TN H L E ES

Shiyan Dongwu Yu Bijiao Yixue

WBT 19819 AEIF F£45% FE1H (R5E209H7) 2025 2 H 25 BithR
x & y
iR E {ﬁ
= B =
IR ERt RS EFRETIE
LIGSTREII L \ o
&= g TRt , REELH s AT R Rk
(CE Y SR ESE) SR Re T, B E A et e e 1
E e s
T SR BEREFESHHE
nEe S UHPLC- Q- MS S LS P2 53R R (R R 37
- TR, AL, B 4, FFFM, FFE 3
(CEFeshY 5 R R) FRiEER SHIH" /NGRS O E R AU
btk BigTERHE 35775 XNER, 42 B, S, BBE, B P, 13
ﬁf@j e RIFI IR G TYR K MC1R RS A5 Rk
Eemail: bjb30793657@163.com HARAR, B4, AP B, B4R, R B, KT 21
WUAE: http://www.slarc.org.cn/dwyx AERE S BEAR— M S R fE bR IR A B30 S S AE S 734
WEBARA FIRE, ¥R, R, BAE, WEER, KEY, LER,
Epﬁkf;jﬁé BREE, BEE, C B, F R, B 30
[
TR R 55 ETR A R A A&ty
£ 17
BigTRTIE TR FFUZAT RS [ VDR /INER R M7 A E i AT A AU R T R
Y EN AT RT WL
gmzﬁﬁi 4-T789 FEE, GAF, FIEF oreererereemreeriniennienteenttee e 37
(S SR ) Sk FEAR KLY T ALK TR
2012037 L?@ﬁ:jﬁ*&l‘% 3577% %j i-!(]‘;};] s 5 jzi ......................................................................... 47
HL: 021-50793657 I ES eI R D WG AR T2 0N 7 b AR Ebrid 2
*Eﬁi/\i EfER oMW, FRIAF, FREEPF e, 55
rE 1
{3H130.007%, 265 130,00 % HMTRBER 5753%
oh [ 4 O I 4 KR 4 S - ‘
ISSN 1674-5817 —E e R B LG R T S 0 B
CN 31-1954/Q B, BB, i, BB s 67
HR 12 7= A SEERARHCRT NTH /NSRRI STz A8 S50
AFRFERGRIUIT] A CC BY- Z'fifj%‘ ij]l& é ;‘ﬁ ;;El Lﬁ“ﬂjj Ve ;
NC_ND401‘¢J\-‘D\(O 2025{5‘3#&){<XUE]<<§ g , ,T_Z: , : 7[»21!") 3 g, 5 }] .................................. 7
B SRR A VAR S o I PR BD A PR ARSI PR E i/ N R B SE B 53 7
fe AR, manEs e | T BAE, 2k, SRR, X, R e 7
(A ERRTEEMSEENE) 2 | ana =i s
FoT, FREsEem e, | Seou A PIRNER EIE
AR Bl AT E e | SEIRsIYNIR R SR B RE IR RS R
RAFATIHZ 2 A0 LA o 3] dh, RS, (EEE, B, DT eeeeeeeeeneeenensseneseaeens 87



SR BN PR 2 A v\ P AR R O PR AR 5 S DAR R AR AR DR ]
PEAE, SRR, T B, BBE, B E e 2%
LEREFHARSHRENE

1R EEIYISEYe R G Meta ST HEHG A E M : GRADE J57ERISER 7%
B, AEF, FEE, FELH, A, HBERL, KUK, BRF, T R, BEB 101

SE=P3VR

NN 5

2] S PPN 112
b=
(LIS B SRR E D REZT (025 EERT) +oeeeeeeereeeerrerrmtmmiiiiiiiiiiiiiiiiiiiiiii s 117
ZE-FE-HRE
CLB BN 5 R R 2 Y e L R AR 2R D14 woveereerreemme s i 8
AT B EUBT SR I + oo eeevvmmmmmmnnsereetiiii P HIRE 2 51
(LIS T 5 e R ) 2025 AT AE T T L T cevvvvvereeeeermmmmmin it 29
L) 5 A BE ) I SCOPUS B FEEUASTE «vveevverersnrremmmteniten i 54
2025 A JR ICMIE 4R 0 T B ST P 2D H oo e eeeemmmmm i, 72
LB BN 5 L R 22 ) A S B B AR FAS B A ZS B <o oo 111
RIS E S BT E 2 Y L RASTHTT H «evveereeeeriiiii it 116
P PP PP PPN B B 1~7, 54 1~6, B =, FHIK

BHTFEEARSEL: CN 31-1954/Q%1981%b* K 16¥118*zh*P*¥ 30.00%¥2000%15% 2025-02
(BT IE TR, ST T AR5 75 IEHEAR 2251 J5 IE 2= 2 2 pro global 2%1] F5 IE4: % 2%1] F7 IE Capitolium 2 %))

FHRRERE WA

FHEBER  HoaeE  BE BRA BRCE RS TER e ERE
PR & OB B ok MER bk F O OF & MER
AP XEZ S MBEE O XGKAN REERR X ' BkE FER
s fERR O CREfR O E B fols ¥R O£ # ORE
= & F RET BEE B XX BEF OB B RS
T sKER sk % ABSE AR 3

FHRERE  KRE TS

FHSEHR  EER

FHBBREE  Eitte MER NIRRT SRR

FRLIRmR 0L B m UK LRR WEE
EZER

il
il
0

ik WA MK



LABORATORY ANIMAL AND
COMPARATIVE MEDICINE

Bimonthly

Established in September, 1981 Volume 45, Issue 1

February 25, 2025

Directed by
Shanghai Academy of Science and
Technology
Sponsored by
Shanghai Laboratory Animal Science
Association
Shanghai Laboratory Animal Research
Center
Edited by
Editorial Board of Laboratory Animal
and Comparative Medicine
Editor-in-Chief
WANG Jian
Executive Editor-in-Chief
WU Baojin
Published by
Editorial Office of Laboratory Animal
and Comparative Medicine
3577 Jinke Road, Pudong District,
Shanghai 201203, China
Tel: 0086-21-50793657
E-mail: bjb50793657@163.com
http:/[www.slarc.org.cn/dwyx
Managing Editor
ZHANG Junyan
Printed by
Shanghai Newcabo Business Printing
Co., Ltd.
Distributed by
Shanghai Postal Bureau of Press Issuing
Postal code: 4-789
Price
RMB 30.00 per issue
CSSN
ISSN 1674-5817
CN 31-1954/Q_
Copyright® 2025 by the Editorial
Office of Laboratory Animal
and Comparative Medicine.

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

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

Executive Editors for This Issue
ZHANG Junyan, DAI Jiejie

CONTENTS IN BRIEF

Development and Utilization of Laboratory Animal Resources
Analysis of Kidney Differential Metabolites and Hypoxia Adaptation Mechanism
of Plateau Pikas Based on UHPLC-QE-MS

HE Yuxin, BAI Zhenzhong, XUE Hua, GUO Zixu, CAO Xuefeng:««««-«sseeeeeeeeeee 3
Study on Cardiac Aging Phenotypes of SHIH™ Mice
LIU Rongle, CHENG Hao, SHANG Fusheng, CHANG Shufu, XU Ping-«+-+----- 13

Polymorphism and Tissue Expression Analysis of TYR and MC1R Genes in Guinea
Pigs with Different Coat-Color Phenotypes
TANG Yingen, FENG Yaxian, ZHONG Min, WEI Zhen, WANG Lie, LIU Diwen

Dynamic Monitoring and Correlation Analysis of General Body Indicators, Blood
Glucose, and Blood Lipid in Obese Cynomolgus Monkeys
WEI Yanye, SHEN Guo, ZHANG Pengfei, SHI Songping, HU Jiahao,
ZHANG Xuzhe, HUA Huiyuan, HUA Guanyang, LU Hongzheng, ZENG Yong,
JI Feng, WEI ZNUME] ¢reeereereserteettonttiittiiitiiiionetiieciicsttstssesstcsetssnsssnscsnss 30

Animal Models of Human Diseases
Establishment of an Intestinal Fibrosis Model Associated with Inflammatory Bowel
Disease in VDR Mice Induced by Helicobacter hepaticus Infection and
Mechanism Exploration
WU Zhihao, CAO Shuyang, ZHOU Zhengyu ««+««++s++sseesesseessessssiieiisniienisniiens 37
Research Progress on Human Ovarian Aging Using Non-Human Primates as
Laboratory Animals
XIAO Wenxian, LU Longbao ..................................................................... 47
Research Progress on Animal Models for Hernia Diseases and New Hernia Repair
Materials
FEI Bin, GUO Wenke’ GUO Jianping ......................................................... 55

Animal Experimental Techniques and Methods
Design of a Capture Stress-Free Marmoset Monkey Chair Device for Experiments
and Its Preliminary Application
XU Shengye, HUANG Junfeng, CHEN Yihang, CHANG Liangtang ««-«------«««-++ 67
Effects of Different Durations of Light Exposure on Body Weight and Learning
and Memory Abilities of NIH Mice
ZHANG Nan, LI Huaiyin, LIAN Xiaodi, WEI Juanpeng, GAO Ming «««-«eeeeeeeeee 73
A Case Study of Using Assisted Reproductive Technology to Rescue Genetically
Modified Mice with Reproductive Disorder Phenotypes
WANG Qiangian, TAO Sijue, WEI Zhen, JIN Huihui, LIU Ping, WANG Lie ------ 79



Facilities and Management for Laboratory Animals
Evaluation of Proficiency Validation Results for Air Change Rate Testing in Laboratory Animal Facilities
LIU Wei, ZHANG Xinyan, HOU Fengtian, XU ZhongKan, MA Liying-«««+--s++sssssesseressmtmniiimiiiiiiiisn 87
Exploration and Practice of Safe Access System Construction for Barrier Environment Facilities of Laboratory Animals:
A Case Study on Xianlin Campus of Nanjing University
HOU Dongxia, TIE Zuoxiu, LU Yong, NAN Panpan, BAQ Jig:«+++«+ssseesesseestertintiiiiitiiiiitiiiinit i 926

Guidelines for Comparative Medical Research and Reporting
Improving the Certainty of Evidence in Animal Experiment Systematic Review/Meta-Analysis: An Empirical Study of the
GRADE Method
LI Tengfei, ZHENG Qingyong, XU Jianguo, LI Yiyi, ZHOU Yongjia, XU Caihua, ZHANG Mingyue, TIAN Jiexiang,
WANG Gang’ TIAN JINNUT ceeeeoeeroecesecesertsettotetsietiettsettottseeserssertsssssssssssoserssssssssssssssetssssssssssssssesssssssssssssssssssasssnsss 101

i st st st i sk sk st sk sk sk sk ske sk sk sk sk sk sk sk sk st st st st sieosiesieosteostostost sk sk sk sk sk sk sk sk sk sk skosiosiosioiokokotkotototoskoskosk sk sk skoskoskoskoskoskoskoskoskokokoskokokokokokokokokokokokokokokoekokokokokokokok

A FIR AR A e i

o B A 55 31 SO (CSTPCD, B9 o [ R0 M LB )
B T AU H R

o 6 97 2RO 2

o 1

o 0 ) AR A

o 2 B 2 SRR

o 91 4 S BB A

o ] 25 R P 45 4 2048 A (CATCED) S5 983 1

o 2 1S L

B 77 7 B B DK TSR A o A B, %

T 2 Scopus %5 4% -

2% B (1 5 3CH ) (Chemical Abstracts)

ZEH (5 ) A H 7 7] 45 7 ) (Ulrichsweb Global Serials Directory)
2 1H 3 55 B £ ¥ B (EBSCOhost)

R ARk 5 A 4 #5245 50 0 XA (CAB Abstracts)

4 BRARE 5 # % FE (Global Health)

A Je ) 2 22 (1CT World of Journals)

B RN & ) ) 4 2 (ICT Master List)

Fi $4 FF R AR B F] B 3 (DOAJ)

WHO 75 K T 53 X 2 5 % 5] (WPRIM)



Feb. 2025, 45(1) LIS RIS L E S Laboratory Animal and Comparative Medicine 1

DOI:10.12300/j.issn.1674-5817.2025.018 - EfREHIT -

Preface by Editor-in-Chief
Mk, RrELHEsIvIH
R RUR R
DIPEE, ERH. BE 2024 45, AR TERALRST, BURGEISEE T 246
W 700 W HRITESS . N T BETFHEF BT S, ASFISOH 1 58 S a1 AU AS (115
%, IEEERANNIGEEMEE TN . I, FikE s ERsimr LR 12N “FhEJHL €
£2, S, BEFTESRa il S AR B A B A Rl %, LEEETTZIRsR
SCERHFEN B RRAR 1 R LR85 U DS R SR D sERTEI R £,  SE AP B i 5l 5
BAC PRI A ZR
N BRI ARSI, ATHIEAK BRI, FITE5IMIT, TRk
ST = SHHUEIERE b, GksmsmdRs. 4R, Hith Y 2R AR
PRFECk, Af%: BUMEPYZE AR E SR B A MBI RLR i (A it i s M ik
PEBIRIR BT YAIARE (2024 4E/R) ), NGBS IEIRL AR STRI B2 4E 1 BUII R
SHRIG ;. BHEF IR BRI (R Sege ™ posl . BRR. BRERSHLE), Sk 1 I
PSS BB IR B P I TS ) VZ BB HIETE 5%EMBRIRR ARRIVE, fFérhi
Pl 1 B MO VA B HE R R By (P S 36 5 LR R R 22 W 58 1 SO R Ya s o (2024 4
fR) ), BACRE— RS B Y SR LR BRSSO T AR A R, SRR,
B ST PRy i J b R PR AT IR B 235 o
iR E TR ), ATIZAFM AP E W, PESS SRR R ERIM . 75T B
W, e AT G R G T HE T, RS 7 BEM - AR, AR, RITE, b
MRBYE M 5 &, LEAS I ) DLEER il RESEEAE SRARBE I S R, #E 24 Bl 5% . 2024
SEIEHE ¥ B — R 0 B AL S8 NS, S RTE 2 PR s R IR AAR R . ik
Bb, N20244: 10 HR2, st ARSI nl s b A AT R 5 kA T SR I i e, &5
R R R B S — bR AT (digital object unique identifier, DOI), A%
FBORUH TS0 L R IR S RO RRE , L A RS IR 9 24 A R A R BUA T
T Z MBI, 2024 AER)AFIPEED 1 1 8 MR BMBHIRFRG TR LR, XY
AV IR AR B RS . SIS RO P, SN2 a8 TVERNLESRE, BRIt
3R, B IBE . AFAERE L R B MBI, 2024 AR08, WA Y 7 4ok E K,
PEM HAFEZRMERRRZE, NTIRERREE R B F— i 25 TIRREE 1 Rk
S




LY SR ES Laboratory Animal and Comparative Medicine Feb. 2025, 45(1)

AT RS )y I3, A TR - 25 5 AR i T, HLESE 3 Ak “rh
Pr-RHHIFAGEALR TRSTH”; 257 b RREEBi b RS0 A bt 42 Sk 1 101 1 SR B
H, JHRIAE “hEPS R bl (T00]) S8 (RE) idsmH” (%S 8
HE-B5), IIFIE— 2 B8RRGSR B f it 7 SRR ISZ 1% 202541 H, ATFIH
Scopus B, WITIRZEARR. ShPIHHHE BEOSHHLE ] HRBOR SR 2R 21
[1:32C1

20244, ATGEIRG 7 EUPRE: “ANFPImai i PHIREE 7 e K I
“RFFZH”, RIRRATIR:H RN A @I ; 2023 42K M 1 fRgsid Ohfsiisr
ZRAESPIBL WTSEMEA) A 1 R BERRDTSE 280 3 (3 A PCR %58 )5 K M NE) #EF N
2024 45 ER AR BRIE X (SHMI50), X @AHEF TN SEERITINAT, R BIFAA
B, MEE 1 AR EGIH - EBURN AT R T 30 fFREUETS”, gk
LN “R =PI RIS g, X520 Mg S8 TAEN B3 KIS HE i
4 WA

JREL 20254, WATHMEL, el 20T “HNR” MRIMERG—F, W%
LMW ES TR 2. Hib, TSRS ELMEN T, BERIENM SR,
— TR AR, KORRIE % QB H, HEUE NS L RS RTHTSR
A, W HAE R, ik BB 2 HAREM S SR EARNE ; Rtk — S ™ #%
BRSO IN TAHREENI AR, WPk R — RS SCREARE S, nli, alfi
%, UVISERTFHUTIRNARBR, fGETIINRR SIS, RHRFEEI ISR, e gbiin
ANABIBN, s msaiEil. Jofesr TH BB, FrEiad 7T Sk Joi SR AR ik 55 fE
115 BB CMME SN IR ERERR S, B WA LR, Baiak, HERE,
Bl sl 38 )\ Jm e = 40um TAE, TR SRR A BT I HIRER

WEaAYiE, BA7800, 10—, FAIMGFREORT I . RAIFENEE, 57
KEH . B HERAMGRNBEFILE, ndEs) (ks s ) WG E K
F, HATEAEMERE . B, RREERZR R, S Rsh Yl U B Wit
WRHS TS SR s SRR S5 -5, IPUEBRIERHL BN E 5 GURTSRRE S
e B B A JA SR iR

£ (%), REE BT ER)
(202542 H, 5T L)



Feb. 2025, 45(1) LIS RIS L E S Laboratory Animal and Comparative Medicine 3

DOI:10.12300/j.issn.1674-5817.2024.095 - LR MEIRFRSTIA -

Development and Utilization of Laboratory Animal Resources

g, B, Bl BEHRAEFIH. AERTHFRBRFESREMBESE, YA EE
oMt K 5 N 25138 £ SE 0 i O W] 4, BN R AR T ROAE K ALY 2 B AL T
EZH LT N R R R G B R AR R E AU BT T, LR ORI, SRR AR AR . R R
AT A, AU R AR R R R N B A b 3 o AR s PR B Y 5 T 2R A S AL LA R
BT A 20194 25T H “FREHE S RIBMKEFHNBLHR T EEERTBEFKES
BB LB L AR E R REER, 20228 RAHEE AL BERRRAL TR
H; 202310 B R A S5 1“5 B 8488 B0 i vy RORRAE An & 16 5 AR A Ak ML B
AR F GG R F AR o SEF R EFE IR 25 3855 BT UK E i 2h ik & JE o 1) G6PD % A &
WAL R S ERR. BB R 4T, 2% (FFIERRIE ALY 5 EHRKAREM 3, LB —FH F 0 RR
SCLg 3. [ PIA% O FIIR 316 7 o

31 UHPLC-QE-MS A9 i Jat bl S8 5 22 e A G 7
B ARSI B

PR, adRE, B AR, BT W e
(. FlRFES L, 75 810001, 2. F i K4 %5 B4R 504 0, 7 5° 810001)

[BE] BN ZHESRREGIE-TRITEHEBEHNEMRE (ultra-high-performance liquid chromatography
coupled with quadrupole electrostatic field orbital trap-mass spectrometry, UHPLC-QE-MS) IE$Bat B9
WERVARAESRERERASREEENERHETHMNEENS. FiE BRESEEREHERANEZEERS
HXEK4360m (MDA) MBBEBIEEE AN TREEXEKR2900m (MYAH) AHNSEERESI0R, 2K
mEREMBER, ELAREREERELR, DHT—REBECEFUENRBEZS . EP—5o05
HABTORZESH, Z—MBoBTOLSSH, MRBoQNELER. SERFERPRENIRIGE, #H1T
UHPLC-QE-MS #3#7, i=AREIEZER S ST (principal component analysis, PCA) FIIEA{BgR/N_FH3I5
#r (orthogonal partial least squares discriminant analysis, OPLS-DA) Bz HEEHKEY, BidirgENTER
52 B EE (variable Importance in the projection, VIP) >1.5 BfZ#(Z (fold change, FC) >158¢ VIP>15 8
FC<1/15, FIBBEXEDIFAHE. ZREEESITXLUE. ESBERIRSEEMELES S ITERL SR
BHXESBE. £ MDASERRNLARITH. 8% RXE. RETEEFHREBEEESTMYH, m
MOEA. MARLLE. NEN_SMRESHETMYAH, XEXPFAFERNERERNRESHENEEBRES
8. 2EMHERXIRBOHFOPLS-DABRK R E/R, MDANMYAESREESHASYWESHEENRERN S H
(RY=0.930, @=0.655). IR@EFEIRE, HEHEBEEFELNEAR, FABKESERENSHECHYESR D FHE 46
N, BERMDAESERRNER “FEREBAEE. IRE. REK. EREH. HB/\ER. REEMMIFSEERIXK
FHEZEHS (VIP>15, P<0.05), ENGE. ARNESEXKEEEZ TR (VIP>15, P<0.05), HXES
BESNER, S8k SaRNEsaBEYEBREGRAFMEATF (P<0.05), MZEBRHMBEAENS
RBERENZREEZESE (P<005), &t FTEABSKSERREREFMHVSER. ZRARBHBABIEIES
55 ERREEEEEMHENE o

X SRES; SRRR; SiE; BENREEE-NRITRBIFMEMRE; (CHiBg
[PEISFES] Q95-33;R-332 [XEMFEBIA [XEHS]1674-5817(2025)01-0003-10

[BE2IE] S8R CRT SREIHAZ BEFRMNERE (K9924072)

[E—1EE] IR (1999—), &, MEMRE MRHT A BUESERREABMINHSRHGFR. E-mail: 2650279239@qg.coms ORCID:
0009-0004-5385-8905

[BfEEE] E2E01977—), 8,81 BER MEESH MRS 0 BEsSREREREMNHSRHFR. E-mail: 2002980001@ghu.edu.
cno ORCID:0000-0002-0612-4616



4 LIS S L E S Laboratory Animal and Comparative Medicine Feb. 2025, 45(1)

Analysis of Kidney Differential Metabolites and Hypoxia Adaptation
Mechanism of Plateau Pikas Based on UHPLC-QE-MS

HE Yuxin', BAl Zhenzhong'?, XUE Hua', GUO Zixu', CAO Xuefeng'?
(1. Medical College of Qinghai University, Xining 810001, China,; 2. High Altitude Medical Research Center, Qinghai
University, Xining 810001, China)

Correspondence to: CAO Xuefeng (ORCID: 0000-0002-0612-4616), E-mail: 2002980001@ghu.edu.cn

[ABSTRACT] Obijective To explore the potential mechanisms of hypoxic adaptive metabolic changes in
the kidneys of plateau pikas at different altitudes using non-targeted metabolomics analysis via ultra-high-
performance liquid chromatography coupled with quadrupole electrostatic field orbital trap-mass
spectrometry (UHPLC-QE-MS). Methods 10 plateau pikas were captured at an altitude of 4 360 m in
Xingxiuhai area, Maduo County, Guoluo Tibetan Autonomous Prefecture, Qinghai Province (MD group), and
10 plateau pikas were captured at an altitude of 2 900 m in Menyuan area, Haibei Tibetan Autonomous
Prefecture, Qinghai Province (MY group). After anesthesia, serum samples were collected, and kidney
samples were collected after euthanasia. General physiological and biochemical indicators were measured
and metabolomics analysis was performed. Part of the serum samples was used for hematology analysis,
another part for blood gas analysis, and the remaining part for biochemical indicator detection. Metabolites
were extracted from the kidney tissue samples and then analyzed using UHPLC-QE-MS. Differential
metabolites were analyzed using metabolomics principal component analysis (PCA) and orthogonal partial
least squares discriminant analysis (OPLS-DA), with screening criteria set as variable importance in
projection (VIP)>1.5 and fold change (FC)>1.5, or VIP>1.5 and FC<1/1.5. Correlation analysis heatmaps,
significance analysis volcano plots, signaling pathway recognition bubble charts, and rectangular graphs
were used for the analysis of differential metabolites and related signaling pathways. Results The red blood
cell count, glucose, urea nitrogen, uric acid, and homocysteine levels in the MD group plateau pikas were
higher than those in the MY group, while hemoglobin, hematocrit, creatinine, and carbon dioxide combining
power were lower than those in the MY group. This indicated a significant difference in the blood
oxygen-carrying capacity of plateau pikas at different altitudes. The principal component pattern
recognition analyses, and OPLS-DA permutation test showed that the kidney metabolites of the MD and
MY groups of plateau pikas had distinct clustering distributions (R?Y=0.930, @*=0.655). According to the
screening criteria and database comparison, 46 differential metabolites were identified in the kidneys of
plateau pikas at different altitudes. In the MD group of plateau pikas, the expression levels of bufadienolide,
adenosine, adenine, diosgenin, berberine chloride, carnosol, and astaxanthin were significantly increased
(VIP>1.5, P<0.05), while the levels of arachidonic acid, histamine, and coumarin were significantly decreased
(VIP>1.5, P<0.05). The analysis of related signaling pathways showed that the biosynthetic pathways of
valine, leucine, and isoleucine had the largest impact factors (P<0.05), while the biosynthetic pathways of
pantothenate and coenzyme A showed the most significant enrichment (P<0.05). Conclusion The
differential metabolites of amino acids, pantothenate, and coenzyme A pathways in the kidneys of plateau
pikas at different altitudes may be involved in the metabolic mechanisms of plateau pikas' hypoxia
adaptation in high-altitude environments.

[Key words] High-altitude hypoxia; Plateau pika; Kidney; UHPLC-QE-MS; Metabolic pathway
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MAERAH .
1.3 MERSEFEARRE

FrE i SRR TR S R ANFEE B HFIB R E
B/ veh S R 2 SR Lo A SEAG SR TR . $RIBARER LT
ERRBE 2G5, (H 8 mL/kg R IHE BT E ST R
JE TS SRR IM . MR FERSHE 2 h, RIEL
3 000 t/min. 4 CESLr10 min, WKEE BER, SREE
A-80 “CUKFE . i A B MR A SR B S EE S
TS & SRR S IRAE, SR 5 RaEUG M A
MHVETRAERTE, BEEHRE 280 *CUKEMRF. A
R AEIYLEE /T RE B IR FZEER ESRIAR
R BASHEHE (No. 2021-16), SZHEEIFRS
FEASENE (SLIRshPIEEA&E) Ml (E L shE
FESCHEAN) SERRTE S
1.4 —RREBERIBIFENE

SREMFHIM A = IR R ISR, —5aased
BT SO BELLAR L. AL 8 FVREE K 4l
FEEZS, B —E0s IS 0N E A RS &
Rl A0 57 B ok b 42 B sh AL A (ORI A 2 i &
B2, REZEASE. IEFEE. FAERERS . K

ke B EMER.

1.5 BHARBEAZSF
1.5.1 L ¥1REN

FREUH 4 e B e BB H 50 mg 5 A4 RE S,
A 1000 pLEZBE (FEE. ZIEMKEARFRE A 2:
201, HEL2-FRREIR 1 pe/mL) . WIEEAI30s;
MABNER, 45 Hz W EELL B 4 min, VK KIS op#E A
5 min, HE FIAPIR2~3IR, 20 CEE 1 h, A5
BREAE 4 ‘CEET 12 000 r/min B500 15 min, B ETE
T AR BRI, A REIIARE 55 B S
FERIR A AT (quality control, QC) A LA
G N i = St ot ba A R T E (Y & N ]
RSOGO A R T AT AT (5 S .
1.5.2 UHPLC-QE-MSE M #IELL B

fdi B 1290 UHPLC £ %5 ¥ 47 W AH 13 (liquid
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chromatography, LC) —H Bt IE B (tandem mass
spectrometry, MS/MS) 4347, f# A A UPLC HSS T3 1
A (2.1 mmx100 mm, 1.8 pm ) 5 Q Exactive &6
BRI ATRON 2 Lo FRENH A £L0.1% HIfRIK
VAN IER 71X, PAS mmol/L ZBRE KA
TR, WAIMEBNOHE. Vel EIRE: 0 min,
99%A, 1%B; 1 min, 99%A, 1%B; 8 min, 1%A,
99%B; 10 min, 1%A, 99%B; 10.1 min, 99%A, 1%
B; 12min, 99%A, 1% B, 1#40.5 mL/min,

£ LC/MS 2 56 12 B R # % 2 (information
dependent acquisition, I1DA) F E ffi |, {# A Q
Exactive JFiHE {GREXMS/MS ##& o Xcalibur 4.0.27 844
SRIEFRIE R M, BEIREFH & MS/MS Bk
BRI AE R, R  SE I oA 4 f I B MS Bidfg o [
B, HRSEHEE (electrospray ionization, ESI) JEZ%{
SR B SRS (Sheath) SimiE N 45 Arb, FHENR
7 (Aux) BN 1S Arb, FREEIBATEE (n/z) JEEN
70~1000, BAIERE 400 'C, RFHMS 73R K
70 000, MS/MS 73 #f # )y 17 500, Mg 75 %f bb Al it
(noise contrastive estimation, NCE) 5% chfilfif# G &k
20/40/60 eV, M55 HLE 73 5] 4 4.0 kv (IE) 8K
-3.6 kV (fi1),

fi# I ProteoWizard % 4 K5 ot 1% J& Uf £ 4f 2 K
mzXMLAE = PR MAPS B (XCMS A#%, 1.0k
A) MOREANERFE. BERA. IEFEa BRI, 1
XPFFETAC R, AR R BRI TE] . mi/z (ERTIEESE EE 2H
MEEEAMERE . DL UHPLC-QE-MS I & H1 b i B b A=
PIEZERCA R AT 7ER, FAHZ AR BN ER MS2
B et T RIS E
153 ERNHEYRIERIESERIR

B AN axiin (principal component analysis, PCA)
N E AR /N 3 H A 534 (orthogonal partial least
squares discriminant analysis, OPLS-DA) 1 JE{C 4
5 R RAERHIIER A&, HfgkIMZEREN
W, 7 AR N OPLS-DA 6785 — 32 a4 YA B 5%
SSEEEE (variable importance in the projection, VIP) >
1.5 HA58UE . (fold change, FC) > 1.5, (VIP> 1.5
H FC<1/1.5, %f ' ik AR 9 FF 7K 4% & HE AT PCAL
OPLS-DA AR EE—. B E s 1Y% s s Al
SIMTAI OPLS-DA B, HeatileE. Hrr, Eifft
ffefE FHRERE (RY) FonBiixf KA & Y /7524
fRRRFERE, RDAALRERS R Y 75 Z A9 ELH] ;. BUEE

B 0~1, [EREET 1, FoRiBixty ilER80R ek
Gfo [RIN TN E 224 (Q%) PHAGAEAINF & 1)
PGS, BB XIAE 8, i TR R
Z AN EEE ERTNtEGE . BUEEEDR 0~1, &
FRET 1, FORBAL TN A8 TR .

BRMHERESHRIE. ZREE S AL,
B S B IR BRI BRI 43 B T 22 AR i
MRS BB T EAHIC A B3 1] i it
EREFR RS ARSI , BERERR
Mo e . EARRFNOE S R 2k, Bk
R ME R KL B DI B B A, &
BRI, B S EME X B ERR
WY, SN EREETA E /e B, iz
YIRS A0 3 HA IR R . RIE RN = S
T GEREYITEER R ESEEE), Himgs
R AR NRRESENAEYEE, BGaRRPE
EE (BEBRERR PEBVN) . FIFHER R T
IG5 BE T, DUBESAFRER, S%E 7K
PAE YNGR, S A RIS R I Y &
FERE SR MEREASEEER, FRREENE
CERR S I ol 3 PR
1.6 HRitFERFE

{d1FH SPSS 27 BT 482453 » BRI A
B (xss) FooRo WHIAIZERIUBR I FEAR
A, P<0.05 NEFBZITFE Lo

2 £R

21 FEBKEEREN—RERELELR

A TE TR 4 360 m F112 900 m PR 2H /=5 )5 B SR AT
Rt A, RS, IREA. DEFFEZE R S
BESLSZFEEN (BP>0.05), MmIMLLEHRE.
MANREHEE . R AR S IEEEER (P<
0.05, 3R1), $&RAEETAFEVEGR A &R B g
MR EAFEHEER . HRMDAJRIRS
EEm T MY, MMLLEE. mA A A R
EEETIKRTMY A, BRMEREAE, SER
RAMRA SRR RN, AR R 587744
RLPAE o
22 FRSBKSERERNSHEABHMEMBPEN
RERDH

PCA. OPLS-DA DI EE—. E_ERIZ i
BB I 5145 47 1 OPLS-DA B #3645 52 L& 1,
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®1 FRBKSERRN—REEBEMEIFRILER

Table 1 Comparison of general physiological and
biochemical indicators of plateau pikas at
different altitudes

(x£8)
=] VD My tE P{E

Item MD group MY group tvalue Pvalue

(n=10) (n=10)

RBC C,,,/(10™%L7) 6.93+0.85 6.75+1.65 0.355 0.726
HGB p/(gL™") 116.36+7.39  141.40+21.45 -4.074 0.001
HCT /(%) 36.45+2.62 42.58+7.09 -2.985 0.007
GLU ¢/(mmol-L™) 6.07+3.66 5.84+2.51 0.177  0.861
BUN ¢/(mmol-L™) 7.48+4.01 5.89+3.00 1.054 0.305
Cr ¢/(pmol-L™) 21.55+£5.97 22.36+£8.65 -0.258 0.799
UA ¢/(pmol-L™) 45.09+21.90 24.27+1584 2555 0.019
CO,CP ¢/(mmol-L")  18.72+5.85 26.01£5.83 -2.928 0.008
HCY ¢/(umol-L™) 25.03+10.31  18.35#12.09 1393 0.179

i*: MD, RESBEREREEANEBZEEEBIXEKR4360m
MEERR; MY, RESEEEIEEEAMNIJEBX B 2900 m
MEERR. RBC, LAIEITE; HGB, MLEH; HCT, M4
tb&; GLU, B&E ¥, BUN, [RESE,; Cr, AEF; UA, RE;
COCP, ZHEMWIRETS; HCY, EE*Hralk.

Note: MD, plateau pikas from the Xingxiuhai area, Maduo County,
Guoluo Tibetan Autonomous Prefecture, Qinghai Province at an
altitude of 4 360 m; MY, plateau pikas from the Menyuan area,
Haibei Tibetan Autonomous Prefecture, Qinghai Province at an
altitude of 2 900 m. RBC, red blood cells; HGB, hemoglobin; HCT,
hematocrit; GLU, glucose; BUN, blood urea nitrogen; Cr,
creatinine; UA, uric acid; CO,CP, carbon dioxide combining power;
HCY, homocysteine.

PCA BRILG oy HUE B (B 1A) TR, k4 360 m
(MDZ) #12900 m (MY 4H) A4 5 5 S I AR R
FEARSEAE 2 D AFB I B E AR ARG
ST HUS BEX AR XIS ICHE R XAES, £H
WA Z AFE BB H A E B S Z R . PCAR
E (E1B) &R, FrAMEARGRS A QCHEAL
BARTE95% BRI IH] (BRART2ESHEE ., Hotelling's
T-squared ellipse) o OPLS-DA RIS SEUSE (K
1C) T7x, MDAIMY PR HUE 2 AR X, 2
RBBSA TR AEGXAR 2 DX, 4RE
7~ OPLS-DA =R AR R T PCA, OPLS-DA 158 &
Bukee (& 1D) HRY=0.930, 0°=0.655; Hrh, RY
eI 1, YRR BB R S R AR B Y LSS
P QMEDN0.655, WRAMRL AT DLERE i s g e v 2H A
ARZEZES. OPLS-DA BAIEHIGLS (K 1D) &
A, BRI 0 EE/N T B 0*E
(0.930 vs 0.840) , Q*AY[EIAZ 5\ R HIEFE N -0.61;

WG S OR B BB R, B Y R gk,
BENLSALR Q> 2 N R, RIFEZMERIER RIFRY
fafdlt, NMEESEIEIHS

23 FRABKEREERNSESRAHMER

UHPLC-QE-MS 7347 f5 . &4 2 LL X A1 OPLS-
DA gm0, A1V i B SR 1 B A ) 22
FaTAAN, B RR2, He, k4360 m
(MD#H) A5 SRR B A ) i i — I R R TN
JREF. PRIEERS . EIREE. ShER/NEER. SR EEAN
IR 2R F/KFEIHE & 1A 2 900 m 19 /5 i R R A
(MY4), VIP>1.5, P<0.05; [FRf, MD 455 R%
FRIEA DGR . AL SRS AT MY
40 (VIP>1.5, P<0.05),

24 FEABHRSERESERERAHIRIEXL
RIES B

o AN A P A e i B B 5 2 A R ) 7
1T Pearson fHIC A FOHL, F5RUBEERI (K 24),
B, AR RR AT L Z 2R, AREAL
B AR ARERNT RA B R A R BN, AL
BRREMR, HERRAER, JREFEMMHICHX
S TR . EAESSHENO~ 1, FUESEEN-1~0;
r S HEREET |, WARRMSCHAEE M, k2, r
Y HEREET 0, JEREFRRE R .

KE (E2B) A, G SRR RE, ##
AFRAEIZA T LS PRI FC (B 2 AR5
PAERFR R IR PAE (UL 10 A ERH XS AU 1450
B AR /IR FE OPLS-DA R VIP(E  (BTHUS K,
VIP{EBK) ; BUs e AERRARTRAS R, 2% b
WAL aRR, B VENREIEGR
™, FEEZEFRRILUEIRR,

WA AEE (E20) fEEE (K2D) &
N, HIEIR. SRR R e E R A G B e D
SR EEIE TR (P<0.05); {ZRREhFIHNE A
EVEBEREREERDE (P<0.05), #x Lk
BRI RES 5 R e AR v SR S AT
3 iTig

I R S AR I b BEER B A SRR . R
SRR SR T/ NG Y, Ea L Ry
A R B AL AL RIS R ™ IR 1Y & AR . A SR
s, AR S R R 23 I8 A (A R S Y 1 I e iR
5 7y SR R RIS T v i 35 300 B A R A
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D AREETBER4AOMSRES (MDE) WEFFBK2000mIIEEER (MYH) BERS ST (PCA) BESSHSE,; BA
EMHER (BIFEQCHER) NPCABDEEE. EA-BRELIFPCIFINLIRPCRRIDANERE—IRSME_IADBD, BAAENE
KERIEARNILKHH. CHMDEAN MY HBMERRERNTFRHZ S (OPLS-DA) OPLS-DAEBEBHHRE (ML IrRIMNEKRSES
B RBEAGDBEREE. MLIRRRERXRERDBLE, RREAERNERSSH). DAMDAX MYHOPLS-DARE SRS (X LEt1]P
MY ELNODBIRKEE—EZXIEMEERD; R?YV=0.930, @*=0.655)o

Note: A is the scatter plot of principal component analysis (PCA) model between MD group and MY group; B is the scatter plot obtained by
PCA for all samples (including QC samples). In the figure A and B, the horizontal axis (PC[1]) and the vertical axis (PC[2]) represent the
scores of the first and second principal components, respectively, and the color and shape of the scatter points indicate the experimental
grouping of the samples. C is the scatter plot of the orthogonal partial least squares discriminant analysis (OPLS-DA) model between MD
group and MY group (The horizontal axis represents the scores of the predictive principal components, reflecting the separation degree
between groups. The vertical axis represents the scores of the orthogonal principal components, reflecting the distribution of differences

within groups) ; D is the permutation test of the OPLS-DA model of MD group for MY group (X-axis (t[1]P) and Y-axis (t[1]O) represent

the principal components of the first and second regions, respectively. R2Y=0.93, @?=0.655).
El1 #BE KA GiE-MiR T 52 B I HE M ELE (UHPLC-QE-MS) S i A RSk SRR R A SIS A%

Figure 1 Ultra-high-performance liquid chromatography coupled with quadrupole electrostatic field orbital trap-mass

spectrometry (UHPLC-QE-MS) analysis of kidney metabolomics in plateau pikas at different altitudes

RBFHZRF IR G EL D . ARIFFRZEEAETE T 4 360 m
2900 miRIE R R R, SEHEEESREY, 7
TR H AT REAREEIE Ao (I OPLS-DA #5534
R, R EEAREIRIESLE R, B8 AR
JIFIRR M PCA BIHY 5 S [ th 2R BH R A AR AR ()47
TEHEER . G553RH, WA &R R R B IR N
SRR SRR SR N A A [F RO A P A

BT EiB R ES BRI, R R AL h s
B U AR O pnf i AR b i RN i
MHEEEE ST, RSB SRIS EEINE R TEAh,
e VA 1 T B SR Y PR BR /K S i ] BB S 1 M kS R
ALY 22 AE0C, AT AR Ve ARG =4 JR it
W%, PRERIEMEHEETEMER, R H
A ez AR ER . RS, PR AT
BRIF LA A, R IRIBIX A9 3R R, 30
e TS I W A 2R A IR R B RAME E R, X
=S AR EE N, SRR ST T R

e Ji R SR 52 B BRI S B SR H 08 R = i B 8
f BRI . ARIFFRE, ETETIEE
4360 m [ MD 4 = i el o 1B IR 2H 2R FR AR /K- 24 (2 3
KTATETER 2900 mEIMY 4., IREEBT &Y

SRS LR i BRI R O AR I RN o A SRR 2
e B RAR SN, MR E ACH e
= B, SRMIRE —#f2 (adenosine diphosphate, ADP)
FPRE =®EER (adenosine triphosphate, ATP) 75 BT
HMIMRERIERG ERRIREST, IMZHIREGERIA
BEANAT PR A AR LR A A B A A 2O RO AL
— T, RIS 2 AR R 1R A IR — B R
(adenosine monophosphate, AMP) 107, dy (A, MD
21 e Bl S B IR 5 T AT B2 L P RE A0 PR )0
Plz—,

ATHFUREL, MDA = R B B R 2R i e
HAER R/ NEER TG I (P<0.05) . EHiE HEA M
SR U FUSNGRAERE (L DA AR PEA
TER AL, EH R EET R 1, Ve
AN — A AR Y, —E A RES
S/NEERANEIA R, AR —PY0IE, AGRFIHMD
HEEA VGRS N R E R T MY A, mfeA
Jaia B ELAHT = IBR I T AR Y, BRI R
S AT REE I e AR UM R B OB TR TR A ME, B
AT-4ef A B AN EAEXEE .

BIFUEIR, FRBE R BB E I AT Kelch 1
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#£2 FRBHSFERENERAHNERSF

Table 2 Differential molecules of kidney metabolites in plateau pikas at different altitudes

48 ik MD B vs MY 22
Peak Metabolites MD group vs MY group
FXZ % Chinese name HEL English name RT/s VIP Pvalue FC

4217 R TIGRERAE Bufadienolide 302.521 2.841 0.046 1 216.417
3586 ERETRE Diosgenin 375.853 2.790 0.0000 23.644
2596 EhER/)\EERE Berberine chloride 448.647 1.684 0.0101 2.418
5668 JINT i ZELIL i Maleimide 157.759 2.051 0.003 3 2.275
6118 BRIZM Adenine 128.009 1.992 0.002 6 1.355
4040 78-FREHFEX 7,8-Dehydroastaxanthin 304.975 2.124 0.007 8 13.719
4168 WIREFE Benazeprilat 279.705 2.212 0.000 8 10.772
4196 fBEIEE-3,7,12,25-kME-3-E B #EREER  Cholestane-3,7,12,25-tetrol-3-glucuronide  273.513 2.149 0.0012 5.633
02N 7-Z2E8EFEXE 7-Ethoxycoumarin 261.173 1.795 0.0179 2.839
3212 1-FEREEAENMBRER H I 1-Stearoylglycerophosphoglycerol 412,530 1.586 0.0251 2.103
5578 2-BHEEINEIREMRERE 2-Methoxyacetaminophen sulfate 36.282 2.150 0.000 5 0.453
5294 HEIZEW Xanthosine 57.261 1.863 0.0077 0.448
5476 PUSEYIRK Tetrahydrobiopterin 42.319 1.632 0.0110 0.425
2896 NFEERRER Cryptopleurine 440.968 2.258 0.000 3 0.292
3198 IR”ER Canbidiolic acid 413.844 2.004 0.0127 0.284
5570 GDP-3,6-_fi&-D-F3L¥E GDP-3,6-dideoxy-D-galactose 36.317 1.735 0.0016 0.197
5501 1%E Gossypol 41.544 1.725 0.0193 0.160
4549 A-BEEEEERAE 4-Coumaroylshikimate 179.435 2.266 0.009 7 0.103
4596 KT &HH Syringin 169.451 2.374 0.0103 0.050
5805 5-O-FRE-EaE-lEE 5-O-Methyl-myo-inositol 33.358 2.543 0.0005 0.026
5001 ZEITER Sebacic acid 135.122 2.295 0.046 3 0.077
4671 FEDEA Samaderin A 163.209 1.535 0.0378 0.217
4717 3-BREEE 3-Dehydrogenase 157.505 2.158 0.0009 0.170
4514 WRIGEST Sulfallate 185.215 1.844 0.0490 0.190
5688 WWHIKFES Bitolterol 35.519 1.568 0.0011 0.271
5523 JHTE Nicotiamine 169.858 2.201 0.0001 0.454
7265 [MLiRFE Pyridarone 29.322 1.490 0.0195 0.401
3058 =HLAK Homocarnosine 412.238 1.966 0.006 3 0.390
3410 FIEBEE Aphidicolin 388.298 2133 0.0050 0.205
3101 MEHERE Abietate 408.903 2.373 0.0334 0.088
4573 H=FEHE Fraxin 174.802 1.098 0.034 3 0.085
3554 SZWHE Homodolicholide 380.038 1.667 0.0040 0.234
3984 ERE¥MEE Farnesylcysteine 328.343 2.148 0.0159 0.224

59 ZE& Pantothenic acid 157.754 2.460 0.0001 0.480
6640 1-BRERE 1-Methyladenosine 44.286 2.135 0.003 3 0.482
5674 L-ZERFEER L-Dihydroanticapsin 157.754 2510 0.000 1 0.463
3695 +/\IRIUIEER Stearidonic acid 359.953 2.698 0.0037 0.103
4631 6-REEAAERER 6-Deoxyjacareubin 237.103 2.310 0.0110 0.096
5940 BXIGEERR Isopentenyl diphosphate 142.170 2.771 0.0383 0.004
6407 HENYMBSIRE Artomunoxanthentrione epoxide 27.729 2.401 0.0000 0.249
5768 FESER Benzylpenicilloic acid 151.870 2.655 0.025 4 0.034
302 B=ak Isoleucine 71.954 1.669 0.0459 0.698
6496 L-GREER L-Valine 55.803 1.684 0.018 2 0.637
4165 REEM Carnosol 279.762 2.070 0.003 8 31.391

41 ENGER Arachidonic acid 466.526 1.614 0.0105 0.695
5711 HB% Histamine 35.217 1.740 0.0429 0.537

iE: MD, kEFBEREREZEEANEBZEEFEHXIBIR40MIISEESR; MY, RkEFBEBILEERE BN TREMX B 2900 miS
FER%. RT, (REEHE; VIP, TERTEEE; FC, FHZN, IRAIRYREENILE, Pvalue, MAZRREHNEE MR,
Note: MD, plateau pikas from the Xingxiuhai area, Maduo County, Guoluo Tibetan Autonomous Prefecture, Qinghai Province at an altitude
of 4360 m; MY, plateau pikas from the Menyuan area, Haibei Tibetan Autonomous Prefecture, Qinghai Province at an altitude of 2 900 m.
RT, median retention time; VIP, variable importance in projection; FC, fold change, the quantitative ratio of two groups of experimental
substances; Pvalue, probability of significance of different metabolites between the two groups.
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E: ABBXESITRAE (Corr AZERXERH); BAKXIWE (VIPAZERFEEE,; FCHEHENK, IPMARBNEENLE,; PER
MR EFAE N EZERER); CHBRIRFISIEE,; DABEIRAIEFE (GmBIEHBEEXSE,; PmBIERSE).

Note: A is correlation analysis heat map (Corr, correlation coefficients of variables) ; B is the volcano plot (VIP, variable importance in
projection; FC, fold change, the quantitative ratio of two groups of experimental substances; P value, probability of significance of
different metabolites between the two groups) ; C is the pathway recognition bubble chart; D is the path identification rectangular graph
(Gm, glycerophospholipid metabolism; Pm, purine metabolism).

B2 FRsREREENEEERAEMEXERERXBE

Figure 2 Correlation of kidney differential metabolites and related pathways in plateau pikas at different altitudes

ECHHHFXZEH1 (Kelch-like ECH=-associating protein 1, X A] BEZANHIT 7T H MD 24 /= R A Y B R L 7K (T
Keapl ) ZHEFE2HHREF 2 (nuclear factor erythroid ZimT MY B BYMESCHRRGE, IF5 &
2—related factor 2, Nrf2) /id Mo (antioxidant A vE Nef2, {2 Keapl SN2 iR 5, #HmmiEidF ARE
response element, ARE) {5 5HS@EBEmMAETEML  NMEERERSMADEPFEREFRE, AT &5 R RS
PR DR, (RARIISSERERAEAEN MNEEREREEG FEMRHR . Hassanein 5 U fff
RN, Keap1/Nrf2/ ARE #4750 (0 R 0 B0 FOREL, 17 FHEYRIEH S SR AT ALY AT I N2 5%
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T, BUfE T Keapl/ Nef2/ARE BEIEGE, M0 R HEHT
SEACRLIHRA AL o 2N 1B /NBRYE I 2R B M RN
N2 A S HL Z AR5 8 /N3l Bk 4 i T B 25
SO KRR, MD AL 4 K B KT MY
B, HEMMREEEAETE = 5 R R B IR 2P i H 32
s, SRR, B/ NBRI SR &>,
B /INERTEE 2 T o

MD 4 s J FRAR U BE IR IR IR S B R s T
MY 4, SR RN LAY TR0, B
AR, IR, REET . PlEPURR. A8, oi
OFIRAE AR 12, HElEER — IR IR B A]
RE ST = i B S ) W IR IR 73 A7, kT B3R B 7K O 2B
e, BRTARINARAMEXERE, DAE I HIE N
e AR R

B FE R s IR A 72 = R A AR 1B I vy [ 1 ML
GRS RY a2 7N (S I (NN =¥ {= big= J i - NE=¥iN
Hon, B2 58RNZMAGIER. BiEha RS
AR B 5615 2R G BRI 73l AERF IR s
RREOPAlE, FRScRe B IEAETEE . E RO R R
YITHEIRIRE . TZlREh (4EAZ BS) S HATAEYHiNE
AEBIEEN P EEE A, 2R HEE A BAT
A, TR A SRR IRE M. BB 2L S N 5
s A BB . B A BB TR T RE R A
TSR, AR B IEIE R e SRS T RO R,
(] P 35 P B R A P e T N R SR AR S 22K
B s AR 22 7 B AT R e TR R RIS R 5 Ji
IREARVRAEME RS, X T AN E A e i B O A3 R ATL
Hilf R EAEEE o

YEERERR (branched—chain amino acids, BCAAs)
AFEMEIR. REARMARmR, EEHREH. f
BEAMGESESHEGEEFEH. BMNEDE K
BRETEY AR EM RN ZERER, R
i fg R it f b, NEIR SR R AR (thiamine
pyrophosphate, TPP) Z5& T B AR 7)) Z B TPP,
53— 1ARRGE S, Wk o-oFR, AEEE—
FHI R RLAE R, BCAAs, BCAAs [R5 & [ Fié Bl
A AEREYIREG, HAERNG EZEES mTORES
IS VZERZ NG A R, AR
HERMAEY), (e AV & B AR R E
Fo %A Z 5UIERTRRE M. BRI = RIRTEEA
BN o

WEIR TR IR NI IRE . IRIERS . EHUEE

ERFR/NEERR . BRI S ZE AU, UIRAEE
Witz RS SRS, EEYERNARG IR
5 BCAAs FIFEE A B4V & BURRFER B,
i, AR AT eI AR YI AR, Ti%ERg
AENBR B AR S SRR IR & BUFE L, el gese
M _E A R A pl . B IR RO A= BRI
B2 Al ESZ 2 BCAAs FIHHRG A ARSI A2, ROy E AT
B S AH A A AR e (] 2= B E AL [R5 S5 T B
MIE 2, BCAAs FIHHES A HIAEYI & BRR S Bk
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[ABSTRACT]
Methods
mice (WT group) at different ages (10 and 24 weeks). Cardiac function was analyzed using a small animal in

Objective To investigate the spontaneous premature cardiac aging in SHJH™ mice.

A comparative study was conducted between SHJH" mice (SHJH™ group) and wild-type ICR

vivo ultrasound imaging system. After euthanasia, organs were collected and weighed to assess the extent
of cardiac atrophy. Cardiac pathological damage was observed using hematoxylin-eosin (HE) staining.
Cardiac fibrosis was analyzed using Masson staining. Myocardial cell area was analyzed after wheat germ
agglutinin (WGA) staining. The activities of oxidative damage indicators in myocardial tissue, including
superoxide dismutase (SOD), glutathione peroxidase (GPX), and catalase (CAT), as well as the content of
8-hydroxy-2'-deoxyguanosine (8-OHdG), were measured using enzyme-linked immunosorbent assay.
Real-time fluorescence quantitative PCR was used to measure the mRNA expression levels of factors
associated with inflammation, fibrosis, and oxidative stress. Colorimetric assay was used to measure
malondialdehyde (MDA) levels. Results Compared to WT group mice of the same age, 10-week-old mice in
the SHJH™ group showed no significant differences in stroke volume (SV), ejection fraction (EF), fractional
shortening (FS), or heart and lung weights. However, at 24 weeks of age, mice in the SHJH™ group had
significantly lower SV, EF, and FS values compared to mice of the same age in the WT group (P<0.05),
with no significant change in lung weight but a significant reduction in heart weight (P<0.05). Histological
analysis of heart tissue from 24-week-old mice revealed no significant difference in cardiac fibrosis levels
between SHJH™ and WT groups, but WGA staining showed a significant reduction in myocardial cell area in
mice in the SHJH™ group (P<0.05). PCR analysis revealed a significant downregulation of mRNA levels of
oxidative stress factors Sod2, Gpx1, and Cat genes (P<0.05). Biochemical assays indicated significantly
reduced activities of oxidative damage-related enzymes SOD, GPX, and CAT in myocardial tissue (P<0.05),
while the levels of oxidative damage markers 8-OHdG and MDA significantly increased (P<0.05).
Conclusion Mice in the SHJH™ group exhibit premature cardiac aging, which may be associated with
oxidative stress damage in myocardial tissue.

[Key words] SHJH™ mice; Cardiac aging; Oxidative damage
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PP REE U, IS R SE UG B W i 7R S BR A
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1.2 AR
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Mg H RN R AR EVRE G RAF . R KA
(P0128S) #1 Bradford £& H ¥k & I /& i 771 & (P0O006)
WE LA REMEARBEABERAE N
(malondialdehyde, MDA) & &AM F & (BC0025)
DL Kz #8 & AL W 055 AL il (superoxide dismutase, SOD) .
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Tewgit AR R R A IR A o
13 (UF|/RETE

e RN EERBEEE B RS
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Analytik Jena AG INT o
14 DREEREEN
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1.9 SEHIESE PCRIER B XEFRIXKE
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DNEORNEHL, RN TRIzol i FIFEEUCMFH 2
BARNA, F RT Master Mix i # & /2 55 5% £ B cDNA,
SR 5 LA cDNA Jgf6MR , L SERY 7% E & PCRIA A &
BEATARRI . H A DR 3% S A R 5% Al - Sod2.
Sod3. Gpxl FlCat, RKIEHEF B, 16, TnfFl Ccl2,
IR 7 TefBl. Collal F Acta2, DA NZE:
GAPDHIIS [ H W3R 1. PCR R 95 CHil
M N 5 min, 95 ‘CAEPERRFL10s, 60 CIRAKKRML
30s, W 3SIRIEIR, @2 2 it B EHNERE D
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110 FitZERHF
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Table 1 Primer sequences of target genes used for real-
time fluorescent quantitative PCR

BERETR 519 =5
Name of genes Sequence (5'—3")
Sod2 CAGACCTGCCTTACGACTATGG;
CTCGGTGGCGTTGAGATTGTT
Sod3 CCTTCTTGTTCTACGGCTTGC;
TCGCCTATCTTCTCAACCAGG
Gpx1 CCACCGTGTATGCCTTCTCC;
AGAGAGACGCGACATTCTCAAT
Cat GGAGGCGGGAACCCAATAG;
GTGTGCCATCTCGTCAGTGAA
Ing GCAACTGTTCCTGAACTCAACT;
ATCTTTTGGGGTCCGTCAACT
16 CCAAGAGGTGAGTGCTTCCC;
CTGTTGTTCAGACTCTCTCCCT
Tnf CACGCTCTTCTGTCTACTGAACTTC;
CTTGGTGGTTTGTGAGTGTGAGG
Cel? TAAAAACCTGGATCGGAACCAAA;
GCATTAGCTTCAGATTTACGGGT
TefB1 CCACCTGCAAGACCATCGAC;
CTGGCGAGCCTTAGTTTGGAC
Collal GCTCCTCTTAGGGGCCACT;
ATTGGGGACCCTTAGGCCAT
Acta2 GTCCCAGACATCAGGGAGTAA;

TCGGATACTTCAGCGTCAGGA
AGAAGGTGGTGAAGCAGGCATC;

CGAAGGTGGAAGAGTGGGAGTTG

i Sod?, kRRBEAIRNES2; Sod3, HAIKBENMIEL
f§3; Gpxl, AaERIENYER; Cat, SENKEEE; N3, BH
BAEI1B; 6, BHHAENEG; Tnf, MERTERETF; Ccl, EHKEA
¥ (C-CE) Bik2; Tgfpl, BIERRETFBI; Colal, 1B
FRal; Acta2, «-UIINEHER2; GAPDH, HIME-3-BERKS
[

Note: Sod2, superoxide dismutase 2; Sod3, superoxide
dismutase 3; Gpx1, glutathione peroxidase 1; Cat, catalase; /N,
interleukin 1 beta; /6, interleukin-6; Tnf, tumor necrosis factor;
Ccl2, chemokine (C-C motif) ligand 2; TgfBl, transforming
growth factor beta 1; Coflal, collagen, type I, alpha-1; Acta2,
actin alpha cardiac muscle 2; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase.

GAPDH

2 £#8

2.1 24 [F# SHIHNB RO INEERIE

10 JEHAF 24 AR PR AL/ INFRE/ NS Lo RE A AG:
MO THEEEE R 1A, DRSS R B, 10 AR
BIICR/ZNEL (WT4H) FSHIH" /NGRS BEFE AR
SV (F1B). EF (K 1C) FIFS (B 1D) Z[EI%E &
FZ25 ($1P>0.05); (H2EY4A%] 24 B #EHT, SHIH"
/NERAISV. EFFIFSEBIFERT WTAHICR /NG (3
P<0.05) o 10 JEIHFM 24 J& i B WT A1 SHIH" /] FRO i
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E: A, ZEPEFE; B~E, OYREFNEADRE: SERESE (S
BILLE (EV/AY). UIERZMEFERICR/NE (WTHH) fEAXIER, n=6;

V). SIS (EF). HESH (FS) M ZXMpiEMiReESalg

"P<0.05,

Note: A, Doppler ultrasound images; B to E, Intergroup comparison of cardiac function indicators: stroke volume (SV), ejection fraction

(EF), fractional shortening (FS), and the ratio of the early (E') to late (A") mitral inflow velocities (E'/A'). Wild-type ICR mice without

premature aging (WT group) were used as controls, n=6; "P<0.05.

B1 CREEAE AR R E RS SHIH /MR B O BETN B8

Figure 1 Cardiac ultrasound examination of SHJH" mice cardiac function at different ages

Boksheefafr E/A (F1E) Z AR EHEZER
(P>0.05),
2.2 24FE SHIH" MR E IO IEZESE

5wWr/NGAEEL, 10 E#F124 BB HY SH]H’"/J\%'B\
Fili it B 2R B K S B LR BB AR (P>0.05) ,
AT TR AL (BI2A); 10 FERES, WT /J\
S5 SHIHM /INGRA OO BE B/ B K BE R 2 [T Hh TG B
BER (P>0.05); {H2AF] 24 FER, SHIH" /MR
OB /R R LR A AR T 10 JE 68 SHIH /NERAT
24 JEIRE WT/INGR, (3 P<0.05), #2724 J&# SHIHY /INER,
CEHIIZEAES (E2B),
2.3 24 ¥ SHIH" 1)vER O B 40 B ARk 22

s 24 JES B9 WT /N AN SHIHY /NFRCMIE2H 2101 7

P PG (K3A), HAHE QLR BLLALAR T

ZIER A A Z R AT, Masson e g R R4 O LEF
HeREh IR EER, T WCA Jet TR ONE RS
EYIWCAERA B REL . ERBAMER,
SHIH" /NGB CAREF ALK 5 WT /N RZE R TS
FR (P>0.05, E3B), i SHIH" /N A AILAH A
HEFIEE/NT WT4L/NE (P<0.05, E3C),

A, REESE/REREIE; B, DVEEE/RBRKENE. L
FEZMEFERICRINR (WTA) fERNXIER, n=6, "P<0.05,
Note: A, Lung weight to tibia length ratio; B, Heart weight to
tibia length ratio. Wild-type ICR mice without premature aging (WT
group) were used as controls, n=6, "P<0.05.

B2 AREEA SHIH" MR OEES

Figure 2 Lung and heart weights of SHJH" mice at

different ages



18 LIS S L E S Laboratory Animal and Comparative Medicine

Feb. 2025, 45(1)

W 24 RS B9 WT /N FRUFT SHIHY /N B ITLAHL £ HE A T
SER G E B PCRIERRM, 255 I 5 WTAMEH,
SHIH" /NEROMEFR RAER F 1118 116 TnfF1 Cel2 FEA]
[ mRNA FA ARG KETZFEL (B P>005, E
3D), w24 JE# SHIH" NGO R AR & AR BH T RE
5wWralsgbk, SHIH" /NG E A A 4E A0 R TgfB1
Collal Fl Acta2 B[R mRNA FA KRS A & A G
Atk ($1P>0.05, KE3E), #2724 & SHIH" ZNGRL
I i A H B 2 O AR AR DR 73 TR
24 24RFEE SHIH" MR OIRARDPEAIRBIE
TR VIS

W 24 JES B9 WT /N FRUFT SHIHY /N B ITLAHL £ 1 T
SEIORYEE 8 PCRIERI, 455 &M : 5 WT/NRAE
. SHIH" /IO LA FR S ALRIIA F Sod2. Gpxl
1 Cat F: AT HY mRNA ZKSEBH E REAE (39 P<0.05) , T

Sod3 ) mRNA KA TEL (P>0.05, KE4A),

53 B 24 RS W RR /N F A LT YU HEFT ELISA /6
MAEHR: 5WT/NSAEEL, SHIHY NG ALAHR &L
A REETSOD (B4B). GPX ([&4C) FICATE
M (E4D) BT RRK (3 P<0.05), TiLHZ
AR ED 8-0HAG (K4E) FIMDA (& 4F) 7K
SEBHE A S (851 P<0.05)

3 wig

R REBATRENYEEL, DIERNHFTF %
HInERGEREHEA (ZES. EiES. &
RIS, X — 8 BIRREIE— RS LA B AR
¥, EHAREEERTAREE DY, BATEED
YIRS SN R FF & AR B AR R SRR SL 50301
feAd el (EHEAFAERHR. S, EEREE.

iF: A, HE. Masson f1WGA LB FXMEER; B, Masson 2EBEROMFLENLKESIT; C, WGALEEROH WGA RIEXMIBFF SER
SHfr; D, SERSKHEEPCR (RFQ-PCR) MO HABIES INB. 116, TnfFl CcR EEHI mRNA FRIAKFE; E, RFQ-PCRA&MCENAABH TgfB1.
CoNal#1 Acta2 B mMRNA RIAKF. UIEREZHHERICR/G (WTH) ERXE, n=6; SWTALLE, "P<0.05,

Note: A, Representative images of HE, Masson, and WGA staining; B, Statistical analysis of myocardial fibrosis levels shown by Masson

staining; C, Analysis of the area occupied by WGA-positive cells in myocardial tissue as shown by WGA staining; D, Real-time fluorescent
quantitative PCR (RFQ-PCR) measurement of mRNA expression levels of /8, /l6, Tnf, and Ccl2 in cardiomyocytes; E, RFQ-PCR
measurement of mMRNA expression levels of Tgf81, Coflal, and Acta? in cardiomyocytes. Wild-type ICR mice without premature aging (WT

group) were used as controls, n=6. Compared with the WT group, "P <0.05.

Bl 3 24 E#e SHIH"NRAY O I AR REMEXE FERKED

Figure 3 Analysis of cardiac histopathology and related factor transcriptional levels in 24-week-old SHJH" mice
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F: A, RT-PCRIGUE MW HEFBAUMENE (Sod) 2. Sod3. ABEHKIZENNE (Gpx) 1HITELEE (Cat) BIMRNAFRIAK
; B~D, ELISAE#G U SOD. GPX#I CATEM; E, ELISAZEIN - B E-2-HEASE (8-0OHIG) BEFRIA; F, ELISAEKRINFE &
(MDA) kF. LIIEBZ=RIFER ICRIE (WTH) {ERXIER, n=6, SWTALLE, 'P<0.05.

Note: A, RT-PCR was used to measure the mRNA expression levels of oxidative stress factors superoxide dismutase (Sod) 2, Sod3,
glutathione peroxidase (Gpx) 1, and catalase (Cat) ; Bto D, ELISA was used to determine the activities of SOD, GPX, and CAT; E, ELISA

was used to measure the expression level of 8-hydroxy-2'-deoxyguanosine (8-OHdG); F, ELISA was used to assess the level of malondialdehyde

(MDA). Wild-type ICR mice without premature aging (WT group) were used as controls, n=6.Compared withthe WT group, “P<0.05.

El 4 24 B# SHIH"NBRR U IRBRASHIRBEXEF o

Figure 4 Analysis of oxidative damage-related factors in cardiac tissue of 24-week-old SHJH™ mice
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EfA e, SERERFTEMKRS (T REESRLR) S0 F o, NEESLLIMHAT.
AR R E B TAE, 1998 4 I AWML K 5 5250 3 4 A 00 TAF o 1983 4F 2[5 RAL £ 28 0 19 9 1 1 47 19
“HEM e E LR T R BRI 3§ EFEWPREAT, TRBOREE TR,
#H 7 Zmu-LDHP B X R K BT dafl, JFR T EH A4 A B Zmu-1DHP 38 3 FK B d & B 24 3)
MALELAE S AR T LR RIS S0 R0, ARAF L AE RHBGE S R = 4 S i TR 52 5 3 R 2k BT R
Ko o LB T LA FE 1S, W E 1E) R 5208 3 M AT 1 5

AR BEB BN TYR Be MC1R 3L 2 &VE R H
Riksr b

WAL, B, Ah B, IOARS A OB, Nl

(L Wim i A A A, M % 314512, 2. #iiL K5 5:06 3 ¥ 7 o0, AL 310013)
[EE] B AEUERABRHRERBEEERE, REBBESEE (tyrosinase, TYR). BRERER1ZHA
(melanocortin 1receptor, MCIR) ERZSEUREMRNAEREKESERXRENXR. iz GEATEENZ
BRERS/R, KiBEESH8 (22R). % (22R) MR (1BR) 38, ERIFEIEXEHZNNERETR
RIEfE, EVEEPRZAR, 1REVAELFDNA, BERENRF, mNSHEKE TYR. MCIRERIINE FHIBF5 (coding
sequence, CDS) MIZ&M, RALHNXKNES PCRAZGNANEREREKELLFHI MRNARFIX, HMIRITH
HEASBKEBEECHNXR. £ ENRIEFIWCOSKEBARINEZETBREZESM (single nucleotide
polymorphism, SNP) fim, HERBEAHGCEIR. MIEHEERN TYRERZG/GERE,; Re (. 2) BKRX
G/GERE, SHNA/AR, DHAAGE; BEERNA/ARREMRSTECEKR. MCIREEIEFHE2760bp
FoltRE, mcH-BE,;, FREFAFICANERH. XBLEHEERNMCRERZ-/-EEE,; BEKERLI-/N
NE; BEBEEUNNAIE, -/NRZ. AEBEEN TREFEFEAKFIRS, TEERRE, BEEERES, B=
ELREEHESR (P005). HEBRBRWMCRERREAKTFFER, TECREEERINEESTHEER
(P<0.01), ZEBERXEZSTHEERE (P<0.05). &ie BB YRS MCORERMEREER. TYRERNG
ARTOESHBEEAN, MCORERMNMNSKEHINERHIRX.

[XBiE] BE;, BEESEYE; BARX; E6; BERE; EREERRRISH
[PEISFES] Q95-33; R-332 [XHEMTFEMBIA [XEHS]1674-5817(2025)01-0021-09

Polymorphism and Tissue Expression Analysis of TYR and MC1R Genes
in Guinea Pigs with Different Coat-Color Phenotypes

TANG Yingen', FENG Yaxian', ZHONG Min', WEI Zhen?, WANG Lie? LIU Diwen?
(1. Zhejiang Hongrun Biotechnology Co., Ltd., Tongxiang 314512, China; 2. Laboratory Animal Center, Zhejiang
University, Hangzhou 310013, China)

Correspondence to: LIU Diwen (ORCID:0000-0002-2921-4227), E-mail: liudiwen2004@163.com

[ABSTRACT] Objective To explore the polymorphism of tyrosinase (TYR) and melanocortin 1 receptor
(MC1R) genes and their mRNA expression levels in relation to coat-color phenotypes in guinea pigs,
providing genetic markers for locating dominant traits in guinea pigs. Methods A total of 57 self-bred
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ordinary-level guinea pigs were selected and divided into three groups based on coat color: white (n=22),
variegated (n=22) and black (n=13). The guinea pigs were euthanized with an overdose of pentobarbital
sodium via intraperitoneal injection. DNA was then extracted from the dorsal skin tissue. Polymorphism in
the coding sequence (CDS) of the exons of the TYR and MCI1R genes in each group was detected by cloning
and sequencing. The mRNA expression of the two genes in skin tissues was detected by real-time
fluorescent quantitative PCR to investigate the relationship between these genes and guinea pig coat
color. Results A single nucleotide polymorphism (SNP) site was found in the CDS region of TYRexon I,
where the base A was replaced by G. All white guinea pigs had the G/G genotype for TYR, while no
deep-colored (variegated and black) guinea pigs exhibited the G/G genotype for TYR. Most deep-colored
guinea pigs had the A/A genotype, and a few had A/G genotype. The A/A genotype frequency in black
guinea pigs was higher than in variegated guinea pigs. A 2 760 bp sequence deletion was identified in the
exon of the MCIR gene, marked as the - gene, with non-deleted samples marked as N gene. Most white
guinea pigs had the —/- genotype for MC1R, variegated guinea pigs mainly had the —-/N genotype, and black
guinea pigs mainly had the N/N genotype, with a few showing the -/N. The TYR gene expression level was
higher in white guinea pigs, lower in variegated guinea pigs, and intermediate in black guinea pigs, but
there was no significant difference among the three groups (P>0.05). The MCIR gene expression level in
white guinea pigs was extremely low, while both variegated and black guinea pigs showed significantly
higher levels than white guinea pigs (P<0.01). Black guinea pigs showed significantly higher levels than
variegated guinea pigs (P<0.05). Conclusion The TYR and MCIR genes synergistically regulate coat color
of guinea pigs. The G-site mutation in the TYR gene may lead to albinism, and the change of N-site in the
MC1R gene affects the depth of the coat color.

[Key words] Guinea pig; Gene polymorphism; Gene expression; Coat color; Tyrosinase; Melanocortin 1

receptor
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Figure1 White (A), variegated (B), and black (C) coat-color phenotypes of the guinea pigs
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RR037Q) H1SYBR Green 7%t /& & PCR 44 £} (Code
No. RR820Q) I H H 4 TaKaRa /A&, 2xHieff®PCR
TR (Yeasen 10157) WHEXAEMRIE, (L) B
MHERAT . DNA RG] BigDye3. 1. 53722 K
A B 7 (Hi-Di) H B % 1§ 5 35 E Applied
Biosystems NE), IR (shrimp alkaline phosphatase,
SAP) W H K [E Promega A H], SMIIEE Exo | 14 H 32
Epicentre A o 2720 %4 PCR AN 3730X 1L AL (3414
HZE[E Applied Biosystems A 6], CFX-96 %2 & PCR
MY, Gene Pluser Xcell B I GelDoe XR (170~
8170) HBIEEAZ G A B £ [E Bio-Rad AH], Nano-
Drop 734 H 16 B 25 Thermo A H] o
1.3 FZRRLHRENH

BN S AR W VT B2 245 K 7 31 W) S 56 Ak 7 R s
[SYXK (#7) 2021-0012] HIBKRIAIZR= T, SimEk
TREE, AHAHERE R 40% ~70% , ZIRARERE22 ~ 26 C,
BRI 12/12 he BHP)SEES 7T RAWNT FIEL K7L
KshERERME G SHEREE (IACUC-202305-
11) o BB K LS e A e E sh e
PR AR ORI T o FRECEEOARHT, Je &k
EL b 22 A PRI o] A BRI 722 SR 58, ARG BTBCH T HE
BH1LSs em BB, BT 2 mLilEW, Wi A
Ro FAAKERAZHARRGS, WET-85 CikiE
7o

1.4 DNA.RNAZEIK RNA R R

73 A F DNA #1RNA $2B0A &, F I 5 HEE
JK LR R ZH 21 DNA K2 RNA, 2R 5 HL JCRG: I L R i
e i I G st ) ks RNA SOE6 S cDNA, DUk 5 48
LIS E B PCREGIN ;. BB Ei R sl
#H1To
1.5 5|#¥git

7E£ NCBI | # F| K §, TYR. MCI1R £:[H ] DNA |+
Hl, EIEIMNETF (&5 CDS) FIESST NS Fo 1ECDS K
HS 51 _EFH Primer 5.0 855 14, i8R0 H
VRS E CDS, 1E TYR EF ) CDS [ Xt 2
X540, FECDS -V X 1A 5 [9). RIFELEAA
SRR MCIR BRI K 5k (£145 CDS K H
MFPFERLR ), FrDLZ RS 1 xR ok X 5 9
MCIR-F2fIMCIR-R2, [FIR7ERK XIS 156
S#IMCIR-FAIMCIR-R, #34 TYRFIMCIR ZF 5]
YIFFFI R 1, MCIR RS (ITEE R F] LRSS &AL
EREWE 2,

FAN, R TYR. MC1R 3:[F RNA 3
RERAF WIS, HERFR2,
1.6 MFESF TYRFIMCIREEZSE M

FIFHER 1 /R DNA 59, 4351 F PCR 48 3 1
FhIAR SRR IRZEZH R g TYR. MCIR B, HLIKAGNA
FWle RIGERFE LB RZREYIRHA RA T X #E 1Y
DNA Fr Be T, F Polyphred X {4 4347 5L [K] 45
M. BAZERZ SN (single nucleotide polymorphism,
SNP) ZAF (IS AE XI5
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X1 MFETE TYR.MCIREE HBFFIEISI

Table 1 Primers for amplifying the coding sequences of the TYRand MC1Rgenes

3 IS SIS (53 TRRERE P o

Primer name Primer sequence (5'to 3') Length of amplified Location
fragment/bp

TYR-1F1 GCTCAAACAGAGTTTGGAAGCA 534 SHEFI

TYR-1R1 AAACATGGGAGTTGATCCATTCTT

TYR-1F2 GAGTGTCCCAGAGAAGGATAAATTC 571 SHEFI

TYR-1R2 ATGAGGTGCTCTGTAAGGACAGATA

TYR-2F CCTGATTATTAGAAATCAAAGCTGGTAAC 382 SHEFI

TYR-2R AATTTAAACACAAAGTCAGGAGGAAA

TYR-3F TAGTCATTTGGACTTTTATCAGGTAAACTA 387 SEFI

TYR-3R AATCCTACCAACTGGGTAAATTAGCATA

TYR-4F ATATTATGTAGGGCACAATAGCATGAA 462 HEFIV

TYR-4R TAGAGATAACACTCTAGAAACATAAACTT

TYR-5F AAAAATTGAGATTTCCTTCTATTTCAG 365 SHEFV

TYR-5R GATCTTCACTGACAAACAGGGATT

MCI1R-F CACTCTTGGGACCCCTGGAT 1249 INEF

MCIR-R TTCCTGCTTTTTGGGGTCATACTC

MC1R-F2 CCCCGTGATAAACAGCACAATGG 3956 0r1196 SHEFI

MC1R-R2 TTGTGCCTCCTTTGCTTGTGTC

i BEXIEAREFY (CDS) K. WANESkZEAFEIRE
X (R&NMEET).

Note: Yellow area represents the coding sequence (CDS). The

sequence missing area is between two arrows (present in some

individuals).

E2 MCIREEMSIMEENE

Figure 2 Primer binding site of MC1R gene

17 ERRERE
Fik

¥4 H& SYBR Premix Ex Taq™ Il 2% € &= 7 &
B, BCH R BE9 ;. SYBR®Premix Ex Taq™ II

& PCR #:1l TYRFI MCIREH

2 PCRi&M TYR.MCIRERFRIXEMSIMFF

(2x) 10 pL, 20 pmol/L IE M 5[#1%% 1.0 nL, Rox
0.4 wL, cDNA i #g 1.0 pL., DEPC 4t /K 6.6 pL,
20 wLo FIWFEHINFE 2, A3 FE KRN
Bz BRZH 2H cDNA » ¥41% )R N & INE T2t & &
RNLH 8 BRI, FHSERT 28 5% /8 & PCR A 73 515G
TYR Je MCIR B:[A, [RIIN 1% & B-actin AZ, KEN
AR RN AT B . cDNA WK E I 2 1|
HiITH—H— 1. RN FM: HiEHs C
3min; 95 °C10s, 60 °C30s, 40 DMEKR, WfF L
M55 CHFiR, B30sFAm0.5 C, EHEI9S C, fHR
1R BT KRG S %k ABI StepOnePlus PCR Y
g, T5EREE (cycle threshold, Ct) {HiEM &
MRS &, &A= 222 EHMER
GEPOEIS =

Table 2 Primers for PCR detection of TYRand MC1R gene expression

TRBERKE/D .

SIEH BlEHI(5'—3") m RO B

. . Length of amplified .
Primer name Primer sequence (5’ to 3") Location

fragment/bp

TYR-F TGGAACAAGCACGTCAGATCTG 18 TYRRIB IV X1z
TYR-R AGCTGCTTTCTCTTGTGATGGC
MCIR-F TCGCCGTGGACCGCTATATCTC 132 MCIR4w3 75!
MCIR-R AGGTGATGAAGAGGGTGCTGGAG
B-actin-F TGTGGATCGGCGGCTCTATC 79 B-actin

B-actin-R GACTCATCGTACTCCTGCTTGC
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1.8 @RitZESIF

fiiFH Chromas 2. Primer 5 #1DNAman 9 {341 10
PSSR ([ Cervas 3.0 BRI A BRI RFOEL K]
RUSAR . fdi FH SPSS 22.0 KA HAT SR 3. 31 E
AR R TYR. MC1R BRI RIS A B 4%
T, AR RTRLR:, BERRIXE AT E
WEZEZOR, ARECRA R REERETTEZ0ir, AR
BR A LSD-t /56, P<0.05 FmE RA G F R .
fEF GraphPad Prism 9 HIVES -

2 #§

21 TYREREMIIEFCDSREEBFIISEN

FARER TYR BRI 80, AN+ 1 B9 CDS XS 1
NSNPAR R A, HARMERSEERUE3 R,
A] D% XIEEE 710 bp A & _EAHRRHEFAEALA (3A)
RAARMAMLAE G (E3B), ZARIR WK 3C, Fik
RHIKEEA/A. G/G. A/G =FplEEAL, JMEFI-V
) CDS XI TR o iz FHERER TYR B [AAY CDS 1 &
PR 273 DRERINTH, A SR TIANE AR R 5]
KNG 237 SR IR AL E HZ T gac RN gge, H
X R R AR IR D AN HER Go RAT ST A &&=
By W 4,
22 MCIRERKICDS FIlZ &t

I FR MC1R BER MG F CDS K 5500 511 A& BE
A ARE MCIR R 2B WS, A6 T2
603 260 bp F1606 019 bp fii &, Wigd iz Ak —E
DNA JF41], KEHN2760 bp, HAa4E CDS Xig,
FrERTER MCIRER ERELZ S, HiFARF
1] B B 5 SR 73 5 B e 1 DL 5

i EESGLIERFIINES.
Note: Vertical arrow indicates the sequence breakpoint.

El5 R MCIRERIMNE FiRFEXIHRIIEEE

F: ARDAABEGEE,; BAGGRELEE, CHAGHEE

(REESERIESTT).

Note: A, A/A Wild homozygous; B, G/G Mutant homozygous ;

C, A/G Heterozygous (green peak combined with black peak).

El3 KR TYRERINEF I RIBFSI XI%A SNP IZEE

Figure 3 Single nucleotide polymorphism (SNP) peak plot
in the coding sequence region of TYR gene exon

I in guinea pigs

4 FRTYREENEFIRBFIZEHENERAIER

=27
Figure 4 Amino acid sequences at the mutation point in
the coding sequence region of TYR gene exon |

in guinea pigs

[ 6 Fr T VK EISRAE T MCI1R JF5 B4, al A,
FIMCIR-F/R 5[4 $EBF A= RUREAGEISE] 1 249 bp
B (WkiB2), HPEERERPRICHIN, moBRIFEAR
NGBS HEY) (VB 1), HEEARARICN-, B3N
Ze &R FH MC1R-F2/R2 8|04 S0 87 A= RURE AR HE
5513956 bp MU BY (VKB S), TiRABRIFEAREY H
1196 bp BB (WkiE 4), WkiE 6 NZ &L=,
I, WiEsRAR R EEE AR AR D 2 760 bp B F B o

Figure 5 Peak plot of the deleted sequence region in the exon of MC1Rgene in guinea pigs
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L 4KEBR/RETEEE, 20 SIKBAN/NBFELTE, 3. 6

KEBA-/INFEE, 1. 2. 37KIERMCIRF/RSIHT 1B, 4. 5.

6KkiB A MCIR F2/R25 4% 1& 74D

Note: 1, 4 lanes are -/- Mutant homozygous type; 2, 5 lanes are N/

N Wild homozygous type; 3, 6 lanes are -/N Heterozygous type. 1,

2, 3 lanes are the amplification products of MCIR F/R primers; 4,

5, 6 lanes are amplification products of MC1R F2/R2 primers.

E6 BB MCIRERE PCRE=¥)mRXE

Figure 6 Electrophoretic map of PCR products of MC1R
gene in guinea pigs

2.3 TYREREMEREERERENE

e 3 BRI TYR B[R AE BBV S5 383, 7]
DA R B AT R R 0 B iR R 0 R 1 Zmu— 1
DHP [ £ B A G/G 3 A Y K G 35k [A] 930 R A /= ik
100%; DHP 7&K ER ) A/A BERAUR 77%, A BRI

%3 B TYRER RIS E BN R & E5RZ

K 89%; Zmu-2: DHP 2 {5 K i A9 A/A B[R T K
85%, ABERBIAR ] 92%. Kl A H AR 2582 G/
GENEY, b BAMKECLA/A BERFED £, B
FACER G AZA BERI R SIS = T e K o BEAE AR
HaRA ) BaRA T, TYREMERH C B
£ A,
24 MCIREEMERBREREIME

s ke B B B9 MC1R B[R] B A5 R A7 S AR id
N-, FBERBEIALSFRICAN, WIER MCIR A
HERMERFRBLN NN, — M55 A& T B RN
N/=, WIS B R R B B R B R /- o 3 AP R Y
MCIR B[R # GRS H T34, NHR] LMK
BERBIFE R ) i AR AR : Zmu—1:DHP H KR
() —/-FE R RIS R 82% , —F: KR N 89%; DHP 1L
AT N/-FE RN 55%, AN FEESR SN 50% ;
Zmu-2: DHP 2 £ JIK 5 A N/N B2 R8N 50%, W& &= T
N/-BEAIAY, N BRI N 71%. PR B 6 KRR
PI--BRHBUN T, fEEKERAN-NE, BEKER
N/NHE, MG m B aR I, MC1RERL
R H-HEZEN,

Table 3 Genotype and gene frequencies of the TYR gene in guinea pigs

HEREBME (A H)

HERRZE(ERE)

;rneiq; Genotypic frequency(Sample size) Gene frequency(Gene count)
G/G G/A A/A G A
Zmu-1:DHP (n=22) 1.00 (22) 0.00 (0) 0.00 (0) 1.00 (44) 0.00 (0)
DHP (n=22) 0.00 (0) 0.23 (5) 0.77 (17) 0.1 (5) 0.89 (39)
Zmu-2:DHP (n=13) 0.00 (0) 0.15 (2) 0.85 (11) 0.08 (2) 0.92 (24)

i ANBERER, GHARTEER.
Note: A is the wild-type gene, G is the mutant gene.

F4 KR MCIREERE FE B SRR B E R

Table 4 Genotype and gene frequencies of the MC1R gene in guinea pigs

BERZRE ()

HEME(EREH)

;:ezq:j Genotypic frequency (Sample size) Gene frequency(Gene count)
—/- -/N N/N - N
Zmu-1:DHP (n=22) 0.82 (18) 0.14 (3) 0.05 (1) 0.89 (39) 0.11(5)
DHP (n=22) 0.23 (5) 0.55 (12) 0.23 (5) 0.50 (22) 0.50 (22)
Zmu-2:DHP (n=12) 0.08 (1) 042 (5) 0.50 (6) 0.29 (7) 0.71 (17)

E: NABARER, -ARTEER,
Note: N is the wild-type gene, - is the mutant gene.

25 TYRMIMCIREERIRNAHETRIZE
SERPIREEEPCR O 5 HEH M. 5 Hfbtfi4 =

BB TYR. MCIR EERIZRIA K, Z5H LK 7,
FRTYREER (B 7A) Kid, Zmu—1:DHP KR A%
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(R34 & = T DHP {6 F0 Zmu—2: DHP BRI iR, 1H
TR EESR (P>0.05); Zmu-2:DHP B AKE A TYR
RRFIRK B ET DHP KR, (HERBAEE
(P>0.05), EEMCIREA (& 7B) ki, DHPEEF]
Zmu-2: DHP 2 0 I B B (R 3Rk 4R 23 = T
Zmu-1:DHP HEAJKER (P<0.01); 1fjZmu-2:DHP B
T B AT MC1R B (K132 5 7K SF- B \Z. /&1 T DHP 76 € I RS
(P<0.05)

i TYVREREG, HeSHemMEekB ik, P-0.05 BES5E
BERE, P-005. MCIREEY, HESHEMEEKRIE,
P<0.01; EEB5BEKRIE, P<0.05,

Note: In the TYR gene, white group is compared with variegated
(decor) and black groups, P>0.05; variegated (decor) group is
compared with black group, P>0.05. Inthe MC1R gene, white group
is compared with variegated (decor) and black groups, P<0.01;
variegated (decor) group iscompared with black group, P<0.05.

E7 B3R ESE PCRIGMIKE TYR.MCIREREIRIRNA %

*E
Figure 7 RNA expression levels of TYRand MCI1R genesin
guinea pigs detected by real-time fluorescent

quantitative PCR

3 iJig

SHEHAMY—H, BKROBOESHHIEE
Zo BFITYR e MCIR 2 IEsh Y B bLi E B A&
R, JFEMEEE DRV~ EZREA, TYRZHE
Pk IR R R M PRERS, HIEM SRS e
REROEAZEEMER, K EEROEREROE
Ko MCIR BUHEINHIRERZI TYR BIFRKFIEME, M
AT aEEREER 7. ARRENSSERIEEXRE
RSN RLILE, 65 EshYHE BRI
BESRIE AL o AR SRR T KR TYR A MC1R K
SRR, BRI TYRERF CDS T X
%5710 bp fHSAF 2 SNP, FEAERF AT A FIEEL G

FIZEER, i H sk BRI 100% 230 G/G 5L
KA, XiBHIZSNP S HARB B2, i
H L Btk a8t & 1R 20 . &AL AT B R AR T10A>G,
Asp237Cly SRR EAMRERIIE R, X5 Yo% Wik
B AR R TYR BE R 28 R 450 MH Al . Yan S5 PV IA
N, AEHERAAZFRGCG G, EAEEAT—
it RGBS, SEORGES AR B
FAERBZK, WEgE (B, B) RAUKEE TYR
BRDEE A/GERE, ZEEA/ARRE, nHE
AR A/A BERBUCR & TR AR, KRR
A RRE (FE. B) |5, AFEEFIA/A BRRFR
HWRE, FIEETR, AR TYRESHIE (R 3 B
K, SEEMBERHE .
ARWFFRIBRIL, MC1R FERYME T 2 760 bp [+
F, HimHERKE LS, FHE, MC1RERH
22760 bp FrBYJG, WA BA R IhEE
B E AR . TR, MCIR BBRIAN /- 2R3
B, EE R R ERURED NN B AER, %
HE AR AT XNEAEKEMCIR A R & -/-
BRI B DL-/N RN
F, BEBRANNEREDNE, —/NERER AT
Gt DAESRUIE, EEBAHEATHRE, K
FRMC1R B9 N LRI A0 N/N & R BUR R B Wi o N &
R MCIR A E AW B R ERE, 2R HSEE,
-3 2R, HIaT i, KERGER TYRE
KA S e MCIR B RIN AV s e AR AUAE R ARTHT
i KRR AR RS & mfh, 53002 % 30k
6] MEMIKEORIE KIEEARE, (HAHRBAKRA
B A ELR RN S —3, BRI e ]
SRR B AN EERE,
MEFRIAZEFRE, HEKR TYR I G ERHFER
BRI, MCIREEFIFRIAZAR, MEIHKE €k E
FEH TYR ) G EAE R . W BHEF. TYRIIG
FIMCIR BRI PR, AFINE RS R, [
IR A KRR A B R R R 58, RIVEAER
TR, HREEAG, X5FERIREAHETHE
B AR ATV (R IR AR A AR e,
EEETE SR RIAAEEZRRA: TYRER KK
H[E] P>0.05, A WMEEEEIIRES: Mkt MC1R Bk
Wi, e AR EKRERRIARINE &S T HEK
Fl (P<0.01), PRI RSB R FRIA R N T B A i R
(P<0.05), AILEEEE IR, XuiRE, MK G



28 LIS S L E S Laboratory Animal and Comparative Medicine

Feb. 2025, 45(1)

FELIMCIR ARG, TYR A]BEH MM TE
R BN FRLRE BB S F BN TR, X AR Y
RH B TYR 53 MCIR RIS I0H —8. kTt
& R, MCIREMBORABMNERER, %
BERT 7= SECRFEMREMR . AP MCIR
-/~ BE R R IR R, AIRERE TYR I A J
g R 5 /- E R R A4S R, K, KERE
BT 5EAEREEHE L, BaERNZEMHTL
EA R BRI FRIA 7 7 E R R E S UK B % Mg B
o, E A H AR A AR 5 [Pk B BEATLE R

BaERBEETAEGER, AEERAENB
BaE, EmE, BORSIMIURERYRE X,
Manning % ) 0k, BEZ AT DUIHISOGH LA, K
R4S B 0 NI SE e o8 . PR AR A DR S )
My, BEREMIURERS. GH% D ER TR
ERAPERINLE], A R R K R 214
SATUREF IR ARIER, REMGHIHI AR il fm
(human immunodeficiency virus, HIV) BJEH|, ZE&HH
MOREL, RSB R Zmu-1: DHP H KT H #iE
R ERARBEURS, 1 B TCER AL A R B HY DHP {EE AR
ixtizgm s 25, WK R ARG Z K H =g
ERALXTR R R B ORER . A5 SRR B ik
MR, MWASCERASHTRE, TYRERIHETERG
B DA AT B 2 A B X o 2 UK S S e T TR B B B 75
B, ke, #HEEERTYREAZEEFMCIRHEIN
B AT BE R R U 75 S Sy B m R B B RS A
TR SR FEM M, ARaREER AT RE 5 HiAth
PEREERIFEIEBOCR , IR X 2t 2B K]
AR NBEERRE, N RIS R B A A
i E N T TR o

[EZ{CE = BE Medical Ethics Statement]

AAKFE ROABENYLRNEBINIHPED KELR
HMEESCEZRMAE(LHFRKS  IACUC-202305-11),
FrEXREENERTELRNPERZEREMZOZRK
7o

All animal experiments involved in this study were
approved by Institutional Animal Care and Use Committee
(IACUC) of Zhejiang Chinese Medical University (Approval
Number: |ACUC-202305-11). All experimental processes
were conducted in accordance with the relevant laws and

regulations regarding experimental animals in China.
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[ABSTRACT] Objective This study aims to investigate the dynamic changes in general body parameters,
blood glucose, and blood lipid profiles in obese cynomolgus monkeys, exploring the correlations among
these parameters and providing a reference for research on the obese cynomolgus monkey model.
Methods 30 normal male cynomolgus monkeys aged 5 - 17 years old (with body mass index < 35 kg/m?
and glycated hemoglobin content < 4.50%) and 99 spontaneously obese male cynomolgus monkeys (with
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body mass index =35 kg/m?* and glycated hemoglobin content < 4.50%) were selected. Over a period of
three years, their abdominal circumference, skinfold thickness, body weight, body mass index, fasting blood
glucose, glycated hemoglobin, and four blood lipid indicators were monitored. The correlations between
each indicator were analyzed using repeated measurement ANOVA, simple linear regression, and multiple
linear regression correlation analysis method. Results Compared to the control group, the obese group
exhibited significantly higher levels of abdominal circumference, skinfold thickness, body weight, body
mass index, and triglyceride (P < 0.05). In the control group, skinfold thickness increased annually, while
other indicators remained stable. Compared with the first year, the obese group showed significantly
increased abdominal circumference, skinfold thickness, body weight, body mass index, triglyceride, and
fasting blood glucose in the second year(P < 0.05), with this increasing trend persisting in the third year (P <
0.05). In the control group, the obesity incidence rates in the second and third years were 16.67% and
23.33%, respectively, while the prevalence of diabetes remained at 16.67%. In the obese group, the diabetes
incidence rates were 29.29% and 44.44% in years 2 and 3, respectively. Among the 11-13 year age group, the
incidence rates were 36.36% and 44.68%, while for the group older than 13 years, the rates were 28.13% and
51.35%. Correlation analysis revealed significant associations (P < 0.05) between fasting blood glucose and
age, abdominal circumference, skinfold thickness, body weight, and triglyceride in the diabetic monkeys.
Conclusion Long-term obesity can lead to the increases in general physical indicators and fasting blood
glucose levels in cynomolgus monkeys, and an increase in the incidence of diabetes. In diabetic
cynomolgus monkeys caused by obesity, there is a high correlation between their fasting blood glucose
and age, weight, abdominal circumference, skinfold thickness, and triglyceride levels, which is of some
significance for predicting the occurrence of spontaneous diabetes.

[Key words] Obesity; Cynomolgus monkey; Body indicator; Blood glucose; Blood lipid; Correlation

analysis
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Table1 Comparison of various indicators between normal and obese cynomolgus monkeys

(xs)
IEEH(N=30) ABRE4R (N=99) FfE PE
EiR Normal group Obese group F value P value
Indicator

2022 2023 2024 2022 2023 2024 Fhro® Fuu® Fan® Paa® Pus® Pan®

AC l/cm 37.12+4.27 38.1325.14 36.93+6.42 46.58+7.35" 50.03+8.47 4% 4977+853"44 3487 5969 67.589 0.032 <0.01 <0.01

SFT d/mm 455+221  830+4.43%%  817+4.82%" 13.40+9.29" 1876+10.1474% 22.01+12.82"4» 3524 20.057 39.045 0.032 <0.01 <0.01

BW m/kg 6.93:0.91 7.27+0.93 7.301.09 9.59+1.81" 10.50+2.20"44 10.60+2.20"~% 2893 13517 70.542 0.059 <0.01 <0.01

BMI 33.13+£3.45 34.20+4.67 34.51+5.81 42.88+6.10" 47.17+8.25744 4857:059"44 4433 12116 77520 0.014 <0.01 <0.01
TG ¢/(mmol-L™) 0.63+0.23 0.77:0.34 0.69+0.23 0.75+0.45 1.08+0.67"4% 0.98+0.49"4% 1968 9.659 8423 0.144 <0.01 0.040
TC ¢/(mmol-L™) 1.86:0.41 22604244  2.09+0.52 2.07:0.44"  2.47:055%% 2.10+0.45 4480 53.847 2704 0.012 <0.01 0.103
LDL-C ¢/(mmol-L™) 0.97+0.25 0.84:0.27 0.81+0.30 0.96+0.29 0.95+0.36 0.88+0.31" 1902 6.624 1271 0151 <0.01 0.262
HDL-C ¢/(mmol-L™") 1.69+0.60 2.23+0.69%% 2.29+0.69%%  2.07:0.67 2.26+0.774 2.06+0.64 7.541 12433 0.302 0.010 <0.01 0.584
FPG c/(mmol-L™) 440+0.24 4.52+1.12 4.49+1.58 4.48+1.04 5.25+1.994% 5.10£1.8324% 1.826 3442 3524 0163 0.034 0.063
HbAlc w/% 4.12+1.34 4.11+0.29 4.10+0.25 4.21£0.19 4.42+0.92% 4.45+1.45 0.606 0437 3502 0547 0.642 0.064

X ACHIEE, SFTARIEERE, BWAKE, BMIAMKEREY; TG, HM=F,; TC, <BEE; LDL-C, REEREELPREEE; HDLC, 5
BEEEEEREEE; FPG, =EME; HbAle, BHMOER. SEEAMBLL, 'P<0.05, "P<0.01; 52022&F48tL, “P<0.05, “*P<0.01,
HEREDMREMERN FER PE; "IEHESHNEREN FENPE,;, FBHEDHOBREER FES PE-

Note: AC, abdominal circumference; SFT, skinfold thickness; BW, body weight; BMI,body mass index; TG, triglyceride; TC, total
cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; FPG, fasting blood glucose; HbATc,
glycosylated hemoglobin Alc. Compared with normal group, "P<0.05, “P<0.01; Compared with 2022, “P<0.05, “*P<0.01. 2F or Pvalue
for interaction; °For Pvalue for time; °F or Pvalue for between groups.
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Table 2 Data table of diabetes and hyperlipidemia complications in normal and obese cynomolgus monkeys

A7 Bm FiR/ % Eﬁﬁ/?\(ﬁﬁ%/%) o
Group Disease Age/ years old Number of cases (Incidence rate / %)
2023 2024
IEEH(N=30) FERE Obese <8 0 (0.00) 0 (0.00)
Normal group 8~10 1(8.33) 2(33.33)
11~13 2 (25.00) 3(23.08)
>13 2(22.22) 2 (20.00)
=it 5(16.67) 7(23.33)
¥EFR % Diabetes mellitus <8 0(0.00) 0(0.00)
8~10 2 (16.67) 1(16.67)
11~13 2 (25.00) 3(23.08)
>13 1(11.17) 1(10.00)
21t 5(16.67) 5(16.67)
ABAE4E (N=99) BER¥ Obese <8 5 (100.00) 2(100.00)
Obese group 8~10 15 (83.33) 10 (90.97)
11~13 44 (100.00) 44 (100.00)
>13 32 (100.00) 34 (100.00)
St 96 (96.97) 90 (90.91)
## X% Diabetes mellitus <8 0(0.00) 0(0.00)
8~10 4(22.23) 4(33.33)
11~13 16 (36.36) 21(44.68)
>13 9(28.13) 19 (51.35)
=it 29 (29.29) 44 (44.44)
=5 MYE Hyperlipidemia 8~10 1(5.56) 1(8.33)
=it 1(1.01) 1(1.01)

E: AC, IEE; SFT, REEEE; BW, {A&; FPG, =fEM#E.

Note: AC, abdomen circumference; SFT, skinfold thickness; BW, body weight; FPG, fasting blood glucose.
Bl BRFERERTIENESER . EE. . REEE AEMNFE R IER T

Figure 1 Simple linear regression of FPG with age, abdominal circumference, skinfold thickness and body weight in

diabetic cynomolgus monkeys
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Table 3 Correlation matrix of each indicator

b= Fie
. FPG HbATc BW AC SFT BMI TG TC LDL-C HDL-C

Indicator Age
F 8 Age 0.548" 0.339 0.090 0.291 0.218 0.093 0.530” 0.281 0.224 -0.079
FPG - 0.819" 0.492° 0.481° 0.338 0.463 0.565" -0.017 -0.003 -0.313
HbAlc = 0.388 0.322 0.383 0.364 0.772" 0.077 0.025 -0.359
BW - 0.907" 0.774" 0.944" 0.151 -0.427° -0.117 -0.458"
AC = 0.838" 0.870" 0.238 -0.386 -0.123 -0.472
SFT 0.745" 0.389 -0.374 -0.222 -0.527"
BMI 0.112 -0.418 -0.057 -0.461°
TG 0.169 -0.002 -0.395
TC 0.713" 0.681"
LDL-C 0.291
HDL-C

E: FPG, =REMAE; HbAlc, MELIMAER; BW, A%F; AC, fEE; SFT, KIEEE; BMI, AEiEH; TG, HE=EK; TC, SIEERE;
LDL-C, REERREHEEE; HDL-C, BEEREABEEE. P<005, "P<001

Note: FPG, fasting blood glucose; HbAlc, glycosylated hemoglobin Alc; BW, body weight; AC, abdominal circumference; SFT, skinfold
thickness; BMI, body mass index; TG, triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density

lipoprotein cholesterol. "P < 0.05, “P<0.01.

WrITE 8 S HIa HEMEIRG . 27K 8 &5 Al RE 2 I MR A
WEPRIEEBURRE . 1R 4 BN R 2023 12024 R 4=
ARG BRG] 93 308 16.67% #1123.33%, ZE B TS
1E 5 20 1E 2023 6 F11 2024 £ A& A= 8 PR B BE 1135
16.67%, FoRHEAE . AEREALH 11 ~ 13 & BB REHE
PR 9% B2 BL I 72 2023 8 33.36%, 2024 A =
44.68%; 13 % DL B EENEARE PRI A48 2023 £EHY
28.13% FF 55 & 2024 FEH 51.35%, FRAH 11 ~13 % 2K
PP B AR W R = R SRR B B, T A BR T R
FRR W EREIRFNEE AR R R, B aERE
2023—2024 FEHIAEREELGIE T REES, XnlRESHE T
ST AR RER (=207 ), S8k
HEFIBMI NEAR, X5 B —K S ARG
bR R B EE T R BLSAET

AREFFEHRERE ST BN, BRI B AR == S
MyESER. BE. RIBEE. hEELEEHEX,
FESCMEAE AN 2 e Rl 3 A HAESE T 2 IR A 5 AR |
BMIAI TG A BFER EMARME, FERiXEfainxf T
H AR REEA — MM E, BEEMRERIE, M
MEERNAESER. BEBR. MEFMHH=EK
SR EAASE, AT AR R AR 7 X SR
IREFFE M E B RS Al b (H A
M — M S fErR . AEAFEAR DARORE RIS A AR 1 1
k&, MEMEEEMRERESE VLRSS, FNt2
B AR HE PRI B R A58,

ARFFRER —ERRRM:, A T 3 4 e

BERAHREE, N2 IEMAER, Uk
BUIEHE S B R A RIS, UALAE BRI 731
HEERNZS . B, EfR R ESRFE R,
ERLZARFES B R R, 7805 BRI
FIX R BA R, BIanshP B AE n] fE=
HELE AR, X ER R ACRE IR B30 R N5 T
RMEE, IR, %o Tt B ™ EE M PRI AE AR Y
BVINIEE TARRIHIZSNIGT Y . DACRIESIIAER .
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Animal Models of Human Diseases

JIES, i, #, WEAES. WNEEAERD GHRME. SHMBE G LEESH R, BEH
MR M B B Ie 3 M b . HRAEGM T SRS 2 K, A R IR A A e
HMAAINETAFZ RSB R, LRI WITEMELZEFRLER, LRIMAREERLTLER
SRR, MHBENENTRAKR . TUAREMBEARZER SR T, ILHEHMP2HE, LHY
LISE M2 B B, (F B ERBRE SR E) I (LRE S LR ) HE. R AEG N E
SRR A T b Ik R A (R ) R TAF. BARAEE P E LB e S, P E G

. PTEHBEHRFLSRFOXE, LHELBRIMERLENN, HFHNTFHRBEESR_FR, =5

&, HMA A AREEFEXEFE K,

BHIEAT B g s 1 VDRI R PE it < i 214
FE BRI i v B LIRS

RER, Ui, AES
(1. 75 K& 75 M BE 52 e 92 36 230 4 o0, 95 2150005 2. 7 90 K 52 38 I 52 e (L8R B2 52 50 1e), 47 M 225000]

[{#HE] BB FEFEFE (Helicobacter hepaticus, H.hepaticus) #4454 % D =k (vitamin D receptor,
VDR) @RIE/NEBAHENL, UEXUERRERE, IS RAEFEBEELEREAFENG . HiZ A 2x10°CFUR H.
hepaticus BI/REBTFEBFVOREM/NEE SR (DBIlaEAWTFVDRNRBERA), BR1X, EL3K; B
RIS SRR XTI, BIEF AR VOREM/NERE SR, EBERHIRPBS, RE—RNEBRSE 7 X/ ERE
R, BIANBRREERRENNNERE. TWABRREE6EANEKG/NR, XREHNELEBARKE, BEEEN
BKE; BEBARDKAD, —HMABITIHEBTHE. W/REE-SEERF X (alcian blue-periodic acid Schiff,
AB-PAS). Masson 1B EHRAWZLE, —{HIZE DNA FFE BLAT R EE PCR (real-time fluorescent
quantitative polymerase chain reaction, RFQ-PCR) #&ill H.hepaticus EABKFELAFI BT RER MR, — D IREXRNA
EXRARIEFEPCR (reverse transcription-PCR, RT-PCR) ##&NMABEFERAB R, B—HIENEAEXBER
FREDITSEAS T - B ALALENE R (alpha smooth muscle actin, «-SMA) FIEMENZE (interleukin, IL) -333&iA
KFE. R FEREANREES 3RFIIMIINEER H.hepaticuse 5VDRTINRRBERXTIBARELL, VDR/MNE
RAR H.hepaticus 16 BEARERERE (P<0.05), HENBFEELNMER, £EEESKEEES TREBREXBAMN
WT /NRERE (P<0.05). SWT/NERREELL, VDRYWNEBRAANEFERZHERE B RAEUMREE,
AB-PAS &R RIAIREHEAMN . BB, MassonREERREEmRGEE . RT-PCREXRVOR/NRERANLEF
HRF -6, IL-33. MEEIRTEEF-o (tumor necrosis factor-a, TNFa) Fla-SMASERIE R F# AKX ERE
FKFLEWTNRERABREFS (P<0.0001); BEEHLUFEINEARNTERERIL-33F] «-SMAERBFRIXK
FHPEREEZ (P<0.001), &it VDRYINERZ H hepaticus EXRMABTEMNRER N, HIMFELMERIE.
MIEARNEZIR. RELRERE, BRRXMUHREEDENRN. #—SHRA VORERIET se8Id 20 IL-33
RIEAMBE T XK MEHHFBXN B LN HTR,

[X$i3] FFETE,; Base; XMBRIER; fERDIZEK; MR

[PEISFES] R574.62; Q95-33 [XHATEMIA [XEHS]11674-5817(2025)01-0037-10

Establishment of an Intestinal Fibrosis Model Associated with
Inflammatory Bowel Disease in VDR Mice Induced by Helicobacter
hepaticus Infection and Mechanism Exploration
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[ABSTRACT]
fibrosis in vitamin D receptor deletion (VDR”) mice, thereby establishing a model of inflammatory bowel

Objective To employ Helicobacter hepaticus (H. hepaticus, H. h) to induce intestinal

disease to investigate its pathological characteristics and underlying mechanisms. Methods Five male
WT and five male VDR" mice were orally administered a suspension containing 2x108 CFU of H.hepaticus
(referred to as the WT+H.h group and the VDR +H. h group, respectively), with treatments occurring every
other day for three administrations. Concurrently, two uninfected control groups were established,
consisting of five WT and five VDR” mice, which were administered an equivalent volume of PBS. Seven
days after the final administration, the infection status of the mice was assessed, and their body weight was
recorded weekly. At the 16™ week post-infection, the mice were dissected, and the length of the colon
tissue was measured, with fecal moisture content analyzed. The colon tissue was partitioned into four
parts: one for paraffin embedding for HE, alcian blue-periodic acid Schiff (AB-PAS), Masson's trichrome
staining, and immunohistochemical analysis; one for DNA extraction to evaluate the colonization levels of
H. hepaticus through real-time fluorescent quantitative polymerase chain reaction (RFQ-PCR), thereby
assessing the impact of the infection; one for RNA extraction to analyze cytokine expression via reverse
transcription-PCR (RT-PCR); and one for protein extraction to measure the expression levels of alpha
smooth muscle actin (a-SMA) and interleukin (IL)-33 using Western blotting. Results All mice in the
infected groups successfully were infected with H. hepaticus after three oral gavages. Compared to VDR”
control group, VDR’ mice exhibited significant weight loss (P<0.05), intestinal hemorrhage, and higher fecal
water content after 16 weeks of H. hepaticus infection than the uninfected control group and the WT+H.h
group (P<0.05). Compared to the WT+H.h group, HE staining of the VDR”+H.h group showed inflammatory
cell infiltration, AB-PAS staining revealed irregular atrophy of intestinal glands and reduced acini, and
Masson staining showed increased collagen area. RT-PCR demonstrated that the transcription levels of
inflammation and fibrosis-related genes, including /L-6, /L-33, tumor necrosis factor-a (TNF-a), and a-SMA
(P < 0.000 1), were significantly upregulated in the colon tissues of VDR"+H. h group. Additionally,
immunohistochemical analysis and Western blotting showed that the protein expression levels of IL-33 and
a-SMA were markedly increased (P<0.001) in the VDR”+H.h group. Conclusion VDR” mice infected with
H. hepaticus exhibit more severe inflammatory responses, including mucosal inflammatory infiltration,
impaired mucosal tissue function, and collagen deposition, indicating successful construction of the
inflammatory bowel disease model. Further research suggests that VDR deficiency may exacerbate the
intestinal fibrosis process associated with inflammatory bowel disease by affecting IL-33 expression.

[Key words] Helicobacter hepaticus; Intestinal fibrosis; Inflammatory bowel disease model; Vitamin D

receptor; Mice
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R (inﬂarnmatory bowel disease, IBD) &—
FARREM 22 A I 2 2208 R A= B 1 M R e s . ARTE
(17 PR 2R B A% R AN [6] 43 N 52 & B (Crohn disease,
CD) FiRz M4 % (ulcerative colitis, UC) Mo ¥
TRFRE DR, B TR M, EIBD &
HHEBRFENZ, HIREMREZ SRR TR S8
IBD HETEFEARRE KIS AEEER P IBD %K
WRIE KPR, PlanZ iR i e RIAER N
SERTGR YL N v e PSS T A R (P

AR SEmER SR AR L, RER
(BRI TR A A

FFIZFATF B (Helicobacter hepaticus, H.hepaticus) 2
P BHRAE, BRTBHEEN—&, 2
— M EBORE, A5G E RN (W
BALB/c. B6-IL10-KO F1AJCr) KEEMELSBAR. B
MR GERE S o H hepaticus FERYAERY AT 1% I T-0F 55
IBD &ML, NERFTEIT IBD 2R 5%

R, 44T D B A F I RERR T B
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1,25 R E4E4EZE D(1,25(0H),D], HE 44K
D %A (vitamin D receptor, VDR) ZE& AT N
R 7, fEip LR diiarh, VDR 2ME&RE, JraA]
WA R D AEYEN:, JREIE VDR {5 S g AR
P bR b, FH¥mES I AMAE S, IRREE L
7N, TEIBD 35 MG A AR I 79% 1Y 8 ik = 4EAE
#D, HVDRMEIURFRIANKF, $ERgeERED KH
ZARA R 5 IBD & B E YIAE % 1), ARHE 5 AE
H. hepaticus 53 51| &G B 4= 7Y CSTBL/6 /N FR AT VDR fift 2k
/NER, SRIG TR IR B 1B 0 & B B R R IEAEAL
i, AN IBD AR iR 2%

1 #HE5FE

11 EHFERENY

Bk H.hepaticus 3B1 (ATCC51449) 1 H £ F diAY
R 72 AR 8 0y (American Type Culture Collection) ,
fRIFT —80 C#& Mo 10 HSPF . VDR it Z iy
C57BL/6) /NER (AN TEFRVDR™) W ETLIR AL
HEMRHE A IRAE [SCXK (F5) 2023-0009], 10
S AERLAEME CSTBL/6) /N, (AN &R WT) 13 H
WINKFEESB (R ESFEBT) [SCXK (F5%)
2022-0009]. FrEEMIERAEEN (19£05) g, 1
HRTHNKRFEEAGIP LR E [SYXK (7))
2022-0044] . FREEIRE N (22+2) °C, HHXEEN
40% ~60%, B 12h B, 10 H VDR /NI 10 H
WT/NRGT RIS VRGN A, A5 Ho L5
AT AT /N SRR SR AT (1 JEAG I ) 2 B . ARBRFTTT RE
BN K2R s & R awiid (FHs
202405003),
1.2 EEZiAFFANEE

1 R AR EREIE G H 25 = BD AH] 5 IREF4E4s
M. HEZ@if7) &, Pi/R¢EdE (alcian blue, AB) -
MRS R (periodic acid Schiff, PAS) Yefaid] &l
PR Masson Ze iR &3 B AL ZRSEERHYA IR A
Al AR RRZARIIAIE B 5 B E ARG RAE
RNA 7 TRIzol W B ZEH] Invitrogen NE REEFE
(= 2XCham(Q Universal SYBR qPCR Master Mix 4]
H e Sl MR IR A B PR A ] 4HiE DNA 25T
A& RAREARE (En) BRAF; Rfia-
SEEEE A (alpha smooth muscle actin, a—SMA)
ik, HIEHAHIN R (interleukin, IL) -33 HifAH]
G B-actin AN B ZEE Abcam AF]; T AL
1 g /) BRI A W B8 AR ] /D E B AR

SignalStainc® Boost THC Detection Reagent A1 T2 F fii
P32 ) E B4R 1gG B H SE[E] Cell Signaling Technology
R E S AE & R EE A A Amersham™ ECL
Select iHFfIFABCA & HIKFEEME GG &8 H M sE =K
HEYHRARBIRAFE

Thermo Scientific Steri—Cycle ™ iCO, =" 5% 7% 56 #l
NanoDrop 2000 23 Ve B i W 5 Z2E E Thermo A & ;
T100™ Thermal CyclerPCR # #4{X . Sub-Cell® GT ik
{Y A ChemiDoc™ MP Imaging System B¢ B G E H 32
Bio—Rad AH]; StepOne™ SERTIYEE & PCRAE H
JZ [ Applied Biosystems 23] ; RM2235 £ 5 7] F AL
DM1000 St % . 7 i & DFC450 C £ R 2208 5 2 E
Leica A F] o
13 HAEEFSEEGE

& H.hepaticus FRIRT&5 5% PR 428 26 ML AG A5 S
BiESEMR . fE37 C. MFHEHA (85%N,, 10%CO,,
5%0,) PR EEFRS dfE, ST RV T PBS T
T, AR E AT E IR 600 nm OB
(AfH) J91~1.5, BUES H hepaticus iFELT N 1x10° CFU/
mlL (CFU NE &AL, colony—forming unit) o

10 HWT/INEUT 10 H VDR /NG BB 43 it
FEA G H , B WT /N X HEZH (WT control )
WT /N YL 40 (WT+H. h) « VDR™ /N B % BR 4
(VDR control) . VDR /NGB (VDR +H.h),
#5 FUNR o BRI H 0.2 mLIE &R (PBSH
B, & Hohepaticus 2)2x10° CFU) HHTHEE , mixtHa
HHEFFEPBS, HIF14HET 1R, BHR3RK, &
G —IRHEE [F 5 7 R IEAT # B S R Y
(loop—mediated isothermal amplification, LAMP) RIS
75 5 G A /N EEAT H. hepaticus ETEGI,
PALAMP 4 8845 o f5 [ NEE TR 52 2B SR SEVRON R A2
E N DURHIWTR RN 56, IR IEESEEE T
RNEN G EESLEHTIEI ] o
1.4 HAXEFEEWE

R R R R B S 4/ NRIAE, HEEREH
PR RS A/ NIRRT 16 FR, HELREE
3850 (disease activity index, DAI) P4y, tHTEMR
Wi RERE (GRERE, 073 1%~5%, 177;
5%~10%, 247 10%~15%, 343 >15%, 443 ).
RIEFEFAE (IEHNO5, BAE15, WE245, KA
fH343) FMEM (IEHN05, FRUMEMEN15, BHE
fEifR 24y, KEHIMA3S) e TREEE 164,
LIRFESGUAE RS/ NS, I S KE, HER
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AN EEEKER (%) = (FIEMHEE - MHTFEER
&) /JFFEfEE X100,

i S ABRIR AN IE RN 2 SR BB, SREEFHN
B/NRBIEEIAIREE, FIUE £ 4% B 22 5 F I VA R[]
i AL, R HE Bt AB-PAS Jtfh |
Masson Je €8 2L Sz G 58 2H 2340 - e ek 20 2 PR 722
o BEER T ITIRES A LA S R AL B R R EX DNA, L
168 rRNA JUSBEL R Mg b e it SR e B, BB AR
[EVESIARUE AR T SERT 586 8 B PCR, HEfThRiEE
RH 2% 222 1| f5 BT 38 1 16 2R 5 48 (Cycle threshold, Ct)
FHEDNAFEIIEL, AT H. hepaticus ERAKT- 12, ¥
FIARA R B S mn S AL VRIE T —80 °C, IRAFNE S
NHARFEFEPCR (reverse transcription—PCR, RT-PCR)
FIER H S5 FI S A T 2R e R 7 SR AP R K
15 SHRARBEFEN

iR HAE E FROK, AatEEE, g1k (5 um)
JE 53 A T HE et AB-PAS Jefafll Masson 446, H
ARERIE R & BB T . ®EMEAEE B
WA GURIFARAE , ARYE Image—Pro Plus 6.0 737K
Mt S AR IRE T AR, TR AR PR AR
HITHA FIE SIS 5L (histological activity index, HAI)
JREREST . MRIEMEIERIE (Fo, 043 JRIBRTRMS

%1 PCR5|¥F5!

Table 1 Sequences of primers used for PCR

2, 147 VEBREIFEETZ, 297 JREINZS0RE
2. 353). Kb (Fe, 043 B, 143 HE, 243
HE, 347). LEEE (B, 04 RESHBRME
. 143 BRESSHIHDTHREEEE, 257 RS
LEME IR EIRHIER, 347) MRIRAIIEES: (G,
04y BRERD, 13 HERD, 25 BERD K
SEARA, 347) DIRIEE (B, 04 REBRER
K, 147 REHZRK, 257 REDERAKSY
E, 343),
1.6 RT-PCR& 4B B FHFRKFE
WAL, WA A1 mL TRIzol,
PEEVES A RNA, FE3 Y ERET B 260 nm 1280 nm &b
WA (A) fHo 2 Asg .l Assomn FLIEDN 1.8 ~ 2.0,
= 20 RNA S5 &3R5 cDNA, 2R /5 7E RT-
PCRAY EgEATH8G, Al IL-1B. IL-6. IL-33. FfJE
RHEA F-a (tumor necrosis factor—a, TNF-a). %4k
R EH T B (transforming growth factor-, TGF —ﬁ)
FT o —SMA AR 73 R B mRNA F53KF . 5#0i%
HPFIRR 1, § %M 95 CHIZEME2 min, 95 CAF
P15 s, 60 CIEK30s, 40 MEER, PCRITHTERA
WZE K GAPDHFIH ERM CHE, iZH274 AKX
HEEMERRAE,

S1ER BERFIIS =27 FERRIKE/bp
Primer name Gene ID Sequence Amplicon size/bp

TGF-B 22059 F: CCACCTGCAAGACCATCGAC; R: CTGGCGAGCCTTAGTTTGGAC 91

a-SMA 1475 F: CCCAGACATCAGGGAGTAATGG; R: TCTATCGGATACTTCAGCGTCA 104

TNF-«a 21926 F: CAGGCGGTGCCTATGTCTC; R: CGATCACCCCGAAGTTCAGTAG 89

IL1B 16176 F: GAAATGCCACCTTTTGACAGTG; R: TGGATGCTCTCATCAGGACAG 16

IL-6 16193 F: TCTATACCACTTCACAAGTCGGA; R: GAATTGCCATTGCACAACTCTTT 88

IL-33 77125 F: ATTTCCCCGGCAAAGTTCAG; R: AACGGAGTCTCATGCAGTAGA 18

GAPDH 14433 F: AGGTCGGTGTGAACGGATTTG; R: GGGGTCGTTGATGGCAACA 95

E: TGFB, BRUWEKEFB; a-SMA, o-FBININSHER; TNFa, BEBIRFEEF-«; IL-18, BAEBNE-1B; /L6, BABRNE-6; /L-33,
BAENE-33; GAPDH, HMBEE-3-HEESME, (FARS.

Note: TGF-B, transforming growth factor-g; a-SMA, alpha smooth muscle actin; TNF-a, tumor necrosis factor-a; /L-18, interleukin-18;
IL-6, interleukin-6; /L-33, interleukin-33; GAPDH, glyceraldehyde 3-phosphate dehydrogenase, as the internal control.

17 SRAREFEEZENIL-33FAFRIE

WEE ALY TS, KVE3 IR, 3% it E Lk
ZWFE 15 min, KPE3R A 0.1 mmol/L A IRER 1T
FRPUREE, BWHEZRG, K3 R 5%
AIMIEEERE, T 37 ‘CEfA30 min, A PBSTAW/KYE3
o MAGRGUIL-33—F1 (RFFEREELEIA 1 2 000),
4 CHFEIITE, FAPBSHE3 IR, MABMRIL EDEEI:

ICRET R T (RFERRELEEIN 1 400), 37 CHF
H 30 min, FAPBST%3YR., DABEA3 min, FAAKRK
Xof YA 2 min, F5FH PBSTAVRIEEVE3 IR, BT,
FAFR SRR ETE, TR BT PSS, IL-33 BHMEAS
SHNFRETE, WS MRS A6,
1.8 EHREREMEERNFHEBXERARIE

BUR WA, B E 5 I RIPA 24fi#
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W EEREIHEFIFIBERREEIHIH] (x100), vk -2
20 min; 4 °C, 12 000 r/min &> 15 min, B V5% A
BCA EEHEEIRAI SRR IKE, WEFEREEARIN
Aloading & H _FAEZZ G, T 100 CEWFES minffifzH
A5k, 1E PAGE R FAE 10 pL, HLyk (80 V 40 min,
120 V50 min) [5HERE (200 mA 60 min), 3 RI5HIIL-
335Uk, Hia-SMAHUAE. HiB-actin Filk (FRRELLHI
£IJ91:1000) 764 CHFE 16 h; BfE, K 5 BRI
SR E IR A FE 5% 1gG (FRREELHIZ 1 1 20 000)
& 1 h, A Amersham ECL Select il 7 H A9 H 2=
K&,
19 HiEFIHSF

TE 65 AT N M HE Yo, AB-PAS 4ufh |
Masson Gt [z g HAb Ay g R, 10 RH 245
TR EMRIAE, GitmEiREErsy; &R0
PR R b2, SRAIARECRA U « 50 740
[FIEERE . AT 45 R AR A Graphpad Prism 9 FX{4-#H 72
BaMHHIE, P<0.05S NERBZITHFE Lo

2 FR

2.1 H.hepaticus Z3¢5|# VDR /MR FERIZF
HindEE
H.hepaticus =IRFEEH JGH TR, WA G/

FRAVZE(E, fi A LAMP PUEAS I 75 VA T H.hepaticus &
MR . LAMPY L5 RS, RN NI 2 ak R RL
TR, 1A IR /NGRS B RE A H. hepaticus, BJJ
BGeR). WEIAFTR, BONERESE8 A, VDR +
H.h H/NFRIAR SRR % ;. /B 10 fS. VDR™/)
SRR EE B KT VDR /N R ARG (P<0.05) 5 M
WT. VDR K WT+H.h HZ [B/NRAE L EEER
(1 P>0.05),

INREE IS B N R BB S, 18
BN GYE S 16 ERT, 5 WT/NRXTRRAMEL, WT+
Hh#/NREE I E48% (P<0.01); 5 VDR /NFRAH
FE, VDR +H.h H/NREFHE4a%E (P<0.01, E2),
eoh, 5WT/NRASHEAAEEL, VDR /NG R4t
MEE g% (P<0.01), 1 VDR +H. h 4 /N ERL45 A 5%
VDR /INESAEEREERE (P<0.01) 6

FEEKER TG IEE A R E B R
VDR /N FR AR Gy H.hepaticus G168, HEIEEE
MFRAE, FEEE /KGR T3 = TR AR WT+H. A 4/
fl (P<0.05, I 1B)., DAIPESEER (K 1C) EIR,
VDR /INRIEYE H. hepaticus [GRARINE, SHEHALZHK
WaZEREEE (P<0.0001),

L5 ERR, Hohepaticus A A] 5 [ VDR™/INERE5 7
K, TGRS RIE R, RSN,

T VDRTWBASEHM AR, ERRI0EASRELENES ('P<0.05, "P<0.01, n=5). VDR BPRE/NEEFEEKENERZDIEETS

WEESTEHMA ('P<0.05, "P<0.01, “P<0.001, ""P<0.0001, n=5)

Note: A significant disparity in body weight was observed after a 10-week infection period when comparing the VDR”control with the

remaining three groups ("P<0.05, “P<0.01, n=5). The fecal water content and disease activity index score in VDR”+H.h group mice were
significantly higher compared to those in the other groups ("P<0.05, “P<0.01, "P<0.001, “*"P<0.000 1, n=5).
El1 H.hepaticus B ESZHNRIFEZ K (A) EEEKE(B)FEBEIBHITFH (C) LR

Figure 1 Body weight changes (A), fecal water content (B), and disease activity index score (C) of mice infected by

H.hepaticus
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A AASEIRNBIREREBRENICIR R, B H.hepaticus

BRSHEREE, FEVORMREMETX—FE ("P<0.01, n=5).

Note : A, Comparison photos of representative colon lengths of one mouse from each group; B, H.hepaticus infection resulted in a

significant reduction in colon length, and VDR deficiency further exacerbated this pathological effect (" P<0.01, n=5).

El2 H.hepaticus BRESHNEHNEFKE

Figure 2 Colon length of mice in each group after H. hepaticus infection

2.2 VDR RS {2i# H. hepaticus £ /MR & 5 b
EtE
FIEEE WT #1 VDR ™ /N SRR H. hepaticus 245 BA
S, AF FSERT S E B PCREGIN 73 1A 8 i it 45
[ H. hepaticus ¥ DUEL, M J B4t B e A K 1o
ERER, H.hepaticus fE VDR /NS &S 1A B EME K .
Hm T WI/NR (K3A), X278 VDRERKATRE 2 T
KNGS H. hepaticus fG PR EBAEE I 2 70
Z—o

iE: VDRINERBERI H. hepaticus IFEHEEEE ST WT /MRS

2.3 H.hepaticus B VDR IR & & & I K
BT #4E

H.hepaticus |G 16 JE 5, B4/ NFR AT i 45 1
HEGH TREETI et (Kl4), HEZEES R (K 4A)
s, VDR /NG E IRk b, [ 2
MEZNAEEREE, Rk, BaHA RS
MIESR, BRENBREERD, BRNIRAHN,
R E RS HEIE ;T WT /N BB A A IR A
PRIRGH B AATIMR L AHALIZIE ;. WT AT VDR™/NERX FE

B ("P<0.01, n=5), HRAZFNEHMIFH TR, H.hepaticusBF3|

fREFHE, HEVDREAIMET SR ('P<0.05, "P<0.001, ""P<0.0001, n=5),
Note: The intestinal colonization of H.hepaticus was significantly higher in the VDR”+H.h group compared to the WT+H.h group (™ P<0.01, n=

5). Histological activity index showed that the infection with H.hepaticus induced colonic pathology, while VDR deficiency exacerbated the
pathological changes in the colon("P<0.05, ““P<0.001, “"P<0.000 1, n=5).

B 3 /INERR H.hepaticus BB HEZ (A) L BEAL HAIFES (B)

Figure 3 Colonic bacterial colonization (A) and HAI score of colon tissues (B) in mice infected with H.hepaticus
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HANRpEEWIER, BIREW, REHERE.  BESRAEER, R0ED, mmwWT G WT,
AB-PAS Jefti 550 ([5]4B) 3RIH, VDR/NEUESA VDR /NFRX R MG IE LSS M EH o Masson Je i 45 L

F: VDRVNRBRAXRMANENTEMNHEMEZE, WREBREME RS WD, FERRFHLNNES, HPRRAZH-0LLEIR

73500 pm, x200A9ELBIR 9100 wm, =100 B9EEAIR 79 200 pmo

Note: The VDR”+H.h group exhibited more severe lymphocyte infiltration, loss of goblet cells, and reduced mucus secretion, along with

increased collagen fiber deposition. The magnification is x40 with a scale bar of 500 wm, =200 with a scale bar of 100 pm, or x100 with a

scale bar of 200 wm.

4 H.hepaticus /N2 16 G & AHA LA HE & (A) PI/RFEE-IHES 7 K% (B)Fl Masson & (C)

Figure 4 HE staining (A), AB-PAS staining (B) and Masson staining (C) of colon tissue of mice infected with H.hepaticus
for 16 weeks
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(E4C) TR, VDR /INRIBGAHMER TR %
WAV FEEEINER , M WT/NGUBH A IR S TR D,
WT. VDR /NFRAHRAH 78 e iR R IR s 27 bRk,
VDR SR A7 H. hepaticus &G, 5#2/NR A7 R A7
Ytk
2.4 H.hepaticus &3 {2 i# VDR /NG & H R
oS R £ L B F 3Rk

BT ECEAE VDR A WT /NS SL H. hepaticus JEHY
HE I LA T RIER FRIRIA KT, WA AL

L. RT-PCR A:TUZHLAIE SA TR, £ VDR /)
SREF,  H.hepaticus [BG% T [FLfE RAFIELT4E VIR Fi% K
Y. BERME, VDR /NGRS F B RER T
I1L-6. TNF-aF1IL~185: P FEACEE WT /N US4
I (P<0000 1), £F 4 FLARSIRAR c-SMAL
TCF-B. 1L-33 B3 K FHWT BB B (P <
0.000 1), Z5HRFEHH, H.hepaticus BG: VDR /NRF [
51 S MR TRILP A R FAO S, (i T B2
A& o

iE: RT-PCREMETR, SWT/NRBRARLL, VORNEBRARIEFNRAUENEFEFTKEEEFS (7P<0.0001, n=5); BEA

HAUFMNEARNTEEMFHENEXRELNIL-33F a-SMAFKIXH EIF (7P<0.01, "'P<0.001). EBHIAMEE 200, tbEIRF100 pm.

Note: RT-PCR showed that, compared to the WT+H. h group, the transcription levels of pro-inflammatory and pro-fibrotic factors were

significantly elevated in the VDR"+H. h group ("""P<0.000 1, n=5). Immunohistochemistry and Western blotting also revealed an

upregulation of fibrosis-related proteins such as 1L-33 and «-SMA ("P<0.01, "“P<0.001). In Figure B, the magnification is x200, and the

scale baris 100 pm.

El5 H.hepaticus B3/ i5 16 FE4EHH R mRNA RIEKFAZN (A) IL-33 B R AR FRE (B)IEBRENZE(C)

Figure 5 Detection of mMRNA expression levels in colon tissue of mice infected with H. hepaticus after 16 weeks (A), 1L-33
immunohistochemical staining (B), and Western blotting (C)

2.5 H.hepaticus BB (2 IL-33 RiXFOREK
5|2 VDRIV BB 4 44k
NEFLH. hepaticus JBYLs [ VDR /NI AT ARG

BURNLE], X 7B 2L AE SR Rk i T e R A 4
1% (B5B) FIEHRENE (&5C) M, o—SMA &2
S LR T AR () B AR AR [, B BREEAE R R,
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VDR /NGB G o —SMA 2& FH A K 3 T WT kg
1 (P<0.01), X#E/R VDR Gk Z 0] S8 H. hepaticus 2
T IR AR R . 1L-33 22— PP 8ot A
T, 2504888, QFFHEMERNEE. K
B0, A s E A RS SEREER, 5
WT/NRIBHAHAREL, VDR /N US4 i i v 1L-33
AFEFHE (P<0.001), #2755 VDR BIBRLGRE11-33 %
B, ATREEIIEIRAL 4R R —

3 g

IBD G PRFRBL GRS B RAE RN I 4L
SHEMBERE L AEFERELE Y, 1BD KA
B R D AR P Hohepaticus G/ NFRIEH N
FRERIMIRAS, S B 20E I R RE 8 {H — BE G0 R A
RIS IBD Uo7 (EEAE s a4 R U CSTBLY
6 FIRGSEIR AT o AN 5 A H. hepaticus & ¢
C57BL/6) M AHE S =5 B9 VDR /NER,, A FLH. hepaticus
T C5TBL/6) /NFR G Sl #S TR AT i RGEIR . M
H.hepaticus &G VDR /NG LA I 4iKE . R R M
IR FERAHL R ZIR. RIFEVTRSHERE AT,
FHH VDR /NSRS IR AR AR . ARFATE
FEHLIBD 7 FE 2R A R B, AE WS BN IBD AR 3 AR
VDR 8%, A]Jy IBD BRI K H R AL HIFIG 7
FiE—ESH,

VDR EZ ML EFRIK (WL, AiESE),
HETEZWEY 26, 25, MEgE.
k. IR R RN Y, AR A
PU, VDR BRFEH H. hepaticus B/ INEEE ) DAL SESY
B4, H.hepaticus EMEEIG %, MRIIGESZHL, XA]RE
5 VDR R REGAT IsE AR, EETF7RERH, VDR
Bt — RV WEHS 58RI ZME R r e,
W BRI R ERE S AT R, DU
RFIREE I OREL s BEYl, VDR AIER SR Gent
R AE Y R N B R TR, Tz 5 R
VA, RAERREINHI e 2, XAl BB H. hepaticus
JE&H% VDR /INER 5 [/ T B R 7™ B ) S8O0E IR L Y JiR R 2
—o MAAEAE IBD B—FIGRZRIL, HTEFHM
KRB HHER, RGO @EE K, Tk
i 2 55 BT B T RS A 1 Y, RIS R BE
H.hepaticus &G VDR /INGRF [ T B8 s B AR AR A+
(WITL-33. TGF-B) %5 KF-F1 5 ™ 8 A9 I SR T RH o
1L-33 (E& AR R BRI R R, MY A R Al

HAEE , £ 5 RIEMAFEE B K5 R4
{LHERE, 7EIBD £ 4efbrpid — BB 2, ARHfFFRE5 R
BoR, 1L-33 FAACEE VDR +H A b B E R, 7F
Ha-SMA k& FIFRASFAEINE], XH2R VDRE
SR BEIEHIHI 1L-33 FRIASRH IEAF AL AR

8 LRRiAR, H. hepaticus B4 VDR™ /7N R K D44
T IBD AL VDR GRFE 2T W b b D Re S S A g s
NZREL, FRELE SN IL-33 FRIANNE] T LR
H.hepaticus 5 2 VDR /INERIALT4EAL 2 — R AR AL,
MEETFEMTE RN, Hhepaticus BEETE VDR /IR
KIEGIF 5 M RIEIR, R T H.hepaticus i KI5
Mz EE. FFH, AERGEHEHIIBD EE K
VDR ES4HE, B NS IBD AmiLH]. R4
iR S IEA TR e lG T  2 R E Ta e R, X
HAEBEZENIGRE . SIHER, Hhepaticus fE5LE0 5]
PIBEARRV2A& T R A B R it R 5 [ v P A

[E % {¢ I 7 BE Medical Ethics Statement]
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HSCHH Y, B A
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fEE] NEBEINEAESHEDWHAING, STHENEBEEHZRX. NESERIAMERSKE. 90
FHEROMPBRKFEZN, FMUSBLEEETNTER, BHIANRSREZTENRNER R, i, PEREEE
MRS WEELLTRERONERR. EIRES. BASEFRNER. BTFHSENSESRIMNEREN
2, IRZENEEFREIRIEER, MIPENENEZHENRSBEERIIEMNMREE. FESItRIGERE
B, ABEIREEEEYR, HUFARABEEIR, XFEAMNBEXTLEENESTZHNFT. FARKETLRE
MEEN EEAENFEEXEZRAEEL, SAZEREANFIIE—MSEK93%, RLEERERE. FBEADL. &
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[ABSTRACT] The ovary has two main functions: folliculogenesis and hormone secretion, both of which
are closely related to female fertility. Ovarian aging is characterized by morphological changes, a reduction
in follicle numbers, and fluctuations in hormone levels. It not only leads to a decline in female fertility, but is
also considered to be a key driver of multi-organ aging. In addition, the disruption of sex hormone secretion
associated with ovarian aging can lead to the occurrence of related diseases and symptoms, such as
cardiovascular diseases, sleep disorders, and hot flashes. Due to the influence of social pressures and
personal career planning, many modern women are increasingly postponing childbearing. However, ovarian
aging does not slow down with advancing age. As a result, many women face issues such as infertility when
they are ready to have children, having missed their optimal childbearing age. This leads to growing interest
in research on delaying ovarian aging. Non-human primates share the closest evolutionary relationship
with humans, with a genomic sequence identity of 93%, which grants them unparalleled advantages over
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other model animals in studies on physiological metabolism, reproductive endocrinology, and

developmental aging. Findings obtained in non-human primates are also more reliably translatable to

human medical research. This study begins by discussing the current state of ovarian aging research and

treatment strategies, highlighting the advantages of non-human primates as laboratory animals for ovarian

aging research. It then reviews research progress in areas such as reproductive endocrine hormone levels,

ovarian morphology and function, and other physiological changes associated with ovarian aging.

Furthermore, it summarizes existing challenges and future research directions, aiming to provide valuable

insights for researchers.

[Key words] Laboratory non-human primates; Ovarian aging; Sex hormones; Follicles
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Research Progress on Animal Models for Hernia Diseases and New
Hernia Repair Materials
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[ABSTRACT] Hernia is a common and frequently occurring condition in general surgery, referring to the
displacement of an organ or part of an organ from its normal anatomical position through a congenital or
acquired weak point, defect, or space into another area. Its pathogenesis is complex, involving multiple
factors such as abdominal wall weakness or increased intra-abdominal pressure. The clinical
manifestations of hernia vary depending on its type, location, and severity. As the aging of the population
continues to advance, the incidence of hernia has been increasing annually. Animal models serve as an
important tool in hernia research. They enable the evaluation of the safety and efficacy of new repair
materials and techniques, as well as assisting clinicians in developing new surgical methods and
investigating the mechanisms and novel therapies for certain hernia diseases and their complications.
Given the significant differences in the pathophysiological mechanisms of different types of hernia
diseases, the methods and evaluation criteria for establishing animal models are highly diverse.
Furthermore, the methods for establishing animal models are closely related to experimental objectives,
and different experimental goals require different animal models. Therefore, selecting appropriate animal
models based on experimental objectives is crucial for ensuring the smooth progress of research and
obtaining reliable results. To this end, this review summarizes effective methods for establishing animal
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models for external abdominal hernias (including incisional hernia, inguinal hernia, umbilical hernia,
parastomal hernia, incarcerated hernia, and pelvic floor hernia), congenital diaphragmatic hernia, hiatal
hernia, and cerebral hernia. It provides a detailed analysis of the advantages, disadvantages, and evaluation
criteria of these models. Additionally, this review summarizes recent preclinical applications of new hernia

repair materials, aiming to provide references for animal experimental research in the field of hernia studies.
[Key words] Hernia; Animal model; Repair material; Research progress
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BRI IR E O BE 2 A5G0, (EXRGER 55 R BRATHE RS
Z AR A, BRI INER A RRER (MO, b
EHN IR (SO, BRIENEYI Al A D% H
RGN 2 (AR 5 ARG R T A 22 R R
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R, BERFHEER.
1.3 BramzhiiEs

B0 (umbilical hernia) & WAYIEEEL < —, +
BERETR O 5 S5 FE s P 25 0 e 1% 1 o 558 DX Sk 5 A
Sho BRFFEFRIH, P H9m A 3 B 5 IR BEEE A R B A
RRIEARUEIE L o Brlish Ay B &5, Haft
BRI ICG — 1R e, (E—MREFELIT LA BFED
HOEIBRIERIERTE . BRI EEREE S, KN,
ARG MNEYNIEEEEEREERHA . s
SRR, AHREEINER 1R,

1R P IRALE SD KRR & R AR A & 3 3 45
REE R 5—Br7R AN, W iE s BE 5
RIEFFRLAK SRR 1T REA B 1R A2 B R FRIFHIIRAY , B
IERBZBIER, KREFEERA S, F12. FI3ALF
i KRR AR 100% . PNVRFTE PO 1 — 55
R, BEERIRRETERIHERR, Y
MART SD K, "IHTRBE0HEH &5
275
1.4 EOFmahEE

15 55300 (parastomal hernia) 2 —FEFIRSS ALY
P10, H/Nz S A i A T R R, L
REZEGE O EN T EEIN, BRI ISR,
& LB S IR 8 R A7 I ] 8 B A AN R e 81
IR RIESAI P T BTG AN EE T
FMHERMR A AR X S22 ERE , IRIRATEH
PR SEG 2 A AT B ER B AT o & H S5 sh I N T
RFEET, HElW g — i brdE, H— B
SRR IE O 5590 s IS RO A TH T AU . S8 HAY
AR — P IE . ZEELE LY R, A
KISEEINER 1 R o

Zhu%E 8 EYRERS T IS O SHshIEAL, fESR
R RIS 550 S YIRILA R AC BRI AR .
FHEMIE, MAETIRRIIA R AR . EsMieam, &
MBI G 1E O FARRIH AN 2, RIMNFRLEETE
TR, ARRXTEEIE DRBIMN 2 1 R,
. BRI 4 AR F ARG ABITER, &%
FEERAI, AL L E RN (D) 3 emx
(1) 2 e MHIETEIE ELUERHATE Al L 550, AT
oy mE e T EANA, AR R RIS 55 A
BRI .
15 ERIALENMERE

R (incarcerated hernia) 2SN EY)

ARG ok BT IR AN m IR e i — PR, 25N
BRI ENL, Fa kA IS ER A .
RN BRI SRR T i — PR S R B AR B S R
FRBEHNSWAIGTT TR A EEE . SR
BUNFAREREARL, BRI TGS — T hnE, —&iR
PEWUEEANR] N [A] 75 R B IA E TEAS B LR 2 SR AT
(e PR L A 50 R BB B8 PR BIIR TR AR 1 o A
U SRR, FHOREEEUNER 1 FR o

AT A NIRRT O LI ERE . Bal & BRI
Ui E 2 4 em FARICHRIERAL, MR E B
B RINd, d,, REIEE T Bk 5 RS EE L A (] B9[]
B, WROREZIRGE S R XS IR A E o Eid . IREMIAE
BAD, BIEANENAEREEK2mL, AENERETE
BREE G IR S MEEENLE, R B R T 1) 1 Jzm i
TR TR, BEEND=08x [ (d+d,) 2], &5
EESE G Rk, WIGEHRIREERETT, CWEEFES
RLFFART P82
1.6 ZREuzhipiEs

FealE N (pelvic floor hernia) EfEII 21 B 2725
CUFHORESMIL, EZ o NMf. e fUn. ZIRE
P Ko 2 BAL o BERALT R B R RE PR 75 TH - &
RS2 A E N RN A & FARSEAEFEARRAE
BRI R R AR AR 25 B0

BRI BRI ] 73 0 T AR R AR A e B PRI A5
B, HETS — N RE, — MRS AT R ah B 2
Pa i) YN TES N R iR OREE Y THEI PR =S T AT N VA
FE—BIAIE . AL SRS RFV/INR, AER
REEINER 1 R o
161 RFRFRIEE

TSR NT B e d I YRR AR B R TR L P A B
HAERR (AL TIMEZINL. Aes B AL,
FLAALERIEIRR) . SRS Bl TR RS SR DARE e
RENE. RE1DH, SERREEABIRIL, &R
FfiE i —2EsE B
162 NEREEERER

AFERIL, — R E B CSTBL/G6 i & AR
it R 2 Tl TR 71 R o e 5 DAL/ N s Y L o P e A A
AR, AR B RGN A] 9 A B AN =B
X HIIKEIS , SHAARE R, %/ NS A E
WU AN AR R A RN AR 4 dt 2 HASED 2
JERIL A AR LRI FEF A T —FhaT %75 %
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Table 1 Methods for establishing animal models of external abdominal hernia, and their advantages and disadvantages

Jr—— ’f@?%ﬁ% ST g .
. Establishment Laboratory .
Types of hernia . Advantages Disadvantages
Methods Animals

RS EEY) AL FRER & PEEEEN EBNESAXBURES, IfK AARS, FARERIEERSY
Incisional hernia =Yty =1

P RN ERENSHUMESEARBO™ BREARS, @FSENFARBIRES R

® R AR, R BN 1R T gpt BEEE BESARERRAT

=) RRANME IRIEE R BRES BEEE EBESAXERRANT
=k ceapn BR & W RENFIEWSIRRER, THRERE RERR FAREEX, BEEETH
Inguinal hernia AR ETFRE w7

® BRARE, FEXFTHASGAROFRANE BRIXKBRISAEZERK, FEEK

F, BEEREEFARREES i, SR RHERE
BEE NE ATEENRE, BTN HIHRY BAREERAARS, EAEGERY
FRER AE  AERHLRMERTEREE, R ER SiaRIIREERK, ARD
i BR AR RENHIEWSIGRK, o HFER AR MEERAH
Umbilical hernia
IEOS FRELR KB AR, BEER BRSSHF™ [EEEE. BESAERERRK
Parastomal hernia
R FRER AE  EEREBT, IRENESEFEY IR EY ERHERERBTIRES S
Incarcerated hernia HSIRREFEE—EEHE
BRI FRER X A& S B G & I AR SE PR 15 5 BREBHBBRIER, FZIRF, SEAREFE
Pelvic floor hernia =50
ERE NG TETREMNARNTRY BAEERAAR  BEELERY

2 FXtERAuEIEE

Se MR (congenital diaphragmatic hernia) &=—
Pl AR, 2 000 ~ 4 000 135 = H7 E J L H gk 2
PG, HERSRIRIA S RS, Ie) LIS B0
A, SEMAEARMME RS, 5[k H A S
Bk ERLLIREAR 42, BOERANARI50% P, SR
PERRIIER R M ANTE R, BZ9H =73 2 —HfilHiA
NELERBILAR P BT FARTEI, SRR
JUHTRIT A RRA R . RO R A 2 D, I
e B U Y SE G AR SR vl B EC & AT, ]I
BRI 75

S RMERRIL SR [ To g — PN AR UE, R[A%E
HRIEE QR E AT, SRAARERTH T
— Rk, IR A2 B 5 AR SE R MR & AR R
R (RIS, K ImARERIIE) 2 S
SR IR AT 3 e B AL 2505 %
RN ARG &Y, HHOCRES SR 2 FlR.
21 HEREH

S R BRI e DRI AS R i i o 5k PR e B i 75 A 56
RNERRIG R G G RSS2 01k, KZT30% HY

SR MEIIE A) L E R s R R s s Bl
BRI 3 FROR B, SRR R 5
PR AR i, DA RS5O it = e ) A I L
HIFR RIS L T i B A5 B ami B, B,
7INER L R AH A0 FE & (http://www.informatics.jax.org) h
EHIH T 18 B 5 A S R M IR AL AR LAY /N A
Ao e R IR e Bk Rl S AR B AN AT ARALUIRIT B
BHRKRLE, mEABT AT RS K 895 E LR
X EEEL R R I MR I SO R B HER , 2 FE AR
TT S RN R e S FH RO Bh AR B8 (X AR th 77
FEA R AT AR e B R R
22 HYWERIEE

2N AT R I R I ] T2 At s, H
= FEEY A A B R ME IR R & B A R AU TS
B EETEG R, 100 mg EELENARRLE 1 mL
faihrh, FEREYREE 9.5 REABLIIT, 40% ~60% HYJEUH!
A RNMERR ;. MAELEYREE 11 REa2git, HIlG
e RN AR A8 DL ), XRS5 5 fd, [
It AT AL S R A 7] 72 B2 O i A IR R s ¢ 75 i
ge Y, (E B B, RSB T
WEY), MR R R HA R BEAE R HIR, B
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BT e R LB R E AR, A
NHEFBHERW R EZ 2T, FlExt &M itigH i Y
s Fith, REXSAEARRZEBR TR E R
N EIE A B Ve R a2
2.3 FARFERER

FARME (e 5 E T FARE S e R MR
JUFARZ B SRS, Al DAEAR. NS
Yy LTS (HPAREEL R T NINE T IR R %S
BILIGRIRTSE, ORI T FARSETZ 7 100% 1,
231 FEH

D FABEZES LR #HTH, Harrison
a5 L) LR OT ORRG AT & B BOMRIRA , Ed e A MR TE]
BRATIFRG LI HES, DIBRES /S BEIRATL, i AR B o
SERG AT T AR/ INARFRAEAR R FARRGE (98 d
2138 d, IFIRHAEE 145~150d) @925 (k. HEi, FA
Je RVERRIG F A E AR, PARTELEYR 60~63 d
(% B IR EY) Z Al T 149, ARy R a
AR LRSTER, ERSEAHA; HikSE
TR IERE I UL s R R 1,
232 miEH

A B ARG EIRIARE . & PR
% Kl A 5 NREE — MBS S, —
7, SRRV FARBER R EEYR 23 ~26 d Y
REGHTHY (A B, %is/LEHT31~324d),
LERIET-HR>45%, HEHEMABAE ™, B
5, TEMRYREE 20 Riifs, SET-3R 100% ) (EMRIRES
24 RN 25 FKiEf, B LAIERIA70%, K EI T AT
KEBAELAGMEEERI. W, BREERRE
23 RHTFAR, HIEEIREE 25, 27, 29. 30 KRREHG
JUREAS, IR B A SRR R i nE . FR
AT JIFAREA 75, 725 LR
i 2 R BAR ST — MR BRI TR, 4 Al 4 (2 mE A
HR RS AR LR o
233 KARIEE

B Fig R A S 1 e R AR AL BRI 145 5
W), DRI Sbragia 2 107 YR AE KRR AR AL S0 R MR IR
R, XA BT R RO A R AR SRIR &R S R MR
W5 N iR E R ENE, mAZSEYNTi. &
Shragia & "0 iR S rh, FAREEIREE 18.5 K (R4
FALMNERENEL) #17, Fik5RERMERIT
BRI, FFTEERERIA, TEftiE b (R AhmRE g )L
IREE) MM LS LA SR S e R ik

FRIARTEAR L. RS R ME IR AR H B I 5 2 77
FERARHIM R, XEEANRS EAMK—2 i
REFERIERRE A RIBRIE S . FARNEHERE,
RE T EG BRI FARLENM R B RIS,
PRIEANBEM S IR AT LR 2 BT A B B2

3 RERFLYRE

BEZFLIG (hiatal hernia) 2fEE M (50) HAl
G BB A ws i A 2L IR IR S KT ARG . %97
M AL NS, rTRE R B R R A SN
[ #7077 45 A s PR B R 188, S BB N
Yoo A B s, DRI A A R B R 2 0 Y T fE R
& 8,

BEHFILSIYIETRL 73 B RIETFIF ARG A
A, HETMIER I, BN EE s
BRI BA 5 ASAEIIR & B 2L H A A 2R 4514
FFEAERES, e A R I HI TR RS AR
R, EHSLOSYIE . AR, HEREEENER2
FIiRo
31 BAiIEE
311 HEE

B EEHILER, HA TR/ EERFIN,
FFEHELGRIMNGERE, SEERES AMREARMELL,
R EAEFTRTTi5k o] AR ST shI| sl 1), G2
N, fE TR AR, HZ R 77 mRSit
T NIRRT AR R AR -5 B0, mRE, s b
HITHE AR ERILEANRE BRIt & F AR L 2]
1To HERLNIMBHEITTR ML THE AFARRGLE ST
EERAR DA R BARRRE) LGS ), B
FE—ERAE, W BOFANR. IR, BV E
W, XEGFARXE T EEIE AL T —E B R
ARG, e, I S R S R A Hiain, AR ARz
T
312 R xiER

BFEERMNRENETREXELEBENA, H
TR E BB LA IR 5200 e H2H 27
FARAE R HX R AL G ARSI E SRR, W
I, ERFAAIR, IEFERBMEH,
32 RERAMFRFRIER
321 EER

Brody % % Zefiig A BRI T 5 LI BB AL
X, FUMEENE, EEKEAZEEN, hE
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217 BEHAAEAL, ESh, Smith S5 B @ YIRRE
B ZERRITUBRIAIER 3 720, BENL T PR BB R ST B R
FLAG T, 45 40 mmx30 mm A AR E K /N B R D
40 mmx50 mm HYBE KRBT, NELEHTERBRERIL
TSR 7R M T AT SRR S H R
322 RAi&EH

Desai 55 1 @I /e s ARG, & 2 BT T Al
P, AFRALREIEEMSE, KIFREERDIT,
HFxtE BB ERCHTIEME], ERRE NERME
JRERIZENE, KB REEERIAZERL, K
BRI, N RE R mRAEKIH TR
T —Fh R e SR

4 FemzhipiEE

H¥fli (cerebral hernia) 2 A A AR 8 15 5 [ A 578
TR, ke NaIT —xE BT SRR IN IR
Tt . EEEAR A i 0 . SRR . A
PN FRE B BE R 5 ), R T ik — 2B A g L AR T
Wi, RS KR ITk, s N A
EAT, WLshPi g o B2/ N S v N & R
B IR AN R AR IR . BRI K
BAL, 3Rl BA & BRI AR, AHORE S5 WIER 2
FtrRo
41 I'EEZNEEIMEMASESHRDER

WA RS I ) A U T BHRORRH RS B 44
FEENK I A & A A H I, VEIEEDN 1 mL/min, B3
P A R BRI B 7 HOS R - AN
J£=50 mmHg; FERARIAE 12 (<6 1K/min) B
{5 1R B HIECIEI  /00%8>200 K /min, B%<50 ¥K/min
FU/EAR O ERE MR RE PR =105 Skt
CT 5 i e IR 5 (magnetic resonance imaging, MRI)
A LA AT R &kts . FFaLl B3 % & E
RImfi oW, AL AT A EE TR H R,
HEmGshtaEL, KBS 25 A Bl i 5
NKEHERL, RN, BIRERK, BEHTRBRER
B3 A B TR o 67 R Ao PR D M 55, (B A7 R R IR
FARIBERAMEE REARE
4.2 SExpOnEE

A DL SRR/ N B/ NI R, E
TR RIS T slb e ivRg 5 S . AR T VA
i G 22 B AT K ER T R IR TR ZEEE A
[ Hil Tl A B2 AR A A EE . REZE 2.5 em, 24

JG PL0.01 mL/min [ BREEPRE A AFRER K B8, %Al
MR AT A AR v HE RS A i b o AR e ARAE AR AL
2 MRIKGES f5 A W BIRR IR BR e S0, fRSIEAS
] AR RS [0 5 TR Lo AR AY Y KBk e m]
Bt BIR THR K, g TmAEAL, B
Bl fEtEmE. THREZRRDS A, BiZERhEE
FARIBIERARE S M RERS

5 BN« RI A9 R A

5.1 &ixEhirel

East5 9§21, RAGOKRET SR —FhRATE
RAVIMEHMEAMARE o 122 2R A 4 3 B IRAN SR -
o~ CAERPORAAEA L, ERREEEEHTTS em P
H—HaE s, BRIRIUORA AL A 5 TR X
TG 6 JEIIN REFESHY , W HAEEE PE T4 2R 2 A AEY)
TIFEVH e SRR, SSREE IS a AR A &
PR, SRBARAN WA ATREXS U] T
BAETLER .
52 EHPLHBIRIE ERPHER H

HE R N EAN 2 5 5 [EE W RG IR S S5 9 R E
HAETE A SR ERNE S &N . AiF7T
R, EREANRER R T SR HRE SN, 15
FLBRA/ IR EFAE IS, B A g 5 ERA R S
TR 22 22 P LRSS RN, T RBY NG SR ZE
K, Helmedag %% AT —MEGEMRLER
BB AL SR AR R, R AR AR SR AR AR
P NEE TRAREEN , 25 B AR A
PIREEERCR , S5, FrARXTR TR B A ER
H S S L S RZE T BT 1 o
53 HEIRERZIRINESHA

MNFIEANR G, ATREHILGIERE . B, &
EMIRIRARGEE, SBEBRIGEFLIE, A6
A R 18 AR BUR R BN R B R AL, A
b, FF&E—E s E ARG ROR AT BN P, kb
Fr R RRE B T b S Wi p R RS AR A .
Ding 5 0 fift & 1 —Flt B i R AN AR K UL 5 3R TR M
Rl R G, HAmRAUIKRIE N 30%, AT
$oRHA, HACANMIEEAIEE . WS RARRET)
MAESIRTR, IZREWE CT UGS & BAEYIAHE
MR
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Table 2 Methods for establishing animal models of congenital diaphragmatic hernia, hiatal hernia, and cerebral hernia,

and their advantages and disadvantages

g A MERE SR e e
Types of hernia Establishment Lab?ratory Advantages Disadvantages
methods animals
SER MR BEE N AEIEREARE BEERNY BAEEREAARS
Congenital diaphragmatic B 538
hernia B[/YFER ARNE  BFEZT;UERMALRLAE™E REZWAEDYPHNIHLHR, FEHEE
TEERIBBA R IRRS K B 5 [LEN= Tl AR
FAER e Ba) LR K, S Rl ERR RAS, FIREASEK, 78 (R
FINEERFFIA008E ) LAY
) AR IEIRERE, SF-F5Z v IXBRF /N E B8 FF 18 A9 BA )L Bib A9 oA
EBEIRF S A LBR gl
PN AR, EREE, B (75 FARABREEEXR, FEMIREEM; XIR
F I INEHAFF AR ) LA B 5510
BERIM Bk ¥ BERINENSAKEBLSREF HAS,; ME. BRI RPSE SR
Hiatal hernia ARi)l| £ s By 149-50)
R.® I S5RREERK EHAKHER AFXK
B/ g e
FAER ¥ BERINENSAEBLLAEAF HAS,; B BRSPS S5
AR R BB
X BERIEWS AEEH AR ; B BRI RIS g2
B FRER IABS  AREIREBSAZEMRER BEAS; FE. BEARPRPSESRS
Cerebral hernia INBUYE BK, BT HERZFE
% EIBIR, ozt E FRBIEEAEERA

5.4 3D{TENBERRMMPERMEZIFHE
3DFTEMERN—FiALRIER AR, AT AEROE
BHRZE, TR NEEARESSH, H& HEEE
IR TRESZ 2 [, akifoe s 19 DU AN B A7 2
FRATEFLER A RL, 4% 3D 4TENMS SR E, fsh
SCIORAH, HAEAHM. JIRERE. SEAMEMBERR
PR E ST/ AR N AN AR FLERRN . LA
HEARZME RUF . B HAE AR FRIEREY] B, R
JG 4 ML, HHRXIEE R, JoiH GG
Mg, mphSEER AL, RIFEEVHEEE R,
TEARRAEE N TR,
5.5 FBIMIRESLE
RAREEREWE NS, IIfESKAOMAEHY]
FAR FHASSEYIO R A, —FET I H 2R
IR R MR aE 2, Higit BA RiE K FLOME
ML, RFHSEREAZIEZL S, e
A SR, AR [, PR R Aliig h
DI A8 B R IR BE D) A B A TSR 30 g0 e, 45 R R
HH, MEEESHERHE SR, AR, PIRGEZE
A PR fn WA L] N b = DN A6 Sl 14

AN, Scheiber 2 165 i FH S04 A4 I R S L AG RN ST BR
BB LA IR G 2 5 NGE 2, 45 R AIL, R
LR ARES|ITHES THEMESZ (850.1 N s
7147 N, P<0.0095). XK, HAEHNELKITR
BB L -H A SRR 153 i vl BE 2 B 1L 4 Zehi 24 21
SEDI AL AT T IR

6 BESRE

MEEEDT L Sh IR RO G, (HERZ FAR
BAERNEAER R P G ir . R, fEARSR, BN
S FARBRAERB Rl b, RN R 1 MR
R A HERR, DIRIERERRE . IERIA L)
PR TR IR A X B 5 A B R R, B IRIRIEAE
BRZR, W, RNARSESER H ARG AT R
R, AR SEIR EoR. fEARR, BRI itshiisiiliz
T, R B A TGRSR PR B, [ sh A
A TR BUR LS K Z R RYRF 7S, Hl /N0
Fe RNERHIL A R BB EEORE S, FrPABL AR
ZEE B, RIS IR BB AR L
Do ARk, TH—BIHEBAHRHISIIEEE, &
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FHNENPIRAL A] TP AR, BT REE D
FHLBAMRIGHIE AR, Hil, XAD>ELRMHE
M7 RBIEASFAsIPIRE, T B A Hb LI PR SR
PTG, AR ZIRAE RS R R, HR 0 5
P - ] T SR A B BE AR B AR (AT 259
T BRI AR TE RN . B RIS A 51T,
BE S B gy AL PRI O O R B AR B L, (H72
H Bl 2R T AR RS, SRR RIAN 78 7 HAth LG
IR,

Fe R MRS IR T IR 24, ENLHIRFE
th A EAMES . (BESIRRSEIREFE—EER.
Aok, BB FHAERLIRREIEEAR, IF
IR R R ENE, R SR s A
RGN, IR

ek, ERALNYIRE BN R ERAL
IHEANARFT B RITBARFARYIZGHE, T R)
W RE I N 2 (R R 454 5 AFARMIL, FARBERR
br, PIMAZBZH0 & H R

LB A A 5 — BTN bRt . FEAUIK IR HY
MR FEH, KIEERZFEM. W HLRshPNE,
REfp I A RE D BLIIG R SE PR 1B o

Zi BRA, BRI ) sh P R R A AN AT
BRBIER, SR FEANm PR N A B EARR o
EEMFERES AR, Ht, TEANWEEMEH
MBIRSIIRT, X B T RHEN AR R
FLAEEHREISE /T,
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Design of a Capture Stress-Free Marmoset Monkey Chair Device for
Experiments and Its Preliminary Application
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[ABSTRACT] Objective To avoid stress responses in experimental monkeys caused by direct capture,
and to improve the adaptability and experimental efficiency of marmosets in behavioral, two-photon
imaging, and electrophysiological experiments, a device for immobilizing marmosets without the need for
capture is developed. Methods A set of compatible transport cage and monkey chair was produced
through 3D graphic design and printing. First, the transport cage was aligned with the feeding outlet of the
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experimental housing cage, and the marmoset was gently guided into the transport cage. Then, the
transport cage was connected to the monkey chair, and the marmoset was gently guided into the chair for
immobilization. Subsequent experiments were carried out afterward. The effectiveness was evaluated by
observing the efficiency of transport and immobilization, the marmoset cooperation level, and stress
responses. Results After testing and improvements, the device successfully completed immobilization of
marmosets without the need for capture, significantly improving the fluency and efficiency of the
experiment. As the number of operations increased, the marmosets became more cooperative, and the
operation speed was significantly enhanced. After using the device, the stress responses were noticeably
reduced, with marmosets showing lower stress levels. In particular, compared to traditional capture
methods, the use of this device significantly reduced marmoset anxiety and discomfort, increasing their
cooperation levels during the experiment. Conclusion
restraint of marmosets without the need for capture, ensuring smooth progress of subsequent
experiments while also safeguarding animal welfare. This device is easy to operate, highly practical,

The monkey chair device designed allows for

Feb. 2025, 45(1)

cost-effective, and has great potential for widespread application.
[Key words] Common marmoset; Monkey chair; Restraint device; Stress
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Note: A, Front view of the transport cage; B, Left view of the transport cage; C, Top view of the transport cage; D, Side view of the
transport cage; E, Push plate; F, Front view of the monkey chair; G, Left view of the monkey chair; H, Top view of the monkey chair; I,
Side view of the monkey chair; J, Anti-collision cover. 1, Hook; 2, Rear panel of the transport cage; 3, Movable hook nut fixture block; 4,
Locking nut hole for the panel; 5, Handle; 6, Main body of the transport cage; 7, Circular observation hole; 8, Front panel of the
transport cage; 9, Front panel of the monkey chair; 10, Rear panel of the monkey chair; 11, Main body of the monkey chair; 12, Monkey
chair clamping plate; 13, Adjustable base; 14, Fixed legs of the monkey chair.
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Figure 1 Schematic diagram of the transport cage and monkey chair
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Figure 2 Photos of the transport cage and monkey chair
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Effects of Different Durations of Light Exposure on Body Weight and
Learning and Memory Abilities of NIH Mice
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(Lanzhou Institute of Biological Products Co. ,Ltd., Lanzhou 730046, China)
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[ABSTRACT] Objective This study aims to investigate the effects of varying durations of light exposure on
body weight and learning and memory abilities of pubertal NIH mice. Methods Forty pubertal NIH mice,
evenly split by gender and with similar initial weights, were subjected to a 12 h light-dark cycle for one week.
They were then randomly assigned to groups with daily light exposure durations of 0, 6, 12, 18, and 24 hours,
with 8 mice in each group. The experimental period lasted for 7 weeks, with the first 5 weeks as the feeding
phase under different light exposure conditions, and the last 2 weeks as the behavioral testing phase. Their
body weight was monitored, and learning and memory abilities were assessed using the T-maze, object
location test, and eight-arm maze tests. Results During the light exposure period, there were no significant
differences in body weight among groups (P>0.05). However, the weight gain of mice in the 24 h group was
significantly higher than that of the 0 h group and the 6 h group during the second and third weeks of light
exposure (P<0.05). After five weeks of light exposure, in the T-maze test, the latency time of the 0 h light
exposure group was significantly longer than that of the 12 h group (P<0.01), and the latency time of the
24 h light exposure group was significantly longer than that of the 12 h group (P<0.05). In the object location
test, the mice in 12 h group exhibited a higher discrimination index and spent more time observing the new
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location compared to the other groups, with significant differences in comparison to the 18 h group (P<0.01)
and the 24 h group (P<0.05). In the eight-arm maze test, the time to find food, the reference memory error

rate, and the working memory error rate in the 12 h group were all lower than those in the 0 h group, with

significant differences (P<0.05). Moreover, the working memory error rate in the 24 h group was higher than
that in the 12 h group, with significant differences (P<0.05). Conclusion Continuous 24 h light exposure
affects body weight gain, while light exposure durations exceeding 18 h or below 6 h per day weaken the

learning and memory abilities of NIH mice.

[Key words] NIH mice; Light exposure duration; Body weight; Learning and memory abilities
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i ns, ZREFUTFEN; BHINREZR.

Note: ns, differences were not statistically significant; There are

8 mice in each group.

E1 FRARNRHAEERL

Figure 1 Changes in the body weight of mice in different
groups

DERTER12EHENKA (P<0.01); FK24h
SERRIHR AN R AE R T K TR 12 hE I
H (P<0.05), MFTRRELINRZEHTH, 5S4
INREIMZREGITF R (P>005), HEGXR
12 h YIRS H oy e B A 5 B =i o
222 HUBIRFILINLE

B2 ATEL, 5 A/ E IR AL BRI R 2L
ZRBBGUFEN . 58K 24 hEEN-KRAMEL,

=1 5RAERXREE 1ARAIHKI NIH /MR TRE S xR
HEENEI
Table 1 Effects of light exposure duration in the first week
after a 5-week light experiment on the results of
T-maze test in NIH mice

(xts)
AR (BRICBATK) ERHA/s TEBDL/%
Groups (daily light Incubation Alternation
duration) period/s percentage/%
Oh 26.50+5.42" 0.53:0.18
6h 18.86+3.60 0.48+0.26
12h 17.86+3.44 0.60£0.24
18 h 17.00£5.18 0.42+0.20
24 h 22.75+4.43 0.50+0.28

E: ER12hABIKEBRIWEA, P<0.05,"P<0.01,FHn=8
Note: The daily 12 h light exposure group was used as the control
group, "P<0.05, "P<0.01, n=8.

BR 12 EENKANROFITEREEES (P<
0.05); S8R 18 hIaRHRAME, &K 12 h LR
KH/NRB PR B EEE S (P<0.01). /NEHT
LB TR B SAG RE  E MR [ B A ZT R X (P<
0.05): HER24 hREEMKAML, &K 12 h EHER
KAH/NREF A ENEREEEER (P<0.05): 5
FFR 18 h IR R AL, 8K 12 h IR /NS
AOFT AL BRI R B (P<0.01),

R25ANBRIRESE 1EEIFKI NIH/MEFAEIRE
LIRS RAIRIN
Table 2 Effects of light exposure duration in the first week
after a 5-week light experiment on the results of
new location observation test in NIH mice

(xxs)

PR (FRABATK)
Groups (daily light

HRliEH

N A EMERATE)/s
Discrimination

Exploration time/s

duration) index
Oh 0.17£0.09 59.14+15.01
6h 0.34+0.23 67.15+11.40
12h 0.38+0.24 69.10+11.77
18 h -0.30+0.34" 4853+16.88"
24 h 0.06+0.27 52.75+13.22"

Fr LEXR12h B AATIEA, P<0.05, " P<0.01, 84 n=8,
Note: The daily 12 h light exposure group was used as the control
group, "P<0.05, "P<0.01, n=8.

223 )\ BXREXRE

3 AA], 54/ VE RS S H R R R I
HZRBEZGIT#EEN (P<0.05), 58K12hEHE
BHAAREE, SR 0 hYGREEH A /N F RS bl A st ]
BEFR (P<0.05); SA/NR/VERELRSHIL
HIRILRZREAFSITFE X (P<005), 58K
12 hRIERR AR, R0 h SN RA/NR 2%
ICIZHRIER B EH S (P<0.05); SA/NFR/VBRE
LR THEEERIEEEZEREERITFE X
(P <0.05), 58K12hEHEMNEKAMEE, &R0
24 h I RA/NRE TEICIZEIREREE RS
(P<0.05),

3 iTie
AR SEE R, FEAN FEHERREE A /N R A AR

BIEREIN, KRR 24 hFESE BB /N,
HApAE P R REE S LA =, X SR
25 M RIS IE A — B (B ARSI
MEER T ER . BRTHRAGESIMERE
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*x3 5ANEXNESE 2ANEBHKYNH/MER/N\EEELNERIZ
Table 3 Effects of light exposure duration in the second week after the 5-week light experiment on the results of eight-arm

maze test in NIH mice

(xts)

PR (BRI K)
Groups (daily light duration)

HEERA9ETE)/s
Time to find food/s

SEICILEIRE/% TRICIZEIREE/%
Reference memory error rate/%  Working memory error rate/%

Oh 18.50+10.41°
6h 7.13+4.94
12h 10.75+8.63
18h 7.63+3.34
24h 11.75£6.71

29.13+8.63" 31.636.41
19.00+9.26 19.71+8.01
18.13+7.61 16.38+8.16
18.63+5.76 18.88+8.29
25.50£9.12 28.63+6.21"

T LEXRI12hRBERHKERIIIRA, P < 0.05, 54 n=8.

Note: The daily 12 h light exposure group was used as the control group, "P<0.05, n=8.

HIEfRIE R, BRTTEARE I ERE R BT R,
XM EAER [ IANTEE IR (TR TmE T Bk
B MRER/NRE S R AU ZR SRR
U, eI REE U ORI, R 12 h R
B A /N B TR TR 24 h e RRERES
TAEER/NR, XSRS FAREL. Hiea] DA
. ik ERZ — IR I, R FTIR RS
DA B RO 5 R A R A SEAR I N TR A R,
WM B ERAE AL T IR EAERER 18 h LN

BRI, FFEEREFIR SRS S E /N~
LR ERELAI O Y RGNS T3
PIE RIS B B i TR T R IR AN R A
TTRRLERER P RIS S YIE L 15 0
e, PRIEFTHEGENN =Y, ETRIRE S H, S56K12h
JERRIHRAAMEE, BR 0 hERRI KA/ N TR R
BEER (P<0.01); 58X 12 ERERAML,
FR 24 h RN RANRPBRAEEER (P<
0.05), f£/\ERESLRS, 5EK12 hDEREHAM
Ft, ER0 hEHRIHR AL/ R ERE ) A I )32 S B
£ (P<0.05), HEMITESE 42 BRE B 2 EEREE A2
EHNR SRR EEENE S, RASBIETA
o

FETRIRE LG, S RAM M EH T
PG (P>0.05) . fEHALE IR AL,
AR 12 IR RN, HA e s
L EMENARRK; HERI18h, 24 W KA
INSREIHRATE RO AR . X BRI 12 h
i, SIS SIS IZRET T BER B R RA . B
FRIHRR T 18 h I, SERERFES, W/ 21812
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R BFROLEBHKTE 12 W AR, S310008 TIED

ICER R AR, X5k EEE " Huang % 2 [
WFRss R, ERERNE, TS " WifRs
SRR, SERRSEIS R —JE, /N AYF iR
AT, AJReRENRREER B ER, BIREH
FUHAL B SR N E SRS, T AR SEaG IR . 1
Oh, ARSLAGERRAE B A R 35 d, RS2SR T A
KEERISIAIBE S o AR FEEE SR TR, GRS (X NIH /[N
SRR AR BT AL B A SRR 25 IRAA — e, A
BFFEr R FEOERRIAIER, SN SEaa 25 SR AT rl SETEAT
HERATE o

ERE AT R EA I M T N ERR A R TR, R
SEHRRTHCN 12 h B BEE B NIH /N R AR, HiZgk
(G N K S TRl VA A
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(EE] BN MAEDEERAEHEEEBHEREHIERE, ATERELRIERENERMIEAERIR
HeE, Bk W28HMARRENI ~18 B A HEME/NRELIEARINZIE-EIBTIE (in vitro fertilization-embryo
transfer, IVF-ET) R, BIBEIMRABHER/NENBEFEE. BFENEER, BEEFHIRBOBFRET IVF-
ETL¥, EFREEEFHITEZRE. SEMRNIFREER, W2HARRENS ~ 18 BRI/ NE Lk H
MOPEBERA, BEREESE =6 AR NRIEAZHNE, BESENE—NZENPEFELES—N
WONE, ARSBHEENR—MNEIE, BERUEAZHRNBERIPEN—N. RE2Q1dEZHINESHEASS
HeRARBENEHNREEES, FFREER, RITNEBEZRERE. ZHREFXSHIE. & A
IVF-ET AR INIER 28T NER AR, EIHNEHRAXFRH18BEE. B IVF-ETZRAINE89.29% (25/28). 4%
TEREIS /N IVFRUEIISBEERR (51.01£14.97) %, BFIPER (9.03:5.28) %, (FREAEER (18.60£7.03) %o
WHRIPEBBESH/NRFIOREE, PEBBEIHIREN33.33% (13/39), PEBEREIHEEN17.95%
(7/39) 0 REMEBERARBRNERITMNERE, HAEENEEAFERHISBR,; B4, SHBERERERXR
REEFEMRANFRNEMAEEK. Fit FUFAARERSIENEBEEREENS, FENTFEIRE
ZEFRI/NER, VFETEATERHTREER, REFRNR. #SWEREENROREER, IPEBERA
AFNEBEERAE, EBRNERY IVF-ETHARE, FE—ELBRNK.

[xigid] EREmNR; &l £ERER; FIINSH-EiREE; EBRE
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A Case Study of Using Assisted Reproductive Technology to Rescue
Genetically Modified Mice with Reproductive Disorder Phenotypes
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[ABSTRACT] Objective The utilization of assisted reproductive technology to rescue genetically
modified mouse strains with reproductive disorders provides a reference for improving techniques to
preserve valuable experimental mouse strains. Methods /n vitro fertilization-embryo transfer (IVF-ET)
technology was performed on 28 strains of infertile male mice aged 9-18 months. Several indicators such as
sperm density and sperm motility in infertile male mice were assessed to select the most viable sperm for
IVF-ET experiments. Fertility rate, abnormal egg rate, and birth rate were recorded after the birth of the
pups. An optimized ovarian transplantation procedure was applied to 12 strains of infertile female mice
aged 8-18 months. 6-week-old female mice with the same genetic background were selected as recipients.
One intact ovary was removed from each recipient mouse, and the contralateral oviduct was ligated. An
ovary from a donor mouse was isolated and transplanted orthotopically into the side where the ovary had
been removed in the recipient mouse. Twenty-one days post-surgery, recipient mice were co-housed with 8-
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week-old wild type male mice of the same genetic background for breeding. Data such as the pregnancy
IVF-ET
successfully rescued 28 mouse strains, with the oldest male mice being 18 months old. The success rate of
the first round of IVF-ET experiments was 89.29% (25/28). The average fertility rate of IVF in infertile male
mice was (51.01214.97)%, the abnormal egg rate was (9.03+5.28)%, and the birth rate of offspring mice was
(18.60+7.03)%. 39 out of 40 ovarian transplant recipient mice survived, with a pregnancy rate of 33.33% (13/

rate and live birth rate of the recipients were recorded after the birth of the pups. Results

39) for ovarian transplant recipients, and a live birth rate of 17.95% (7/39). Four mouse strains were
successfully rescued using optimized ovarian transplantation technology, with the oldest female mice
being 18 months old. 8 strains were not rescued as they failed to produce offspring that survived to
sexual maturity. Conclusion IVF-ET is an effective approach for rescuing mice with reproductive
disorders caused by different reasons, especially for those beyond the optimal breeding age. Ovarian
transplantation technology can also be used as an alternative for aged female mice. But its success rate is
relatively lower than that of IVF-ET, and carries a higher experimental risk.

[Key words] Genetically modified mouse; Middle-aged and aged; Reproductive disorders; In vitro
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ERTEEIE BE (OLYMPUS, BIE1X71) FWEH
ICHEFEE, HWEAEN. TBA%, 1Bk %
W (5IER C57BL/6) Mt /NS o0 12 #EEE, R

BHEE/INER TR <2x10°/mL) BUE TIRERTEI,
RENZEISRER 55— B 2 HORS 711, BlE e fth R4
PN HRBORSHUCR [13] Arik)Tik.

E: A, RENERNE—UWEES—REHEE; B, BWEETRENBFEARNSFIREREDT,; C, 2RTREmAEENRABFER
BE1ThEIBFIRES, ZNBEFREPRIGFHE, ANEFRETEFEITFIES.

Note: A, The unilateral cauda epididymidis and a segment of the vas deferens from a male mouse; B, Sperm masses collected from the

cauda epididymidis placed into droplets of sperm capacitation medium; C, The sperm status of two different strains of male mice after 1 h

of capacitation: in the left culture droplet, the sperm were sparse, while in the right culture droplet, they were evenly dispersed.

B1 D BERESTFHERRKE1hFEHRREFRS

Figure 1 Sperm masses collected from male mice and sperm status after 1 h of capacitation
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Er A, ERENR—NEINENRAERTEL,; B, BRAKNE—MZTBNIPEARR,; C, BEZMNES—MIPEMNHINE; D, ¥
MR NR—NZEOPEARBEANBR T SHRNRIVENEERR, HESERE,

Note: A, Ligation was performed at two sites on the oviduct of one side of the recipient mouse; B, An intact ovary from one side of
the donor mouse was harvested; C, The ovary and oviduct on the other side of the recipient were stabilized; D, The intact ovary from the

donor was transplanted into the ovarian capsule of the recipient at the site where the ovary had been removed, followed by suturing of the

capsule.
B2 NEIPEBREFA

Figure 2 Ovarian transplantation surgery in mice
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1 RN EHE-EREBERMNTEEREHDENREIPR  SHEERIFREESR

Table 1 Abnormal egg rate, fertility rate and birth rate of infertile genetically modified mice rescued by in vitro fertilization-

embryo transfer
(x£s)
FBEEHNEBER/B P E SIE/% ZHEE/% FREEER/%

Age of Infertile male mice/month n Abnormal egg rate/% Fertility rate/% Birth rate/%
9 3 4.35+2.21 48.99+28.09 19.87+13.93
10 4 11.55+8.29 62.34+11.32 16.84+5.43
il 4 9.38+2.35 60.85+10.46 17.41£10.46
12 4 7.14+1.12 48.87+13.72 19.04+5.31
13 4 9.50£6.44 42.21+5.86 19.68+1.92
14 4 13.157.72 53.07£12.79 16.51:4.60
15 1 6.13 36.79 12.82
16 1 5.04 4317 15.00
17 1 9.09 47.20 20.00
18 2 8.31+3.53 42452712 27.66+10.50

E: A BREESHEFHNRMIIZEENZHBEELR,; B, SFASHEFAHNRUIZEENEEINELR, C, EFESHEFHN

BRSNS RB-RIRBERNFREERILE., 'P<0.05, WP<0.001, ns, ZEXEHITZEN; D, EENEERSETHRIXRK.

Note: A, Comparison of in vitro fertilization (IVF) fertilization rates between the young group and the middle-aged and aged group ;

B, Comparison of IVF abnormal egg rates between the young group and the middle-aged and aged group; C, Comparison of IVF-embryo

transfer (ET) birth rate between the young group and the middle-aged and aged group. "P<0.05, ""P<0.001; ns, differences were not

statistically significant; D, Correlation between male mice age and fertility rate.

E3 SFEESHhEREZTHEE . RREIPERNFR B ERMLLR

Figure 3 Comparison between the young group and the middle-aged and aged group in their fertility rates, abnormal egg
rates, and birth rates
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2 FPEBERDRHPOFTERE R NROMIENE B R EIREME~E

Table 2 Age of donor mice, pregnancy rate and live birth rate of infertile genetically modified mice successfully rescued

through ovarian transplantation

HERIENR B/

5 EMIPEBERIZENRE/R

AMOPEBERIZENRE/R

YIRS /% R /%

The number of recipients for donor’s  The number of recipients for donor’s

Age of donor mice/ ] .
left ovarian transplantation

Pregnancy rate/%  Live birth rate/%

right ovarian transplantation

month
10 1 1 100.00 (2/2) 100.00 (2/2)
15 1 1 50.00 (1/2) 100.00 (1/1)
15 1 2 66.67 (2/3) 100.00 (2/2)
18 1 1 100.00 (2/2) 100.00 (2/2)
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[ABSTRACT] Objective By organizing and implementing a laboratory proficiency validation plan for air
change rate testing, this study aims to explore proficiency testing approaches in laboratory animal
facilities, assess the current status of relevant laboratories regarding standard application and test
capabilities, standardize air change rate testing methods, and ensure the accuracy and reliability of test
results. Methods From September to November 2023, the National Institutes for Food and Drug Control
(NIFDC) organized a laboratory proficiency validation plan for air change rate testing in laboratory animal
facilities (Plan Number: NIFDC-PT-417). The proficiency testing was conducted on-site and consisted of two
parts: a written test and practical operation. The written test was open-book. True/false questions focused
on participants' understanding of specific clauses in relevant standards, while application-based questions
assessed their ability to handle data processing in simulated testing scenarios. The practical operation was
conducted according to the relevant criteria of the China National Accreditation Service for Conformity
Assessment (CNAS). Two laboratory animal rooms were prepared as proficiency testing samples using a
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sample splitting approach. These rooms underwent uniformity and stability testing according to CNAS
requirements and were approved. Participating laboratories were required to conduct three tests on each
of the two laboratory animal rooms, complete the testing and calculation of air change rate within the
specified timeframe, and submit their test result reports and original records. Results A total of 27
laboratories registered and participated in the proficiency testing. All participating laboratories submitted
their results within the designated timeframe, and the outcomes of all tested laboratories were rated as
satisfactory. Conclusion This proficiency validation program objectively and scientifically evaluates the air
change rate testing capabilities of selected domestic laboratories, effectively promoting the overall
improvement of testing capabilities in the industry. It provides technical support for regulatory authorities
to standardize testing institutions and offers reliable references for the purchase of testing services.
Through this activity, it was identified that some laboratories need to further enhance their calibration of
instruments and the utilization of calibration results. Future efforts should focus on refining related

Feb. 2025, 45(1)

standards to improve the accuracy and reliability of testing.
[Key words] Laboratory animal; Cleanroom; Air change rate; Proficiency validation; Air flow hood
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Table 2 Score breakdown of actual operations
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Table 3 The summary statistics of the feedback results from 27 laboratories
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laboratories range

BiEl 27 18.9 0.786 4.16 20.6 18.0 2.6
Room 1

BiE2 27 19.1 0.419 2.20 19.8 18.3 15
Room 2

i ACH, BERE.
Note: ACH, air change rate.
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Note: A and B represent the distribution of air change rates for
Room 1and Room 2 respectively; ACH, air change rate.
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Figure 1 Distribution chart of air change rate results
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Note: A represents the inter-laboratory score (ZB, Z represents
7ZB) , where ZB stands for the inter-laboratory score used to
evaluate the consistency of measurements among different
laboratories; B represents the intra-laboratory score (ZW, Z
represents ZW) , where ZW stands for the intra-laboratory score
used to assess the stability of measurement results within the
same laboratory.
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WRMER—ES (BEHE).
Note : The inner and outer ellipses in the graph represent
confidence regions with probabilities of 95% and 99% ,
respectively. The center of the ellipses corresponds to the
intersection point of the median values of the two rooms. All
laboratory results are plotted on this coordinate system, with
each laboratory's result represented by a data point in the Youdun
diagram. Two laboratories correspond to the same data point (i.e.,
the same value).
E3 &RpHmRHE

Figure 3 Youden plot of result distribution

x4 BEBKSFENEIRFIEXMEIRIE
Table 4 Verification of the correlation between room side
length and different measuring devices

(x%s,N=27)
Pa=Eit 2 BiE a2
Type of meters Parameter Room 1 Room 2
NER = 3.675:0.018  4.264+0.028
Steel measuring tapes 3 2.053+0.033  3.769+0.029
= 2.693+0.012" 2.700+0.006™
B BB Y K 3.683£0.005 4.265+0.003
Laser distance meters = 2.050£0.012  3.761:0.006
= 2.705+0.003" 2.705+0.003™

i FRTERENERENEFONAESH, SKE. BEH
tbaz, “P<0.01.

Note: Using different types of measuring devices to measure
different parameters of a room, comparing these parameters with
length and width, ~P<0.01.

MEREH 4NIBEREFE (5235m), HRiE EUEEL
HU S REUERIZERFEE) (GB/T 8170—2008) AR
E, SLISPIHERIIN R “2RERE", Bk

HREEREBLALIE Shrfe T Eugs U,
FHHAREME N 18.9 R/ GRHI) .
3.2 SCRRIRME

FRRE B H R 2R IE TR E R, 1%
FRIANG . BRIERELERE DR SCHER RN, B
NGEFEEAERRBE IR E M, AR T B8 50 E5S [AlH <,
WETAE M, SRR FEEMFHR RS, —RE
AFNEXEMXESR; 3—RE2NERKENERE
FEMNEEA o

HRIE (SEIGshY) BREE K ikitE) (GB 14925—2010)
PSR C BOER, MBS G A rI{EH . XEERN
A& e Pt [ [ BG F o P ARTR AN B B . B AR S
MEREFRIRE, BIERNRIFARAED 1210H,
TEARIREEFIERM T, 27 RS EHSIG =R T
e AN R EIES,
321 NWEEREH

e PSR AR, FralE s R, T HOL
MFEAL, WERZHB SRR, fE5%aH
B TEMER T, MELUEA BN MR RSEEE S
FBIRIRS, XESSERESEURA, Nin{E
5 (B SR B /N o

FEAE FEOEMI B A SEae = i, A 1 R IR
FENO0.1 m, ZMEREERTNER, FIE (L5
W S K 5% E) (GB 14925—2010) 7EH /SR EUR:
W77k, ERICE ORI AN, [R] AN 3G Al 2 5
FASE R ELR, IR EAMEKT 0.01 mo
322 NESHIRENBRRELERENA

B AL SRR A& R, X X ] s AR A
KSR o [ N AN A HiE X S B T A 3] ARG 8RR
RHERTE, Btz gi— XSRS (£5), S5
FEAE PRI AR, RO R SRR JE H A e
ARSI, i BiOX R BG4 SR DA B e e 1O,
R AR XU B R B AT (S AR . E R B E
Gi—H XU BB ERTE ,  DUE R T A A 52 A9 SE ]
5, RS R XU S RS AR 1, $R s R E
XU B A B R KSR 2 i, PR AL
T AHER— 2o

IR, I SERREVERR Iy IRty & 43 SLa0 =
REARTE RS EEE XA S5 R TR IE, R BEARHE X
S P I Y L 2 PR A XU A ARSI
56 28 N DASE 50 51 155 it PR DXL T XU T D AR AR
VeEGE B A S R

RIS 5, RIS S AR HE S R T 45 3R AT

3R
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Table5 Calibration basis of the wind gauge in this

experiment
Fs RERR WES

Serial number Standard name Standard code

1 NEETTERENT JCJ/1201004.1

2 HFRNEERENT JJF(/H#)1068—2015

3 EZEXRET JJG 640—2016

4 EB N @ XLIRIY JJG 613—1989

5 HFENIT JJG 875—2019

6 X EERENTE JIF(75)179—2015

7 BRI SR BN JJG(#1%)0001—1992

8 NESKRAENTE JJF(3Z7)230—2015

9 NESRENTE JJF(3#7)1150—2018

10 NESITERENTE JJF(5)116—2023

GirE, XEERREREA<RR R
H-RERZNY RBAFERE AR Y, XEENE
i /N AN R — R 5% 1170,

LE B BEE TS 45 S AR B oA e B, sy
TSL R 5 B N E 2 R AT R MR B &
e FH e /N TR BRI B T R E RIS 2,
A 7E Excel #EE WPS A% 1, (i B LINEST pRACR A}
RFEREE, #H T =LINEST (briEedn{E54.,
RN Be R E B 4H, TRUE B{&E W8, FALSEB{&H8),
FPRH XS N B A SE bRl 2= E
323 BEAME

LESRENESE, HTEERNENDSSEES
BRAR, (B E B2 B R 2 L SERR XU F = AR )
JEZEHE /N, R, 75 B F A il s A7 B
BIiSE4MZ  (back pressure Compensated) o AEIMmPER
SR REE, NFHEAMEh R EA AR A
BUR, SCHGEE RARE 5 5 1 E TR T T RAME T
Ao LATSI 8380 XU&EE N, 4 M & AKT 850 m¥h Hif
NAE S EAMETRE P, S ERFIGICS, EAKR
BEIREAIE, XGRS N 410 HSEa6 2= (d A FEAME TS
HATXEN R, AR 2L XA XEEIA KT 850 m¥/h,
DR] B EEHSAE F 7 R AMZ T B84 S B X B 45 SRR T
SEPRE, REGE 410 SLIG =N A] 1 AT 2 &Y
HRRERE o
324 AR

RYERIN E 2 [R1Zh P SE 86 (Rl <R B, IRLAT g
PR AR ERHIN E 45 SR A5, TE/RIR B8 J 136 Em]
RAHE THERBIELFE ST, Zi—MEImnay
BRI . B ARSI =8 it XU B8 A o i
SR a—, HERELESHHET, @i

SR, TEARBES TSRS R B, AL =
NRAARHRE RN REEMARFNA ST, shDXEER
A, XU S0 2 5090 N R IG5 s 5 B 0E
s

ARRMAF, 8. =S A E R R E R,
AR SRR A SR RO E I R B A7 B & DIAER
T H RSN B . B SRR 43 S de = A2 (0
RIBOEEESU, (&R SRR LR, XS
BHEHMpE R, FSEAERMELTRFEAR, B
HARRERD o

4 B

41 RRTIVEREESIBREGE

KRB YIbR N — BRI FE R A R AL
R EH RIS E A O AR ESER
SitrEfeih rad ZE LR, CIER—EMBRIK
oo SERRBNPNIRHERA SR B ARSI R LRSI T
A e S AN SRIE R o AR T SERR BN AN . T EF
RIS A L s A S5 0 ] (B8 D aGIETE 8 42, SEg6a))
PSS e N A S USRI EN S LRI ONNIUAN
GUERER (I BRI 5 DRI R DR 2R T AT fee o IRMERA S5
AR D INER B3, AN G A E B 7R,
SRR I A SRR TR o A A5 R P R A SE AR == A
BORHERE Rl NPIERMIATR, a2 s
R EEHNERE I, BEHSNITRERIE
W, AT b SEIG s I A (SEaesh i) B
IAE) REFORSE, HIHITREE TIE, AL
Kshn iz s /5 RIS PR i 5. iz EmeE
BUIRHORIRSS R 2 E ks
42 FinEH (B )ITRESEKE

AR BETRAETE S RETI PN AR v ZE o, TR
N [ PRGN B 750 MET 3 b SR =8 I o P57 3 Y
AtrfZEZS%5E. 2 2RSS, f&
SEEI bR AT E IR I B B R, FR IR
MprwEsRE, Wiz PR e e, (Edhs
HEACHI R A ST LRI TR T H RTAE S SR BRI
PSR IR 2 oK . ARG RIRBENIRIESTR, &
WObR R LEASIN (S 255 A 38 o i B s & B Sk, A BT
BRI — L
43 RASMTR=ER

BESTIIEA (2 SR MR RS VA F B, [RIIN
WRNIMEMEI TH, RRE G 75 P
AT AR T S B o BT 2
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[HE] LRMPESKRETHOREZMAMIRLZHPEEGEEMG, RINAFRBXARMAZ TSN
TEZH. BRAREGRZ. BEFE. 8%, 4F £YEZIESFHNORATNRZ I, BEAFHPIN.
MBHIETHISE IR Y RBIAEIRIE (barrier environmental facility for laboratory animal) E{RFEN¥)SLIE 4Rz
£ NEMUTRNEETS. NELRDYREERREANNRZEE, RREIRIMERRERSHET. B
TRHYREMNBEYE. BRIRAYNTEAREZHEHMED SR, EERRERASHEREENREEN
MNEZEHZ. AXUBREAZUHKREK 2019 FFBIETH3INER AR . NENBEIRHYRREREAG, 357
BIRENZEENERAR, RIBLSFRINMYRERBEITHLRER, HEGXUEFERRRRMNKLE
ENBEBEARIEPHNER, NEEFERRTIERIENTE (standard operating procedure) #1TSHITHRE
tR, RWTUTFSANFE: BRRREARZ. 0. IafNEREEANTE, UREERFTSHDIEGEEE,
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[ABSTRACT] Laboratory animals are essential in scientific research and experimental teaching in
colleges and universities. Disciplines such as life sciences, medicine, pharmacy, chemistry, and biomedical
engineering heavily rely on animal experiments. The standardized barrier environmental facility for
laboratory animals provides a fundamental platform for stable, scientific, and reliable animal experiment
results. Rigorous access management for such facilities is a vital safeguard for maintaining standardized
operations of facilities, controlling the quality and stability of laboratory animals, mitigating pathogen
contamination risks among animals and laboratory staff, and preventing biosecurity incidents such as
zoonotic disease outbreaks. Taking the small-scale barrier facilities for laboratory rats and mice at Nanjing
University's Xianlin Campus, operational since 2019, as an example, this study focuses on the safety access
management system of these facilities. Based on five years of operational data and accumulated
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experience in studying and optimizing the access management system, this study, from the perspectives of
management system development and the formulation and implementation of standard operating
procedures, reviews five aspects of access management: personnel access, animals access, material
access, equipment access, and air circulation control. Furthermore, these aspects are systematically

analyzed and summarized to serve as a reference for the construction and management of the laboratory
animal facilities in universities, while also contributing to scientific research, public health security, and the

well-being of experimental personnel.

[Key words] Laboratory animal; Barrier environmental facility; Access management; Biosafety
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Figure 1 Safe access system for barrier environment facilities of laboratory animals
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[ABSTRACT]
basic research and clinical trials. Systematic reviews and meta-analyses (SRs/MAs) of animal experiments

Animal experiments are essential tools in biomedical research, serving as a bridge between

are crucial methods for integrating evidence from animal experiment, which can facilitate the translation of
findings into clinical research, reduce translational risks, and promote resource integration in basic
research. With the continuous development of the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) methodology, its application in SRs/MAs of animal experiments has
gained increasing attention. This article first outlines the principles and specific applications of the GRADE
methodology in SRs/MAs of animal experiments, including qualitative descriptive systematic reviews,
meta-analyses, and network meta-analyses. It then deeply analyzes the misuse of the GRADE methodology
in practice, including incorrect evidence grading, improper classification of evidence, misapplication in
qualitative systematic reviews, inconsistencies between the documentation of the upgrading and
downgrading process and results, and inappropriate use for making recommendations. Furthermore, this
article comprehensively discusses the factors influencing the grading of evidence certainty in SRs/MAs of
animal experiments, including the impact of bias risk, indirectness, inconsistency, imprecision, and
publication bias on evidence downgrading, as well as the role of large effect sizes and cross-species
consistency in evidence upgrading. Finally, in response to the issues discussed, improvement strategies are
proposed, including further research and optimization of the GRADE methodology for SRs/MAs of animal
experiments, the development of reporting guidelines tailored to the characteristics of SRs/MAs in animal
experiment research, and enhanced professional training for researchers in the GRADE methodology. This
article aims to improve the quality of evidence in SRs/MAs of animal experiments, strengthen their
reliability in clinical decision-making, and promote the more efficient translation of findings from animal
experiment research into clinical practice.

[Key words] Animal experiment; Systematic reviews; Meta-analyses; Grading of recommendations

assessment, development and evaluation; Certainty of evidence; Evidence grading
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Figure 1 Using the GRADE methodology to grade the certainty of evidence
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iE: CERQual, EMRRIFMILERIEE; GRADE, #EHEDRAIFME. HIITS5FM.

Note : CERQual, confidence in the evidence from reviews of qualitative research; GRADE, grading of recommendations assessment,

development and evaluation.
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Figure 2 GRADE for different data analysis methods
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Figure 3 Special considerations for indirectness in the study population
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A RS LA 5 2R seid 5828 /NER & 5 ~ 1045 14,
Rl AL NOD/scid /N2 AR/ INR S B TARRY
B

NOD/scid /NFR B 8E B B A ESH 7 AR /N
BRIz i A, oy — B ARG/ N R R T
JilAle fHNOD/scid /NRFEFEFEEIE S AR, FER
WA (1) HEAKERE, EEEMETH
(2) NKAUmEE—EEE, MR SR [
WARGRFER; (3) scid R4 FEPUEIAAE 1550 [A]
AR IRTEAE o XL BRI AR/ N FRIEEL RS & T
AR, BTN RERG AT NER,
JSL P B AR SR VR R AR AT B S g R FR /N R, B
s T AR/ NS & IS8 =580

24 25 NOD/scid /N FRE S NK i i & B AH R ik,
FHISTNK AR B e, Al AR M A MRS m4e s A K
S, Ui HASR B NK A S PR AT AR 2 2 NOD/scid /)N
A MAN RS D R R E . — [, WSk
A NK TS A ERR . A A DAt — 2t
NOD/scid /NFRE A S I A S A BE FI0E? BEE /N R
BRI RARM AR, BER LR DI EEEER
FMER R A B LR R/ NREEL, EHERT, AR
KA KA H 40 /v & (interleukin, 1L) -2 &Z 1K
(IL-2 receptor, 1L-2R) yH#EEA (IL2rg) FR/INER A
AR, X AR/ NRES B R THT IS .

IL-2Ry B 2 IL R IL-2, 1L-4. IL-7. IL-9.

IL-15F11L-21 mREA SIS R S A B R 77, sz fhk
RSX MR S5 RIEEEIEM . IL-2Ry fEAHL
REFETHM. BAMABGE EZH, e
FELIE T NKAHREHI RS . A, £ NOD/scid T 5 N il
A IL2rg 5874, AT AFZEC T, B A NK3 2 ff 1f
RE[RII BRI/ NER . FEIX DRSS, HARKRT K
FMEEARTA (Jackson) LIELEEEE 7 NOG.
NSG FINRG 55 % Fi 28 5 et P/ N B o

NSG 2 44 NOD scid gamma (NSG™) AUTE#R,
HIE R 4 BR N NOD. Cg—Prdke™ IL2rg"™"/ShiliSz) o %
/INFRUE H Jackson SE56 2 A M PE NOD/scid /N R 5 AP
112rg B RS BR 71N R B6.129S4~11.2rg™ ™) 22 il ,  Fi FH
NOD/scid /NS 122 8 X5 B 1A 22 1 1 i ok ) [ Dt
SIS RN NOG 52 NOD.Cg—Prkdc ™ I12rg"™%¢/
ShiJic H#R, HHARERFELRIPHOEET. NOG
/INERUZ B NSG /INFRBE BLFF & H1 ok B B S e e i /N
Fl. S NSG/NERAEEL, AR X BITET IL2rg i1 /5o
NOG/NERSA T — M EJE M 1L2rg F A (= BN EL,
AIDAGS SRR 7, EARGEREES), 1M NSG /NI
EBIIAT &R IL2ig BER R BFR. BRitbz sk, NOG /I
SRS B A RS2 H ARG # NOD/Shi-scid /N, 1
NSG /NG5S B (i FH /2 Jackson SE36 22745 ) NOD/Li—
seid/NRlo XWATRELS —FHOoR—EER, . &
N AR 1 E, NSG/NRIE & T-NOG /N ;
FERE F, NSG/NREEENOG/NRE—& 7, mfEE
TR GR s rRk b, ZEmEER, Esh b ohaedt:
T. BFINKMEAMAE, [FE/F1E ERRAN A FIMAThAE
TR o

NSG MINOG /NEARD B AR . BLE I 75404
FHH, NOG FINSG /N B R Rg A i AN e 1%, 1t
NOD/scid /[N s i i AR A i 2R mik 67% o IR, IR
] & bk ELRE G NSG HINOG /NRE K&, AaB
NOD/scid /NRARFE R B RE 8 N H M Fdr . T EER
(2, /N IL2rg BRI T X Jefafh b, R
NSG /NN IL2rg™ " iy 1, BT/ INRSON IL2rg ™™ 2
BT

NT g scid ¥ SBUNRB IR RAE 155 A A,
Jackson SEUG % X K2 H 7 NOD. Cg—Rag1™""I12rg™""/
SzJ /N (FEIFRNRG /MR o 5 NSGFINOG /NRAS [
&, NRG/NRAYT. BAAMEDIGERLI R H S me i ik
KB F— IR AIENEREA] (recombination
activating gene 1, Ragl) RAF RS, Ef:]ﬂ:Ragl FHH =
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ARFENE DNA FA{AIEE, A LANRG /INSARIFAE R 7
scid RAASEAUEIREE N ZN R, #Hig E, NRG/M
R — L NOG A NSG /INER BE A 55 (RO 25 G R Bl
/J\E_E{‘ [910

5 SRl B il fa/ N EEEE . 5IA
IL2rg H& [RI575 B G R i B/ INFRAR At /= 7 AR if
MG ABEST, TS NOG. NSGHINRG Z A AR
/N R A i i FH 2 ks, BTN ARE
KRR E AR LR B AR EFE, BRE
e R sy N mahae ', Ak, ®LUESIA
1L2rg"" 8% Ragl 587F , K58 H NOG. NSG #INRG FE#
A RE B/ N, R AN NRE B =1

e
2 (FANODEEmANRIETHEE

1e R NN E IR, AMIASRER: h
fry P RO AR BE RS S R B/ NER W NSGL NOG. NRG Al
B-NDG S E LI NOD /N IE S =i R TR 5 e?

fFFFIH, PACSTBL/6 (B6) A RMA, Mk
BEHBIEIEE (Reg2) Fl1L2rg 15 24 & BRG /N R
(B6-Rag2""IL2rg"") WIFEZ LT, BHINK 411 L 6E
BRok, BOMARER RS g sk bV 1Yo (B A BRG /I
BT AZRAIM (A0HSC) BEMEERIRT, H HSC EM
AR LR T ER R FENOD /NRIB Y R T T
() 5 AH ] 5 R 28 42 () NRG (NOD-Rag2""11.2rg"")
NRo AR 2R A SE T X —ZE7TE?

HFLI S R G HBR T T, BAINK s, &
B — PR R ELRR A M ) e A . BT TRAA 7
1475 2B BRI N AR Fr . SRR IR B E R T
B R4 i B Bk A &2 HAN R T i S S 5 7
%o Hepg MR Z A TN E S HEE
Ha (signal-regulatory protein o, SIRP-a), SIRP-a 5
HEdkCD4TE GG, = BRI A sl e 15
EAES . CD47T 2 HSCERESTF2—, Hik, EAJE
fE/NER A, HSC ] 8 Bl CD47 5 18 £ B W40 g | Y
SIRP-a &5 A N B RN A A G R 12 G
HEFE R, FRAJE CD47 B R 2 HSC £E1E E sk
W UBER SHEGRRE. XA LEIRET
HSC [ BRI A HE T “BIZFR” (don’t eat me) AY(F
Bo B, 78 F/NRMAR A ERRAHA A SIRP-a X4 HSC
Fir ¥ CD47 HIRAI6E T35S, KR E HSC R Fe & i
B, HiIRAIEES159, IR B AL B
E F5, XSS HSC i ERAM G, H

WHAIREI5E, FREEERUA XY “HIZE” BS, 5
PALEFEZ A HSC/#E

PE—2B R BRI, IMAINOD B 5 M AR RO/ N AT L
W R CR H HSC /Y “RIZR” (55087

AR P A & B, JFOR NOD /N ER ELRRZH A
LR SIRP-a FRFHER MRS, 5 129 F1 B6 FHAh/N
ZAHEE, NOD /NG SIRP-a % H F 4 FI25 A1 554 5 A
K H) SIRP-a B FHL, iX4 NOD /NR A SIRP-a 5 A
JH CDA7 BZEFRN T (GIRBIBEST) i T Bo FH At & &
AR (FEE 1052 E) . Hik, HHSCHRHEZIEA
NOD TR ik i/ N IR NG, “AIiZER” (5 Bk
S ERL, AR FEAS T ELRRAH A X 4 A HSC H
HIRERIER

PAREIE S A B 75 206 NOD /N BB SIRP- o B [H]
(NOD¥ ) 5 AZIBRG/NER, 12215 SMER N B6 45
i NOD-SIRPa %t [K B9 BRGS (B6-Rag2™"IL2rg™"
NOD¥ =) /INER, 1o 12/INRR U HSC RS AR RCR ANzt o5
T BRG /MR, HEZELEA NOD & 5 1 NRG /) A

3 ANRURERFNRERNIES

ENBER/NRBREE £, EEFEHARNRIEERA]
—HEMEBREXEBEE L, BMZMbsE (B,
E[E Y Jackson LI F LT HAREE H 7 NOD/scid /)
B, HEHARRRER AT EESEH T & IL2rg 5
RITIRERR RS B NOG /NER. (2002 72 HARRSH HINOG
/NER, 2005 FEEEREE HINSG/NR) . FEEERE
FAT CRHE Jackson L) XEEE H T HiIEEM NRG
/NER 2015 4F, H[E A B AR A F] s B R g R
R ELEEK NOD/scid /N IL2rg BEPRIRE R (I Fr BRI
BR), thIk1S T JMBINOG FINSG FHK 25 & fe s Hibe /N
.. B NOD—Prkdc ™ IL2rg™ /Begen /INER., T 144 ) B-
NDG®, WAEKHIZE, B-NDG®5NSG /Nl B-
NDG®H] I12rg Fe[K 2235 B 1E NOD/scid /NG B2 5L )6
), AFEFEE EES AT G A IL2rg 22AE I NSG
NOG /Nifo I, B-NDG®/NFREA B A NOD 5 5
“hifg,

BT i/ NS . R AR R R
Gif—&hsr (W PBMC) BAEZIH (WINSG/NER)
N BIAT PAE 2] A 5L PBMC (Hu-PBMC) /NSRS,
— 77T, 2R M R R R, ATEREIN (]
RIS REREO A TN, H#kH T T 2 D RERR 5EA0
IR VBT T IR . 55— 5 1H . PBMC EZELIREARY T
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B1 fERENRESESE

o E, HEEZSIRBHEDHE EH (graft
versus host disease, GVHD), SBUNRATERRIZEE,
E PRGN T HARHIEA . B, ARE RS H HAh
Eosy (RnBZHAE. ERRZEML. NKZHA) o DA A
R PR on fe

A0SR HSC HR () CD34* 20 M A% A8 2197 A 5 S s ik
BE/NFRAR N, Ak 22 13 2 Hu-CD34 /Nl o A EE Hu-
PBMC /MR, Hu-CD34 /NGB B EH AR RS,
WA T, BAM. B NK 4. A
B, Hu-CD34 /N BIE & F T 5 2 2 ) e OB,
FA] DU T RIS, 16 SRS M SR R E o2
P T ERIR T 1%/ NER AR SR S AR G B R
18, EHEFEILH R RERS B S 4 ;
Heoh, ARBERG BRI Ry, HE
T E B S R P BE B Eh REAS 2 HUZE

AR RR AR AN SRR RS AR B A SR A AR B
I ARG SR e, DRI O AT S R 58/
AR, FRILZ AL, R AT RS A 2 S ik
Be/INER AR, 7R AT RIS 2 A5 /N BRAR AL
ST AT DI BT 25 08, R, 72259
Rff. FEH . HEERE R RIS BN,
HWH TR SRR B BR , WIF R, FFer4itt
FFESSE o (HIZ AL thA HES, FERI/INRE)
FFIERAEE 5 AR ZERNRAK, A A4 TC %
TEBMEENEHRIEE, AP
A2 /INFR A G R GE B PR, AR A T H
YR NRRFIEDIBE

bR T B T RS BR A 7Y, kR
Jed 8 HO SR AR A AR RS A 2 S s R B/ NER AR I, iR
AT ARG AN TG AR /NS, RITER 35 SR 5 B S b RS
AR (patient—derived xenograft, PDX) &%, 215
RURYRE RUR PR T AR B 40 R 2 B R A AN 2R
SERHIE, dEm e T R AR B e ST BB R
G i e s T N B AR )RR . PDX R
FFHUELYTR IR MR I 7T, RERONME

P TR 25 AR B a2, (HIER M THZ
NRGIERGE, SR TiE T 0 SR S s [ ML ek
RIZIRTT o BLIh, BRAE/NRIAN BRI SEAN
ENTFEEARE, FEY RN ATRERAFAE. FHIh,
MR RS, Rt S S EER MR R
2, IRTCE SRR R R IR IR
RSz, REBGZEWIT, ABENERIES
BREI TR, A AIBIRRIF S L T ANAT
EEAITIER, (BT ARG 2 [
BREFARIYIFRE, NESH, ABA/NRIIA
HEEEMER T NMEIRE . X LEWE LT E 2
POWFNTH e, WS & 2 PR S A SME AL Y
BdlokioiE, MMRSEREM. 2misgit. A%T
1, HAmEE s R R AR AR (iR
AR EHZHHARHBMETRE) BAEENSC 5 iz hi i
INEARIN, SR HAR R A s, S HE SR
NSRRI ER, 20 E T ABRM/NSEE T R8T
JTlle XA BT AR S AN Y VT S AT
E, ¥R A PATE B ORAR R AL FE A G IR RN AR
PBIRNHIR S S ZSPPEAs TR (1 B RS HER SRR
Besh, BRI EE—T, BT NOD
FINOD/scid /NG, NSGHINOG /NGAR> B & bk LR ?
i ASR T hEM F A B EY R IREINL IR D)
WFATE" (485 : KFJ-BRP-005) (93285
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