without the automated watering system. This represents an approximate 59% increase in the
number of cages managed per person with the adoption of the automated watering system. Conclusion
The daily leakage rate of the automated watering system in the Tsinghua University Laboratory Animal
Resources Center is significantly lower than the theoretical design rate of 0.003%, which demonstrates the
system's safety and effectiveness. Additionally, the adoption of an automated watering system can signifi
cantly enhance caretaking efficiency. While initial investments in the system are required, the subsequent
increase in efficiency leads to a continuous decrease in labor costs, thereby reducing the total operational
expenses of the facility. In the context of modernizing animal facility construction, automated watering
systems are becoming an essential consideration in facility design and operation.

[Key words] Laboratory animal; Animal facility; Automated watering system; Leaking rate; Mice
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Figure 1 Schematic diagram of the connection of the automated watering system
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Table 1 Statistics on the leakage of drinking water valves in the south and north barriers of Tsinghua University

Laboratory Animal Resources Center from 2020 to 2022

RKEIRIKEE 2020 2021 2022
Causes for Drinking =X =X IR =X IR
Water Valve leakage . . . . .
South barrier South barrier North barrier South barrier North barrier
1) N RIRIRME 14 9 2 5 1
Personnel mistake
2)5 T A 1 1 0 0 0
Animal behavior
3)RYIEZE 0 0 0 0 0
Obstruction
4) Bl 5 2 0 12 0
Deformation
ait 20 12 2 17 1
Total

E AR 2020 FRBARBEMIRKE SR,

Note: Automated watering system was not activated in North Barrier in 2020.

2.2 m.AtXREIEIRNE2020—2022 F£HiREKE

ZiitEE . ABIX 2020—2022 48 W T HA P Y H SER 56
g, REHRKRITEAL, HHEH AR
Gt R R BRI EEH . 4538 1VIRAKROKIREL
=g, HEHRNHNGERERERRE (RKE
1 ~4) ERRKEZEREBRKEIUREEE
KIEF3FI4) iEaRAKEERN HIRAKE, HHEASR
[ A7 DI H 7K #08 0.000 13%, iR
[R5 A% 9 H IR /K228 0.000 07%,  H5m(k T &k it 3
2% A(H 0.003%, F. dbX H ik KZR &R
K2,
23 — ZHIREHABRREBUESR

A8 35 ot M A oK A — B et 7R A A 7R
BB T B HE RN S e AE R 80

PIOKIEAT R R ARSI R FZR BN 45RE
L —HIRE A RO T 417 %8 M FH R 13 A A
B AL £L 570 96 ; B FE 7 &0 32 695 %6,
W7 ARt 36 A AR T8 A1 40908 JE . 45 R 42
A~ AT KRR R A R — B0 R T
H 3l R 7K 2 Gt 19 — B it o 1 7% 53 A8 S SR e 4K
AT 59%

3 Jie

AR RGH IR GER, BEERFELGsHYIhZ
68 it B T B 3Rk s &% o i IR 3E B H SR 7K
) 0.000 07%, #& 1 fii, [EFE(EF Edstrom H 3R K

Z % 19 3% [H 3 Wi JL 5 E Bt (Boston Children’s
Hospital) FIZEE S MRC FiES T sh#1i%0E (The MRC
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F2 BEXFIRHYOE. I X FEIRNE2020—2022 £ HRARITHE

Table 2 Calculation of the daily leakage rate in south and north barriers of Tsinghua University Laboratory Animal

Resources Center from 2020 to 2022

2020 2021 2022

it B BE K BR xR
Time South South North South North Average daily
. . . . . leakage rate
barrier barrier barrier barrier  barrier
B9 24670 24 575 6200 25382 6678 -
Average number of cages per day
FEEILE 9004550 8969875 1131500 9264430 2437470 -
Total number of cages per year
DEETOKBE(ERKEET ~4) 20 12 2 17 1 -
Total number of faulty drinking water valves (including causes 1-4)
SHIRKE/%(ERKEET~4) 0.000 2 0.00013 0.00002 0.00018 0.00004 0.00013
Total daily leakage rate /% (including causes 1-4)
[RE B BUSpL R MR IR B = (S RKRERE 3.4) 5 2 0 12 0 -
Number of malfunctioning drinking water valves due to quality
issue (including causes 3, 4)
BIRKE/% (& RKERE 3.4) 0.00006  0.00002 0 0.00013 0 0.000 07

Daily leakage rate/% (including causes 3, 4)

Ares Building in Cambridge) fEMN&MREHE 2 &EH
XA HIRAZRMET 0.001%, EEZR/R LTI
(Salk Institution for Biological Studies) HJIX —E{EH N
0.000 168%, IXLEEIEIIGIE T HEWOKR G2
MEFIE R

[EI i T BEOK R G B 72 B
B i s AR SR KRR 7 s X ) — BT e v
FR RN T ENEBEEH T 59% , B BB IROK R ZEHY
i FH AT R R BB 1) 77 TAERCR . BRI A E BHIRK &
GIFRRARME AR, 78 F L AR S TAERERHY
ST ANE T B3, Mo PRI R A B T R

31 RKIERE S
311 ARIREE

31N RIREES BRGNS, G282 H
FRGHERERN. EHIOKESERTRES, &
HHTEAASES, BEaR, HEOKBRIRER
EAEMEE R b, HE R SR TR
IVCERG, KRS EREERNAERE, T
EZIENLI H SRR IR & AERA, WK 2A ~C iR,
LiRAGAR —E &R, ShAIRER%, WE 2D fr
o XMURZKUIRARER 3 K &I, KRS TRE]
TAEMSIEE L, HEGEMETIERRAER

E: A, ERMRENERRE; BMC, BRNEERR; DEMNRKRERS.
Note:A, Cage in correct placement; B and C, Cage inserted backwards; D, Automated watering alarm system.

E2 BE2iERSBENIRKBRKRENINKIRER S

Figure 2 Leaking valve caused by cage being inserted backwards and automated watering alarm system
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N, A AP SR ™ B AR
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WA RAEIR N RRRE S 2R K EE . R
TN Bk, A H UK LA 2 —Fra R A gk
JTik, BRGEEMAARZEZLLARIERI, R
FERE AR R B A2

E: A, REMAELRUKIE; B, EAELATKIE,

Note: A, Automatic drinking water valves without deprivation

cap; B, Automatic drinking water valves with deprivation cap.

E 3 fERMRERELNENIRKE

Figure 3 Automatic drinking water valves with and
without deprivation cap
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El4 BahikKifbEE

Figure 4 Automated drinking water valve diaphragm
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Discussion on the Operation, Maintenance and Care Modes of
Laboratory Animals Facilities

HUANG Yue', DONG Ye? SHU Jiale'
(1. Lin Gang Laboratory, Shanghai 200031, China; 2. Shanghai Center for Brain Science and Brain-Inspired
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[ABSTRACT]
animal sector has entered a stage of rapid growth, and the construction of facility operation systems has

With the rapid development of the biopharmaceutical industry in China, the laboratory

become increasingly automated and intelligent. Compared to traditional laboratory animal facilities, new
facilities require a more specialized technical team for the maintenance of air supply and exhaust systems,
air conditioning, automated control, and the entire barrier system. The Lingang Laboratory’ s animal
facilities accommodate both large and small animals for feeding and experimental purposes. The facility
management team has summarized daily maintenance experiences and explored various operational and
maintenance modes based on the characteristics of laboratory operation. After analyzing the advantages
and disadvantages of three common modes, this paper provides new ideas for the management of these
laboratory animal facilities, and offers guidance for peers in choosing the most appropriate professional
maintenance mode.

[Key words] Laboratory animal facilities; Maintenance mode; Maintenance service
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Table 1 Comparison of advantages and disadvantages of three maintenance modes for laboratory animals
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Application and Comparison of Different Anesthetic Ventilation
Methods in Minimally Invasive Thoracic Surgery Training

LIU Yishu', ZHAO Shanmin?, CAIl Liping?

(1. Medical Simulation Center of the Third Affiliated Hospital of Naval Medical University, Shanghai 200438, China;
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[ABSTRACT] Objective To compare the effectiveness and safety of one-lung ventilation and small tidal
volume two-lung ventilation anesthesia methods in the training of minimally invasive thoracic surgery on
experimental pigs. Methods Forty experimental pigs undergoing robotic thoracic surgery were randomly
divided into two groups: two-lung ventilation group (n=20) and one-lung ventilation group (n=20). The two-
lung ventilation group underwent single-lumen tracheal intubation, utilizing a small tidal volume with a fast
respiratory rate combined with carbon dioxide pneumothorax for anesthesia ventilation during the
operation. The one-lung ventilation group received one-lung ventilation using a double-lumen bronchial
catheter placed under fiberoptic bronchoscopic guidance. The anesthesia implementation indexes from
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0003-5485-5506
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the two groups were compared, including the values of vital signs such as operative heart rate (HR),
noninvasive mean blood pressure (MAP), end-tidal carbon dioxide (ETCO,), and oxygen saturation (Sp0O,), as
well as the assessment of surgical training performance. Results The intubation success rate for animals in
both groups was 100%, with no intraoperative deaths. The intubation completion time was significantly
shorter in the two-lung ventilation group compared to the one-lung ventilation group (P < 0.001).
Within each group, SpO, levels were significantly higher in the two-lung ventilation group at 30 minutes
after the start of thoracic surgery (T,) and at surgery completion (T;) compared to 60 minutes after the start
of surgery (T,) (P<0.05). ETCO,, HR, and MAP were significantly higher at T, and T, compared to T, (P<0.05).
In the one-lung ventilation group, SpO, levels were significantly higher at T, and T, compared to T, (P<0.05),
while ETCO, levels gradually increasing over time (P<0.05). In the between-group comparisons at the same
time points, SpO, levels of the two-lung ventilation group were significantly higher than those of the one-
lung ventilation group at all time points (T, T,, T;) (P<0.05). Conclusion Both one-lung ventilation and two-
lung ventilation anesthesia methods are effective and safe for use in surgical training, with controllable
effects on intraoperative animal vital signs and minimal impact on surgical operation training, meeting the
needs of robotic thoracic surgery training. One-lung ventilation provides a better experience during
pneumonectomy procedures, while small tidal volume two-lung ventilation is easier to implement and does
not require additional equipment purchase, making it a feasible supplemental anesthesia option for
thoracoscopic surgery on experimental pigs.

[Key words] Experimental pig; Anesthesia; Thoracoscopy surgery; Airway management; Surgical robot
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Table 1 Comparison of anesthesia implementation indexes between two groups of animals

(Xxs)
st W i@ S2H (n=20) BEESE (n=20)
Two-lung ventilation One-lung ventilation tE P&
Indexes
group group

YRR E/ kg 29.55+0.80 29.70+0.72 0.625 0.535
Animal body weight/kg
1&E A A /min 5.25+1.30 14.35£3.27 -11.557 <0.001
Intubation time/min
BEMINE/% 1000 1000

Intubation success rate/%

£ A-D, ATSWREIIEISmin (T,). 30min (T,) REREMH (T,) HOMEWAE (Sp0,). BSKEMH (ETCO,). LF (HR).
FEHMmE (MAP) BESER. TLVANEESSE (n=20), OLVARMESAH (n=20). 5T, " P<0.05; 5T1,lb%, *P<0.05 5TLVLEL

B &P<0.05.

Note: A-D, the numerical values of blood oxygen saturation (SpO,), end-expiratory carbon dioxide (ETCO,), heart rate (HR), and mean

blood pressure (MAP) at 15 minutes (T,), 30 minutes (T,) after the establishment of artificial pneumothorax, and completion of surgery

(T,). TLV represents the two-lung ventilation group (n=20), while OLV represents the one-lung ventilation group (n=20). Compared with T,
"P<0.05; Compared with T,, *P<0.05; Compared with the TLV group, *P<0.05.

E1 AR EBREERER

Figure 1 Comparison of vital signs indices between two groups of animals
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i A~C, FAIERNMEMERE OR). FARIIE (min) 0
HIE (mL) FELERR. TLVAWNMESA (n=20), OLVA
PRHBSA (n=20). SWMHBSAEMEL, "P>0.05,

Note: A-C, the number of robotic arm collisions (times), surgical
time (min), and blood loss (mL) during the surgical procedure. TLV
represents the two-lung ventilation group (n=20), while OLV
represents the one-lung ventilation group (n=20). "*P>0.05, vs TLV
group.

B2 WEAMMFAZIIEZZBE R

Figure 2 Comparison of surgical training assessment
between the two groups of animal surgeries
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Note: Figure A shows the view under thoracoscopy of the two-
lung ventilation group, with the white arrow indicating the lung
lobe under low tidal volume ventilation mode. Figure B shows the
view under thoracoscopy of the one-lung ventilation group, with
the white arrow indicating the collapsed lung lobe.

3 MANMMERERTFRUFLR
Figure 3 Comparison of the thoracoscopic surgical field
between the two groups of animals
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B4 FANBARINE ISP LR B RE RIS 5 E

Figure 4 Anesthesia strategies and methods for experimental pigs in specialized training for robotic thoracic surgery
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[ABSTRACT] Improving the reproducibility of biomedical research results is a major challenge.
Transparent and accurate reporting of the research process enables readers to evaluate the 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 that is applicable to any in vivo animal
research report. These guidelines aim to improve the standardization of experimental design,
implementation, and reporting, as well as enhance the reliability, repeatability, and clinical translation of
animal experimental results. The use of the 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 completeness of the fundamental research review process. At
present, the ARRIVE 2.0 guidelines have been widely adopted by international biomedical journals. This
article is based on the best practices following the ARRIVE 2.0 guidelines in international journals, and it
interprets, explains, and elaborates in Chinese the fifth part of the comprehensive version of the ARRIVE 2.0
guidelines published in PLoS Biology in 2020 (the original text can be found at https://arriveguidelines.org).
This section includes the items 6-11 of Recommended 11 section, covering "Animal Care and Monitoring",
"Interpretation/Scientific Implications", "Generalisability/Translation", "Protocol Registration", "Data
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Access" and "Declaration of Interests". Its aim is to promote a comprehensive understanding and use of

the ARRIVE 2.0 guidelines among domestic researchers, to enhance the standardization of experimental

animal research and reporting, and to promote high-quality development of experimental animal sciences

and comparative medicine research in China.

[Key words] Animal experiment; ARRIVE 2.0 guidelines; ARRIVE Recommended set; Pain management;

Animal care and monitoring
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