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Animal Models of Human Diseases

B %, M, LiEERYESRHES LN RIE BB A ARG 9235 2 Bl 2 ARBF, @it
A ST o KN A T A s B B A AR G R A ST, R T M BT Bk F G B R T R A R B
T R P A KT 5 BT AR 5 B B AR R IR R T S 5 O 2R A R R AL DA R
TR IT RGBT 5, R BUNT ME 5 i B @ X B LR R AR R o AE R 5T A& 2021 4 [ AT R R R
EEMNHERE, EFEREAMFLEE3IM, BRREEIT; B FEREEEE (S4FR) &
Cell Metab. J Exp Med. Am J Obstet Gynecol. Cell Rep VA% J Clin Endocrinol Metab % 2% & £ %
X300 o AR LB RFBEFENAET FRFASIR—E LERLE

R EZE RE T BE T a2 N R 2 FEUN LB T TE B
uy VN R A

YRR, REEE AT WY ESCAR A B R OES SR KWL R OB
(L 3838 K 5 B2 B IR 46 U A R B BG4 B AL LAY, B35 200011 2. b 5B A S B S S 3 AL 5, ki
200025)

[HE] B BINSER/NBRHITRHEMERFETAOTSERELE, WEIRSENEZST
(polycystic ovary syndrome, PCOS) #E | WWREE/NFRSLZRFINBNEHOFEEREZER, LURRPCOS K
RERFFENERNS. HiE THHNER2mglRMMERE, EBAHN40d. DBNRLZEAERR
FIREMERAFOIETE3I~4BARINCS/BL/E6J/NERMEET, SH8R, MEXNRARKMMESHNPCOSEE,
FESIEXBATIEBERENE, EEEASE, SAKUSENRNEEM24hHESE. KHECR/NRFT
ffEE, BYHELEWERNRINEMFIFALRFETN, BRI OLEMBIFIEIERNIRKE, B F4/80%
BROWFREMRITRERMAMRZERE, BT Masson £EMBIFRFHEMKE; BIIEFASNFEADHT
WEREFEANEFIARTERRLANESR, HNEEERREANERBITEES T, BEIHRNEEPCR
IFRANRITHARPEZEZESHTEANER. HFR SYBARL, kRMBERRFE TARNSERELEGH
BEANRAEZEEBM (P<0.001), IEMNEZEHRREE, FELEETER (P<005), B/NRHFHEES.
FFAERESHMERAEEEZZM (P>005), BRAZNFAN, KRG ES/NSFFEFE NI LA 217
M FEANESREAER, MZ25BEEMEEESK. LEEYRERERERMBXBRE. KHEEPCRER
T, SXBERL, EEBNRFREN HSD3B2 F1 HMGCRER I mRNA £ix £IA (P<0.01), /L4, CCL270
COLTATERAIMRNA FIiA T (P<0.05). {8 Masson a5 F4/80 REARMWZREBRNITRFLENKESER
HRZEEENEEZNT. FHit RMBERRE TABTSERELIETARINEE/NS PCOSKEE, BRUNE
FIREFERRATWES, UREBIEEERRNEERERE, 25PCOSHABILH .
[X#8iE] REIK; S|OPEEE; BFEE; HFZANE; ME

[PE522£S] Q95-33; R-332 [XHkirEB]A [XEHS]1674-5817(2025)02-0119-11

A Mouse Model of Polycystic Ovary Syndrome Established Through
Subcutaneous Administration of Letrozole Sustained-Release Pellets
and Hepatic Transcriptome Analysis

XU Qiuyu’, YAN Guofeng? FU Li%, FAN Wenhua?, ZHOU Jing? ZHU Lian? QIU Shuwen', ZHANG Jie',
WU Ling'
(1. Department of Assisted Reproduction, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University

[E£RE] EREARNZESRHME “RENERT EFEBIEINFRIEHEX BN HHZ" (82171685)

[E—1EE] IFMF(2000—) , &, MEHRE, RS EFBERD W E-mail:xqy1047817@163.com

[BIEEE = $#£01985—), &, Bt BIEERD, ARAE: £EADWREMAIGKRFR. E-mail:wulingdhospital@126.coms ORCID:
0000-0001-9217-9412
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[ABSTRACT] Objective Prepubertal mice are administered subcutaneously with letrozole sustained-
release pellets behind the neck and treated with a high-fat diet to establish a mouse model of polycystic
ovary syndrome (PCOS). The liver transcriptomes of the model mice are compared with those of the
placebo control mice to investigate the underlying mechanisms of liver involvement in the pathogenesis of
PCOS. Methods A customized 2 mg dose of letrozole sustained-release pellets with a 40-day release
period was used. The control placebo and letrozole pellets were implanted subcutaneously in the dorsal
cervical region of 3-4-week-old C57BL/6J mice (8 mice per group) to establish the control group and
letrozole-induced PCOS model group. Both groups were treated with a high-fat diet starting the day after
administration. The modeling period lasted for 5 weeks, during which body weight and 24-hour food intake
were monitored in each group every week. When samples were collected, liver weight was recorded.
Pathological changes in ovarian and hepatic tissues were examined by hematoxylin-eosin (HE) staining,
while hepatic lipid deposition was observed by Oil Red O staining. The extent of macrophage infiltration in
the liver was evaluated via F4/80 immunohistochemical staining, and hepatic fibrosis levels were observed
by Masson's trichrome staining. Transcriptomic sequencing was performed to analyze differentially
expressed genes (DEGs) in liver tissues between the control and model groups, followed by enrichment
analysis of significant DEGs. Quantitative real-time fluorescent quantitative PCR (qPCR) was subsequently
used to validate the expression of significant DEGs in liver tissues of both groups. Results Compared with
the control group, the model group which received subcutaneous letrozole sustained-release pellets
combined with a high-fat diet exhibited significantly increased body weight (P<0.001), prominent polycystic
ovarian morphology, and significantly decreased liver-to-body weight ratio (P<0.05). However, no significant
changes were observed in absolute liver weight (P>0.05), hepatic histomorphology, or lipid deposition.
Transcriptome sequencing identified 119 upregulated and 217 downregulated DEGs in the liver tissues of
letrozole-treated mice, which were predominantly enriched in pathways related to cholesterol and steroid
biosynthesis, steroid hormone metabolism, and inflammatory responses. gPCR validation demonstrated
that mRNA expression of HSD3B2 and HMGCR was significantly upregulated in liver (P<0.01), while mRNA
expression of /L4, CCL2 and COL1A1 was downregulated (P<0.05) in the model group compared with the
control group. However, Masson's trichrome staining and F4/80 immunohistochemical analysis showed no
Conclusion  Subcutaneous
administration of letrozole sustained-release pellets combined with a high-fat diet successfully establishes
a mouse model of PCOS. The model mice exhibited significant changes in hepatic gene expression. Liver
may contribute to PCOS pathogenesis through regulating cholesterol and steroid metabolism.

[Key words] Letrozole; Polycystic ovary syndrome; Liver; Transcriptome sequencing; Mice

significant changes in hepatic fibrosis or macrophage infiltration.

PCOS) PAmmE R MmiE. IR L BAEKE . HNE
B ESPREEEZE (anti-Miillerian hormone, AMH)

2 PE PN B 28 B AE  (polyceystic ovary syndrome,

Apr. 2025, 45(2)

BN EYRTIEIRYY . MTisisE PCOS 35 BRI
. NI B ANZEREAR s SR T PCOS FIAR REEIFHA 1R
XL, HArE B 2 S RN s = F G

KN EZLWibrE, FIRNEEIER. RRBERIE
R DhRERERS . HAE N —FAEFEAN 73 IR, 2 5E
TeHEIMEAR 2 LA R 1, I BRI Rl R &Y
10% ~ 13% [t 2, PCOS 2B HEE%, HaTM
TIkiaEL, —&12W, HEHEMAS. kKR LEE SR
P EE IR L T3k, A B ATE 77 U Bea b

URIATHIAEE 27 AN

PCOS SR HTEEN, T5 TR, ARSI ARl
R, FFAEHMHIER, AT AMH &
. BRBZRER. HEFEHSRS, HESTRE—
P RS 52 R BB PCOS A GRS S A
FHVEFETT A B HTEA TR, R & R
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1 751 She ke LT BB 2R ) R e AR O R o AP SEER
B, 1E5 BRI IGTraE Rz ok dh iy B9/ N AT A
SEHHVFZ PCOS BIAETEFMRAMT AL, A ARAERE. AL
RAEAEERE . N2 LRI 5 A 3
Bl Mok & MR, STEER BB S H
BB ARG, OB, BRERASURIMAS =
HE D, G4, HRTHMR, B aEimN
ERTTEREME, NFFE— R N, HEZBRRE,
R, fEBEHATREZRMEZ R M A &
JEREAEER, AT A2 £ PCOS R A s AT
i

FHIEEIUAREZRISERE . 5 PCOS ZIAIFFENF
ZIETERRER . DA DIRE RS HE AR MR 1,
Z Tt 78 EESEH 5 PCOS B 1R & 1 Ht R A M
B KRB R R 2 7 A 43 W6 89 2 B R 71
PCOS B F MR /KT b, WMHEHRESENR (sex
hormone-binding globulin, SHBG) . FutuinA F 3% £F 4
R A F 21 (fibroblast growth factor-21, FGF21)
S 800, fH PCOS 1L i IEZH ZURT S AR 28 AL AT A
AR T FE IR E St ph k22 B P B2 R BEAT = IS P
BAREE SR 7T B PCOS/INGUSAL, SRS AHEARL/NGS,
HORFREBE T R SR A 5 Je 22 R B A, FFE— 204
IHEEE T, JIRTT PCOS Kimit FE FAE A /E FIAL
HIFIE R 128 PCOS /R I it BHRBUAIER 25

1 BMHS5HEE

1.1 EIEzhY

16 H SPF 2% e CS7BL/6) /NER., 3JEIHS, tRE N
(11.9+1.1)g, WH HiGRGEVREEERAF [SCXK
(971)2023-0003], Jfi & A A& IES 09 2018000302797 1
FirE S8/ N B FR T RIBAS R E B S5 sh )
BlER [SYXK (J7) 2023-0041] A4 57 FE EREE SEIG 5]
Yrsitarh, BT 4 FUNR, $RAE s R e E KA
kE, REFEAEE NI EE 20~22 °C, FEXHEEE 50% ~
60%, JEHAEARE 12 h 538, ARLIeE R E KT =
P EAAERSEHAEZ RS (S
JUMC-2023-066-B) , SCAG st F 2 4 18 <7 3% [ 304
SERGAC AL FAE N o
1.2 EEXNSINEE

SeZE R (5 SX=999-2mg) Kt HRZZIEH
ZRF (L5 Ssc-111-2mg) @i EE IRA A EH,
EINERZ3 mm B 7], ZREEIAN40 d, ZRGHE

M50 ng/de mHREELD12492 (Hik5 22090102) W H
% [E Research Diets AF], &% (L5 98CKA) 4 H
L Vitbae ARl o A SEFEKE (4165 190625BP) 1y
LT fE 5 R 25 ey AR A A . maEkt (S
20211201) W ELAEFEEEDRARGRAE . BH
AU ZAE E (5 G1101) . F4/80 g 4 24 fh s g
@R —HT (S GB113373) FUHUR S RIC
UIEHie 5 (5 6B23303) I H BN FE4E /R4
FHYABRAR o TRzl (HE515596) 6 H £ E
Thermo Fisher Scientific A% . RNA k#7068 (it
5 RR0O36A) 5 5% & PCR 5] & TB Green Premix Ex
Taq (5 RR420A) M4 H HZR TaKaRa A F] . /NRAE
HMEABFRT (H5 Secura612-1CN) FIFFEE &
WE R (85 BSA2245-CW) Il 5 £ [F]
Sartorius 2 &) o Matrx VWR /NI 47 R EENLE B £
MIDMARK A& o
1.3 PCOSHEEI/NEE

SRR 1 AR Tk, K16 3
i C57BL/6) HE SR FEAL > WA e RIFINT R 8 H,
St S 8 I, AR & b B KRR BT e 7
ZEMA B mLEFREW (50 mg) , MIASERFE
LRI ERW (0.1 mg), fHAEIEIKTRE. A
B/NRIERRARENIERN 3 d G, % 50 mgkg &7 %
X5 0.1 mg/kg A7 FEFEIKIE (0751 SR s T 50 14 T PRI o
RPN A/ NRESEL, AR FIREERk,
FHIRRIBIAE S GBI L 2 ~ 3 mm KA R E /N, f#H
BrHitE Bk, MERAERKRT, ZRF=H
MGG/ R, BES A BT R B4 G F AL
Ho Kig, RB/NRBEEFNHEAER, §E4H,
JFHEEKFEEMARNER AR, K58 ~24 hIEUN
SRURRBE TR RS v, FFE 24 h N BE B4/ N B R
B ETERE, FPERIENS JE o
14 NMEBRBESIPE.FRAARFRD

ZRRFAEERNET. 140 21 /128 %, MIEA
YRR, WERERMR [ (B R E — 1A
RE) AR EX100%]. WIEHRS KR, BERE—
RAGI/INER 24 hifEer & TR B9, /Nt
FAFEESURCR R m R takl, FREUARIEE DR K
HEF9 S, BRMEEERN IR EREFICHR,
HHEAE 24 haEEaRE (AFEREEE) kEE
FEHNREESHERR (RREEEEEE/NR
BH) ., GRWEN1d, EEEENSE.,
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5536 RARE/NRIRESG, EH/INSIIRREEATLA =
TR/ INGR o T8I SR R V5 22 SR BB/ N B sk B
FRRaRs, WERRRA /N B DRSEAIITEE, FREFIEER.
B3 /N AE M40 2R, BT TEIN A PR ED
53 o R MIGH ERAN— 24 A I s 5 A e A 2H 41
EERH, ATFHlEaiEyf, @id HE QL EMEaH 21
AR, i Masson G ISR AT 4L G . B—
R A B A s AL 2R [ e, A Tl kTR
PIF, BT 0 gett, WERERUTRE . FFAESE
RERTFAEMA TR, ZJGIRAFT-80 CUkAf o
1.5 BFEEF4/80 REHERKFERE

HIF BRI R i br ) F4/80  (RIVNRFR R AR
RS RRLEE HRRER 2 R) AT AFIE S 21
el o REH DT SRR K, TR THUR &
2. Wit S AT (LGS, o0 ras
BOHUA LI, 4 CIIRWEE,; EE=EEET i,
SRS AN DAB A FE 2 B TS, et
FREMIE, TeA DABRER, ([HHARXT g
Mz, ot Bk B, BHEEER, ERME
TR,

1.6 FFIRERAZFSH

BEATLIZREL 6 DAFAELZRRE AR (2 RRIFIAT HRE AR
ISR 24 3), fd A TRIzol S2EUFEARZLRNA, X
RNAFHTES . FBAL. Bk, “HEER, RimE
I n#EL fEXT cDNA BE1T PCR 1Y . Zlifk, RIS
o S Je BT ROy o 7 e 75 e R IR FE AL HY
FEIEIR N ZER5E (fold change, FC) FIPAH, DL
llog,FCI=1 H P<0.05 1E Ak, XHSRIH)Z SR A #1T
GOTIREIERE. KEGG BEHI GSEA B 55T,

17 ERRNESEPCREIEFERDPERRIX
E=473)

vk 2 D BRI 3N NARRE, mHERPCR
X G SR K- AT 90 o {8 A TRIzol 205 B2 BN A
2 RNA, I B s il 1l & S e s 5 51 ¢DNA,
JFREIREEN 5 ng/ule B RMAAFR 10 wL, AHES5 pL
f112x TB Green. IE[AAIRAIF[#)75 0.5 pL LUK 4 pL
cDNA, &8 PCR R 95 CHIAL MR AL 30 s,
95 CAMERRLS s, 60 CIRARRL30s, 15 E 40 KTE
o DL36BAFEINNZ:, RA 22 CT5 kTR E Rk
3B - BRKE LA 2 (3 beta— and steroid delta—
isomerase 2, HSD3B2) . 3- % 53— F Bk — ik 4
fiff A WJEHF (3—hydroxy—3—-methylglutaryl-coenzyme A
reductase, HMGCR) . H 4l Z -4 (interleukin—4,

I14). C-CEF#E{LEFREiAR 2 (C-C motif chemokine
ligand 2, CCL2) F11ZLJZJE o 5% (collagen, type 1,
alpha 1, COLIA1) HJmRNAAERTFRIZKE, BH G
FPo 1,

=1 51975
Table 1 Sequences of primers
E1E =4 ElkIE2T]

Primer name Sequence (5'—3")
36B4-F AGATTCGGGATATGCTGTTGGC
36B4-R TCGGGTCCTAGACCAGTGTTC
HSD3B2-F GGTTTTTGGGGCAGAGGATCA
HSD3B2-R GGTACTGGGTGTCAAGAATGTCT
HMGCR-F CAAACATTGTCACCGCCATC
HMGCR-R CCACCCACCGTTCCTATCTC
ILA-F GGTCTCAACCCCCAGCTAGT
ILA-R GCCGATGATCTCTCTCAAGTGAT
CCL2-F TTAAAAACCTGGATCGGAACCAA
CCL2-R GCATTAGCTTCAGATTTACGGGT
COL1AI-F GCTCCTCTTAGGGGCCACT
COL1A1-R CCACGTCTCACCATTGGGG

i 3684, EASEENMWLEPO, (FARS,; HSD3B2, 3B-12
KEMREREE2, HMGCR, 3-#E-3-BEKX_EHEE AXRE;
Ita, BEBNE-4; CCL2, C-CERFBHKETFRIK2; COLIAT,
I BB ad. F, IEME; R, &R

Note: 36B4, ribosomal protein lateral stalk subunit PO; HSD3B2,
3 beta- and steroid delta-isomerase 2; HMGCR, 3-hydroxy-3-
methyl-glutaryl-coenzyme A reductase; /L4, interleukin-4; CCL2,
C-C motif chemokine ligand 2; COLAT1, collagen, type |, alpha 1.

F, forward; R, reverse.

1.8 #HiHERE

. GraphPad Prism 9.0 wEHTRIT DTS %
K, SERGEE SRR S B iR ERR, SR AR
IEIGHIEERBENE, P<0.0SFREREFHFRE Lo

2 #HR
2.1 RENEFHSEEIXRIEEER /) E IS ETIT R
wis

e N NS A EE SR, AUERME
R &M LR A PR A S WG R AR, Ok
MR Rt AT SRR & 2 i, LA /N R G i
ERINE N R (P<0.001, E1A), HERERE D
FZ5 (P>0.05, K 1B), INEAEET]FH)HE etash
RER, fEXREAF, JIRAZ R WFEKEINEES
B, RIAGFEEFEHONIIS B4 /N A PP R
KEHIEHENE L, Btz Sk, REEHIHT



Apr. 2025, 45(2) LIRS EZ Laboratory Animal and Comparative Medicine 123

E: A, SPRAERL, MRei4 BERRERNE,; B, NRERPEEE2A4NMERSE; C, NRIFEHERE (x50); D, NEFEEE;
E, NEFEL; F, NEFBEHERE (x400); G, MEFEHIORE (<400), BHESR/IE; SLEFAML, "P<0.05, "P<0.001,
"“P>0.05. C. FIIGEH, LESTESIRXAMRINENFESLN.

Note: A, Weekly rate of body weight change of mice during the first 4 weeks compared to their initial body weight; B, Weekly food intake of
mice in 24 hours during the modeling period; C, Ovary HE staining of mice (x50); D, Liver weight of mice; E, Liver-to-body weight ratio of
mice; F, Liver HE staining of mice (x400) ; G, Liver Oil Red O staining of mice (x400). Each group consisted of 8 mice. Compared with
placebo group, "P<0.05, ""P<0.001, "P>0.05. In fig. C, F and G, the upper and lower panels show two independent biological replicates.

E1 kiR SERREESNERAE BREMFRZI

Figure 1 Effects of letrozole and high-fat diet modeling on body weight, food intake and liver in mice
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HEMmEERh, FERHERThaErRRS (& 1C), KA PCOS
TR AL o

XA /N R RT AR EE S TR, ASRER,
ARFFIEEREEEEER (P>0.05, E1D), {HfE
U B BT AEFE S BT R b R T X R4 (P<0.05,
1E) . HE G Z5 R T R, W4 R T4 A
EFALSRE R ELER, IR RTTREER
WHHEZES (FI1F), WLofmss R G R, widln
FRRERE TR AL (B 16),
2.2 REMEINSEX|IESPCOSER/NER
FritEREZ o

TR REALTRER 3 A T A ZRRE AN A 56 S 4H N 45
RiER: SRREFIRAME, Skl /NR A
FFBE R 2275 336 M EFRIAEA (llog,FCI=1 H P<
0.05), He 119N EEREFGAKE B, 217 M EEEFGE
AETE (B2AF1B),

Er A, RETMIEEA vs ZRIFINBANERRARRHETRE;
B, REIMIEEAE vs RREFINBANZERFRIXERE KWE.

Note: A, Bar chart of the number of differentially expressed genes
between the letrozole model group and the placebo control
group; B, Volcano plot of differentially expressed genes between
the letrozole model group and the placebo control group.

2 kS EREEEE/NERFRARGPERER SR
Figure 2 Analysis of differentially expressed genes in liver
of mice after letrozole and high-fat diet modeling
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3 Wie
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E: A, REIMISEA PRFRXAERNARME GONEEER, B, RiiMERA LERAERPIAREKEGG ZEDT; C, RiMERATE
ZXRERANAREGONREER; D, RMiMERATBREXERNAFRE KEGG EED .

Note: A, Representative GO functional annotations of upregulated differentially expressed genes in the letrozole model group compared to
the placebo control group; B, Representative KEGG enrichment analysis of upregulated differentially expressed genes in the letrozole
model group compared to the placebo control group; C, Representative GO functional annotations of downregulated differentially
expressed genes in the letrozole model group compared to the placebo control group; D, Representative KEGG enrichment analysis of
downregulated differentially expressed genes in the letrozole model group compared to the placebo control group.

E3 REMASEREEEE  REREAER N BMEE ST

Figure 3 Functional annotation and enrichment analysis of differentially expressed genes in mice after letrozole and high-

fat diet modeling
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PCOS WY RLER IR R EBETAEA ™. W, K6
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E: A-B, REIMISEA vs RRIFINBAHGSEAZED T (A, SRAERE; B, MFREXEREE). FDR, BRUE,
Note: A-B, GSEA enrichment analysis of genes in the letrozole model group compared to the placebo control group (A, upregulated gene

sets; B, downregulated gene sets). FDR, False discovery rate.

El 4 RMBANSEIRERREERREERER GSEA EES

Figure 4 GSEA enrichment analysis of differentially expressed genes after letrozole and high-fat diet modeling
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F A, 3B-REEEREEE2 (HSD3B2) HI3-RE--FEXBHEEAXLEEE (HMGCR) EEMNENERIAE; B, BHABNE-4 (/IL4). CC
BEFENEFERA2 (CCL2). |BRFE«5E (COLIAT) BEREENFRES,; C, AFHEMasson & (x400); D, FFHEF4/80 RBARUFRE
(x400). HA 8 R/NE; SLREFNIIEBAMRLL, 'P<0.05, “"P<001, CFADEF, LESTEDIAER MRIZINEYZES.

Note: A, Relative expression levels of 3 beta- and steroid delta-isomerase 2 (HSD3B2) and 3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMGCR); B, Relative expression levels of interleukin-4 (/L4) ,C-C motif chemokine ligand 2 (CCL2), and collagen, typel, alpha1(COL1A1); C,

Liver Masson staining (x400) ; D, Liver F4/80 immunohistochemistry staining (x400). Each group consisted of 8 mice. Compared with placebo

group, "P<0.05, “P<0.01.n fig. C-D, the upper and lower panels show two independent biological replicates.

El5 RMMSEXRERENRERERRSLHIESE PCRIEIE

Figure 5 Real-time quantitative PCR verification of differentially expressed genes in mice after letrozole and high-fat diet

modeling
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[ABSTRACT] Objective By simulating the etiology of abnormal uterine bleeding-ovulatory dysfunction
(AUB-0) and establishing a rat model of abnormal uterine bleeding (AUB), this study aims to provide an
experimental platform for investigating pathological mechanisms and developing therapeutic drugs for
AUB. Methods After acclimation, 24 adult (10-week-old) female SD rats were randomly divided into a
normal control group (6 rats) and a model group (18 rats). The normal control group was housed in a barrier
environment, while the model group underwent bilateral ovariectomy via dorsal approach in the same
environment and rested for one week before starting to receive modeling drugs. In the model group, from
Days 1to 3 of modeling, each rat received a daily subcutaneous injection of 0.5 mg estradiol into the dorsal
region. From Days 4 to 7, a daily subcutaneous injection of 5.0 mg progesterone was administered. On Day
6, rats received bilateral injections of 0.5 mL soybean oil per uterine cavity (total 1.0 mL) via the same dorsal
surgical incision. On Day 8, mifepristone (10 mg/kg) was administered via oral gavage. The estrous cycle
stage and its dynamic changes were continuously monitored during modeling. Uterine bleeding was
recorded during the 48-hour observation period post-modeling. Serum and uterine tissue samples were
collected from the model group at 0, 12, 24, 36, and 48 h after mifepristone administration, while the normal
control group was sampled at 36 h. The samples were subjected to HE staining, serum sex hormone ELISA,
immunohistochemistry, TUNEL apoptosis staining, Western blotting, transcriptome sequencing, and
bioinformatics analysis for comprehensive evaluation of the AUB rat model. Results The AUB rats
exhibited uterine bleeding, endometrial detachment and injury, incomplete uterine restoration,
inflammatory cell infiltration in the endometrium, enhanced tissue apoptosis, and structural damage of the
stroma, glands, and vasculature. Compared with the normal control group, the levels of serum follicle-
stimulating hormone (FSH), estradiol, and luteinizing hormone (LH) were significantly increased in the AUB
rats (P<0.05). The vascular density of the endometrium was significantly reduced (P<0.05). The expression
of vascular endothelial growth factor (VEGF) was qualitatively observed to be markedly enhanced at the
site of endometrial detachment but significantly decreased around the stromal blood vessels (P<0.01).
Matrix metalloproteinase-9 (MMP-9) expression was qualitatively observed to be strongly upregulated at
the site of endometrial injury but significantly reduced in the non-detached stroma and glands (P<0.07).
Endometrial stromal cell apoptosis was significantly enhanced (P<0.01). The expression levels of fibroblast
growth factor 2 (FGF2) and endothelin-1 (ET-1) in uterine tissues were significantly decreased (P<0.05). After
comparing the transcriptome sequencing results of uterine tissues between AUB and normal rats, a total of
4 723 differentially expressed genes were identified, including 2 191 up-regulated genes and 2 532 down-
regulated genes. KEGG enrichment analysis revealed that these differentially expressed genes were
significantly enriched in pathways related to inflammation, immune apoptosis, cell signal transduction,
proliferation and differentiation, and muscle contraction, among others. Conclusion An AUB rat model
can be successfully established using a sequential administration protocol of estrogen, progesterone, and
mifepristone to simulate the etiology of AUB-O. In this model, endometrial injury is associated with
inflammation and apoptosis, with pathological manifestations influenced by abnormal vasoconstriction
and impaired endometrial regeneration. This rat model closely recapitulates pathological characteristics of
non-structural AUB observed in clinical practice, making it a validated experimental platform for exploring
the pathological mechanisms and therapeutic interventions of non-structural AUB.

[Key words] Abnormal uterine bleeding; Animal models; Rats; Decidualization; Incomplete restoration
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HOY # af B HRA  BOARAE R E R R R
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brim & N A& K F (vascular endothelial growth
factor, VEGF) ZTal&fifk (YN5444). RPiaAT4E2
Mo A=K K2 (fibroblast growth factor 2, FGF2) %754
BEFTAR (YT5549) FIHIA K E -1 (endothelin-1,
ET-1) Z3ab&fifk (YT5147) ¥ EZEE ImmunoWay
Al MNEERSEEAI-9 (matrix metallo-
proteinase—9, MMP-9) HTi[EHifA (GB12132) HH
RN YERAEYIRIBERRAE] 18 A 2R mhA
& UNR/RsgsaREmiEmN RS, PV-9000) WH
2 e EYREE R AF ;. TUNEL 4R T3
#lg (Efik, B0068) MHALH =HFIEER A RA
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Note: Curves in the figure represent the changes in estrogen and progesterone levels during the normal human menstrual cycle. The

process in the figure illustrates the protocol for preparing a rat model of abnormal uterine bleeding.
E1 BEAPAEZEIKEZUTEENREFEHNARERHEREE

Figure 1 Schematic diagram of estrogen and progesterone level fluctuations during the menstrual cycle and flowchart of

the preparation process for a rat model of abnormal uterine bleeding
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F A, EENBEA—IREXMRARE—"NERBABERZABNIESEN (10 20 3. 4d281AIERIE. hiEHH. HiEEHMEE
B, EFEMNE); B, REA-RIRRUEXBMIPETR. MRFSINZHERBHNBERZABRHESEN (1. 2. 3. 4d251A1EE
Hi. shiERIE. shiBERRFOaNEHR, 2IFFEMNR). BERFhREEHL (») EAEZEKRAR, 25 (*) richAtLERER, HiE (O)
WAIBME. EFEAIRY 50 pm.

Note: A, Morphological changes of vaginal exfoliated cells of a representative rat in the normal control group during one estrous cycle
(Days 1, 2, 3, and 4 correspond to proestrus, estrus, metestrus, and diestrus, respectively, showing cyclical changes) ; B, Morphological
changes of vaginal exfoliated cells of a representative rat in the model group from ovariectomy, hormone induction to progesterone withdrawal
(Days 1, 2, 3, and 4 correspond to diestrus, proestrus, estrus, and estrus, respectively, showing a non-cyclic pattern). In figures, black

arrows (=) indicate nucleated epithelial cells, asterisks (*) mark keratinized epithelial cells, and boxes ([J) denote white blood cells. In

figures, the scale baris 50 pm.

B2 REFEHMERARINEEABLZNOREREMRFHEN (LRERE, «200)

Figure 2 Detection of changes in the estrous cycle in abnormal uterine bleeding model rats using vaginal exfoliated cell

smear (methylene blue staining, x200)
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F: A, EEMNBABNFTEIMMFERNBEALRHELEER; B~F, REFEHMERXRZHMERIEO. 12, 24, 36. 48hIFEHM
MWES 2 hFELMNPEEREK (A THA). FERNRALHEREER . HERENREBEREERRTHIES (*) 2ARCAPRISEEUR
g, BEEL (») BONELE. BE. KZENER. OEMNEDSERINRFERR. HEREBEFHRMNEZEHSBH500 pm. 50 pm
#0150 wmo

Note: A, Uterine morphology and the HE-stained images of endometrial tissue in normal control rats; B-F, The uterine morphology in AUB
model rats at 0 h, 12 h, 24 h, 36 h, and 48 h after progesterone withdrawal, along with vaginal cotton balls collected for uterine bleeding
assessment every 12 hours (lower right corner), and the HE-stained images of endometrial tissue at the corresponding time points. The two
asterisks (*) in each low-magnification HE-stained image indicate the two areas observed under high magnification, and the black arrows
(=) point to the structures and pathological phenomena such as the endometrial epithelium, glands, necrotic stroma, blood vessels, and
bleeding. In the HE-stained images, the scale bars from left to right column are 500 wm, 50 wm and 50 pwm, respectively.

E3 REFELMERXERNFEINN. HMBERNARARFEERN

Figure 3 Uterine morphology , bleeding patterns, and histopathological changes of endometrial tissues in abnormal

uterine bleeding model rats
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I A, ELISARNEENRBARMEEFEHMERARZERAB 6 hMBFEMEBIFEFSH. E,0 LHFMPROGHIKF (n=6); B, &
FRUZRERNAEXRFEEARPNEARREEANM/NMR-NEMABEK S F-1 (CD31). NEEREEANNENRERKEF
(VEGF). BERRGNEEECNEREREEDE-9 (MMP-9) PWRERELERSH (n=3, BRELARIFI00 pm), URKXBRFERE
TUNEL R BERRERMME ST [n=3, ®EEER (LKARAI100 um) RFES (*) iricABEE (WAIRB25 um) WEL]; C,
RHRMMEERUREAXRFEERTRAHEMBERER T2 (FGF2) MAEE- (ET1) MREAREBNEST (n=3, HERRAFI9E:
IR, SEEMBALE, “P>005, "P<0.05, “P<0.01).
Note: A, ELISA was used to measure serum levels of sex hormones, including FSH, E,, LH, and PROG, in normal control rats and the AUB
model rats at 36 h after progesterone withdrawal (n=6). B, Immunohistochemistry was performed to assess the expression of vascular
endothelial marker platelet endothelial cell adhesion molecule-1 (CD31) , angiogenesis-related protein vascular endothelial growth factor
(VEGF) , and stromal injury/repair protein matrix metalloproteinase-9 (MMP-9) in uterine tissues of both groups, along with statistical
analysis of the results (n=3; scale bars: 100 wm). Additionally, TUNEL staining of rat endometrium was conducted, and the percentage of
positive cells was quantified [n=3; asterisks ( *) in low-magnification images (scale bars: 100 wm) indicate regions selected for high-
magnification observation (scale bars: 25 um) |. C, Western blotting was employed to detect the expression of fibroblast growth factor 2
(FGF2) and endothelin-1 (ET-1) in uterine tissues of both groups, along with relative quantification (n=3; data presented as mean +
standard error (SE); Compared with normal control group, "P > 0.05, "P<0.05, "P<0.01).
E4 REFEHMREEXBHMBEHIKE. FEMEMBDRNRGIESERIMEWIEINEENEL
Figure 4 Changes in serum sex hormone levels, injury and repair of uterus blood vessels and stroma, and vascular
contractile function of uterus in abnormal uterine bleeding model rats
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A, HRREAFNFEENBARNEEFELMERKRZEERRMECh (Model-36 h) #ANERHE (SEENBALE, " P<
0.0001); B, EMHHITER; C, MHAREKEREZRN VennE [BHEEXIERR Model 36 h#BLL IEE XN BAFRXZERME (Down)
m%.%%,l@EuﬁTMw%%hm%E%ﬁﬁﬁiﬁiﬁﬂm( p) MERKS]; D, ZRFAERED EAMI(Tﬁﬁaﬁtgl
hHEEREHH m#%%“@%? FEEEREHT Lm#mﬁ&W@ﬁf-tﬂ§E$$§l¢ﬁé SEMHEFGNRLe®
™, TREEREBEHR mﬁ%%&l@%?,%ETL%mﬁﬁgl%T@§T0l¢hE7$ P EREHRSNTEMLAERREAE
H); E, ERFAEEHPERERE, BETALRLARYESNHESE REBAUEHTOERSE, BPiRETEREHREN LB
TRER).

Note: A, The number of genes in rat samples from the normal control rats and the AUB model rats at 36 h after progesterone withdrawal
(Model-36 h) (compared with normal control group, ~""P<0.000 1) ; B, Results of principal component analysis; C, Venn diagram showing
the differences in expressed genes between the two groups [The blue area represents the gene set with significantly decreased expression
(Down) in the Model-36 h compared to normal control group, while the red area represents the gene set with significantly increased
expression (Up) in the Model-36 h compared to normal control group]; D, Volcano plot of differentially expressed genes (down-regulated
differentially expressed genes meeting fold change criteria in blue, non-meeting fold change criteria in light blue; up-regulated differentially
expressed genes meeting criteriain red, non-meeting criteriain light red; non-significantly expressed genes in gray. The plot labels some of the
differentially expressed genes with higher fold changes, including both down-regulated and up-regulated ones) ; E, Differentially expressed
gene clustering heatmap by group, where the intensity of color represents the value of data points (grouping and clustering are based
on similarity, and genes with higher fold changes in up-regulation and down-regulation are labeled in the heatmap).

ES5 REFEHNEREXRFEHRPERREAERNEREZ ST

Figure 5 Transcriptomic analysis of differentially expressed genes in uterine tissue of abnormal uterine bleedingmodel rats

K, HINEAER —EREILABITHD, Tk SdiEl, JEEANREE, LT, &
BIENIE, THEINRLE, ZEEMEN iz 1, 1 ,/%W‘/@ff{ﬂﬂ‘ﬁﬁk%ﬁﬂi%ﬁ%E‘J&FE'WEET, I
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1 REFEHNERARSERMBAXRFEAANERREZEERDE 101 LEME 10N TEEENEFRER
Table 1 Basic information of the top 10 up-regulated and the top 10 down-regulated differentially expressed

genes in uterine tissues between abnormal uterine bleeding model rats and normal control rats

RS BER/S log, ZR &% qf8 TheetiR
No. Gene symbol log,(fold change) g-value Summary
Up-regulated genes
1 Scin 4173 4.546x10"" Predicted to enable actin filament binding activity and phosphatidylinositol-
4,5-bisphosphate binding activity. etc.
2 Btc 5.961 7.347x107%® Enables epidermal growth factor receptor binding activity and growth
factor activity. etc.
3 Serpinbll 9.021 1.630x107% Predicted to enable serine-type endopeptidase inhibitor activity. etc.
4 Slc16al2 6.266 9.424x107% Enables creatine transmembrane transporter activity. etc.
5 Tprgl 8.356 2.229x10™"® Predicted to be active in cytoplasm. etc.
6 Olfm4 8.147 2.346x107% Predicted to enable cadherin binding activity and structural molecule
activity. etc.
7 Tnfaip6 6.344 3.099x10% Predicted to enable several functions, including carboxylesterase activity.
etc.
8 Ncki 2.451 1.127x10°% Predicted to enable several functions, including eukaryotic initiation factor
elF2 binding activity. etc.
9 Actn4 1188 1.391x10°% Enables ubiquitin protein ligase binding activity. etc.
10 Tmbim1 3.027 1.062x102 Predicted to enable calcium channel activity and death receptor binding
activity. etc.
Down-regulated genes
1 Gstmb5 -4.393 3.077x10°® Enables glutathione transferase activity and identical protein binding
activity. etc.
2 Armh4 -5.671 4.422x10° Predicted to enable TORC2 complex binding activity. etc.
3 LOC102548820 -7.032 2.774x10% -
4 Arg2 -4.338 1.561x10°0 Enables arginase activity and nitric-oxide synthase binding activity. etc.
S Frem?2 -6.413 6.963x10 Predicted to be involved in anatomical structure morphogenesis and cell
adhesion. etc.
6 Mppel -1.346 1.575x10™ Predicted to enable GPI anchor binding activity. etc.
7 Lefl -3.875 3.022x10™ Predicted to enable several functions, including DNA binding activity. etc.
8 Smad9 -4.048 8.538x10 Predicted to enable DNA-binding transcription factor activity, RNA
polymerase Il -specific. etc.
9 Migal -1.944 4.052x104 Predicted to enable protein heterodimerization activity and protein
homodimerization activity. etc.
10 Bmprib -2.515 1.387x10% Predicted to enable several functions, including ATP binding activity. etc.

E: RPARERANEEIRREZEEREMRERERFOEIEE.
Note: The rat gene function annotations listed in the table are sourced from the National Center for Biotechnology Information Database in
the United States.
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F A, LRESRXEERNGONES; B, MAEZFRAERMNGOWESHT; C, LRAEFRAERMKEGGEEST; D, TRAER

KIXERPKEGGEED -

Note: A, GO functional analysis of up-regulated differentially expressed genes; B, GO functional analysis of down-regulated differentially

expressed genes; C, KEGG enrichment analysis of up-regulated differentially expressed genes; D, KEGG enrichment analysis of down-

regulated differentially expressed genes.

E6 REFEHNIERXRFEAAPERREABANEREZ ST

Figure 6 Transcriptomic analysis of differentially expressed genes in uterine tissue of model rats with abnormal uterine
bleeding
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[EZ{CIEEBE Medical Ethics Statement]

AR RO ENMITR S EHNEBIILRPELAFE
ML CEZ RS H E i E (BUCM-4-2022040606-
2007). FRBLRIEDERPEIRNMEREZEEMSE
PIZBRURIERFEZRZIR NP OREREMRR
1T o

All animal experimental protocols involved in this study
have been reviewed and approved by the Animal
Experiment Ethics Committee of Beijing University of
Chinese Medicine (Approval No. BUCM-4-2022040606-
2007). All experimental operations comply with relevant
laws and regulations on experimental animals in China and
adhere to the standard operating procedures of the
Experimental Animal Center of Beijing University of
Chinese Medicine.
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[ABSTRACT]
experimental basis for exploring the relationship between type 2 diabetes mellitus and oral microecology.

Objective To investigate the changes in oral microbiota of db/db mice and provide an
Methods Eight 10-week-old male db/db mice were designated as the diabetes experimental group (db/db
group), while eight 10-week-old male db/m mice were assigned as the normal control group (db/m group).
After a 5-day adaptive feeding period, tail venous blood samples were collected on the 6th and 37th days,
and fasting blood glucose (FBG) levels and oral glucose tolerance test (OGTT) were performed for both
groups to verify the reliability of the diabetes model. On the 15th day of feeding with the same diet, oral
microbiota samples were collected from the buccal mucosa, dorsal and ventral tongue surfaces, oral floor
mucosa, hard palate mucosa, and the gingival areas of both the upper and lower jaws of the two groups.
Genomic DNA from the oral microbiota was extracted, and the V3-V4 regions of the 16S ribosomal RNA
(16S rRNA) gene were amplified using a GeneAmp 9700 thermocycler. The composition of the oral
microbiota was evaluated through double-labelled amplification and sequencing on the lllumina MiSeq
platform, followed by bioinformatics analysis using QIIME software(version 1.6.0). Results The FBG levels
and OGTT results on the 6th and 37th days after the start of the experiment indicated that db/db mice
exhibited more pronounced symptoms of type 2 diabetes compared to db/m mice. Alpha diversity («
diversity) analysis showed no significant difference in the diversity of oral microbiota between the two
groups (P>0.05); however, there was a significant difference in richness (P<0.05). Principal coordinate
analysis(PCoA) revealed differences in the oral microbiota composition between the db/db group and db/m
group (P<0.05). Species composition analysis and LEfSe analysis demonstrated that the relative abundance
of oral microbiota in db/db group mice, predominantly composed of p_Proteobacteria, increased
significantly at the phylum level (P<0.05). At the genus level, the relative abundances of g Proteus and
g Enterococcus showed a significant increase (P<0.001). Conclusion The composition and diversity of
oral microbiota in db/db mice with type 2 diabetes mellitus significantly differed from those without the
disease.

[Key words] Type 2 diabetes; db/db mouse; Oral microbiota; 16S rRNA sequencing analysis
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AR/ NREOBECGRTAE ST, OGTT 7347 2 h 5 k<
7.8 mmol/L i B /N FR T 4] A 8 RO R TTRE T IE W, >
11.1 mmol/L 352 B/ NG AT BEFE A PRI o
15 OREFKE

TESLI RIS 15 R ), 3 B B4 /N itk
TR ERARE . JTBUFEE/NR, A 10 em BTG
F/NSRFHEE/NR O, B G A E R 2 mm B —IR TS
[ S A FH JE AR A 7 73 I M ER db/m /N ERUFT db/db 7N
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SR AR AR, SRAEERAL RS MR . &5
5EIE. DR, ERSMEXRRE, bR o dRA i
EXEL BAEA AR M FEEG IR, BFgE
RICFERIRE S . AREREBEHFREERES
1 mL G DNA fR/ER Y 1.5 mL B 0VE N, AR T]
SRR, REREAMITEOEREN12, 25
REET-80 "CUKF, FHETUKRIFESIF R iEk.
1.6 4 E & E£H DNA 12 BY#1 16S rRNA illumina
i R

FRPEA A &S, (A DNA A S 2 BT B
)1 DNA . {8 1% B RiE W 18 g FEn v A 00 25 AT 20
DNA 52384 . f# F GeneAmp 9700 FIEEMY AT 165
rRNA B KB V3 ~ VA X AT, SRARER S YN
338F (5'-ACTCCTACGGGAGGCAG-CAG-3') F1806R
(5'-GGACTACHVGGGTWTCTAAT-3"), PCR »=#{#i FH
AxyPrepDNA #%E B [8] il 71 & # A7 2 Ak | iy . 7
llumina MiSeq & il XARS (478G F10 7 77 V%0 0
WR RS T, PRFE R QIIME  (version 1.6.0)
B ETEDGEE SN BT T RS
(principal coordinate analysis, PCoA) #&/RFEA R HIHH
Uk ZE R, W LESe 947 [TJBAEFEEE R
STE R ARBIR IR  ZES, B o ZHEES TR
—MRE I ES RGN 2, mdEE

IR A FEXS 2 EE R 3 A R A A O v 2 sttt
ot
17 HELERSGT S

% SPSS #tfd: (Version 26.0) < GraphPad Prism L7¢
f (Version 9.0) F1 R-studio # {4 (Version 1.0) %Il
Bl Bl e Bs BEAT et A A DU TR AL B . A=)
BRFEAMEERLISEEEArE Z s R g (5L
) R, SRABSIAEAR IR EAS SR B EBWE 1T
WEHIAIELES, SR Mann—Whitney UK XFIEIEZA 5347
BRI T AR ELES . P <0.05BRZEREGZIT#

2 #&£8
2.1 db/db N R db/m /B BY [0 ¥E 48 X 38 4R
=8

7 248 /N LB FBG F11 OGTT M 72 45 SR 55 B, db/db
/NFREE 6 RFIES 37 KA FBG K £ #B >11.1 mmol/L
(E1A), FHSE 6 RAOGTT=11.1 mmol/L. (& 1B); T
db/m /INFR Y 2 IR FBG IR FEE ] <11.1 mmol/L, H OGTT<
11.1 mmol/L; [A]HF db/db ZH/NER AT OGTT 156 F B 28 R
AT = TENIE R X IR R db/m /NS (B 1C). 45
RIER, 5dvm/NEAEEE, db/db /NEUE 2 BURE R R

N

E A, BR12hIEEMYE (FBG) RE; B, 0~2hORESEME (OGTT) £, C, OGTTiXIAHZ TER (AUC). db/db/NE A
FERRLEA; db/m/INBAEEWEA, §4H8K, 'P<0.05, "P<001, "P<0.001

Note: A, The concentration of fasting blood glucose (FBG) levels after a 12-hour fasting period; B, Analysis of oral glucose tolerance test
(OGTT) from 0-2 hours; C, Area under the curve (AUC) of the OGTT. Db/db mice served as the diabetic group, while db/m mice were the
normal controls, n=8 per group. P<0.05, "P<0.01, ""P<0.001.

E1 db/db /MK db/m NERIMAERXIEIRER

Figure 1 Comparison of blood glucose indices in db/db mice and db/m mice

F% db/m/INRE IR B REE R, 855 1643/ INER T
ARSI T 2 079 122 DERIEE. MFFFILL97%
HIAHACLPE R 2K — N R B 5T (operational taxonomic

2.2 db/db/MESdb/m/MNEHOBEH#ER
220 OFRMEMBENERDTT
TBILEEXT 16S rRNA LK) MiSeq Il 4341 db/db 7]\
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units, OTU), fRE 2 /D1E3 DEEARFFHIEHR=5 /Y
OTU, F:3K75 123 F OTU, HH db/db /NERAY OTU K
102.30+8.43, T1fii db/m /NS OTU 24 77.25£29.32, 24
B OTU ZR B E St FE L (P<0.05), HRIES
(Version 1) FEATZEH 3T AITEIR], PCoA 4347 H 2R FH
bray_curtis (R &L, ZRRERANERT, HH
FARE I (false discovery rate, FDR) {EH{TZEK:
IGFRIE o db/db /N5 db/m /NERAS VS 7E OTU /KSE |
RIH AN BH, AR EEER T, B
B R R BB (P<0.05), H—Es (PC1)
FIEE =R (PC2) 73 AIfERE T 43.54% F124.26% 1

BIEL S, GERE2AFR. JURE MRS 4R
KN, AT T TR E KB LESe 43 #7
(& 2B),

& db/db /NER R, T E ] (p_Proteobacteria) N
B (C_Gammaproteobacteria) . BEEREH
(o_Pasteurellales) . FLAF&E H (o_Lactobacillales) . #%&

F&E H BE AR B R (L
Morganellaceae) « L H7 84T B Rl (f_Pasteurellaceae)
= Bk Bl (f_Aerococcaceae) . HE Ek BE(f
Streptococcaceae) . FAERE £} (f_Enterococcaceae) . 1%
R A Bl (f_Corynebacteriaceae) . F& #F I
(g_Muribacter). ZETEATE R (g_Proteus) . HIRFT B R
(g_Corynebacterium) . FAERE & (g_Enterococcus) . %
EREJE (g_Streptococcus) . RERE JE (g_Aerococcus)
BEFAATEE (g_Fictibacillus) &5 o T db/m/NRE
LT HAEKE H (o_Staphylococcales) «  fa % Bk [F Bl
(f_Staphylococcaeeae) . HAERL (f_Tannerellaceae) .
BIFFE B (g_Parabacteroides) . V&R J I £ Bk 15 &
( g_]eotgulicoccus) . BEEE ( g_Staphylococcus) N
iR BE W RN R 3 KB (g_unclassified f_
OSCillospiraceae) . HEHERERI T RS LR (g_norank_
f_Ruminococcaceae) . Bt EE (g_Enlerorhabdus) . E
hitTEE ( g_Phascolarctobacterium) o

(O_Corynebacteriales )

i A, db/db/NEFIdb/mNBZ B ELIES; B, EFLESe I RERMIREBRMER (pERRITKFE, cRRNKFE, ok =B
KE, FRREIKE, gRREKFE). db/db/NRAMERBELE; db/m/NERAEEXTEAE, GHIR,
Note: A, Principal coordinate analysis (PCoA) between db/db mice and db/m mice; B, LEfSe-derived cladogram showing taxonomic

differences from phylum to genus level (p for phylum; c for class; o for order; f for family; g for genus). Db/db mice served as the

diabetic model, while db/m mice were the normal controls, n=8 per group.
B2 db/db /NG db/m/NE OEE B98I PCoA 54 #1 LEfSe 134
Figure 2 PCoA and LEfSe analysis of oral microbiota composition in db/db mice and db/m mice

222 MOREMEMBRRELT

/INER T A AR R B o 2o A 1 23 A B A 0 b UL
FEEREK (spieces observed richness index, Sobs)
HRIEEL (Shannon index, Shannon). 3F 7R FEM:

8% (Simpson diversity index, Simpson). & T FREERY
BaaffiitE (abundance—based coverage estimator index,
ACE). Chaol EEE{tii1 & (Chaol richness estimator,
Chaol ) 1| > 78 75 & (sequencing coverage, Coverage) o
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a ZREMESATEE FE R, db/db ZINEUAT db/m /N2 [R] £
Shannon 5§41 Simpson f&£{F1 Coverage 8 &% A T
EZ5 (P>0.05), ifiSobsfEHL. Chaol FEE(ATACE
EHEAEEES (P<0.05) (£1), &Rd/dbAE
dbm HERRRZ M LIREREER (P>0.05),
MEEFENEEE FHEEEZER (P<0.05),
223 ORMEVEREIIKFELNER

FE1 1K X db/db ZHAT db/m ZH /NS 1 T AE )
BEROAEX E TS i, 25 RWE 3A ~B AR,
FEMTKSE B, PR /N DR AR B DUE BE R ]
(p_Firmicutes). ZZFZE [T (p_Proteobacteria) . JHZLA
[T (p_Actinobacteriota) . FF & [T (p_Bacteroidota)
NE, HEXFREEEE1% L E. 5 db/m/NSAREE, db/
db /NER A I R AR AR R G TROME R 1 55 Y
i (P<0.05), HARE TR FEEAEM A R AH
mER (E30).
224 ORMEVERERKFELNER

FEMXT R ERE T, BoR T/ DR 2K
FIEAY I TFEEERT 50 BOTEAI AR, dE 4A
e WA/NRA O IEMAEB R AKE LR R HE
REDEER, HX T ENEE S &K E B
(g_Staphylococcus) . FRAFEE (g_Muribacter). BEEKE
J& (g_Streptococcus). SEKFE (g_Aerococcus) . AR

#1 db/db/NER db/m /MR OREHN o« SHESH

Table 1 Alpha (a) diversity analysis of oral microbiota in

db/db mice and db/m mice
(n=8, x*s)

e db/m db/db

Index value
MR FHEEL 10.25:8.43 77.25+¢29.33  0.049
Sobs
BEREH 240 (2.25~2.48) 2.32(2.23~2.51) 0.529
Shannon”
FEREH 0.18+0.04° 0.16:0.04  0.499
Simpson
BEFFfENEEMITE 105.56+8.34 79.49+30.06  0.045
ACE
Chaol £EEMitE 105.67+9.78 79.25+3042  0.046
Chaot
NrEEE 0.9999 1.000 0 0.458
Coverage

E: TEESHBBEAPMH (HHUE) EFRT. db/db/NRJI
WERBLA; db/m/INRAEEXNRE, GHSR ., MAZEIE
kb, "P<0.05.

Note: *Non-normally distributed data are presented as median
(quartiles). Db/db mice served as the diabetic model, while db/m
mice were the normal controls, n=8 per group.”P<0.05.

& B (g_Corynebacterium) « W& ¥ il I3 5 Bk & |8
( g_Jeotgalicoccus ). EkEE ( g_Enterococcus ). BT
HEE ( g_Proteus) . BT EE ( g_Parabacteroides) N

iE: A-B, db/db B db/mABLEEMEMEI VKT LRRSEAMELE,; C, TWAFEIIAIBENFEE. db/db/NEAMERFBERE; db/m/)

RAEETEE, §H8R. P<005

Note: A-B, Phylum-level community composition of oral microbiota in db/db and db/m groups; C, Relative abundance of p_Proteobacteria.

db/db mice served as the diabetic model, while db/m mice were the normal controls, n=8 per group. "P < 0.05.

B3 db/db/MNE5S db/m/NEARMENEEFEIKFELNESR

Figure 3 Comparison of oral microbiota between db/db mice and db/m mice at the phylum level
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RIEERER SRS RIS (g_norank_f_Ruminococcaceae)
I #F B J8 (g_Enterorhabdus) F1 1R ZF i 41 & 8
(g_Fictibacillus) o 5 db/m/INERAHEL, db/db/NERHT, FR
g, kEE. [KEE. BRITEE. mEkE
J& - AETEAT B A B FAT 8 BT B B A
(P<0.05), HrrDUZTEA Rz BRIE 8 AR X =
EAENEE (P<0.001), MEHKER. &L RHE
BEERI B BT RS FEERERE N REM AT
1718 AR B PR (P <0.05),

3 e

2 B PR 2 — PR B R AR T AN R S B 18
P, RfaFEENERNEZEBERRZ—, ©
g RS @R, mEEIZHERLE
& MERIFERIA, 2808 RW S OMERR. 181k
B AR T R N & A % R B B UIRR & )
HEFE R T8 AN E R AT D AEYIRHE, H
T 168 rRNA & R 37 2 B0 11 s 11 e Hh R 2945 700
S, BRI 5 2 2 OR TR B A
VIEE, ERAEERMEDRE P, OEERS 2
AR F, HFEE SRR A2 AME4E
Sl B s, i SRR s s e AR
NSO EERNAES LR P,

HAT, W22EX RS D EREZ AR SR
EA R E 7. 25555 P @i 16S rDNA
Amplicon M 7725347 T 2 ZURE PR £ 5 1R ABEH)
HFERRE, REMEOERBREE LB FREER
TGRS, BEROREE SRR AR D E RS
MEARONE, BB IRIE 30 5w R & A AT e
AR RBURE S, TSRS H MRS
il MBS DL, IR EERERA
HERY e H KM S eI 2R, (HH
FEEuwE (WSERKE. BRAFERE. HIEEkER)
FELIBG I Gao % Y A TFEUIRE FE M S A 5T 4 2
HIREE T 470 MRS, W HELRE TR &I 2 BLE
PRI i I T AT I B B g, (HE
RIRNIHIA TR — P HIEIRAFT . IXLERTTRA, 248
RS O ER R R EY], (HEEARKA T8
R, hREE—RER

SRR AT DU b s LU B R A R RIS R
V2 At gu 1m i A i PR s IS B B 5 PR 5 T
BRI AR, WE 2 ) LI db/db /NGRS U F
L, BIREEREK, E db/db /NGRS B A AN i

MM EEEEFEER, IR MER
SRR G R GE T E A, RS B E )
FRUBAIA SR BN, B AR AT IR db/db /)N SRR S A A ) ¢
SERDE, SGEBS M. #2115 B @i 16S rRNA
FEARBFREETEFLXT db/db /NRBAIE RS, & ITE
ARG db/db /N BB IE B TR E A &
H AL, BRI, XFEE B @R 16S
rRNA B R v FEER A3 AT T AR 2R 1 BURE PRI /N B
FIRBIE R, A& U7 18 F R 2 B R 2 R BOK
e E AN i 2 /N BB R B9 2 R P51 A T 2
A% o HER T HE PR T T B s AR A R 55 SR 22 A
7 R A A R, T 2 FRAE BRI R A [
B R A T

ARHf5RIz A 16S rRNA %, EEd HEEH) o Z4F
TE. PCoA 73M7. WA AR LEfSe 73 ATHRZR T db/m Xf
HEZH/IN R db/db B8 PRI/ INERE) I IS R A 2 5. A5 SRR
BH, B8R/ O S R ES M S X PR AL /N F e 22
5, WA/NRBORERES AN LR EER, T
EFEE LEFTE, XRBERPE/NSHI T O
MAESK LM, BXMMAEELHEE L LEEER,
WIHHRRIMERDR E EHE T DN S B B REL;
M EERZEFNERE, XMEEZSE R O
WL AFRCR AV S, X AT BEENE PRI /)N RS e I
PERPIR S T O NAESHR S S, B
FERIN, WEFRIvE R o A S ARG H S SR bl L P T
RIHRE . NIEFEIER. R ET ST
A RSO R A AR EE RN B, Xt R PR T AR
AR E B AR, AP E LRI, ERR
R SF A R B TR N SR AR (| T AN A PR 2R
., B IEE T A R T 008 B A A S
A7 B, OEMaESE SE S RREYIHG, G
TR, DA A 2 i 2 0 PR /)N B R REL A 4
FEPFAEREI B X B A B ) i ORI AS ST IR
AR, FERAIRRRE b ARSI AR IS IR,
AN BORE T TBOR RN .. B8k
R, FERRRE TN ORI SESUREY 2 T =4,
X EE AT BEEUE R AN B I oF B - M IR IR RS |
RERGIERE, PR SR G S WA,
IREE O -EiR ok THmE EEH RS, 33
RGN RIE R AR S IR e XTI
PRIFE AR Z R LR e T A, 5FFE
% DGR REE R, AR TR A BN KR /N FUsE
MR ERE S EEN RAGEERNHEMES, ¥
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i A, db/dbFNdb/mABERMEMREERSOMABMMNVENEERE,; B~-M, BEKERE. RFERE. #HHERE. SHKERE. BFEE.
ERRBHKERE. AR, TEFERE. AIPFER. BEXERTROXRE. BTERE. RFRTFERKENENFEE. ESHHH
HIEBEHEERR, FESHHNSIERBEEZERERT. db/db/NRAERFLIA; do/m/NRAEETIEA, GHR, "P<0.05, “P<0.01,
“'P<0.001,

Note: A, Heatmap showing the relative abundance of the top 50 dominant species in the saliva microbiota (db/db vs. db/m) ; B-M,
Relative abundance of the following genera: g Staphylococcus, g Muribacter, g Streptococcus, g Aerococcus, g _Corynebacterium,
g Jeotgalicoccus, g _Enterococcus, g Proteus, g Parabacteroides, g Ruminococcaceae, g Enterorhabdus, and g_Fictibacillus. Normally
distributed data are presented as bar plots, and non-normally distributed data as box plots. Db/db mice served as the diabetic model, while
db/m mice were the normal controls, n=8 per group. "P<0.05, "P<0.01, ""P<0.001.

El 4 db/db /AR db/mMNRBIOBMEMEHERKELNER
Figure 4 Differences in oral microbiota composition between db/db mice and db/m mice at the genus level
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PRI /INER B S AR ES A B T BB AR M, RN TP
ERERTVEFE B, MR ELATEAT E
JE& BEBRE A SR B A R E A RN EE
Hrr, BIREITEAEPOESE S MR DI, X
P2, ZRSEEG HR R PR IR A A LT B T
FETHEAENOEEREA A, 5OERRINA
R FREDIAR . BT AZFE TH 4 E A D s
MEHE, BT EBURE, B, BEREEINE &R
PEEWFIE TR — 25, I, FEWRH, E
TR ZE R ATRE SIFTT ik FEARIGEE . BAER
ZEZMARE R,

£ LRTR, ARERFERIF db/db /NERERALEFSE T 2 AL
Hi PR xS P B RERO 2, 25 5 R PR 4/ N B Y
e A o I N O ol I R
(p_Proteobacteria) FE EAH, mEEAKFE LT
E)E (g_Proteus). #EERFE (g_Streptococcus) FISBR
# )& (g_Aerococcus) WIMXNEE RN EE, &R
2 IR PR/ NERAS i A S IR I T BB A8 . ¥R
AT RRERRR S DI E RO R, X T BT
ALH, OS2 REEAEENE L. ARt
FURS db/db /INSR R EREAIEAE , AR FERE PR 5
R R R B TR ZE
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[ABSTRACT] Drug addiction, also referred to as drug dependence or substance use disorder, is a chronic
and recurrent brain disease. Its main characteristics are compulsive drug-seeking behavior, continued use
of drugs, and a loss of control over intake. Prolonged use of addictive substances can result in both
physiological and psychological dependence. When usage is ceased, individuals may experience intense
discomfort, including anxiety, insomnia, nausea, vomiting, and a strong craving for the substances. Drug
dependence is classified into two types: physical dependence and psychological dependence. Physical
dependence describes a pathological state of adaptation that results from the repeated use of addictive
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substances, leading to severe withdrawal syndrome upon cessation. Psychological dependence involves a
mental craving for addictive substances, which is needed to experience the specific euphoria that follows
consumption. Regular or continuous use is required to sustain these euphoric effects. The mechanisms of
addiction are complex and influenced by genetic, environmental, and various other factors. They involve
higher-level neurological activities, such as memory, reward, and decision-making. Currently, effective
treatment methods for drug addiction are insufficient. Due to the complexity of drug addiction, laboratory
animal research is essential. Using animal behavioral models to simulate human drug addiction can
enhance our understanding of the mechanisms of addiction. This research offers a comprehensive
overview of various animal experimental models that explore both physical and psychological dependence.
It includes detailed descriptions of the methods and procedures used to assess physical dependence,
behavioral sensitization, conditioned place preference, drug discrimination, and self-administration
experiments. Additionally, the characteristics of each experimental model are compared, and the relevance
of these models is discussed, aiming to provide support for the research on addiction mechanisms and the
development of therapeutic methods.

[Key words] Drug addiction; Rodents; Animal model; Physical dependence; Psychological dependence
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PURARME, WA (1) 5B 1IREYIR
JRITRIT B CE AR B AR S B T 43 EE>80% 5 (2) SR IE MR
RLE 53 E0=>80%: (3) SR E>35, AR E R R
RLE 53 B B A (IE A B AR IR B0 B Al ik
) x100, RN SFEIRIREPR AT FR ] o

BRI e R 2R s A
RGP BE, MEFIEZIEFIE (00 0.10 0.5, 1.25,
2.5, 5. 10 mgrkg) BYRTRAZHTREALL, RMEAAE
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FEERZKANAT-RIAS T 1 d BOFRADINZR, 1ER2HER1I
G fE BT R — AR AT R AR, BRGER
&, EHT 1A RRA L dAEERE KBS, I
GG HEAT T — R A REER, g e
EEHFIRENTLM ERLIRFRIRS 1 IREVIRIH
BSEEG N AR 30 min &5 AKX BIFEANYI SR
PR Eh Y A DL PRAR SR R H 2 A B hride, Bl Y
BT 2 d WA 70% B B rnER, FrE s
BTN GRS AT 2 I AUEAR
HAZARNZT ). 1 ENRZHIT2RAIEEN
SENG . FTA N4 Z I AESE AR T AR T 15 min FE1TIERE
VEES (27281
25 HBRHIRE
251 ERERIE

HE%:75 (drug self-administration, DSA) /R
ERNEHZE] 1940 7F, 4 Sprage F| F SRR ST G HE
st U B 1960 SRR E ST ER Ik E SRR M %
&, BEHBESEGa] T M XELRARR
B RS (BREREMME), BERZEYIN
BRAEAT N 5 52 B o i A 245 1 DR < T A ok
20 AR AN Y R AT IR AT
Ju P B 1960 FALLR, HERAKEAE OIS
B R e iz BB > — 2 fEix s
Sorhr, REFIGE H A ESLIERT 5o
252 ERFARE

SD KRS IEE FAR . RAlHEE 2 ToEF
REshl, MR LRIZTCR . NLTe sl & &k
WELHAIBURE, BIFRA ST A A SR B & R
o EAMEREIFFZI0.5 cm BUHNEITIIT, R Bl
FH&, DEGHEIKTRESSE LT, ERR
B E R ORI 2 emPIH, EE RS
BN L T RIETIOLL, R SE AL SHIK
FEEGHEE. BEERKVIN, HHRIERE. REHFE
223 d HSEENTUERDIBIRS, (HHFHE7dRE.
MARES 2 RIEESLIGEE R, SRETFELS T 0.2 mL
THEHEN 2mgml), RESE, RESEETU
AR IEE
253 BEELKNIRE

KB B SHLRT NIGEEH BRI 25E
AT o YIRFE N — LR (30 emx30 emx30 cm) ,
Mot TRIEE 1 em AU EAAT AR . AR 4 75 8H
G EAT, GRS W bl 2548 1H %
TEST IR AL BAE RN . AR AR RO B R & R B &

LB ENERIR . FEWD SRl 725l
FUNERER AL, NREERLT, Lzl
B, R SRREE20s, FINIEGRERIIEK20s,
EER IR AR R P SR 1 IREGYITEST, It #2 lX
fds. SMARILE, REGFHA20 s AR,
[ A A LA =il 2, BRI 25TE
5, BTG . AL TR AL, AL
MAZSIRITCA L, WIREERGLYIESS, BTN
RS L

254 ERIIGEASIIIEER

H B 2SR R SRR AZE P SRR R RAE
PRpE SRR, FHRRT3 A TIREGERL, DAL
S AR RO RLXT A5 SR AT SEN . H B a2 1 B
A ST P2 FRATAT 2 PR, S fiist =i i 45 2 ol
YRR FRAIEFHFELZE (progressive-ratio, PR) .
FREE: EIEREAH, Rk S 4 2R LR E
Eo HEYITERIE RN, RG22
PRAZI: FEMAE R, 3 1F REURE £ 1R 25 25 1 4
e 58 n R W) ST A 75 S il R B0t 2 A 20
S5en=5 Bl S, e RO H AR U IR AL

FRIFE: EYIZRF TR PRI T B 5%
BTG, DIELIIS R B B2 RAL D, (RIS
Meh, SEAG NP IR S lA AL RTRT RS 1 IREGHITE
5, EHWRIRIESTEAG 20 s R, BEMIgRREE 124,
HiT 6 d B IRIEEFIEN 100 mg/kg, f56 d P2 50 me/
kg, BRI B EBF R, SRERZE
REIA R Z o HZGWTESHREGE 30 UEI RN [A)i
3h, AR EERIIZGHET, BiSEKGEHIER
DIBGRSe, FaimEmintt, dprmmE sz,
BWRIIAEERE, BEFES 7902 mL iFREMN
(2 mg/mL), ByIEFEEEZE,

PREESE: Y2k N3 B 28 1 BBk A FRI1
FEFES)II%3 d, BR3h, REEEAFR2 (%
SRR 2R EHRSEY)) Ry, BRESE3 diIIZR,
K3 ho F2MBUEMFRS (BhIELE Ll 5 K5 3RS
#iy) FFg, EESPEHAZIRETERE 3 d N
FUNF10%, BRI FEES he 53 MMBERAH PR
2k, SAREGHEATNNP (n) =5¢"—5, KX,
NP (n) FRREMRE, nAERSLRIRE, e RRER
MEERE, YIFEZEEFHAZERETRE (3 dNEED
INF2IR) o HBNYIIELE | h RIRTG N IRAITEST, 8L
YIZEIFRIA S b, BUIN B 23R B RN KT s/ (break
point) , FHRURBRSI B RATSIHIASE B0,
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3 FRBHMERENSSRNA

HR AR F B TP 2590 2 1 = S BUR
M, BERIIRERZE, RAELRG= LI
HER o XV Al AR S E S 4 20 B e TPtk T,
el LRI T o A AR S SR AR A G . R
TR EL HAGT S ARZGHEME R ZYIE 2 2R
[ AAEER B AR BT A8 i v LA i
JRMFABEIR o

TTRECIER e T 292 BN S T R4S &R
GERAE—RINERNESAZ G, W90 SRR R
REVERESE X2 — MBI s AT N RN R
SRR BE T A AR R SR, R PRl
TGP A SR DR EE T H . R A
ERIEEME. LRI, JtHE IR TN
e, SERRRUh B BRI RN, 45 R E R
AEE MR, SHABREMAL, TBREE
s e R

CPP 2 VT 25 0RE ARt M 1) 5 I SE 30 s 75 1k
Z—, NIERAFFRME T FEENIEFIEESE. £
Kb, SEAREHYIXTHE—AEIREY B A A R L IR A
R BA R . S 25T ) 3 BURER T 25
YIRS ARIERE BRI, IR T S5 Ak
TERTRTRENE . BLTVAZ HI TS 29 D O S B RN S v
FERRENE, RIRA BT RER W KRB A R, X
BERft 5545 A B TR 291 R i A A A PR AR
MBGCI ARG R G BIRH AR o AR & I,
SLAeEEE, A ZRIERIzsh T R, =
MGG FHUEshRE s ias R, Hg ARt A
FETBEBEII 25RO BL BN, ARSI PO o

ZI IR i T B P 2 VB A e
PERIBLHT, BNRE RN AR B X 73 2 el
M ZERESZ, iR E TR SR
7y F BARERERENE, R RIFAISRe=E,
FT 55 BB A RSN B 2575 22 D 2 BEAE (]
EHIRIH, WANEISGZHRERINL. FIRBRL. Z53L
FREEMTTE]) . ZGWIAR NS R SR EE M . Z5AE TR &
REPIETES . 1S, BRI Tk S EA
MEWLHIHZ5Y, sk BAIATE I ZH).

H S5 B R 2 LR s S 25178, A
Iz A R BR TR, SOy R A
GF AR B BRI SRIT . WIS, Mo

AR 2 B s , iR s fRm H iRk
WAL, LSRR, Nl RAEE R ERIA R .
H S RMINE 7Y RORI 2R, R AR B
(EZARIZS . MR AZHIERE L) . AR M B
SlFB. W2 BRI A S H B
2o, DR £ AT N . SEAR AT
EHE AT AT DR G s USORE & 2 KA =
2R R REI R E S E RGBT . &
RFFELUR 330 HUMUE, RERE Tl o fl = AN
REFHAE (iasRARREE . AWTERSE) ; R, ML
e BREAT NG NFARML; G5H80%, shi slod e ke
TR R IE I 5 ARl AL ) T2 R U2 5250
SYraEE R E R E BTN ERE (RS B
EIREEH

B B RS, A HA A A i AR A
PN RN S D4 X BEASARY B MR £ 5 DA B
FatEZG I SR . B 583 AT 4 & BRSSOk
PEATIERE, FAARME SRR S A B SL A0 2 Uk I 2
SRR, DUREIEWEAHI H .

4 mYRERTHYRBHEHRRHEE

PR R T R T ORI, T2 AR R
N— MR e, HALHRIE N E . 2 BK
(dopamine) FIECREEF UIME G, AR MEA) e I B v
W% % BE R GRERERZE B, ERINAIZ L
HlFETER, I SBAN~EREM P RA S B
a5, HETAN IS Fm S B AN -2 - K 5 % %
RGMRL, X —EesEia T i VIA B2 EZaT,
e 22 21 24 36 3 PR 00 T i R A B AR A% (nucleus
accumbens, NAc). VGEAUFETEIH /2 (hippocampal-
medial prefrontal cortex) FIZF{"A% (amygdala) KX,
AP TTRFBN A BEEEE ., TR, SRR
Yt RE B BRI RS X e B K, B S 2 Bk
WEEF e, PR ERN . IRBERZ R A R R A
L, HEZERRE EASREEEMER, #id VIAF]
REEZE IR AT DU N2 BB, /- S259
M S RN fe 5 S HAH SR B AR Ak B[]
I, I 5 5 P R R R B ] J BR SR 2 |) 1 2 25 DIAH
Ko BEAL, PAMIRTAR - Bz 2205 0w ok e K ] Bl AR
Jifi (dorsal periaqueductal gray matter) FJIRTEESRIE M
2T AR EEEA P Sl SASURZ
(bed nucleus of stria terminalis) B EAE, 25 aREi1012
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FIRLEOE SV, FEARIZTPRAH RIS S 82
g SRk b A BB a0 S 4R (lateral
habenula) T 7E 25 4) 78 W7 J5 B9 £ 1 1 28 Hh ke G B AR
F Y XS AR R VTA 2 AT, 4
VTA 1) 2% B M A TOHRE I, IX B8 X A 25 EL iR
e B, it — BT S 25 B A A RER
ML, mASECREMERZTT R BIRERE .

VA SR B BB AT R AN DA 2 A B & BN I
e HURIT N E SR 2 e . X SRR BRI T
N [7 g X e et A E o i AR e O R MR o B0
Fefili = 554 (thalamic paraventricular nucleus) B %
HENASAAZrh i (central nucleus of amygdala, CeA)
FINAc, PHRERT Fr 22 PE S IZ M SRBUR 4ERE 27
RBEZAZ L (NAc core) S HEMIMETS CA1 X (ventral
hippocampal CA1 region, vCAl) [AE&LER] R EH CPP
HORIEEREIER . I REAE TR 2 CAI-RIFZIZ 08
B2, Al REREBEAE vCAL 5 NAc L IZIRIE
MR AT, SRR S A MRS R
NG A BT T — 2R R B CA - IR
ORI IR, HrR CAL Gatd AN H] 1 S AHOCHY
21z, TR Az O WA FE AT R R B AR R BIC T2
CA1 HIB A0 5 R BE A% O 3R 1A 2 B 1 B 52 4R
(D1) HJEMZFRZA T AR E Bz RE , XSl f5
EER AR ORI R,

AN, 5-F % (5—-hydroxytryptamine, S5—HT)
FR[-R AR A S E M B AR, S-HTE S0
HE &% M- 572 5 (orbitofrontal cortex, OFC) — S AR &
(corpus striatum) BB 5 0] R IR A ', FEX T
Firb R 1 — MR R EFE RN A BRI, X
PRI RRIEE T, BR T 5 R FTE 23 R AR =1
MEZ EREYh, E=51% 5-HT BRI, 5Lk,
5-HT X} 25 B 5 [ B 25 2R S O B % A 5 TN FE Y
HIZ1E .

5 RESRE

2RI R R RIS, &
i OE SR AN, EARLEIRISY Y TR R
HRERE o B, AFOHE BA S IR R E
SRR IR, BN IR R IR B R BEEA TS
P T B — A o AR R X B S sl i AR P O S R E
BrEREVIFIE, A2 e e AL 25 A R et 1 7 A
HIGUE, AREATH. RZEHIERET A SRS

. ARk, SEER G AR B I R BT S AR
AR PR T2 B 2 A2 E BV 5T, 1B
W fEEN RS MR (RISRAZS) DU
R R H SR M 2GR, 1X 2 SRR R i
Frsmi OB AE . MEEZEST T, RSB EAN, AR
R NP O B R R B AR B R R AR A
BESh, #5EE RARYE BASEIR IR UM LI 241, DA
R MDA 29 B0 ol o 275 AR TR
PRI AR BT TR T BRI RE A B

PR, HEFBFARRE A RGP
ENHET TR EENSSHIREON TR, X—KE
ESNER, AL, 7 I RIS A EE I RAM
FZ 5 R E N XA A SO AT BE o R Rl AR
Sk BasE, ot ] AR IR LI U 22
B R W AR K i 45 AR A B RE A AR
b1 X ER AR BE RS 2 —. Bl
SR BEORE AT R BRI EE L
4 (single photon emission computed tomography ). 1F H,
TRFWIE T (positron emission tomography) FIZIfE
Mk LR A5 (functional magnetic resonance imaging)
& W, XU AR T TR RIS IR
S UK Z AR L R I, A
B ARRLIK D SRS (i S R AT ) o
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[ABSTRACT] Bronchial asthma (hereinafter referred to as asthma) is a common chronic respiratory
disease characterized by airway inflammation, airway hyperresponsiveness, and airway remodeling. Its
pathogenesis is highly complex and heterogeneous, involving multiple factors such as genetics, immunity,
and environmental exposure. Currently, therapeutic options for asthma remain relatively limited, making it
an urgent priority to explore its underlying mechanisms, identify effective treatment strategies, and develop
new drugs. In this context, the establishment of animal models for asthma plays an irreplaceable and
crucial role. However, to date, no single ideal animal model has been able to fully and accurately replicate
all the features of the onset and progression of human asthma. This study systematically reviews the
research progress over the past five years in the establishment methods of asthma animal models. It
provides a detailed overview of commonly used experimental animals (such as mice, rats, and guinea pigs),
frequently used sensitizing agents (including ovalbumin, house dust mite, lipopolysaccharide, and toluene
diisocyanate), and the methods for establishing asthma models using these animals and sensitizers. This
study also presents an objective evaluation of the advantages, limitations, and applicability of each model.
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Evaluation criteria for asthma models are summarized across multiple dimensions, including behavioral
assessments, pulmonary function, histopathology, immunological indicators, and pharmacodynamics.
Although methods for establishing refractory asthma models remain underdeveloped, several strategies for
modeling refractory asthma have been summarized through a review of relevant literature, aiming to
provide useful references for related
advancements, it is anticipated that future research on asthma animal models will focus more on clinical

relevance, technological innovation, and multidisciplinary integration. Specifically, future models are

research. Based on current scientific and technological

expected to adopt multi-sensitizer induction protocols, apply cutting-edge tools such as gene editing,
enhance clinical relevance and promote diversification and personalization of models. Furthermore,
advanced technologies such as bioimaging and biosensing are anticipated to enable dynamic monitoring
of airway inflammation and remodeling. Organ-on-a-chip platforms may also be explored as potential
alternatives to traditional animal models. The ultimate goal is to develop multifactorial, composite models
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that better simulate the complexity and heterogeneity of human asthma.
[Key words] Asthma; Animal model; Evaluation criteria; Sensitizing agents
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Table1 Commonly used animals in asthma models and their advantages and disadvantages

[IEIEEES = R EREE

Animal species Advantages Disadvantages Scope of application
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Table 2 Advantages, disadvantages, and application scope of commonly used sensitizers in asthma animal models
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[ABSTRACT]
muscle weakness and, in severe cases, respiratory involvement. Western medical treatment predominantly
relies on immunosuppressants, but long-term administration often leads to notable side effects. In
contrast, traditional Chinese medicine (TCM) offers the advantage of multi-target interventions. However,
the pathogenesis of MG has not been fully elucidated, and the establishment of animal models that
accurately reflect the clinical characteristics of both Chinese and Western medicine is essential for

Myasthenia gravis (MG) is an autoimmune disease characterized primarily by skeletal

mechanism research and new drug development. This paper systematically reviews the etiology and
pathogenesis, diagnostic criteria, and progress of animal model research for MG from both Chinese and
Western medicine perspectives. In Western medicine, the pathogenesis of MG is closely related to genetic
susceptibility, environmental factors, and autoantibody-mediated postsynaptic membrane damage. In
TCM, MG is classified under the category of "flaccidity syndrome", attributed to congenital deficiencies and
acquired malnourishment. Western diagnostic criteria involve a combination of clinical symptoms, fatigue
testing, serum antibody assays, and electrophysiological evaluation. In contrast, TCM diagnosis
emphasizes the integration of primary and secondary symptoms with tongue and pulse pattern
differentiation. Currently available animal models mainly include experimental autoimmune myasthenia
gravis (EAMG) and passive transfer myasthenia gravis (PTMG). The Toredo acetylcholine receptor (AChR)
induced EAMG model aligns well with Western diagnostic criteria, but poorly matches secondary
symptoms in TCM. The synthetic AChR peptide model is widely used, but shows low conformity with TCM
syndromes. Models induced by muscle-specific tyrosine kinase (MuSK), low-density lipoprotein receptor-
related protein 4 (LRP4), and transgenic models demonstrate high innovation but exhibit low clinical
conformity. Evaluation of these models requires integration of behavioral, electrophysiological, and
immunological indicators. However, a systematic framework for modelling TCM syndromes is still lacking.
Future research should integrate TCM-based etiological modelling methods with the Western pathological
mechanisms to construct disease-syndrome combination models. Additionally, it is crucial to establish a
TCM syndrome evaluation system based on "validation by prescription”, as well as to improve the scientific
rigor and practicality of animal models by the incorporation of emerging technologies. This review provides
a theoretical foundation for optimizing MG animal model design, advancing the research on the
combination of Chinese and Western medicine, and supporting efficacy assessment and mechanism
exploration of Chinese herbal prescriptions.

[Key words] Myasthenia gravis; Disease-syndrome combination; Diagnostic criteria; Animal model;

Conformity
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EfL, ERION B RS, KEEEERAS
&S MENTE AT, EFRILTE I8 =W E ™
& o RHERATR BRI, MG B R A
FOmREZREI S, HEFER. Ml BELUOAE
SFREFEYIER P, HERTT IR EES NIEEY)
BITFIZIRTY, ARG YY 2 B MR B ik |
MRRTIBRA M LR TG TP RS TG T FER
XS IRE R SO N 29 Ia 775 H, IRR L
i N B2 LA LB ARBRERRE IR A R SR

FIG IR E, BIREREMMG BRER B (HK
RPN A =S — B R AL, fE—ERE L
PR EE AR E. & MR ENAEERINRMG,
MGIRHUNE R B . JERATR, BIRBIFER,
SIS, ABSRAE; 16 EEes, Dl
Pan <. FRIMAEFE. TRIMBRES L, EIE "IHEME
BHEA™ FRERF PR AN o S, MKIRA B
Zik, Bfhhgs, WAz, BAEMTRE, P
TMGIEW R, BAZHEA ARRNDENR
# Pl I, hEEESARIAMC A EERE L.
EPIRLE  EXT T MG R IR s EE BB S
Mo HEl, BREZX MG & w2 DL & L
ARG, PR M)A IR A o RIS &
MG BIERL, X PHERTAE SR EE . AL ETE
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53T MG BHPE EIRRFHE, R a i Eaia r MG )
Pl XTHEH SR EEREI G R, GEE Ly
Hh PG R RIESS & HY MG AR AL YT 5 ) SEae i 58 LUK
2 AR AR, (R thA AT B 2 AR MG IR
{IEND

1 ERENTHPAEERRE KB

11 AEREBN

HAET, ¥&MGHEZERGEZNEERE R 3H
AR DL, i s R = A s o
KRGS . REEEINIMNF L %38 B4
MG &R IR A DLW BRI AT TR TS, (HHYEEA
LR =M. HETCHmETEE 28, EHA
H5MGH KB ESHiEAR, —ME LB IEAZ 4
(acetylcholine receptor, AChR) HifAR] DAETEAMAE, A
B — ] S B R RRIRGE A&, R 2B
HEBFZ PR Bk (acetylcholine receptor antibody, AChR-
Ab) A[5AChRAZEK, fili# AChR B LLR Fefie, &
43 AChR-Ab 25 T DAL P AChR BOZ5 &1t 7
i 53 — AL LA R = M B S R VS (muscle—specific
tyrosine kinase, MuSK) HUAEAZIE M, HATRIHE
1k MuSK AR ERS 22 H 2 AR MR R 4 (low density
lipoprotein receptor associated protein 4, LRP4) DL H
b B A EAERA, i Bl 5 15 L A9 AChR 2
ERERD Y Bk 2B S e S AL A
LS SfEe, SENRWREETC/IHEE R MG,
1.2 REBE®BN

MGAEFR S BTGt —ws4, ERRIEIIRALPEZEER
&1, BEESNAZERERERAER, AT EURH
HETEIE. Kk, M. B~ mHEA L bisE
g Pl BRER S NEIERIEE 1, HR R

1 EENENEEZHiRE

AHEE R REIRA R SR RATR, RAZIEMII6E
Ko RAREZHRZTBERSHESHBES, HE
NFRZA, ERAEER, BAERZA, EHES
Il FHERARMEREE, BEESNRMAERZ
I, K= M FEARFRAPIA, KIvEE M 5
RFFEM SR AT IEEANE TSR, KA
MRS, BRENKaAME, mmNE, HiES
Wl ARET, FRRERIHNRMs T AN, AR %
T, WECESS e sk, SN K . SRTEAT
A, BEATEBEEE, REGIRR, IRATHEIATE, R
B, QR NSNS, s E R RFERS I,
BELREATE R8s, KRR, R TieE
It RS SEN2TC T, ERRAETE. =277,
FFEBHENIAR B ATR, EWNLATHE. Bisl; Bl
AT, R WIRAERRE, BU6Y7 AHRLIRIE .

2 EfENFEHRZERtRE

21 BEZERE

FHEETE2 MR, 1B S8 G LR BRI
GERELSE R, % RERENIRRERFEE,
SEBENRE, BRA&HITEWH. AR (FEE
SENLTC TS WFIGIT4ERS (20200Kk) ) U D% (EiE
AL 12 WAA T iR E R R AR) U lEsR, e
MG H PG E S WibnuE, Horbh MG SR HIRIREE . 55
I8 P DA R K056 BH 1 5 I PRI 3R 45 SR N b 78 %
i, FHGHsE. B, MSHUABI IR G A
TGS FAE e RE, BIR[2HTRIMG, A
MG B ARA Al 22 B B T, RIARE R
X MG 2 W7 AR RS A i FE AR i Tt 4, Hoep il
AU RFHE DU IR PRIALE B K 73 20% , Fl N B9fahR
TRIT 15%, H:it100%. EARNERE 1,

Table 1 Western medical diagnostic criteria for myasthenia gravis

FS LSS

Number Classification of indicators

& RZ=TL
Clinical manifestation

B R I PRASAE (20% )

lIf PRI (20%)
SXER KBS AMY

HEFE(15%)

AT (15%)

g8, “BRE IR E SRR R O PR
MiE A Huea N (15%)
RSB FaE(15%)

@0 ® ®© ©6

BB CT R MO BR I8 sl 9 R

BEskE SN HMRNERSTH, BERSERERHE
IEZRNBHTHEENE, WAL HERINER RS RN, kEZRNEE DL DERBRRE

WL T BT AB TR B S D I K R E BT T A9BAfE , I E R EZ N R TEX 2 Mt BEN TS, SRR
EXFDBE—IURMRMEE , BRIt R At
RAMMESBRMMET KBS 10% LA LAY SN BENE B RS E-REE)

RILAAE M EI ACHhR LA PR S Titin FLARBRTE , kD EB D AT LA MuSK LA BR a0 LRPAFLARE T

iE: AChR, ZEERBHRIZR; MuSK, AAFRMEEIERMES; LRP4, REEREEQZAREXEL %
Note: AChR, acetylcholine receptor; MuSK, muscle-specific tyrosine kinase; LRP4, low density lipoprotein receptor associated protein 4.
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2.2 HEZHRE
H B2 32 I s v 2 R 2008 4 FR AR HR R G 22 2 R A

B (ChRENRNE R IEE) 17 (FERR S
) (FEARE) (B108R) . EH (BENTL

11) FELIF 7% (2018 4Rk ) LR SR [18]
KT ERSBEIERRERGE. MCAETEZHRHER
ERRIOEAEN: OLETE; QUL GOMEE
W1, @OFEFE, QHEBEFEWEEME, ©mHE
I T EE B O DRIXE o RO 2 AR B 25 DY fs 8 X T 0 2

BiT. it @P@EE, Omaeft, mmhsE
wEete; @ Fk. NLEERF2HEME (&
Mo T ESMUEERTC b &HE—), WIERA 2 58k
DAL, [ & AR EARFF &, BIR[2 W MKk
th 2 Wi i v AT DORE MG B rh EFRIE 73 B 73 W BLT 8
Ko BEASEUE, BEMEIL, FESEIE, S
5 REUE, RRRASOREE, AR LRI, R I BH 48
RATFBEIUE. KA BEIUE N 206 BERE 12 I R A R
Wo PLEIRRIRBAARNE L2, AW SPER

AR, ERRE, WIEARR, @i Ogir. REeWREWSERN, fF&FE—BURE 5%, 7F
HDEME . QERRK. RERKL . @FLEHR, BrURIE —TRAE 5%, it 100%.

x2 EENKTHPEIHES B

Table 2 Syndrome differentiation of myasthenia gravis in traditional Chinese medicine

HHEDE FiE IRAIE Hhk

Syndrome differentiation Main syndrome Secondary syndrome Pulse and tongue

2B SERIE O LRTE NI; O #WE=D; Q BNSE; QMR FE T EEE.FKHES

Q@ BRHEREN;

@ SIBZER . IAIBF0E IR F ¥
O LBTE;

@ mEBEEs;

Spleen and stomach qi
deficiency syndrome

PER 5 7 REIE

Spleen and kidney deficiency

syndrome @ BWEM, OERE
FESEIE O ERTE.SEMENAIMN
Liver and kidney deficiency L/ ESER
syndrome @ MHER
SMSEIE O LT,
Qi and blood deficiency @ MERBELHILETLS,
syndrome fTEh I
i B S A2 1IE O EBETE;

Q BHERLTA

Lung and spleen gi
deficiency syndrome

5% 1L BB £&41E DOLBTE SWLRA;
Blood-stasis obstruction QT E
syndrome
RS TFEIE O EBTFE;
Pectoral gi collapse @ ML, £8F%;
syndrome @ FIRFEME, 1S FEHE;
(ON2)355)
pngiiEsiiana O LBTE RBMEK,

Dampness traps the spleen @ BiAERLTIREE

syndrome

ESHHERD; O meEE; © RIEEK

wmEE: © BREK; @ BiTHET; ®
AF|E, AR, @ mE; G NMEE
PN R

wRIAE: O BERRR, EME; @ TFE
7#; 0 BEFGR; @ MEBKERRE, X
EwiE

O ACEH, BFZ2,O0FREE; @ =
5,0 8E; @ L2 . EI5; G ERE
R, © NER; © ERLBETRE

O merE; @ #Ezh; ® SESK;
@ 0F; ® 8iF

O BH; @ £5; 0 BRE; © BFRA
T

O BEEDFAR; @ B¥; ® HE

@ W @ FFHIE; @ BTN EE;
@ ERRH; © EETEEFE, EEHFHD
#a: © B, © FRaEROR
B BEHNIFRMEEER;® ZiRES

O WREN; @ EIBHIE; @ HREE

WPARE: J/LL, D& IR
1R PR AE :
MR

UD#

EAN= =N

ERN= =g ES

EprN=1=NyiSiEs

LN

ERIREE, SR AEEE
R, BB PEREER,
BXiBE kI k4 R 55

X B8R, FUEER,
xR ESRE

3 EENEHDZEMMERSH

3.1 SEIRNMEERKE

MG SR ST R4, BEERM. ML &

R ARSI & b LA . KN
MG R IR 7R 5 1 RS R 5 A%

PR AR,

TR ST EH, B
JERFR AR 5 AR MG IS S, aFEEAMG
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SRS RIEALEN ) . HA R B A Lewis REHUAGEE,
IR R RS RE 58, RN 2 MG m U &R
BRE 5 AMGHMIE R, AwiSA SR i
253, R R R ERIVER™E, FEIH =
BL A TS sLie a3 & % EEN T
(experimental autoimmune myasthenia gravis, EAMG)
RS P2 PLCSTBLG i AR AR/, R
MG =mBUER AR, HEEFIMKRERS. 5
T NI o g AR RE A BBt X 73 vk EL 2 B ) 22 o
DIREMI AL AR ), B R R o B i e o ik
AT MGH#5EH . S/NERAHEE, KREEZ HI
J RLEFT B = R A LIE REA P BB i/
BB, FTRE SN R L Ab iz 2 i
RETBOR B Z BRI B 2 R R BUE P IR
WG, TG EEL T BERE P, FHikMe
RAES Ve e b, S Uttt AHBCTREEM
SHAEEMG ), (EERER F, DRI, —
R 6~ 8 Al P, B E S melb], Btk AT
AChR HJICTZ e i AT BE 2= PR AR E /N Z LG TS
AR, DRI A I R 12 P38 e 1R DR S BGAFE 5E
KR A MG SR R e (R EE 140 ~ 180 g Y
W Lewis K FRFIAER 14 ~ 16 o FMEME C57BL/6 ZNER .
TREX H S MEROkE BAVGEREIER Y, T
Bk FEE R R SR A A% S BRI G R 2 —
I, FEEENZ MG ZHIRALI, R SEEG: B AR Al B4
F, Pk & ERSIYIEM R BN R RER
RN R
32 EENZHHNVERESIKESNIVSE
MG A i Esh e skl sl ik LA
Ko BRI TR AR, 3 DL AR R A 2 2 K
K, —FNEAMGHAL, 7 —RNIH s EENTG
bl (passive transfer myasthenia gravis, PTMG) #FE7E
AR L AR E BT R R R B AT 73 A DUR 14 28 HL g
AChR %5 58 EAMG 1541, AT i AChR £ JIRH
EAMG AY, #5h%5# EAMG FRUMILE 1A AChR-Ab &
NLHTPTMG AL, I MG B35 I R LI N B o3 AT
PTMG 1A, | FH 2% 52 Jed 4 i ok o] 2 B o BEE BT AR R 37
PTMG #58Y, [AsL56 8K = shit A MG 5 AChR-Ab
HENT PTMG 18RS, 8 I MG 2 i IR 2 2388 1l i 3T
PTMG #5284, BB MG &N AN PTMG
5L, MuSK 5 S EAMG 554, B4 A AChR 37
EAMG {581 ), SR IR T AL EAMG 148, A
EEL R /NER M Z LA #23L  (neuromuscular junction,

NMJ) J@iEf 2 ER y T4 (interferon—y, IFN—y) &
VL EAMG FEAE RIS N G e bR a1 o 2R TR/ A
EAMG 1854, DUR LRP4 % 5 () EAMG #2581 0 HH
RIS TR BRI R WIS &R
1 )

BRSRE, ERERLEE HOLAMRRME, 255%
MRFR A AL B TR S O Bk AR A B ST
R SR BIIA R MG R RE R A &, M=
Ve RS . 5 AFLRAEREEUE &R, i
FLEE AChR 15 3 A EAMG FAY ; F5 A7 5 BB U2 DR 7 1
HBEAR, WmERpErd, A mmposii,
AT ERLAChR Z A EAMG A . 3 T2k
I IORTT, W F e R IR R IR AT B A
xS TR G RE P00 S N B BEATLAR , 5l 7 2L B AR e
B, 41 MuSK i 5 i) EAMG 554 5 LRP4 1§ 511
EAMG ##3,

3.3 EENZHEEIFHIER

WA MG B2 ST, EZEMLLT 875
TS AT A, ERESRERAT,
MRS, Bt 2. HEES. HEHE RS AN
UG e I G WA o < =1 M O 7 S5 AN 4
FE RIS, A, AChR HUAIREE &
R, S5IER BEHEERESA S, BAEREKE, ([R5
R EE H R (Low—frequency repetitive electrical
stimulation) . AJLEE&%, S H AR MG fRERITAS ;
R SIAANE SUIE S = o /IR ELY NP B Ry e
Blans i EiE 5 e EE R R G A3, KERES
AREE, RGBSR S A LML R ACKR HY &
AN MIERHLL R FRER I 5 sy A 7
ASER R, R AR EF-B (transforming
growth factor— B, TGF- B) . IFN-~. H 40 A &
(interleukin, IL) —1B. IL-2, IL-4. IL-6, IL-10F1IL-
175G R ARG 27

4 FEHBE

EfT, MG 3R 5 AR FE AW IR B
KRR, WRENWHESS IR A Al MG
BRI AR IR ARG T SR T SR e R IG5
HHRBRIEN JTEA L 16 R, I EYEE &I
A, ARPEERN 7T B N E S i s S sgik
X ZFERI, )R EE AChR 1A S EAMG B
N, HENEEES B ACKR MEER A5
RUZ W A\ & A AChR £ RAEE A EAMG #5878 i Y
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%3 BEREENTHMER P T EIGKRFIERSRWEEDS R

Table 3 Analysis of the conformity between common animal models of myasthenia gravis and clinical symptoms in

Chinese and Western medicine

SIaRBIERS =HY

Ry i R R RERR aE
Model types Animal Modeling method and principle l\/Iode.I advantages and Cc?nform|.ty with
disadvantages clinical disease
characteristics
FE#E AChRIESHI EAMG 1R EY Lewis KR MNEBENBRESBHEWACRE, HaNHBER RERS, 7 FEAENED.
AChR-induced EAMG model S5ae4usifEN#ERxer TR SAKNARHEEE 0.0.0.6,w
using the electric ray 5 (Freund’s complete adjuvant, MERSY, EZEATMGH SE85%;
FCAZH RS axhARnen, ARMHURBOARIE gmasExirns
ENREBE TSR, @ ORRY L 0.0.6;
EUSEBT2- IR EERE, DR OREERMERES. o rirns
s . - FEHET B RAEGEIEE
BITIREEAChRRIBES AR =& . . . © 2HrmsE
BEFMET MG B &
BERERN P E T 50%
AI&MACRR ZHREEN LewisKE BAIGHRNKRER(—REAKBRI« K 0REER, HXEE RAE FeRENE0.
EAMG &5 97-16 LUK al20~ 145 KER) 5% MR BESFEH migxs, ©.0.0.60,1
Model of AChR-induced EAMG EFCAZHRIHAANTARTE  BzEmENFvckmns  SE%
using synthetic AChR peptide EBRZLEN, -1 BEINERE— AT, M(B %Egﬁ el
RSB AR ZHENRREAES RANTVREABRE FNON madmmErEnsE
KEFERFRENRERN THEREE ©, 2hMEE
50%
Wi EAMG RN iE A Lewis K MEAMGARILIBEFIHKE 1gG, Bk HEImERS RERER, FTaAEMNEO.
AChR-Ab Z37#9 PTMG &2 BRTEELKE, THNARTS BERPRETR; ®.@.6,mEE
Model of PTMG by passive Bk eh KB RAIKGHMACKR RRABABEEREN  65%,
transfer of AChR-Ab in the Ab, 3518 MG RIS ERHS EAMGAR, B FAEEER  mamE+rmns
serum of EAMG rats Lo EERRELERSIT DO.B.G® MEE
DIEREEE, MES K 45%
Sl
BAMGEEMBERMENKDE BALB/C WERERITHRATHAChRADIE HaNERHEE fIERE TEaAENEOD.
37 PTMG &8 N HAMEEIMG BENR, pENE K HESEER. EEEE  0.0.0,naE
Model of PTMG with serum and FUSR08 mLEs g, e T 65%;
intraserum components 7d, EVRGESIER 240 5, BE ﬁ%,ﬁﬂg[ﬂl;‘%%;‘}ﬁiﬁt}ﬁ%,% HEPEEENE
from MG patients B 3 59 IR B BE B% 300 mg/kgo @id %T\?EEET% REERE 3.5
EUAR LRI ECEE, B
EREHE ENEREMCGHBRE  phemsremepsn DO TERENS
T RAENE FEREEE 6.0 2408
ESA11 E40%
FBZRBMBH S EREN  Lewis KB  AChR & #1 mAb35/mAbA7/mAbGI0 i NEREREE, KFEEs, FaAENED.
{REII PTMG £ 8 RZEMEKER TS NME ZTIRGE EGHTEEHR .0 MEE
Establishment of a PTMG EIMGHB B & & R 3R 50%;
model using hybridoma cell HEREEENS
lines for the preparation of D.®.60.MeE
monoclonal antibodies 45%
BRI EDEAMGESE SDAR KWEMGBEEMBERIAChRAD, & KA ZEENELHEE FEaEENED.

AChR-Ab #237 PTMG £ 22

PTMG
model by injection of AChR-
Ab from MG patients into the

brain ventricles of experi-

Establishment of a

mental animals

HIEIANKRMME, REESE, H#3
Ro K2 FREIZCNSIREMIK
RERES, HEEBAFES KRS
ERUFAEMGRIBEN PIEEL
&iBIEHS

MG iR E R FIRE I
IR LRI

RANRFERBEES, B
AT XY LR IR S5 F M B R
1%

BB MEE

65%;
FEREEXFENS

®;
BFEDPERENS
©,2rxmaE
20%
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5 RIS s )
RS i A R RERERR =E
Model types Animal Modeling method and principle l\/Iode'I advantages and Cc?n.forml'ty with
disadvantages clinical disease
characteristics
®Big MG BEMRALBIEREL NOD/ MG BENTEMRARBEIT KRB EANERENG FEaAENEO.
PTMG &5 SCID BERSREMRME/IE(NOD/SCID) ITER; 3®.@.0.maE
Establishment of a PTMG INER NEEHET, HREBEFEE H$HoaONNBRAREAS5T  65%;
model by thymus tissue FHIRE MG KBENFIFER, MGHIABIRE BFEMG BFEFEEXTENE
transplantation from MG RENBERETFEBEIRMNMET ME— R BB E = ®;
patients BRI FN =4 AChR-Ab A9 B 4R FE, M BEPEXRENS
SHEREZ R EIBIER. ©® BEMEE
I MG BEEERA R N 20%
EHLMG BB ERIFAE
BEBEMGEEIENRESHER NOD/ BMGEEMMEMBHTERTIAN KA ACDATAREMGERRE FEaAEMNEO.
37 PTMG SR SCID NOD/SCID /MR . iR  REIERRM T IRIE @6 . mEE
Establishment of a PTMG /MR BHEERERENREREN, 50%;
model by transplantation of FHIaYIE A REL 4 HEREXENS
peripheral lymphocytes from BB R R ®;
MG patients HEFERENSE
© REMEE
20%
MuSK % S EAMG tE 5 C57BL/6J LAKR MuSKERmIBFEFIAERE BHEAMSKAENENIMG FERAEMEDO.
MuSK-induced EAMG model N BR/NEMUuSKILR , REES R R BB H E R 2 BB, @G MEE
Lewis’ K JEH/E MuSK 5 FCAR &I B YR EE L FHRRMER, 65%;
B FEEF, B EsR kSRS A B5AChRRESHERE FEREEXTEMNS
NBRARR, 28 dIEEEF IR, t, KRB ERIMEREET R (ONONONYNY|
S—MEENRRBENEBRIEEK # BE45%
B EE E MuSK R B & MiE
IgG B BE AR i 5 A\ 3036 B AR R &
H5dLlE BREHE240,F5
GhE ST IR BEBL IR 300 mg/kg®s 2
Pltbf s ENEE 88 ER T
MuSK PR t# & & M i& + 18 45 /Y
IgGA“CIL R M Bk B /)N R B PO S B Y
MuSK &9 cDNA {5 it — 2 5 W EY
FEE A2 I MuSK 60, B f5151%
WEGF STt KRR, REEHN
LI AR S 7= 4 5T XS MUuSK B9
BERK, XERASEREN
AEEL  SB AChRZRIBRIK, ¥
T REE, 5| R THDE
BN
=H A AChREIZ EAMG B E Lewis KB, BAILEMMAACNReTE1~210 AAREES 2EER HEAEMNBD.
Recombinant human AChR FREERNERNGEREME B IREEE, AR .G MaE
modelling of EAMG BH HABESEHRRFCAHMAA 50%;
A FABRBEERSZLSSE HEPEEEMNS
58, AR RERFBIRGIXL DO.3.®;
7 AChRHZEFEEFINERE FEFERENS

BRER, HAEEER RN R R

©, . BHhYEE
50%
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Sla KRB =89V
RS i A R RERERR =E
Model types Animal Modeling method and principle l\/Iode'I advantages and Cc?n.forml.ty with
disadvantages clinical disease
characteristics
REZBREEEL EAMGEE C57BL/ ZEEEESSERELNEREBN RKRARERETF TJU~4% FEAENEO.
Modelling EAMG using nucleic 6J /) HRFE 5, DNA H BRI E 20 BRAL « 16 BERNHA LR RNE; ® MEE35%;
acid vaccines B BEAREHARFPE, AERAIRHNY RISARDEONEHER FEREEENE
ERENBEBENEE, MES =g, BRAFE %, B A% B . BHrhYEE
BRABRFEER, ATBEIA SRR EEERRM 15%
MRRRR, F= £ RN AR TEMER
Rz, ILES/NENRRR
FIRBIFH P £ XS AChR BIFLAE,
MTHEH MG BB ERIT 72
ARER/NBHENAELS BALB/c KBREINEESETHERFBRE—R MKRhzEREAREHARYE FEEEMBEOD.

= 4B IFN-y 237 EAMG 1
Eidl)

Establishment of an EAMG
model using locally produced
IFN- v in transgenic mice

neuromuscular junction

FMAARERREARER/NREE C57BL/6J

2 EAMG &R
Construction of an EAMG

model using human

immunoglobulin transgenic

mice

LRP4iESRIEAMG R E
Model of LRP4-induced EAMG

INER

N

C57BL/6

NG

nAChR s EE R & , 193 DNA &R
fiI, NN DD B AR RE {3 AN
REMKELARXZERHF
4 IFN-y5%, E [R5 IFN-y f93
ErFETRSHEHERMAEN
FE, A INE AR T MY
i, XL RIS X AR
BLEMRRG, #MEIOHEES
KL, IR MGHIKE

BYTREIANREREAQNEER

N B ERRERAEN
AChR5FCA—i2, F50.3.5 &
RTESHZNR® s REENR~
& MRS AChR ik , B HI MG
BECANSERELE

BERFEREHS LRP4EEER

FER_TEEY, hELRPAES
MG EEE H O RIEF L, N
EMENHETAEERERE
%S9 AChR BB &M 221 42

ESHEE, 5IRNEHER

BE EETMGHARS
IFN-y B X , = U H RO K
AR RS AKMGHEIE

RRNHABMTRE, BIFER
BXEE

MRNZEREFENRES
ANBETIE, EREF L
EEIEAMG;

RRANAS, BIEE, RE

MRAZEEARARRRMY
BE, NLRPAS 5 MG &
iR T KR,

RRANAS, REREETR
2

3.0.60,wsE
65%;
FEPEEENS
DO.3.®;
FEREXRENS
(ORON=YNE
E55%

BEAEMEO.
B.@®.G MEE
65%;

HEaFEEENE
D.0.6);

FEREXRENS
®.©,2rkmsa
fE55%

BEAEMNBED.
O.@® meE
50%;

BHEPETENE
@ BEMEE
15%

iE: AChR, ZEEEBRIS(K; EAMG, XM BESREMEENTN,; PTMG, KNEBBENTLS; AChR-Ab, MIBIERZATE; MG,
B|REMLH; MuSK, IRSSMEESEEMEE; IFN-y, yTHE; LRP4, REERERSAEXEDS; g6, REHREHG. AMXREMGH

EZHRERPEIHEDE,

FIESIR, WKW E>70% A5, 50% ~70% HF, <50% Hif.

Note: AChR, acetylcholine receptor; EAMG, experimental autoimmune myasthenia gravis; PTMG, passive transfer myasthenia gravis;

REBEAOIRERTRS, SEXMPHMERN—REARCVERTEENSE, BEEEVSES NS

AChR-Ab, acetylcholine receptor-Ab; MG, myasthenia gravis; MuSK, muscle-specific tyrosine kinase; IFN-v, interferon-y; LRP4, low

density lipoprotein receptor associated protein 4; 1gG, immunoglobulin G. In this paper, syndrome scores were assigned based on both the

diagnostic criteria of Western medicine and the syndrome differentiation types of traditional Chinese medicine for MG. The conformity

between animal models and clinical manifestations was assessed by combining clinical scoring standards with reported phenotypic

characteristics and detection indicators in the literature. The degree of conformity was categorized into three levels-high (>70%) ,

(50%-70%) , and low (<50%).
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[ABSTRACT] As one of the modern enterprise management systems, the Occupational Health and Safety
Management System (OHSMS) has garnered increasing attention. The OHSMS has undergone continuous
refinement and expansion across various fields, emerging as a pivotal indicator of enterprise
competitiveness. Currently, both the Association for Assessment and Accreditation of Laboratory Animal
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Care (AAALAC) International and the China National Accreditation Service for Conformity Assessment
(CNAS) require for establishing occupational health management related to laboratory animal work.
However, within the domestic laboratory animal industry, development of OHSMS is relatively lagging
behind due to unfamiliarity with laws and regulations and a lack of experienced management personnel.
Consequently, the OHSMS in laboratory animal institutions is still in its early stage. Drawing on the authors'
practical experience in establishing OHSMS in laboratory animal institutions, this article first outlines
domestic and international occupational health laws, regulations, and safety management systems for
laboratory animals, as well as common occupational diseases and their associated risk factors in China.
Subsequently, this article highlights key elements for the construction of OHSMS in laboratory animal
institutions in areas such as establishing occupational health and safety regulations, conducting training,
performing occupational health examinations for staff, monitoring on-site occupational hazard factors,
implementing the "three simultaneous" system for occupational disease prevention facilities in
construction projects, creating and maintaining occupational health records, developing a notification
management system for occupational
occupational disease hazard accidents. These points are intended as a reference for professionals in the

hazards, and formulating emergency response plans for

industry.
[Key words] Occupational health and safety management system (OHSMS); Laws and regulations;

Laboratory animal institutions
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Table 1 Examples of occupational health laws, regulations and standards applicable to laboratory animal institutions

Fs EEEM AR XD RIATE
No. Law, regulation and standard Issuing authority Date of issue
1 e N RHEFER BB aIE 2EARREASESEZERS 2018
2 Bl ps 9 EFNE R ERDERRERSSE 2024
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9 RABMRURREESMNSERTRSENE ERTeEFHEEEERR 2014
10 RAARSFAREENS ERZ2EFLREEERDS 2018
1 AARUREEREFSEESEENE R4 REEERE 2012
12 GBZ21—2007 TYEspPE ERRRWIERMRE £ 155  HFEE ERDERREZERS 2019
13 GBZ 2.2—2007 TYEiAFE =R KR EHALIRE #2885 WEREZE REANRHMERAER 2007
14 GB39800.1—2020 MR EBEEIE £—89 20 ExRmmEEEESE 2020
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LR . FREMET 2025 45 8 HL Hefi SLh . (HR
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Table 2 Example form of compliance evaluation for occupational health and safety management system in laboratory

animal institutions

o if'iimfw EEE@E,HJ%. b‘)ﬁ\?ﬁ%{ﬁ E%%%ﬂ s éﬂ"lﬁ#fﬁ i%’l‘ﬂﬂ‘.l‘Eﬂ FHEAA
No. regulation Implementation Issumg Applicable Conformity evidence Complla.nce Evaluation Evaluator
date authority clause evaluation date
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YN}

E: I RIEATE 0o KRN ABESR.

Note: The placeholder “xxx” in the column of Evaluator represents the name of the individual conducting the evaluation.
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Table 3 Potential occupational hazard factors in laboratory animal institutions
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Table 4 Example list of positions with occupational hazards and corresponding hazard factors in laboratory animal

institutions

&1 THh/Rf Bl EREER
Department Job/ position Occupational hazard
il b HREER SITAR FE.SECHN FEFEXS SREFHERN. SIRBEXMEY(ZE) AR =&
Dep. of test article OB B CHER . ZRETN. . S8CH =8 RFE . RRE. B UEK
m.a%
SRR ED THEARAR AR ZRPE . S80N. 2B . ZBE . “HX . HB PR SECS R RERW.
Dep. of pathology A CSERRR RO TEFEXRERSE
BESMIEN=E TR ARAAR “HEX HE OB OB BE . SEaEMH. S2tE 380E. CaEKER B2
Genotoxicity lab TEREERERSE
ALl = TR AAR OB HEE SENKER . BRE. AN =SFk.FE. 2B . ORI AR RS
Analytical lab
=Pl EEAR 2R ERRRORSEBROREE. OB KRR S8t E HEE
Cleaning room
I8 TR AAR g o OB
Anatomy room
Buh RIFIRIEAR IRE SRS
Heating substation
SR, BIEAR SEUN BEANES

Wastewater treatment station

32 BVRIRREEEEHE

A fa F I IR EEERIEE ; (8) EikBiH

R F A B 1 2 2 R I SE AR s LA R L i e
EEBERREARCEE, iR (TrEZARL AR
BEEME) 7, HUEDTEE 13 B R
EEHFIE . TR AHRMD 2 2 B BRI 4 .
(1) BUlifeERHaTHESRIRE; (2) Bl fEHER
SEmMEIE; (3) BulRaFEmE RRHEE; (4) 3]
AEFHEEAEBERFIGIE; (5) BOlE A & E
IR (6) BRI RiE4EraeHE; (7) )

m3 I

BB st~ =R EERHIEE; (9) 5780ER
Mg R A R HAS S BHIRE s (10) Bl fa bl
SOESHEHIRE; (1) RAERERERENRE; (12)
Bl fa# N a8k SEEGIE, (13) EREMR. M
EALE AR AR S . X 13 TV P2
SEAGBNPINUAA S NLHR L (e R e 2 PR AR B B i AR 2
Ko B HATFEMERAE b, i B A4 A B
JEaARERR e, HREEMIBK. B&.



Apr. 2025, 45(2)

SIS SELIRES Laboratory Animal and Comparative Medicine 193

3.3 RUREERSIFIIIEKR

I ZOS BRI A B I N & S B3I A T A B AR
E 1o AU B AR T N SR fg R N BRI
2R, #EIMERERII HBEOFBISEFAET; 2K
S R ETHRL g 2 =3Il a] A N R B AT
HAJE W, RSILE TERBAERBENSERA
RETEIINE SIS TR ZE K

SERG BN PINIAL AT i E AR R R IRl 4 AL e o
HROL R 2 e AR PRI R AR R IR E . Bl
70 AL #EEIAN GBI B5UIBSCR IR
T BUl R IRt m] DL % A P isiil R K
PR ARSI P IR — RS -4
(Environment—Health—Safety , EHS) fFEERIHER], 52
Y RIFFER AR, DLIERSIH IR ERE. &
2501 R T B St o
34 NI ARRIERISE

RN oA 2 /2 A T R E B — Pl PR ARG . CHR
I AR EE A B A ) P (R B B B R AR
) P K RN BLER A e i e R B )
PJESRATAE T AL G TEROI A BRAG E . ARISHIIY
2RI H R AR MO G A A B i R
TR HERZFRIEN  fZIAEER, Bl fERGE
FFERAT. K. BTG,

i BTG 22 ML RAE AR BRI £ 35 1 1 52 B
TARRTRRE . W B T AR T FEERHEEF R
RAYRNL, EAIRBTI AR TIRERR E . XD
BRI AR S G R EA, Rk R TS
FET R NEEZ ) L AT RE 2 1 ok 21 B9 RO fa A

&5 LEEYMNIIEIER L G2 RIS B RIG IS R Z R

= P IR A TARDRASSIE, I ARZHE R AL
TAEo bR ATHRAL PR 2 1A A 475 5% T AT RERADL B 22
FEEBRAMDPE P L A ERTAHRMD S RS o

K E R RERDEaFEFRER, &8 (AR
BE—R) HTRMERGE . FERERZ, W
HoOfg e AN T LA RO g e i iAo AR, SR
B Y TR AR, HRD e e AR m] AAE 5 i e A
ReROELA b, BRI EHHR WA AT

1 R AT B2 TR 1E B 5 T 75 E AR R R fa
HY R T2t . ARIeRY H B2 3R I 5 TAEAR AL
e AR, e HERTRE SRR RS, A
T RHRHTE 90 d AR RS AR R S 15
RETHR AL g R A A o

HRMD f e 25 AN [ T-SE A0 sh PTG 4L 2R O AR RE A
Ao BRI PG 75 ZEAE A BRI A6 B S A A AT LAS
BERHET. MRS TEAR SRR AR, &
T ARG A B MR A ARG B i BRALR
mEERTaEdAEFERIOAR (FURIHNEE
FHROAL, NEOHATERR) WHHEFAR
TR A2 VRO th rE BRI MU AT
R A BRI, & E B E U T2, 7F
R IR AR T
3.5 HRERERRNIZED

AN R TR ML A AR E SN, EFHxTH
Bl faFR RTINS, NN EEHE
RIGE e AHARRHRfE T ER AL, FERDH
fT—R R, 453 20T —RERR fE 3
RIFAT o T RER T LIS I LA 8 TR fa 3 —

Table 5 Required content and schedule of occupational health training in laboratory animal institutions
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[ABSTRACT] Owing to their high genetic and physiological similarities to humans, non-human primates
(NHPs) have become pivotal animal models in life sciences research and biomedical development. NHP
laboratory animals are not only an ideal platform for exploring the mechanisms of neurological diseases
and infectious diseases, but they are also widely used in preclinical safety evaluations of macromolecular
drugs, which are considered the "gold standard". Nevertheless, this biological similarity increases the risk of
zoonotic disease transmission to personnel working with NHP laboratory animals, their tissues, and body
fluids. In light of recent domestic and international outbreaks of zoonotic diseases as well as the
implementation of the Biosafety Law, this study examines the occupational risk factors encountered by
personnel working with NHPs. This includes biological, chemical, and physical factors. This paper also
covers common zoonoses, classification of the corresponding pathogens, transmission routes, risk severity
levels, and protocols for post-exposure management. A multidimensional prevention and control
framework is proposed, which includes the following components. (1) Risk Assessment and Emergency
Response: Regularly identify hazards through an Occupational Health and Safety Committee (OHSC) and
develop post-exposure emergency protocols. (2) Optimization of Management Systems: Improve facility
design, optimize the allocation of personal protective equipment, and enhance health surveillance and
vaccination programs. (3) Technical Training and Standardized Operations: Provide specialized training in
NHP laboratory animal ethology and biosafety practices. Additionally, implement intelligent monitoring
technologies to reduce the occurrence of aggressive incidents. This paper outlines measures designed to
enhance health and safety awareness among personnel working with NHP laboratory animals. It
emphasizes the need for strengthened guidance on the use of personal protective equipment (PPE) and
the standardization of professional operational practices. The goal is to safeguard personnel health and
safety, reduce occupational exposure rates, and effectively prevent occupational diseases related to
laboratory animals.

[Key words] Non-human primates; Occupational health; Occupational exposure; Biosafety; Zoonosis
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Table 2 Transmission routes of zoonotic diseases and symptoms in infected humans
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Note: The classification of hazards is based on the List of Pathogenic Microorganisms Transmitted Among Humans (2023 edition).
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[ABSTRACT] With the rapid development of the laboratory animal industry in China, animal
experimentation has become a crucial tool for both scientific research output and classroom teaching in
universities. Correspondingly, the workforce engaged in laboratory animal work has expanded significantly.
In recent years, while the Chinese government has begun to emphasize the occupational health of
laboratory animal practitioners by introducing relevant laws and policies, current prevention and control
efforts within universities remain insufficient. This study conducted an in-depth investigation into the
occupational health management and protection of laboratory animal practitioners in nine general
universities in China, focusing on the management standards within university laboratory animal research
centers. The research was carried out through field visits, interviews, and academic exchanges, focusing on
standardized management practices within university laboratory animal research centers. The findings
highlight five major occupational health risks faced by these practitioners: laboratory animal allergy,
zoonotic infectious diseases, mechanical injuries, chemical exposures, and psychological factors. Key
challenges identified include underdeveloped management systems, a lack of risk assessment
mechanisms, and inadequate protective facilities. To address these issues, the study proposes a three-
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tiered prevention and control framework. At the university level, institutions should establish

comprehensive regulatory systems and increase funding investment. At the laboratory animal center level,
biosafety laboratories should be developed, risk source management strengthened, and emergency
preparedness and health monitoring enhanced. At the level of individual practitioners, appropriate use of

personal protective equipment should be enforced, occupational health training should be provided,
standard operating procedures should be strictly followed, and occupational exposure incidents should be
reported promptly. Through multi-party collaboration, this study explores feasible paths for constructing a
scientific and efficient occupational health protection system in domestic universities, aiming to provide
theoretical support and practical references for the sustainable development of the laboratory animal

industry in China.

[Key words] General university; Laboratory animal practitioners; Occupational health; Risk prevention
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Establishment of Occupational Health Related Files in Laboratory
Animal Institutions
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[ABSTRACT] Establishing occupational health related files is a key component of building an
occupational health and safety management system in laboratory animal institutions. These files not only
serve as a critical means of protecting the legitimate rights and interests of laboratory animal personnel
but also provide institutional safeguards. According to relevant laws and regulations, laboratory animal
institutions are responsible for establishing and properly maintaining occupational health surveillance files
(also known as occupational hygiene files) for both the institution and its personnel. In accordance with the
Occupational Health Archives Management Standards, laboratory animal institutions are required to
maintain at least seven categories of occupational health management archive folders: the "three
simultaneous" occupational health archives for construction projects; occupational health management
folders; occupational health publicity and training folders; folders for monitoring and evaluating
occupational disease hazard factors; employer occupational health surveillance folders; individual
occupational health surveillance folders for employees; and other relevant folders. Building upon this
foundation, the Regulations on the Supervision and Administration of Occupational Health in the
Workplaces further specify detailed requirements for occupational health files. These include: documents
outlining the responsibility system for occupational disease prevention and control; occupational hygiene
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management systems and standard operating procedures, lists of types of occupational disease hazard
factors in workplaces, their distribution by job distribution, and records of work exposure, basic information
on occupational disease prevention and emergency rescue facilities, along with records of their allocation,
usage, maintenance, inspection and replacement; records concerning the provision, distribution,

maintenance and replacement of personal protective equipment (PPE); and reports on occupational
disease hazard incidents; and corresponding emergency response records—amounting to twelve specific
requirements in total. In short, occupational health management files are a comprehensive collection of

data and documentation related to workers' occupational health. Based on the author's practical
experience, this paper outlines the main types of occupational health management files, their basic
contents, and key points in their development. It also offers a detailed analysis of how to establish such

files, aiming to support laboratory animal institutions in successfully developing occupational health
management archives and improving their occupational health and safety management systems.
[Key words] Laboratory animal institutions; Employees; Occupational health; Management files
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[ABSTRACT] Occupational health is a discipline dedicated to the identification, assessment, prediction,
and control of occupational hazards in the workplace and their potential impacts on health. Its core
objective is to ensure the safety of workers through targeted preventive strategies and protective
mechanisms, thereby minimizing health risks caused by occupational hazards and promoting physical
health, mental well-being, and overall social welfare in the workplace. The "three simultaneities" of
occupational health protection facilities in construction projects (hereinafter referred to as "three
simultaneities") refers to the principle that occupational disease prevention facilities must be designed,
constructed, and put into operation simultaneously with the main project. The implementation of "three
simultaneities" involves several stages: a preliminary assessment of occupational disease risks, the design
of occupational disease protection facilities in accordance with relevant standards, and ensuring these
facilities are constructed in parallel with the primary engineering project to maintain integrity and
effectiveness. During the construction phase, occupational disease prevention facilities must be
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constructed simultaneously with the main project to ensure their integrity and effectiveness. Upon project
completion, the construction unit is responsible for evaluating the control effects of occupational disease
hazards and conducting the acceptance of occupational disease prevention facilities to ensure the
occupational health of employees. The implementation of the "three simultaneities" for occupational
disease protection facilities in construction projects is a mandatory national regulation, and non-
compliance may result in legal penalties such as fines and forced suspension of work. However, for some
laboratory animal institutions, the implementation of the "three simultaneities" remains a challenge. This
paper aims to provide practical guidance and feasible implementation strategies for such institutions by
introducing the development history of the "three simultaneities" in occupational health, explaining its
relevance and necessity in the context of laboratory animal facilities, and outlining step-by-step procedures
for compliance and implementation.

[Key words] Laboratory animal institutions; Occupational health "three simultaneities"”; Occupational
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Table 2 Example list of primary raw and auxiliary materials for construction project

FS iR Mg FHE ERUE
Number Name Specification Annual consumption Location of use
1 PR 1mUEEE xS ETE xx S xx B8]
2 TunelifFI & 100 H//82 XX & xx S xx B8]
3 NREIRER 10 kg/&2 xx € R
4 BRHEXRE) 50 kg/4¥ Xx IR
5 75% Fg 500 mL/#f xx ZHlEmEFa
6 =S 500 mL/#E xx i fEHmERFE

T xx HEAHE.

Note: xx denotes a specific numerical value.

x3 IZE8EHPFERIBERERRTEBIER
Table 3 Example list of major occupational hazard factors
in working process

, RilBREREER
S FNEE ot T{esmAR
Occupational
Number Assessment area Workplace
hazards
L FRIBER g, —HX%E I8
2 NP 75% 2Fg. REARWE  KiHE

R ZO MR & BT, IR R iR &
HATEEIOELT , FRRF B SE ARl 5 AENLA P T i
TRR. Amseila, [ EJEEH R R T
FREIL, RZHIMRITEERESE XA BAEK,
FEHEOELIF 750 BN LSRRGS TFHER
T HERIE SR BUEIRE; ORI

F4 RIBEEMIPRETBSIZE

G AR R TS LRSS Il 5 /Y
BWILES, ERGaRIUs, AR R
Al di A A
3.2 BRAvfZERBAIPIZBER T

EIANI 141295 - il 0 a A ey R kAN A Ui
PR . WA SRR BUDEI st
BEENE BT RLRME T R B S Y H
t, HBIAE R BARERIRERR (KL=, B4
[AIS5) S2ROZANGRIGER] o

BT R B AR B R A AR AR T E AR L
TZEmAE. EA, FrE. R (s
SR PIREARNE . XATREW KRR,
KEgdreF gt ik, DUAKBIRA L2 rlge &
HIBR L R fE R 2R

Table 4 Example list of occupational hazard prevention facilities
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Table 6 Major occupational hazards during construction (as an example)
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Table 7 Major occupational hazards in different workplaces of laboratory animal institutions (as an example)
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SETEMNER, 7THHHABEERNTE. BE. AAREREHEENHFEENM. 7 pTRECs. TBMECs.
TASMCs. TAECs#l1THs X 5FHEIMHIMAYE A REN P RVINFESZBREE S AT BARER, KT 4«
107 # W/plo LA LS MIMEIMEIIREF- £ B AN FHRBS, ER3IMNRMILTAECs (313x10°PFU/mL) . THs
(2.03x10°PFU/mL) . pTRECs (1.58x10° PFU/mL) "R A DENV i E &2 m fH 43T BB 48 g C6/36 (3.85x10° PFU/
mL), BetERIWIHFFES. £i6 DENVINHSHMALRENARS R, BRSEEERERTELEGYINRIR
MERMIE, EFRTAECs. THsHpTRECs LEIETF DENV IEIEIE &, B, XLMPEIaES 5 DENV R/ BIIK
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Study on Susceptibility and Infection Characteristics of Dengue Virus in
Cells Sourced from Different Tissues of Tree Shrews

LIU Xin', QI Mengdi', WANG Wenguang', HAN Yuanyuan', LU Meili', LI Na', DAI Jiejie', LU Caixia'
(1. Institute of Medical Biology, Chinese Academy of Medical Sciences & Peking Union Medical College, Kunming
650118, China,; 2. School of Life Sciences, Yunnan University, Kunming 650500, China)

Correspondence to: DAI Jiejie (ORCID: 0000-0002-4242-9089), E-mail: djj@imbcams.com.cn;
LU Caixia (ORCID: 0000-0001-7186-7451), E-mail: lcx@imbcams.com.cn

[ABSTRACT] Objective To investigate the susceptibility and infection characteristics of dengue virus
(DENV) in cells derived from diverse tissues of tree shrews and to provide a basis for expanding the
repertoire of DENV-permissive cell models in this species. Methods DENV was inoculated at a multiplicity
of infection (MOI) of 0.02 into tree shrew skin fibroblasts (TSFs), primary tree shrew renal epithelial cells
(pTRECS), tree shrew aortic endothelial cells (TAECs), tree shrew aortic smooth muscle cells (TASMCs), tree
shrew hepatocytes (THs), tree shrew corneal stromal cells (TCSCs), tree shrew brain microvascular
endothelial cells (TBMECs), and tree shrew retinal microvascular endothelial cells (TRMECs). C6/36, Vero,
A549, and BHK-21 cells (commonly used for DENV propagation) were used as positive controls. Over 6 days
post-infection, cellular cytopathic effects were monitored at 12-hour intervals using an inverted
microscope, viral RNA loads in cell lysates were quantified by real-time fluorescent quantitative PCR to
generate proliferation curves, and viral titers were determined by plaque assay. Results Seven types of tree
shrew cells, except TRMECs, were susceptible to DENV. Prolonged infection induced pronounced
cytopathic effects, including cell rounding, detachment, necrosis, and lysis, across all susceptible cells. The
viral RNA loads detected in lysates of pTRECs, TBMECs, TASMCs, TAECs and THs, approached those of
positive controls (=4x107 copies/p.L). Infectious progeny viruses were produced by these five cell types, with
three (TAECs, 3.13x10° PFU/mL; THs, 2.03x10° PFU/mL; pTRECs, 1.58x10° PFU/mL) exhibiting titers
comparable to C6/36 (3.85x10° PFU/mL) and earlier viral harvests. Conclusion DENV exhibits broad
susceptibility to tree shrew cells of multiple tissue origins, with proliferation rates surpassing those of
conventional cell lines sourced from other species. TAECs, THs, and pTRECs are particularly suitable for
large-scale DENV proliferation, suggesting their potential involvement in in vivo infection.

[Key words] Tree shrew cells; Dengue virus; Cytopathic effect; Viral proliferation curves; Viral infection
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1 BERSEATRAAREHHARBERMEN
Table 1 Changes of cytopathic effect (CPE) in different cell types after dengue virus (DENV) infection

i . B E'Hﬂ‘ &/ h
Cell Time post-infection/h
12 24 36 48 60 72 84 96 108 120 132 144

TAECs - - + ++ +++ ++++ ++++ e+t
TASMCs - - + ++ 4 A+ bt ot
THs - - + + 4+ 4t et P
pTRECs - + + ++ +++ ++t+ e+ e+t
TSFs + + ++ +++ +++ +4+++ ++++ ++++
TCSCs - - + + + 4+ 4+ e e+ bt
TBMECs - - - + + ++ +++ +++ ++t+ 4+
TRMECs - - - + + + + + + +
Vero - - - + + + + + ++ +4+ +++ ++++
BHK-21 - - - + ++ it A PN P PR PR
Ab549 - - + + + 4+ ++ e P R WS RS
C6/36 - - + + ++ ++ 4+ e e e e+ o+

7E: TSFs, WIRIRZARALLT4MAE; pTRECs, RS ERMAE; TAECs, WEIEIKAKLMEE; TASMCs, REIEIPKFBHLMEE; THs
WROFT4RAE; TCSCs, WEIMEERM,; TBMECs, WRIMMME ML, TRMECs, WEIMMRMIMENEZMIE; C6/36. Vero. A549
B BHK-21 I R{E APEMSXI BB, RIWCPEICH “-"; %ML CPEIEA “+”; 0%~25%CPEICA “+”; 26% ~50%CPEIC/A “++"; 51% ~
75%CPEIEA “+++”; 76% ~100%CPEIC A “++++",

Note: TSFs, tree shrew skin fibroblasts; pTRECs, primary tree shrew renal epithelial cells; TAECs, tree shrew aortic endothelial cells;
TASMCs, tree shrew aortic smooth muscle cells; THs, tree shrew hepatocytes; TCSCs, tree shrew corneal stromal cells; TBMECs, tree
shrew brain microvascular endothelial cells; TRMECs, tree shrew retinal microvascular endothelial cells; The C6/36, Vero, A549 and BHK-
21 were used as positive control cells. CPE was graded as: -, no observable CPE; +, suspected CPE; +, 0-25% CPE; ++, 26%-50% CPE;

+++, 51%75% CPE; ++++, 76%-100% CPE.

MAs R Bive, SEMREIREGA, difERiZ2HR, It
f& 4 o Bl K =BV R AR M (76% ~ 100%
CPE), /DENGEE KM 240 KME AN, 4
GRS . BRI % . TBMECs [RIRTHEL==lk, B5
SR BN R AN CPERIAE. . THs 2
Bk 205, RAEMREHABAZERE. B, nf WA
Rt B AR Fr AT SRR B b A 7R S 5% B O 4
M ZR b, TSFs BRRIE, WM szdfg, 2RI17Y
RIZZAR, BRI TSFs HHBL T hiZZik, [HIRGH
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it TAECs AEIERPKAR AN ; TASMCs AR EsNAKFIBNMIE; pTRECs AIRAWEE ERMIE; THs AEIAF4EN; TBMECs AR

RO M E MR ; TCSCs AR IRE R ; TSFs AR ARBL AT 408 ; TRMECs IR EIM MR E WL AE; C6/36. Vero.

A549 & BHK-2T{E R BRI XS BR4RAE o

Note: TAECs, tree shrew aortic endothelial cells; TASMCs, tree shrew aortic smooth muscle cells; pTRECs, primary tree shrew renal

epithelial cells; THs, tree shrew hepatocytes; TBMECs, tree shrew brain microvascular endothelial cells; TCSCs, tree shrew corneal

stromal cells; TSFs, tree shrew skin fibroblasts; TRMECs, tree shrew retinal microvascular endothelial cells; The C6/36, Vero, A549 and

BHK-21 cells were employed as positive controls.

El1 #E SRS T A ERIERS R 4R PAERT R4 RS 2R SR RIS FE R (x200)

Figure 1 Morphological changes in tree shrew cells of different tissues and positive control cells before and after dengue
virus (DENV) infection under inverted microscope (*200)
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iE: TAECs, WEOEMPKAKIM; TASMCs, WRIENKFBIMIE; THsMRIATMAIE; pTRECs, RS LM, TSFs, WRIRAL
PR AF4EANAE; TCSCs, WEIMEE R, TBMECs, WRIMMME MK, TRMECs, WEIMMRMMERNEMAIE; C6/36. Vero. A549
K BHK-211E R PR XS BB 4R A o

Note: TAECs, tree shrew aortic endothelial cells; TASMCs, tree shrew aortic smooth muscle cells; THs, tree shrew hepatocytes;
PTRECs, primary tree shrew renal epithelial cells; TSFs, tree shrew skin fibroblasts; TCSCs, tree shrew corneal stromal cells; TBMECs,
tree shrew brain microvascular endothelial cells; TRMECs, tree shrew retinal microvascular endothelial cells; The C6/36, Vero, A549 and

BHK-21 cells were employed as positive controls.

B2 SERSEEREE PCRAGTIBRFRIRRIMMAR EEERSHIBEMZ

Figure 2 Viral proliferation curves of tree shrew cells of different tissues after dengue virus (DENV) infection via real-time

fluorescent quatitative PCR

F2 SMARRREHRSHEEENRXTIEERE
Table 2 Peak viral load and time-to-peak in different cell
types after dengue virus (DENV) infection

aliio) RSHEIEE/EN - pL") A i8)/h

Cell Peak viral load/ (copies-uL™) Time/ h
pTRECs (9.18+0.21)x107 48
TBMECs (7.43+0.75)x107 72
TASMCs (7.27+0.43)x10” 84
TAECs (6.87+0.30)x10’ 72
THs (4.08+0.02)x10’ 48
TCSCs (1.11+0.05)x10” 36
TSFs (1.50+0.05)x 108 84
Vero (1.39+0.22)x10® 120
C6/36 (1.28+0.21) =108 120
BHK-21 (6.73+0.13)x107 48
A549 (1.13+0.05)x 107 60
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iE: A, C6/36 4 DENVIBIEFTF A RIBEIR; B, TAECsH DENVIBIEFTFARIBIR; C, TASMCs H DENVIBJERTAZALEIBEIR; D, THsH
DENV IZIERRZ AL RIBIER ; E, pTRECs & DENVIBIEFFAZAABELR; F, TBMECs & DENV IBIEFFZ A AOBIER . C6/36 MMAEIERPRMEITEE; M
BRI ; 107, 10° 10°RRARSRBREL; control RARRBRHFSHIXIBIL.

Note: A, Plaques formed by DENV proliferating in C6/36 (positive control) ; B, Plaques formed in tree shrew aortic endothelial cells

(TAECs) ; C, Plaques formed tree shrew aortic smooth muscle cells (TASMCs) ; D, Plaques formed in tree shrew hepatocytes (THs) ; E,

Plagues formed by DENV proliferating in primary tree shrew renal epithelial cells (pTRECs) ;

F, Plagues in primary tree shrew brain

microvascular endothelial cells (TBMECs). The C6/36 cells were employed as the positive control. Red circles demarcate individual plagues.
Viral dilutions are indicated as 10°, 10, and 10°. The “control” denotes uninfected wells, serving as a negative reference.

B3 BHLENEFRNHARPEERSHESHE

Figure 3 Quantification of dengue virus (DENV) titer in tree shrew cells of different tissues via plaque assay
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[ABSTRACT] Infectious disease animal models serve as indispensable tools for unders