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Animal Models of Human Diseases

RO, WL, BRAR, LiEBETAMESBAR LR, EAGHFRAAK, HHKFEHR
HHL WAL AG), BRLARREZRCAFTF AT AMRELLREREAAR, FEHEH
FoAMARER2EAER. PHERRGNBALZLZR, PEHIALEAKTFRESLEFTN
RIPEBEERLENR, LBTHBEELSAMGHEERZLEMEER, (PHLGHHERR)
E%ZE. MRAZAFIRS, T HFURTEMERAAE. 7 EY RS LR ZRA
oA FE 2R B R B M BLRL B AR, TR IO R 25 G R G BALKI A . B R ~
“TEAT BRIXBMELMLTA, AR LETARAMAFESFSANAHATE. EHFE
5 58K 50 A TG 40 16 77 3 A A 3 1 520050, LAR 30 R TUIG R AT 25 40 e A MR T, R R
WXE100 4, HF SCHEE 300 ; RBIEHBAL; Sd (HHIEPT BN FHEMF3H.

il A s~ 5 IR DERE N BB T T GnRH 83
FIE 2 PIRI 2B TS

PREaR, ZEEME MCHE, SOMGEY AR WIERY, AR, 0 B K BC, R OB
(L HRILAMEZASAEAFTRTAMEELLEE, LiGA M B TAEBR O, LAY E 4B RS
Be gl 25 34, bl 200237; 2. A B KF %556, B 200032, 3. KAESRHILARAF, K& 130012)

[#HE] Bi RRMEABENSENEARFERNERERMERE, FFEMEHERMEBEREE (gonadotropin-
releasing hormone, GnRH) B GenSciO06 LI AR FERBERMERRIF M. Hix BERSPFRIEM
SDARMFENEBRETSAREEARNERE L, AREMSEANFERNERERUEERE. 3AE, WERMURE
M. B. 5, HESLURIRUAENERV,, BHTRFAREHRRRABFARE, BERXRBEN S HED
B, MEwRKA (0.25mg/kg). GenSci006-14H (0.125 mg/kg) #1GenSci006-24H (0.25 mg/kg) 44, HHEKX
R16H. SEABRRXATHNNEY, BEREANERBLTRSEKRNEN. 388G, BAUERMHE, It
BLRAFRMUAENERRV,FMEER, BECERRESERYIBREDHFOEWN, FIB GenSci006 W AFFEFMIPE
ALK ; ELISAENEM S T i — & (estradiol, E,). Z2FJ (progesterone, P,). BBBRIEZE (follicle
stimulating hormone, FSH) &AL = (luteinizing hormone, LH) KERZL; LRIREESE PCRIENE
T EFEA T GnRHZ /K& (GnRH receptor, GnRHR) mRNABIZFIAKTE, T H RENIFEE N S5 A f5 48 21 i
MESZIR (estrogenreceptor, ER) o, ERBIIZMESZ IR (progesterone receptor, PR) EAMKIX. HR 4
BHIFAFEAN, SHEBAELL, MEHAAT GenSci006-2 B ARAIAEERZIEM (P<0.05), MRLARAYIEIR
EEFR/N (P<0.05). SHBFARAEL, BEAFE. PERBZHRFENEEELHELN (P-0.05); 5EE
AEL, MBHMETN GenSci06-2 HFEMBRYRFENEEEEZERM (P<0.05). SHRFARARLL, HH
MBS E, P FSH. LHKFEEBEE M (P-005); SEBMAMEL, EHMKAE. GenSci006-1 A7
GenSci006-2 A AR AIGPEE AT 28 KA MIE P, KR EEME (P<0.05), 1 GenSci006-14HAFAIMIE LH KR8
EFHE (P<0.05), EZAMBEMFSHKFEHEEZEWN (P-0.05), SEBAMELL, MEIHNLEF GenSci006-2
ARBREARGCGNRHR MRNARKKFEE T (P<0.05); FHKRR TEMALRH GnRHR mRNA KKK R A EH
MR FRa. ERp. PREBERXKFELBEETMH (P-005), &t ARBMBAFERNESREEREEENIIE
MEMFERNESRMERTHVMER, MERURERER. HFR. FERIPERB[BRY. MEE,KFIT
E RN ZS 7 BRI iR o

[¥%429] FERBERAE; GenSci006; HIZIntk; BMIME; KB
[PEISES]IR-332; Q95-33 [WEtFEMEIA [XEHS]1674-5817(2024)02-0127-12

[E—E&] #himt(1988—) , & ML, NIBTARR  NBEBEDIEFEMFR. E-mail: zrh8804@126.com
[BEEE] K& 1B0970—), & Bt ARR, NEEBAZEFMF. E-mail: zhuyan@sippr.orge ORCID: 0000-0001-5136-7601
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Application of Allograft Endometriosis Rat Model in Pharmaco-
dynamic Evaluation of GnRH Agonists

ZHONG Ruihua’, LI Guoting', YANG Wenjie', GUO Xiangjie', ZHOU Jieyun', HU Yingyi', NI Qicheng'? YANG
Ye'2, ZHANG Min®, ZHU Yan'

(1. NHC Key Laboratory of Reproduction Regulation, Shanghai Engineering Research Center of Reproductive
Health Drug and Devices, Shanghai Institute for Biomedical and Pharmaceutical Technologies Laboratory of
Reproductive Pharmacology, Shanghai 200237, China; 2. Pharmacy School, Fudan University, Shanghai 200032,
China; 3. Changchun Gene Science Pharmaceutical Co., Ltd., Changchun 130012, China)

Correspondence to: ZHU Yan (ORCID:0000-0001-5136-7601), E-mail: zhuyan@sippr.org

[ABSTRACT] Obijective To establish an allogeneic rat model of endometriosis and to evaluate the effects
of gonadotropin-releasing hormone (GnRH) agonist GenSci006 on experimental rat endometriosis.
Methods Endometrium from SPF grade donor female SD rats were transplanted onto the abdominal wall of
recipient female rats to construct an allogeneic endometriosis model. The rats undergoing sham surgery
were divided into the sham group. Three weeks later, the length, width and height of the ectopic
endometrium were measured, and the volume of the endometrium (V,) was calculated before drug
administration. The modeling rats were randomly divided into four groups: model group, triptorelin group
(0.25 mg/kg), GenSci006-1 group (0.125 mg/kg) and GenSci006-2 group (0.25 mg/kg). Each group had 16 rats
and received a single dose of the corresponding drug. The sham group and model group were administered
an equal volume of solvent. Three weeks after administration, ectopic endometrium was measured to
calculate the volume V, and inhibition rate. The effect of GenSci006 on rat uterus and ovarian tissues was
assessed by comparing organ coefficients and changes in pathological sections. Enzyme-linked
immunosorbent assay (ELISA) was used to measure the levels of serum estradiol (E,), progesterone (P,),
follicle stimulating hormone (FSH), and luteinizing hormone (LH). Real-time fluorescent quantitative PCR
was used to detect the expression of GnRH receptor (GhRHR) mMRNA in the hypothalamus and pituitary.
Western blot was used to detect the expression of estradiol receptor alpha (ERa), beta (ERB) and
progesterone receptor (PR) in ectopic endometrium. Results Three weeks after administration, compared
with the model group, the body weight of rats in the triptorelin and GenSci006-2 groups significantly
increased (P < 0.05), while the volume of ectopic endometrium significantly decreased (P < 0.05). Compared
with the sham group, the model group showed no significant changes in uterine and ovarian organ
coefficients or endometrial thickness (P > 0.05). Compared with the model group, the uterine organ
coefficients and endometrial thickness were significantly reduced in the triptorelin and GenSciO06-2
groups (P < 0.05). Compared with the sham group, the serum levels of E,, P,, FSH and LH in the model group
showed no significant changes (P > 0.05). Compared with the model group, the ovarian organ coefficient
and serum P, levels of rats in the Triptorelin, GenSci006-1, and GenSci006-2 groups were significantly
reduced (P < 0.05), while the serum LH levels of rats in the GenSci006-1 group were significantly increased
(P < 0.05). However, there were no significant changes in serum E, and FSH levels in each group (P > 0.05).
Compared with the model group, the expression levels of GhRHR mRNA in the pituitary tissue of rats in
the triptorelin and GenSci006-2 groups were significantly downregulated (P < 0.05), with no
significantly changes in the hypothalamus (P > 0.05). There were no significant changes in the expression
level of GhRHR mRNA in the hypothalamus or the protein levels of ERa, ERB and PR in the ectopic
endometrial tissue in any group (P > 0.05). Conclusion The allogeneic endometriosis rat model is a suitable
animal model for screening and evaluating drugs for treating endometriosis. The volume of ectopic
endometrium, inhibition rate, uterine and ovarian organ coefficients, and serum E, levels may serve as
indicators for detecting drug efficacy.

[Key words] Endometriosis; GenSci006; Triptorelin; Ectopic endometrium; Rat
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FEMNEFAE (endometriosis, EMs) 2§ F5
W (BIAERRARFHIE ) HIERAE B He b i A A e 7
ELASMUEAL, FHERNIE AR =iE. Hi, Fi
SUREIR . A G5B REEEIR B B B RHR
5 Mo EMs 768 B MR SR %N 5% ~ 10% 12,
FENIRARZION L Re . ' aEkm, ™
HEA SHERPOLAS, BEANBOAAREIA
40% B, RSN A I ARYE R AN A R R . I T
1677 EMs (U259 £ 2 AR IR R ARRPTR 5. DR
%, mRAER . HEEER AT AR M IR E R
% (gonadotropin— releasing hormone, GnRH) #I5IH
RIS R AR R A N AR, R
BHEBPRE, EIFREMRIGE EMs, I, #3720
I EMs shPIBALERF T EMs AmALHL. Tfikiair 2
P BTN BB E T,

ENINEHEZFR AR Wi BRI K E LTI EMs
FPIEEL o, sl HAE I ERR S 1E E H EL 3 S
JRMARE. PERGEAE BIE 9. MRIRSEILS, 2
N EMs AR St FROSERGEhY . T KERANBEE
RICHEMs B8, #FARBEAE R R K B EMs 34
BRI LB Tk, FARBAEE LB AR 5B ENE
MRk [RIMRAAREAE AT DUBE G 52 14
SRR T B S B ERIBIR, 5 AKEMs BB
RGEEIE R — 2L

BRI EMs BAUE BNz, BEBRAHY
R FE L FRE, FlanFtE m AL A B A &
ARG —. RGEFEA SN FEAGE—. o
AR o GenSci006 N GnRH N7, BEg it
RN AY GnRH 324K (GnRH receptor, GnRHR) %5
&, [EMEEIREIRA KT, Bt RO AR B
gEELE FETST. ERFUEUR, AERIEE FARBAER
JTIERE AR AR EMs KBRS, DA Fap (e fH
PEXTHE, PFAT GnRH BE7 GenSci006 Xf K FR EMs 76
JTVER, ERIRLEIGTT EMs FZGYI$2AERIE £ 3h1)
FARASEA T o

1 #MHE5FE

11 SEIEznY)

SPF % Sprague—Dawley (SD) HEMHAFR130H, 7~
9FElle, FRE (190+20) g, WH EiHITRIAEERF
WFFERRSEaGBHIA R [SCXK () 2018-0006], Jifi
BARIES /7 20180006021381, FESLE A RIAFET
EigmEMELGRE AR (R gt E R

R ) BB RIS SER 3P e hE [SYXK ()
2019-0012] KREZEN, BEMEFARR4I N, BHIXK
K. T\mE. BEAZHER20~26C, HNEE
40% ~70%, #5215/, 2R, SEREIARE 12 he
ANSLES BRI AR E 2R R 7 B sL e sh (e
B Rt (5 092020-09),
1.2 iXFIRE

GnRH #3071 GenSci006 H K BB FE25\ A R
ANFEHRMEE (S 006WQ202005001) , IATEMR (FEEERH
L Hi k) W H % E Ipsen Pharma Biotech A &] (5
P26437) . 7K H IR B T = AEAEYRR AR A
&) (#k5 B200501), fRERIR AR ZTESNEIEHE (LIRIR
FREIRABE TR AT (5 200619222) . FbiIE E
LR RO BB R AF (#520200601) 0 B
A2 (luteinizing hormone, LH) ELISA {7 &4 H 3%
NOVUS A&l (5 NBP2-61257) , B ifd fi] i 2=
(follicle stimulating hormone, F SH) ELISARF & E
i E & Abnova 2 & (#L 5 KA2330) . M — 7
(estradiol, E,) FAZf (progesterone, P,) ELISA 7
&%) § 25 E BioVision & (L5 73 3124 K3831,
K7416) o =t RNA fl #2171 TRIzol 18 H 3£ [E Ambion 22
& ({15 284909)  cDNA i35 & M SEHT % E B PCR
A H HA TaKaRa AF (#5431 RRO47A
RR420A) . GnRHR 2 [NZ GAPDH 5[ f A4 LAY T
2 (Bl BRMBBERATRIT KA. RIPA XK
(No.€500005) . BCA & M i & & & Wl #l & (No.
€503021) J% SDS-PAGE 25 PR s i i e Aok ] ik
Fl& (No.C631100) MMEAETAM TR (LE) &
MBERAE « /N PTK R ZEZ & (estrogen
receptor, ER) a¥ifs (No.MAB57157) W4 HFEER&D
ANF, BIIRFERB I (No.NB120-3577) W H 3
E NOVUS A FE, ARfiARRPAMEZM (progesterone
receptor, PR) Fif&k (No.ab33526) 4 H5i[E Abcam 2
&l, RIIKRE GAPDHFiA (No.2118), HHi/NR IgG
(No.7076) 1 EHi % 1eG (No.7074) 1 H 3£ E Cell
Signaling Technology A& o
1.3 RMPAEEMs ERAHE

SR Z BTRRFFE SR U, KR ERBENL Y
NBFARA (n=16). WHEHHAA (n=28). HIEZE
41 (n=86) 34, RT3 dXTEEHKERERALAES
TRERR KB 0.1 ml/d, HEELLA3 d; ARAET2 d X6
HRREREE RN R R FF 10 pe/kg, L4
#2d, BEEKREETFERE L, AL
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(Mss-35, RiREHAMREAIRAR) LR
B 5%. FIREN1 Umin iBSHREE, FHLLFEE
RSN 2% EREN 0.5 Limin 43RG, BTALE
HRERFEHLTF T EIESHE, FRET L
5 mmx5 mmo FH[FEFER T VERRER RS2 AR R . R
B RN G S T2 R R ERE M E FEE .
L GIERERLNE IR HEDT AL TREAZ) 0.1 mL FOARERIK
REREDIT GRS, S5IERE KR, P ARAR
Rk E 3 RAHMARE R B RAR 2T R EER ., K
G, FEKREHCE T ERRa 72N, EikkEAY
PRI . 7RIS 24 h AR VSR B ERIME — B 30 pg/ke,
10 dJFEEFEN—R, DUEHRAIABEAA K,
1.4 H[HSELE

BEFARIFEG, BN N ESZ AR K BRI T R
JEHIE ., PR -R RS2 R K BRI B HE D)
kR d). 82 (d,) fiEE (4), HEY,=0.52x
dxdyxdy " HERALABRAT . V> 13 mm® i ] Wi
B2, BIEBARIIR R, RHEB RS2 AR
FRBENL 73 BB L2 | H 3 B AR ZH . GenSci006-1 A1
GenSci006-24H, 4016 H, A EGR A GenSci006 )
FI# B & FE AIECHE SR o Hh S BRI A 5
H ¥ B AR 025 mgkg, %45 45 R FL N 1 mlkg;
GenSci006-1 ZH L P ¥ B GenSci006 0.125 mg/kg,
GenSci006-2 ZHAILINTEST GenSci006 0.25 mg/kg, 252514
I 1 mLkg, ZR2550% R 1IRIBJE . 2[RI IS
PRI IG 26 3 Ko RFARAFIEALLH 2L VLB HH
RFHEY GenSci006 & FAER .
1.5 SCIQERHS

3 EfE,. ARRGMRSHRR, . B
RMERMABRKEKRZ (@) "HE d,) fEE
(d'y), VWEARV,=0.52xd" xd' xd'; HEMEZE, 10
HilZR= (1-V,/V,) x100%, ZHEFEANHKEUM S mL, &0
BUME & BURALNIEAL, —ER AR E TR
BIEON 4% N RSN, B THE G
B FREALETRA, FET 80 CLAERH.
BRI+ EFIOPERAL, SRIFRE, TR REC
FTERBRAR=TE (2) /IKBMAEE (g) x100; HIHE
JEes R E=0NE (g) AREIEE (g) x100, —MIZHZE
FARET 4% 2R EE+, #HTHZAARE, R
HEFEARTE TRA, FET 80 CIHRF&EH. BN
s, \AEHA, BETHRA, FET 80 CRE
#Ho

1.6 MiEPE,.P,.FSHFILH KEAIELISA IE

BENLE PR 8 FURRRANIMG, SME ELISA {7 &
WHHBFRTE, A RMmEFE,. P,y FSHFILH
7K
1.7 FE.PENRUABEHANHERS

B 16 HRRBTE. NE. FAUNBEHSHAG
EEMEYIR, 2 HE e ERAZHIT HE 4,
MR PR REER, HNE FEARANRE
& (wm)o NEEERMESE: N—HaMnrg
W 4D 5, MEAREER, HESEEME, Z%FH
EZSI N BREE
1.8 TEM.E{FHLE P GnRHR mRNA FRi&KF
HYSERY S 76 E = PCRAG

BEAZE R 6 HORFRAY T F il SR 2R AR
SR FH TRIzol IEFEEUAH A FRZL RNA,, 156 3R 15 cDNA,
FHSLI G E B PCRAY (LD480, Lg% IKHIZ AR
A]) 4T GnRHR mRNA B E » H BIEE K GnRHR
f) IE m\ 51 ¥ ¥l A 5'-GCTGCCTGTTCATCA-
TCCCTCTTC-3', S 8% % %]} 5 -GCTGTAGTTT-
GCGTGGGTCCTG-3", # 4 Fr By A /N 102 bp; A%
5L K GAPDH 9 1E [7] 51 9 |5 51 9 5'~-GACATGCCG-
CCTGGAGAAAC-3", R [A 5[ % 51 3 5'~AGCCCA-
GGATGCCCTTTAGT-3", 484 BeR/INA 92 bp, PCR
RNARZ 20 pl, 135 cDNA 2 pL. EFESI&
0.4 pL. TB Green Premix Ex Taq (Tli RNaseH Plus)
10 pL AR 7K 7.2 who PCR RLEAL: 95 °C 30 s;
95°C5s, 60°C30s, 40 MEIR; MAMFEIS CS5s, 60 °C
1 min; 95°C, F&IR50 °C30s, F2 220 EHAE
PRI AR FRIA &
1.9 FEHLAPERe.ERBFIPREAEIEKTER
E B REDT N E

BEALZE PR 6 KRR RN EH SRR, H
RIPA Z4f@AR B R H . I BCA 33U &l & ik
f£. EEMERIIALAEZHRE, 95 CAFMES mine HY
80 pg ZEFFEM, 11T 10% #1 5% H) SDS-PAGE IR 4E 1
ST JG, FEE1E0.45 pm B PVDF E (IPVHO00010, £
Merck Drugs & Biotechnology A% ) o Fi 5% [ifig
AEA L b G, SIAERa (1:500). ERB (1:1000).
PR (1:1000) FIGAPDH (1:1000) —#i, 4 Cif
7% FH TBST i 5 minx3 YR G, H0AKE R H —#1
(1:1000), FEZETWEE 1 h, TBSTIEHE 10 minx3
WJE, MAECLEEUF AN, i Image lab 4.0 5%
GAMARGG A, ME H & H %5 GAPDH
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EHFHRKEERAE, BINZE B E B R R
T,
110 HiHEHE

% H Graphpad Prism 8.0 BT g o, ihE
Bl COPEIBapr i Z23R80R . FFE RS, Z40H
FERCR BRI Z 3T, BN LA Tukey's 15
e, JFIEASSARNT, RA Kruskal-Wallis JEZ £k
0, SIATPITIELE A Dunn's MR . IR ELEE TR
VR, POOSEIARERESHER L.

2 &8
2.1 GenSci006 ¥ @ RAIE1E EMs IRBI KRR K
SERERKRNZN

[ P AR R AR IS S B 32 R R FR 86 U, EMs i
BRI 64 1, IERAIIER N 74.42%, 425 8A AR
FARAE, BEAA. fERMA. GenSci006-1 I
GenSci006-2 KR (B Z 16 H) BIRE. IH3IE
W, WENFE. D TRAARIMNAEREETR. 6
14K, 521 RWNBEAHRFHITHRE, WEKRA
TREARAL, 455 & DOFI D7 A& 40K FRA EE TG BH
AL (P>0.05); DI4Rf, SHEEIAMEMN, BFEARAKR
Bk E L E A (P>0.05), % 5 AR 4 F0
GenSci006-1 2L K FRIREG N, HESTHRITFR
X (P>0.05), Tfii GenSci006—2 ZH A K5 Ho {4 28 i 35 B4 i
(P<0.05) ; D21 WY, SBIEIAMEE, BFARLAM
GenSci006-1 H KR FRABETIHE AL/ (P>0.05), Wil
B LA GenSci006-2 41 K FR AT (R B B &8 i (P<
0.05) (K1),

2.2 GenSci006 WA FABIEEMs ER KR
B RRRIE T

X5 25 T e 25 2R SRR N B L 1 B A A 2
NIRRT T N IRI SR RS, SR ER: 5
BRI AR L, 25 2500 &5 4 53 A0 N B AR R JE I B A8 1k
(B24);: BZ53 G, SHEAEMEL, Sk .
GenSci006-1 ZHF1 GenSci006—2 4 k) o7 A 5% H B A [7]
FEEZYE (E2B), #—H HEY@Gr I, Bl R
AR REE, diiREE, RERES, REX,
ENEBEY; Tl e SO NS, 2
N A N |21 7 R VN ) o R~
GenSci006—1 ZHF1 GenSci006-2 2H [ 5 o7 P i th R FR AR
/N, PRI b R 5 R b B 4 2 2 SR (R SRA
fgifs, mERD> (E20),

iE: ShamBMRFARAE, BERMSAFERENRERIIKREEE,
SRIEEST GenSci006 EAATR; Model BIERIA, BHERMSAKT
ERNRARIKREE, A FEH GenSci006 & A& # ;
Triptorelin RIE EH In#kH, BERMFAFERNRARTKEEEE,
RETSTHE R 0.25 mg/kg; GenSci006-1F]GenSci006-24H, %
BERMSAFENRARI KRERE, AEH5)F5 0125 mg/ke
# 0.25 mg/kg i GenSci006, EA16 R AR ; SHEBAEL, P<
0.050
Note: Sham group (n=16) , transplanted with fat tissues around
the uterus and injected with GenSci006 specific solvent; Model
group (n=16) , xenografted with endometrial tissues and injected
with GenSci006 specific solvent; Triptorelin group (n=16) ,
xenografted with endometrial tissues and injected with 0.25 mg/kg
triptorelin; GenSci006-1 and GenSci006-2 groups (each n=16) ,
xenografted with endometrial tissues and injected with 0.125 mg/kg
and 0.25 mg/kg GenSciO06, respectively. Compared with the
model group, * P<0.05.
El1 GenSci006 X E M RABIEFERMUARERE KR K
BRI
Figure 1 Effect of GenSci006 on body weight of allograft
endometriosis rat model

I LA 2 i S B S AR R B . 2524 R1]
FHRBBORMABREKREZER LG T FE L (P>
0.05); #4255, SHEAAEL, %5k A
GenSci006-2 4 f) 7 A7 AR AR R A E 5k /N (P<0.05) ,
GenSci006-1 A S ARRAFAA frl/ N, HZEF T
GRS (P>0.05), H—HiTEMHIR, &R
o GBI, i ERARZ . GenSci006-1 LA
GenSci006-2 4 A A A BRA KA R B & Am (P<
0.05, E2D),

2.3 GenSci006 WA FABIEEMs ER KR
FEMIPEALARZ N

MERITESR IR, SHEEHAMEL, BFEARA
KRBT EIRSRBIIHEAML (P>0.05), HiEHwmk
ZH 1 GenSci006-2 21 (1) 1 5 HE 28 R £ OH /N (P<
0.05), GenSci006-1 4175 IEas REPRIK, (HER
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T A GARSERRNRUNEERER; B, fAESEARNRUAEREER; C, FR3AESEXBNRMANEFRESIFE (HERE, «10);
D, £%5. ESEABRNRMUNBREARRIDGER. ShamIBEFARE, BEBHEEAFEEABENEREIARIERE, REEH GenSci006 £H
Bf; Model AMEEIE, BERMBAFERNRARIARIEE, AEIE5 GenSci006 EAAN; Triptorelin BIEEIRIE, BERMMRATF
EREARIKNREE, AT HMERMA0.25 mg/kg; GenSci006-1#1GenSci006-24H, BIERMBRAFEREARIKRIEEE, AEH 5
¥5790.125 mg/kg 1 0.25 mg/kg B9 GenSci006., BH16 I KF,; SEAAERLL, "P<0.05.

Note: A, Pictures of ectopic endometrium before administration; B, Pictures of ectopic endometrium after administration; C,
Pathological section of ectopic endometrium in endometriosis model rats (HE staining, x10) ; D, Tthe volume of ectopic endometrium
before and after administration and the inhibition rate. Sham group (n=16) , transplanted with fat tissues around the uterus and injected
with GenSci006 specific solvent; Model group (n=16), xenografted with endometrial tissues and injected with GenSci006 specific solvent;
Triptorelin group (n=16) , xenografted with endometrial tissues and injected with 0.25 mg/kg triptorelin; GenSci006-1 and GenSci006-2
groups (each n=16) , xenografted with endometrial tissues and injected with 0.125 mg/kg and 0.25 mg/kg GenSci006, respectively.
Compared with the model group,"P<0.05.

El2 GenSci006 X EMRABIEFERNERMERE KR RAMRERDE (ER

Figure 2 Inhibitory effect of GenSci006 on ectopic endometrium in allograft endometriosis rats

THITFRE X (P>0.05); HE5MEmmARAMEE, S Z M HE T (P>0.05), i AR .
GenSci006—-2 21 [ 7= I 88 Z 50 Je B 2454k (P>0.05) GenSci006—1 ZH A GenSci006—2 2H [ B L 28 2 5 1A 5.
(K3A. C). GEAIZHAHEL, R A FAGIE ST TN (P<0.05), 1H S EARZHF GenSci006—-2 2H & [H]
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ER TG FEN (P>0.05) (E3B~C),
HE YLty ERmIgs R GoR, SEAEMEE, dhs
MRZH AN GenSci006-2 2H A4 B PN 5L 5 8 BE Wi s /N (P<

0.05) (K3A. C); i EMRF/RAFIMERIA A K FRIEE
R L AR, 1T ERE MR GenSci006-2 2
AR IS (E3B),

F: ARFEREFBET A (x10); BRIPRARFBEE («10), SLAELAERINE; CRFE. WEREREHNFEHELANNEEE,
Sham BIBEFARE, BERAMSRAFERABERMEHEIARRERES, A5 GenSci006 EAIAR; Model BIEEE, BiEEMRAEFENEAR
B KRR, AEEE GenSci006 EABHI; Triptorelin MM EIRMAE, BERMRAFENEALRI AR, AEIFMERHML0.25 mg/
kg; GenSci006-1#1GenSci006-24H, BiERMRATENRAREKREIEEE, AEH5B)FE 0125 mg/kg 1 0.25 mg/kg B9 GenSci006. H4H
16 RKE; SEEARLL, "P<0.05.

Note: A, Pathological section of uterus in endometriosis model rats (HE staining, x10) ; B, Ppathological section of ovary in endometriosis
model rats (HE staining, x10) ; The arrow represents growth follicles; C, The coefficient of uterine organs, endometrial thickness and
ovarian organ coefficient. Sham group (n=16) , transplanted with fat tissues around the uterus and injected with GenSci006 specific
solvent; Model group (n=16) , xenografted with endometrial tissues and injected with GenSci006 specific solvent; Triptorelin group (n=
16) , xenografted with endometrial tissues and injected with 0.25 mg/kg triptorelin; GenSci006-1 and GenSci006-2 groups (each n=16) ,
xenografted with endometrial tissues and injected with 0.125 mg/kg and 0.25 mg/kg GenSci006, respectively. Compared with the model
group, P<0.05

El3 GenSci006 X EfFAHBEFERBERMEREXEFEMIPEZN

Figure 3 Effect of GenSci006 on uterus and ovary in allograft endometriosis rats

2.4 GenSci006 M R R AEEIEEMs E8 X R
mi&EE,.P,.FSHFI LHKEH2 T

ELISA 25 R /R . S5/RFARLAMEL, BEIAH KR
I B, AKERBIHEAZ (P>0.05); SR
B, i R ARZ A GenSci006-1 £H M I B, /KA Fe
FEK, GenSci006-2 HATIMIE E, K FEHEE T, [HER

BIRGITFE X (P>0.05); {H5 S e A,
GenSci006-2 4 [ IfL 3% E, K F- B & A+ & (P<0.05)
(B 4A) . MIMSEFARAMELL, BRI AR MG P,
AELHEA M (P>0.05); SEAIAMELL, HidEbk
4. GenSci006-1 ZHF] GenSci006-2 £H HI L7 P, /K1)
B B AR (P<0.05) ; {H 5 dh % 55 Ak 40 45 L,
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GenSci006-2 41 [ I P, 7K FEHH A2 1k (P>0.05)
(K4B),

B KRB IME FSH K EZ R B LR ITEE
X (P>0.05) (E4C). GBRFARAMEE, HEAH
KRB ME LHKFELHEZ R (P>0.05): S5

AU A EE , GenSci006-1 2H AY 1M i LH /K - BH & F
f (P<0.05) , {H i 5 Pk 4 5 GenSci006-2 4H 2
| %A ZZ (P>0.05); 51k EMEE,
GenSci006-2 ZH I LH A EHE ZR (P>0.05)
(K 4D),

E A, MiEHRETEE (E,) KFE; B, MEHRZ2E (P,) KFE; C, MEFINERIHE (FSH) KFE; D, MisHEMHFEME (LH) KFE.
Sham BMRFARE, BEBMRAFERAEMNEMEAREEE, ZAEE5 GenSci006 EAAER; Model BEEIAE, BERIHSAFINREAR
B KRR, AEE5 GenSci006 EAAR; Triptorelin AIMERMAE, BERMRAFENEARIARIEEE, AR EIFHMERHRML0.25 mg/
kg; GenSci006-1F1GenSci006-248, BERMBFAFENRAERENARIEEE, AEH5)E50.125 mg/kg# 0.25 mg/kg AY GenSci006. &4H 8
RAR; SEREAMEL, "P<005; SHEmMAARL, *P<0.05,

Note: A, Serum level of estradiol (E,) ; B, Serum level of progesterone (P,); C, Serum level of follicle stimulating hormone (FSH) ; D,
Serum level of luteinizing hormone (LH). Sham group (n=8), transplanted with fat tissues and injected with GenSciO06 specific solvent;
Model group (n=8) , xenografted with endometrial tissues around the uterus and injected with GenSciO06 specific solvent; Triptorelin
group (n=8), xenografted with endometrial tissues and injected with 0.25 mg/kg triptorelin; GenSci006-1 and GenSci006-2 groups (each n=
8), xenografted with endometrial tissues and injected with 0.125 mg/kg and 0.25 mg/kg GenSci006, respectively. Compared with the model

group, "P<0.05; Compared with the triptorelin group, *P<0.05.

4 GenSci006 WEAMBRABIEFENESMEEREKRIMBEE,. P,. FSHFILHKENR T

Figure 4 Effect of GenSci006 on serum levels of E,, P,, FSH and LH in allograft endometriosis rats

2.5 GenSci006 WA FABIEEMs ER KR
T E B . 2 {4 H 2 fh GnRHR mRNA R iX K F /Y
A0

SER 9 E B PCR VARG K FRT Fe A g 4
ZHZH 1 GnRHR mRNA £iAKF, Z5RER: SHAR
BR FEfdiZH 237 GnRHR mRNA F6k K B TR E £ 5
(P>0.05) (K5A). 5BFARAMEE, HAH KR
R 2 F GnRHR mRNA R AKCERIH B2 (P>
0.05); GEAIZHAHEL, B EGPRZLA] GenSci006-2 41
KERBI AR ZH 24 F GnRHR mRNA 253K 7K S ] HH (5 P& 1%
(P<0.05), T GenSci006-1 2H 25 5 M A it 2 X
(E5B).
2.6 GenSci006 XA HRABIEEMsIER KR
S AEHMNAD ERa. ERBFIPREARIXNEIT

EHPRE AR R TR SEEAMEL, i
HEHEGMRAL . GenSci006-1 41 GenSci006-2 ZH A FRl Y 5

RIABRZHZ R ERa. ERB A PR 2B HFGAKFEE T BT
giitFE S (P>0.05) ; i1 H 5l iRk A A,
GenSci006-2 4 K B F) 7 07 I EE4H 2 ERae. ERB AT
PREHFRFNEEF OIS (P>0.05) (K16),
3 Wie

AREFFE et T R R AR AR R EMs 1524,
FERIF AP SRS T GnRH $138071] GenSci006 AT /L
R, G EMAIET TR, SSRER, FERSEE
FEARISH) EMs R EEHS AN 74.42%, 1 EL0.25 mg/
ke B T B ARF 0.25 me/kg B GnRH ELEN# GenSci006
HBRERS A AN EMs A BRI A A IR A
IRERARE, FRISFEMONEMEESRE, JHHEE
ZHZArF GnRHR mRNA 34,

EMs B8 () s D 32 6 i 52 EMs B & s AL AT
1BIT ALY SO A BB E . H
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E A, TEMARPREMBRMEBEMESZA (GnRHR) mRNA
Fik; B, EAALF GnRHRMRNA ik, ShamBIBFARA, %
HEMEAFEEENERIIAREEE, AFE5 GenSci006 £
AR Model BIEELAE, BIERMEBEAFENRERIKRIEEE,
SRFEE5F GenSci006 E AR ; Triptorelin BIBiE B AH, BiER
MEBAFERNEARINAREE, AFEHMBERMKO0.25 mg/kg;
GenSci006-1#1 GenSci006-24H, BERMRAFEREAREI AR
[5BE, SR % BUiE 5 0.125 mg/kg # 0.25 mg/kg A GenSci006,
HE6 AR, SEREAEL, "P<0.05,

Note: A, Gonadotropin-releasing hormone receptor (GnRHR)
mRNA expression in hypothalamus; B, GhRHR mRNA expression
in pituitary. Sham group (n=6), transplanted with fat tissues and
injected with GenSci006 specific solvent; Model group (n=6) ,
xenografted with endometrial tissues around the uterus and
injected with GenSci006 specific solvent; Triptorelin group (n=6) ,
xenografted with endometrial tissues and injected with 0.25 mg/kg
triptorelin; GenSci006-1 and GenSci006-2 groups (each n=6) ,
xenografted with endometrial tissues and injected with 0.125 mg/
kg and 0.25 mg/kg GenSciO06, respectively. Compared with the
model group, "P<0.05.

E5 GenSci006 M EMRABIEFENERMEREXRT

ERFIER AR S GnRHREE mRNA FRik 7K F IS0
Figure 5 Effect of GenSci006 on GnRHR mRNA expression
in hypothalamus and pituitary of allograft
endometriosis rats

i, AT EMs GERASZIGEI A B, . BEE/NE
L e KRB NS BUNEL SCID/NREE . iSRS
EAOEEARBE. AMraE. 7R EBHE
GOl Heh, BRRFIRGA A AL, REAMN
A, (Hli T EMMSE S WFRF SRS Bk
RUPRET R o S R REAE T EMs AL 2R AR 7
B A IR R TR/ B B SCID /)N BRI s B35 B2
N RXPEETTIER SRR NRIR R S, B
B BE/INERASBE A T o B L B 78 . RERUE B RTA
)iz EMs GERASLIGEhY), BIcH%, BHINE
IS AN HEMEM, A, BzeaE, 7
RS, Vernon % Y EYRCRAIML R ARG E, md
H AT EMs REBEAL; 275 EAMeE,

iE: ERa/B, WERIZRZ R o/B; PR, Z2HZEZ M. Model BIRELIA,
BERMRAFENRARIKNREE, AFEH GenSci006 EH
AR Triptorelin BM I E i E, BERMBAFENRARIK
RSB, A5 T M T %MK 025 mg/kg; GenSci006-1
GenSci006-24H, BERMRAFERNEARINKRERE, RED
B3E 8% 0.125 mg/kg 1 0.25 mg/kg B9 GenSci006. E4H6 R K.
Note: ERa/B, Estradiol receptor o/B; PR, Progesterone receptor.
Model group (n=6), xenografted with endometrial tissues around
the uterus and injected with GenSciO06 specific solvent;
Triptorelin group (n=6), xenografted with endometrial tissues and
injected with 0.25 mg/kg triptorelin; GenSci006-1 and GenSciO06-
2 groups (each n=6) , xenografted with endometrial tissues and
injected with 0.125 mg/kg and 0.25 mg/kg GenSci006, respectively.
El 6 GenSci006 X E#RABIEFERNRRUEEEXRR
A ELEL ERa . ERB.PRERARIXHIZZ I
Figure 6 Effect of GenSci006 on protein expression of
ERa.ERB.PRin ectopic endometrial tissues of
allograft endometriosis rat model

JIREHE EMs SR Y & 75k . ARSEieE thisd 5
ERefEE (KRR —FEAEEL, BHEES—
MRS RELL ) AREiAEE T EMs 1591 120 B e
N7 F EMs PR R U B T R R RN, AR
B, (HEEZEM M, AT EMs 5
AFIERFFFAEAE, T HF RSN FEI, i
BZ, TNIEYIEFER.

BT R B AR R 7 TA M EMs RES, 5Kk
& DR RRMAR 7B AL MIE T Z R KRIE
(AR EELL , MR T [AIFl Sk EMs 1Y, 7545 )
ReBEACR BREY 5 BRI AE T-32 AR BRI ER B N /2 L
fly N A FATEAL, AR T EFUSRA EMs
R, MR AR R BB A RSB 5 R4
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FORE B 2 AROK SN RS HoAERAL . F A AT [ Ao
SR EMs B HOMTEER D o ARYE LA 5T K AR R
Hase, AFFEE T RREMFRABER EMs K

BRAEAL SRR IR N 74.42%, We T4 754 (2
A8 66.7% o

X b H A 7 5 A i A EMs BUREARY, AREfF SRR
EMs A FEH LR LT R R . B—, AR
HFEANEBEIEFERNIERE, RBEFEN
MRAZ, TSR, BEFEALMFEABEAZ
FOTIERIBE I EMs 158, (BERAE T 5 HARR
TE N AAEE 5 R AR RGE U7 S, AR TR SR
METHEEE, BEARRNANBFE TR T R AR E.
f7BE . DN BB IA BE A DNt EMs UL, {H
AFFRFAFEAAE EARAERKRE, BENES T
e 7, =, AR AR V=0.52x KX TEX
HERMABERER . BAT, TS AERNHT
B A MEEF N N TFRAABEATEAXE
V=KX BEXE  S=ab™0.5 (av b5 HMRGERZAL AR A
K. ) VEIexKxTExE . Tomayko 25 U8 5%
B, DIMRIRIERA AT V=ayex xS xm fHEK LS
FH AR AR R N EET . ROV RZEH F AL AR 2 B
IR, SOREFFEHRE & 7 A B S A R AR
ZATE T AR R Uygur Z ) B R — 2000 58
PO, ZRBRFEAELS 2T S AL N BRB R/INEEAT T 0 %,
WREIE 3 B G V,<13 mm® B R FRIE B,
by B STk R A2 HERR S 67 I FEEAS AR R 1o
RGN AN AR A T 07 12 B — 1 BR i R 2 AR A
NSRRI EAESS TR 2 G . AL BRI
A2, IRRBSEMIRK, ARFZPRTH ik
Ky B—J5 i, AR /NS R R EE AU AR
o

5B ABEMNEEMs BAMEIE, RS HE
A DUR SR EAHS, BTt — 2T EMs 5]
RE AN J B I P SN BB TT » A5, TEFRFR:
AR EMs B8, — MR ER A7 5 A AT DA
4~6HEMs AL, 4a5 T SLAe A IS ], AliEb
SZHRRBETFFERAS R H MG, KT G
XUBs . AFFEH A, FAEBEEREAM S ECZH
FRAUANBESEEKSER . nEARBEGEREIGS
5B NBEARFAERR/NG I, R A2 R Fh =
B E—E R R B, BIMEEARZ,
HTARRIKEHSZ, TEBIFARWEBRE, ZiIE
5 ANEFENBREE 5 T RS REEEL EXA

sEeME. B, KERSAFEMEES, ERRE
B 3RS0 AE AR T B — IR AE

[F] A AR EMs BRI BTN fS . AREFFRIRER T
GnRH #5171 GenSci006 FIZGRL . [FI FH i B MR A R
FEPEXTERZ o il Bt 2 —Rh & B GnRH N7
R CoRHAHME, BRI EGARAOER D58, HAZ R
2RI GnRHAY 10045, HEABERAEA LRI
HERAEEYIERAE M P, AR AR T S AR A
() GnRHR Z5 ¢, "NE FSHATLH 736, 2k onie
KE AN, FlfEMERIAR A E K, (R
PRI ZEGEE U AN, GnRH A IR
FENBARAR, XAUEETHAHA KR 5T
WA RLRFEVER, T HiR @ > R R R PRI
B, BRI T E H Bax Ml FasL (955 DA K N
FUET & H Bel-2 YRR AN G A BN A g 7 >
FIt CAZR SRS DA B AR 4 D BH 0t BR8P AR AL A
G, [FINEIE GenSci006 FIZ5RL . AR FT 45 T
BA, SEZIAHAMEEL, 0.25 me/kg B GenSci006 F i B
PRIJRESS A IR NFOL AR AFR . $27R GenSci006 F1
Hi Bt e N B RS B HIE A . IR
B, 0.25 me/kg B B bR B A7 P4 A0 22
64.66%, 0.25 mg/kg GenSci006 X5 A7 A 5 AR R A
91.52%, FEHREER, [FFEHFEAT GenSci006 FHHE Fibk
TELIREA ) A AR B 44 T, GenSci006 BE HEIH
INFEAL IR . R G5 SR A S 51 N AR AR AR AR
k2R A DU 2G5 a T T R A BB bR .

APYTEIRTT EMs B[] I T BE 2015 NS S B 3
PRSI, DRI & NS R AU B R
Wro BIFFEAIL, GnRH ELENFI AT DUHIH] 23 Fh 2 2L
BRI (BAEFLAR . IR A5 RN AD)
g mE 1), RS A, il B AR R GenSci006
£ 0.25 mg/kg N AIRERS B E FRIK FEIERS 220, WD
TENERNEE, FKIVEIRE R, XUERIR,
HE B MR GenSci006 TEVATY EMs A RIS ] T A S
ERFEMONRRER, T HSESERRAR RZY)
i EE PR EE . GenSci006 %5f &7 PR fis () 110 i) 7 A
FHE,

EMs @ISR K IELR, nLUE ER /S0 1Y
FEESHUE], R ADRE AR, FIME E, KSEr]
PIMERZRMER ) — D abR. ANFFUREL, HIFFIE
T, GenSci006-2 HKRAIMIEE,. P,. FSH. LH/K>F
PG v S PR ZE AR B R AT BE 2 GnRH 3N
FIEEIEATEE, HTAEGHN Sk RN,
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S FSHALH A&, et N W E, . P S
FHE, SEUTEE, M P, AKEEHE BT E TR
s 8,

AN, B AR IE 5 GnRHR AHES &R A 1%
YEF o ZRHF 58 F SR 28 6 8 & PCR VA E T &4
EMs KBS e iRFl B AR 2H 24 GnRHR mRNA 35X 7K

S, R SEAIAMEEL, GnRHR £ K EfXA0FEIA
A, TeHEARE; i EARZ AT GenSci006-2 HH
TR GnRHR mRNA fJ3RIA & SHEAAH A FLIH T R,
H GenSci006-2 X Ff& GnRHR mRNA H41 /5 F 5. 3%
ST EFI R A S B, HESEREEIR,  GenSci006
HEESPRE ARSI ok GnRHR AYZ%, (H A HIH Eik
GnRHR AYZ£1%, FHH GenSci006 5 EAth GnRH /%)
VR AR — 2 2 ARSEIRVRINIE T AL PR
ZIH ERa. ERBFIPREHFRIE, #RIT T GenSci006 Xﬂ‘
FAIAMEF ERe. ERB. PREEHRIAAHM, 455
7, GenSci006 F1HH S By MR IFASFZ M0 FA7 B Y ERew
ERB. PREEIFIL, 27T GenSci006 %f ER #1 PR ik
BIFEHA

gr bRk, AR TRES AR I R AP AR EMs K RS
RS HAE NIRRT EMs 259 B0shissd, i 50
NFBRFR. HIHIZE . 5 KON ST RS R EBAIME E, /K
SR AT AR 2 T R E A o
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[HE] Bi RRESAEBREERMMEMZEPIRSER/NENRATHREYFZHER THESRRMBLENER
Mo Hik HEEN36 ARLECS/BL/6 /MR, BN D ABRFARE (ShamiH). WHEAE (PBSH) MIRBNEBAE
(GB#H)o ShamBNLEFHRFARLIE,; PBSHAF GBAIRABLEEFHEAMPaEki2E (middle cerebral artery
occlusion, MCAO) #R{BEMIRMMNZFIEE, HFRGEEL14d D SEFERRPBSHEEREEB AR,
RARELRRBENRTD ARG IE/NROBEINEEERN,; FFLI8515XEPBS A GBA/NR MR X K&
BBER. BIRARSCRENFEAR, RARMBNFS EFHZXKIEEF THRRETFNEDZSE, FiiE—
SRETHR. NREABMDORKREARZ BREEERRNG. 8 5SShamiEigtt, PBSHFGBHE/NRM
HENETILYWEZ LFH (P<0.001), EEFHEMNEYEERE (P<0.001); 5PBSHIELL, GBAMHRMM
fiR{AfE5. 10, 15 dRIMETEET DB TEEE, =z BE EAEE, AEISJINNIEERENNER
EZLF (P<0.05). 5PBSAMEL, GBAE/NREMIRGE15 dITMATHBIZEEEEEHS (P<0.05), BEM
THRHERERAGEKFEHEZ LB (P<0.05), FIETHRNMBHIEREEEZIEE (P<005); ER, GB
HOBMATHRES/NREME. PRERABZ BNEEFRUR/NREARES . NREMES D RRRMAE
ZENEEFRANEZER, TEXRIUACODAEERABIER NS EF (macrophage migration inhibitory
factor, MIF). &EERIMEF 1524k (colony stimulating factor 1 receptor, CSFIR) SEZER|MEF 1 (colony
stimulating factor 1, CSF1) WHEEBE/ERIE®E (P<0.05), ETHABRHNXREKFSPBSHABLYNTEEZEER.
it RBZ%RIEMCAORMHBF AR B INDE/NRER MM R EFEE . BEMNES B seB I EE/NEKA TH
BEMZSEERESKRRABEBNEEXRR, i/ NRNRGENHRENRERS.
[XiE] SREAMNEEB; fRMMEMKZED; THE; KREME
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Ginkgolide B Promotes Neural Function Recovery of Ischemic
Stroke Mice by Regulating Characteristics of Brain T Cells and Their
Interactions with Glial Cells
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[ABSTRACT] Objective To investigate the regulatory effects of Ginkgolide B on the biological
characteristics of brain T cells and their interactions with glial cells during the recovery phase of ischemic
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stroke in mice. Methods 36 adult C57BL/6 mice were randomly assigned to three groups: sham-operated
group (Sham group), control group (PBS group), and Ginkgolide B treatment group (GB group). The Sham
group underwent only sham surgeries, whereas the PBS and GB groups were subjected to a middle
cerebral artery occlusion (MCAO) model using the filament method, followed by intranasal administration
of an equivalent volume of either PBS or Ginkgolide B solution for 14 days post-injury. Neurological function
changes were evaluated in all three groups using the rotarod test and a neurological scoring system. On
day 15, single-cell sequencing was performed on fresh tissues from the brain injury areas, surrounding
cortex, corpus callosum, and striatum of mice in the PBS and GB group to assess the biological
characteristics of T cells and their subpopulations, and further explore the interactions and mechanisms
among T cells, microglia, and oligodendrocytes. Results Compared with the Sham group, both PBS and
GB group exhibited significant improvements in neurological scores and reduced pre-fall motor durations
(P < 0.001). Compared with the PBS group, the GB group showed a downward trend in neurological scores
and an upward trend in pre-fall motor durations on days 5, 10, and 15 post-ischemic brain injury, with a
significant increase in pre-fall motor duration on day 15 (P < 0.05). Compared with the PBS group, the GB
group exhibited a significant increase in T cell proliferative activity in the brain 15 days post brain injury (P <
0.05). The number of proliferative T cells and the levels of lipid metabolism were significantly elevated (P <
0.05), and there was a significant increase in extracellular matrix remodeling in all T cells (P < 0.05).
Additionally, the interactions between T cells and both microglia and oligodendrocytes, as well as among
the microglia themselves and between microglia and oligodendrocytes, were significantly enhanced in the
GB group. This was primarily evident in the strengthened interactions between CD74 and macrophage
migration inhibitory factor (MIF), as well as colony stimulating factor 1 receptor (CSFIR) and colony
stimulating factor 1 (CSF1) (P < 0.05). However, the inflammatory levels of T cells showed no significant
differences compared with the PBS group. Conclusion
successfully established by MCAQO operation. Ginkgolide B may promote neurological recovery post-brain
injury in mice by modulating the biological characteristics of T cells within the brain and their interactions

A mouse model of ischemic stroke can be

with glial cells.
[Key words] Ginkgolide B; Ischemic stroke; T cells; Glial cells
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20~25 g, WEBIE (b)) VR ARERA A
[SCXK () 2019-0010] , 24 i & & &% (No.
110324220103126723) o SLREFEF A /NSRS F7 T
e J 2 A B FE RS AR A5 PR 2 ] B SE 56 31 9) e P 152
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20220711S) 1R B 71 = & b (100 mLJfE . =
20220101), ¥ EH L EARFAESEIRAF; PBS
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F: A, BRAREEHERE LROENERSNENTY, ¥5
We, FREENEME; ITARFS. 10, 15 dA GBARMEI
BETFDRPBSHEBTRER, EERLHKITEEN (P>0.05). B,
CR/NBAEEE LIEEANEmEE, HEK, Rr@EeEK
SEMeF; AT ARS. 10, 15 d Y GB AR IEZIE a2 PBS
BEEFES, BEBIRNERBHITFEEX ('P<0.05). Sham
P (n=6), XNBFARLLE; PBSH (n=15), XALREHE
MCAOEE, HFRBEEL14dE2FPBS; GBAH (n=15), XH
FIRERIE MCAOEE!, HTRIBFEL14AJEBFRENEBER.
Note: A, The highest neurological scores of each mouse before
falling from the rotarod were recorded. A higher score indicates
poorer neurological function. It was observed that the neurological
scores of the GB group showed a decreasing trend compared to
the PBS group on days 5, 10, and 15 after MCAO, but there was
no statistically significant difference (P>0.05). B, The duration of
motor activity on the rotarod before falling was recorded for mice.
Longer durations indicated better recovery of neurological
function. It was evident that on days 5, 10, and 15 after MCAQO, the
pre-fall motor durations of the GB group showed an increasing
trend compared to the PBS group, and there was a statistically
significant difference at day 15 ('P<0.05). Sham group (n=6):
Received sham surgeries only. PBS group (n=15): Prepared with the
filament method to create a model of MCAO, followed by daily
intranasal administration of PBS for 14 days post-injury. GB group
(n=15): Also prepared using the filament method for MCAO, followed
by daily intranasal administration of ginkgolide B solution for
14 days post-injury.

E1 KENPahbkieZE (MCAO) R R & HNE AR
Figure 1 Changes of neurological function of different

groups of mice after middle cerebral artery

occlusion (MCAO)
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F: A, GBEAMPBSH/NRFIRMARTLWTHABUIFORER, GBANTHMIEEEMHEPBSHEEARS ((P<005); B, ¥UE
UMAPFE#RTIIC IR R R E THAE, NRABEEVMRMBIZEBR; C, tWRAMEANRMAR TR CDS THI. v3T (GDT) 4HAE.
WENMETHRE. YMARTHAR. BARG (NK) M. NKTHE. 1BEMETMARIZER RN UITS, GBEARPBSAMIZAEMTHABEEIZM
(P<005). PBSEE (n=6), RA%I&EHIEMCAOEE, FFRHGEEL14dBEPBS; GBA (n=6), RALZEEHEMCAOKE, HF+
RBBEEL14dBRBENEBER.

Note: A, Comparison of overall T-cell U scores in the damaged brain tissues of the GB and PBS group revealed a significant increase in T-
cell proliferative activity in the GB group compared to the PBS group ('P<0.05). B, Semi-supervised uniform manifold approximation and
projection (UMAP) dimensionality reduction visualization displayed all T-cells, enabling observation of cellular proliferation at the single-cell
level. C, Comparison of the proliferation of CD8" T cells, y3T (GDT) cells, helper T cells, naive T cells, natural killer (NK) cells, NKT cells, and
proliferative T cells in the brain tissues of both groups based on U scores revealed a significant increase in the proliferative T cells in the
GB group compared to the PBS group (P < 0.05). PBS group (n=6): Prepared with the filament method to create a model of MCAO, followed
by daily intranasal administration of PBS for 14 days post-injury. GB group (n=6): Also prepared using the filament method for MCAQ,
followed by daily intranasal administration of ginkgolide B solution for 14 days post-injury.

El2 UscoreiF i XN aniki2 2= (MCAO)EREZHNE MM THEAYIEERR

Figure 2 U score assessment of T cells proliferation in the brains of mice after middle cerebral artery occlusion(MCAO)

i A, GBEFMPBSANRZIRMALR TR THBMEIIERZEBRNOUFSLLER, GBANTHBMNMARIIERELERKPBSHEEIRS
("P<0.05); B, ¥WEUMAPRATTMA KBS REFRETHE, NRMEBEENRMBOMIBIERSEBR; C, WEMA/NEMEAR
REECDS THHME. vdT (GDT) #HfE. HMEMETHIE. MBTHE. BARMG (NK) . NKTHE. EBEETHERNARIERELEBE RN
UiFs, GBEFMBHAIEIERELSPBSHIBLLIIEZEEM (P<0.05). PBSH (n=6), RA%EEFIEMCAOERE, HFiR(hEEL14d
E213PBS; GB4H (n=6), RAZK®ZLHEMCAOEE, HTFRHBELE14JEFEBNEBRR.

Note : A, Comparison of U scores for extracellular matrix remodeling of T cells in the damanged brain tissues of the GB and PBS groups
showed significantly increased remodeling in the GB group compared to the PBS group ('P <0.05). B, Semi-supervised UMAP dimensionality
reduction visualization revealed all T cells, enabling observation of extracellular matrix remodeling at the single-cell level. C, Comparison of
U scores for extracellular matrix remodeling among CD8" T cells, y8T (GDT) cells, helper T cells, naive T cells, natural killer (NK) cells, NKT
cells, and proliferative T cells in the brain tissues of both mouse groups showed a significant increase in extracellular matrix remodeling
across all cell types in the GB group compared to the PBS group (P < 0.05). PBS group (n=6): Prepared with the filament method to create a
model of MCADO, followed by daily intranasal administration of PBS for 14 days post-injury. GB group (n=6): Also prepared using the filament
method for MCAO, followed by daily intranasal administration of ginkgolide B solution for 14 days post-injury.

El3 U score i KX+ aniki2 2 (MCAO)SERSHNEKA THENMEIEERELEBR

Figure 3 U score assessment for extracellular matrix remodeling of T cells after middle cerebral artery occlusion (MCAO)
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F: A, GBAMPBSA/NEFIRMARFRMTABIERCHEB RO UIESLE, GBANTHMERREKFEFRPBSAEZEHRS (P<
0.05); B, F¥WEUMAPREI MM HIERRERETHE, NPMABEESURARERCHEER; C, LWRMA/NRMALRFRILCDS TH
fg. vdT (GDT) 4HAE. WEENMETHME. B THI. BARMG (NK) M. NKTHE. BEETABERTCHERHUIFES, GBAKPBSA
ROIBTEME THAEAVAE R B K EFRZEN (P<0.05). PBSEH (n=6), RAZLEHEMCAOESR, HFIRHFEL14dE1EPBS; GBA
(n=6), RA%EEFIEMCAOKE, HFIRGBBELE14dEBERENEBBR.
Note : A, Comparison of U scores for overall T cell lipid metabolism in the damaged brain tissues of the GB and PBS groups showed a
significant increase in lipid metabolism levels in T cells of the GB group compared to the PBS group ('P <0.05). B, Semi-supervised UMAP
dimensionality reduction visualization displayed all T cells, enabling observation of lipid metabolism at the single-cell level. C, Comparison of
U scores for lipid metabolism among CD8* T cells, y8T (GDT) cells, helper T cells, naive T cells, natural killer (NK) cells, NKT cells, and
proliferative T cells in the brain tissues of both mouse groups revealed a significant increase in lipid metabolism levels in proliferative T cells
of the GB group compared to the PBS group (P < 0.05). PBS group (n=6): Prepared with the filament method to create a model of MCAO,
followed by daily intranasal administration of PBS for 14 days post-injury. GB group (n=6): Also prepared using the filament method for
MCAO, followed by daily intranasal administration of ginkgolide B solution for 14 days post-injury.
El4 UscoreiF i KIEFaIBki2ZE (MCAO)EEEHSHE/NEKA T AEAIIERABEER
Figure 4 U score assessment for lipid metabolism of T cells in the brains of mice after middle cerebral artery occlusion
(MCAO)
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F: A, GBHAMPBSH/NRZRMAR AR TR MEKFHUIFESLE, GBATHBIX M KFESPBSELEEER (P> 005); B,
FHEEUMAPERAETTMAMNESTEMETHAR, NRABESTWRMBAIRMEKF,; C, WERMA/NBMAR PRI CDSTHE. vdT
(GDT) #mfE. B THIE. MR THAR. BAFRG (NK) M. NKTAR. EERTMERMEKFENUES, GBHASPBSHTHMIBAIRX M
KFHEREEER. PBSH (n=6), RALEEHEMCAOKE, HFRHEEL14dBIEPBS; GBH (n=6), RALZIEEHIEMCAOEK
B, #FREEELE14dERIRBNEBAR.

Note : A, Comparison of U scores for the overall inflammatory levels of T cells in the damaged brain tissues of the GB and PBS groups
showed no significant difference ("*P>0.05) in the inflammatory levels of T cells between the GB group and the PBS group. B, Semi-
supervised UMAP dimensionality reduction visualization revealed all T cells, enabling observation of inflammatory levels from a single-cell
perspective. C, Comparison of U scores for the inflammatory levels of CD8" T cells, y8T (GDT) cells, helper T cells, naive T cells, natural killer
(NK) cells, NKT cells, and proliferative T cells in the brain tissues of both mouse groups indicated no significant differences in the
inflammatory levels of T cells between the GB and PBS groups. PBS group (n=6): Prepared with the filament method to create a model of
MCAO, followed by daily intranasal administration of PBS for 14 days post-injury. GB group (n=6): Also prepared using the filament method

for MCAO, followed by daily intranasal administration of ginkgolide B solution for 14 days post-injury.
El5 Uscore i fh KiEPaIIkIEZE (MCAO)IEEEHIGB4H . PBS A THMEAI R 1K F

Figure 5 U score assessment for inflammatory levels of T cells in the brains of mice after middle cerebral artery occlusion
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i BT PBSAH, GBANRMATHES NRRAK. PRRRAMZEOEEER, MNREARES. NREMABESDRIRFEMABZE
MEEERNEZEEE, TEXRUACOASERMARIEIRIDFIEF (MIF). EERHEF1ZEK (CSFIR) SEZRMEF1 (CSF1) M98
BE{EME®E ((P<0.05). SMKXNEREEERNESLL, ABERNHERFIXKFE, HDotPlot FEITE. PBSAH (n=6), RALKEX
FIBAMFEKIEE (MCAO) BE, HTFRIHBEL14dER™PBS; GBAE (n=6), RALRIEHEMCAOKE, FFIR(EEELE14dEE
RENEEBIE K.
Note: In comparison with the PBS group, the interactions between T cells and microglia, as well as oligodendrocytes, in the brains of mice
from the GB group were significantly enhanced, including interactions within microglia and between microglia and oligodendrocytes. This
was primarily manifested by increased interactions between CD74 and macrophage migration inhibitory factor 1 (MIF), as well as
macrophage migration inhibitory factor 1 (CSFIR) and macrophage migration inhibitory factor 1(CSF1) (‘P<0.05). The size of the dots
represents the percentage of interaction, and the color represents the logarithmic differential expression levels, which are calculated using
the DotPlot function. PBS group (n=6): Prepared with the filament method to create a model of middle cerebral artery occlusion (MCAQ),
followed by daily intranasal administration of PBS for 14 days post-injury. GB group (n=6): Also prepared using the filament method for
MCAO, followed by daily intranasal administration of ginkgolide B solution for 14 days post-injury.
El6 BEMEETF(A)MERKEF(B)HNSSRAM THRS /N RRMAMR . D RIREMEZENEEER
Figure 6 Assessment for interactions among T cells, microglia, and oligodendrocytes based on the levels of cytokines (A)
and growth factors (B)
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[EZ{CIE =B Medical Ethics Statement]

AR ROFAENI LRSI ERL R ENRL
BROBEAIXLIRNMFERSEEERSNHEHE(ZHE
#%= : ABR-SOP-A02-R01) , FF Bz BB R E LIash ¥ E XA &

M ER ST T PRETRIIE.

All animal experiments involved in this study were
reviewed and approved by the Committee for the Use and
Management of Experimental Animals at Fujian Ambure
Biotech Co., Ltd. (Approval Number: ABR-SOP-A02-R01),
and all experimental procedures were conducted in
accordance with the relevant laws and regulations
concerning experimental animals in China.
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[ABSTRACT] Obijective To evaluate the effects of puerarin on bone density in rats and mice through a
meta-analysis. Methods The databases, including CNKI, SinoMed, Wanfang data, VIP, PubMed, EMBase,
Web of Science, the Cochrane Library, and Scopus from their inception to November 6, 2023, were
searched for literature on the effects of puerarin treatment on bone density in rats and mice. Inclusion
criteria for the literature were randomized controlled trials with a placebo or blank control group; the
subject animals were rats or mice; the intervention was puerarin; and the results included bone density
measurements. Exclusion criteria included combination therapy with puerarin; lack of original research
data; unpublished studies; and using mandible as the measurement site for bone density. Risks of bias were
assessed using SYRCLE's RoB tool. Data analysis was conducted with Stata 16.0 and Rev Man 5.3 software.
Results After applying the inclusion and exclusion criteria, a total of 429 records were identified and 42
articles covering 41 studies were ultimately included. 925 animals were involved and the data analysis
results indicated that puerarin improved bone density in rats and mice compared to the control group:
femur [37 studies, n=824, standardized mean difference (SMD)=2.12, 95% confidence interval (C/)=1.69-2.54,
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P < 0.000 1], lumbar spine (13 studies, n=271, SMD=2.25, 95% CI/=1.49-3.01, P < 0.000 1), tibia (4 studies, n=
95, SMD=0.94, 95% CI=0.05-1.83, P=0.04), and the whole body (4 studies, n=94, SMD=1.89, 95% CI/=0.50-
3.29, P=0.008), with all inter-group differences in bone density being statistically significant. Conclusion

Puerarin can improve bone density in rats and mice. This study provides a valuable reference for clinical

studies on the prevention and treatment of osteoporosis with puerarin.

[Key words] Puerarin; Bone density; Meta-analysis; Rats; Mice
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Figure 1 Literature screening process of puerarin on bone
density in rats and mice

2.2 MANRRRIBFRISA

7K Meta 73 At Fe 40 A 42 i SCHR . 0 B 41 TR 53,
5925 HEhIR & B SRR, Wk, THtEiE
NERZLGZ, FIEEEIE1.3~500 mgkg, FZ577\
DIES . MERTES AR RIS N . GIAT R AFER
BRI 37T, FEMER SR 1300, e
4L, 2=5EEERm 45,
2.3 XEREiFH

2B T MAR AR KB4 R . %A
NEREIA R E RS RHE. SRR R E B IEM
THEEEEEE. AR Meta T8 ABFZ5HO TR BT
B31E3~657, FEIN (4.51£0.64) 77

24 MetaDihER
241 BEE

CREA TR ES R, SxTiRAlbE, SIRERTT
Al S R AN B % (SMD=2.12, 95%CI=
1.69~2.54, P<0.000 1). FEHEH % & (SMD=2.25,
95%CI=1.49~3.01, P<0.000 1). Z& % (SMD=
0.94, 95%CI=0.05~1.83, P=0.040) 14 & & %
(SMD=1.89, 95%CI=0.50~3.29, P=0.008), ZF¥H
Bty HEILE2,
242 GRS

BIEHEMRERL R, SHRAFEFER
Wam st (g, P=80%, P<0.01; g, P=81%,
P<0.01; BHE, P=67%, P=0.03; &5, P=86%, P<
0.01), UM MR R — R 7T 5EE R B
SR AR, ELIN PR RSO EB % E A
ZE AR I EKENRG, AR E 3,
243 EFRREERK

X P AR M B B PR A4S R R =L, TR
Rl , 45 R DRRFEEARR (K44 ~
B), Wi# Egger's &6 ) P<0.005, 5 BHTF1E & % 1
faro ARG E 25 B A5 R TRANER E, &1 81RiE
MG 9 STk, #r A St 45 RIS (R T IR 86 3%
No&E (SMD=1.66, 95%CI=1.18 ~2.13, P<0.000 1),
X REAE B % S A5 AT IHNAR IR, &t 2 IR
fE BRI 1 Sk, SR EARTE (SMD=2.37,
95%CI=1.59 ~ 3.16, P<0.000 1), JHMNERRIE G-
EIEIXFR (E14C~D),
244 THDH

5% Rev Man 5.3 B0 P25 Btk 4798 A Sk AY
SRR, SRER, BREBNMNKE. DRSS
JE AT REME B 25 1 BV P 7R 4L (R 7 A R 25 AR ) = R
o NEN RN ATRERIE, XMAL T AR
= RITEE. shEs s SRR AR IR % I
RIZRHAT T, AERREEEh B = PR R
5, &SRR 3~4,
3 e

HIRZREAW LR T RGNS, ReE
&1 HEH AT B TR EA A YK E
b —HERF IR B IR R ETE S R BRI B S &
wmhE, R T B E W, BEERAKAEEH 2.
Runt fHOCHG SRR 720 B H B IR R IOERIK K



152 TR SR E S Laboratory Animal and Comparative Medicine Apr. 2024, 44(2)

F1 AXERENARMNMEESZEZWHAANRRHESRER

Table 1 Basic information of the included studies on the effects of puerarin on bone density in rats and mice

EAPN T k)] ﬂ#@;ﬁ%a %’H‘E/% EhER %*E%‘ﬂ% / 1R Az
Included studies Animal AanaI Period/ Animal model (mfglkg ) Detection site
quantity n week Puerarin dosage
Li B (2020)™ SD AR, I 30 14 EINE SRR 50 ~ 100 (ig qd) RE
Li B (2022)" SDAR, I 20 14 EINEBRHRNER 100 (ig qd) RE
Li BB (2014)™ SD AR, i 6 12 EIPEBRITANER 50 (ip god) Ba
Guo CJ (2019) SD AR, i 12 14 SEREERSSERBER 50 (ig qd) lieasy
QIN CY (2023)"! SD AR, I 6 12 EONE S FERNER 8 (ip qd) RS/
Yang D (2023)"" SD AR, It 29 6 EINE B ERNEER 15~ 30 (ip qd) iR B/
Wang GB (2020)"" SDKH, i 40 6 ENERRBITEE 35 (ih gd) fid =]
Li H (2012)"™ SD K, I 48 4-~20 EINE B RIINRE 50 (ih gd) 4=
Liang H (2012)"! SD AR, I 18 12 EINE B RRRRE 20 (ig qd) RB/EHE
Liu H (2012) SD AR, I 20 12 EINE B RIRRRE 5 (ip qd) 4=
Huang HL (2017)2" SD AR, I 20 10~ 20 EINE B RRREE 50 (ih gd) =
Xi HR(1) (2018)% Wistar K5, iff 24 8 / 154 (gqd) KRB/HMB/E2E
Xi HR(2) (201823 Wistar K5, iff 20 12 / 15.4(gqd) KREB/MB/E2E
Yue HZ (2021)?4 SD A, I 24 6 EINEZERNEER 35 (ih qd) iR/ Ei
Li K (2019)2201 Wistar X8, liff 20 4 & At B R E R 15.4 (ig qd) 25 /EH
Xiao L (2009)?" K, I 24 12 EINE B RFINRE 50 (hqd) BRB/BRB/IEH
Xiao L (2020)% C57BL/6J /N, I 10 6 LR B RRRRE 100 (ip qod) RE
Lyu LT (2022) KKAY45+C57BL/6J15 /NE} 30 8 HERMERE RIB SHERHRE 3(igqd) 2=
Lyu LT (2023)%0! Wistar K5, iff 30 4 EINE B RRREE 80 (ih qd) &
Wang PP (2012)*" SD AR, I 8 12 EINE B RRNEE 20 (ig qd) =
Tian Q (2006)°2 SD AR, I 26 7 EONE S FERNER 20 ~ 100 (ih qd) iR/
Zhou Q (2006)° SDKE, Il 40 8 EMEXRBRASEBINEE 5~ 20 (ig qd) 4=
Yu S (2019)3% SD AR, I 16 8~16 EINE B RFRIRRE 40 (ih gd) 4=
Zhou SH (2010)%° SDAR, I 20 12 EINE SRR 500 (ig qd) i
Zeng SL (2018)°® SDKR, Iiff 30 12 EINE B RRMNIEE 50 ~ 100 (ig qd) rRB
Zeng SL (2019)*7 SDXR 20 8 HERMR S LIATER 200 (ip qd) RE
Yuan SY (2016)°¢! R/, I 32 4 EINE B RRREE 8(qd) 4=
Niu SZ (2019) SDKE, i 28 8 EINEBRFNER 50 (ih qd) 4]
Huang T (2010)““! SD AR, I 40 12 EE S RGN ER 5~ 20 (ig qd) ’RE
Tang WK (2020)"" SDKE 1 15 4 B R RRE 15.4 ~ 30. 8 (ip qd) 4]
Chen WM (2021)142 Wistar A, I 18 6 e E = pqi N ] 35 (ih qd) RE/B
Yang X (2017)1! SDKH, Ui 12 12 EINEBRIRMNIEE 4(ig qd) ]
Li XJ (2009)4 Wistar X, liff 15 12 LI SRR ER 20 (ig qd) =
Xu XS (2021)1! C57BL/6 /NER, I 20 8 EINE S RN ER 100 (ig qd) =
Fang XY (2021)1% KER, I 16 4-~12 EINE B RRREE 50 (ig qd) 4=
Huang YL (2004)" SD AR, I 16 10 EINE B ERNEER 50 (ih gd) 2=
Gao YM (2019)"*® SD AR, I 20 8 / 30.82 (ig qd) Re/4£5
Qiu ZC (2022)) SD A, I 45 5~12 EINE B RFTIRRE 50 ~ 150 (ig qd) 3=
Fang ZH (2020)*" SD AR, I 15 3 A=l pi ANl 50 ~ 75 (ih qd) Re
Wang ZH (2019)5" SDAR, I 20 10 EINE SRR EER 50 (ig qd) RS/
Yang ZH (2021)2 SDAR, I 22 6 EINE B RFRREE 35 (ih qd) RS/

X ig, ES; ip, RS h, BETES; qd, 1K god, BETX

Note: ig, Intragastric administration; ip, Intraperitoneal injection; ih, Hypodermic injection; qd, Quaque die daily; god, Quaque altera die

every other day.
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Table 2 SYRCLE's risks of bias assessment for studies on the effects of puerarin on bone density in rats and mice

WA

Included studies

BRETSES

Evaluation contents

5

(o))

(o]

N
o

5

Score

Li B (2020)™

Li B (2022)

Li BB (2014)™
Guo CJ (2019)%
QIN CY (2023)*!
Yang D (2023)"
Wang GB (2020)"
Li H (2012)"®
Liang H (2012)
Liu H (2012)2%
Huang HL (2011)?1
Xi HR(1) (2018)122
Xi HR(2) (2018)#
Yue HZ (2021)24
Li K (2019)-281
Xiao L (2009)%"
Xiao L (2020)%®
Lyu LT (2022)
Lyu LT (2023)80
Wang PP (2012)®"
Tian Q (2006)"?
Zhou Q (2006)B%
Yu S (2019)B4
Zhou SH (2010)5
Zeng SL (2018)8!
Zeng SL (2019)%
Yuan SY (2016)5®
Niu SZ (201989
Huang T (2010)1“"
Tang WK (2020)""
Chen WM (2021)42
Yang X (2017)143

Li XJ (2009)4

Xu XS (2021)14)
Fang XY (2021)!
Huang YL (2004)""
Gao YM (2019)8
Qiu ZC (2022)
Fang ZH (2020)%%
Wang ZH (2019)""
Yang ZH (2021)%
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Note: 1, Random sequence generation; 2, Baseline characteristics; 3, Allocation concealment; 4, Housing condition; 5, Investigator blinding ;

6, Random outcome assessment; 7, Outcome assessor blinding; 8, Data integrity; 9, Selective reporting; 10, Other bias.
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E: A, BRB; B, BB, C, BB, D, 25,
Note: A, Femur; B, Lumbar spine; C, Tibia; D, Whole body.
E2 SEEMARMNERSBUESZEERNZFHRE

Figure 2 Forest plot of the effects of puerarin on bone mineral density at various parts in rats and mice
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F: A, BB, B, BHS; C, BE; D, 28, SMD, tREMIIEE; 95%C/, 5% EEXE.
Note: A, Femur; B, Lumbar spine; C, Tibia; D, Whole body. SMD, Standardized mean difference; 95% CI, 95% confidence interval.

B3 EREMARNNESZEFERANOSURES R

Figure 3 Sensitivity analysis of the effects of puerarin on bone mineral density in rats and mice
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T ARBEERIE, BEESEERIE, CREBINGEE, DEMREINGEIE. SMD, IRENHIHE, se, RER.
Note: A, Funnel plot of bone mineral density at femur; B, Funnel plot of bone mineral density at lumbar spine; C, Filled funnel plot at femur; D,

Filled funnel plot at lumbar spine. SMD, Standardized mean difference; se, Standard error.
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Figure 4 Publication bias test of related research studies on the effects of puerarin on bone density in rats and mice

5, BIRER T ENRERS T HIRGLFEEST
A R B AR 2 AR T U T B AR R NG
FERR>50 me/kg FUZRZGHIRT, B RE AT NEMES # L
HIBCEER B g #E , T HAER>50 me/kg HIIAYY
FET B 3 R B AN R T B R<50 me/kg HY
[EEEE =

R FAAE—LERIRE. 28—, WARBFFEE
FEER IR, A7 E R Meta [A]J3 734741
AT NI RE . IERTTIE. BIREFR. BE)5Tk
FERFIAF G AR ESRTERRIE,  JIREERI
B, MAMRRITIEFREA . AR
IR S =475 ik ROk, B IETF RS
BEIANTERE, A RefF Rk P 2 fwig. 6=,
WG RAFAE R el ey o PR B R AR B 5 R 3 A HO
SHEBEAXIFR, AN AE 1S 2 A i 8 R B
TIAE, W ERTARIBSE AT RE Ml 7 B AR
BRI o 2B T A 3R M fe 1 A2 B 7] E i
WA RN ASIR G INMER B FRES . FER
TRERIS A] — N R A HU B Sl AN ARG 3 5
HPATEEER, IAMEAEREE A,

ZibFmd, AR, SxR4EEtE, SR
R ARG 0 & HGE R AN RO B B o AR FE ] LAR
BIRZEHAE RANENIRRI IR ERIFNS%,
HEREREL, HARREEMREARE Kk, &
T B2 R KRR RN AT

[{E& =ik Author Contribution]

HIRERRMEGRDT, BEHRE;
HEEMNERRRHEXE, FURIRE, K RE T
AR S SR MR B IR A BRE TN SR 3

LR AFEMENE AR, ERFHER B

[# 2575 B8 Declaration of Interest]
FrBEERBAXN A FERN RN,

[&% 327k References]

1 Z=EiE, FER. SRIXAESREOEIIIRHRI. TR
2 2R (E 2 hR), 2003, 35(1):74-77. DOI: 10.19723/j.issn.1671-
167x.2003.01.022.

LI B B, YU S F. Effect of puerarin on the bone metabolism in
vitrolJ]. J Beijing Med Univ, 2003, 35(1):74-77. DOI: 10.19723/j.
issn.1671-167x.2003.01.022.

[2]  TIYASATKULKOVIT W, CHAROENPHANDHU N, WONGDEE K,
et al. Upregulation of osteoblastic differentiation marker



Apr. 2024, 44(2) SIS SELIRES Laboratory Animal and Comparative Medicine 157
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Table 3 Subgroup analysis of the effects of puerarin on bone mineral density at femur
MWAMR/FE  hPHE/R O O W E(95%C)
i Included Animal e KRR S&E% Effect size (95% PE
Group ] . . I'square Effect model Effect size . ) P value
studies/piece  quantity (n) confidence interval)
£47575 5 Tyeps of administration
H AR Oral 18 397 75 D)8 e SMD 2.30(1.73, 2.88) <0.001
B2 3£ 54 Hypodermic injection 13 327 86 BB Z8 ML SMD 1.68 (0.90, 2,45) <0.001
BE = £ 54 Intraperitoneal injection 6 100 71 bep]B g SMD 2.57 (1.43, 3.70) 0.004
£57557 2 Dosage
<20 mg/kg 15 296 75 BB RRL SMD 2.00 (1.35, 2.64) <0.001
20 ~ 50 mg/kg 23 476 80 b8 e SMD 2.23 (1.65, 2.80) <0.001
> 50 mg/kg 6 104 89 i #7138 L SMD 2.29(0.29, 4.28) 0.020
7877 B EA Therapy period
<8 weeks 22 487 83 bep]Bs g SMD 2.11(1.50, 2.72) <0.001
> 8 weeks 18 353 70 BB RRL SMD 2.06 (1.53, 2.58) <0.001
EN#¥4E AL Animal model
Ris4& Blank model g 64 88 BB R ML SMD 3.21(0.93, 5.49) 0.006
£ BPE Ovariectomized 30 693 79 bep]B e SMD 1.90 (1.45, 2.35) <0.001
E & A Other models 4 67 69 i A1 38 L SMD 3.28(1.79,4.77) <0.001
BHR KR Source of puerarin
EB{K % Monomer component 18 396 77 R A1, 25 Kz SMD 2.36 (1.76, 2.96) <0.001
#5532 595 Drug injection 15 344 85 BE L3 R SMD 1.86 (111, 2.61) <0.001
HAth Others 4 84 64 BB R ML SMD 1.93(0.87,2.99) <0.001
it SMD, WRENHIEE.
Note: SMD, Standardized mean difference.
x4 BEREMEEESEEMERANTASH
Table 4 Subgroup analysis of the effects of puerarin on bone mineral density at lumbar spine
o MWAHRR/R Eﬂ%%&%/?\ . SRR SR ?&F_\Y%F%%Cl) P
Included Animal ] Effect size (95%
Group . . . I'square Effect model Effect size . . P value
studies/piece quantity(n) confidence interval)
#47575 2, Tyeps of administration
B Oral 6 122 80 BB AN RE R SMD 2.76 (1.58,3.93) <0.001
K T E5+ Hypodermic injection 5 114 86 BB XKL SMD 1.85(0.53, 3.17) 0.006
BE B2 £ 8¢ Intraperitoneal injection 2 35 6 Efbadivi SMD 2.14 (1.24, 3.04) <0.001
£847557 2 Dosage
<20 mg/kg 7 119 84 BB 38 R SMD 1.87 (1.37,2.37) <0.001
20 ~ 50 mg/kg 7 140 87 BB AL SMD 1.85 (1.39, 2.31) <0.001
> 50 mg/kg 2 34 40 Bl SMD 0.68 (-0.24, 1.60) 0150
7877 B HA Therapy period
<8 weeks 8 169 85 B8 11 R8 L SMD 1.91(1.48, 2.34) <0.001
> 8 weeks 5 102 71 BB X8R SMD 1.73(1.24,2.22) <0.001
EN¥E R Animal model
F1&H Blank model 2 44 69 BB RE KL SMD 4.83(2.54,7.13) <0.001
£ BPE Ovariectomized 10 207 76 BB R RL SMD 1.85 (1.1, 2.60) <0.001
H 1% B Other models 1 20 / / / 1.90 (0.80, 2.99) <0.001
BRZE %R Source of puerarin
BA{KRL % Monomer component 6 128 89 B8 11 R8 L SMD 2.60 (1.05, 4.14) 0.001
25 fRiE 35 Drug injection 6 123 66 BB X8 R SMD 2.20 (1.34, 3.05) <0.001
Hfth Others 1 20 / / / 1.12 (0.16, 2.08) 0.020

i SMD, TRERISEE.
Note: SMD, Standardized mean difference.
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[ABSTRACT] With the continuous development of experimental biology, the limitations of commonly
utilized model organisms are becoming increasingly apparent. Discrepancies between research conducted
on laboratory animals and humans significantly impede the translational application of findings derived
from animal experiments. This review introduces ascidian Ciona intestinalis as a novel model organism, an
invertebrate that is evolutionarily closest to vertebrates and is a sister group to vertebrates. The review
summarizes recent research progress on Ciona intestinalis in various fields to illustrate the significant
advantages and promising application prospects of it as a model organism. The research progress outlined
in the review mainly encompasses: (1) The whole-genome sequencing of Ciona intestinalis has been
determined and numerous related databases have been established. Various embryonic gene editing
technologies have been successfully applied, making it an animal model easy to manipulate genetically and
study the functions and interactions of target genes visually. (2) In the field of neurobiology, Ciona
intestinalis boasts a central nervous system structure similar to that of vertebrates and possesses
numerous homologous neuropeptides and hormone molecules. These features grant it an edge in
exploring the mechanisms and functional evolution of endocrine and neuroendocrine-related molecules.
Additionally, the sensitivity and habituation of its larvae to light stimulation provide an avenue for exploring
mechanisms related to behavioral plasticity. (3) In the field of immunology, Ciona intestinalis possesses a
mature innate immune system and has evolved precursor genes to the adaptive immune system, with a
relatively simple coding of immune-related genes. These features make it an exemplary model organism for
immunological studies. (4) In the field of developmental biology, many studies have focused on the
notochord development process in Ciona intestinalis and the regulatory mechanisms of gene expression
within it, indicating common evolutionary developmental strategies among chordates. Additionally,
insights into its heart development also significantly enhance our comprehension on the genetic network
of human heart development. (5) In medical research, the ability of Ciona intestinalis to regenerate its
neural complex and siphon, as well as the resilience of its heart to recover contractile function from
substantial damage, renders it a valuable animal model for the study of regeneration and heart injury. It
also has unique advantages as a research model for Alzheimer's disease and new drug development.
Furthermore, its brief five-month lifespan facilitates the observation and recording of the entire aging
process and the exploration of the effects of various factors on aging. In summary, this review aims to
demonstrate that Ciona intestinalis stands out as a model organism with unique attributes and is expected
to play a significant role in a wider range of scientific research areas.

[Key words] Ciona intestinalis; Model organism; Neurobiology; Inmunology; Developmental biology
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Figure 1 Evolutionary status of Ciona intestinalisin the phylogenetic tree
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E: A, ZHEP (AR 50 wm); B, MEERILR (FRR: 100 pm); C, ZEEMEMA (FRR: 100 pm); D, “HEZEMHME (4R 100 pm);
E, MEREMEMA (FFR: 100 um); F, BESRYPEMR (FTR: 100um); G, HEFME (IFR: 2mm); H, FEMAE (FFR: 2mm).
Note: A, Fertilized egg (scale bar: 50 um); B, Attached larva (scale bar: 100 pwm); C, Juvenile during metamorphosis (scale bar: 100 wm); D, Two-

branchial sac stage larva (scale bar: 100 um); E, Four-branchial sac stage larva (scale bar: 100 um); F, Juvenile during branchial sac division

(scale bar: 100 um); G, Sexually mature adult (scale bar: 2 mm); H, Aged adult (scale bar: 2 mm).

B2 KIBgHERSL

Figure 2 Life history of Ciona intestinalis
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E: A, YREMTEE, 6MHREARDFNANKEER (ER). BRE (K8). PERERR (F8). B8R (B8). IR (4ixe) LR
RINENERK; B, AARELNTEE, FRBERFZERREE (K, EPEERSMEOSERERE). BERMMETD; C, 4R
ZRGNTREE; D, ENBERFEREE.

Note: A, Schematic diagram of larval structure depicting six tissues: the endoderm (blue), mesenchyma (purple), central nervous system
(green), notochord (orange), muscle (reddish-brown), and the outermost layer of epidermis; B, Schematic diagram of the adult's internal
structure, showing the central nervous system consisting of sensory vesicles (the brain, which includes sensory organs such as ocellus and
otolith), nerve cords, and ganglia; C, Schematic diagram of the larval central nervous system; D, Schematic diagram of the adult central ner -
vous system.
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Figure 3 Structural diagrams and central nervous system diagrams of Ciona intestinalis larva and adult
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1 HEEHEVERAXNRIERE

Table1 Genome-related databases of Ciona intestinalis

RIRER g 1k St FERS
Resource names Website Type Main content
Joint genome institute https://genome.jgi.doe.gov/portal/ iR HEA

Ghost Database http://ghost.zool.kyoto-u.ac.jp/cgi-bin/gb2/gbrowse/kh HiRE(HIEB) EHEEF cDNA
Aniseed genome browser http://www.aniseed.cnrs.fr/ IR ERA

Smith research lab http://labs.mcdb.ucsb.edu/smith/william DRSS HERFRENINEE
UniProt https://www.uniprot.org/ iR EHRA
Ensemble http://asia.ensemble.org HiERE HREH

NCBI http://www.ncbi.nlm.nih.gov/dbEST/dbEST_summary.html iR ERNEZEERIXER
NBRP http://nbrp.jp/ HiEE(HIEB) cDNA
Database of Tunicate http://dbtgr.hgc.jp/ HIEE ARFREERSNER IR
Gene Regulation NAETTHHIEE
NCBI http://www.ncbi.nlm.nih.gov/geo/ iR HREFRKIE

Tefor http://crispor.tefor.vet iR CRISPOR 3|#17E 4518 11
PrimerX http://www.bioinformatics.org/primerx/cgi-bin/DNA_1.cgi iR BRERTS|MELRIT
EDomics http://edomics.gnim.ac/#/home HIEE BERANERRESE

2.3 HEUMNBEHREKRIIRVNVARESE

I TRV 4 R AR AR Y 28 B G5 i B 5 B MESh
YIBERZMHELIE. BEEHEAEYRZERRERIEA
Mo XA nE, EEtaydid, hEFRinESs
HENFHIEA . WEBHEARERSEREE B
Mo, THMSEERN ARG T, [HES@EIEH
DUHTAEY MR S5 o B E RERRER AT [ G R & o
E AT 7T 53 O 20 35 55 1 4 7 I R PSR T A AR AR
ZHRPEMHR T T, W Toll #5324 (Toll-like receptor,
TLR) . #MAE (complement) 5 ™, 3t F il i & &
g, WIS RS HMMBSHIMEESS L8 T
BRI, IT B e BB IR R A &
40 SRR SIREE . BB NTER RS2
TR, 2= A Bt e A Bk s B 77 R, AT RO
B MR TR0 A5 XA E BT 10 22 A B ATL TS
HRIAHE, (HERBESHOEE " b &L
VERL ORI A A e % 10 DRV AR .0
ER—DERAVEE, HREEI M, B
EHEMIL B M, BAN, BEERINARESARS
BHESIYIR FHRBRENER, AT DA AR 4R R A Al =
W, PR RIRIREE 1,

A, PEEEHAREE D, SIRTEELENH
GoMAHL, EEAIMEUNKL]2 5007, HAFBZERN
HAODL, HETTRLE 1004 1o [HIE, EF
FEHE I B AR R B IR TR AR
24 EERIENDIRE

WIS ERZREONIE, 5T iEE g lE, mit

EAIES A FLAT LR (DNAL RNA) 5IABK
Wi iaT, R HSEERREER. ANEARN
RIAE, BEPEGEHEG RS TR, 5
HERK 6. HAl, BB £\ L7 E R
FEEF AT, XA R R A iR T
TRbE

HAT, E2A 4R BN O e N
HRIIRL A, 43 R e SR T B A SN W A TR B
(transcriptional activator—like effector nucleases, TALENSs)
TR B AL ] B [B] SCEE 2 81 (clustered
regularly interspaced short palindromic repeats, CRISPR) /
CRISPRFHFEEH 9 (CRISPR-associated protein 9, Cas9)
B BE DK g e SR . M IR EE S AZ H R (morpholino
oligonucleotides) FEPRIVTERFARFIFE FEFFEEEARIAR

CRISPR/Cas9 F1 TALENSs #¢) "z F T B (£ Dh g
HIBF5T. TALENs SRS A R R IR &
H, BYIDNARRERS], LIER g 1 iR
£ 2004 4 B V) R T B 21 4 2% & A (cellulose
synthase) EERIEIETH] 115, CRISPR 7 ARSR IR T A% AR
YRR G, AILORAFIEIDIREE R U, fill, &
VLA B FEE R CRISPR 73 A TR FT Thx1/10~Ebf-Mrf 5
ALt ZhEE, UK Wnt=Tef fE/L & & H
HILHAE 17, FHEST TALENs, CRISPRF/REAH
RERA ARl E, HRIERE &S, HaSEEZ AR
PO EE IR B, RO MRS . Sl 5 TALENs EE
B, CRISPR/Cas9 HIRAZRAK. KL, xtTHERR
PEmER, R CRISPR/Cas9 J7 BB A S, 5
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i TALENs iR 7, RUE Gk UL T —FheFxd A 3%
Ay 5 BL A A 4k B9 CRISPR/Cas9 77 7%, 1 H #) 2
CRISPR/Cas9 FLH ZE TALENs &5 55, (B2 fH A itk iG
CRISPR/Cas9 J7 V2 AN 75 5 S B A 3 5 v i 1 2H 2
SRR, TALENs BARAIEFEH 7,

I AL R A SR P45 &, it =S [z RE
BUONL, PHWTER A FREN R AR, ] E AR R 3Rk .
TRV SZ RGO Hh i S I R S S A R P TV i % B A
4l R ERET, MR EEAMZGE Y, O EALER
fRH R BB AP R B UL IRER O VE . A5 [k B AREEA
f)mRNA FEfi#, FrmiEar, HEMBKRE. ZART
2001 FEPAESE AT AIFIE IR . AMERERRIK, E
IR H B R mRNA A [E] RN R RN Ik A
ik ISR, £ B—catenin mRNA BE i KR NE bk EL A
HIER . ¥ rmid ke e AR REEERIE,
MEL R 5 | ASMEEEAL ;&R T 2010 FE DI R A F
BSSEEANRS 1,

VRSN E R AR 5 | ASMEEE R RAR EEA T
POE ST AT R 27, AR 248 HH A B iR
£, HRREHEN A TSR SRR, &5
RAFEAME T, B LS, Rk A B
NI E R iR . BAESHNFRR/NEZER, H
A ARG O A7 AN AN ES R B i, A AR AR
HLZEFLEE /D B IR T NS | ARG (BRI 75 TR
PR HR NS 2, et F 2 FLIE DR A INE
JRRIDNA, FEHT7 A B IR ERE T . B
FEIRAT CAF RS R 2 DN T4, (HIRRRE IR,
H I e A r A B A AIMNEE R A& Y, [
i, RZMIGARSZIIMERREE S, eSS 7 /NE
BEREEESHIIGS, AR NRERE, FIIR
AR HHER 7 DN BRSCEL T NEEL R B, HER S ISk
FETCIMNEREIREE S, R E MR 2 /T, 75 Eimid
SERE G E R FRIBKFE, Wi R iR E&
HRARIEh A 17,

3 WIBSHEAEXEVNCHERRER
TENB MR RS2, B EA SEH
IR B 4G5 B AR an RS, ATRfEmE
W IR KRB YIS R
31 MEEYFE
311 KIBEHENMERFEM
AN A AR Z R ST (central nervous system,

CNS) HEsE g, Mg TAmma R 3 mrHm (K
3C)o RELNERHPRERSE, HAIN R 2%
i, HPaSEARMRRSEREHEE 2 g
5XTHERRRERIZE T, HA i RERS SCRC R ERILIA BRIz S
Gt Y, MAERINERBRENXKISHHG, e
G AHEE BN ST LFAEE P TR FK
S _EXH A B MR AR e 2 R AT R &
B, L R E R G GG 5 B S YIRY
HAREERARFE ARl B, B HESH) B0 Fi R b kxes
IS 7 5 ) R o e T B S B b S i 2R A R
(mid-hindbrain boundary, MHB) X Sz 5 B 2877 ;
S HESPI I I NI BEX RO A R 0, Ish,
B4 R B S R A A N E Bor, HEG55H
NP1 XA A DA DGR LA AR 2R A, BAEFLIR
Bin STEEMRAMEMETT, FEXS R s A i il
RE, VLN A /N EE IR [ X2 e Y [ R A
HsRAL, IXEEMEREE SN T Bl e T H s PIRIk i
PR TIERE P FTDL, SR SCRIB R MA R
KRB BEETHNETAFREMENDMHERS
iR i o

BAEHEAIBER M E R EE Gk,
2 (K3D) . BRI F ARG A . RBERIZE |
WHAEHEZ LSS TR N B, A SR FIHZR
AT PMLIRE Z RGBS E o N THEE SERNE
IR AT LS T FP XA A 2R G0 O KBS 2 AR
FEXEE ST, BTSRRI A AR AT R
EMAERG, BN YA fARIHIESE
SR Y XA DI E 2 B R G
HIMLA I TR LAY S AR B R IR T, B 2
b
312 KIBBHENRMERFAINITH

B4 R EA — R EIEET, HAHE
AT B 1) _EiE S0 B Ga I BAT ) R sl el
TN, FE2MREERS], StlRE S8E —F
e BRI 4 MR Z M HE 3 T A B DO fF5T
R, HRERSZ R CRIBE R AT,
XTI SREURI T OC R SR A S R B B bk B
B, XPhERZETHRIT AR CREADE
SRS R BUREE) A (4 ARG IR
RiEibizsh, ERECRIET, YRR RS,
RAWEDEAZEL) LR, BEXMETNR
BEFEAEWE L4 h DL EMIZh R S b, EX AL
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I RAT B ARFE 1 min 7 BEEEVEHS4h sl R A
B BURSME 5 SRR s H AT DRI SRS B T i AT
T R I R AR R A A R R, LB AR B e A
ARG Al AW TSIl BN e s 4 /e S e
JRIe 53 BESL, BB A0 A — o B0 e ] H B e
KRG, X AR TR T AR AL [ B AR
KRBT ORI, EEHA) AT E B 12
7, RIRBEIRBHS AT e, 2R E A
P eaey = N VA GHEL IS O = = 2 227
FIINIE#EIE (posterior brain vesicle, pBV) HBJHRAXfHZE
ARG, pBVILEZ MR RGHMA, X
PR T pBV IR AR B G SR B IR, 2P
SERET pBY RIS AN & (AL [ YR A e B0
313 KIBBHMERFNMER KWHERE
RIR

i, BAKRELT 40 RL. BRSEMIL
MEIJESz R, 12501k, M4k B—
FKEBMESIVIRRRIEIR P51, 20k M HAE S @, [
sl kR EEalrgdie (Cholecystokinin, CCK), &
FEBHESIVIIRAT R Rl AT, Blanfe iR ER
B RO ZE (gonadotropin—releasing hormone, GnRH) .
AR (tachykinin, TK). & Z/AAGHZE (insulin,
INS/relaxin, RLX) 22 Z[EFEY . FBEEEZE (calcitonin,
CT) FIHPEK (galanin, GAL), XUERTENE L)+
RWEEER], B=RLZMEBTIRTRE, HEHFRR
MR FEARRHIEEETE, W1Ci-GnRH-X (—Fhg5HHx
f ¥ 5 GnRH AR ) #0185 I & A £ & (Ciona
vasopressin, Ci-VP) o [A] Y52 & €115 B 7 & H 2 14
(Cionin receptor, CioR) . 2 HiR ¥ 2 RE O 3R =2 1A
(GnRH receptor, GnRHR). VH5HEMAKZIK (Cionin-
TK receptor, Ci-TK-R) FIEHSIMEFERZHE (Ci-
VP-receptor, Ci-VP-R) %, FHIHHLIE S F RS
KB IERIE IR IR 2 7k 5 B s PIE G L F B
Jeo EBPYZRZ I PRIFRIAVE LS B A & I A v
SVERK, FRE 2 AR B B = EE R 7 B AL & YFV/Ls
(Tyr—Phe—Val/Leu) BRZEHEFILF (Leu-Phe) FKiR, X
LER K HFi A 5 EAMA TG AR TR . R, X
LU IR N 2 AR 1 B s 5 A TH 2% TR B TR ARG
AIREFEIHIH R A DNBE RARIE A o IX BR324 1%
KttnE o

TR BBV Bh R332, BRI A AL 78
B A RN R IR AR 7L T A L

FARF, W EAERFTA W AN T WA RS
W+ heedt e 2 etk EEA UMM, fan, i
BEEEIR (Ci-TK) w]RAEE 0SS T E s SO0
HAGH TR A A EI AR, i bR B ER A i B A
KB g Bik ZAERL 6 (Ciona—neurotensin—
like peptide—6, Ci-NTLP-6) "1 #E5 2 oY EL 40 A
K, BHAEWFAHIEREHE > BTHmesaES
BHESIEE AN A 53 WA 2 [ B AR R 28
R EBMESIY BE AT AR 2 B AN 73 WP S [ L
RZAT, AR YFE FEHHSER ISR B2
FEAPTTE . IBEMAEIREEINERE RAEED
BRI RTFHIGEE . SEFE0RERERAS
AR Efix— E R - PEAR  (hypothalamus—pituitary—gonad
axis, HPG) #i, EREE BRI SRR
KEREH R ARG RN . ARFEFEIH T A RN,
W C AP KA IR BE GnRH ELRE A TN ELAG
MLl X AT RE 2B HESIYI GnRH BB/t S AE SR N 73 WA
TR S, PLRMEN T &S (HPG ) AT
5, @, GnRH ZE MNP A 58 BT LR 1Y
my-2& Tk (gamma aminobutyric acid, GABA) 2
BEYT TN GnRH FEZ LA PRI 1. 2020 5
Hozumi 55 B J@ IS B SIS &5, #8778 T GABA-
GnRH HiIfE B RSWIANG G &K B I B 5 —MEH,
AIVE G AE AR ASHOREE T BIR GABA B H
NN — MG i, (BAEEH S GnRH
JE GABA I NIFHHEAAK, GABA JBI AR GABA 52
PRIEAETT GnRH 738 o
32 BEZF

B E B MY s R SR b A B
fir 0, A A ES G R G BEG B I
I FPFI A& AR, H B AT DA ASHR BR800
G (E BRI HGHE CbAL BB & NP g R G
KERMHETAR, WEGHNTEZASEEEE &&
(major histocompatibility complex, MHC) ), fi HLiG#HY
ORAD SRR AR R B By DL B RS BRI
AT DLSOR e il 7 Hh i A B PRAR S A1) o
321 KIBBHEEBERERSR

T RO IR ER A 7 18 2 B A o 52 BV R R A B )
R FREEH, P\ EEN BT . SRR
7 F 2 L L 20 R ) e e 1 A T B AT B HE B )
HA ]G o R TR EE AR A o i B IR B 1) 32 B
SEAE A ER M i EAFIE A R I O e o vh 73 AT
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ENGIESE 2T N e 18 N R i S SRR ZN i 2Lt O
LR AL TR E A E R MR SE AL, e 2R B &
SIRBHEE RIS R R IR R A T

RGBT G LSNP THIRHE, ASFERFZRA
DTN RIS R ZAEER, AT LORGB] HARE A
AR T FE5HE o IIHSER B R AR A B L 5
BRI, EREFEBRINNEHESIPH
HLEHd, 2008 FE - B RRE R
Ay RS 7,

WS AEE A R R S PRI R T T[RRI
BIEAMAR G Toll A2 RIS 55 5y [ ML A A A A
S SERER, 5B MY L BRI 5k
BRI SN 7, [N, EEARREREN B
FRIGATAZ X -V A5 A b, i EA B ML
THRE G EHMA A X (variable region—containing
chitin—binding proteins, VCBP) FJ[EVEY), Bl4Wh4

EEREANE LT RESEHRA X (Ciona robusta

variable  region—containing  chitin-binding
CrVCBPs), HAD NG V4585 LT R4S & 4510 58
MIE, SEMESPIE SV XBUARFT 4 EHURZ A
A, CrVCBPs AR E R, (HA] DI H X
2 M 7 (ENGREZ RS+, VCBPIEN
W ERRSATTHRIE T B, (HEAFETA
s BT

g s 24 LA A B R A e A A 1 7 e
EH, HE6 M HEE o (integrin o) BEFS DS
%B (integrin B) K S B A
IR (4). AISGBIRERG R ESANHKL
RGO R ELB T WK 2. WL AR,
B TLR, AMER SIS RS 5 SR AL
EORSY; REBHETEMERZARS, HECHKE
T BRI LM S R G TR Y

proteins,

I HERROEMELRARSWHER, URBRSARSWRER, EERERETIIEZME (TIR). ELTREGEANTER

(VCBP) MItMFRFZSNHIN SRHMIBEEIER.

Note: Mucosal immunity includes the secretion of mucus by mucosal epithelial cells and the secretion of antimicrobial peptides by Paneth

cells. The innate immunity is mediated by Toll-like receptors (TLR), variable region-containing chitin-binding proteins (VCBP), and the

complement system, which facilitate the phagocytic activity of amoebocytes.

B4 WIBSHNES RRR A HEERPIE

Figure 4 Protective mechanism of the innate immune system to the digestive tract of Ciona intestinalis

THFL A E R H S 1 TLR, &—1TLR 1
RGNS L R AR AR R 43 1o AJSHHE 9 FiNIE AL AY
TLREH . BITANEINE & iR EE &P anig

N Toll/IL-1R Z5 ¥ 15 %5 78 25 A 3 1 TLR £ [A],

ARG 2 ALY TLR 437, Bl EERA FIEEHEL
EFIMARAE A TLR 1 AITLR2 B3, /NERESRP105 B H
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xR2 BHRERASALLERFNLLER
Table 2 Comparison of immune systems between Ciona intestinalis and human

RIE S

RIEEH A LS

RERFAMN Ciona intestinalis Homo sapiens i
Immune system composition nF R nF {EF Ev?lutlonary
) ) difference
Molecules Function Molecules Function
BEIRD DT TLR NEREHE TLR NEREME AETLREHR
Immune recognition BT
molecules BRER BRESEEED - - FFERIR
oF
[ =R ROEHE, BN EER - - FFERIR
CrPxt NSAIE- MBI, - 2F
MESME R 2 BRI ) )
CrPtx-like S5RRREE CREER S5EBRERN EibES
IMERZEDFC3. BERIER.KERN MAR G D F C3. BERIER . RAER A REM =R
CFB.MASP % CFB.MASP % f
HPEHEF TNF-« S5RRENRR R TNF-« RBIH R, BUE NF-«B (Eib
Cytokine IL-17 NS EE M E R IL-17 NEMAEEMEENRP T EibES
PR 2R, B5ZHESERM
M SE M R mIE X
CIiTGF-8 S5RENE MERE hTGF-B BT RETE EbES
e
PASHSHAOBEGHEXEF MMPIESLSF KRAE. ALSEH.M MMP-9 Ris k% HEASEW . MEE &R
Factors related to tissue BER . HORE R hORE
remodeling and wound MIF NS RERR MIF NESEBRRMIENERE (Eib
healing =3
IR BT i Cr8long.Cr8short &% 7 BAH RTP SIREHAX BiR
Cis-regulatory element CrCAP REMEFE GAITERY SRENZFE (Eib
TUEBK Ci-MAM-A. 25X BRNE - - FFERIR
Antimicrobial peptide Ci-PAP-A nF

E: TLRAToll 24K, Crext 9B MBRMER; CrPix-like ABHIFERFED;

C3 J79#MAC3; CFBA*MABEF; MASP RHEER

BEASEL-REZHXLARBREALE?2;, TNFo NIEIRTEEF o; IL1T7ABMIBNEX17; CiTGF-B NEHENERREFB; hTGFB RHAEK
ERKETF-B; MMP-OAEREEEAE-9; MIFAEEMBRIBMEIEF,; RIPAZAFBZEARER, GALTESYWHTME (IFN) -y BUE
RENRINEIESY; Cr8long. Cr8short. CrCAP. Ci-MAM-A K Ci-PAP-A RIS BT AN EARSIMKBRNEET S

Note: TLR, Toll-like receptor; CrPxt, Ciona peroxinectin; CrPtx-like, Pentraxin-like component of Ciona intestinalis; C3, Complement C3;
CFB, Complement factor B; MASP, Mannose-binding protein-associated serine protease; TNF- «, Tumor necrosis factor «; IL-17,
Interleukin-17; CiTGF-B, Transforming growth factor-B of Ciona intestinalis; hTGF-B, Human transforming growth factor-g; MMP-9, Matrix
metalloproteinase-9; MIF, Macrophage migration inhibitory factor; RTP, Receptor transporter protein family; GALT, Interferon (IFN) -~y -
activated translational inhibitory complex; Cr8long, Cr8short, CrCAP, Ci-MAM-A, and Ci-PAP-A are named after proteins or peptides

identified in Ciona intestinalis.

JE TR R FLEN Y TLR KI5, #H 2D LRR
HFp, B Toll/IL- 1R S50 e ES] 10T
5 RP105 2 AR UES A L R %)
ANEHEMER G L EHEBEER. 25 %R
FALM R 7A fE 3 MR o T8 RUAMA R ZE AL G AMA C3
(complement 3) . FB (factor B). HE&HESEE & & H -
HLEMERZ AR EHE [mannose-binding protein
(MBP) -associated serine proteases, MASPs]. H #&%

WEEE G HEEE R (mannan—binding lectin, MBL). Zf4EfiE
BEEH (ficolin) . #MA3Z KA a FIB i (the alpha
and beta chain of the receptor of complement 3, CR3a #]
CR3B) %, ALAAERB/ERMNSRIERN . A&
R4 F4E MBP, ficolin F1Clq (AMARGAHRIZH]
AT ) o ML) B AMAZE 53175 J5 1A A ik
EE K& E G5 Y (membrane attack complex,
MAC), M SZ A, X5 MAC FIEH 3 FIZEAL
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£ (perforin) B REH B MAC/perforin Z5 415, A
HTFH D AMA C6 (complement 6) FEIR], RS FMA
RGNS R AIARR ), (BRI T 2k
RS, ([ERTERRNZ, ArE R CoMRE#HAEH
RIETEST 531, 240K B 3 #eIH Co HERL RIFE g
FAFEM K. WL RAMA R GRS , ATl
HIA TR ZL BT B S A A AMARTE . RZEATAMA
TR EE R SCREGMIRER AL, £E 155 HAMA
Tt 1321 EAA SCR S SL R %),

LEsh, HURIRGEAEI A . . HE RS,
ISR R Z R BB 2 MTE R, ISR
HI MY 75 F A (Ciona—molecule against microbes, Ci—
MAM-A) #1655 % & B 51 & K A (Ciona-putative
antimicrobial peptide, Ci—PAP-A), AT K £ 5
TAAE W AN AR S I R AR R AR B
322 ENMRERS

&R R FE T ava s, AT LhE s
BN = AR R . e BkE B A T 4 FiR
SRR, R R RIRAERE (V) 25
PSR S50 o SRR T R = A2 B ME S R 1
R G R REIE AN EEER, B2 ES T
TEARRHRSE, BIRIE & A 5B MHC 50T
F/ERE I AR GARRER B BE R EER, Fan
T8 SPGB A BB A T AR 2 AR . IR B R
H73F. MHC I KA1 REE 25 1g#1 TCR BEHEA
RAGIFIRAG2, ARimfi EE RN CRIZE IR
INEIEFrHFIE VDY e EEZ A2 AEE) , Pk v
DMEEE A e fE (4 A T 40 M A 1g 5O SZ AR S5 A9 350 |
VLR Mz thoi e B Boh, ERHNE S ER]
—n D5 Cc Rl EE A (C—type lectin receptors,
CLRs) #% Bk A9 G0 2 32 1R % & iR & 0 & & )5
(immunoreceptor tyrosine—based inhibitory motif, ITIMs)
B % A7 A 1% & R 25 TG &£ (immunoreceptor
tyrosine—based inhibitory motif, ITAMs) %3741 i ¢ A4
BERZRESHEDY PR S 5HREAE SRS,
il & R IR 7 =2 R s N S N . AR, B
HE B W) B i N M G AR e R o B A T A A
(recombination activating genes, RAG) Zgfith ) 28 2H B Xt
IR FRFE P Bt AT B AR, 2 SE & R S R A o3
TFHVREF RN T BB B B R A ) 73 i 2=
B, VR EAS AR RAG /SRS S S Y
Vaita ik, mEHBEARMT C1ER CEiME, X225

JFES AR A — Mot Y TR
HPEEELE, FrCUE B Y 18 B G R SR O
73R [ A BEAR A ME SN h A A4 18 R 1 e
TR B0 (B i o B SE I R 51 AR DL R
SE Mt R AR GUR B IR R N R R A 1
PR SRR T — 2R
323 RERFWEHERRFIZELRRE

BHHEARGZHERE. 28, B, HE45
IR RHT U B ACE I, AREETH A RO A 2k
H RS, R ARBEMARS. BHERRERO
E R AR AR R AP R TR RAT
TR T TRIEAR BT T, USR5 PH R 1 e ) S e 17 T T AT
L5, REHEEEMY) (BEAK) BmE
Pt A EERNER M

T [ 9092 2 SO THACIE HOCRAP AL (45 FR &
b Sz A RO R UK, PAR AR 552
& (pattern recognition receptor, PRR). VCBP FI4ME
ROTENHIN SR ARG ER

TIZ R GOHEACE R RTR A e R
ZATIAE: PRR GVEMCEMEYMEEER, AR
EOEE AR, WA RN S, SR HAES
B, FHIRANZE R, NP4 RE R
RE, B EE RN T LABRR

HEA R A G S B E R LR 25y
T VCBP-C, % H /T FICA MY A&
WA PR AR o MRYPSEES EIEST, VCBP-C Al iR b
SERITHE S A FRHIERR, A 5 R E R
NI a2 AR A AT RE . [T, WEREimE T
FOAHTLR BRIEAE iR RIo0, b ml DURRIAN E A4
Yy, IEERAEF B SAR Y. AR TLR XA
KA A B ZEROALE], B AT JoR 7 i
LT (L%
324 RERFNERRE REEIRIERMN

B KIEE I AR GERHR E AR IR BRI R R A E
TR FEAEVGI AR A5 A (endostyle) 715
RIERRL. LT, HRANRCKRI TV Z X2 6
(lipopolysaccharide, LPS) FAE N A AN Z RN 53
¥, WE T AR A SRR KSR Ak 5 A7
SN ZE M H  (Ciona peroxinectin, CrPxt) , H1fE
LPSEMIERIA B, RET R RAIHEEE AT
A7, 8. 9 XAYIMANAL., M b KA 2 Hr S A 2
farp U2 TGS AEREMILPS J5 1 h 3 CrPxt FIAIRME
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HMD-2 #HCHE KR A& H  (MD-2-related Lipid-
recognition, ML) # R E K R M 2K & H C2
(Niemann—Pick type C, NPC2) ftSe7E A i A A A
farpERik B, ERFTE R PEE B AN LPS R4 )
WA RS SRACR I, 2 70 4 MR 1 Y 21 it €8 2% P450
AT FIA T B IME miRNA WEAH BAE AL,
ANEFERSF R R P miRNA 2 5241 (22 5L A
HORE SRR, JFEARBIERAE RN, TT RAER
I 11 2R 53 7 AU RE S M miRNA &2 8] A] BB 7 EAH B0
H W BYMEMFE R, LPSIES =AM mRNA
(Ci8 short) YR-EAIREARRERS 5 A MHC HY 1 26411 11 2%
AR AR A S, WA ARE N RS
A EERRL

B R N A T [ S e R 5 AL AR S e B
AL EIREOCRR TS BIaN: BEXSEEE RE R N/ S 6
AN R e R PIR IS MR IR 70 & B, TLR/BEFEST
1KIE+ 88 (myeloid differentiation factor 88, MyDSS) e
Ttk (5 5 mEg A s (Th2, MyD88 flllrakd) SR+
kB (nuclear factor—-kB, NF-«kB) {E5BIKAHS (Ni-
kB, IkBaffllkka) Z[AIFFELNRE LAVERAR ; FERIER
N, BRI R s HI A 7 (macrophage migration
inhibitory factor, MIF) FEZAENREGIN /T (WL~
17s IREIRFEER F-a (tumor necrosis factor-a, TNF-
). B ERKEF-B (transforming growth factor—(,
TGF- B) . BEFREBEEAM9 (matrix metalloprotein 9,
MMP9) . Tlrs. MyD88. [ 4 Jifd 7 2 5% & AH 5 I g
(interleukin receptor—associated kinase 4, Irak4). NF-
kBFIEEEEZR (galectins) ] BEAEMRK, XRIALE
FAERRLATRARIGE R, Mif 48R A NF-«B {5 518
M 2 [AFEZE DI EER . 53 T2, MyD88.
AT «BIH|RF o (inhibitor kappa B alpha, IkB o).
IkBEE (IkB kinase, Ikk) FINF-«kB#4587KH)3'~UTR
AT R, W AR y TP ER SR A
(interferon— vy —activated inhibitor of translation, GAIT)
Tolf, BRI AR S R R R B B T
W OCHBEIE R IXRI, IBEFIAK—FE, SR
SRR GRS 5 T8 T REE R AT 1o,
I ZEEZRFE (pentraxin-like, Pix-like) #H5TEE
Cuis PIX &5 M3 [ 5 A% CRREH (C-reactive
protein, CRP) P55 PTX [E]JF ] FOHLAY A4 PTXs B4
NUEE, 25 T TERI LPS G )RR ; Prc-like 1R
MRERIIE AR IMA AR (FEER4EM) RiA, HiX

RN AMENRARNEA RGN R RS, 25
RAE N WIIa I BAIIR B B, SEEEL P B AR,
Ao IXELUEHEFRI Pix—like S 1 SR B8] S B AR GEx
PR S R R BB E S T 1

A, AZEHURBRE BRI R 1, A H
NIS=2 2l Save U gla SUIRVN S & =t S 8
MEEER A AT IR Ao R B BUMURFF R
RL, ERABFTI T AL A H At T e th AT RE(E A
AT R BR D REAN FR IR HOER ABEAR o
33 RBEYZE

A EMRN RS AENE, DU R F A A
BRIV GGG " BREEBRIYI EER
fit, AIERNZRERE AL L TR S R A5,
Fr Ll —SE S B Ed R E AR, BF3H
AR A E S, HNEEMHRMEMEERE Y,
BB R R EGEDEE, HaEH, ha0p
ML, oAk B IE &R . B A
HHMEE D> MER, AENBEREFHFRIER
£, REMZESOE, HRBCRIE . —J7mH,
MARETBRPROHEERE, FMALHEGR, &
RETMESFEHAMEERL T IRNHREL,
FEIARHRS] . E ML . 200 i A) 6 BT A AH B2 4 F
& DO BT IS S R BT SR T Sl
DLEEAR A AR 2SR, AR AR L, T
MREGAE R A AR RS, SR e
IEELR WS B Ti—LeE sy (b)) Bl
BB R E X — SR AT 2 e B, X
FUEVE P R O TR IR . AKFE )
M RZEERE (SN, BfHE RS FEST
EHREEAK, EVEREEIIENLFE SR, ZHFE
HEEM . ARV BN INZ 22 B mAsh ks EaE
TEVE RS, AP AR E BB . SRR E NS A
A B 73 AL AT BE= N2 WiliR Y7 X EE B R Ay
Jiike B3, ERITHFFIORTE R H R R
KRB EEFRIA NG . A& R, R
S T e ol 2 A VA TS RS (dwal—specificity tyrosine
phosphorylation—regulated kinase, DYRK1) &A1 LA
MHEEEHERNAS, FEMH DYRK i M5 ik
RACEHRAEMERERIEEORAERE S EE
S Z BRI EZREH, XUHRICESZ 5T
SEERERVEA RN L. B rERzh®
T, FRBREE S FILHIE DYRKI B B,
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FEVHEL R A e 25 SR A SRR B, B 5es B G 40 Y
LA RN, B R A 2 A BR A e s [ T
DU AR FA &G R BER B BHZME
PRI 2B R 4 CRISPR/Cas £ 4t A AR T S AR AR I B Y
ZHEON, SRR ML AN Fe R A I RR
(single cell RNA-seq, scRNAseq) A] DAATF5T 4E & 4H D
BERORG SR, IR REINAE BRI MNES . 5
b SER G SAFIH BT, AT BRI
AR B RIA T — 2 EIAR . FERIERATAR
NI - 2R ER A SRR E
Olivo 3 > 7E B A HHA T IBIRE B B (0 %R
MMFD RS IS R KB, fn TEANE
RN EORMEOCHETE KA R BHH], Pl sEs
HEBIE e B 5 2 M Y A [R] A [R] R AR

LEsh, VERNZHIRRAL, i AR LR 5
LA 25 A T B DTk AEMLER B e s A Ci-
es1/2 M1 Ci—mesp FRIA ] (e (6 1 85 7= A2 O A AEL 20 L /s
BTN GOR N B2 Ik sl e A 4 i 2 53 A DR Lo B AEL A L
X — SRR A A AR AR5 77 - AR 3 2R ) B A A
AT 771 B Wang S 70 75 2020 £ 5% F 2 D 5
PRI TT1, B T TR — A28 O 2 A
HIPRERBHUE, FRRAE T O ar iz et i 735l
3.4 EHfthBEHHNARRERE
341 WIBBHIFNBERTRER

R v A ] DAVE N AR T A AR LRI 5T
HAEARMOBEIERA A 5E5FFIERE, mH
BEARU TR THEAENRERE, #lin, Kia4HiE
A AT DU R R IR G R =2 T 2 5 A R 2
BEANAE. B5h, BRI iR AT DASC AL i A e 4141
RIAFLL Sy Fhrd, XEEFRE ] DAADRIB BRI
AR, xRS B A TEREERZR Bl Auger
FY EHEEMERGHRREGERAED
(green fluorescent protein, GFP) F#EEL KA 5T L
FRS ML IR AN [ S A AR 5 O PR 2R RE o TSI IR
ATDUERSMEARSR R B, BT TEAIMF T R Al
i d AR . BEEEREAMaE Ak (A
MaRg) MILRE BERAERT], HEHPOEHEAR
JEHG B AL F A R AR o W 5
PEERITHEGORAR , M EAENS R a ]
fefas B ATEN BRI A AR AEA L]

HR A R P AR I S G v T DL AR A
DR B8 OISR I EA R OPOs, HE

BHANALENL, RITER. & ERalRE A H R E
Ebl A AR E AR, —MEEd B AT
FRERE T2, SN EETRE BT B Ry RS
fROPOs, M2, 5 —Hudimd hififde
TR~ AR IER RS SR A Y, 4Bk
TG E N, e 0 SR E AR A
SErn DI A rmm g, (Himimie FrAsBe F AR Vi
PRE . BT S o ST AR 1 BRI,
2023 4 Jeffery % ' JEL 5y BB IG IS OB 2.
e HBHE T, BEHWRRERFTEER: 5
AR R _ EEEEEAN S RS R R
H A # K 5T 70 kDa 2 H  (heat shock 70 kDa protein,
hsp70) « Dna) # AR 58 & H X & (Hspd0) i & B4
[DnaJ heat shock protein family (Hsp40) member B4,
dnaJb4] B EIFGEIKPAE L g A7 J ) B 4 vh (2.3 B
A, HIE siRNA BRIGIUE T hsp70 F dnabd Z2H5E
P ile BT AR R i i o R A R
&, EERRTOCB G IE R FA T, BERR
R B AT 5 B AR G0, (RFEH A . X%t
Mg e s B E N A G IREAR —E
JERE o

HrASEH Pt R G AR R H o+ T H
I EX TR A H EECEHE, EERIW+,
Wergi i EA F A AT S B R R I A R SR
REfJ. B, MEE &R 2T A RO R
AT B R PO B AR, BESS 2T
RlfE 28 ~ 35 d NFE R — D EFHEE &Y. (EEEFE
AR, KEAPFREPHE (substance P-like, SP-1i). fH
PN A R AR B ZR AR A G S B M 2 o A M A A
MR R s R R B AR R E AR, HEA T
SRR HERY A 5 B RHMETE R oSS . BELhph
JFEUI GnRH, 5-F % (5-hydroxytryptamine, 5-HT) .
PR P (substance-P, SP) MFABIZHTEHr 19 KA
TR IRE, BFREMET 2N TEIBR A
T IBEEMAR G EAEW S AT ARENE:: 2
& (B, masgit (B, shme (B
H) FisheemE GBIV, XFRISEBTHATERS
2 M LB AE 1M AR o R A B B2 4% A I (] A ] AR
1T, KT A BEARRES 3 14  AE  F B E B Ao

TEUHRE, AR T BAERFFR RS2
FEEFAEMA TR A RORBE I, [RIAHICHR 7T 45
REEEAEN TSR AR R B MR TIILE
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342 WRIBBHEETEBARLEAINA
WEEREREMERORNES, SEXSHE S A
FARCLA AN, AT DAEEL SR A2 rh ARl AR R
oA OB R R A IR it i, AL A HY
RN, SRS A AR AT AT o Y AY
MHET: MHEETHATTAEESIY, ©5AFKEER
ZHRVEER, FEHERER, ETRGEMErEE
GEERIE, FEEEEmE. L] ek
SO, AT AN TER 40N sk 2 I AR P A%
TR RN . AR RSB IS 7E I /R VB R
(Alzheimer's disease, AD) FHIHF 25 50 B oL FH M 441
BB L AR PRIESE R B-TE M FEEE  (amyloid
B-protein, AB). B—TEMFERTIAZEH (amyloid precursor
protein, APP) ') F141 & B H B IR AL AT FHS tau 22
H B AT 4E98 45 (neurofibrillary tangles, NFTs) (6%
& AD B EZUREMEAR S . ML R (& Al AD #H
FKEF B FEIVEY, AONFTs B FEZ R 5T tau 2 H 1 a5
WG . FREEDR I EH 4 HUAT DL 24 3R0K A 2K APP69S
(5%t AD AHZEHI AZE APP695 25 (A ), F=AE AB ik,
HH AR ATCURE R BT AT FEBE R, BEERITAR, it
NS R ERZL . mxf 4 RETHemEE AR
J7 AT X 2 AD FERAR (. BARIE N B S
B AR A TG R AR IS 2 I FLEh M R ¢
T, ABASSRRT A BB AD & SR 3TN EY)
FRRE, DURHOE TSR AD AHSERAL 0, Kk
T RETEN AD BURRFTEAL, A REEZYIF R AR R
HARHIR SR IGYT AD IR AP RIEEERH 1,
RFfFER, AROAESE R oE@E, et
P U OB 2 R B AR A 2 DT . BE S fURTRT A
/NSRS A A OB B AR TS L LA L B
HIRIAR DR . 52 AERE, BIEEHEE O
e e SRl b NN I I R ER i o o V=R Wi i
GIRHIHE o XA RIS AR 73 D32 7
IR R SIERL, o, B S5 EHEshY
B IE R AR T B ESREEAGES AL
HMORETE, Ao, BORIEEOMEESEERE . BTHY
RN AT LA IR Z IS & B, @ — DL
FEFAE R RG] 7, SRl AR F S B i E N
I AR A A A P e 3R D LA G BAAATLAR
343 WIBBHIEEMD AFRIDRMRE
BRI TEEY), HARS BA K SMEY)
AT AT ORGSR (A o T XA+

= SRR, WSROy BRI R

PIRTRTgEN:, AR 2XHHEIHEA BRI PR — 220 R

6~ B B2 h 1K A & W BE i 2 Wk BZ (6-sulfated
glucosylceramide, 6-sufaltide) & MIRFEIEES 43 55
B —FETEYI . AT 2 AR ) 3-ARlR kLR
% (3-sulfated galactosylceramide, 3-sufaltide)
Z 5B IR R T 7o Wi B 6-sufaltide F1
3-sufaltide A DL 3 1 /N B L 2R AH A B16F 10 £
SRR A AR E SR ERAT, @i R T
IEBAMRRECEA IR R E R« (5). g (1) B
Fk, TNE KRG FEEEAT Ak B9 70K DU 40 i SME
ST E S EEE, i H R A E
FhfEEe 7, ik, XGRS YA A ERNATT
RS O 15 259 o EAMETRFTRER, —PAIE
W7y B KA &) C1431 AT DUE I 2R b ik 7 5
BRSSO\ BT 40 i Ak Bel-7402 20 Mo v& T2, 40
CI431 6 AJREWTT RN — R I HUEZ)

BRSO A R Z RGP RAGFAEDIRER, A
DU R, 26 5 SRR TR E . AFRAR
R B vl A5 T A e o O SR ORI 55 T — R R IR
Ik Ci-MAM-A24 (Ciona—molecule against microbes—
A24, BENEESHUAEDT T A24) ), HulDIERASE
QLR AT A S AT R A U X —H T
B HERIRAR & BB & a] DR T A8 B 73 A
PRI 245 B B o

4 mE

H AT AR B R ELRsih, B n e
NS AR GRARIL, HEEHBBE AREGR
KA o B 5 1 F A5 1O A i Jo) ST B Ao L ol
g E e BRI, BA T A TE
Bt HIh, PSS AEY, . BE.
MEIRESRE NIRRT, 5T WEZPAERRAE; H
o, SREARIRI AT DIE G R MR EE S
UL, dEmfERE A AR B I AR EAN R] A 2R Y
TEFRCR . BRI BN R, HEERI A AR
TR ERL, A DU IS 5 S SR FERAN [ A B 1
REVERRFGAEGL, e B e e 5=E
AR ERFEE . o, WEENER S5 ARES
MBI R B A, A AES P B R R s LA AT
AAEHHH T, HAYIEERME TR AR
PRI, MRS IRIR Fu4s A AT PR R E /N el A
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SRR PR A e HL i R X RS A A (A, 1]
DA T 80 S R IR A2 2 AR ) AL P AR s R
MIfER . B, AT G RN AR AL
e B UL N1 B0E A B AR e e B0 L PFAE AN [F] 4
IR AR AN R R R AR A, ST R RIA AR
HReEmRas U ik, w7 RAm SR i s R
A, R S /N SR A AR AR A G
ENABATHORT, DI B RSP A
e AR, AESRE A th R] DA — D e S Al
E. A CETTIE . IAET RN DI EE R (A
VIR SN A i e, KEMIE AT,
HAeR B i 5 A R SR B A I T RO, R
NAKHAEREFGSIRMEZ IR Ao, B
IR PR A AR LT T B T DI B 25 AR A o
H O T3 A= RIS AR A R R
DB HE VS B R B B O G = 1 B 2 (R 24 i
HATEEEE.
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[ABSTRACT] Uric acid (UA), the final product of human purine metabolism, can cause hyperuricemia
(HUA) when excessively accumulated. HUA is closely linked to chronic kidney diseases (CKD) and is
considered an independent risk factor. Hyperuricemic nephropathy, a form of CKD induced by HUA, has
seen significant advances in understanding through research into the pathogenic roles of uric acid and the
development of HUA animal models. Although progress has been made in understanding the
pathophysiological mechanisms by which UA induces CKD, much remains to be learned about its
pathological molecular mechanisms. New approaches in animal modeling or the selection of model
animals may potentially lead to significant breakthroughs in research on hyperuricemia as well as related
CKD. This paper reviews the research progress on the molecular mechanisms of hyperuricemic
nephropathy, focusing on oxidative stress, inflammation, autophagy, fibrosis, and gut microbiota. Oxidative
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stress is induced by uric acid intracellularly through xanthine oxidase, NADPH oxidases, and mitochondria,

leading to cellular damage. In terms of inflammation, uric acid crystals can activate the NLRP3

inflammasome, triggering an inflammatory cascade. The role of free uric acid as a pro-inflammatory agent,

however, remains controversial. Depending on the study conducted, autophagy has been found to either

alleviate or exacerbate inflammation induced by uric acid. Fibrosis, particularly through epithelial-

mesenchymal transition (EMT), is a major mechanism by which uric acid causes glomerulosclerosis and

tubulointerstitial fibrosis. Extensive research has explored various signaling pathways involved in uric acid-

induced EMT. Beneficial gut microbiota protect the kidneys by synthesizing short-chain fatty acids,

reducing urea’ s enterohepatic circulation, and decreasing uric acid production. This paper aims to

enhance understanding of the complex relationships between HUA and CKD, serving as a reference for

further research and new drug development.

[Key words] Hyperuricemia; Hyperuricemic nephropathy; Pathological mechanism; Animal model
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(Rho—associated kinase, ROCK) {EE B AKE/EH,
TERAfERE RS L, SRR SAMET. 57 Bk
AR E 5L B9 & H S [adenosine 5'-monophosphate
(AMP) -activated protein kinase, AMPK] jE%. MHZ,
Y E WA E MM A (mammalian target of
rapamycin, mTOR) FHSEHIINLER , IRIRIEIT LK
TR HE I ROS KXt Al = AR e 2

AR T AR BRI R IMEIR Z 75 T, (4
RMEEFR. FHNOZIRE. DNAHRG. 5S40
AT ) EG 22, Komori & B4 @ (R4
PGSR T — DAk TS A RO AR P PR R SR AR
i, BNk N B2 B R PR IR S S 1Y ROS AT H
ik B (protein kinase B, PKB, BJAkt) BEfigfh, S
JEENLET ABCG2 /b, BETAE PRIRYMIEAZ BEFFFEZH Y
WIRER, B [EEN A RERES o
2.2 HUAS|E &I RIE
221 REZERIRSIRRATKE

MSU MR IEFR AN B, MSU R —FHR G
x4 F 5 X (damage associated molecular pattern,

DAMP) 43, =diF SR m AR A2k
(pattern recognition receptor, PPR) XA, H IS %
FERG B R RE, BRI AT RERCE] T Ok
YEF, S5 A F «B (nuclear factor kappa—B, NF-
kB) JEIREE . BEAOE RIS RIEHESEE. @it
% R ik E H Bl (high mobility group box 1 protein,
HMGB1) Ko 2RI M RERCSE %o Viilimaki 4 27
W R A SE 3G & B, MSU BB 58 b B £ B
(lipopolysaccharide, LPS) UERI AR E MR, &
I Sre/& & I & e 1Y 2 H 1 2 R TS 2 (proline—rich
Pyk2) /i% g Wk AL B -3- ¥ 6
(phosphoinositide 3—kinase, PI3K) 155 181 53 WheH 21
EHEE (cathepsin) . HANHETZE (interleukin, 1L) .
FHEZE (interferon, IFN) 2, 72 A2 B 5R KA 2 1R
Fo NOD FEZRE B A5 HIEAAH R EH  (NOD-like
receptor protein 3, NLRP3) & AZEHe KOs E
FRERSY, TSR EAE S R TR & 325 . NLRP3
INER 3R BE R &5 A SR AL 45 i
(nucleotide—binding oligomerization domain, NOD) 57
REH. frEEHRATHRBESHEEE (apoptosis—
associated speck—like protein containing CARD, ASC) #1
RN B 1 B Bk R & Bl 1 RTE (procaspase—1) 0,
MSU £/ DAMP, HJ DL NOD 52 &2 511, &
NLRP3, M5 ASC B C i 2 51 1] procaspase—1 N
caspase—1, J5 & ¥t — 2 5] ) IL-1 #1 1L-18 4 |1 /&
prolL—1 F prolL-18 A 1L-1 FIIL-18, F=4E R RAE
11 M prolL—1 7 prolL-18 A] DA H MSU 775 Toll £
2K (toll-like receptor, TLR) X NF-«B []#7E 1,
1AL H caspase—1 38 A LUK TE L YIE 2 & (gasdermin
D, GSDMD) 54]2y GSDMD-N, JEsh4uffE s ),
PR TS SR g, MSU RIS G N s, 54
BREY T ISR R AN, MSU{ERA B S e 41 i
(BN B8 ELREEOS T A RN . B,
ER—EHZ, MSU 5[ MEARG BINLHEIHA 2K
FTRIERRL, Bk AT DL i S SR 7 B el P 7 1
s O O NG A
222 HEREESIRAKE

RS PRIRRETS 5 [ RE M FE SN, [HRBEHIE
FEE AN M TN R iR R e R VB ) B3
TR B PR 2 £ 41 g N O S8 7F FH & B 5 NOX
ERKO GBS AYIL A , 1 ROS 0% NLRP3 HALE] 1 AN E
R, —MRTREROARREE . ROSHEINE iR SR B
HEA/EHEH (thioredoxin interacting protein, TXNIP)

tyrosine kinase 2,
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5 NLRP3 &5 4, FHEUE NLRP3 o, HfE, &k
&5 NLPR3 A KB M. B5E, SfmmZh Amct ’
J ROS & NLRP3; HiR, ARk S5 L1tk
afUEEH R, BT ASC PAsh /I8 J AR 5 75 =
SEVTNLRP3 “7); F, ZRRifAR St st i Aig
INIEEERS , RS 5 E A5 5 NLRP3 (iE(L 104, |
AT, JEBIRER. ROS. ZRAI{A. NLRP3 X435 Z[H]
MXRRBIEFE RN, B/E. XiaodE ) HHAKR
i/ INE b R 2RI AT AR SMSEAG R B, TLRA TE(F B IR
RS NLRP3 (3 f @ AR TSR s Crisan 5 B0 %
B, RS RERREER NS E L S A 4 e H 1L~ 18/1L-1 52
ERFEFTH] (interleukin—1 receptor antagonist, IL—1Ra)
Sl DL EERR SEI A 1 s SE A BESE

AMPK & — M 22 [/ 77 s WA . A sz 41 A BE
S E T TSR AMPK GBI I mTOR1 3k
1 6k 4215 5 A 7 1o (hypoxia inducible factor—1
alpha, HIF-1a) FINOX. FZMFINTT, FESHIIRIR
N T AMPK V&AL, S0 7 HIF-1a #1 NOX S 5 ]
ROS Y, #ETI S NLRP3, 5L F, HIF-1a 2 {E
it 4n B b FZ (| B ¥ K (epithelial-mesenchymal
transition, EMT) F04F 44k B9 K+ =2 — (2] Yang
4 ) P AR EE RIS TR /N B A R A AMPK,
MEEILEARINRIR S [ B B v/ INE B Al RIERR
FIZ

Yin 55 Y G EITE BBk A R AR rh I S PR R
Al s K OMARMEE NLRP3 IMAEGE , (HiANE 2
ROSTEX — I A ERIEH . ([EFEERZ, Na'-
K'-ATP fi§ (NKA) B4 AT gE RIS AR T KON 5
NLRP3 A o Xiao % %) &8, JRERS LI i /1N
& R dH R NKAVEME R, f5# 5 Sre 22 HREEX,
Sre B H B EAE . HE 0 UE NLRP3 R AE/NME o Xiao
g o) S —SBRFST R B,  AMPK (3G AT DAY bkl
2o FERILRR A NKA FEHEATP, #FFE A BIA IR
ik P E S A 2 (A NKA P AR5 60

TSR, WA TSR RIRIE R 1
FIRESE . BN, Ma%s 7 i85 Glurd B RRE FR /N FRSE
5, i RA SRR LE B D REAN 42 b 78 24 Je R Ay i £
AT Sellmayr 5 B [FRE(HE A Glud BRI REFR/IN
FRIFATSLSS, 45 SR IT R U 25 R B T 12 1 1B s 1Y Fe e
TEHEVER : Alberts 5§ 1) fEARIMNEE TR 5614 T I B JR
PR IV T AR B A A A N 2 T B A A0 B 1 T s 24 A
7, LIS R RHE B IR A EE e R,
Brovold % ' {ifi F filt plE A Mk R IO 2 2k, 1581 7

5 Alberts —BHIE510 . REFEENZE, Ma%s ) 2
E A ) S 2 PR R 1) 8 77 1 /2 A [ S P A 0 25
HEE. ARGTEESER/NSUNTH, DIETHAE
A SESG R AN 2 Hh i 2 PR IR 5 R Y BOR B, SEFr b
EHMUNMSU P24
2.3 HUAS|ERIBBEIS S KAIZZ I

EWE 2 —Fhaifn 5T, il AR s s i R g
ez R AR B I EE , AR fR A
TER Y, HRES RIERARTICR. BWEIEEiET
BRIV ZRACIIE/IMA (T 5 3 P LR i PRI S 3
() RAE . AL HE Bk 2> ROS 72 AR A BH M R 0 R M R
RE 6 Hu 5 4 e KRR SE G i — 25 R T X —
Mo TWEBHME, AMPKEH WM EEIER . 1F
AN RE RS AT IS4, AMPK 5 AMP/ATP f 251l
WE B B R A Unc-51 FEE 1 (UNC-51-like
Kinase 1, ULK1). #fImTOR1. W&l X LiL K7
O (forkhead box O 3, FOXO) 4iEEMKE 1, ByE
AMPK RTZ2f# PRIERS 2B RAE AT RE 5 WA <o

BB, TEMFRRILT BREX &R B %
FEEF o Bao% 7 [H] IHB T AR 1 ) o B AT R 4t
AR SN SEIR AR FRAR N SESS, UESE B Wi 57 3-MA
AT 2 fif e PRIR B R R U B AR 4l o % B AT RE A A RE
B, TEPRIRXT AR AR A, B e K8
MHIEMERIE, FEMMEERIIE L2 E R R g
MARERAE. HudE ) RN H T 53— 1M
RE: BESTA GUR BN E i e 7 AN Bl /NVE Bz
AU AR HK-2 A RE TS, Iy B IS [ 20 1Y Ji IR
A BRI L) B R AL T HZAE F TS B (cathepsin
B, CTSB), J5# &2 NLRP3 HSRISIEF. Hu 52:h1
Maejima HIXL B3 1H5E 0 Maejima 5 7 I\ MSU 1
NFHENRUBEBARR A3, BIEEAITFAEE
BEffE MSU. HiARBIRZIN & B MSURIAIT, A —MNE
R 2R AR 52 R AT B, AT 2t O V25 B AR T
oM (7,
24 SRESBPHSTHL

B AR IS B R AR IARIL, RS /N
FEAEATS /NE R RAF 4R . FIEHERA, HUA @S
ZIN TR R AR /N ] Jo 41 4k Ak 5] B0 R 1
B B0,
241 B/NBRIEM

F Fz [6] B ¥ f¢  (endothelial-to—mesenchymal
transition, EndoMT) 25 /NERFEAL DL & £F 4V BB
BIFRH X EFRB PRI ML A S 20 M ) s i fo 45
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it ROS A2 B, (K NO ZEMIFIFIRE . BN ET-13%55
S, ET-1 245MER, NORY MEH, &K
SR n R k& T MR B NERSh kgL Y, 5
HIA] S8 EndoMT, TSR, YangZs '@ i AIMLE
WERA, PRERIE T ANBFEIK A 2 4 A RAS 256, 2
BTIBEE (F) 264 [ (pro) renin receptor, PRR]
B2k, M PRRYOGA N 2R E F 4R R
— 00, Ko %5 U SO 7 A ARSI, R PRIRIE S
75 SR AR IRORIRE =558 7575 S A ik /A B2 248 S ¢ 1]
JRAREEAE o SR, FRIERXT EndoMT HO{EFIHLH 7S
=B EH. B, KRR E /NER AR R
(glomerular mesangial cells, MCs) BNt A GES 5
T E/NERBEAL A R . ESCEHRE], Zhuang YA
PRIRIE L NOX-ROS #(i& ERK1/2, 78T MCs, T
Albertoni 5 21 WA B3k 2% 1T 75 2 BT fa g
ELE] T OB ER o
242 BINEERTHWL

JRER VS HY B/ NE [H A 4E e, EMTREE] T
TR P, EMT KAEMSIRERE, BERRET
(transforming growth factor 3, TGF—B) g TGF-B >
REEY, BRILSamd2/3, [5# NZIE LRI 540
N R B Samd4 TERE &1, FEARM Az R T 5%
W4 5 A F Slug/Snail, 1 Slug/Snail 1 ] E- 55 &5 & H
(E-cadherin, E-Cad) ik, BE&REMT ", Jak/fE5
& S F UGN T (janus kinase/signal transducers
and activators of transcription, STAT) @& 5 TGF- B/
Samd JBHEE2E X o Ren%F ) FIEZRYT A ] = JR
1% 15 s A A /N BR Y Jak/STAT 5 TGF-B/Samd 1/ #5414
REVCUEIX — o Wang 55 70 F 56 R B /N BROEBH
NLRP3 j# i 838 TCF-B 1 5 5 S AT Smad2/3 k(i
PEE/NEEMT, HizfEH{XFEZE NLRP3 A2 5e /Y
RIEMEZE, FRIKIRS TS NLRP3 J5 3 EMT Y&
%o L L, JEHi Romero % 7 S EAKIL T Samd 5
NLRP3 R @R, REZESAFIE H LKA
R ELANLE] . Tao % 7 WFFTABL. F ERK1/2 457
AR RIS SER RS LR EMT, Ff H ERK1/2 7] )
BH#%5 Snail B3 XIHE A, 77 Snail 21X, Zha
& PN ERKL2 VS ILIEHE T ET-1 93K, ¥
BREMT R4, GiliE, ERK1/2 BT ik
Jagged—1 FUFEASKIE T Noteh B 555, HiELZ MR
i EpEes Wnt/B~-catenin 1 S AHE (78] [B—catenin 2
FIERER E-ERGE H o E-ESREH 2 snail BT N2
—, WREEMTSREYZ—. W55, Wnt/B—catenin

WA /NE LR 5 MMPs ok, HFFEERNE
SR /INEI B BN, Zhao T Y JEIT K FIA
AU &P, MG R EH  (serum response factor,
SRP) {EPRBRFELH)E/INE bR EMT /R o Shi
& LB R MR R I, S zeste [F] YR 2 1Y
SR ATZE MR EMT, X677 HUA A HIE T B IEEOm
Tt TR
25 HUABEHREMENEMRESE

NBEMAAL1 9507 ), B 145
IR A E ARG, BIME 173 iR IRE
ipEAR . BEE = IRIREE 5 IER A ZA7IE R
FIEREZFNMEL KL “H-Bh" ffgd B,
A THEINRA 52 0 8 0 A DA v PRIER 1B s v ) 1 FH B
VFREZE = PRIR B W RO SRR 7 i R F U AT REVE . &
e EINEEENERTRE  (short chain fatty acids, SCFAs)
sHgvEE R BEA R ER . A2/ SCRAs BIE R PR
RARERE M RER BRI BURIR R 2 — %, SCFAs fifE
FIALHS: NRRERFN T BeEh (2FFSCFAs) g bRz 4nh
PR TRER, DAMEUERIRE LA R S TR
BEVATI Sy, > R RRL Y SCRAs B i
BB ZRIPL, FRRMIRIR. HIR, MEMAEDSES
SRR AFART G R . PanSg ) B8, S IREREHR A
SR E TR RE T MR PR IR A IR PR+ B BN, X {E it
IRE GRS, FEUMEREA &, MEERG. H
R, IREIRZS T B BB SR AR MR i e B i BE SR A1
FPRIRE WG . FAIE R R AR Z 87, SRS,
MR E Y (WIREZHE) AL, (R#ERMERAL,
eIk RE S — I E R E I, TR
B BJE, Zhao % PV R — SR BRAT I E I S
XO o AR Tl D PRERAE AR, T LR 2
B AR, XERm R s (A HUA ATREE
TBEHED I iE D E R

A AT 7T A R A R B e i L T
X B AR, (BNRE [ X AR AU RIEEVIRE
HE MR T HUA B2 & T B M5, XadiE sk
HUA B R FI RS [ T M A AE . Lin % 2 K
HUA SR SR A SR AR 2 F A R IR YIRS AR
MBEN, KUWEENMEKRA S, HIRER
(blood urea nitrogen, BUN). IMEAEF (serum creatinine,
Ser) EEINREFEIMEAE AL, XU HUA X B HY
BURIER Z AR mEm ey, [, i1k
S A TR A HUA KERAHEL, A ESTE RN
HUA RERZ <A BEARRIIMRIRIREE , B & DhREFEIR I
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BREEEN, XSFnmRRE S EWRERET7E
MAEMRERRER. S8, PLEfEemskzit—2
MR T ScFr . [EfS—1RH2, B THEORIRG, HATK
BFFUAE BT AP ETHeEY . Ak,
T BRGIMIRER . PiE A ARSI B R 2 TR HY
IR AR, kel B e R g A= A i B 73
TR, ENRE FE 2 ER] o

3 RESRE

PLEMNSEACRIE, RAE. B WEFIEF4EL LT
(e 3t 3 ke AT s PR IR V5 s B2 73 AL O 1
Fth, SETINEN AR, BEA G IRIRE W2 B0

FERTSEIN. BRAH AR R FRAMA AR, RIK
T2 155 97 1) SO BT 1R ZE SOV 5% B PR A5 IR B 75 A
e HUA S8R Z RIRISR G R, LHRER
TR IRIRIEREA MR EAEEEE L, A
RIXPGE TR TCAEA HUA JE 75 2 12 B A 75
AR, HRREMASHEFXT HUA B ERRY IR R

HET, SEERUERF S R e B s R R
I — LIRS Y, XM RIATT = RIR
WREECH 2. 28T, RIVERERA F 5™ B AT L
JRE, AR T B ShRE R0 e R, A A A
TEAEAFIERRE] o AR R N HARE A P AE S0
EBIRBINYRERMER, JEEARRIER BT =,

i HUA, SREIAE; NOX, WEZIRIENE R EBRBBAME, Mt, &Rk, XO, BERRAIEE,; MSU, RREER; LYS, ABIK;
EMT, bRERENK; MC, B/RREMIE; EndoMT, MEWEMMEIRNL; SCFAs, RHIEHEE; AHR, BERSERZMH; ET-1, W
[2R-1; NKA, #$RATPES; urea EHC, [REBAATEIR; ROS, iEME; CKD, BHEER.

Note: HUA, Hyperuricemia; NOX, Nicotinamide adenine dinucleotide phosphate (NADPH) oxidase; Mt, Mitochondria; XO, Xanthine
oxidase; MSU, Monosodium urate; LYS, Lysosome; EMT, Epithelial-mesenchymal transition; MC, Mesangial cells; EndoMT, Endothelial-

to-mesenchymal transition; SCFAs, Short-chain fatty acids; AHR, Aryl Hydrocarbon receptor; ET-1, Endothelin-1; NKA, Sodium-

potassium ATPase; urea EHC, Urea enterohepatic circulation; ROS, Reactive oxygen species; CKD, Chronic kidney disease.

E1 SRESHRHNHREZS FIHREE

Figure 1 Pathological molecular mechanism of hyperuricemic nephropathy
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HARFET R AL MRS R A gt Y, L
Prifipk b, K75 BRI HUA BEE & BRIMLEEIE.
mIME. LEREELMEZRIMaRRER, JEmEHE
ERAD P 1o ARSI Y PR ER B R A 4y
TR RS R R, B —SRHES0FEA B
AR T, ATRAUEE D> ROS AR RIS RIE/ Mk
PATTE MR, FHETEMT RG22 sl 5 HUA 5[#EHY
PEMEER

AN, gkt i PRI B B 7 B AR 5T . W
Liu % P @it K BRSLIRIEE, W RGBT
AT TGF-B-Samd %, P35 SR AN S
Li%E ) 5@ T AT SIRIREL 555 5 1 I MR BR1E
Fo B4, PABEMAEYIRESR I & R B 7 B &AL
fillz—, X EE &I — L R B2 s 2 /7 nl il L T
A ER AR RIBEERFITTRAER , fZs P70 “fik
BE7 Y,

HAT, 7S G RIER B 7 55 BRI 738
FEAESRNRER] o DRI, s PR R 1o s BEATL o
FRE TR — P . [EEMNBUTH, RERZ0
PRERARR? (ERAETTH, R RRIRERARE
EEWER? [£EWTH, BRR2RER 1 IErLE N
AR FE A4t )T i, JRIRE RIS 3 E /1N
B LR EMT? BT H, R aWME, &
BT A AR R0 ? X SRR N — B 5577 [
HE—RZNZE, EaRKRERMRT, ARtk 5s)
WP SEs HO AL ER e R IR 1T B, R AN REAR IR H Tl PR
TELHIE 2R . IR AT G RETE B AR A A B ik
A B2 A B /NI b Rz A L A 5T R A HE AR AR RO A5 2R
{EXE USRNSSR SE . % ERITER AL AL
R EIRIREMNBEE AU FEIER, Wit RehPIRISLiess
RAAgE 5 RKEHEERE . Hit, &7 E
REBNPIH Bk B EO BE 45 v PR IR AH DS AU B 53 SR o
%R
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[ABSTRACT] The 2023 China Health Report on Spine Degeneration noted a significant increase in lumbar
surgery among patients under 35 years old in recent years, indicating a trend towards younger onset of
cervical and lumbar diseases. Lumbar intervertebral disc herniation has become a major concern, making
the study of disc degeneration pathogenesis and treatment methods clinically significant. At present,
human intervertebral disc diseases are primarily diagnosed through imaging due to the challenges of
obtaining tissue samples from the spine. Therefore, experimental animals have emerged as alternative
research subjects because they are cost-effective, have short experimental cycles, and are easily
accessible. Given the structural and physiological differences between human and other animal
intervertebral discs, comparing their anatomy and histological characteristics forms the foundation of
research into human disc degeneration. The purpose of this paper is to collect and review relevant studies
on anatomical and histological structures of intervertebral discs in different animals and conduct a
comparative analysis from four aspects, namely, intervertebral disc height, lumbar disc geometry, lumbar
disc cartilaginous endplate characteristics, and extracellular matrix components. The results show that
humans, kangaroos, sheep, pigs, and rats exhibit similar relative heights between the sixth and seventh
cervical vertebrae. Mice possess lumbar disc geometries most akin to humans. Compared to other animals,
humans have the thickest cartilaginous endplates and the lowest cell densities. The collagen within the
fibrous annulus differs most notably in pigs compared to humans, while water content in the nucleus
pulposus is consistent across pigs, sheep, rabbits, rats, and humans. Additionally, this paper describes the
commonalities and discrepancies in disc degeneration manifestations between humans and animals, and
summarizes modeling methods for disc degeneration in different experimental animals. Ultimately, the
aims of this paper is to provide fundamental data for selecting suitable experimental animal models for the
study of intervertebral disc degeneration.

[Key words] Intervertebral disc; Degeneration; Comparative medicine; Animal model; Anatomy and

histology
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1 BEEYIRHEIE RSN

BHESHPIR BT NEME (cervical vertebra, C).
fégHE (thoracic vertebra, T). JEME (lumbar vertebra, L) .
BEHME (sacral vertebra, S) F1EME (caudal vertebra,
CA) THEF4T . MEIAIEE (intervertebral disc) 1E1E TR
—. CEMESNORT AR E R, Rl ETRE
. FUEER (nucleus pulposus) FPY JE FL5 21
AEIR (anulus fibrosus) FJRLAY “=HHIR™ FEETASEH,
SE[EM R T MR R A v R o AR IR S5 R B T A
TEAERFME R BOERE . (REPEAER R, AERRIER
HHEEEEEH,

BB 2 B A A AN = B AR SR
B, RSN R A R AR KRE (L. X
BURGIR) Ky Bl BB ZARTABL TR [ B 4 T8 IR
e, EHL KT RBEELRR, AR
MBS AFLBRECRE s> s R FLI R fFEE
HImE, HATEFRVFMNINEIKE RS BRI

ME[AI R R BERZ S IR T AR AN, ERMmE
HIBER IR A, AR MRS REEH R, KT,
TEMER R E iR Rl )], REMIER. Bob, st E
FuA &6 AR, (EHERIE B AR E IR

A [F O RIHES A PR EHERR AL A, 2R
INER AT AERR B AR =R A I AURRJEE,  SNGR A AT 42
FFEARRR A T AR 7o AF4E 2 2 (Rl s e 2T
de. THIRRIE IV AR5 A B I SR AR RO R
TR, AIEA MRS N s M, Hdr, gikergE
REMS Rl FrR A 4R Z TR FAEXS IZAK PRI R R Y
SEFRME, HIINE MBI IgE ¥ PR AEE T
2 BRI = AR A e fR RS R AT 4EERAESN IR R
BASRSE", FBUEHESE RS S,

2 ANSHtmYNEEREHER

21 HEZNSE

R[] 5% FY JE Rl e S ERAE T B S B RV L R
#f& Pirrmann 734, AN RIEAE ] 5 =5 2 55 ) SR A2 A
JEZ IS0, RIMER &R RN, AR SRR
FEghm o BT R A ] SR AE DA B A5
RPN F B EE 2T ARbRARNE . X6 F iR
RRGMNIE . Horh, FRFRZRRYK ST E RS MNEEL
PREOHERATE T X6 A A BEI S S5 (] 25 9 R AR AR
fe, BERR B MR R ARk B R R G S
AR e 2 8 e T 25 v 8 O R 5000 22 o B AR IR

SRR

BFEYI M BRI, MR R X &
& (RPME[A B4 = B ST — MR K EREE) 72
ERRER (£1). HWEAFSNYIE ANFEMHFE S
(B EAEX R ROAE RS, A S5 AKIMEC3~CTHR
Birf 2 KR (C3~C4, 0.32-0.30=0.02; C4~C5,
0.29-0.28=0.01; C6~C7, 0.23-0.22=0.01); 5 A
HECS ZHgHE T1 BT A28 (C5~C6, 0.25-0.25=
0; C6~C7, 024-023=0.01; C7~T1, 0.27-0.26=
0.01); ¥ (C5~C6, 0.25-0.23=0.02) FI4i¥ (C6~
C7. 0.23-0.21=0.02) #J8& HfE—bHEE &S5 AR
Bk, Zfa, HREIMMETIZFITI3, HARK (0.26)
M5 A (0.29) £ix (0.29-0.26=0.03).
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Table 1 Comparison of relative height values of intervertebral discs in the cervical, thoracic, and lumbar segments

between humans and other animals

BB AH(n=20 ~ 615) KER(n=8) ¥ (n=7~14) #7¥(n=10) m
Level Human Kangaroo Sheep Pig (n=5-19)
Rat
C2=C3E 0.29 = 0.12 = =
C3-~C4 0.30 - 0.15 0.24 0.32
C4=E5 0.29 0.21 0.16 0.25 0.28
C5~C6 0.25 0.25 0.17 0.23 0.21
C&~=C7 0.23 0.24 0.21 0.20 0.22
C7~T 0.26 0.27 0.20 0.14 0.51
T1~T2 0.31 0.19 0.19 0N =
T2~T3 0.30 0.14 0.13 0.14 -
T3~T4 0.22 0.16 0.1 0.13 -
T4~T5 0.21 0.15 0.1 0.13 -
T8 =16 0.19 0N 0.10 0.12 -
T6~T7 0.22 0.1 0n 0.10 -
T7~T8 0.26 0.13 0.1 0.1 =
T8~T9 0.25 0.14 0n 0N -
T9~T10 0.31 0.15 0.01 0.09 -
T10 ~ T11 0.28 0.18 0.1 0.1 -
T11~T12 0.37 0.22 0n 0.09 =
T12~T13 0.29 0.26 0.12 0n -
T13 ~T14/L1 / 0.28 0.13 0.10 =
T14~T15 / / / 0.12 /
T15 = L1 / / / 0.12 /
L1~L2 0.41 0.27 0.13 0. 0.17
L2~13 0.43 0.25 0.12 0.12 0.17
L3~L4 0.49 0.23 0.12 0.1 0.17
L4~L5 0.60 0.24 0n 0.1 0.19
L5~L6 0.61 0.26 0n 0.12 0.16
L6~ L7/S1 / 0.41 0.1 0.12 /
L7 ~S1 / / - / /
F REPHIENRENEDESENSEMN/ENERKE. C, M, T, 19, L, B, S, . " RFXXHE, /" %X

&S ARG FRTS ALY MO ERER.

Note: All the data were obtained from measurements of anterior disc heights and anterior/vertebral body length. C, cervical vertebrae; T,

thoracic vertebrae; L, lumbar vertebrae; S, sacral vertebrae.
indicates values closest to corresponding human index.
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Table 2 Comparison of lumbar intervertebral disc morphology between humans and other animals

- sy BE/MEORE PORE/EORE  ERER/AEEEER SAXSHNFEIRE/%
Speiies :eﬁvl; Height/ lateral ~ Anteroposterior width/  Nucleus pulposus  Average deviation from
width lateral width area/ disc area human parameters/%
AZ(n=3) Human L4~L5 0.20 0.67 0.28 -

% (n=3) Rabbit L4~ L5 0.1 0.52 0.25 26.00
§.(n=3) Rat L4~1L5 0.16 0.75 0.25 15.00
/&R (n=3) Mouse L3~L4 0.17 0.67 0.18 12.00
AE(n=3) Rat CA10 ~ CAT1 0.29 1.07 0.37 46.00
/N (n=3) Mouse CA9 ~ CA10 0.20 1.08 0.30 18.00

L, BB CA, R ARBUBRRTSEM 7

Note: L, lumbar vetebra; CA, caudal vertebra. The data in the table were compiled from the reference'.

%3 ASEHEtmYAES EHa2 RS LRSI R

]

Table 3 Comparison of characteristics of partial lumbar intervertebral disc cartilage endplates between humans and

other animals

(X£s)
FHX BEX
Central area Edge area
. RIBFHEE . o RIBFHE
w s ggmme BEAE @R REARE
=4 MM = =
X ) EE/mm = HHIE BE/mm mm?’ fit
Species  Level . Cellular Collagen . Collagen
Thickness/ . Collagen . Thickness/ Cellular Collagen .
density/ T fiber ) o fiber
mm distribution . mm density/ distribution .
mm? diameter/ diameter/
feature mm?’ feature
nm nm
AZ(n=5) L1~L5 855.58+24.37" 259.00+31.00" 47 HEF), 57.18+17.11 938.31+108.44 203.00+36.00 F {7 #HE%FI, 67.58+30.48
Human B[t UN BN
¥%(n=8) L2 ~ L6 304.80+17.47" 605.00+¢132.00" fHE 4 4%, 57.53+24.10° 279.24+27.72 409.00:67.00 Y47 HEF), 63.46+19.05
Pig R R R
%(n=8) L3~L7 6941:9.79  991.00:+200.00 BREmMKFF 60.83+18.64~  73.81:11.27 868.00+192.00 BBEREFH  77.06+21.92
Rabbit REEL REREL
KE(n=8) L2~L5 288.96+49.00" 603.00+93.00" MIKZZHA 45.06+8.98" 209.10+18.16  762.00+81.00 MIRIZLH 107.25+42.74
Rat
BN BELRPOMLBEXESHLLE, "'P<0.05, "P<0.01, REHIERFEFSEH

Note.Comparlson of parameters in the central and peripheral regions of cartilaginous endplate of each species, "P<0.05; ~P<0.01. The data

in the table were compiled from the reference?”.

3 ASHtHYMNERRZBRERNER

31 HERBERBERMAL

ARz ] R ) 2 1R AR R B H AN ) ) I ARE
Ko ANFSHMEMRIEHRAT 5 A& ROMER] &% H & T 3056
FOREHD : Fg e al MR HERFEW, KRB/

100 B0 o i R AR A (1] 4 5t R S A 2R R
b B9 NZSIRASHE ] MR S AR AR AR R —,

T 164 26 45 450 4 B0 2000 2 DR 2
g 1,

3.2 HHRBEPRBLIRHETL

NE 5 HAB S YIME A R A A AR (B AR —
2, BlansRs & B JEE AR RN R B8 R R
> B SRR R R S BRI, RFEA S
B, 7J</\1"15ﬂ§|3¢155 ) A 1R A8 AT AR R 28R
RN E E AR, 1B S AN A RN, MERIER
A Y () B L iR < B AR H 8 (matrix metalloproteinase,
MMP) -1, MMP-3, MMP-10. {83 R%EE F (tumor
necrosis factor, TNF) —o. F4HIE/ T2 (interleukin, 11,) -6
SRR TEA B B AR AR A Rt E



Apr. 2024, 44(2)

SIS SELIRES Laboratory Animal and Comparative Medicine

197

F4 ASHtapMERAEHREERD EARE KD SEMLKR

Table 4 Comparison of collagen, glycosaminoglycan, and water content in intervertebral discs between humans and other animals
(Xts)

BREEH S/ (wgmg”)
Collagen content /(pg-mg™)

BERREAL/ (ngmg))
GAG content/(ugmg™)

BIKE/%

Water content/%

i BB {z " FHIRAER FHIRIMNED " FHIRNER  FHIRIMED " FHINER FHIRINED
) BEtZ B8z BEZ
Species Level Inner Outer Inner Outer Inner Outer
Nucleus Nucleus Nucleus
annulus annulus annulus annulus annulus annulus
pulposus . . pulposus . . pulposus .
fibrosus fibrosus fibrosus fibrosus fibrosus fibrosus
AZ(n=3) L3~L4 156+40 479+30 102.6+18.9 - - - - - -
Human L4~L5 - - - 466.0+205.0 377.0+¢185.0 161.0+£31.9 81.0£3.0 80.0+2.0 72.0£3.0
¥%(n=5) L1~L2 58:29 108.7+6.4" 122.4+228  379.0+160.0 150.0+19.7°  71.8+135 83.0:2.0 69.0£3.0° 59.0£2.0°
Pig
W=*E(n=5) L4~L5 185+5.8 26.4+15.7 52.7413.9"
Goat
B¢ (n=5) L3~L4 19.2¢10.6 66.8«11.1 106.9+18.4 547.0+69.5 260.0+55.5" 122.0+32.6 75.0+3.0 66.0£3.0° 57.0+3.0°
Sheep
%(n=5) L4~L5 - 34.0£17.2 77.9+19.2 579.0£158.0 372.0+£132.0 160.0£102.0 82.0+5.0 73.0+¢5.0 62.0+9.0°
Rabbit
KE(n=5) L3~L4 - 384.0£108.0 165.0:27.9°  47.1+10.9° 82.0+¢9.0 71.0:9.0° 65.0+3.0
Rat

i SAESHLR, P<0.05, "P<0.001;

Note: Comparison with human parameters,

references %,

ARptE, NREMERE B ZARE & TR AARANER
FERMEERN, WEERIILRILAEZREZ, |
i, BRThEARESERE S, BEMERE,
BIRES T B NRIERE RSN — B, W
EMEEERE, 2728 b, miiREs
BEASE R 8 TEAHRBE R (PR )
N, NZRIEMER] S AR R R R T/ N, IB B
A HYFLIR B AN, B AR B B AN I AR
M//[\ [38739]0
33 HEAREBEPIEZIIZN

A R, ARBERZ T B BCE AT AU
BRI, BRAMRAFER W SRS R
AMREIT AR, &AMRIER KRR RAEHERE
SRR EEARANE Y, I PEREBE LT
Hetl, WRIEEAGERED, R [ BRI,
1% 57 HE PR & (R L BRASR )0 7R ) 45 IR AR
H, BERAEEERERAE, R W, REE
AR S BETLZ AR,
3.4 (EERETPFHEIFHIZTMN

MEMR A A PR ME 7RG LA B AR ERALT
HEIAN, FEHEERAERIEEEE, £EFEN

- RERLHIE. AREBEBRRETSE XM P2,
"P<0.05, "P<0.001; "-"

indicates no data. The data in the table were compiled from the
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HAT, HERIEIR AR 5T B SLAe 0 2 e e o
2k, FEEVDE. NEARER. DERE—F B &I
(A SR AR/ NEIZN, 4 F R I I 6 K L Ak A 2R
¥, BEMERIF ML A A A (AT R AR A I AR B2
Ao, T AEE (tuberous sclerosis complex 1,
TSC1) FHEMFR/NR B B a5 WA iR
E H (secreted protein acidic and rich in cysteine,
SPARC) EEIRIEERR/INER B0 SMAT f /N B0 TS
ZHEAEARKRKEF 1 24 (insulin-like growth factor 1
receptor, IGFIR) *~/INER B0 th B RAEST Al DAME R Ak ]
RS, Hep, TSC1 BRI/ F AL E
WK, 729 FRRIHERI IR ™, i SM/J & &/
FRAE 4 JEI e I 5t C 4T HH A IR SR AT 2R A

e ) B 1R A SR AL B IS 15 TR AL S I BLIE A
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o (1) YIBR/NEL BT EOR R B S LRI
SRR RE, 1A 5 A] EEME A ER A AEIR,
G T RTHERIR A ERAER G (2) AN P AIRER 1 i
A, IR AFAEEA SR, BLLARABUR BB,
R YR PR BE G N, IE T SUMERTIR AL, (H2AR
=B s, TRITER M EITERN BT
SUE AOH2E)),  REHERORE T 25 e Lol e Y, T
HOZ RIS GE ELAFE MR AR IS UL (3) DIFRAKHR
BAE, BIARESARPIRES, dahhm R
ZMER, LRGSR L1 5 (4) I EGREE E
R TS RIS 7, SIS EHA T
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/NERERUMIBRES, SRSk A EHRITEIBEZ L (), Hep
Fo LKA R B FEF AR 2] 10 (7) a4
PR TR R T R 5 AR AR IRABE 77 1 1) BRORRR R T AR 4
RPN YD R AR b ] R E P A S )
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fareh, B ENRS, B SERE AR £,
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RIBHEAEASTYIR RS E (), FARA S
ik, BEZAMI R . USRS S RN G M A AR A
A, AR AR T kg Y om
U ReEE A B T &,

5 Fie5RE

BT NG HAS MR SR BRSO EREE R,
FRH DA —Z R A [ SR AL S A 2 AR
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[ABSTRACT]
laboratory animal institutions in Hunan Province, identify management shortcomings, and provide targeted

Objective This study aimed to investigate the current status of biosafety management in

recommendations for improvement. Methods A questionnaire survey was conducted in July 2023 among
40 laboratory animal institutions in Hunan Province, covering topics such as the establishment of
laboratory management system and its overall operation status, emergency management for incidents,
medical waste disposal, animal transportation, personnel practitioner management, environmental
disinfection, and equipment maintenance. The awareness of biosafety, animal bite incidents, and
vaccination history was surveyed from at least one animal feeder or experimental operation practitioner
from each institution, totaling 50 practitioners. Through literature review and comparative analysis, this
paper analyzed the current status of biosafety management in production, transportation, and use of
laboratory animals in Hunan Province from aspects such as biosafety management systems, personnel
training, disinfection of environmental facilities and waste disposal, and provided recommendations.
Results Among the 40 laboratory animal institutions in Hunan Province, 39 institutions (97.5%) had
established laboratory management systems, 37 (92.5%) had emergency response plans for incidents of to
transport laboratory animals, 15 (37.5%) had complete records of emergency drills for laboratory animal
biosafety, and 39 (97.5%) had established protocols for carcass and waste management. Moreover, 26
institutions (65.0%) had laboratory biosafety risk assessment reports. 4 out of 8 (50.0%) production units
had emergency plans for animal transportation, with 7 (87.5%) using special vehicles to transport laboratory
animals. 2 (4.0%) of the 50 practitioners were unaware of emergency response plans, 6 participants (12.0%)
did not consistently wear personal protective equipment, and 38 participants (76.0%) had been bitten or
scratched by laboratory animals. The results of the survey showed that emergency management,
transportation management and personnel management of laboratory animal incidents still need
improvement in Hunan Province. Relevant functional departments should strengthen supervision and
management efforts, establish local regulations for the transportation management of laboratory animals,
ensure strict compliance with relevant documents, conduct emergency drills in all units, and strengthen
training for practitioners. Conclusion While daily management practices in the 40 laboratory animal
institutions in Hunan Province are generally satisfactory, there remains a need for further improvement in
emergency management, transportation management, personnel management, etc. Gradually enhancing
the level of laboratory animal safety management is essential to collectively safeguard public health safety.
[Key words] Laboratory animals; Biosafety; Safety management; Hunan Province
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Table 1 Survey results of biosafety management in laboratory animal institutions

[n(%)]
REBMMRSD RIStk
Classified by types Classified by types

EERE of institutions of licenses ait
Survey contents EMES BR/H ERE QERN LD BEEY

27 B B0 Bl e @Ewe )

(n=21) (n=11) (n=8) (n=32) (n=5) fi2(n=3)
IR X B AR R (EALEE (SOP) 20(95.2) 11(100.0) 8(100.0) 32(100.0) 4(80.0) 3(100.0) 39 (97.5)
Establish management documents and standard operating

procedures (SOP)

BUATLIE (PA)LRMYRESHR DTN 18 (85.7) 11(100.0) 8(100.0) 30(93.8) 4(80.0) 3(100.0) 37(92.5)
Establish emergency response plans with laboratory animals
EXRMPEN RN IELICHE 7(33.3) 5(455) 3(375) 12(37.5) 1(20.0) 2(66.7) 15(37.5)
Laboratory animal biosafety emergency drill records
ELREEYZENEICR 12(57.1)  8(72.7) 8(100.0) 21(65.6) 4(80.0) 3(100.0) 28(70.0)
Records of laboratory biosafety inspections
BELREEYLZEXET LIRS 15(71.4)  8(72.7) 3(37.5) 23(71.9) 3(60.0) 0(0.0) 26 (65.0)
Laboratory biosafety risk assessment reports
NP SRIRIER 21(100.0) 11(100.0) 8(100.0) 32(100.0) 5(100.0) 3(100.0) 40 (100.0)

Laboratory animals with legitimate sources
BILIH P ARRIRNEFYEELEFIE
Establish management and disposal systems for laboratory animal

21(100.0) 10(90.9) 8(100.0) 31(96.9) 5(100.0) 3(100.0) 39 (97.5)

carcasses and wastes
LI sh ¥ M A RASIRIG (2 BRI 2R 20(95.2) 11(100.0) 8(100.0) 32(100.0) 4(80.0) 3(100.0) 39 (97.5)
Establish medical examination and health records for laboratory

animal practitioners
AR EHIE)IFISHR 18(85.7) 11(100.0) 8(100.0) 30(93.8) 4(80.0) 3(100.0) 37(92.5)
Personnel training records
BUMBREESHE
Establish environmental facilities disinfection system
BEXRE RSP IR SR 20(95.2) 11(100.0) 8(100.0) 31(96.9) 5(100.0) 3(100.0) 39(97.5)
Maintenance plan and records for high-pressure sterilization

21(100.0) 11(100.0) 8(100.0) 32(100.0) 5(100.0) 3(100.0) 40 (100.0)

equipment
SEXERERCR
High-pressure sterilization equipment usage records
BEEXEFRESHIEEESZEA 20(95.2) 11(100.0) 8(100.0) 32(100.0) 4(80.0) 3(100.0) 39 (97.5)
High-pressure sterilization equipment calibration certificate and

21(100.0) 11(100.0) 8(100.0) 32(100.0) 5(100.0) 3(100.0) 40 (100.0)

within the validity period
BEEXEFKNEYREVICK 19(90.4) 11(100.0) 8(100.0) 32(100.0) 3(60.0) 3(100.0) 38(95.0)
Sterilization efficiency monitoring records for high-pressure

sterilization equipment
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Table 2 Survey results on biosafety awareness among laboratory animal practitioners

[N=50, n(%)]

UEERES
Survey contents

= A\
TEFR
FEETR —RTE
TR
Know very  Know
Do not
well well
know

EAMREZR/ MR E LA ERENRAT AR E?

15(30.0) 33(66.0) 2(4.0)

Are you familiar with national/Hunan laws and regulations on laboratory animals and industry standards?

ERTBRIRINENNAEHEER?
Are you familiar with common zoonoses in laboratory animals?
RETBINNMSBRO=ERRE?

17 (34.0) 31(62.0) 2(4.0)

18 (36.0) 26 (52.0) 6 (12.0)

Are you familiar with the production of aerosols and their hazards in laboratory animals?

RRTRARUIRNY NSRRI ERF?

27 (54.0) 21(420) 2(4.0)

Are you familiar with the emergency plan or procedures for handling laboratory animals in your institution?

WA SRR ST A Bk IR (5 , R A AN B AN @R EE?

39 (78.0) 10(20.0) 1(2.0)

Do you know what to do if you are scratched or bitten by a laboratory animal?

WREEFTEFMEINREME/T B, BB DLIE?

25(50.0) 17(34.0) 8(16.0)

Do you know how to deal with the accidental spill/leakage/diffusion of medical waste?

EAMBEMEREEYH N NREIOLES?

28 (56.0) 17(34.0) 5 (10.0)

Are you familiar with the management of vector control in laboratory animal facilities?

MRELR YRR, 2B B ALLIE?
Do you know what to do if animals escape from the laboratory?

WERELRDPARANREAKRERT , 2E RGN IE?

25(50.0) 20 (40.0) 5(10.0)

25 (50.0) 20(40.0) 5(10.0)

Do you know what to do if a large number of laboratory animals die from unknown causes?
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[ABSTRACT]
the legalization and standardization of laboratory animal management. This article systematically reviews

Improving laboratory animal management system is one of the effective ways to promote

the relevant content and requirements of the latest laws, regulations, normative documents, and standards
formulated and promulgated by the state since 2019 regarding the management of experimental animals. It
also analyzes the current institutional framework in managing experimental animals in Sichuan Province
from four aspects: administrative management, quality assurance, biosafety, and local standards.
Furthermore, this article summarizes the existing problems and proposes corresponding policy
recommendations in a targeted manner, aiming to provide a reference for the formulation of robust
experimental animal management policies in Sichuan Province.

[Key words] Laboratory animals; Management policies; Policy recommendations; Sichuan Province
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[ABSTRACT] Science and technological advancements drive human progress, with laboratory animals
serving as essential resources for developments in life sciences and medicine. However, the waste
generated by these animals presents new challenges for urban management. Issues such as classification,
recycling, effective utilization, and biohazard elimination must be addressed, necessitating the
development of regulations, standards, and norms to keep pace with advancements. The construction of
quality management system is the foundation and framework for the management of inspection and
testing organizations. It should have strong operability and inspectability, enabling continuous
improvement of the management level and enhancing the stability of basic management. However, current
quality management systems often lack clarity in managing laboratory animal waste, including undefined
disposal processes for non-medical institutions, inaccurate waste classification, and inadequate disposal
methods for different waste categories. This paper addresses these challenges by identifying necessary
processes to be added or removed in the quality management system of National Institutes for Food and
Drug Control, developing effective SOPs, proposing practical measures to strengthen supervision and
management, and integrating 6S management principles into our quality management system. In
conclusion, effective management of laboratory animal waste should be centered on improving the quality
management system, emphasizing waste classification and management at the source, controlling

[E—{E&E] DWAM(1972—) , &, ML, EERIF ARAE: EFZRRFE, REEE, E-mail: maliyinglw@sina.com
[BEES T HO977—), &, |t , HRR  AREE: P FEESF. E-mail: wanghong@nifdc.org.cn. ORCID: 0009-0004-1402-6735



Apr. 2024, 44(2)

SIS SELIRES Laboratory Animal and Comparative Medicine 215

biological hazards, minimizing environmental pollution and promoting conditions for sustainable

development.

[Key words] Waste; Quality management; Laboratory animal; Inspection and testing organizations
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[ABSTRACT] Intelligent control systems can effectively assist in the construction and management of
laboratory animal facilities, improving operational efficiency, ensuring the reliability of animal experimental
results, and significantly saving human resources. The intelligent control system for laboratory animal
facilities at Shenzhen Institute for Drug Control was completed in April 2021. It includes an intelligent

management platform and an information management system for animal laboratories. The intelligent
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management platform regulates room environment parameters such as temperature, humidity, and
pressure through building equipment management system, controlling devices such as the Venturi valve,
electric air valve, electric water valve, and steam humidification valve. At the same time, various
environmental parameters are monitored online through the environmental monitoring system. The
laboratory’s intelligence is further enhanced by systems such as automatic lighting control, full HD video
monitoring, automatic access control and door system, independent ventilation and feeding, automatic
cleaning, automatic exhaust gas treatment, centralized gas supply, and real-time instrument parameter
monitoring. The information management system for animal laboratories integrates inspection, instrument
and equipment, personnel, documents, standard substances, reagents, inspection standards, books
records, scientific research management, relevant applications, quality management, and query statistics.
For animal experimentation, a management module has been developed to achieve a comprehensive
digitization of animal management. Furthermore, real-time collection and recording of data such as
balance calibration, sample quality, and animal weight are facilitated through electronic experimental
recording. In summary, the Animal Laboratory of Shenzhen Institute for Drug Control has extensively
utilized intelligent systems to achieve real-time online control and monitoring, improve efficiency, ensure
high-quality facility operation, and meet standard requirements. Smooth execution of all inspection and
research activities has been achieved over the past three years. This paper provides insights into the
construction, management, and operation of laboratory animal facilities at Shenzhen Institute for Drug
Control, offering guidance for the implementation of intelligent control in similar facilities across China.
[Key words] Laboratory animal facilities; Intelligent control; Informatization
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[ABSTRACT] Public cell culture platform is an important facility in laboratory animal facilities, providing
essential support for scientific research such as the development of animal tumor disease models and
transgenic animals. By establishing a public cell culture experimental platform, laboratory animal centers
can effectively integrate experimental animals and cell culture resources, optimizing the allocation of
scientific research resources to facilitate better research outcomes. The majority of cells cultured in these
platforms are used for animal experiments. Contamination or quality issues in these cells not only affect
experimental results but also jeopardize the health of experimental animals, potentially leading to microbial
infections and contamination of entire animal facilities. Therefore, public cell culture laboratories within
experimental animal facilities impose stricter quality control measures than conventional cell culture
rooms. This study takes the public cell culture platform at the Laboratory Animal Center of Shanghai Jiao
Tong University as a case study to discuss management experiences, focusing on facility maintenance and
management, personnel management and quality control of cell biological risk. The aim is to provide useful
reference for the management of public cell culture laboratories in experimental animal facilities and other
institutions.
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Table 1 Maintenance frequency of hardware facilities in cell culture laboratories of Laboratory Animal Center of Shanghai

Jiao Tong University

REHEFIE gix (SSS BA B=E B¥E BF
Maintenance projects Eachtime Daily Monthly  Perquarter Semiannually  Perannum
D 82§ Primary efficiency filter @ ®
A3 R ES Medium efficiency filter ®
BRI E LR High efficiency filter 3
& B I ERSMT Ultraviolet lamp in delivery window ) ®
¥ % £EHLIMNT Ultraviolet lamp in biosafety cabinet ) &)
R IE 7= 2= R 42 9MT Ultraviolet lamp in cell culture room ) ®
JETRE Airborne bacteria detection @
4 R¥ F42 7 Dust particle detection @

i OFE; OBREES; OFR, WRBELX2EETIEE,; @R,

Note: MOn; @Wipe disinfection; @Switch, ‘or according to the reminders displayed on the safety cabinet ; @Detection.
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Table 2 Frequency of cleaning and disinfection in cell culture laboratories of Laboratory Animal Center of Shanghai Jiao

Tong University
HEMmEE R [EFS =35 ==
Sterilized items or locations Each time Daily Weekly Monthly
L3I0 = &1 Laboratory countertop @3 D@
)% £ A Biosecurity countertop DB
X SR E&E Instrument operating table ©) DD
#RALE 7= = Cell culture room 00
{128 Delivery window 06 )
B %8 hiE Inlet and outlet buffer 060
7K F8 lcebox )
ZE b RIEFFFEANEB KK E Carbon dioxide incubator inside and water tray ®
EYIZR Storage shelf 00 ®)
fEH1E Locker 00 ®
i"J Door D@ ©)
1EEE Wall D@ @
KR Ceiling D@ )

E: ORIINEES, OBRES, OBRZHES, OREHES.

Note: (DUV disinfection; @Wipe disinfection; @Spray disinfection; @0Ozone disinfection.
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Table 3 Various methods of disinfection of laboratory items entering cell culture laboratories of Laboratory Animal Center

of Shanghai Jiao Tong University

hEEs MIEHES
TRYM SEXE Chemical disinfection Physical disinfection
Experimental item Autoclave RIGFH 75% ZB2IE R RN E+RE
Sporicide 75% alcohol UV+Ozone

B3R A3 @ Protective equipment

517 R Protective suits J

#E&E Slippers J J

12 Face masks’ J J

1§F Hats” J J

FEGloves J J
SCIG A& Laboratory supplies

#B4f7K Ultrapure water J

BT 4% Wiping paper J

/)& Centrifuge tubes J

4BAE Cell " J

#AAEITE#R Cell counting plates’ J J

M EEF#EH7 Cell culture consumables’ v J

MpEEE IRt R Cell culture reagents’ J J
%8812 % Instruments and equipment

R 2R Pipettors J J

¥ /\BI{Y 28 Precision small instruments J J

/(Y 28 Small instruments J J

ABI{Y 2. Large instruments J J

E MR,

Note: "Outer packing.
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