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Animal Models of Human Diseases

FRELK, FAEBE, s, Bt MLA 0, BRI KIS EREAN, TR T EI
e RGBSR, AR EE L TR, LiBTATE. £t EHEd EHERPREB UK
TIAFRSEN, 2EEFFEBRAS . BRFESHEMGELEHFELBREERFLA B
W EH KA B AR LN RIRP RGBS LR . Fe B IURAE . LR &k
TG IR A SR AT AL, EAFE RRAE WA IE 20 R, RERKHFHABES ZFR T
R EHFLMPFHEARAL-FLE, LREEGE T ERRAREAM (FEIMFE) (F ESFE
TaARAF LY (520 7 ESLERE) F & F 3008 RRWIGEE M, HfSClkF 2045, ML
Bl FEHFSARFAI2EEEZR. PEPEHF2AMKS SR EEE R . FE A EHH R
AR ENE G LR EERR. LT P EESEAFES IR T ESBE %,

BREE, BIEEEN, EAlE, SlEASIH, BIREKIAE AN REAN, A LG 4 & E K
TR, LT LARERE “HRAORNLEFEFHEGHITHFE BT & L5F K KIBX33
G, R FESC8; AERRAEAIIG. LR LR ST, RAEFMAN2I; kAR LET
CERFE” FEESAAFERIR. RiEETHEZ HEITRDT, EFHFSEHER AR EE TS
TH. R ERRERET. LT P ESREZFTIHITRE S TORE. EEHAT A FES
Wi I6 SURRE S PE B . SLARE B bR GO RE. B ) YRR o SRk A 5. BLIEAE BT R E S

ERPELMMSEEFRALALERR, PRPESELMEELFEEFE RS

JEN LI FLIR 58 K BB e v B v or
B EE, Duak, BB, BROE, PR, FRILR
(Ll 25 KSR 2 R, B 200032)

[(fHE] BH BEIENSEIEMEREERERS, BEI7IFEMILIAIEX (non-puerperal mastitis, NPM) K
RER, FNHIABBBRERLE, MARBERBNZTARIBHKIE. HiE  1EH SPFEK Wistar it XK
2R, W9 AWBEMEEA, LKNHHE, WRARESEOIREREMGNLE,;, BRAEEZ7dBHRETE
H1RHBEBRBRSE R TEIR100 mg/ke, EESEHMGSE10. 20, 30 Ko 3K A ELISAER N M5 #ILEKF.
F597dME, 5200 pLIEELEISD BRILHRES 200 L B2 HBRENHS HHEKIF, SEEFTEHERRAKX
REBPHTEARE. BREE7dE, BEREXKANEZSARTEFEKRRSES. 4. SWABHTRARE
RKRBBREEEVNRABINN28 M, TEABRET K/, FHFE3 7. 140 28K, BEHEREDTABRERES
F, REAZUFERN CDI3FRIX/KE, ELISAEFNEALRBRPBMENE (interleukin, IL) -6, IL-1B. A
JEIARTEEF (tumor necrosis factor, TNF) -aFlIIFESE—AKAEEE (inducible nitric oxide synthase, iINOS) &
2, UEETFMERBR. £R BEAXKRUNIBERESR HTFRECERERE, Mi2KBE T LILR
EHH. HERBER, RRBBEERIXARABARTEESER/NMHELHEL, HUAERMBENE,; F£7
KA WAREET K, SELEREHE, SRAKME. HEMAE (UTHEMR E) ZHEBE; F14XRETR
REALREBAR. MNOERAFHRSE, BRATDHERME; $28RARMMIBEE. FEALRIZED
SRR, AFMER. KREERHEINEE 0K, F20XEAZKEEHFAS (P<0.05, P<0.001); HEHKX
RERXBERE3. 7. 14, 28KHY, HBRALFIL-6FTNF-« ZBYENBAFHS (P<005); IL-IBEFBERX
RBEFHE3 7. URRNBAFS (P<0.01), F28KIFMTFIEEA (P>0.05); INOSERRBEESET

REESTHRA (P<0.001). &i€ MRINEEAENPMIRE, HIAEBMEEMR. BRI, REBEFRMARIL

[BEHH EREARZESEFIE M EEE MRS A MG E B2 RY S KT N —FHEBEN R AT EIAF " (82104854) ; Lif
HERERARETOSE _RBEHmHRERIRREES AR H =FTs01T & (2020—2022 F ) EXIR KA RIE “REEAFEUEEE

BB ER IR A BT IR R A9 Z PO IR S (SHDC2020CR2051B)
[E—1EE] BREE(1990—) &, B L BIEEET, ARG E: LRETERBR G R X EMTF. E-mail: kiluad18yyl@163.com

[EEEE] BRLX (1964—) 2 B, EEEN, EBHEFE, HRAE: ABEREMERBAIGKRR LR, E-mail: chhfluk2068@163.

com. ORCID:0000-0001-6311-0651
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RS BT KL ARBANRLERSE, 0% ERERERNL RS LM,
[%42i8] EMILEAZLARS ; Wistar KF; BIE; BRERE
[FREI$%S] $857.26; Q95-33 [XMKIFHMIA [XEtRS]1674-5817(2024)06-0587-10

Establishment and Evaluation of a Rat Model of Non-Puerperal Mastitis

YIN Yulian, MA Lina, TU Siyuan, CHEN Ling, YE Meina, CHEN Hongfeng
(Longhua Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Shanghai 200032, China)

Correspondence to: CHEN Hongfeng (ORCID:0000-0001-6311-0651), E-mail: chhfluk2068@163.com

[ABSTRACT] Objective This study aims to establish a non-puerperal mastitis (NPM) rat model by
simulating hyperprolactinemia and immune-inflammatory states, and to evaluate its local inflammatory
characteristics in the mammary gland, thereby laying the foundation for research on the diagnosis and
treatment of this clinically challenging disease. Methods Twelve SPF-grade Wistar female rats were evenly
divided into a control group and a model group. During the experiment, the control group received no
experimental treatment or medication. The model group received daily subcutaneous injections of 100 mg/
kg metoclopramide hydrochloride for 7 consecutive days. Serum prolactin (PRL) levels were measured
using ELISA on the 10th, 20th, and 30th days after the first injection. After 7 days of injections, 200 wL of
lactating SD rat milk was mixed with 200 pL of complete Freund's adjuvant to prepare an oil-in-water
emulsion, which was administered by multiple subcutaneous injections into the back of the Wistar rats for
the initial immunization. Seven days after the initial immunization, the emulsion was injected
subcutaneously into the third, fourth, and fifth mammary glands for the final immunization. After the final
immunization, the rats were observed for 28 days for changes in mammary gland appearance, and the size
of mammary nodules was calculated. On the 3rd, 7th, 14th, and 28th days, hematoxylin-eosin (HE) staining
was used to analyze mammary tissue morphology. Immunohistochemistry was employed to detect CD138
expression levels. ELISA was used to measure the levels of interleukin (IL)-6, IL-18, tumor necrosis factor
(TNF)-a, and inducible nitric oxide synthase (iNOS) in mammary tissue to comprehensively assess the
model. Results Rats in the model group exhibited mammary skin ulceration and foul odor at the ulcer sites.
Palpation and ultrasound revealed the formation of mammary nodules. HE staining showed that on the 3rd
day after the final immunization, normal ductal and lobular structures in the mammary glands disappeared,
with significant infiltration of plasma cells. On the 7th day, ductal dilation, epithelial necrosis and
detachment, and pronounced periductal plasma cell and lymphocyte (predominantly T-lymphocytes)
infiltration were observed. On the 14th day, there was a proliferation of fibrofatty tissue, small blood vessels,
and granulation tissue, with scattered plasma cells in the interstitium. By the 28th day, inflammatory cell
infiltration and fibrous tissue proliferation were reduced, with granuloma formation. Serum PRL levels in the
model group were significantly increased on the 10th day (P<0.05) and the 20th day (P<0.001). IL-6 and
TNF-a levels in mammary tissue were higher in the model group compared to the control group on the 3rd,
7th, 14th, and 28th days (P<0.05). IL-1B levels were higher on the 3rd, 7th, and 14th days compared with the
control group (P<0.01) but lower than the control group on the 28th day (P>0.05). iNOS levels were
significantly higher on the 7th day after the final immunization (P<0.001). Conclusion A successful NPM
model was established in rats, which exhibited typical pathological features such as local mammary
masses, abscesses, ulcers, ductal dilation and plasma cell infiltration. This model can serve as a foundation
for further research into the diagnosis and treatment of this clinically challenging disease.

[Key words] Non-puerperal mastitis; Wistar rats; Prolactin; Immune inflammation

AEMFLHAFLER % (non—puerperal mastitis, NPM) B/ NH-FUERKSE o SR, NPM AR EH L
MR AR AL AREIR I FLS RE, HWEE T, HRREREBRAET RMEES, f# NPM AN MR
KA T REFEIRSEY WE FEFEALRR . W RPREEEERZ— o HAl, NPM B EEEEH
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TENGRYIEE, RELSE NI IR ARl g2 2
MREMEERRZ— B, mEFLZE (prolactin) Ff
IR @R, AMFTANEARESE T RS
BEWNwpsEm, 2—MemnEnEs Y. REW
I, NPM B B B AR AL AN B, B A
ZRFFINTINPM ARG, 28 T =R
FETEWE B,

A B9 NPM SR RERBH A B R 5B 73 M1
PRESIUAT PG BLAFAE , R AE RS b Je I NPM. Y 25015
L, FINWAERRZR. YMEZ RERRME, X
BeR] s TR F AR E A AT RE MR . ARTRFUCR A =
HEEFLE RS T IR S B RVEA RS B S R m R
FERTTIE, Mg T —Mu B NPM S IF B EL
SR ERRE. TR ERARFAE K M 7L R G AN AL A
G % B EH 40 /& (interleukin, IL) -6, IL-1B.
iR PR BEIR 7 (tumor necrosis factor, TNF) —a. 5
B — S L A &0 (inducible nitric oxide synthase,
iNOS) S5 AR B ML RE SN G 28 i 75 H A S
PER 1), DLIGARAEERE B NPM SR, F2 s Ext A
FIRA AL AT AT St
1 BHE5EFE
11 SRz

FHTHARIR A 12 H SPF 2% Wistar KR [ #I0ENE
S TEA, RET (200£20) g] PAKATFITHUR
PREUAT 6 HUSPF ¢ SD KR (244, 8JEIRAL .,
PEAREE N 280 #1310 g, MEMEMAEER 200 ~250 g) I
Hifn g (dbs) MR ARERAF [SCXK ()
2019-0010]c H17FH A NPM A& JEHLHT AN, A
PREAAT W I = B TG R A H O e e [ Bl Jek e, AT,
AR FEAT F S R BN B R & R G T 77
WFRAE N R RS, MHXEEEN 40% ~70 %, =i
REFE23 ~26 °C, SLAFMEI AT B OKMHE R, AR
W7 SEge s R R . B 0E. M LAt
AU AREIRAR [SYXK () 2020-0001] HIsL
o e #tiT, SLU7T R VLI R TR ARG R
NEISER B YIG B ZE it (LL-202304140005)
WKRESEIGEY) < SR JE AT, FHEshiE 7 5 5edert
R LANE R R, SRR 2023 4 H30 HE
202349 H26 Ho
12 EEidHSNEE

s RN B 78 R SR AR

EREESEIE B _EE MR AR RS A IR AE
FBECTE M FIFNFE RN 2 27130 B 25 [ Sigma 2
"), HZE. oK ZEE95% ZEEE H PR AR A
BIRAH; BARERERALFES R GBI i
EHEVRAREGIRAH: FAGAREEILREEE
RHEEBRAH: AARERERE BRI 4R YR
FERAE: IRIRETREE _LgR T AR
B EIRATE; FRESECY 5% K-S BSAEE L
HHEHEPIRE G IR AT ; CD138 iR H 5 Abcam
~HE]; DAB R EFIEBVLA RN L AR R A
BRAE]: Edrm gt BRI B 2RI DR AR ARG IR
ANF REEFLZERNA ELISA K7 &M 5w YI+R
EYIRHERAT ;. K IL-6. IL-1B. TNF-a. iNOS
R ELISA 157 S50 BV LR S Sl FRAE] o

AL (BIE KD-TS3S1) T EH#T & &
BHEA ZR R B HRAE; GG (FS HistoCore
Arcadia) YJFHL (15 HistoCore BIOCUT) FIHE AL
(A2 Leica HI1210) W EE[E Leica AF] ; HHVERS,
KR (P45 HGZF-101-1) W H iRk E7 8
WAERAE: B8 (415 BX43) WH HZ Olympus
il 2B (85 WD-2012B) W EILETR
— PR ERAA NEERG RS (S
VINNO6 LAB) W H WKIGRHI M AIRAR: 2E3
HAEMB I (BL5 KT-6610 VET) 18 H R
Wl YIRHR A G IR A o
1.3 Ei/EIRE

B SDRERFEIE 2 L EREREGIGE (JE2%8, 8%
20 LA, IR EE R PIE TR FiE T I R
TN R IR 5 S B R R R 76 . HkaZeifiFLEA SD
B, WEEFLH SRR R E FRE 2 hEh, 7
UEFLARARE AR s B 7L o (E R b
i (RCHIETERE ) 3 mg/mL, 4 10 mL/kg A7 &8
FEEST) RIS, BERSEST 4 U4 E RiES A,
%2 mine EHURFREE 2. 3. 4 X FLL AR LIt
SeAEFLL A IR R B, FLLAb R AT W FL -
He, fE T A B S W FLH 558 2 T B TR IT
o BUHAYFLIF A SROMERRS (UV-B 0.03 pW/em?,
UB-A 0.026 pW/cm?, 5min) JEH—80 “CUKFEETES o
1.4 ERDEREBELSE

12 Wistar JifE 1% K FRE SEAG R #2281 {) e &5 0T
TGRS, B RETLECERRIE AN = X R A
BRI, B 6 H, BAIAURRE RS Ehi F AR
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iz (100 mgrkg) , #ELETd, BRI, EiEEHELL
RIMERS I EN 1 EAFHTE-RBZE, 5K
FIEIG T AT ARIR I . B IR SRFH 200 wl SD
REFLH, BE 200 wL 52296 FVEF 1 2 R e K L
Fl, 2SR PR EAERA KRR, RIREE: R
F1200 pLFLH, 1RE 200 WL ANTE 4k B A1l & i
AKFLA, 2 SR PG B KRR 3. 40 5
SFFLS o W HAZH K FRAE R S0 HA A AN 2 AT L6
MR ERIZG IR
1.5 EREHEEMBRIUE

FERIR LR HFFURESE 28 d WHEE 2 2H Wistar KR
M55 3. 4. SKTFLFIRAS . AR ARMEERIEE 1515 o
B K B R IE IS To A T Bk SR M FL5S R Es . 1)
FMRAE A EFLIRA TR, RGBSR TR,
F A AR RO RS TR
1.6 IEBEBEEEE

FERRBIZIFHE 3. 7 14, 28 KT ARG,
MELHRBAILE B BESEEERN: EE
1.5, EhATEME 46%, #i#% 23 MHz, %909 Hz, %
82 dB, MR (DG 46%, DR 108 dB), #fE
B HiAT K BRCR F F b SRR (3 SR 2%,
HEFFIRE N 1.0%) JEEE, FEdEsiniE (s fak
L RISIRIEARAR, WITF B NARLERARE) .
RAEFHE I R TP S &P IS AR B b o AR T 3R
ESER ARE AR BB, FRiC a7 o A IR G R A5
FrBo
1.7 HEREBHMRERHAKZEEZENILIRAR R
BT

FERRBIZIGHE 3. 7. 14K, B Wistar KR
RIS 3. 40 5XF (F8) P& DELR CRESES)
)5 528 REUKFREEANZEMIFLARRI AR AR AL, 18
A AR Pt T HE Yot SR LR R, FFoR
FA S A ARG I FLAR A 2 R A AR 5 CD 138
IR TE VL.

HE Yt BB IR . fd ] 4% 2 3R W BRVATRCRE B
() Wistar X FRFLERA L GATEE, EMAHEEHE, A
BEOIRTRA R T T 10 min, FARIKE AR
FE 2B E R A 3 min, ALK 2 min, HTRR
JeR gt 3 mine RAKMPEE, FAERIRSECY 1% EL
ik O BEW T, IRIETORIE, A3 min, Y
oK, BIE, 7EZAE IS,

TR A LA B B UM A Wistar
REFLIRALEE S, #HITVIR, B, BiE. Kik,

RN RZ M RETTHUREE . & 5% BSA iR 1]
G, s3AER CD138Hifk (TAEmMRELLAI N1 200)
HIT—PEE. 4 CHEE, MABIRS SRR
e =g (TIEEBREELEIN L 100) HE .
ZDAB L, AR L AR, B AKGE
&, HE, ERME NHITUE, CDI38HERIAL
RNEEE M, IS T B R R AR
RSP HFRIK R . SRPHMEREY (+++), BHE
Tk (++), FHMERE (+),
1.8 ELISAMNEIZERERBIER

EFLES =N FAHBETIHE 4 H Wistar KER
TEB R AR A S I 528 100 20, 30 KiEid EE#R ik
SRIMZED 1 mL, BFUEE T IMTE 47 B S 2 AR AAEE
TE 2 h, ZRELL1 000%g B30 20 min, HY Fi&WE
ELISA {7 el g FL R & &

G EARARRI . fERRGREGS 3. 7. 14K, Fi
A Wistar KFRIEHZIASE 3. 4. 5 e S B 1430
R CRREFEIY)) 55 28 REUK FREE 4 M FLARFE >
JEASHAR, RS S E FH ELISA I 2 a5 A 11—
6. IL-1B. TNF-af1iNOS & &, ERSZIGHEREIZ R
B A& BT, BRENE 450 nm G ZFLAY
R (Ayse,) H, BISEHIFRERLZ, & AR
TR
1.9 #RitZFoHh

Fi G SEAe IS AR 51 5 A SPSS 21.0 Bk - £ 4b B
53H47. FFF GraphPad Prism FRAER] s SEEGES TR DL vxs
TR, WA ZAESEMEILE SR M AR SIS
Hifede, P<0.05RREFAGIHFE L

2 #R

21 EERRXBIKRE

AL AR, (EFREE AR R I SE 58 50
FETHIIE . SEAR AR, 2 RS, POKAIHEIE
L IR MEEH TR E FREOE K. S 2
PREAE A, AV KRB R EAL, S MRS
R
22 EEYR
221 ARBEERM

FARIZH 5 AR IR 9% 5 28 3 R FLIR =80 B kT H
B (B1A), FFarfE o R filis v] oA RREL
PR EE T, Bl aE, SR RE M. RIR G
[GE6 3 RI, & Nl WELBRA SR E 2 MK F 45
T (E1B~C), FHEF2HRRE3Ix (M) FLIE
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LI TRIREEBNEE, TUEI1D ~E,
TEARR GG EE 28 d, 5 R C 5525
REAFUIRE TR AR, MR ES 48R EIMNE 1

REFH 28K, 2ARRERBAGITEENL (P<
0.05) . Hr AL A FLIRES T R/N (LR AR XA
mm?*FRIR) (EH 3 RIAENEE (I 1F),

F: ARBEARRSERNEIFIMNERT, INRINSKET, BEAMN, BHREERED WIS, BRMCHREAIFBFER,
HABERZAT KNABRSE (Hikfr); CERABBLARMET (SFLxR). DANBANERZIARELERI. ENREAREN
ARETEN. FAWNERA (n=6) FEEA (n=6) ERREREELME28IWIABRETANTHES, SHBALLE, d1-d8, TP<
0.001; d9~d14, "P<0.01; d15~d28, "P<0.05.

Note : A represents the appearance of the mammary gland in the model group after successful modeling, where multiple nodules are
observed, with local redness and swelling, and some ulcerations with purulent discharge. B and C represent the ultrasonography results of
the mammary gland in the model group, where B shows multiple dilated mammary ducts (indicated by arrows), and C displays inflammatory
nodules within the mammary tissue (indicated by arrows). D represents the normal mammary tissue appearance in the control group.
E represents the pathological mammary nodule manifestation in the model group. F represents the trend of changes in the size of mammary
nodules over 28 days of observation after the final immunization for both the control group (n=6) and model group (n=6). Compared with
the control group, d1-d8, ""P<0.001; d9-d14, “P<0.01; d15-d28, "P<0.05.

B MREMMEREXRIRBBRAMELKNER

Figure 1 Comparison of local mammary changes and nodule size in control and model groups of rats

222 EILRKFEWK

K FH ELISA (ARG R FRIMTE LR S &, 450K
AR R SRR IR F AR S R fE 56 100 20F1130°K
FEFLEACES S TAEA, HPE 10 R, FH20R0
WHERESHITFRE X [ (5242+3.36) ng/mL vs
(47.86+4.65) ng/ml., P<0.05; (50.87+1.85) ng/mL vs
(45.88+1.81) ng/mL, P<0.001]; %530 KP4 A%
SR FERE N [ (49.1321.84) ng/mL vs (47.84+
1.11) ng/mL, P=0.079], UL&2,
223 ZRFERTW

TRA LA ERMEE R TR, RIRFEBEESE 3.
7. 140 28K, AU KR A FLARZEH 23 1L-6 AT TNF-
a KL RE R TAIEA (P<0.05); 53, 7. 14K
B, BRI K RO FLAR A 2R IL-18 K T3 o T X
M (P<0.05), 2528 KAT2AEIL-1B/KFEERT
GittFE X (P>0.05); BEAIHLEMAE SATINOS
s BRI = X R, (EANAE S 7 RIS ER . &

BEZH (P<0.001), WF1,
224 IRALREBETH

RIREFEGHE 3. 7. 14, 28 R HE Ytz
MR Y CD138 K45 SR AN 3 FivR o RSB 7 Y
BIMEE, A RR S 3 RILIRALA EE S
B RUNHEERIES, wRE R AN (DR E)
B, AR R A BNME ;57 Re] W &%
ARRFLARZR S /N 451 , LR A REF e G
B R AN, AR ] Ik LA (AT bk EL 2
NE) RE; & 14 RKELF4ERE I H L SN Y
&, FHEERZFESE, EFRN ] &R A
528 RARMEANMIRIE . A BB R,
R AR EE . RS ARG . T AEAETE]
IFIEIS S, e EARER X IR KRR AVAERG . &
FIFLIRZAAR S/ NS5 E A EH .

KA CD138 I A A PG s R B R, &
AU R SRAEAR IR B IE G 56 3 RIS FLARET 4ERE I 441
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i ELISAJERUREAE (n=4) AREIFRBEFREIEREE10

K. B20XK. FI0XRMMBEILEKFE. SXBA (n=4) LLE,

"P<0.05, ""P<0.001,

Note: The prolactin levels were detected by ELISA method on the

10th, 20th, and 30th days after metoclopramide hydrochloride

injection in the control group (n=4). Compared with the control

group (n=4), "P<0.05, ""P<0.001.

B2 MBEASERAXBNELZSSHER

Figure 2 Comparison of prolactin levels in the two groups
measured by ELISA

SR IANN, CDI3SSRPHMESRIA (+++); 7 RIFFL
RS s A 2R B 28 oR T8 /NI 5 40 DL ER 73 TR A

CD138 HHEBHMERIK (44 ~+++) ;55 14 RIS ILFLARAE
PR K DB FLIR TS, DAVNSEY K, WEUES
s, CD138PHIEFRIE (++); 528 RETFLERLF4EAE
i R I AR AR AT BE SR A, CD138 §3FH R (+),
T B FE 7 AR N R B FLARAR b Bz 4 i
CDI38 KIAEFHME (+), 2HMGFHETELER. I
b, LK SR E AR IR SR 5 5 14 KT ia R AR E
WIZRIA D>, 5 HE Jefa s S —a,
3 ifie

NPM AN & — Fl E R Ge 1 ) 7L 55 2 RE PR 0%
RIRGEAMER, RN BFEILFTR, a7+
T, BIMEENPM BVATT EEFARMME N E, H
REEDER. BTEBREGH T AAIELRFEAR, EE
BEERNMEILYIRR 7 MEIRIT RAlEE NP
MIGPRAER,, (EAGEEIER, KN AR
RRL, EAERIGARTRERE . B3 NPM B EZ A
FTEIRARIT BN EBS 7 — @ BoR, EfEE A
W5 B A S H ke, R, g AE. R
NPM SRR AR 7R E A AL PEAETRTT B
HESEEEN Y, BELMEEEIFE TSR,
BlnZergiEss O B N AR INH-PEFUIR R AR A ST 2R

1 WBREASKBEAXBRERXEER 4 1TMED AR IL-6.IL-18. TNF-o F1 iINOS K FLLE
Table1 Comparison of IL-6, IL-18, TNF- «, and iNOS levels between the control group and the model group at four

observation time points after the final immunization

(x*s, n=6)
H,j@ﬁé Al IL-6 p/(pg-mL™) IL-1B p/(pg:mL7) TNF-a p/(pg:mL™) iNOS c/(wmol-L™)
Time point Group
%3X XJBRLH 65.10215.51 34.41£1.97 235.39+23.00 8.74:0.87
Day 3 Control group
TR 91.42+5.64™" 71.45+25.20" 332.05+16.48™" 9.04:0.85
Model group
EWES XJBR4H 43.18+16.58 34.56+2.18 324.54+7.83 9.53+1.87
Day 7 Control group
REIZH 68.92+17.70" 52.44+1.85™ 364.07+27.15" 13.95+0.92"
Model group
F14K XJHR4H 59.00£6.71 23.56+4.10 258.08+34.30 9.13+1.67
Day 14 Control group
[ RisheE| 71.14+4.95™ 43.71+10.05" 348.70+36.87" 11.131.63
Model group
$28K XJBRZH 51.15£7.70 44.66+2.64 256.21+£39.02 11.33+0.84
Day 28 Control group
AR 84.76+18.18™ 40.92+3.41 303.89+33.40 12.20£0.55
Model group

E: 5xBALE, 'P<0.05, "P<0.01, "P<0.001

Note: Compared with the control group, "P<0.05, “P<0.01, ""P<0.001.
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B3 RRBEARN BT RN BESKEAXRIRERHERER CDI138RRALUFRELER(=400)
Figure 3 HE and CD138 staining results of mammary tissue in the control group and the model group at different time

points after the final immunization (x400)

e B IR R B A T B A2~ Ay SD R,
FENL T AN FLIR R OR RS AL RS 10 R
FIFRAMMEIEF IR R F RN Z HR GRS, G
A BALB/c/NRFUBR, B FENIRAIMEMEFLAR R /N
AL, (HR RS IR AT RE S A/ N IR N 5 /2 4
EHEF RN, b, T MEER, BHARZHR
SIIRARNHY/IN R AT BETC VA B RS S ] HAH R R ek
R PRRI, BAFFNREAEBA R N 17
LR, SENFRZHELE/NRIRANATRETE LTS 215
NSRRI B SR B A U X SR AR R
MR SEVE ISR T — BN TR, JOERfATIG IR
g aR it B NTY & SE bR SLda sh PR AL S s B SEfR
B
BfFER, NPMEE P EFLRFHE = A s
B, XAl gER NPM KA. KRIHKRERZ
— el R RN REATEE, ARG
Lk BB thr i S iR B R R T RE G

SRR ARSI M AR
KV E NN 2 FEFLIRSE TIPSR 5
HARZ —. SENTRDRHERE 25
HOfEA IR e e R, S BOREIRAINEIRIE
MmsERAER R E SRR, AR SRR F A
MG SRR T PR e XU -8B FONUVAIRES, HAE
ANEERR T BT B EFLR T TIE, AL
IR RAY LR S AT 8L 2 2T 30 do B4,
I RS B K I (BRI ERIR G 22
BB R FBREMEIE, WERFNPM
Ao IR RIEF S HURES & P A BOR L 2 B R A
G, WRRIERRL, Wkl " mig Ay
ARG AR A] 3l S R R A R 5 IR 5 [k S e R I il i > Y
ERRE

AR FAEFLIR R ES PR, AR 2 AT 2R R
FUBRGS 5. BRAR. B35 2 Rk, BAF AR
t NPM BB TESERRm PR 2 IEORRERER . ARAEH . 1%
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TREE M, ER R 2 BRFENEZER
(5>2ik [16] KD, FRAEE fEE0 A H I
PR 73 A £ 35 S5k EEE NPM FORRSE . B 4N, KBRS 1
e i CD138 KA AR A E R . E AL TR A A A
FE R BB AR R, HPHMERIE N SRR, AR
FARELIT A CDI38 AR IR AN, Bith g AR BRI A
KEBIEAFMET S A 5 RAZHATEER, il
TERRGEIZGEE 3. 7. 14 RETFLARZAZIH CD138 [HTE
FIRMGHN, X RRAA AIFLARAR bRz 400 CD138 PH
HE Y45 R G R, BRI AR EI H IR SET 5K,
S LIRS R B IR ATV LA A S R
FEAN LI I A AL PRI o X SEERIESE, AR
BEME S I A NPM (OSBRI AR, HAh, HZIHE
JutafE LR, BRI TE4E CRIRGEE 28 d) AT
HERFRONHRIREREL, AR ARG R E T
FIRTES 1,

Hil, NPM#ARE T 7 M
MUMERS . NPM A REAME. RS R A
DN CIEE Y vEZ uiE ok =R PSR = e ArSE S EE
5. s ER, HA -6, IL-1B. iNOSFHITNF-
o FB R R RIE RN P EEFREY, AR
BESCER A L R IR A T TR, TL-6 FEH R
WRZHRG. BZHAL. TAHMIETEL AR, Higss
YRR IR 2, T TL-1B VR — o
e RMLEA T, S 5LMME S RRMERERNATZ
FhamiIESn, I HE— B 2 hee AR A 7, L
T A KBB4, BN, 1L-18 25 T 1L-6 41
TNF-o BT 2, 7R 4NAERG R4 R B E i
ZXREE, AIXKE. RIEMBE S0~ EE
Rl 28, INF-a 2529 K0E, [F 2Rl s
RRELAERE Tz —. BEEZMH7TINN, TNF-oa @R
FERIR RN E S B EBRIA A 7, A5 R L%
HIVEFAAE P2, iNOSTER—MEBEENESS T, £
ZFAEYEERE (RHEEERERE) HEEER.
TEREE BRI E . R SR R BT, INOS Kk
FESreA ), BEMRERE TR, DR T
FEIfGPR NPM B35 FR{FAERIA LIRS P, R,
ENTRMEA PN NPMASERGSUR G 73 7 AR SR . ARBFAR
Hf, B PR AR (R S ] SN X S G FR AR R TR
KB R A FLIRA LA 1L-6. 1L-18. TNF-«
FIINOS ACES AT A H A, SRR AR IR St
ERSE TR, SEMYEESTANEA, X5kKE

HFRFRIEEREN—

RIAFREERL TR, B E N RIR BB E
14~28 do NPM R —RFLEEMER LR, ZTilmK
WF9REE Rt 7 iRy BT . filhn, Frakomss 2
DA PRYLSE 1 H NS [E] 5 f BUBS TR 7 AN B
AR, EEEE D WK T /Ay tl51RE
e MR B S A I R 57.72 d; RO B8
R T MRS PRI TR 20 do H BRI
Ha g, Him AR E L N71~14d,
PL21 d8k28 d MR A S, Hith, ZAREF57RFPELE
NPM A UL R E IR B R, X A R TR
BRI E LS T S

gi b, AREFFREN T —MERE B G LR
NPM A GRS R 751, A BT A28 NPM &7 i
I FIRRERIL, wifhde. BRAH. s, 5 AMIE
PREZFR G R BV, BemizisiBln] BT NPM AS[F 4
HAPA BEFNEEAEE 29 B0 9E . ARTFSEE S 7 NPM 3l
YA R E A G B, DR ABRSE NPM AR EEATL
FIFOTR IR G RURTT 2B E T Eefile ARIFINE S
oM ee M g NS EE ST (01L-6.
IL-1B. TNF-aF1iNOS) 5 NPM & 55 & 3 A9 AH L
BB, I AR R IR 5 28 d N
BATRERNTE], XA TRMES%,
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[ABSTRACT] Objective To establish a rat model of moderate-to-severe knee osteoarthritis, laying the
foundation for studying the pathogenesis of moderate-to-severe knee osteoarthritis and its prevention and
treatment methods. Methods Thirty male SD rats were randomly divided into three groups: a sham
surgery group, an 8-week model group, and a 20-week model group, with 10 rats in each group. Rats in the
8-week and 20-week model groups underwent surgery to cut the anterior and posterior cruciate ligaments
and medial collateral ligament of the right knee joint, and remove the medial and lateral menisci. After
surgery, the rats were allowed to move freely. The rats in the sham surgery group had only skin incisions to
expose the joint without any surgical treatment. At 8 and 20 weeks post-surgery, Micro-CT scans were
performed to analyze the femoral osteoporosis in the rats. After euthanizing the rats, gross observations of

[BE£WA] IW)II8#EtmE R B S KR ETEAZ " (2021JDRCO061)

[E—1EE] AR (1986—), &, BLHARERE, BIFARR, HRH A B R EST[MIGRBIB M IEIFM. E-mail: xiaorong.sun@bio-ht.cn.
ORCID: 0000-0002-1470-854X

[EEEE] bR 3B(1984—) & BEHARERE, SRR, HRS D : B RESTEMIGREIBHIEFMN. E-mail: yue.chen@bio-ht.cn.
ORCID: 0000-0002-7051-2365

=



598

LIRS LR E S Laboratory Animal and Comparative Medicine

the knee joints were made, and the cartilage of the joint surface was scored using the Pelletier scoring
system. The knee joints were collected for hematoxylin and eosin (HE) staining and safranin O-fast green
staining to observe changes in cartilage morphology. The modified Mankin's scoring system was used to
assess the tissue pathology of the joint surface. Immunohistochemical staining was used to detect the
expression of type Il collagen and matrix metalloproteinase 13 (MMP13), reflecting the anabolic and
The knee joint cartilage in the 8-week and
20-week model groups was severely damaged, with Pelletier and modified Mankin's scores significantly

catabolic metabolism of the knee joint cartilage. Results

higher than those in the sham surgery group (both P<0.01). The Pelletier and modified Mankin's scores in
the 20-week model group were significantly higher than those in the 8-week model group (P<0.07).
Micro-CT observations revealed irregular joint surfaces, osteophyte formation, and signs of osteoporosis in
both the 8-week and 20-week model groups, with the 20-week model group showing more loose bodies
around the knee joints. Immunohistochemical staining showed increased expression of MMP13 and
decreased expression of type Il collagen in the knee joint tissues of the model groups, indicating that the
balance of anabolic and catabolic metabolism in the joint cartilage was disrupted. MMP13 increased while
type Il collagen decreased. Conclusion The surgical method of cutting the anterior and posterior cruciate
ligaments and medial collateral ligament and removing the medial and lateral menisci successfully creates
a moderate-to-severe knee osteoarthritis model in rats. Imaging examinations reveal osteophytes,
osteoporosis, and loose bodies in the knee joints, while pathological observations show a reduction or even
disappearance of joint cartilage, with a disruption in the balance of cartilage anabolic and catabolic

Dec. 2024, 44(6)

metabolism.

[Key words] Animal model; Knee osteoarthritis; Micro-CT; Histopathology; Rat
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Note: A, Micro-CT of knee joint in sham surgery group; B, Micro-CT of knee joint in 8-week model group; C, Micro-CT of knee joint in 20-
week model group. The sequence of images in each group, from left to right, is as follows: CT scan on sagittal plane, CT scan on coronal

plane, X-ray transmission image, and 3D reconstruction image. Red arrows show the osteophytes; White arrows show the joint loose

bodies.

Bl HAKXEERXTHI Micro-CT B&

Figure 1 Micro-CT images of knee joint in different groups of rats
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tb, "P<0.05,

Note: BMD, Bone mineral density; BV/TV, Bone volume fraction; Tb.Th, Trabecular thickness; Tb.Sp, Trabecular separation; Th.N,

Trabecular number. Compared with sham surgery group, “P<0.05; n=10.

B2 SHAKXRBKRS Micro-CTBREESZSHR

Figure 2 Micro-CT femur morphological analysis in different groups of rats

F: BAI0RAE; SBFARALE, "P<001; SEEZFHAL

®, #P<001.

Note: Compared with sham surgery group, ~P<0.01; Compared

with 8-week model group, **P<0.01; n=10.
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Figure 3 Pelletier score of the knee joint in different
groups of rats
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E: A, HERE® (x100); B, B O-EKRREE (x100); C~D, BEALRUFRE (x100)s MMP13, EREEEERHAE13; Collagen I, I

BRER.

Note: A, HE staining ( x100) ; B, Safranin O-Fast Green staining ( x100) ; C-D, Immunohistochemical staining ( x100). MMP13, matrix

metalloproteinase 13; Collagen Il, type Il collagen.
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Figure 4 Histopathological changes of the knee joint in different groups of rats
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Figure 5 Mankin’s score of the knee joint in different
groups of rats
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Animal Models of Human Diseases

M. Triacsin C#4EHr Y i MUR% HEJFE DN B0 V) E
31y oL
RUMEL E WY R L

(L 5B K5 FHR 4 7R B e o0 i 46 PR, i 200040; 2. A HK 52 FHJR o ul B2 e o 46 P A, b7 2000325 3. kil
HAEAIGRE AL E, B 200040)

[(HE] BN NBKHBIEHEASHE (acyl-CoA synthetase long-chain family member 1, ACSL1) #l#%
Triacsin CRREBIERBEZFNS MERM/ NS/ ONEREBEE, DELEEX 2B IRFEEZIEHALKRTC
e T . Hix B 20 R SPFRMEM C57BL/6J/INREN SN 24E: Contl (WA, BETIFITER-ITEREN
Zrhilk) FOTCHE (LI, ERRES TriacsinC)o EEFHF4AE, 2HNBHYAFEIERHNIESR, BLNARE
AN/ NRAEREME. UZEME>8 mmol/L & 2 h M¥E>15 mmol/L W AEERKID. Wl2ENEEOE
£k RHAIM 2 (left ventricular end-diastolic diameter, LVEDD). ZEOZEWFEKREIRZ (left ventricular end-
systolic diameter, LVESD). &F3kAKHI=EEFEEE (end-diastolic interventricular septal thickness, EDIVS). Z&
E ST M5 2 (left ventricular ejection fraction, LVEF) F17Z /0 =8 448 58 2 #0 (left ventricular short-axis
fractional shortening, FS) ZH0INEEIEIRIIE . HERBEWU/NEMEEGIEHELR (white adipose tissue,
WAT) REEIZEIEHAEZ (brown adipose tissue, BAT) ESHERIEW; RAEBRXRNEDITIECIEHAE
OMBEARIFEEHCDIFIFEIEHALIREER UCPIIE{,; KBEBREDTEE /NG OINASFACSLI
RIEWT. HR ConBMTCHNRTIEMES B (8.14£1.43) mmol/LFD] (8.18+0.85) mmol/L (P>0.05),
BE2hMERESBN (19.844.01) mmol/LF] (22.60£3.97) mmol/L (P<0.05), FBARARTDHAERB/NG
BEISIEEAIN. S5 ConHiALL, TCHINRBERMERZE, LVEDD. LVEFFIFS FEBE (P<0.05), WATK
BATERBAEE K (P<0.05), CD31. UCPIHIERIXEBE R (P<0.05), OAHALR ACSLIREBE D (P<
0.05). &€ Triacsin CEXESBREHEHMES MERM/NRONEBEREEZTITHN, REASEREES?
BRERFEEENBENIZEERARBEK. BERENROMERERR.

[Xia] ahiIEE; KEEIEMMEEEA SHALES; ZBIEHAR; COIEERE; N8
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Establishment of a New Hyperglycemic Obesity Cardiac Dysfunction
Mouse Model with Triacsin C

ZHAO Xiaona', WANG Peng?, YE Maoqing®, QU Xinkai'

(1. Department of Cardiology, Huadong Hospital, Fudan University, Shanghai 200040, China; 2. Department of
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Clinical Geriatric Medicine, Shanghai 200040, China)
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[ABSTRACT] Objective This study aims to establish a novel hyperglycemic obesity mouse model by
utilizing Triacsin C, an inhibitor of acyl-CoA synthetase long-chain family member 1 (ACSL1), combined with
a high-fat diet, to simulate the changes in adipose tissue and cardiac function observed in patients with
obesity-related type 2 diabetes. Methods Twenty adult SPF-grade male C57BL/6J mice were randomly
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divided into two groups: the Control group (injected intraperitoneally with citric acid-sodium citrate buffer,
Con group) and the TC group (injected intraperitoneally with Triacsin C, TC group). After four consecutive
weeks of intraperitoneal injections, both groups were fed high-fat diets. Body weight and glucose tolerance
of the mice were assessed every eight weeks. The models were considered successful if fasting blood
glucose exceeded 8 mmol/L or blood glucose was above 15 mmol/L two hours after glucose injection.
Cardiac function, including ventricular end-diastolic diameter (LVEDD), left ventricular end systolic
diameter (LVESD), end-diastolic interventricular septal thickness (EDIVS), left ventricular ejection fraction
(LVEF), and left ventricular short-axis fractional shortening (FS), was measured by echocardiography. HE
staining was used to detect the changes in epididymal white adipose tissue (WAT) and brown adipose
tissue (BAT). Immunofluorescence technology was used to analyze changes in CD31 and UCP1 in BAT.
ACSL1 expression in myocardial tissue was tested by Western blotting. Results The fasting blood glucose
levels were (8.14+1.43) mmol/L in the Con group and (8.18+0.85) mmol/L in the TC group (P>0.05), and the 2-
hour postprandial blood glucose levels were (19.8+4.01) mmol/L in the Con group and (22.60+3.97) mmol/L
in the TC group (P<0.05). This indicated that both groups of diabetic mouse models were successfully
established. Compared to the Con group, the TC group showed poor glucose tolerance; significant
decreases in LVEDD, LVEF and FS (P<0.05); significant increases in WAT and BAT areas (P<0.05); significant
decreases in CD31 and UCP1 expression (P<0.05); and a significant decrease in the expression of ACSL1 in
myocardial tissues (P<0.05). Conclusion Compared with the high-fat diet-induced type 2 diabetes model,
the new hyperglycemic obesity and cardiac dysfunction mouse model, created by the combination of
Triacsin C and a high-fat diet, is feasible and allows for easier observation of brown adipose tissue
whitening, insulin resistance and cardiac dysfunction.

[Key words] Animal model; Acyl-CoA synthetase long-chain family member 1; Brown adipose tissue;

Cardiac dysfunction; Mice
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R A BE YRR ACSL1 THASIROR A9 AE R AE S e PR
JREE ISR, R 5EH] A Triacsin C B G =
B R SR 37— 1T Y o IO A /N RO, T8 e
EABRFASFLLINRER AL, BRI ACSL1 AR Kot
TIRERISZN

1 MH5REE
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111 SEIREND
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SFRARERBUSEH, FBCAENERRE, A5
AT B LK, FLPKES ] 115 min,  HLIKES RS A
350 mA [EifR TGN (120 min), FA 5% 2R IIE H
B H =R E P 30 min, AIAFLACSLI —HT (111000
WiRE) T4 ClEER. M EH GAPDH NN
Z, TEERMEHIR ST (11 5000FF) 2h, &
HiR7RES IR E L A Y nWallli SA R AR TA
126 #itERE

5% HH Graph Pad Prism 8.0 KA1 7451341 £d
IR R (xxs) R, WARIZERICBSRA 18
%o P<0.05RREFFZIHFE Lo

2 FR

2.1 Triacsin CEXS S IEIX R KRINIRE S MHE
RERE/NERARE

INRERENETEST Triacsin CJ&, 3 HI45 T =R E
MeFE, TE0JE. 8JE. 16 AN, MIE/NRIAE K fEhs
M5, Z5RAENFiR: mIEMRTE8E. 16 A TCH
/NEEIREERA AR TR IR (P<0.05); mifiEmEss 8 JEIRT,

2H/NERERI eSS SRR 16 BN, 24/
ZREMBREZF AL [53509 (8.14£1.43) mmol/L
1 (8.18+0.85) mmol/L., P>0.05], ifi TC £H/INER A4
fG 2 h MR AT m AR (735108 (22.60+3.97)
mmol/LA] (19.844.01) mmol/L., P<0.05),

BN, 2H/NREE R R EBUIR 8 Jl a
INGRIREE [BEAESCIGIER IR, AERnfeft 25% #Aa,
INRAREE R (28.3442.27) o) MMiANAFSE R Con 2H/NER,
hE R (45.82+6.01) g, TCH/NFEMALEHN (39.60+
2.56) gl BEAMEIEEN 20% (P<0.05), FFEAERE/INGH]
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2.2 SIM¥EREE/NERC I ACSL1 RIEKFFEE

/NSRS Triacsin CHF 2 S AEIRE 16 A G
KN ILZRZR R ACSLY ik 9281k, & I BRED S
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FfiRo

iE: ConAXJHRLA; TCHLIGEER] Triacsin CIRIZTSIH. A, ConHMTCAHAESIEIRE0. 8. 16 BINAERWL (n=6); B~C, DS
fgtk&8E (B). 16/ (C) A ConBITCHAMBEHEMEZ (n=6). SIRLAELL, "P<0.05, “P<0.01,
Note: Con is the control group; TC is the experimental group, i.e., the Triacsin C intraperitoneal injection group. A, Changes in body weight

of the Con and TC groups at 0, 8, and 16 weeks of high-fat diet (n=6) ; B-C, Changes in the glucose tolerance of the Con and TC groups at 8

weeks (B) and 16 weeks (C) of high-fat diet, respectively (n=6). Compared to the control group, P<0.05, " P<0.01.

B1 BlERaRATIEARERBEREMERL

Figure 1 Changes in mouse weight and glucose tolerance after high-fat diet
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TIETRS GO, BEFRAI, NFH Triacsin CHAEEH]
e MR AL E /N B O P RE B A b, A iRy 2 40
BN RAREEH CD31 FMIFR A AR bR EE H UCPI
RIS HRH B E D (P<0.05, El4),

fReals
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E: Con AXSERLE; TCHLIuLARD Triacsin CERRIFSEH. A, L

AL ACSL1 BHRENFE R ; B, OAHBRACSLI ERRENTE

9 (n=6). SXI@ARLL, "P<0.05,

Note: Con is the control group; TC is the experimental group, i.e.

the Triacsin C intraperitoneal injection group. A, Western blotting

image of ACSL1 in cardiac tissue; B, Quantitative analysis of

ACSL1 in cardiac tissue (n=6). Compared to the control group,

"P<0.05.

B2 FREAMNRCHELR B ACSLI RIERNTHK

Figure 2 Changes in ACSL1 expression in cardiac tissues
of the different group of mice

3 i
ARBFFRA Triacsin CBAE = ARIR & & IMAEAT

NI RERGB IR, 5 A& 5T STZ IR fe 15 i 18 ik

iE: Con A¥tBBLE; TC AHSLIGLEE) Triacsin CRERSIE5Y4E. A~B, BIEXE16EE

C, miEB16AE, MREBEKRARBEIERAR
9N @16%%, NREBIREIERESR (BAT) @

Note : Con is the control group; TC is the experimental group,

x1 FHNMRLCBENESR
Table 1 Indexes of cardiac function in each group of mice
measured by echocardiography

(x+s, n=6)
2¥ XJER4H g
Parameters Con group TC group
LVEDD/mm 3.59£0.12 3.06+0.36*
LVESD/mm 2.25:0.26 2.47+0.71
EDIVS/mm 0.93+0.15 1.02:0.14
LVEF/% 70.87+8.71 54.79+10.27*
FS/% 42.71+2.89 34.26+5.96*
E/A 1.32+0.20 1.62+0.36

i LVEDD AEDESFKKRBAE, LVESD AEDEWEREA

&2, EDIVS REFsk REAZEEREE, LVEFAEAZOESFMDE, FSH
EOERMBESHM, EARELEFKBERIEEREESEOBEK

RERIG(ERE ARILL{E. S5 ConBBLL, "P<0.05,

Note: LVEDD, left ventricular end-diastolic diameter; LVESD, left

diameter;  EDIVS,

interventricular septal thickness; LVEF, left ventricular ejection

ventricular  end-systolic end-diastolic
fraction; FS, left ventricular short-axis fractional shortening; E/A,
ratio of left ventricular early diastolic peak velocity E to left atrial
peak systolic velocity A. Compared with the control group, "P<

0.05.

, NRMTERBREBER (WAT) HERE (n=6, x100);

(WAT) E#R; D~E, NEEMBIZEIEHELR (BAT) HERE (n=6, x100); F, S8
Do LLHIR 9200 upms 5 ConfB#ELL, "P<0.05.
i.e. the Triacsin C intraperitoneal injection group. A-B, HE staining of

epididymal white adipose tissue (WAT) after 16 weeks of high-fat diet (n=6, x100) ; C, Area of epididymal WAT of mice after 16 weeks of
high-fat diet; D-E, HE staining of BAT after 16 weeks of high-fat diet (n=6, x100) ; F, Area of BAT after 16 weeks of high-fat diet. Scale bar is

200 pm. Compared to the control group, "P<0.05.
3 BERB16AESENRIEHARRELTK

Figure 3 Pathological changes in adipose tissues in each group of mice after 16 weeks of high-fat diet
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i Con AXJHRAE; TC HXLWAER] Triacsin CEEIREHH. A, IREIEHARITETERUCPT (&, n=6, x200), MERRARITEER
CD31 (4®, n=6, x200), MEZAEE, AHRHFI100pm; B, CD31F1UCPI XIKERLLRH . 5 ConHiALL, "P<0.05.

Note: Con is the control group; TC is the experimental group, i.e., the Triacsin C intraperitoneal injection group. A, Staining of brown
adipose tissue marker UCP1 (green, n=6, x200) , and vascular endothelial cell marker CD31 (red, n=6, x200) , with the cell nucleus
stained blue (Scale baris 100 um); B, Analysis of CD31and UCP1 marked area. Compared with the control group, “P<0.05.

B4 SHE/NBEIFEIERELF CD31.UCP1HIRIE

Figure 4 Expression of CD31and UCP1in brown adipose tissues of different groups of mice

ES AR iR IR B0 1 BB PR /N R BUAHEL , AR AL AT
B AL PR AR AE O 2 B8 PR O D REIOR £
MBI, WIVNRERI ARG AH R AR, DA
AR M E PR R LRI TSR AR 5 17

ACSLT 2T le iU BB 3+, EIEREFER
BEPRIE/INE (A0 oblob/INER) HILAARHR, HFGA RGN
VATIRE AT IR A K FET 7345 e Wang 55 U fifF 5042
N, ACSLIWReFRG , ZRRiE B 2B HINH], fEHL
IRRE R R RIE > . ARIFFH, TCHFIR%EE]
G, SXTRREMEL, DNEEERINTsFEE L, 72
71 Triacsin C AYTESTHMAE JGIH RN HIEEIEESE
G, TCH/NFRMAEMKT XA, XK Triacsin CA]
Mkl E R R A LR . T O ILE S RE RS
41, ACSL1FRIAWRA G, LRSS R A R
W, s oEMEH RGN, AR ET
Triacsin C B milE IR B RS HT AL O D BETRLIE /N BB
RUZVISCRIATHY, JFH TC /N LD A8 JkiR m] #E A
Triacsin CHIH] ACSL1 BYFE A H X,

TEP R B AEE R FHLA 2 —, fEfR
I BIE A, HiEs WAT, @i FAsNG4HZR. Fffs2Ag

R H R A TRE R E R . LEI R E &
FRINF, AN B =T, ek REih iR Al 2= 4L
Kol PR A & A S 5 WATANE, BAT EESH T
/INRIBIHEIX, E—FEE KRN EHFIMmLEN
k AN 2R —MAEITH Y . XMISIASR S
FEMRAFIIME , LR AT UCP G fE#E
Nl A L~ AE R B A2 R IR A, S BAT AT,
Rt =L RE, RARE, MEERS BRI, R
24, BAT A EE N 43 bl 55 2 WMER , Bl —LE 5
HAIE 72y MR PG RS INOS. TTERE &k EH
AGO1 %, AT MR gafnfTskIhae oY), MR
it R, TEMERERE MO R R N, AR
FENBAT Hafl, mIeeRHFMmEH 42D, BATHY
TEIRRERS, M2 BAT By R 2 HT S B LRI,
T 0 e B AR PUIE ARG 12, CD31 =2 WA I &
N AMIFRIC R, UCPLEBATHRCEE P2, il
FERT S BAT /D SR DIREFH, AIFRIIY UCP1 FRiKHY
N MRS M RRThRERERS, HIBATH &
b ), AEFFEIE HE Yol @ B &30, TC 4/
IEFIERE16EfGE, HAGERE B WAT BTH A
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Con ZHRHBHEK, HRTCAMSSINE, Fmat
Yt @ ST A BL, TCALBAT HCD31 F1UCPI YA
B Con HHA T/, #2/R TC 41 BAT & A4 F bk 3s
Rl Triacsin C RS 5 & N7 A0 = IR A B /DN B
BRIREA S ELINE, IR ST AR BAT ME R AR,
M SEBAT H e, XpE—P 8 ACSL1 XA
BHEENFTER.

25 LFTAR, Triacsin CEEG RARIK & —Mrg
fen AR AR /N B D DN BE TR AR 2 T SE R T o AN
FRIRF T AN AR F D RE AL, X EEAR
AT BEA Triacsin CHIHI AL ACSL FK DL A B T
HAME R =R EH AR, ARER NS
A BRI AL E A 78 52 8T A IS AR B8 S i 77 [ o
T L IARR, AR Triacsin C R BLAI & SE5G:
H, HRERSERENESRE/NZBXEA
MR, TEEERIFEH RS I Triacsin C BYAN[H]
HIEH M AMSETS, PLH PR H Triacsin C I [FI RS
Rt BAT H &R 53
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31 Duchenne BIIE 77 A~ RS IR B 82 2
P53l STtk e

PR, MUK, BRICHE, MR

[l BB TARERZRBEMERF R LA AZRKRBAEMBEZERET LLBE, B 650500; 2. FiBF XX
RECRINE S e, I 518172]

[#ZE] DuchenneBHEFATRSE (Duchenne muscular dystrophy, DMD) 2—#=ERI X EHFSEEEER,
HOMDERRZESE, RRELNEEMHNEFRIREEZ— DVMDERREHNNWAREREFRANERZ
—, WBBRINEHFEN (dystrophin). BRIBAHIKDMDERSRTXBSREH, AIFEIIEFHMRE. EE5. A
T, URNFEBIEASELE, IDMDRATHRTEAMEK. BaiELRADMDIAE, HEEARTFERIUE
WEEANE, BELEERAMALERRNER. EFK, BELEVRANES, ZREYMIERET K DMDIETT
MRMBLETIL . REFTHEIEEBIEERBERNRTNERRKENNZHEEQNERIL, NMENRINEEDK
EEMPIEN. ElRREIIMEEARMIBGRART, XEEFHEEERNE—ENTH, HDMDEETK
THNFHE. AXEEERDMDFENGIREEFMNEM L, FMANET DMDAF TGN RFARHE, 5318
£FOMDZERAY (BREEFHEFRRTENRNEZTHREMNZERRRKEET) UREREFHZE (8
BRERERTEMERRET L) XEATHENFLINBAX A DMD EFRHETHATIEE, LAHEME
EHERNETIRETERER. A, DMDEFNIREVEEITESHKE, KRARFTEH—SHUAEN
BITREE, BeRTNERMMMERY, BNRRTNETRE, LA DMD BE T REENE A FENET
VD

[%#i3] Duchenne REFRFRE; MIEHER; ZEBHY;, RIEEEH; EBEET;
4B FBRER

[FhE 5251 R-332; R966 [MHkinEIB1A [XEHS]1674-5817(2024)06-0613-13

Advances in Nucleic Acid Drugs and Gene Therapies based on Animal
Models of Duchenne Muscular Dystrophy

LIU Siyu’, LAl Yuezhao', GUO Wenting', CHEN Xuejin?

(1. State Key Laboratory of Primate Biomedical Research, Institute of Primate Translational Medicine, Kunming
University of Science and Technology, Kunming 650500, China; 2. School of Medicine, The Chinese University of
Hong Kong, Shenzhen 518172, China)
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[ABSTRACT] Duchenne muscular dystrophy (DMD) is a severe X-linked recessive genetic disorder
caused by mutations in the DMD gene, making it one of the most common forms of hereditary muscular
dystrophy. The DMD gene, which encodes dystrophin, is the largest known gene in the human genome.
Mutations in the DMD gene are highly diverse, including exon deletions, duplications, point mutations, and
small insertions or deletions, posing significant challenges for treatment. Currently, there is no cure for
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DMD, and existing treatment strategies focus primarily on symptom management, which cannot reverse or
halt disease progression. Advances in biotechnology position nucleic acid drugs and gene therapies at the
forefront of DMD treatment research. These treatments aim to restore dystrophin expression by repairing
or replacing mutated genes, thereby improving muscle function or slowing muscle degeneration.
Preclinical studies in animal models and early-phase clinical trials demonstrate promising efficacy and offer
new hope for DMD patients. This review briefly outlines the pathological mechanisms and genetic
characteristics of DMD before delving into recent progress in therapeutic strategies, with a particular focus
on nucleic acid drugs (including antisense oligonucleotides for exon skipping therapy and translation
readthrough inducers) and gene therapy approaches (including gene replacement therapy and gene
editing). The development and application of these therapies not only provide new treatment options for
DMD patients, but also offer valuable insights for addressing other genetic disorders. However, numerous
challenges impede the clinical translation of DMD treatments. Future studies must optimize existing
therapeutic strategies, improve their efficacy and applicability, and explore innovative approaches to
deliver more effective and sustainable treatments for DMD patients.

[Key words] Duchenne muscular dystrophy; Dystrophin; Nucleic acid drugs; Antisense oligonucleotides;

Dec. 2024, 44(6)

Gene therapy; Exon skipping

Duchenne B & 7% A~ B iE  (Duchenne muscular
dystrophy, DMD) J&—Ff X Je 81 0w 22 B A =
Y, EERERAN AN, DUTEMLES.
O UE AT LR G K T = AR AE . DMD @ i i L
BLENEFRANRIEZ —, fEHEBZEPIERRY
F1/3 853, DUHAHF 2 [EZ)4E 70 000 4 DMD S &
# o DMDAIERN—RIEIGIENLALSR, EEEEEY
IR ALl e SRR, TG R R, Eg
DEREE, ZIWRIEST B E A, RRERTT . RER
SRR R BRI REY T, #aGBERE
ERERKSEF i, 1IN, 29 R R BAFIHEAT
HFSREH— BN BT AR =R T, DMD IR
RUEHEE/ L ERHHI, GEEshggRE. #HiT
PTG IR shEhRERRIS AEIR ; B S B E 2
FedATERE ST, ZI7E20 ~ 30 Z RO RS mALT: Bl

H Al DMD & HUAR IR YT 77 A0 B2 Bk [E G
7 WIS AL AURIRT . B, R BEREIRA
JY EEBEHIR . AT RESFEERS, A —ERE LT
g, BFEeEE R RfRE. B LRI
2R, MEA . REH. KBETNRFEEARK
RL, HIGEMRA BiRrpam o Fn, AZEES
FEAERR BRI, — BAEE, SR AT RES I
e B, BEEEFRERIRE, mX X7
KRR R R BUE AR R . PG RERGE
BHEEIBENIhRE, NN Z g R, B0
EEE 2R EIRE DN ZESEH  (dystrophin)

HIZhRE, Joihsommom B R BRI, IEEH DMD B
WZH™ . aEZIR, PIHEIRTT BURBORKE N .
i EYIERIG T BIRCRZ NE, TR RS
JIR, REDGEEMFEE B, BEHIR
MR B ERNIAT RO KL, DMDYRYY BT H
K SEHHIAT T

PR, RRZGYIFIEL ARy e A8 HoRE v AT 4
e, IR DMD B ECRE T, BON DMDiRTY
PRFEHIRTI /T o A B LR SRS A6 7
st i, FIRAEDATT DMD B HIFTIE PR (0
{8, HERT R IR PR AR & R IT o

1 DMD fEIR & RS & 4T

FT SR i 7 R E . S Z40 E H 2L
L shE B R E 2R AR M SN R R R B A 4y, E
RS SBNAHEZRFNER . T BAE AT 2400
EHE A (dystrophin—glycoprotein complex, DGC)
B —&R7T, FUNZE4E 5 H B = SRR LR RO 73 E
M, T SEOUARM D, RSN E AR
N DMDEA, W& 79 MINEF . HETEHH DMD 5
KSR 23k 1 FRl, £970% () DMD .2 1) DMD H:[A
RARIRR BRI, AIM30% N REE . AR
B /N BHER AR SAL O, R EOMNE T RR
NEERBRELINE T 6 M7 URINE T 43153 2
(PR R X, T A S IR DMD BL (K] E R
K. IXECRAR A 2 FEOTEME (open reading
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frame) HUREAL, HEMEERZ LT, ([ESHKEE AL
PERTKIEI AR JeshRerpZEgeER U
TilZ4aE H AR 77 BN 4.27x10°, @8
3 685 MR AERR, W14 DAFAIHREREE AL N im4hie
Iaf (N—terminal domain, NTD). St PiReEMEE (rod
domain, RD). & &¥MAREEMIEL (cysteine—rich
domain, CRD) PN Cim#5#ts (C-terminal domain,
CTD) (B 1), NTD SHZhEAL A, EENAEE
2, RN Y R FPR IR 2 E
SMTTRIFI. F7ERM, MERER >t R B
PUZEGE R F Y RE R AR DIRE s FEILSU/RAVE 7
AREAE (Becker muscular dystrophy, BMD) HEH{EN,
PAER T RS MR B T 2540 2 E T BEAE — E R
EAEFNALORE, XN FERERFNEE R gRiA T oR

E: REREXE [13] REEH,
Note:This figure was adapted from reference [13].

E1 DMDERARERBELENTEE

EHRE TSR 1Y IERIAASR, SRR
HE &% (dystrophin—associated glycoprotein complex,
DAGC) JEd A 2E. DA R, 4k
FENURR A S 88 1 . SR T 1E DMD B35 WL 21 A,
M T Z IR MEFINLZESE H . DAGC ik 5NshE
H (Actin) FIAHMISNEERAEEAER, BB DAGCKRE
XAENRE . X2 FEAMRTE RIS, PR AR
B, PARSEARIECE A Y, HET S R A
RIFHIRER, SIRNAFEH I RAE . 22 IR TR LT 4E
. BENRMAMAFEAERES, TRECGREIER,
Ih, SZARBINLA A SR R 2N A LS 4 A 2L
R, SBUNARIRERS, FHIEREZR AT RE 2 SUAT L
B, AT A0 e AOA] FR A . B 2 N 3 R R
K,

Figure 1 Schematic diagram of DMD gene and its encoded protein structure

2 DMDEEEZHMMARIHE

BIREZY 2B KT F & HEmRZER S 7.
AT AR FRA B E R HE . T8 E T
Rz AR A NG T 2 IR E MEIX R 77 T
R ETEIRT AR . JEER R R h A EE
IR FE. EHT, RFTEDMDIGTT FHIZRRZ Y.
15 R EAZH R (antisense oligonucleotides, ASOs)
A% B & Bk 2k 2 # 7 (translation readthrough
inducers) %,

21 RUBEBRERESY
DMD F835 (R RIS A i A0 4% DMD BRI 0SNG+

B, BEEHMERAE, XERYSEFFMITEMERAL,
FHERTE A& L3S, = E#0E B RE R R
TEgEE . R HRAY L EBLINE 7
kK (exon skipping) FZASRYKE DMD B A B AR ,
MR IREMETNZSEH . BABRIERIHUNLZE
AEALEFE TN ZEGEARIE, [HETRELERL
WA AT E M, PEENLRIEhEE, FFteE LR
R o), ST BT VA B AT RE RN INATT &
Bz —. " HTIRIT460%~80% ) DMD % . H
AT, JLM R SO R 25 B RS S 1 B i 24 i i B
EHE (Food and Drug Administration , FDA) H9#L
- (1) Eteplirsen (Exondys 51) SN T 518k
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EK. 1677 188 J& G WL A2 b il 224 2 H HO 318 7K
AR T IEH KL 1% 5 (2) Golodirsen (Vyondys
53) EEINE T 53BkER, 1RYT 48 JEIEH U ELEE AR
TR KPR T IEHKFEL 1% 15 (3) Casimersen
(Amondys 45) VE'SIMNE T 45 BkER, 16T 48 B S HiAL

F4HE H W RIE KPR B EH ACER 1.7% 170
(4) Viltepso SN T 53 BkiEK, 1677 25 WG PIILZ
i H RRA KR T IEHKCPL5.9% (R FEER
B B2 46 2 H R EKSER T S Bl 5T
ENE

i¥: A, Eteplirsen, BTFAITHREINEF 495509 DMD £ ; B, Viltolarsen/Golodirsen, BFiaIr 53 S EF A EBBRTAIDMD &
#; C, Casimersen, AFAT 45 SHEBFFRREBIBRETMDMD BE. AEREXH [7] WELH.
Note: A, Eteplirsen, for DMD patients with deletion of exons 49 and 50; B, Viltolarsen/Golodirsen, for DMD patients with frameshift

mutations affecting exon 53; C, Casimersen, for DMD patients with frameshift mutations affecting exon 45. This figure was adapted from

reference [7].

El2 $t34Duchenne B EFF R DMDEESMB F B ERST ZAIEBHLE

Figure 2 Mechanism of exon skipping therapy for DMD gene in Duchenne muscular dystrophy

2.1.1 Eteplirsen

Eteplirsen (F 4 Exondys 51) HE Sarepta
Therapeutics A FF A, 2HE13k15 FDA #itiEHFIGY7
DMD H Je SCHAZH RREGH) o o im i il 15k — e n IR nph ¢
B &
PMO) S ARSZEIX 51 540G FAIBEER, Mk &
mRNA PEAE, FeA8EmiiZEgEN . ZEY)
EAE R IEF mdx /NG _EHEAT T IR IRATA . Hh—
TR R, RRFIE (320 mgkg, MHEFA
2100 mg/kg) i3] Eteplirsen S N ek 5T EE RO
fif 524, RWEEEBEZROME . PER. M E AT
B BEEFIRAEEIN, BRI gL R 5 /]

(phosphorodiamidate morpholino ~ oligomer,

EMB/NESIUHIRZRNE L, (HX SR SAERE Y
HEW:, EAREIIEE M SHEE 6 ™ Btk
24, INRE AR R TR, SRR
Fo, MRS 5185 000 pe/mL 8% 2 000 mg/kg F)
Eteplirsen 2)¥1% A B A 2o PAESIWIALE 5T
A PSS RN Eteplivsen B9 1 /11 8GRI 10 /E 30
BT R

I B PRIAGGEE IR, Eteplirsen AJ G E #E
DIREMEFUNZES R A=A, HHHGI06 min 221 TR
PRS2, BEREMRENL. AE . RRIFIX A —
JOUE T Eteplirsen 755 = A A DI BEMEH U240 52 11 O1E
F58EH P, —T2ET Eteplirsen KHIVGTT DMD AUHF



Dec. 2024, 44(6)

LIS SELIRES Laboratory Animal and Comparative Medicine 617

Fioon, BERTYNREER, FlZ4EEETES
HYERTELBZ M0, MRIEAE (AR 23% SN2 5 =
K, 1RS48 BN, 30 me/kg FIEAH MBI 2455 H
RKIKFIA BN EHEA 52%, 1T 50 mg/kg 7 B IAE]
EHAER 43% Y o {E8% 52 Eteplirsen 1877 R #H 1,
AfEER 7 B EAKR LA TITEREST, Eteplirsen {GI 711
REAEFFATAY OMEA] B hRE, HAh B Bw R e w
TRFFEMXS TR E R ), S TLEREZ Eteplirsen IR
TR B PR R F IR PN ZEgEH R AR
MBI AR R, 2016 E9 H 19 H, FDA it T
Eteplirsen FHF DMD E2E 11897 (261 Eteplirsen SKHLFF
BT BT, A B DMERERR SR T
1677 DMD Y259 85— Dttt F TR T s e ) %
HR. H— R PMO BT,

Eteplirsen s AMAE TG IR WG], BAE
T H A B S A AL AT i R S T H 22
EMRERE . XA E] AR B R L=
SR, RELT EER E SRR R FIBR IR YT TG
REER, NASKRIE 25 TR Ik R 25 & 12 it
TERIERAETR.

SR, Eteplirsen MHtED el E S I, RE
Eteplirsen {&Y7 72 IR R IAGS H TR B REFHOIREFiZ
HiR I RIAAKERIRE ST, 9 DMD SR T —Fgra
. BEARIET R Y, it R B R T — I
FEA BRI/ N ELE R B AN A A IR IR PR 5T,
HH RGN Z 48 B 1 R IA KRB S R EER
A ERRIEZ PRI IR R fe e X — S R T
ANARNE FDA I SRR AR, AR A X e A
N AMREF BT F AN L B M A 7 5T I,
Eteplirsen FVEFER RN (FLIE B 28 AN 0058 I DL Y
AIRETE) MARLERMBFF RS RAE, R4
PRI 32 AT RS i — 2P g, RUE WL, Eteplirsen [
SRICATYERABAR N DMD {67 sk o ) — > B 2 B AR
NASRIF KB Z ) PMO iRY7 7T AR T 5 SR AU A S0
Hlig. 2023 F—Tip ARG R TR, BEEE L
A DA A1) B R ) 25 1 67 s R — AR U
HER A LLEF I S IMNE T 51 Bk R SO H R AR
R, TENLAIGHA B F7 AN Sh RS SE e Hh 5 HY PL L
Z R s RSN RN 2848 E A IR E K
ZERFAESE, YT FBRERIGTT AR O 3R 2 e
IEHIR R AR ETRIFY ] ZRFRAEE T —M &R S
R CFERZE TR A, AR SN kR

RO R TN Z 8 R H KT E R, A
A9 126 HE R A Ml PR S 6 Pl 3 Y i (3 e SO IR
31 2,
2.1.2 Golodirsen

Golodirsen (i &% Vyondys 53) bhE—MEF
PMO F/RHIZIRZG9),  [FIFF: H5E[E Sarepta Therapeutics
WETF K. EHRERLAA S 53 SOMNE FRAKER, RE
DMD B[R T B SRAR B FEAE, AR BB EER
REMI I EME N, i sm LR . (e
EEZERFEH, Golodirsen FUSREIIUNSIATEH . shHIHE
BURREREA, ST RRAAEEL, DMD BRI
AR A K mdx /NFREOWLEF 4, A% S A2 [H)
B mRNA 1z 5 AT REAF FE PR S , S B R KM,
Golodirsen J&77 AT PAYE 19 mRNA (GRS . FEXT
Sk H 25 %2 55 1 BT 4E 2R A T T R AR Zh SR
A MyoD 188 5 #H T HE S G, HREMELN,
Golodirsen REMS {T& Pk DMD &S #E - HELH) mRNA
SR ASEA BV X EERTAE BRI L R SR A5 R
N Golodirsen (Y IIf AT I BEE T Huhily, it T ERBIKYE
FIRIZE T RO R . 53— Dl 7E4E SRR, Golodirsen
KHRVGYT A DMD S R T — & R A RUEM 22 42
Mo ZFFAS T/ IR, E—Ha 2012
FRIBENL. WE . LRI RS, a7 9
AR, 5 2% 30 mg/kg B Golodirsen
AT 168 22 APl . 455 B R, Golodirsen
SEENTHNZESGEARRAR, FNZERRR
RN BEREMERZ 5EYTEERR, RILEE
Rl 4z )i sR A T EBE D s

A3 FERIFEVTIHTEAIL, #2532 Golodirsen {77 HY
FBETE 6 min BT EELRIE k> 7 99.0 m, #HEL
ZF, XHHANFD T 1814 m (P=0.067), FFHAEHE
%% Golodirsen 1697 f5 , #KIH e FRATERETIH B E N
9% 1o IXFRHH Golodirsen BRI AEPIE AT
L. BINFEWH, K& FDATE2019 st E
T Golodirsen FH T DMDV&RYY, {HEMLHETFE BRI,
FEE R TR AR BRI XU A S AE S B A
LRI B Y g RRA, RUETEE— S
WPk, 1EFE 22 B SRR 27K Golodirsen AJ ELA
DMD B EF R AT RGPk,

ML EZAERE, Golodirsen FURFFRFITTF A
SRR T S AL AR TR 25y A e A T T Y
e SRR T BRI ES RN Golodirsen HY
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PR SR T 73528, i Bl ARES B seeh ot
SRAESE T s AL S TN E . XSRS 2 E]
GARAEEALITRE , RAERIE T Golodirsen VAT /T,
A DMD R TG R, HRER T HERE
FAEHEAEHE A AT A A E R
2.1.3 Casimersen

Casimersen ( /¥ 5 %4 Amondys 45) [EREH =E
Sarepta Therapeutics NEIFFA, EFHT DMD ZER B
45 SHMETFEkER, ATRUGTT RET8% HIDMD 5 . 1E
RARET DI SEgarh, ff 98 & m i 6 A RS 1R
FlFIE (0. 100, 300, 900 mg/kg) M Casimersen Z54f]
FR, FREEI0/E, DIPHMEHZ M. 5RER, 1
B At B T AR R B/ NE BRI, EARMWERXS
HTHFRG KB RGN B X —&M
PRRAEIRPRR T, TEZEA Casimersen 7 S AV TE
(5 i B A T B DI G A% o 2020 EE TP T — Tk Xy
F 52 Casimersen {577 B DMD H & K34 144 E HIBETS
B78e TS HRME T Ok T Casimersen £ K BiRT7 R 22
EMAABIEHRNEREE, XTI HEREENE
I DMDVRIT B BORIS S| 7 B EEMER ),
IR R TR, Casimersen fEMEEHINZE S E A E
IRHIESR R R R TTHEA —ER 78, 20212 H,
FDA #f ¥ Casimersen F§ F DMD V4 J7 (18] , IrEE
Casimersen fEIfRM A THE—F, A, &
KRR BE RN T2 B 1E A A R s gt — 2P Y
WriAtimpRIge kR E , H AT EAEIE T I AR
T 2026 FEE5 R

MECE EZZR FERE , Casimersen R FEFITTF
RIITRABL T shI R 2T & R R E T o 3D
PR BN B 8 P T 2 e vk, i BAE
P25 s NSRRI AES 7 R80T WA T BEEH . X
PSP ) PLAA 7T, AMNAT DO A SESG: 2= 2 IR R Y
ARSIt 259 R A m PR
G R EE RO A, A5 B R AN R RN
. EATEEE TR I B TE ARG 72 2026 45
H, Bt —BIGIE Casimersen 12 AZE R E th 22 2 AN
AR, HONEALEIRIRIGS R PSR AR IR SEATIEE .
2.1.4 \Viltepso

Viltepso (79 5544 Viltolarsen) tHZ2—FPMO 25497,
EEES Sarepta Therapeutics NEIFEAR, Bkt bMD
BRI 53 SAMNE T, (EREhReVED I Z 4 H R
Riko 20208 H 12 H, EEFDA @i i i A

HLHE T Viltepso FTFIRITH#EHT 53 S MG F DMD B[R %
AFRIDMD B3 P, EE AU Golodirsen ZJF55 24
3R15 FDA fEvE RS DMD ) e CHAZH BRI T IR 2 o
TEHEREFZRIA T, Viltepso BRI IS5
SRR AL T 25997 O & Ve R B X LB . 1R
DMD Il R IREE 751 , Viltepso T Hi T — % HI97 %
2018410 H, fEMHFNIANHERE EAAK I HIRR
RIGEE R BoR, 232 Viltepso B kT SHATT B DMD £
JVEZ N izshhrevEilifetn EBUS T RENGE, RS
10 mf7T7EHEE 6 minfTEMR, MAAERFATHITE
5, GOMEMRIESZ AL I ARSI 51T 10 m ARTAR
A IE] BE T35k 2D, 3R HA Viltepso 13 5K BE 15 12 /55 DMD £
JURARNBUINEGEE EACE, JEsRIA IR 2, 2
SR PRI S AR BB A BRI G i & AR R
ARZBL, (HZ2FERKETSEA T, wEiE X i
A2 JE S5 T RZE 70 RHD S AR /N B A ) i B TR B
Viltolarsen (0. 15, 60. 240 mg/kg 5% 1 200 mg/kg), &
PR T B i 1 R S B AN R B AT T B
F£240. 1200 mg/kg FIEHMIFESIIT, B/INERN
(EAEAR ) Bk AR AR AN ™ B AR B 1) B2 541 B Al 1 1
s i B B e AR N SRR N R AR B A
M ARRGEIR B BRI Z B, 3X B ISR AR 5T ) 45 SR AR
N, RV Viltepso fEIRKIAIG-HARMER E 1, Hi
Z I Re AR BB MERG, JTHEE AR
A, I, R Viltepso By 75 B2 H] i i 2825 9
e, I HEFFEH D IRRA TR 2L PR %
e M B XM s iR BT, BEER
FAEEAEA TR] LSE S M B 2 B PR FIALART, 29 DMD
HEE R E S HRIGTT T %
201956 H29 H, fEEEE=Z2(TH) DMD £
FEHZ (Parent Project Muscular Dystrophy, PPMD) F
= b, HARFAGH R EERR, Viltepso Bk
TR A AR RSG5 20194E9 H, HARHE
PR EZIERL T Viltepso BkITE I H2 L i A
W, FFT 202043 H 25 HERfS Nt i, Bz,
Viltepso {EN—MEETHNE FBkERIRT 7 IR B 2580, 1E
DMD &yl Bt T AR AR 5, HAE PRI
HY Ry RN 22 MEIERE T HAE N DMD a7 7 T B 7
To TFEUIH, FDA fLHE Viltepso F T4 E K= AZ HY
DMD B #F I, ZRFFTERIMOAF T AR IA L IR R 2
R, FEME RS, $fRZEYIFERTER A R RN
(AR AS) ATSSRANAI 20 o BIRSANF R R 54T 2K
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HIFDMD B, RIRERE B it EAEIIRTT 77 = PASE
IEAERTRITRUR . ARBIAFERF i — 2R 2R Viltepso
Je EASRABIZIAE DMD 1877 HR AR AT IR T 728

ik, R CEZERETING T HkEKIG T 2
—MIRA AT DMDIGTT SRIG . BRI U HTRTT
ERARMEEARRIESE, (HEDRX ARy 5 58 4 i N
FTDMD 3, {hfile—2ekik, MR CESHE R
Rz TERTmATRE, DA H R I RE 1 £,
B BFCRA T — M a7 K, RPR R
HREY 5 R AR TRBUARES ST UK EER K,
FR it LA NS AT 8 77 =itk R A8 DMD
P mdx /NRAR N o %77 ATPRE mdx /NFRAR A
TINZESEANRE, HFESERENERTESTEAEN,
el FE 7K B8 S AR Bk A DR 28 ) 77 12 S HE B v TR T T /K
FRAE 2NN ESEE, BREW SEIATT R
Fealtt, RMELEE a7 FEhiNZEgs R REFILA
Theeeersa e 7, [ FZKBEI MR R ER AR 1
MR ERAYIES & BB T7 RIS LESNPIR AL s
T RIFENETTRCRFIR R 1, HEReR. |
IR EREE . FEERGTTBERE L RFHAD)
FHAVEA I HAE DMD iy AU IR R TH 7132
Fio FEHE—BRIMAMAR, X—RIEEENDMD
BETRE—FEH . BRANETT e
2.2 EEEGBERRHETIEEY

BBk EREZER], 20 Ataluren (Translarna™, [H
FRPTC124), R—REEMNAY, B1gewET e
MR Bk e CRASRIE SR H R & k. XY
I AR AR 2 R BRI, ES AR R RE
i "Bk HERIZILEE T, AmESIRE B
ZHEHNYEE . Ataluren 2 — it B 22 [E PTC
Therapeutics A5 FF & B AR/NTF259) 81 FHET
BB AR b BRI B 7 (premature
termination codons, PTC) AJIRSF| (EIEGEE), S84
RS IhREMETINZ 48 = H RIA, ERH T4 10% ~
15% B DMD i Y, TEFUER AR TR, mdx /NG
YEN DMD iRt 52 bR HESH IR AL, 9 PEAH Ataluren 957
AR T EEURIE . 7 mdx /NG B4R A A4S S2a
Ataluren RERR [T Z T M PN ZE4 B H IZRIEAKE, 185
EHEXTHEAY 35%; 281 2 ~ 8 J& AY Ataluren Z5¥VETT IS
mdx /N EREIAILPI Y] 9 BE B R P 22 45 B 1 FRIK KSF
AN B AN 20% ~ 25%, EREAGEE] AN
SRR TR FEEACE B, H7E T BRI IE+

TR REFE e, i, D148 J& K I b ik
IREFFEH,  Ataluren RBE TR B ET7 R 1R,
RE NS A2 TR Ataluren (£5:K43 3 RARA)
BN FRZG 7 o AR Ataluren 9 235 73 IR A =24 =
FlEd, GHEH3RGAFIRTAIN4. 4. 8 mg/kg,
A 3 RER 2GR AN 200 200 40 me/kgo I
B EE ARSI E BRI pR TR, Fli0
6 min B4 T HRFT R 2B DMD £8 25 254 7 BE 25 59 i
T29m; HEAEHNRISXTRAMEL, ERERE
S TS TR, Fit, afRisHyEaEie:
Ataluren fE{KFI &~ AT REXT HE L & A — EHIFAREE
Wi, (BAEmAIE N HFBOF N EE . XA R
R Ataluren TE IR ARIX GG BAE 23R, Hyr AT g
TEMREL, AR, BEMRIEESE, N
i 25 Ataluren J7 RUFAEGHN 0 BT AT — i meta
MR, FERNAE R B (300 m<6 min 1T HER <
400 m) IEBEF, Ataluren (BT 4 53T HELL 2 [A] 6 min
AT RER NEZRE 28 48 R AR A B Gt 7%
W, X SIS R AR IR 2 A R AR —
I, EFREEHEREREGIITRNFN . BT bk
FHY, FDAFE4L [ Ataluren F§ T~ DMD {67 B HHIF . A
o, ZEEFERINEG SE PR (European Medicines
Agency, EMA) #t¥EFT DMD 3%, FHEHAE—Fh
HiHIDMDVRTT /515, FUEESARFRIA TELYIT &
SRR, SR TR R < (] 1 2 = A — Bk
BRI N ZTE AR SRR TR EE R,
EENTRREE TN PIAE AT BT 7 B 2 2 1k o
I, PRI AR P 25 A R A 2 e PE R <8
PR, T EURR B S M T AT TER R 25 W1 F LR 25 1)
M F R T E BRI

HHEl, — % N STRIDE (Strategic Targeting of
Registries and International Database of Excellence) A%
HL 2 TE I E IEAEX 52 Ataluren V277 B)TRE S8
A1 DMD & F AT — B . I H B AR
Ataluren SHRUEIRTY (standard of care, SoC) Bk fd
IR, IEEER C AR R XM SR i SERE
FELE DMD B & R 0 R Ataluren /TR
J7 DMD ) — M ELY EIR IS HR it , (HEOREHET
N T IRARIGTT , A Eid s AR TR P
HRHyr e et

B3 5 PR IR 2 WD O DR 25 B Ao U 5 L
=1, BN IR I 3.



620 LIS S L E S Laboratory Animal and Comparative Medicine

Dec. 2024, 44(6)

%1 AT Duchenne Bl ERF REGTHIRNRMEKEREM LS

Table 1 Summary of representative nucleic acid drugs for treatment of Duchenne muscular dystrophy

3 DMD R FE 53 KR

HYETR R RS
Targeted DMD gene
Drug name . Advantage Drawback
mutation type

Eteplirsen 5155 BFHRE BRRMHDMDIAT AR BEZEREY , 22 NEATSISHEFREIRET, FTREFASE
RF, AR EAE KR EL BRI

Golodirsen 53 5B F K BUHRESNNEFEEKE, BRBEF 1R £ SHCEAR, NERBFL3SIHEFIRESE
hFREEEZFEEY T, RE e RIR S

Viltolarsen 53 SN BFIREK 5 Golodirsen BEL AT E SRS NN ELFERK BT AR, 5 Golodirsen &7 EEES, B
L ERALE; 2 BNTES  RASFEEHE EB=ERY KM

Casimersen 45 SHNBFIRE BYEEEFERE, T2MRe, NEE, TAEER EALKEEXHE, NERT 45 SHEFIR

HmitE

SRR

B3 £t Duchenne BAE F*F RAERILERES R BIH SE L

Figure 3 Development timeline of nucleic acid drugs for Duchenne muscular dystrophy

2.3 RN FHVMZRBYMN SHBR T

/N FETIAEIRYY DMD i R B T Tz B R
T, HARR 7>+ FrEmEH R T 900 Da, BA R
FARM s Y:, TSRS (AIls. S2fk
Fizig) MHEAMEA, HEESZESRERE, AMEA T4
NONZ M@ . AN, /N2 A S
Hleg, ErMtEFE R, e S, PREAR
FHJESIAET AR, SR, SRF&MHEt, H
By BATRRAN, ATOREGES, BBikT5 i,
SR, N FEIERIRIE RN, Byt
JRIRR T2 R BAEIR . Tk MARZR BB S B Bl RE o
BEsh, REIRZGRTRES AR R AL, GAE & TR,
RS, T~ A2,

ABRZ I RERE G vEHL [F) DMD B3 [l kel

RRNRAE . KRR EE LR, 6
e P B B R SN T BRERBOE R, RE
REVETUNZESE H BFGE, IR S BN K
& HERTRAZY), MIRZVIRelS E H e x5
PIskBEEATIRYY , PR ATZ R R BT R R B
X REZIREPILEIRTY DMD SR VEBR
BHED, Bhmig—R25gkik. HE, ZRGYIR
TRERE, H2 Ui, FEER0RES; AL,
ZYHALRBER K, FFRIRENATEHRAEA

HIfE R A IR, TR B GBI R ORI MR |
IRZIHN 2525 )5 2B 77 B SRS, XAl Raszin
BB, FFEIG R e IR EA R R
RL, WOTES HRAL A AT BRAE o Z5DHY 1o AN AT 2 2%
Hy A= TR LR hHOfERG . BEOh, RS
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ZRep R T IRE TN ZE A E A AR, (HBCRAEAE
GIR, FERlEEPRIE, LSS e B R R
fRfG, HRE e 2w A e 2il. %Rk
REFIAMA 22 P E i a] BE S B0 73 BE FIRTT R AR
WMAE. HI, RARRAYIEDMDIGHEAER
AT, (HE N YRR LA S ARG PR A

3 DMDER&FFiRFIEHE

FPR T B H in 2 MRS L& 5 508 AUk i A9
DMD EER, IREHINZ4EEHNFE, FIE EREB K
B R ANGE TG BT, EEATEREREE AR
BN gmEausms T HEE R, FESAEME, ET
TR T R i iR A DU 22 8 O B R B AR i A T B
J7 BT AU MR AR R S EE T (clustered
regularly
CRISPR) /K EHAHFEEH9 (CRISPR-associated protein 9,
Cas9) HUBE[RgmRy T BN EAE SR, EAT
/INGEINE DMD R YMNG FEREREE E .

31 BEEKTE

BT E DMD RY7 FRA B RIS, HizO
RS2 MR I BETE DMD FEDRSR SR A F 5 AR A O 5k (A e
feio MRAHCHR T (adeno—associated virus, AAV) [R5
EGRER . R Se JEMEA 22 2 2 [ e A el 1K R A
HIE k. HAT, AAVEGECHE ZHTEHEEAT
YR B, CHGR AR B BRI, TRALAT O
FHBA R AR R UG T B H ER BRI 7T
SRifn, BT DMDEEAER (B 11 kb), Z#E AAVEL
IRIER A REIRE] (Z5kb), [RIULA AAV Rk E R
B 5EEEHT DMD B A 1 IR RBR G o A 5aAkiX— A&,
BTN SR T P SRS - R R
KRR,

311 B DMDEREEX

AL DMD (mini—/micro—dystrophin) 3 [A] 3 o R
U ES R OSSR Msak, KRR ORL B /N
ZAAV FHARFRIEE N, MWASEIEkX. ZRIEES)
P BRI R AP RO 88 N, 2023 FE ) — T
BFZE A AAVO BUR X AL DMD B[R, 7EE R
EBFERNR (golden retriever muscular dystrophy, GRMD)
BRI T R R AT . 45 R TR, wDys5 EHAE
FRAFLOIE R RIIERIE, BEUGE T RIBIEIEE)
FORFIRDHRE, [EIE/D THS YRR . REZIBTT
REETZEME HEBRIEF R, HLGHRIT R

interspaced  short  palindromic  repeats,

TFRIZM 21, TR EARRI . NFERARE RN,
SRR T BRSBTS
B T EHMAEARER (cytomegalovirus,
CMV) JEE1F, (E1%A DMD B EAAENL N2 b 3%
B XSGRO THERRS B R R,
PR TR SRR T B R, RESCal R
IRFRE LRI RIA . IXUERL SRR, 8 DMD BEA
kR M HAEKIREE, JIDMD BEHOR T I
FEHNETT R . AT, BB DMD BRI R E & 5e %
Uik, fERBE NN DIREVK S AR BE I 73 TH T 2T
BNEMR. X—RIFREA], EREIEE 5T
FOREEA I ANRIGIR R I, 7525 B R RVG T
BRI, FFANGEIT 77 SR TR A B A . FUARE
FEF TR T EEYIRR T RSB A A R R, [F]
IHBAE H T R E R 2T P BEA 52
ERT A, Fit, XL AR BRI DMD B
KT HHNERT AR, (HEHEARKRFREZ R T
IGPRIGTT Z B, AR TR AR FEATITAS o
31.2 XWAAVEKEIXGE

NFARMEL DMD LR DhEER IR, B —FoRHg
TERFAMAAV EAR RS, B AAV Z A H
DMD EERIBAE B, AR A 1 [ 5 B 20 SE T e 2
BRI E RN TINE R A RE . X— RIS/ It
FA G lnE 2R ARk, WHEERBAICRK. B
HFRIANIE A, {52023 F ) — Tl 571X
Beal FHUS T R R . RRARIFR T —HMEK
BN AAV AR R SE, NMUEHL T i ZE4i &
HEFRIA, BENERECF PCR (Droplet digital PCR,
ddPCR) FARKEMITEAG T RN R EHBR, 4551
R, 7Emdx/NRAEEHRENAAV EiEG, TEK
ETIAFTIES R EERIE, RIS THLA
AR R ERARAE ), 5 AAV FR A EMEL, W
AAV ZPREE D AR R AR FNATT SUR LRI T
Fh#s, I DMD EFH M ERERIGT R T H ]
REME
3.2 BER%GwETE
3.21 CRISPR/Cas9 £ R 7£ DMD /)\sh 4 #& B4 Fh
891

CRISPR/Cas9 5 K 4w 8 157 AR A N —Fog 24 i) 5L [X]
N TH, ITHRIEERATT AR & 2 SukE
TR, HELEDMD &G Emd, N
CRISPR/Cas9 B [K 4 4 H57 R 0] (& 2 DMD B [HI 5 et
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WA IRIRTT 771 . 58RI, CRISPR/Cas9 f£%
il DMD Zh#)#5AL ip B2 7R AR AR FVA T 3« Long
4z 10 3@ 1t CRISPR/Cas9 £ RN Hi 42 5 5 DMD /N Rz
TEREE, MaRE THNZESEONRE, RE
G FRARRESE K E TN ZESE HRE R EEKE,
AL P AL HE ) L 1A 5 BB A0 R D) i R 2 A8 SR AT 2 A
CRISPR/Cas9 £ /R 7E DMD & 77 75 1 ELAG 5K B R A7
Ho ZFFNIGIR b SChE R gmiEa 7 1T T BRI
Wb, UHARBIAE A G BB RITG Y7 R 75 T o
Tabebordbar 2 ' TIZE DMD /NS A AL ZR R AT A 40
it s RN CRISPR/Cas9 527K, BXIIVKE T Hill 240 &
HAEFRIE . X553, CRISPR/Cas9 AN BB H.
BEORER A LA 8 DMD B[R, g EHEE
LA TR SCBL R B0ATT . R TIKE AT #E
FOM B H AR PO /7o Nelson 25 152 i f CRISPR/
Cas9 F/R1EE DMD /N H1 9 DMD BRI, BRER
= T UINZESE R RIAKE, HEESCEIAYIEE,
SR RTEGIR RPN B o Bl B — TR 57 R F Bk
S15i585% CRISPR/Cas9 32 K i 2R 2 328 mdx /NER
BEXF 55 B OME TSR T 3 FOR [ (1 B R g SRS - W
D H [ 5 RNA (single guide RNA, sgRNA) . H
sgRNA 1577 &8 sgRNA ; &5 RERHH, MAER IS
sgRNA B BEMS A5 R PK 2 mdx /N FRAE NI 2546 2
ik, FHHEHEERP 7 EAME IR 5,
3.2.2 CRISPR/Cas9 z K7 DMD A 1E B &
BEFPRIN A
E/NEERIAEEL, ARHRRE RS, XERE
CRISPR 3[R Jr A5 4 (1366 16 5 7 B I LA BUE 2o
IEAh, ARE 2B A PRI n G S BB AR NG A
U RCR PR DA S e HE e R NI 58 . RIIG, TR T
NKIGARIRIGHT, {6 R SR T 58 B A5
NEE, L1XJ5HE, Amoasii [54] ¥ Cas9 5 sgRNA zE
&, JFRIFH AAV BIE ZR S0, K CRISPR/Cas9 £ /R A
RLFF L8 R BTG, BIITRE T 3 AL
ZAE RIS, HACEAAZIE R K 90%. X
—HFFTIERH CRISPR/Cas9 2[R 4 7 1 76 R AU sh A5
BIFRERE, (BEIGREE IR EE— S5k,
SR, AR IR RREATT KRB 2k, Rl T
KEIR RGeS, DA —22 T a7 SUR A
stk 5224, Moretti 28 %) 5% F CRISPR/Cas9 1+ 5
SNEFEIITEE, PRE T DMD BRI R RAE, A
A TEENREMTINESED, HGE THEN

HEMOIIEE . X —if 7845 Rtk — P FE7R CRISPR/
Cas9 FEARTE R B S YERL ip N B B RS T, fuHo2
EERRmEEERTIFKERHARAGTE,. NIBT
DMD iR T # A

[FIR, 2SR AR 25 A 5] AR B IR &R
CRISPR/Cas9 /£ DMD [IGFRIGT AR IIRLA 22, fian, 3%
Sarepta Therapeutics /A &] IETEJF /& “SRP-9001" Ilff
PRIREG, 458 AAV 2 AF] CRISPR/Cas9 F /K, [A] DMD
HBERANEEMA DMD R, YIS BEE R HEESR
UFRGT RN 2 20204F, AR EEN T EXTAN
B 51 R R R T IR, ZitE N4
ZLLERIDMD B, BEMHIZTIENZ 2. Mz
MR EYPPRT. PO FRIEEN, ¥BaE
BEZ WG ARRICIIEEAEARR . A, ZEE Editas
Medicine A & 5 Allergan AN EAEFF R A DMD AR
R4 rEmE, 48 “EDIT-1017, §E@ET
CRISPR/Cas9 £ REE DMD E R /NG FEs, #)
45 L BB CRISPR/Cas9 REA IR EHi 45 E H
fIZ%1A; 2021 4, ZE[E Editas Medicine 2 & A7 B {E
FEEFIRGNESI EDIT-101 8 T HIEARIREE, PAEExT
DMD B E LM LI T ST R 2024
FEIFEHAEEE, JrReEml, oh, Bid CRISPR
Therapeutics N\ 5 ZEFH Vertex Pharmaceuticals 22 &) Y
ArVETH E M2 £ T8 1T CRISPR/Cas9 {5 DMD FL A
IFMNE o, DASGENLAYIGE: 20234, ZIEHE
TEH Im R AT EE R T B gw i iR T8 77
FtRIFEARR L BN Im AR .

T R[] AL X CRISPR/Cas9 VG 77 HY I
NI, REMS R INATREFEAEMWIFIREE 25, XX T5E8%
1RIT 73 RS AFETT R RS, Thah,
XEERF TR RS i AN TER A T A R g R AR TEAN ]
BEHR A FEAMERU ATRE AN R RRL, N
IR _E SRR T 1RO T B SRR, 25 LRk, t
BB B 75 A AT DL S CRISPR/Cas9 57 R M SEEG:
ERFRAIGAR N AL, D9 DMD Bk 178
NS ML BE T F s .

33 HERBRTHRBSRRMY

ERNEIT R AAE T REW MRA B2 sl
RERFE DMD B[R, IR EHiNZE 4R A iiee, B
BRSO AT, ik, EREIRITEDMDIR
TR T RE RS . BIEIMNEFRERIT A BA
BRAERMEER A, ERVATT AT EEREN
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RARFTUSTHAMACIGT T« ST, HIATy thim i
2kt Hrp AR BRI, HATAAV ZAREY
IAHR L MR TA R — iR . ERRT R
TG RN FAMRERE EARS, ERATH
FIFFERME S PR EAN R B M ARG B 78 77 30 A,
AR A e B LUK R T 2 F e B e e i
PR T HN TG REWE, EEARST N DMD
THan R E, RS BRAEBIRROR . MK
ANFERIE TSR, R RSEBE 2 M IEAR .

4 RE

SR DMD I IRZGY) 5 B RIGTT TR IR IR AL A AR
KR ERE ST, RNt 2 rkik.
FARERKRGF, MR T EE KRR A ER
BRAM. #EEHAT, —HIRE 2 4] DMD HEFET
i, HESERIGITHER. Hh—f2 @i medRxiv
WHERCEAIRER: 2021 125, MIHATERL L
MEARIRIER AL, —4% 16 51 DMD BEEREZ EHE
B [RJ7 1 -PF-06939926 18 97 J5 . IRIO TR AR 7 BE
T2, X—H 51 R T AT ERTGTT &t %
T, UHBIEE AR 2 TE R SR [ N7 TH ¥ H
TEAEXBS . DRI, WHEERVATT B9 RS 5 GG i T45 &
P EASNESE,

PRETT 2 DMDIRY Y I — BB T M. A
EREZGYIA/ Ny F 2 o] LAB I A Rl T E T
i Hla0, MERZGYIAI LAE S 5348 5 ke i dH B bg
/N> 25N ] DAER T 2 B0 R E M s i Th RETE
TN ZEga R E R E R, NIEZ 77 oS S & R
WUIRE, ESZFE. MXBRZGY) I H A Bom i # )
/N3 F 25N ] AR 095 S L A XU, HS Bl 2>
FLRVATT AT e R IR HE R R BL. SN, /N3 72
Yy el R R IEAN 4 e, SCEALAMORES,
NELRIGTT SR R A IR BTN DhREVR & 251
BN gwie 5 R 2B & Esh P sL e o BRI P E
R i, BREIRTT AR & gk TE
AR, FNREER S RERAR S S
B ERZGIAE BAEH . DMD R IE PR A4 A [
fE MAMIETT TR o S AL R BRI R 5
SPPEIGTY R, 1T = s IR T 9 A B R L A e
PR T H V2R

AR, R K KRN DMD V&7 Sk % 75
B, Hlfksems R AER R B E R B R g
BTHEMRSNA, IR T REIENREGYIR T

FAEL R AR EITE R o i sh PRI e A Bl i 5
11l A L FH B P[] e i A v [ e B B ) ST PR
A, eHREAEA R K DMD BRI AT 7 20 T T
BANAT S EITER . AEARKESIIE DMD B
FIFNZGA MR B 5 AR EMRl ARSI A LIAERI
FEERFE, JEARKLEDMD BRITEALARE, 74
e, RAERNANE S REE T T Z P H 5 AL DMD
HRUHHEAE, P2 Eid DMD IRy /5ikA
B SRR 7 [RIRHA R SE A 5
PRIFFEAIBATRIH &R, SRS FUSCR A P 1L,
BRATIE L2, MBNAFT TG /T %
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[ABSTRACT] Atmospheric fine particulate matter (particulate matter 2.5,PM,.) is a major component of
haze, and its potential hazards to human reproductive health have garnered widespread attention.
Establishing appropriate animal models is crucial for in-depth research into the reproductive toxicity of
PM,. exposure and its underlying mechanisms. This paper, based on recent literature, summarizes current
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methods for establishing PM,.-exposed animal models and the evaluation criteria for reproductive toxicity
research. The primary modeling methods for PM,. exposure include whole-body inhalation exposure and
intratracheal instillation exposure. While whole-body inhalation exposure effectively simulates real-life
human inhalation environments, it requires sophisticated experimental equipment. Conversely,
intratracheal instillation exposure is more cost-effective and easier to operate but faces challenges in
accurately mimicking the distribution and deposition of PM,. during natural inhalation. Therefore,
researchers must carefully weigh these exposure methods to enhance model rigor and achieve the most
realistic simulation of human exposure conditions. When summarizing the application evaluation
indicators of PM,.-induced reproductive toxicity, this review finds that the main indicators of male
reproductive toxicity include reduced sperm quality, testicular tissue damage, and hormonal imbalances.
For female reproductive toxicity, the primary indicators are reduced ovarian reserve, endocrine dysfunction,
endometrial damage, and adverse perinatal reactions. Additionally, this review highlights the need for
detailed chemical composition analysis of PM, ., exploring the reproductive toxic targets and mechanisms
of particles containing different chemical components, such as heavy metals and polycyclic aromatic
hydrocarbons. Long-term studies are also necessary to assess the effects of PM,. exposure on
reproductive health and transgenerational effects, to predict potential long-term risks for humans.
Additionally, interdisciplinary collaboration should be encouraged, involving cooperation between
environmental science, toxicology, reproductive medicine, and other disciplines, to comprehensively
assess the environmental health risks of PM,, and provide scientific support for the development of
integrated prevention and control strategies. This review summarizes animal modeling methods, evaluation
criteria, and their applications, providing valuable methodological references for future reproductive
toxicity research on PM,..

[Key words] Atmospheric fine particulate matter; PM, ;; Reproductive toxicity; Animal model
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Table 1 Modeling methods and associated phenotypes of PM, inhalation exposure models for reproductive toxicity

studies
o PM,, RERE PM, RERTIE) RS AR R
Animal Exposure concentration Exposure duration Associated phenotypes of
nima
of PM, of PM, reproductive toxicity
C57BL/6 /KR, 214, 8 FS FA:60 pug/m?; 6h/d, £ 83 BEHRFEREEREIRG™

C57BL/6 mouse, male, 8 weeks old
C57BL/6/NER,, 11, 6 ~ 8 @i
C57BL/6 mouse, male, 6-8 weeks old

C57BL/6 /NS, 1M, 6 B %
C57BL/6 mouse, male, 6 weeks old
C57BL/6 NS, 1M, 8 A S
C57BL/6 mouse, male, 8 weeks old
C57BL/6 /IR, 114, 8 e
C57BL/6 mouse, male, 8 weeks old
SDKER, M5, 6 B

SD rat, male, 6 weeks old
Wistar X , 1M, 6 Big

Wistar rat, male, 6 weeks old

C57BL/6 /RS, 1%, 8 B4
C57BL/6 mouse, female, 8 weeks old

C57BL/6/INER, it , 4 B

C57BL/6 mouse, female, 4 months old

C57BL/6 NS, , Mt , 4 B4
C57BL/6 mouse, female, 4 weeks old

CAP:488 pg/m?
FA:0.39 pg/m?
UA:59.75 pg/m*
CAP:483.61 pg/m’
UA:94.84 ng/m’
CAP:900.21 pg/m°
FA:0 pg/m?
CAP:75.78 pg/m’
FA:45 pg/m®
CAP:72.26 pg/m’
FA:0.70 ug/m?
CAP:16.7 pg/m?
338846 :0.02 ~ 0.18 mg/m?;

4ZR4540:0.06 ~ 0.81 mg/m?;

8{Z k454 :0.11 - 1.60 mg/m?
FA:2.4 ug/m®
CAP:49.4 pg/m?

FA: <5 pg/m?®
CAP:110 ~ 130 pg/m®
FA:3.93 ug/m?
CAP:128.1 ug/m?®

6h/d,5d/E, 58

6h/d, DRI RESEF 16

60d

8h/d,5d/fE, ELLRTE 16

TH

£E81MH

8h/d, EZ3 1A

ZEBXEE12h,7d/E £
BAR PG ERETT
FHREE

5h/d,4h/R, FEE12 3

8h/d,5d/E, #*9F

BFEADREEY

BFRERD ENRIE, EATHA
I, SRR
FRIBESERD BAEBHE 1
FHEAL EWAT TR
BFRERL WTENTRE, BRK
FFRB

e

EEKE, SR ERRERED, &
REBRBHIZREE K

BRIPEESREE, FANRAELE
FEIRMEERE 7 RAIFRHIP
B INEHE L

ERIPNBALT, IR fEZ K

op & 84

E: PM,;, EEMAOZER25 pmBIATHR; FA, JIEZ=S; UA, REIER=S; CAP, REWR.

Note: PM,., fine particulate matter with an aerodynamic diameter<2.5 pm; FA, filtered air; UA, unfiltered air; CAP, concentrated

atmosphere.
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Table 2 Modeling methods and associated phenotypes of PM,; instillation exposure models for reproductive toxicity

studies
- PM,, RERE PM,. RERTIE) EAB AR
. Exposure concentration Exposure duration Associated phenotypes of
Animal model . o
of PM,¢ of PM, ¢ reproductive toxicity

C57BL/6 \GR, It , 8 E) ¢

C57BL/6 mouse, female, 8 weeks
old

C57BL/6 /RS, 1§15, 5 B4

C57BL/6 mouse, male, 5 weeks
old

SD X, M, 8 iR

SD rat, male, 8 weeks old

SD KR, M, 4B
SD rat, male, 4 weeks old

SD KRR, %, 6 B

SD rat, male, 6 weeks old
SD KR, MM, 8@

SD rat, male, 8 weeks old
SD AR, H1%,6 ~ 8[E1
SD rat, male, 6-8 weeks old

SDKE, #1146
SD rat, male, 6 weeks old

SDAR 1% ,180~220 g

SD rat, male, 180-220 g

SD KR, #H, 43FE

SD rat, male, 4 weeks old

BN g, 6 ~ 7 e

Kunming mouse, female, 6 to
7 weeks old

BB/ UEME, 4B

Kunming mouse, female,
4 weeks old

SDAR, UM, A

SD rat, female, adult

SDAR, MM, 8BRS

SD rat, female, 8 weeks old
C57BL/6, M4

C57BL/6, female

ICRINER,, MM, A SF

ICR mouse, female, adult

ICR/NER, et 4 B

ICR mouse, female, 4 weeks old

RXIEB4H 4.8 mg/kg;
SR8 43.2 mg/kg

1.0 mg/kg

EXIE24R:4.3 mg/kg;
SFIEH:12.9 mg/kg

1.5 mg/kg

EXUE2H:10 mg/kg;
BRIE4: 20 mg/kg
25 mg/kg

EXIE4E 1.8 mg/kg;
I E4H:5.4 mg/kg;
SIS :16.2 mg/kg
KHSH 9 mg/kg;
SHEA 24 mg/kg

B2:02.06.15 mg/kg:;
£2:0.3.15.2.7 mg/kg
RFIEA 20 ug/ke;
SRIEAH 160 ug/kg
KXIE40:0.259 2 pg/pL ;
FRXIE4H:1.566 95 pg/ul;
BSRISH:3.456 pug/ul
RFIE4H:0.36 pg/ul;
FRXIE84E 1.2 pg/ul;
SRIE8 2.4 pg/puL
RXIEA 0.5 mg/kg;
XIS 2 mg/kg;
SXIE4H:8 mg/kg
RFIEH:1.5 mg/kg;
B2 6 mg/kg

3 mg/kg

—

38848 : 1 mL/kg;
PM, . 4H:15 mg/kg

10 mg/kg

ZHB3d 1R, HiFHE6R

B2d 1R, HiEHE4R

#BE5d, 43

BRUR, H438

BETR,EE3TA

B3d1x,#30d

BXRIR H7E

B3d1R, #2198

BXR1R,&EE60d

RSB IRFFIR B3d1R, 2
HIZRER7 X

B3d1R, 248

ZHIEIELd, 2H6d, 88X
1R

FR1R,EL30d

Z2EAERTdEETR
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2O AR RS A M HE S = AL . MR Y& DL KB &= W
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S AN, BN, AR AR T R
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ARG AR Y S P L 5 & ] BE 2 T I =2 5 e ) 1 4
RHRAFE AR T,
21.3 MEBREERG

I S2 7 b X85 7% (tight junctions, TJs). Y5

4l (ectoplasmic specialization, ES). AR FEZEREF]
seMER AL E A AR, HIhRe R RN SE R 5
e, ATCARHIESNEME A FW R ARG, ok
TRAEREGEREOMIAEE, BERIEE F&kE
B HEREE P, MRS A5 4
HUIE R AR L, SBUEFRER T RE MR,
MNIBERSB A ERES T

AR, BT 2O A SD R G
fTPM, 288, = SEOK AR M2 57 R A5 &
R, DA B R AN EL RSN TR LSS 1 52 41
AR AR 2R A R P R it /s 3467, gt
Ah, IBEREINYIEERRI, PM, BRI EE
H (ZO-1, occludin, connexin 43) FIAKFETFE, M
EAIIIE =1 S
214 EHFRKFEXRE

MEB R AR AR (EFAS T A e s B oc
BREH . PM, # 8% Al fe =l TR N EEER IEH
A, NTsgntg 7R E. B5E KM, 1EX C57BL/
6 /NEFET PM, s B I AZRER S, =5 /N2 K
SRR o200 g SR T T T T PM, s Y EERT
Al 25 2 SD A RSB B AR B4
2.2 SRS HERNREMN

ZIWHRFEE R, PM, 2 ERT5 IR FN B 2 Al oy
I TR E AR BN RIE R NFIZR
EMRI AR S =R I A AR A Y, BRI
UNELfA G DHRERE(R. N WIHRESZ BT, FENE
SARFIE = R RN & A2 o PM, s HOBEME AT 2 1
R KA REREN . WARBIHTERELS
B A T A R RO T b LA DN B 25 DD RE FRARFTIIRGR
KB, i i T 2 R I 5 (e 7 AT S A A B B
L,
221 DPERMESINGETR

YN S A 2 15 DR A P2 BN B A o R A T RE
AT TP O MER AR TERE ST RTINS ORI, 52
RN EUR TS PM, BB I ), Hpp
rh A ORI RO BCR AN BT R RN, S i AR T A Rk
22 F5M o

ZIESER TR, PM, o 55 2 (KD A
#IHE. CSTBL/6 BENE/NR 2 B IR A 52 PM, s = 33
HARIMERET R G RIS ORI ag in, M
MR GE S © 2, BfRAI, BRREMES
O/ INREEAT PM, 2R 85 J ,  H DN S RUR 20 A AR BR4H
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FVET:, JEEmAET IR RS Ul A, MiRE
*of CSTBLI6 /INBRHEIT 2411 PM, s S 8% 4 & (49 pg/m’)
AL JE IR AR AR S T PV, 32 5% ,  45 SR IETE
FAUNRAE 3 HEAN 7 H e 5 S5 UG UIT A1 BRI 20
B P IXBERRTTERIE, PM, B EE AN SRR
FRGN LG & DhREIE BEE I, (ANt 2 2+~ (A Rt
e,
222 HIEMEKFEXRE

PM,,FFHUE R R (R0, B8) FIZIOSRSE,
AlRE=iE S FHUER R A 2, SIRA WA, 3
— XA R SUE R . A ITREL, K
Wt C5TBLI6 /NI T2 IR AR PM, 5 (128 pg/m®)
G, Z=5EMEFHHE#EREMZE (anti-Mullerian
hormone, AMH) #0UNIE HEELZE  (follicle stimulating
hormone, FSH) 7KEREAK, ME—f% (estradial, E,) #l
ZAfi (progesterone, P4) KT 2l WA, BY¥E
1T B TE B 77 2O HEME /N R T PM, e B, R
/NERIMLIE H AMH ZACE R BV
223 FERERE

TENBRFE A REREZRINELIER, Mg
IR =R XK. PM, s ZREE A RE= ST B N
AR, EHFESRE. 7RI, g MR
77 2 At SD RER AT PM, R ER f5 . KRERIFEIE
e AR IR LR R MR BN B2 B, ]
RE 5 IA F - 2L 40 M0 2 #HOR A F 2 (nuclear factor
erythroid 2-related factor 2, Nrf-2) {55 A pyrin
ZER 1 NOD A2 R ZX 5% 3 (NOD-like receptors family
pyrin domain containing 3, NLRP3) /2EBER G FRE: S
HEHM-1 (Caspase—1) FE5EBEE, UAFER
SRR 270
224 BEFHPFRRKRM

PM,  WIEYR B2 M A5 7 . B, R H AR AR
., RBR B AR RS DY, R R, 2
PM, R~ FRARBREN REEZEE, EiRREE
W, FS R FECRED>, B LIRERME B BeE
%F SD K SR T2 15 dFIZ2HH 6.5 d 1) PM, B FE, 45
RER, PM, FERA KRR A2 8805~
B, FHSBIRIRECRRE AN E R E R 1 th
BRI, PM, B8k T = SEURRIE IR
h, BEFIEZERE,. P4, HBEEEERBE
o R AR R
(luteinizing hormone, LH) 7K3F&AEK R 1 1 2313

(chorionic gonadotropin, CcG)

PM, R Ih = FEPA RN EGINH], BREERY
JREGIZRESIZAN T, XA RE S EHA PM, SR EEFT S
HF AR BT IR R A Ko

3 MESRE

KT HGE P, RO ETE M R A E LA, ety
BRI R B RE N, AR TIEFRK
TPV, R FEUEIHS YNSRI A, TRt
BRI R BT TRR T, BENAR PM, A SRR TERA
FiRHTEFZ %, HAEl, && LK PM, AHE 1)
PIEAR )5 R S 2 B IR AR BRI AU E R TE
BTIEAE RO EMRRE, W58 BRI LI =
FMAR R R T B

& B N2 2 e A R MDA P AE L SRS
M FREBIRAS, AT LURHFT PM, s TERFIROE HR TR AT 3 4R
PAB T HA R GERISEN , T PM, s O 23 BE 23808 K
HANFIR M T HERSL T HEESWMAREXT
TR EFMERER, FERZHIMPbREERE
RV H. WANEMER —MEARBRIRE SR
TR, HREGEHIRER, RIEHE AR
H, SRR, T H R HARRARRE,
(BT 5Tk e AR B SRR AR OR ) £ 1
W 3 AR AT

AMRH PM, ARSI RORTERL R LA
JiE: B, WEHEDIRASIIEAL, e e
PERIRT SRR, ELREHGH PM, 5 A5 8 77 15 A i <
Kok, EHEEESCHRISE PR AR R EREUL, 5B
=, BT PM, B I AERITE RS 2 2, ANIE
XA R RSB ARARE, HEFERA
Ry (WERE. ZH5RE) M EHER
GRS 8=, RECEMTTRILIPM,
BEEAEIRERE FIE RS 7, A
R TR T HXS S MR ERGER,  fxd His
7D, XR— AR AR RS
B, RE LIRS T — 2T P, X
AR AIESE , (H B PN R AN S
—, RINAR N % — 0 PM, s AR TE # M S S A
PRERIT IS B, BERIBEIEANER, silPf
iRl BB, BHEFEFEZARANEE, U2
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FIR B SRS SR BRI AR o
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[ABSTRACT] Sepsis is a multi-organ dysfunction syndrome caused by infection and immune dysfunction,
with a high mortality rate. It affects multiple important organs such as the heart, lungs, kidneys, liver, and
brain. Establishing corresponding animal models of organ dysfunction syndrome is an essential step in
clarifying its pathogenesis, researching potential effective drugs, and evaluating the effectiveness and
safety of treatment plans. This article first summarizes classic modeling methods for sepsis related organ
injury, including the destruction of intestinal barrier tissue integrity and the implantation of pathogens or
toxic drugs. The former mainly includes cecal ligation and puncture, ascending colon stent implantation,
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and cecal ligation incision. The latter is divided into intraperitoneal injection, intravenous injection, and
intratracheal administration based on the clinical infection route being simulated. Cecal ligation and
puncture and lipopolysaccharide intraperitoneal injection are the most commonly used methods.
Secondly, this article summarizes the common modeling methods and evaluation methods for animal
models of sepsis-induced cardiomyopathy, acute lung injury, acute kidney injury, acute liver injury, and
brain dysfunction. It points out that almost all organ injuries use classic modeling methods, and different
organ injury models have additional modifications according to their different pathogenesis. For example,
in addition to the classic modeling methods, lipopolysaccharide instillation in the trachea is more effective
in modeling acute lung injury as it better simulates lung barrier dysfunction. Cecal ligation and puncture
followed by Pseudomonas instillation in the trachea in a secondary challenge model better represents
sepsis-induced acute kidney injury. Intraperitoneal injection of galactosamine is a mature modeling
method of sepsis-induced acute liver injury. Intracerebral injection of lipopolysaccharide is a feasible model
of sepsis-associated encephalopathy. In addition to the different modeling methods, there are differences
in the administration time, dosage and experimental time points according to the different experimental
purposes. This article reviews the research progress of animal experimental models for sepsis-induced
cardiomyopathy, acute lung injury, acute kidney injury, acute liver injury, and brain dysfunction, aiming to
provide a reference for the selection of animal experimental models and optimization of experimental

design.

[Key words] Sepsis; Animal models; Multiple organ dysfunction; Research progress
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Table1 Common routes of drug administration for modeling and their advantages and limitations
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Table 2 Common methods for establishing animal models of sepsis and their advantages and limitations
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Table 3 Experimental animal modeling of sepsis-induced organ injury and the advantages and limitations of these methods
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[ABSTRACT] Since the 1970s, the laboratory animal industry in Suzhou has gone through five stages: its
inception, emergence, growth, transformation, and scaling up. It began with the manufacturing of caging
equipment for laboratory animals, initially by imitation and later through independent innovation. The
industry evolved from sporadic factories to clustered enterprises, gradually growing and opening up the
export market for caging equipment. In the 21st century, with industrial upgrading and transformation,
purification systems and related products began to develop, and industry organizations emerged. As China
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has modernized, the rise of automation and intelligent production has led to technological innovation in
enterprises and the emergence of various outsourcing services in the laboratory animal industry, driving
the large-scale development of the industrial chain. After nearly half a century of growth, the laboratory
animal industry in Suzhou has formed a complete industrial chain, including the production of laboratory
animals, caging equipment, feed and bedding materials, design and construction of laboratory animal
facilities, quality testing of laboratory animals and environments, and animal experimentation services.
Laboratory animal breeding equipment, the core of the industry, has reached the level of developed
countries, and the industry's scale and influence are unmatched in China. Since the 21Ist century,
biopharmaceuticals have become the "No.1 industry" in the development of Suzhou. With government
support, the guidance of the local economy, and the assistance from universities and research institutes,
the animal experiment outsourcing industry has begun to cluster in Suzhou. The continuous influx of CROs
has driven the construction of large-scale laboratory animal facilities, and key research projects have been
initiated, significantly enhancing the industry's R&D capabilities. The Suzhou laboratory animal industry has
quickly expanded alongside the "No. 1 industry," creating a unique "Suzhou Path" for laboratory animals.
Over nearly fifty years, the laboratory animal industry in Suzhou has been essential to the rapid

Dec. 2024, 44(6)

development of the biopharmaceutical industry in Suzhou and China.
[Key words] Suzhou; Laboratory animal; Caging equipment; Individually ventilated cages
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E1 20tHE 70 FRMM SR EFEREMERRZE(L
E ) fiEEsxsR (TE)
Figure 1 Ceramic jar for rodent cages (above) and spray-
coated iron frame (below) in the 1970s
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Figure 2 First generation isolator (above) and China-
made ultra-clean biological laminar flow rack
(below) produced by Suzhou laboratory animal
equipment enterprises in the 1980s
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1 BmAMiERHY = ARERLER

Table 1 Information on current representative enterprises in Suzhou laboratory animal industry

Al ZFR

Enterprise name

FMTHIDELRDYREEIRAT

Suzhou Fengshi Laboratory Animal Equipment Co., Ltd.

BINHH MBI ERAE

Suzhou Suhang Technology Equipment Co., Ltd.

IR nEERABRAR

Jiangsu Sujing Group Co., Ltd.

BINZARFUIREERAF

Suzhou Airclean Equipment Co., Ltd.

BINEENY LR EERIZERAE

Suzhou Houhuang Animal Experimental Equipment
Technology Co., Ltd.

TN SEE SRR R AR RS

Suzhou Shuangshi Experimental Animal Stall Food Technology
Co., Ltd.

BN PR LB RAE

Suzhou Xishan Zhongke Laboratory Animal Co., Ltd.

RXETEE (FM) RN PAREIRAE)

Cavens Biogle (Suzhou) Model Animal Research Co., Ltd.

B% 3BT iE) W 5SEHE Pl g
Year of establishment Business scope Industry sector

1987 SSRHYIVC.EVCERE B LRIMEFRE
MR JRER AENESRE

1993 Y IVCERE BB  LRIMVEFTRE

1994 TEEERERRE YT EHIRE
ERERRS

2001 IENMEARRE EVRE TRHNVYEER
B TRIRE |ORHIE

2007 ISP EREOFNERE. LRIVEFTRE
NEMLIRE

1998 LWHYEXRSERFIRN  LRMER R

1999 RIMFARKEZHRNYNOE LRHWEF
BHRAHAR

2016 SPFRLI/NRIEFHELL WL
NERUES RIPIRS

1.6 iBEHiE—CROHIFHIBA

20 ALk, ZENINESF, A NFHZ
WA s R TSI SR SN AR SS B [EI & R FEAL
#J (contract research organization, CRO) | FFif#E %
MR AR R SEAR SR e . AN BN =
MAEREL L, RIS AL H) CRO AU ATR
Mo 2006—2011 4, FRINZGHARRIER 2 H R A IRAH |
MERTIRINFT TR AR AR HhIERM YRR
(R&) BIRAE FLFREZERTTERAT . E75
W RAERAF . EMEYSARERAR SEEF
IR, R T bR SER SR .

ENEZ AL H W2 B E NN R EEE AL, T3
HEUF E R ELERN " —S5/Al" IR AA
J&o NIL, —RHMNEWIES ., [EI7 M AEIH
ARG5S H) CROFUEIA TN o 2014 LR, 24, [E
Ry BUEIA. 776, B, R, Bibr, ERAE,
TR SETE., MRRRSERE . U SCSE CRO MGG V& 7 I
M, TERCT ABEZ) (Z5BHRERE. MEfiT. Bl pe i
BEOTIA. O hEERL BR. £75. 4. B
e SRR, HURS. ZEIE). R (KA. Pl
RO BEyr#tm RGN, &, Pieme. &
PRy RI. FEEER. MEREBL. ARERSERE. &) =

RGN IR BT AN AR SS P L SR . SRR
FORRRN H o e, B T sZ P A 4G Pl
BRI

RIS, AP 24 Pl B e A e St Skt 5[4 T
RN SE Sl B PR 5K 2 DRI SESG )
YhiEg i, DARCEY RET=RERF R (W2
B, MEfT. B . UHE, ROFEY). LW
SV S AR RN I PA LI Gl WIE 2 I o et/ o
P2y BABRU R ANEh ) S5 AR 55 — AL BOBUAG SR 5N &
feeld ok (ZEEFlee, BrlifE. 28lL%), IEMEh
96 K6 W] #1144 2% J5i A % (China Inspection Body and
Laboratory Mandatory Approval, CMA) FIPEE&EHIEE
E 2% IAT] & 512 (China National Accreditation Service
for Conformity Assessment, CNAS) %525 15 %% i i) &\l
LR FY RERIAE . B, JRNT SRS T
PR e e (R2).

fagiit, 20214, M SEIeshPIvE Al SR &
EHBEN26.9%, F3MTLIESIPVE ATIE AL LR
BN ", E2023 FK, ML)
FALIAEVFRIIEST f3, HA G A rlE 143 (W
B GREAG) FOEFVFRTIE 83 4 (W K 43 FRAM)
BAERMKES (K3), FEASEesYE 140 5 H,
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#2 BEpMisEREXERS CROBWER

Table 2 Information on current CRO companies related to laboratory animal industry in Suzhou

A FFR
Company name

[DAvA: N
Year of establishment

B R SSEE
Business scope involved

BN RERAFRERAE

WuXi AppTec (Suzhou) Co., Ltd.

AMNAELURRZGARFRERAE

Suzhou Xishan Zhongke Pharmaceutical R&D Co., Ltd.
EWRENMEAR(KE)BRAFT

Crown Bioscience (Taicang) Co., Ltd.

BTN BRRFOBIRAT

JOINN Laboratories (Suzhou) Co., Ltd.

BMNENEDREARERAE

Centre Testing International Group Co., Ltd.

ANBERRERARRSERAF

Suzhou Yipin Quality Technical Service Co., Ltd.

BINEREMRROBRAE

Suzhou Guochen Biotechnology Co., Ltd.

RREMES (M) BRRF

Anling Biopharmaceutical (Suzhou) Co., Ltd.

FRAG i B E PR AR 5E (M) BIRAE

CCIC Huatongwei International Inspection(Suzhou) Co., Ltd.

BNEEETRRERAT

Suzhou Kezhuo Medical Technology Co., Ltd.

BINBREESHERRARAERAE

Suzhou Suda Health and Environmental Technology Research
Institute Co., Ltd.

BINBELEMRARBRAE

Suzhou Xishan Biotechnology Co., Ltd.

2006 B R BT SR NARSS

2008 B RAZEMHITFNRNIRS

2008 HTRAR

2008 wY)  RARZETFN . EF S Ma RS

201 E#. Efr2Em . MR N ARSS

2015 EE97 2RAa M AR S5

2016 B B ma RS

2017 I IR SS

2017 EE97 setmAa AR SS

2020 EEi7 aetiAa M AR 55

1984 LR ERERN GRIERE RERNNEST
SRS AR SS

2005 SIS AN YD BT & A U RO R M R 5 12 T U A9

TR RS

Bt R 22 T35 m
2 R A R TN ZEE”

M T SE AR B P L BE A 045 B RN RZ I 77,
St TBUFHISCR . Mg EFHs14. mRFnRHit b
FREGBEA, DA REAFHERE R BIFE 2 AR
FER, BT —FREAN TRINZE
21 BEZESEIS

MR BIHA A2 N4 B RARAE, I3 T SEae 30
7Pl B35 P A R B AN BUR RO R RAIBOR AT 5 [, &
FE1983 4, JREFRMZELEAMIAL, KNHARSIHER
SEEG NS S KB4 TPX SRR IC 2GR 45 75
MR, BHIs2AeshBRlEdR Be B 1990 4
e, RHZER. {LAERHT FRN iR & A
LRSI E SR RIS RE AR, Jef/ LW AUk
¥l AL BRI 5 LA ER AR I5
M E SR BFMNTHEREARS A BN Hts

KBEZEIHI10Z1, BiHRAAERITLIT,
T 2R & SCieshyniakl. 2kt 88
H. WSLse iR g5 & & 2 i R R AR IR S5 & 1Y
B, AREEF T IR T AR Sh P =l B R A E AT
RBHFF A

PRtz S, FEb T ARHERR RIS T /5 T, 2006
T HER (VL& S5 shPsEss Hith 75 R 5hriE)
(% B RGP E L s SRR R AR gl 12
H—HIBHZES . MERMSTTRE TR sEvkt, 5L
YorE. SR m BT AR, RO TR
P g R A e o 2008 £, (VL3 & SL9e3h 1) & B Jp
%) A, RSEEeIYTl A A A B YR B S A
2012, VLIRNE RAT T S50 sh 3Rk AY i 75 b
(DB32/T 2129—2012), 20134, #ifi | (JLHERK
LR E AR AR AR (1T) ). 20194,
RE (T7R) BRI XN A XA ER 75
HSEE NPT R TRl = FFERE, AMH A
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E: A~B, 2023 F MBS ENMERFIIE (£) MEFIFIIE
(f) miER; C, 2017—2023 A7 M S50 s ¥ 4 F= 015 B
A ETLED.

Note: A-B, Distribution of Suzhou laboratory animal use licenses
(left) and production licenses (right) in 2023; C, The trend of
changes in the number of laboratory animal production and use
licenses in Suzhou from 2017 to 2023.

B3 AMHZRIFaED B R RBETERE

Figure 3 Distribution and quantity trends of Suzhou

laboratory animal licenses
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Survey Report Analysis on Parasitic and Microbial Quality of Laboratory
Animals in Sichuan Province, 2017-2023
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[ABSTRACT] Objective To provide reference for further strengthening the management of laboratory
animals in Sichuan Province by reviewing and analyzing the results of parasitic and microbial quality
inspections of laboratory animals from 2017 to 2023. Methods Sichuan Province has 31 licensed laboratory
animal production units, with the main species including mice, rats, guinea pigs, rabbits, dogs, monkeys,
and pigs. Sampling inspections and reports were conducted for units with laboratory animal production
qualifications in accordance with current national and local standards for laboratory animal classification.
The quality inspection results for various laboratory animals in Sichuan Province from 2017 to 2023 were
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analyzed. Results With the exception of 2018, annual quality inspections of laboratory animals were
conducted every year between 2017 and 2023. Mice: In 2017, positive results for helminths, flagellates,
Salmonella, murine hepatitis virus antibodies, and murine pneumonia virus antibodies were detected, with
a pass rate of only 42.9%. In 2019, Staphylococcus aureus and Klebsiella pneumoniae were detected, with a
pass rate of 86.7%. In 2021, Sendai virus antibodies were detected, yielding a pass rate of 85.7%.The pass
rate in 2020, 2022, and 2023 was 100%. Rats: In 2017, positive results were found for helminths, mycoplasma
antibodies, Staphylococcus aureus, Sendai virus antibodies, murine pneumonia virus antibodies, rat
parvovirus RV strain antibodies, rat parvovirus (H-1) strain antibodies, and rat coronavirus antibodies, with a
pass rate of 40.0%. In 2019, mycoplasma antibodies, Staphylococcus aureus and Klebsiella pneumoniae
were detected, with a pass rate of 35.0%. No positive indicators were detected in 2020. In 2021, Sendai virus
antibodies and rat parvovirus RV strain antibodies were detected, with a pass rate of 50.0%. In 2022,
positive results for rat parvovirus RV strain antibodies were found, yielding a pass rate of 87.5%. In 2023,
Pasteurella pneumotropica and Klebsiella pneumoniae were detected, with a pass rate of 85.7%. Dogs: In
2017 and 2019, the antibody titers for rabies virus and canine distemper virus were below the required
standard, with pass rates of 33.3% and 20.0%, respectively. In 2020 and 2022, the pass rate was 100%.
Guinea pigs (general grade): In 2019, positive results for Toxoplasma antibodies were detected, with a pass
rate of 80.0%. In all other years, the pass rate was 100%. Monkeys: In 2019, positive results for Toxoplasma
gondii and rhesus herpesvirus type | antibodies were found, with a pass rate of 87.5%.In 2020 and 2022,
rhesus herpesvirus type | antibodies were positively detected, yielding pass rates of 93.3% and 97.5%,
respectively. The pass rates in 2021 and 2023 were 100%. Clean guinea pigs, rabbits and pigs all passed the
inspection each year. Conclusion Issues related to the parasitic and microbial quality of laboratory animals
persist in Sichuan Province. Supervision and sampling inspections have proven to be effective in identifying
these issues promptly, serving as a critical measure to ensure the quality of laboratory animals. The results
of these inspections offer valuable data to support the healthy development of the laboratory animal
industry in Sichuan Province.

[Key words] Sichuan Province; Laboratory animals; Quality inspection; Parasites; Microorganisms
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Table 1 Number of laboratory animals sampled for quality inspection in Sichuan from 2017 to 2023

(n
miemEE/R7
i ST
N o Number of laboratory animals
=30 (WIS NELE
Year Number of N B2 KRR ° B %° AP 1z° ) I 2
. . . . . Miniature
units Mouse® Rat® Guinea pig® Guineapig®  Rabbit® Dog® Monkey® i Total
pig
2017 8 35 (7) 25 (5) NA 10 (2) NA 15 (3) NA NA 85
2019 13 30 (6) 20 (4) 10 (2) 10(2) 10 (2) 10(2) 40 (4) NA 130
2020 9 25 (5) 25 (5) NA NA NA 15 (3) 45 (3) NA 110
2021 14 35(7) 20 (4) 10 (2) 10(2) NA NA 40 (4) 20 (4) 135
2022 17 50 (10) 40 (8) NA NA NA 10 (2) 40 (4) 20 (4) 160
2023 14 50 (10) 35(7) 10 (2) 10(2) 5(1) NA 50 (4) NA 160
Total 75 225 165 30 40 15 50 215 40 780
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Note: ® means specific pathogen-free (SPF) animals; °

NAJERMIG, 2023 F1RBEFRUF 2T

means conventional grade animals; ¢ means clean grade animals. *Figures in

parentheses indicate the number of units produced for the species, NA means no sampling. In 2023, a monkey production unit had two

licenses and conducted separate inspections for each. No laboratory animal sampling was conducted in 2018.
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Table 2 Positive detection rates of pathogens in laboratory animals from 2017 to 2023

1 R RR TEFEH G SRR/ %
LY Pathogens Positive rate in different years/%
Animal =3 & 2017 2019 2020 2021 202 2023
Category Name
SPRER/INER B4R peafsc) 17.1 (4. 2f) 0 0 0 0
SPFmouse YFER 8.6 (3a) 0 NA NA 0
BERE  PIIE 5.7 (2d) 0 0 0 0 0
SEEEEHE 10.0 (1b.2c) 0 NA NA NA
iR EETE 3.3 (1a) 0 NA 0
et INBEF KBS 57.1 (5a.5¢.5d.5f) 0 0 NA 0
INRFE KBS 20.0 (2a.5f) 0 0 0 0
= eE=2nte 0 0 143 (5h) 0 0
SPFRAR H4m  ER 24.0 (1a.2¢.30) 0 0 0 0
SPFrat BERE R RAR 20.0 (5a) 25.0 (5h) 0 0
SEHEEYRE 16.0 (2b.2f) 35.0 (2b.5¢) 0 NA NA NA
FE B R AR AT E 0 0 NA NA 114 (4a)
X EEATE 5.0 (1a) 0 0 NA 2.9(11)
fmEs IBESHIE 4.0 (1a) 0 0 25.0 (5h) 0 0
INBIRBES A 20.0 (5a) 0 0 NA 0 NA
KEMIES RV AR 480 (5a.5¢. 2f) 0 0 250(5a) 13 (5a)
KE/INFEE H- 1R A 32.0 (4a.1c.3f) 0 0 NA 0
RERBERE 20.0 (5a) 0 NA 0 NA NA
ZERE F4EHR SHRTE 0 NA NA NA 0
Rabbit
EERBA ot SN SE=S R 40.0(3c.3e.0g)  20.0 (le.lg) 100 NA 100 NA
Dog RERFE S 73.3 (2c.5e.4g) 70 (3e.4g) 100 NA 100 NA
EBERER F4ER SHERTUA 20.0 (2)) NA 0 NA 0
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BN F4EHR SHRTE 5.0 (Te.Ti) 0 0 0 0
Monkey bt BRESHES I EBES) 125(3e.2)  67(3e) 0 2.5 (Te) 0
E7REN

T 2018 R, BSABFARBRELLHIAMNMNE, FEARMETHNMNETBNUNRS, NAERMG. REXR2E, HuF

pJialE

Note: No laboratory animal sampling was conducted in 2018. The numbers in brackets represent the number of animals testing positive for
pathogens, and the letters represent the identification codes of laboratory animal production units. NA means no sampling. Dogs are

required to be immunized, and antibodies are expected to test positive.

IR AR, 2021 4, 1 AR I AKE
Pifk, 1R R A /N 2 RV AR LR BH T
2022 4F, 1 RHNE KRR/ NFEE RV ARGUARBHE
252021 FENFE—F AN, 20234E, 3H1E 1 KL
o R s P B fA T B R 28 o B A T BE
23 HBR.BERD

R2FH TP LSRR A R (FETE
2% J SR TS 18 2 /N LR B R ARG AR A HH B 97 i £
HURTIAEM) o 162019 52023 FHhife R, AR
MZERIL G RERGSE, PURRNHME, 20174,

3FHNHERIBEHR . 2 TN RIEHR B A
BINAIEFR; 20194E, A2 FKEHAENFPERBER A, 2
F AL RIERIR BTN AL AR 20204, 2022
E, TSR R A= BAISINES R &%, 20194, 2K
BV, Y 08 R RS 5 R B BH I 2021 £
2023 5, EEMERATRIIES RS G, 20174, 2019
EL 2021 . 2023 4, TEVE KR OIS RS &
o 2019 4F, 1 KA 5 R BHM: ;
2019 F. 2020 . 2022 4E, BIEMBEEERE 1 A
(Byi#E) Puiife tipHME, Hop 1 REAIEX 3 )



658 LIS S L E S Laboratory Animal and Comparative Medicine

Dec. 2024, 44(6)

Gt 20214, 2023 FRAGIIZE RS &% 2017
AR, BEAh, 20214, 20224F, HRIEPY)II&H T
FREERT 4 SR SE5 R A A2 P~ BN g AT RS, AR AR
atso

E 1 ATBLE B, 2017—2023 4 (2018 £ AR
i) MRS SR BAEHE LS. SPFARK
SR AR, S A R AE 2017 £ 2019 SRR AR, RIKIAE
35.0%; 2020 F &A% 452 m, 2021 4 A
2022 FE J5 R TE 80% LA Lo SPF /N BRI HHIAS: &5 1%

RIE 2017 FE K, 1X42.9%; 2019 F 5 &R
2022 FE . 2023 ¥ N 100% ., 88 2% K FLE 2019 4F
B8N 80.0%, HAMKFE A EHERHEN 100%,
AR AR SR LE 2017 £ 2019 AR, X
K 33.0% F120.0%; 2020 £E. 2022 FEiA 100%, %M
RIS S8R — BEAER &K, 2019 F &N
87.5%, LCLGHEHBIE 0% A L. oM, 1EIERK
B HHERR. EENUE RS EREN
100%

i 2018 R SPFR KR . SPFR/NRFANE BN, 2018, 2021F12023 Rt EHBMRA, 2017, 2018, 2020F12022 FARIMC EH BRI -
Note: Rats, mice and monkeys were not sampled in 2018; Dogs were not sampled in 2018, 2021, and 2023; Guinea pigs were not sampled

in 2017, 2018, 2020, and 2022.
[E1 2017—2023 &) || &L Eh P ME S8R BB E

Figure 1 Trend of qualified rates for laboratory animal sampling in Sichuan Province from 2017 to 2023
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St yed AR v 7 5k DRI 25353 b B FEWE 5 T

W %=
(L g 52 96 Zh M B 9% o o0, 17 201203)
[FE] EERES (feline coronavirus, FCoV) BIEMEL S NIBERMEIEIREXES (feline infectious peritonitis

virus, FIPV). JEIBETIRES (feline enteric coronavirus, FECV) ##, FIPVIIFECVHJgeBIid EFEH. =3
ERFNFTHANES, FEFNTENTH, ANEEERFAERESNERABLEWMNENHE, FIPVFIFECY
BY RIS LA FECV [@ FIPVEZIHE, BRTRE(MINERAWEEREL, EFESNBEEZME/EREME
BRAONER, XEERTRSENNBEREETIERISMTEEX, FrgSHrPYEEERNERME. S5, MFIPV
BIFFRUSIEHE (open reading frame, ORF) 3/7 AR N/SHIFEFIXESH A, FIPVRIEEHMERTRSHWUBEE
RERGNEZEEX, FEEFIPVERRAEHELEBEINERNE, NTSHETFENER. XMEREAENTSM
EWRFIPVIIFECVREEEMRTRFZFMENEEEM, BARSRNRBYRELRERTSE,
[XEiE] WERRS; BEREEEXRS; EREEKES; WERMEESR, EE4E
[FREIHZES] Q95-33 [MXHEiREBIA [XEHRS]1674-5817(2024)06-0661-06

Genetic Characteristics and Research Progress of Feline Coronavirus

TAO Lingyun
(Shanghai Laboratory Animal Research Center, Shanghai 201203, China)
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[ABSTRACT]
(FIPV) and feline enteric coronavirus (FECV). FIPV and FECV might evolve and mutate via genetic
recombination and mutation, leading to novel subtypes and variants. This study examined the genomic
structure and biological subtyping of FCoV, analyzed the infection characteristics of FIPV and FECV, and
investigated the mechanisms of FECV transforming into FIPV. The findings revealed that while their
genome structures were fundamentally similar, differences in their ability to efficiently infect monocytes/
macrophages significantly influenced their pathogenicity and transmission characteristics, with FIPV
exhibiting higher virulence. Moreover, the analysis of the open reading frames (ORF)3/7 as well as the N/S
sequences of FIPV indicated that its non-structural proteins were associated with modulation of the host

Feline coronavirus (FCoV) is classified into two biotypes: feline infectious peritonitis virus

immune system. These proteins enabled immune evasion, leading to more severe disease. The genomic

variability of FCoV constitutes an important foundation for studying the pathogenicity and epidemiology of

FIPV and FECV, and offers references for virus detection and drug development.

[Key words] Feline coronavirus; Feline infectious peritonitis virus; Feline enteric coronavirus; Feline
infectious peritonitis; Genome

ML kG 5 (feline coronavirus, FCoV) & —Ff
RNAJR 2, 77 £ T MR & AT 2 3R
i o FCoV X EZ—FiERE, RETFERREHR
B, ERZHHIFCoV AL MRBRF B E A= FEURIR
IR, HAEDE T RERAZENE, SolERMAY

P ER SR BB TEIE RN o B, EAXT
FCoV ATIR UL S L AL E IRIEH Do Tt E N —
MEZERSLR A AR R EZNOHE AT, 5A
BEREYINEM, EIXS FCoV M7t EAERFH I
ANFTER L RERFFCoV L HRFED R HT %

[BE£IRB] LismREITHIRE e RESHBRENS ENEL RITHEFREEREREEH#K S (20140900500)
EEEN] BE=(1981—) &, it , BARR, EENELRDYREFFH R LR DY R RIFELIFF. E-mail: taolingyun@slarc.org.cno

ORCID: 0009-0007-7324-7417
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ek BE I K % B8 (feline infectious peritonitis viruses,
FIPV) F 7 E IR & (feline enteric coronavirus,
FECV) BOEENAHMEFFHE R TIA, DAV E
NP B BRI N R N T R S

1 WERESER

RSN RFTALE, FCoV 4043 MR FIIMIEEL : 4t
EERFR R A GG FCoV 17, DU FCoV 174A]
Rt ik%E: (canine coronavirus, CCoV) EEZH ;=4 H
FCoV 27 171, FCoV 2 B3 H; R F TSLa0 a8, K4
B S T1E Crandell-Rees i S 4110, (CRFK) B0 ELWEAT
ffl Fewf-4 S0 R R E K], WITRFEERE, 1A
BEGTFCoV BURNIATIGTY /T ik EA EEE XL .

11 BEEASEE

FCoV 2 I IE5% RNA Ji &, HERAKEY
(27~32) x10*bp, 5CCoV. FEIEYIERE KR
FRIEHIRGOCR, A e P e, HE
K& 3 AN EA R B,

et R v 25 AT 40 08 O LR S T I B R AR
(open reading frame, ORF), & ORF4mftAREAYEH
Ji, RgmEEEHER (EEMRIZEED) 1
ORF F14a %R 45 H9 2& F 8 ORF 1, FCoV [ 11> ORF
MRk, RIEGADFFIARE, AREmAZE M (1) Hifd
45K B9 ORF2 F1ORF9 ~ 11, Zmfd %A 725 I N,
BEEAE. BEAM, fIZHEEAS; (2) Wik
¥ F # ORF1 #1ORF3 ~8, ORFla#1 ORF1b i& A] A
L EHINE, W RNA EHING, XLEHRIERENE
m A AR EE AR A, BEREAR. Zil.
EIREID S S
1.2 &£¥YoHE

A HYR2ERIL, FCoV 2 NMRFH AL . FIPV
FIFECV, S97E4R I H 25 5 | & B p4 sl m i PRV AL fE
R, BEFRNFECV, FECV MR TT, MGHMEZRR
20% ~60%; TEAZ MR ES, MEHHRA X
90% 7, SERERSEIGEYMEIENE K (feline infectious
peritonitis, FIP), PEIMHBEFR A FIPV, FIPV & FECV H
REAFEER, BB TRIZSHERE . PU% ORF 3c Al
ORF 7h gmtd AR5 E e 12,

2 AHEVERESRESHERSH

21 RBRASELER
e A8 IR G R A 2 P S A L ) BE D 2K D
FECV FIEBURIE FIPV Z A EZ A X 1o Aoz

Fi12 hjg, FECV {ESNE A & H e 1 TR,
TTE 45% R EAZ A, FIPV Rl 4ERFH B Hil6E
FECV Z B P TUTR Z S ALK H R4, By
FERERT B, A B E S R D,
FECV It (- IR R G, ZEURIR BRI R
N EREER, WRMIETS . PG
WESEITRE, HADEOTRER R FIP,

FIPV EE&YL 0.5~ 5% (U0, (HAEREEER B
1ZLIF. N B REEE S, X
RIS AR RS N TR SR R BB R XS . FIPV
REfS R A AT I AT B A0 A 1), BB & Bk
e FIP BYREFRIE AR 2R AR AR B 2 B O RHE Y
BHA, FEZEETEAEZ D IRER SRR
TR, REUNIEHER . MREARR . ARESR A SR
FER 1,

FIP (2 Wi bLESTRIME, (B TR B A S IRARAEIR . 5L
WERE. ALUERE S IRIET. BRIk,
FECV B & ZAXHRA, REZHBURIIEBE B
AL 0 FIPV SR NE —R BN, FUERE, 8
7 PR AIHE 1o
2.2 HTHH

bR R I HIRA 5 s, H R RERLAN
BE X0 EBREALE ", Jin S Y
ORF 3c #1 7b FEKIRAZ AT B85 FECV [A] FIPV #4455 %,
T FCoV HIZSHE AR FITESZ IR 5 S IR & Hh R HE s
R, ERRIE MR FCoV- 11 3K45 B WA At i) M i aiE
BRI R ARG R Y, B REIREE
H B eSS BT BERT FCoV H AR R G R ER B,

WEMRIIAN, FECV R38R FIPV 2 H1E £ 4%
AGEMERENSIERN, LIRS FECY If, RE A
Girlge A G UR, [HEF FECV 68 1R
G, XLEFUARTREFE AR AR . Ik, FECVA]
RETEME FARNHIFELE , s 2 28 AWl RoHX
FREG s TEIXFHRFEEII SRR, FECV AIREZ R A
ZRAF DAk R R ZAE R, AT E A FIPY Y, X
FoAR A REAL R A B D URU I . B 22 A 28
e AR R R S TE E A AR EAEA

PR TR EE AR S HORFIESD, 1E BRI E W ATREX FECV
AR FIPY FEIVEM 2, Flin, 75 R S
TR ASFIIRBE N 2R % ] BB RE I FECV JB& 4L 5 560 (1
KIBATCERE . WML EEZR, NFECY
AL FIPV AL, IS5 KRR FIP,

£ b, FECV [ FIPV 545 2 —PDEZMidfE, W
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FIW BRI R AL . SRR T AR T8 K ZRSFHIAH
BIEM. BEEXNX—IREARANT, AT LELT
PR FIP B RALE], FF N BBIRTIR Y SR AR
HO SRS o

3 FIPVEYORFFF4ES

HFEAIL, FCoV RFRES AR X 8 J14ER A E
HEAEH, FIPVIEE M EH VA SR EREH
o B, FIPV USSR 1 S 4 2 1 S AN A R
FrEEE I EEE N, 55T, ORF7abF1ORF3abe
TR TCIE RS FES M R A FIPV 22k A4ERF S 11
B, XERAERFIPY FEDEER P, i
ORF3abe G2 ek 4nfddE 45 1 & H B FIPV {hREAERE
HEHIRE T, (HZBRge 0 BAZAMAT & E R D E K
TEARIFIPV, DL ESER ORF7 XF HEAZ AN I/ E W4 A
W FIPY EH R OCEE, A DU R EAE AR NFN FIP & f
HHEOYERT T ORF3 RIS HISZI AN E . 3RIH ORF3
IR R HANAE FIPV B N AR AR AR A SRR o
3.1 ORF3 RIS

FIPV 51 ORF3 [ 511 5347 7] AR G S 2 A Ff
Z IR ZESFIRHUER R 2 T FIPV A9 ORF3 FE51)it
TR ABE, FIPV 7EIX D X Ik A BEAF1E — LA E Y A
5, XeeAy BAl e S EEGR IR R RIS 2, @
534 ORF3 741, & ] DLUA 2 W FIP £2 ff — &
H#oho

ORF3 4 f & 0 F HAZ A FIPV B E HIA K
B, KDY ORF3 Bk M ol dntdd 45 14 /& H A9 FIPV
TEA MY P, GEEE ORF3 [ FIPV i E A1
Shlge hide, EOEFE | Fgig e IbsE M Em K
ORF, B ORF3a. ORF3b 8 ORF3c, #ftZ: ORF3a
ORF3b % 4 B FIPV79-1146, H ORF3c E: [ 4whd =
HIE3cEH, 1£60% ~71.4% KK FIPV ZREFRIAIX
FhksE 3c BB Y, FE BRI I B G A RO
FIPV, TRE#ME3c EH . FRIAEE 3c & A A
FIPV79-1146 fify SEAE BAZ AN M/ BG40 B sh B R
{HIE & 2 /D —Fh ORF3a 8% ORF3b 4ifg & [ ft, AJPASE
FEFIPV 7E HUZ AN oess g i ),

£i b, FIPV 5 ORF3 &3] H) 5347 vl AR DG T
BLMZENZERER, AT HEFHEEE FIP )&
LN N 2 S E oW D N5 G ri R 3 WA RS
3.2 ORF7F%Iath

ORF7 B9 FIPV Jo ik it AHT A SR 2R, sl
RGNS TR AR AR AR RS TR R I B H B 2

B B, AR R, e TR OB R
FHERTBGABITASRA R . XS5 S~ &
Zhipiear, X%EHEA X UE KT E H R
B B AR B 2 e R B BT ORF7 T4
R NAR 3 iy, A% SRR 75 . ORF7a
ORF7b H] mRNA 7845 78 & i — FF a5k 7= 42, RH
ORF7a#1ORF7b AR & H R, XL H RIR AT AE
DRV TR TRRFELZMER . A
THITUREE R B2 R, ORF7 BRI FIPV JGik
HERTIMEASFHTURE RN, HEREE 6 ek
BHIE . ROMFTERSERIN, HAXAML+ ORFT 2 FIPV
HeREE MM RBEEE R, AR ORF7 BRACH FIPV /205
%%iﬂ [30,32]O
3.3 N/SFESR

%F FIP A8 IV A AR o 73 B HY FIPV AT 88 Bk
HRB-17 # Tl AI3 AT ER, NEERIFD S H K 5 NCBI
B8 FE R G 22 BRI e 51 IR 23 50080 91.2% ~
98.87% #I189.38% ~ 96.70% '*', 14N, FIPV HRB-17
BRE 1971 FE1EMEE S B CCoVIT1, 1979 FEFETEE
ST B FCoVT79-1146 Z [MFIEZ IR LR &, Rt
FIPV HRB-17 AT 8RR AT B2 CCoV HEfTREIRI 431k 5 7
H FCoV 5325 (A B3, VIS BEDRID AR 72 B T 2
LW FIP B EAREY 2 —, XM EAERENE ]
iR A BB . AR EREZFIPY &
BEARTERERED, 2WHENTFRZOET. N
EEARNEEIRBHE# RNA 6 L i E L S
afk, dremsd 5RESRE EEASS. S 5RERk
. Bl BT ES A B,

AR 5T ER H RETESR 7 B f B 18 1 RE R
RL, XA[EES FIPV 5 [EEAAIAE A 7 XU . ke
EHAEHEZ LS T «B  (nuclear transcription factor—
kB, NF-«B) 1/ #&H ) O B B R A0 AR TR 7 B
VELE 1 (transforming growth factor—@ activated kinase 1,
TAK1) K5 «B B (inhibitory kappa B kinase
B, IKKB), {E#f TAKI 5IKKB B EAER . s
IKKB MR ft ' i@t fid i TAK] 5 IKKB HHEE5 4
Bk 52 8 Al AEESS 2 NF-«B BB HETE, HiES:
sy R EIEREMME -, SFEO4RN,ER
(interleukin, IL) -6, IL-1B. IL-8F{ITNFq %5 (236371
AN, R 1,6 - ZFEEIHIZAR 2R H B 73 B E
B, AMXATCAR S 2 i i #2 H TAKT 5 IKKB AYAH
EAER, T ELREINH] FIPV gL s [ i SOE [ N f2 RAE
ES =3
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ARFEERNAE, EERAEESET R
1. FIPVFIFECV Al Rem BLR A . 5848 55 77 =itk
T e B, PAAE B AR Fl ., Jin S V80 0N
ORF Hiiff 7 BRI AF n] G 5 FECV [[] FIPV £ 45H 5K,
Gao % 01 YK FECV #5235 N FIPV 2 HTE L RE R LR
WREE SRR M FECY i, WRHEAER
GIESERERERZRE, Al Re AR, i
FEEEFIPV, REES P R AL FIPY (AR HE H
FFORF3. Th DIk SERGIKEEX | FF| 2% %
FEVE, RAIFEIR AR MAMZ R, H A ORF 3c B A]
(R B G/l L B LR Y L [ F 55978 75 P B0
A,

FIPV #1FECV %) g Tt R st B 1R R R4
MG EEARRL, (B —CR 2R, XEERA6E
HSeMMBUBEEMEBIMEG . b, XEZERA]
BESEFIPV B ESRAE0RTE. FIPV BRI 5SHE & ]
RESHEHBURMEER, FRNHIZMEENEEREETEA
fE AR SC BB . RIS R AR = Al RE s s 25
*F1E E AR AL RE SR s kiR EE 1. BAh, FIPY
MHEEE M E Al RE S H X E B R A NEEE X,
fd FIPV B f5 BB W ETE LT Ny, i 3
7 R R o X A L R 4H G A8 SRk 2 A 5T FIPY A
FECV R AR T SF R U SR BRLR, om e
MR TR T 5%,

B (P NRIEFEZ ) RS SL5
s, EFREE]E TN R L5 A I E S bR
IUATAE R s 7 brvie g S b SRR PO Rl
PEEB AR GRIEIE AR, BN T80 FIPV 5 A TR E
i AR (Specific pathogen free, SPF) s s Ay
WG, BRI TR SR P IS it F S A P ATE
o | 3 S FH AR PR 58 A T AT S5 4 N ) R Y I
B B0l 22 BERriA, FIPV #1FECV A9 5L R 40 45 4
oL, (EfERrE BN X 2 R r] 6E S B e T E0R T
FHEABRFHEA AR . SIXEERRARAREIT
U HIEEAN A FCoV IBGARSE s, A ATt
SEOS PR E O E o
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[ABSTRACT]
indispensable in advancing the practical application of new clinical technologies and methods. The Da
Vinci Surgical Robot System, developed by Intuitive Surgical in the United States, has been widely used
across various surgical fields since its approval by the U.S. Food and Drug Administration (FDA) in 2000,

Experimental pigs occupy a crucial position in life sciences research and have been

and is highly esteemed for its precision and accuracy. With the continuous advancement of surgical robot
technology, the skill requirements for medical professionals have also increased. Consequently, surgical
skills training has become an essential component of ensuring both surgical safety and effectiveness. This
article briefly reviews the current status of Da Vinci surgical robot training, both domestically and
internationally, with a focus on the practical application of experimental pigs in domestic Da Vinci surgical
robot training. It emphasizes that experimental pigs not only effectively simulate the human surgical
environment, enabling trainees to practice in a safe and controlled setting, but also help accelerate the
trainees' familiarity with and mastery of the surgical robot. This, in turn, significantly shortens the learning
curve, enhances the precision and stability of surgical procedures, and reduces surgical risks. However, the
use of experimental animals in surgical robot training also encounters challenges, including limitations
caused by the differences between experimental animals and humans, potential ethical concerns, and
public opinion pressures. In response to these challenges, the paper proposes suggestions such as
improving and enforcing ethical regulations, as well as advancing the development of virtual reality (VR)
and augmented reality (AR) technologies. These efforts aim to reduce reliance on experimental animals in
surgical training while enhancing training effectiveness, thereby contributing to the innovation and
development of Da Vinci surgical robot training models.

[Key words] Experimental pigs; Surgical simulation; Da Vinci surgical robot; Ethics for laboratory

animals; Virtual reality
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E A, BSFFANEALLIEICRERE,; B, SimNow BIRRLINZGERPELEG)IGRRARE; C, FADry LabEEEREATRIS
FMZEIE; D, FMADry LabEApERHITESHTAEIS, E, FMARESITERAE,; F, FTEREEARE; G, RTHEEIBRE;

H, ETMESBERHE-

Note: A, Interface of theoretical course for Da Vinci surgical robot; B, Interface of continuous suture training module in SimNow computer

simulation trainer; C, Performing setup and instrument installation training with Dry Lab abdominal model; D, Performing suture and knot-

tying training with Dry Lab abdominal model; E, Interface of suturing and knot tying under endoscope; F, Interface of electric energy use

under endoscope; G, Interface of blunt dissection under endoscope; H, Interface of vascular separation under endoscope.
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Figure 2 lllustrative stages of using experimental pigs for Da Vinci surgical robot training
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ANEEXEDE, SPSS270RERLIFERER: 6MEERNFENELERERITEAN (P<0.001), HMF
Davidson's EER > 4% £ HE > Bouin's ElEi& > Carnoy EIFER > Helly EIER > Zenker EEIR; Zenker EIER
MHelyBERSEMAMIEFINFHELELUHBEEEZESR (P<0001), EMilfZEARELEEEESR
(P>0.05), £&i€ Davidson'sEERLBYREE, 4% ZEHEF Bouin's BIEREEBMEIXRZ, CarmnoyBER
REMRRE, ZenkerBIERM Hely BERREHREEZ. BHRET, SECRUNBEARNEETIE
Davidson's Bk, HRP4% ZBEBEE. Bouin's ] Carnoy ElER.
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Comparison of the Fixation Effects of Six Composite Fixatives on
Retinal Tissue of Golden Hamsters

WU Haifeng, ZHOU Xiaojiang, LI Chenjiang, LI Huaiyin, GAO Ming
(Lanzhou Institute of Biological Products Co., Ltd., Gansu Vaccine Engineering Technology Research Center,
Lanzhou 730046, China)

Correspondence to: GAO Ming (ORCID: 0009-0003-2618-6587), E-mail: gaominglss@163.com

[ABSTRACT] Objective To compare the effects of six composite fixatives on paraffin sections of golden
hamster retinal tissue, and to optimize the fixation methods for retinal tissue paraffin sections of golden
hamsters. Methods Eighteen male SPF grade golden hamsters were taken and randomly divided into six
groups of three animals each. After each animal was anesthetized by intraperitoneal injection of sodium
pentobarbital, cardiac perfusion was performed using 4% paraformaldehyde, Bouin's, Carnoy, Davidson's,
Zenker, and Helly fixatives, respectively. The eye tissues of each animal were taken out to make eye cups
and put into the corresponding compound fixative solution for fixation, and then taken out for paraffin
embedding after 48 h. The embedded blocks were sliced using microtome, and then stained with
hematoxylin and eosin (HE). The morphological characteristics of retinal tissue cells were observed under a
light microscope and scored in a double-blind method to statistically analyze the fixation effect and
staining quality of various composite fixative solutions. Results Retinal sections fixed with Davidson's
fixative exhibited intact morphology without breaks, clear structural layers, well-morphosed nuclei, and
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tight adhesion between the retina, sclera, and uvea. In contrast, sections fixed with 4% paraformaldehyde,
Bouin's, and Carnoy fixatives showed varying degrees of retinal breaks and detachment from the sclera.
Sections fixed with Zenker and Helly fixatives demonstrated the poorest quality, characterized by

pronounced detachment, large fissures, unclear cell layers, and pale staining. Statistical analysis using
SPSS 27.0 software revealed significant differences in mean scores among the six fixatives (P<0.001). The
fixation quality ranking was as follows: Davidson's fixative > 4% paraformaldehyde > Bouin's fixative >
Carnoy fixative > Helly fixative > Zenker fixative. Zenker and Helly fixatives showed significantly lower
scores than the other fixatives (P<0.001), while no significant differences were observed among the

remaining fixatives (P>0.05). Conclusion Davidson's fixative provides the best fixation and staining results,
followed by 4% paraformaldehyde and Bouin's fixative. Carnoy fixative exhibits suboptimal performance,
while Zenker and Helly fixatives result in the poorest outcomes. Therefore, Davidson's fixative is
recommended as the optimal fixative for golden hamster retinal tissue, with 4% paraformaldehyde, Bouin's

and Carnoy fixatives as alternative options.

[Key words] Fixative solution; Golden hamster; Retinal; Paraffin section
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Table 1 Comparison of HE staining effects on retinal tissue of golden hamsters fixed with six fixatives under low

maghnification
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Note: A and A’ , fixed with 4% paraformaldehyde (the arrow in fig A’ shows a large fissure between the retina and the sclera and the
uvea) ; B.and B’ , fixed with Bouin's fixative (multiple breaks shown by arrows in fig B) ; C and C’, fixed with Carnoy fixative; D and D",
fixed with Davidson's fixative; E and E’, fixed with Helly fixative (the arrow in fig E shows breaks, while the arrow in the fig E' shows the

separation between the sclera and the uvea ) ; Fand F’, fixed with Zenker fixative. The scale bar=500 wm(A-F) or 200 pwm (A’-F").
Bl REETURRERAFREERENESECRUME F HERBER
Figure 1 HE staining results of retinal sections of golden hamsters fixed with different fixatives under low magnification
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A, FHA%ZSREE; B, FHBouin'sEER; C, R CarnoyEER; D, {#HH Davidson'sEER; E, FAHelyEEi&; F, #H
Zenker EER; &k A EHLLHIRA50 pmo

Note : fixed with 4% paraformaldehyde ; B, fixed with Bouin's fixative ; C, fixed with Carnoy fixative ; D, fixed with Davidson's fixative ;
E, fixed with Helly fixative; F, fixed with Zenker fixative. The fissures are indicated by arrows. The scale bar=50 pm.

B2 SRETUREATFTRAEERENESHECHRUMEN R HERBER

Figure 2 HE staining results of retinal sections of golden hamsters fixed with different fixatives under high magnification
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Table 2 Comparison of HE staining effects on retinal tissue of golden hamsters fixed with six fixatives under high
maghnification
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Design and Implementation of a Software System for Full-Process
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[ABSTRACT] Institutions of higher education undertake a significant number of animal experiment
projects with diverse types. To standardize animal experiments and ensure animal welfare, ethical review
has become a core task for the Institutional Animal Care and Use Committee (IACUC) in these higher
education institutions. A key issue worth exploring is how to improve the efficiency of animal ethical
reviews while maintaining systematic quality of supervision. Based on the current status of ethical reviews
at the Laboratory Animal Center of Huazhong University of Science and Technology, this paper designs and
implements a full-process ethical review software system. This system seeks to offer solutions for the
ethical review and supervision of animal welfare in institutions of higher education through information
technology. The system employs a full-process supervision philosophy of "pre-approval, in-process
supervision, post-review," focusing on strengthening the review and approval of animal research protocols,
as well as post-approval monitoring. At the pre-approval stage, the system optimizes the process for
designated members involved in the project review, ensuring that all projects comply with ethical
standards and legal regulations. At the in-process stage, veterinary verification and consultation are carried
out by executive veterinarians, using a method of "offline inspections and online records" for supervision.
At the post-review stage, researchers are required to provide retrospective data to evaluate the
experimental process. Additionally, this paper provides an in-depth exploration of the software, detailing its
functional and non-functional requirements, as well as its security considerations. It also delves into the
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comprehensive software architecture, process design, and operational details. Furthermore, it illustrates
the system's operational efficacy and impact since its launch. This paper discusses the software's
applicability and practicality, analyzing existing limitations and challenges, such as the difficulty of
balancing experiment urgency with the stringent nature of review processes, and the traceability blind

spots in post-approval supervision. Future research will continue to enhance the accuracy and strength of
animal welfare ethical reviews and supervision through new technologies and methods.
[Key words] Animal ethics and welfare; Ethical review; Informatization; Software design; Full-process
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E: A, REASERBEREE,; B, sMXRFBREE.

Note: A, Flowchart of project registration process; B, Flowchart of animal experiment application process.

B2 WS iREE

Figure 2 Flowchart of the software application process
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Preliminary Diagnosis and Characterization of a Spontaneous
Immature Testicular Teratoma in an Interferon Receptor-Deficient
Mouse Model

ZHAO He, ZHANG Fan, XIAO Yuzhou, AN Xuefang, ZHANG Tao, LI Li
(Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan 430070, China)
Correspondence to: ZHANG Fan (ORCID: 0009-0002-4393-3081), E-mail: zhangf@wh. iov. cn

[ABSTRACT] Objective To observe the spontaneous testicular tumors in interferon receptor-deficient
mice (AG129) and provide a basis for further research using this mouse strain. Methods The AG129 mouse
population was bred in an SPF barrier environment and reproduced normally. Among the 3-week-old
weaned mice, we found that one male mouse had an abnormally enlarged testis, while none of the other
mice in the same litter exhibited a similar condition. The spontaneous testicular tumor in this mouse was
continuously monitored. The mouse was euthanized and dissected at 9 weeks of age. The gross
morphology of the tumor was observed, and the tissue was then embedded in paraffin and sectioned for
hematoxylin and eosin (HE) staining. Results After several weeks of observation, the tumor tissue gradually
increased in size as the mice aged. Upon dissection, the tumor tissue was encapsulated in a smooth
capsule. After opening the capsule, the tumor tissue was irregular in shape, with some areas being hard
and others soft. The results of HE staining showed that the tumor tissue developed from tissues derived
from multiple germ layers, with nerve tissue, bone tissue, muscle tissue, and adipose tissue inside,
exhibiting an irregular morphological structure. Conclusion Based on the tumor development, gross
morphological structure, and the HE staining results of the pathological sections, the tumor in this mouse
was preliminarily diagnosed as an immature teratoma.

[Key words] Interferon receptor; Mouse; Testicle; Immature teratoma

BB BERESAAITHNIRE “EFHESNEXERERBEANRUYERTR A" (2021YFF0702000) ; It &R T E ‘TR EN R S
RN EIR” (2022DFE023)

[BE—1E&E] & #(1987—), B, M+, LWIH, FENFEEIEZE/NSEEIE. E-mail: zhaohe@wh.iov.cn

[BEEE] 5k W(1985—), B, M*t, BRIKIT, FENEIRINEERFHSEET(E. E-mail: zhangf@wh.iov.cno ORCID: 0009-
0002-4393-3081

==
==
==
=5



692 LIS S L E S Laboratory Animal and Comparative Medicine

Dec. 2024, 44(6)

TR - REEMNCEABRE T, HARZH
HANA . ARET4E4m AT AN S s A s a2
heErEERA . THhEm 5aiRmZAk (AT
hEZMAR) HEEM, BSAaRRAEETREER
fEEED . WMRRITUREFRER P AGI29 /N
BANERM TR ZARFRERN TA/NGR, X
F/INERR A B TP R et 5 a2 R 45 & ST A i
FEAEPURE RN, ERRY R s IR S ] 2RI
55 Ik HL 5 PR T A 1 PR RE IR B 78 BEARRAE s[RI,
AG129 /N B F T N2 R e M B I R DA K 7 5
2N SN S A Y FEETEMERE T,
AG129/NRIEIRIA 21 d 245, WFLEAth N 21 d 245,
By AR /INR — B TR R AG 129 /IR AR
M, S P ECE R T IE R B AR AN Bs AGI129
INRTEAE R B R R W R H e A, BRRE
ARG
1 EHlEH

AG129 /N 1 5 S (e T e R R B DU
AT LR E R [SYXK (55) 2022-0131] f5#
PRI, NRFREERUREAE 150 {EA. TIEA
RFAME 21 d I E—ZIEER 6 H/N (29,
468) HERIAT . G R MR, W15 RN A
SBRFER, FAEHMNRELHERE. £G4
Tl FR It RO AR B, /N ERU AL B A A ) e 4
RifiFF B, 9 JREE I /INR T3R8 J1 E 2 2I0H .52
Mo SR EAf/INBR B o PO TR AL, B B TN s o
BMEER], DURBG IR S, TAE A BX=2E
IINFRSE TR SR FE o [ XoF (] 5 2R e R T A= A
A AR RS, AN A5 SR 15 & [E 5 SPF B Wb v

E: A, AR AN, B, 6FIRETARN; C, 8EEETRN.

ARSEEG R A BB R & E R B DO S A
SLEGENYIAR S E PR AR A B SR, st SEge sh )
R E (WIVA30202402),

2 ZWRiE

{8 R b SRR /NS, ARG 125 5K it
LRI MREISE UM RO I3 IR AT B,
T 10% AR B B AR a0 . [87E — B e T
EIAWETIR . HEQE R YD BENEE, W%
ZE {5 I NIS-FElements 25 175 I B (4 6 SO A 22 4 it
T ke,

3 ZERER

31 AHBEMNFL

ORI AR T RIS, A BT 4 .
6. 8 FBSRATEIRSMEL S (1), 9 FITRS
NG 22 55, STFERTRLE N, 17— 5
W ELEA R R, BB R B e,
EAURBIN . BIAFEIE, NELSSAALLL. ISR
% EYERERREN. WRELAES, BAR
B, MR (2). (CRHRIASEUR I, A0
LA KA
32 AHARBEENE

HE Y55 R or, R L i % R s
A, AR RS GHAR (E3A); WE ks
BV, AT RS, B Lk
BHONSHZIIE (E3B); AT ILAREAIIE (S Efskis
FAIE) DU ERAA (E3C), FHEMIERIIALL
SRIEATE (3D).

Note: A, Tumor size at 4 weeks of age; B, Tumor size at 6 weeks of age; C, Tumor size at 8 weeks of age.
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Figure 1 Growth changes of the tumor in the mouse
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A, BREMEAREN; B, BAAAREN,

Note: A, Cystic tissue structure of the tumor; B, Solid tissue

structure of the tumor.
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Figure 2 General anatomical observation of the tumor in
the mouse
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Note: A, Connective tissue (x40, scale bar = 500 wm) ; B, Bone

tissue (x100, scale bar = 100 wm) ; C, Nerve tissue ( x400, scale

bar = 50 pm) , with the black arrow indicating the location of

nerve cells; D, Muscle tissue (x100, scale bar = 100 wm)
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Figure 3 Histological observation of the tumor in the
mouse (HE staining)
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Pathological Diagnosis of Systemic Amyloidosis in a New Zealand White
Rabbit
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[ABSTRACT] Objective To provide a reference for the diagnosis of amyloidosis in experimental animals
through the pathological diagnosis of systemic amyloidosis in a case of a New Zealand white rabbit.
Methods In a 6-month repeated ocular toxicity study, an abnormal finding was noted during the routine
gross anatomical examination of one New Zealand white rabbit. Its organs were prepared as paraffin
sections and stained with hematoxylin-eosin (HE) staining and Congo red staining. The histopathological
features were observed under optical and polarized light microscopy. Results Gross anatomical
examination of the animal revealed an enlarged spleen and changes in the color and texture of the lung. HE
staining showed that the splenic tissue structure was destroyed, the white pulp of the spleen was
surrounded by dense amyloid deposition in the form of nodular rings, along with pressure atrophy of the
white pulp. Amyloid deposits were also observed in the submandibular lymph nodes, mesenteric lymph
nodes, ileum, sacculus rotundus, vermiform appendix, jejunum, cecum, and rectum. Congo red staining
showed that the amyloid deposition in the affected organs appeared salmon-pink, and exhibited
characteristic apple green birefringence under polarized light microscopy. Conclusion The histo-
pathological features of the New Zealand white rabbit are consistent with the diagnostic characteristics of
systemic amyloidosis.

[Key words] Amyloidosis; Spleen; Pathological morphology; New Zealand white rabbit

[BE£WA] I AERRITHINE (R FEX) T REIWIEIRRTFN AR E L E SLIE=E"(2023B1212070029) ; T REEAA L TR
BT R RHE G LR E A A -8 (2021TY060021)

[E—1E&] MIEIE(1994—) &, it , AR F ) : SHEREZ. E-mail: lingingging@lewwin.com.cn

[BEEE] B E(1978—) B Bt SRIREID, HRAE: HHIGRILTELETFNHARIIE. E-mail: ywdocen@163.coms ORCID: 0000~
0001-9731-197X



696 LIS S L E S Laboratory Animal and Comparative Medicine

Dec. 2024, 44(6)

TEFENE (amyloidosis) J2IEMFEEHENAR
e S ML R BT S BRGNS E 6
PGB — RET IR RO B AR . R MEE AR
L MM goR R R, AL HKEAKER)
Wil MERTFAZ, SRS AR TR
B, nEARN =AY, BERERGIERNELZ
PEAR WAHISCRR RS » A IRE 2 72— T A S2 40 304
B = HARR O 6 A ES IR 2B fe
ey, RIS AR LA 1B = E R RE
ERHEAIO B L REC LRSI AR M. I, 7R
SO AT IR G S MRS HO P HRAIEE . HE e S IR
AREEER, X HRHALZRER TR 5T, DA
HOuH e = HAR R B R ME R G TR AR T2 W f 3t

2%,
1 #HE5FE

11 sEREHY

ARGk E—BUNE 6 N H A FE T2
FEmME IR B R IRE RIS 2L sH, 4
120 R¥rPE = HA, SRl B EA . KA EH
0.02mg/d). L (0.04 mg/d). =7HEZH (0.08 mg/d)
KB TEEREA (0.08 mg/d), FRTEIRGZ 1K
(100 pl/HR) , EELBH5MH, SRl THEHE. 4
HARIAAR B EERGIRE 48, L5 RIXS 304
BEATIR B PR 2 o MR IE == H A N LL 5 D AR
457 A PR R ARVR VK S HAEh Y, PR, e
9, THER, RRILATIRENI2.992 kg, W HE MR RF
EYIREGAIRAE [SCXK () 2020-0005], )i
FEF T HRER E R TR A PR F] S AR S/ K
BOIgEE [SYXK (H) 2022-0146], HFEEFR, REE
TSN 16 ~26 C, MHXHZEE N 40% ~70%. 1% E LT
IRZA 2 7 RIS B 77 75 2 M it FE A & SE 3 st
RHEAESCEDR, B AR R E A R B A R A H
Y EMEHHZ R SHHE (IA-SE2022081-01
1ASE2022081-02) ,
1.2 SCIENEE

ASP300S 4z H B H 2 KL EG1150H £ 1 1 1
Hl. EG1150C & & . RM2016 5K FrAL. ST5020
Z WhRege . DM3000 A=) T A 5 A1 DMC4500 J75 #
E G i A S 0E H 2 E LEICA A ] ; Aperio GT 450
HEMBAEKRREMAS (LiB) GRAHA;
BCE224-1CCN HF RS B 28 2 Al Rl 2 Es (b

) AIRAHE.
1.3 E£ZE:iH

IARKEGEIE B _EigBhi T AR R AR A
m (5 G2115209); LY (BHAEM:) WHE LiEET
AR A BBRAE (5 12018021) ; FHEZWIR
AREREERENREMFEAREGRAE (5
C240301),
14 REFRE

BEEMRGHHEEARE NG, RiEzi3Wik
B, HAREBILRENR, BN # e S
PRI, PREE IR 16 melkgo 1EEIPNTE A YMRHREE
f&, IR FE 3R I T XL R, ZREE T
HITERIARARETIRE (2846 100E25), HIA
LUREARFE FARFR S B0 10% B9 i R s [ - (PR
FSE LA Davison's [E E W THUEEE ) o 24 A IHEAh
EATAZEE IR B, TohSER R ICs T,
B EAEsITIn LA E . A [EE Ja A SR A E
BB B i, S HE R EREDL
FH I NI SR T35 50 B 5 3 T HE S €00 H I SR AT 5
t, RGN DR KRR T MR R AR,
IR FEX RAE Z il 77 Mot Se it FE AR I IH B
MR IEA % RILE I R GRS

2 #R

21 RERESUZBRESRRE

EMHHE 2 A R ARG T o, AR E
ROULFHE WY RSG5 A RN AT UL RS
K, MER~TZN7.5 cemx1.5ecmx0.5em (E1), g
5209 g, HEARZRECN0.174, BERKZECH 0.533; fifi
AEZ b 2 IR, BRIEHE A g i, HoREss
SN B RS, BaEsE AR, FHigs, &K
DL RGN

B 15RO RF RN R R =0 R AR
Figure 1 Spleen of a New Zealand white rabbit suspected
of systemic amyloidosis
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Note: A-F show amyloid deposition in the spleen at low magnification (*x40) and high magnification (x100) , submandibular lymph node
(x200), mesenteric lymph node (x200), rectum (x200) and ileum (%200) ; G-L show histological morphology of spleen, submandibular
lymph nodes, mesenteric lymph nodes, rectum, and ileum under the same magnification after Congo red staining. Scale bars: 600 wm (A,

G), 300 um(B,H), 200 um(C-F,I-L).

B2 1 RAMENEEMFIA=ARELMREARNEEALZEMURE

Figure 2 General optical microscopic observation of affected organs in a New Zealand white rabbit with systemic

amyloidosis
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Figure 3 Polarized light microscopy of affected organ tissue in a New Zealand white rabbit with systemic amyloidosis

(Congo red staining, x200)
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Note : A, Severe diffuse inflammation of the lungs; B, Thymic atrophy; C, Diffuse increase in cellularity in the bone marrow cavity ;

D, Bone marrow micrograph of normal control animals at the same time point. All scale bars in the figure are 600 um (A-D).
B4 1 REMENEFERERIA=AROEMIERERREZNER(HERS, x40)
Figure 4 Histopathology of other organs of a New Zealand white rabbit with systemic amyloidosis (HE staining, x40)
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