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[ABSTRACT]
for development of science and technology. The Committee of Identification and Evaluation for Laboratory

Laboratory animals are not only a national strategic resource but also an important support

Animal Resources, organized by Chinese Association for Laboratory Animal Sciences and established in
May 2019, is currently the only specialized academic agency dedicated to the identification and evaluation
of laboratory animal resources in China. This paper first discusses the significance of identifying and
evaluating laboratory animal resources, summarizes three new approaches to developing these resources,
including the domestication and standardization of laboratory animals (economic, ornamental, agricultural,
and wild animals, etc.), the acquisition of new strains (species) through natural mutation and induced
mutation, and the creation of new laboratory animal resources through gene editing technology. It then
introduces the workflow for resource identification and evaluation, including preliminary review (format
review), written review (expert review), joint review or on-site inspection, final review (voting and public
announcement), and the issuance of certificates. The required materials to be submitted include
application, summary report, research or identification reports, appendices and other necessary
documents. The paper further discusses related requirements for resource identification and evaluation,
including population, genetic classification, biological characteristics, genetic stability, and application
value. Finally, the current status of newly identified laboratory animal strains (species) and issues in current
work practices are analyzed, as well as solutions to these issues. This paper aims to provide a valuable
reference for further research in this field.

[Key words] Laboratory animal; Laboratory animal resources; ldentification and evaluation
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Table 1 Information for new stocks or strains of laboratory animals approved by Committee of Laboratory Animal

Resources ldentification and Evaluation from 2019 to 2024
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Evaluation of Simulated Weightlessness Model of Hindlimb Unloading
Miniature Pigs and Their Tissue Damage
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[ABSTRACT] Objective To establish a weightlessness simulation animal model using miniature pigs,
leveraging the characteristic of multiple systems’ tissue structures and functions similar to those of
humans, and to observe pathophysiological changes, providing a new method for aerospace research.
Methods Nine standard-grade miniature pigs were selected and randomly divided into an experimental
group (n=7) and a control group (n=2). The experimental group was fixed using customized metal cages,
with canvas slings suspending their hind limbs off the ground, and the body positioned at a -20° angle
relative to the ground to simulate unloading for 30 days (24 hours a day). Data on body weight, blood
volume, and blood biochemistry indicators were collected at different time points for statistical analysis of
basic physiological changes. After the experiment, the miniature pigs were euthanized and tissue samples
were collected for histopathological observation of the cardiovascular, skeletal and muscle systems HE
and Masson staining. Statistical analysis was also conducted on the thickness of arterial vessels and the
diameter of skeletal muscle fibers. Additionally, western blotting was employed to detect the expression
levels of skeletal muscle atrophy-related proteins, including muscle-specific RING finger protein 1 (MuRf-1)
and muscle atrophy F-box (MAFbx, as known as Atrogin-1), while immunohistochemistry was used to
detect the expression of glial fibrillary acidic protein (GFAP), an indicator of astrocyte activation in the
brain, reflecting the pathophysiological functional changes across systems. Results After hindlimb
unloading, the experimental group showed significant decreases in body weight (P<0.001) and blood
volume (P<0.01). During the experiment, hemoglobin, hematocrit, and red blood cell count levels
significantly decreased (P<0.05) but gradually recovered. The expression levels of alanine aminotransferase
and v -glutamyltransferase initially decreased (P<0.05) before rebounding, while albumin significantly
decreased (P<0.001) and globulin significantly increased (P<0.01). Creatinine significantly decreased
(P<0.05). The average diameter of gastrocnemius muscle fibers in the experimental group significantly
shortened (P<0.05), with a leftward shift in the distribution of muscle fiber diameters and an increase in
small-diameter muscle fibers. Simultaneously, Atrogin-1 expression in the gastrocnemius and paravertebral
muscles significantly increased (P<0.05). These changes are generally consistent with the effects of
weightlessness on humans and animals in space. Furthermore, degenerative changes were observed in
some neurons of the cortical parietal lobe, frontal lobe, and hippocampal regions of the experimental
group, with a slight reduction in the number of Purkinje cells in the cerebellar region, and a significant
enhancement of GFAP-positive signals in the hippocampal area (P<0.05). Conclusion Miniature pigs
subjected to a -20° angle hind limb unloading for 30 days maybe serve as a new animal model for simulating
weightlessness, applicable to related aerospace research.

[Key words] Simulated weightlessness; Miniature pig; Animal model; Hindlimb unloading
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Figure 1 Experimental group miniature pigs fixed in a
customized metal cage for hindlimb unloading
simulated weightlessness experiment
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Mg BB #a%, HAFh RBCAKEES S KEE T
B& (P<0.01), HGBIKSETESE 8 RFNHE 15 K T#& %
(P<0.05), TfisE 8 RANEHE 15 KA HCT /KR SLE HiAH
bR T E (P<0.05); X &4 A& i ] £ 8 RBC.
HGBFTHCT KT EEER (P>0.05), 1R APV
BB/ NEDESCIG B ] A B L, 4R TR
SRR, x4, SEIGAH /NG APV T
F B (P<0.01) (EI2E),

HCER I A T I ARt AT, BR AT A5 SR A& 2F ~ )
FiRe SEEGAH /NRE R AR IR E L (alanine
aminotransferase, ALT) /K3ELEES 8 ~23 KX | %,
930 R F S 23 RAE T [EA, 8523 KA ALT K
SR F AR T SLARRT (P<0.05); y-A BB (y-
glutamyl transferase, 'y—GT) KR N ETF, 5823
K y=-GT KB F T LI R] (P<0.05); 558K
HEH (albumin, ALB) ZKFESLIGHT FFREE (P<
0001), BIfEEMeEMN EABES, MEKREH
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(globulin, GLB) /KEEZEWH LAEH, F15~30K
() GLB 7K\ 3 = o280 R (P<0.01) 5 SEEGER 8 KA

WILEF (creatinine, Cr) 7K 5 SZU6FiAHEE T3 T B
(P<0.05), Gt Fra.

E: ZWENEE (n=7) EREHERERE, FRNGmRTEE, CHERBHERE, SASHESZ-20"M. YRANEE (n=2) FH
EEEFEAFMAZERE. A, AETH("TRBEALRARSTHSTRBARLEESEEER); B, MRIME (RBC) iH¥ZW,; C, 0
RMAER (HGB) Zfb; D, MARLMIELE (HCT) Mk, E, MBEMEWN (APVINEKBIETNHE, "LRESRMLWAAPY SN
BEELEGREEER); F, NEFRGBIEEBE (ALT) T4, G, MEyv-BabE®BE (v-GT) Ti; H, MEBEH (ALB) T,
|, MiEEREH (GLB) 3fk; J, BLEF (Cr) ZEfb. 'P<0.05, “P<0.01, "P<0.001,
Note: Miniature pigs in the experimental group (n=7) were immobilized using customized metal cages and suspended from canvas slings so
that their hind limbs were off the ground to unload and their bodies were at a -20° angle to the ground. Control group miniature pigs (n=2)
were housed in metal cages without suspension immobilization. A, Changes in body weight during the experiment (" the body weight
change of the experimental group is significantly different from the control group ); B, Changes in red blood cell count (RBC) during the
experiment; C, Changes in hemoglobin (HGB) during the experiment; D, Changes in hematocrit (HCT) during the experiment; E, Changes in
plasma volume change (A PV) during the experiment (" the APV of experimental group is significantly higher than the control group at the
8th day); F, Changes in serum alanine aminotransferase (ALT) during the experiment; G, Changes in serum ~vy-glutamyl transferase (y-GT)
during the experiment; H, Changes in serum albumin (ALB) during the experiment; |, Changes in serum globulin (GLB) during the experiment;
J, Changes in creatinine (Cr) during the experiment. "P<0.05, ~P<0.01, " P<0.001.
E 2 BERERERINKLESIEHIESEIRAMBENEEE S B A EEIREN
Figure 2 Changes in selected basic physical indicators of miniature pigs in the experimental and control groups during
hindlimb unloading simulated weightlessness experiment

22 ENESENEEPDBNERRFEZRE
BTk

JE B A s e B SLIO A G, HE Jeii g2/
RUBRHSk. Bshik. EshBKFIGsh ik H R &5,
SERME A FR, SERRZH AN R ZH ARG shik . =Bk
FORH BN AR WA B IRAE . Masson Y ft45 UM 3B fil
R, GXTHRAAEEL, SEOGAH/INRDRE AT DL Sy A SN ik i
EHEREE, WRNAERTE S, NEEE,
PG AR B & e iR - B R T 45
T, BSRWE3CHR, EREAHIME RE- iR
EARWHEZSR (P>0.05),
2.3 EEENMEBENINRAARKAEL
231 NEESHINFEERZW

[ERE A MR B LIRS G, HE Jefa g2

H/NRDER AL, FEE AL, M ALAFTETRZ LA
MIZEME ., Z5 R 4A B B ESHILLAR4E 2 KA
K, DUNBRAE R4, BOUAE, LA
LS X HRZH AR B IR S 2245 o

i FH Tmage J #4340/ NS B BRI 4E B2
HATZ ST, R 4B FR. SXRRAMER, ST
Yo H HERZ LA ERINA A E R T3 R (P<0.05); b
HE B FANA4EERE R N, BERT50HF
B (P>0.05); HIFZHLAFIHES IR A ERS
SHRAAHEE AR MIHEZ S (P>0.05) o X & ZH BB
FHEERSMIGRHETEO, SRER . LA
MAAFR BRI AR, HHNBERR/NHIA 4R
%, SSCiRdAEEE, XHRAA R EH AN M ILAFTRET
LA AN E BN A A AR WIHEAZ . (B]4C),
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E: ZRANEE(n=7)EREFERERE, HANMRHEE, FEEKBIERE, SARSHEZ-20/. MRANEE(0-2)EREE

EFRFEMAREEE. A, SHIKOENHEREE (ELLHIRANAI00 wm); B, FehikMER Masson £EE (LLAFIR KN 100 wm);

C, BiMER-HEREEENRITDITER.

Note: Miniature pigs in the experimental group (n=7) were immobilized using customized metal cages and suspended from canvas slings so

that their hind limbs were off the ground to unload and their bodies were at a -20° angle to the ground. Control group miniature pigs (n=2)

were housed in metal cages without suspension immobilization. A, HE staining of each artery (the scale size is 100 wm); B, Masson staining

of each artery (the scale size is 100 wm); C, Statistical analysis of intima-media thickness in each artery.

E3 ERERFTENKXEXLRERE/NEEDKNERAFEFZREREEN

Figure 3 Histopathology and thickness changes of arterial blood vessels in miniature pigs after the hindlimb unloading
simulated weightlessness experiment

232 NEFENRAEFEEHREETH FERKEEEI S (P<0.05), FEHEANLH Atrogin—13%

RS E AR SEAG AN B /N RKSEA s, (HERESOFE S (P>0.05); 5XIHH
PAJZH 47 Fh MuRf-1 F1 Atrogin—1 & AR5 &, &7 HAHEE, SCEGAHRELE S UFIHERZ AL MuRf-1 2 H 3
ZERER: SRR, SO RREIZNLA Atrogin-1 EACEA &, HERLGHFEL (P>0.05), 5XHH
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E: ZRANEE(n=7)EREFERERE, HANMRHEE, FEEKBIERE, SARSHEZ-20/. MRANEE(0-2)EREE

EHREFMAREREE. A. B. C, DRIZSSHENALR (HEM. tkBEEN. #ENRMNERNA) MHEREE (REERSEEUNET

EEBIR KNS BIA100 pm #0120 pm). AEFEBERFITEMANFEERDHE. "P<0.05,

Note: Miniature pigs in the experimental group (n=7) were immobilized using customized metal cages and suspended from canvas slings so

that their hind limbs were off the ground to unload and their bodies were at a -20° angle to the ground. Control group miniature pigs (n=2)

were housed in metal cages without suspension immobilization. Figures A, B, and C represent the HE staining images (the scale size is

100 wm or 20 wm by low and high magnification) , the statistical chart of muscle fiber diameters, and the distribution chart of muscle fiber

diameters for various skeletal muscle tissues (gastrocnemius muscle, soleus muscle, paravertebral muscle, and forelimb muscle),

respectively. "P<0.05.

E4 BREAFEIMKELRERGNEESRNEETMNTEERZTN

Figure 4 Changes in skeletal muscle structure and muscle fiber diameter of miniature pigs after the hindlimb unloading
simulated weightlessness experiment

HAHEL, SCGAH BBz FILIA A MuRf-1 £ Atrogin—1 22 H RixrmEEH (P<0.05), T MuRf-1 FRIAERULE
FIRELTLEEER (P>0.05); HEEEHLAT Atrogin-1 Z24E (P>0.05) (&5),
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E ERANEE(n-7)ERENEREEE, FANGHRTERE, FEHERBUHERS, BHRSHEE-20"H. MRANLE(n=-2)EHAEE
EFRAFEMABERE. A, EERKREDEERNE B &NAHFMN T MuRf-1F] Atrogin-1IRIXE; B, EEREDNTER S I AT E0A AN

A MuRf-15] Atrogin-189%IA 8. 'P<0.05, “P<0.0To

Note: Miniature pigs in the experimental group (n=7) were immobilized using customized metal cages and suspended from canvas slings so

that their hind limbs were off the ground to unload and their bodies were at a -20° angle to the ground. Control group miniature pigs (n=2)

were housed in metal cages without suspension immobilization. A, Expression levels of MuRf-1 and Atrogin-1 in soleus muscle and

gastrocnemius muscle detected using western blotting; B, Expression levels of MuRf-1 and Atrogin-1in paravertebral muscle and forelimb

muscle detected using western blotting. "P<0.05, “"P<0.01.

BES5 EEREAEENAELRERGNEBNIAZFEEXELARLELL

Figure 5 Changes in expression levels of muscle atrophy proteins MuRf-1and Atrogin-1in miniature pigs after the hindlimb

unloading simulated weightlessness experiment

24 RIUKENEERRARNTL
240 NEERADREFTW
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TeiiR S HETE , ARSI, RifnlE; NIRRT
PR, AMRAIEN, BRARBOR, RTIERIRS
S S AR E A TR 2T, A
B, KM, HRpEEST, B AN E Mol A
AN, ARIEAZEE I, HEDIEEST . SEOGAH bR -
Al Wb Bz oAt AL, AR AN,
EERVERG SR, MARGE/N, BSRTR A AT AR AT
Ak NI S B AR R D, B AR RO A
AR, AMRE S, MRgE N, 1S XER
SR, Mg,
242 NEBERARPERREAREEER

xof N 2 XA AR T T GRAP Y Sz 2H 41
fhgyetn, ZEREIR: GFAP FH 4NN B K Al
Mo, BEAfEG, AEERZRE, 2EF; 5x¢t
MR, SEIR /N HO B BRI« AP/ e

GFAPFHIEE ST EZER, MmiES XSS
5 (E6B)o

BEML B 2 D RLE, o — 2 A I By A B
Image J %F/NEFEAS G X A9 GFAP FHIE (S ST E &
it SRR SRTEAMEEL, SRR/ NEDRE Y R
JRTG: . ARAF/N H GRAP BRE(S S 3R EE o B2
5 (P>0.05), i XH GFAP BHYEAS S8R B 7
i (P<0.05) (E6C),

3 iFie
BEENURBORIIRIUAR R, FHURHRITIUOR ' T
ESSHIRHRABIE I BANIURIRRE 7% RXF
FANUR EEF R 7S R ZWM7RRE, Fikt
IR R TRE, RAEFEAE, HIEWAMED)
Re 2B e U f /N AR A A S A AR
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IMEFE R G E T AR, (HHE AT /NS
it R B A SRR S R D o B FEE H
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E: ZRANEE(n=7)EREFERERE, HANMRHEE, FEEKBIERE, SARSHEZ-20/. MRANEE(0-2)EREE
EHEAFMARSEREE. A, SREXAOHERE (EEAIRKNF20 um), SLTEENOMETT; B, SMEMERARFERMED (GFAP)
BREADUZEREER (LLAIRXNR50 um); C, SMXGFAPERXEESH (10D, RRXEE). "P<0.01.

Note: Miniature pigs in the experimental group (n=7) were immobilized using customized metal cages and suspended from canvas slings so
that their hind limbs were off the ground to unload and their bodies were at a -20° angle to the ground. Control group miniature pigs (n=2)
were housed in metal cages without suspension immobilization. A, HE staining of each brain region (the scale size is 20 wm), the arrow
indicates the degenerating neuron; B, Glial fibrillary acidic protein (GFAP) immunohistochemistry staining of each brain region (the scale
size is 50 pm); C, Quantitative analysis of GFAP expression in each brain region (0D, integrated optical density).” P<0.01.

E6 BEREAFEIMAELIRERENEESMEPHARFEZRBXEAREZL
Figure 6 Changes in histopathology and related protein expression in each brain region of miniature pigs after the hindlimb
unloading simulated weightlessness experiment

ZHRTIRS RRH /N P SR AR AIE R 25 H X 2 B AR 1k ARIFREEREH, TEERAIE S E, 52 fh
PR Z T SR R E A RUR , N G e Y 24 e s A KT /NG AR B3 R, SEaG R/ N
At I HGB. HCTFIRBC /K NF%, MEZREHKE
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PLEMSR 5 EEMFAERE AR HGB. RBCHI
MEFRAIAERF, RIFARMR T LB R E &
PERHUAMA RELIESHA 0, HAh, LM ST
Yo/ VIR ALT R y-GT ZIA A2 8158 M5 B
f#as, ALB R FFE, GLBEE FA, CrE23E N,
Hr ALB I Cr (ZAKF B3 FRE, $ERSEg A /Nl
RIS IRE R AE 2 1Y, 1%t S iR Rb B AR S
N HEARHUSI R — 20058 . ABFFH HGB, HCT.
RBC. ALTHIy-GT EHEIRE 20 TG LA
e, XA[AERE T ESLR AT, NS SRR
BB BUR,  TSREe S B/ INEDRE R AL e R EA AR
FEAE—E RSN, IR BT E

AR, EARA SR M SR A5 R IH SR 4
HB 3/ INELSE A I Sh R £ sh kB BE R HG S, (HER T
SIATTEE SR R FRAE A S A6 20 & (R B ik L TR - s S
JETIHEZE S . BUAh, ARBFFERT SEAG AL RIS R4 /N R
BHELE, AOE, BOEMGLE OISR T
HERE IS EI R A AT R, REATRE
FARIIEALL R B AL PR AT BEFF AR 5 (RS /NEERE Shfiik & AR HR
() ZH £ PR A A

TEBHRILT I, SCuG A /N A AL B S AT LA
FEREERE, NAEERAHER, NERALT
ez, RN HERANLF LA ZE 485 Atrogin—1 FRIX T
FEHhn. BRIGRTIE SN, LI/ NEEAE S LY
MSEEINAT A E R AR WA E AL, Atrogin—1 FIA T3
Bhn, iR gh R SRAASCIG A /INRDSE B BIE R FTURTIARE 55 L
RRHEZYE, 5E8MRHRESIEDIKLELPESE
(BB ILAR F E Z  — 5 Ve

AR HE Gt I, SEaa2H/NEDRE (R i B2
JRIGIH- BHFIHE S XA A AR I, 7N X Ak
SR ERE D AL s R
., SEedH e X2 R R A M EE A DS B H GFAP
PSS = T, AN X GFAP 7E 5256 21 FI%T
HEAH 2 (B R WL 3 22 5 . X SEEE R /R AR SR A Y
ALK B b B SR A LA i X 254815 s A B .
TR S XS 2 e IR AR 15 [ RS A 20 2 O UK
B RAREE G, X5 AR SR 1
L I |25 i Al [ g8

AREFFERA —20° G A AT T, WIHRER
RN T — R R A NRDE R B AR JE AR
30df5, HAMKZEHIRKEMRFTMLAR. HEHN
FEARLBN) A M I AR EE AP RN AR — B, it
B, T E A AR T A HE AR N A R ER AR

HZEGRRD, AR ESIYIRR G, /N
R E T EARA Y. —20° ffa i A fufi lb R
30 d2ENEREERTT RN, X — PR GO
Fto BEON, ABPFRRERE 7 I AE S EHLE T H
HIWIPEE R, HERB S TSI RERA I Aok
AR DA TS A2 B/ N AL R AR
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[ABSTRACT] Objective By observing and comparing the changes in renal corpuscles at the largest
longitudinal section in male Mongolian gerbils of different ages, this study preliminarily explored potential

[BEE2HE] BEREnM AT ESERFRE FE LY R RERS R NIRRT B AN R SR (2021YFF0702805)
[F—E&E] = #(1981—), 58, Wit, &P, ARAE: KT RFBE. E-mail:Im_bshim@126.com
[BIEEH] &7 5(1969—) &, Bt i, FBENEZICIZINEEREEARYREF LI EYZRIRAS o E-mail: lujing@ccmu.edu.cn



488

LR S LR E S Laboratory Animal and Comparative Medicine

patterns of renal corpuscle changes, providing foundational data for the selection of male Mongolian
gerbils for research on the pathogenic mechanisms and drug screening of nephropathy. Methods Kidney
samples were collected from male Mongolian gerbils aged 12, 48, and 72 weeks. After making longitudinal
cuts along the largest coronal plane in the middle, kidney tissue sections were prepared. Following HE
staining, panoramic electronic tissue sections were scanned, and images of renal corpuscles at the largest
longitudinal plane were captured using CaseViewer. The areas of renal corpuscles and their glomeruli and
renal vesicles were measured. Statistical analysis was performed using IBM SPSS Statistics 27, and figures
were created using GraphPad Prism 8. Results Compared with the 12-week group, both the area of renal
corpuscle (P=0.029) and glomerulus (P=0.001) significantly increased in the 48-week group, while there was
no significant change in the area of renal vesicle (P=0.478). The proportion of glomerular area within the
renal corpuscle showed an increasing trend but the difference was not statistically significant (P=0.163).
Compared to the 48-week group, the areas of renal corpuscle, glomerulus, and renal vesicle were all
significantly larger in the 72-week group (P<0.001), but the proportion of glomerular area within renal
corpuscle decreased significantly (P<0.001). Conclusion The renal corpuscles in male Mongolian gerbils
continued to increase from 12 to 72 weeks of age. There might be a certain pattern in this process of
enlargement, where the trends of glomerular and renal corpuscle enlargement were relatively consistent.
However, the enlargement of renal vesicles appeared to lag behind that of the renal corpuscle. It was
speculated that the enlargement of renal corpuscles was mainly caused by the passive enlargement of
renal vesicles due to glomerular enlargement. The enlargement of renal corpuscles might be achieved
through multiple cycles of "glomerular enlargement - triggering renal vesicle enlargement".

[Key words] Male Mongolian gerbil; Renal corpuscles; Glomerulus; Renal vesicle
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Note: Images of renal corpuscles with different cross-sectional areas (the area of A-H images are 2 476.0, 3 211.0,, 5 089.6, 6 502.2, 8 534.3,

10 320.7,13 010.6, 15 427.0, wm 2, respectively) at a magnification of 40 = 10 times (indicated by red arrows), with a scale bar size of 20 um.
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Figure 1 Hematoxylin and eosin staining results of renal corpuscles of different sizes in male Mongolian gerbils
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Note : 30 fields of view were randomly selected from each male Mongolian gerbil, and the areas of 30 sets of renal corpuscles, glomeruli, and

renal vesicles were measured (n=6) ; A-C are scatter plots of renal corpuscle, glomerulus, and renal vesicle area at three age groups; D-F are

trend charts of renal corpuscle, glomerulus, and renal vesicle area at three age groups.
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Figure 2 Comparison of sizes of renal corpuscles, glomeruli, and renal vesicles on the largest longitudinal section of the

kidneys in male Mongolian gerbils of different ages
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E: AEBERARTEI T REMKTUR, NEESESAMNIE LFREE/ME BAKME/NENER, 2BNET 236 ES /MK BB,
B/ 48EANET302E,72FNET 298E. A~CEBNMAE/NK.BNERRHSE; D~ FEE/NME BN BNERRBEEE.

Note: Randomly select one male Mongolian gerbil at each week of age and measure the area of all renal corpuscles, glomeruli, and renal
vesicles on the largest longitudinal section of its kidney; 236, 302 and 298 sets of renal corpuscles, glomeruli, and renal vesicles were
measured at 12 weeks, 48 weeks, and 72 weeks respectively; A-C are scatter plots of renal corpuscle, glomerulus, and renal vesicle area; D-F

are trend charts of renal corpuscle, glomerulus, and renal vesicle area.

El3 FEEHEREME1 REHRTUPRH SRS XMIE LS IME SNK BNEXNMLR
Figure 3 Comparison of the size of renal corpuscles, glomeruli, and renal vesicles on the largest longitudinal sectionin a
male Mongolian gerbil randomly selected from different age groups

A B I, AT RS E M RITD BRUR R
BN, B/NER-B/IMATH AR S LR R B A TR
5, ARSCERIE T 3R R BT, MR T RS T
B RHDT BB/ INER- 1B/ IMATHRR (5 EE RSP E AR R
7=, B gAML, HE, 73 DER
B, b f AR U FRRE LGS L 30 MRS 21T EE
B ZIREREA R R BB 1 AR B,
S ELE IR AR _EFTE B /N1 /IMATHAR & et
TrEERL, DABLRATRETH PRBELIZEHL 30 MR 2518
AR B2 B IO TS
221 WEREMRTUDEREEE 30 1 i
THER

48 JE I 5 12 JA AR, B/ NBR A ELE R B
ELRZHFE L (P=0.163); i 72 K5 48 EKAH
Fe, B/NERGHEEFER (P<0.001) (EI5A. B),
222 WEANERERIEERTUD RV ME
R TR

fE12~ 72 AR AR RS, B/ GHEEI

EAERRENES, B2 AR5 48RSt ES T
Ftass, (H48 JEG5 12 JEIRXT LI BE R AR R ATELEL
HE B (B5C. D), X5H—MEE A IERE
LA XS,
3 ifie

B/ IMRE R B B RG 2—, BN
IS /NEEH B TR, BEERREEM, AMKS
AR B ANBR B TR AL TG R, A TOD RS R
R —FE, AT ABYE/NEREE B 588 K m i
TRREE ST 1375, DI R 2 00T 15 /N B R
HRZR S B BRATL R ot AR DG BE R, ot T 1
AIMAFNE NEER RO D s BNBR. B/INE
B/NME=F Z BRIEAE—. FPE R, ©2F6
RIS, TRIHEREIX N REA ] R AT
FHRMALHT TS

ARFFER, TE12~72 JEEET, AR T RS
INERE B INR BRI KA S 2 BT S BB SR A R —



492 LIS S L E S Laboratory Animal and Comparative Medicine Oct. 2024, 44(5)

/ / /

i A0x10BEBETARB /NG [A: 541%; B: 66.9% (A T) /699% (HL); C: 73.7%; D: 80.9%; E: 83.0%; F: 97.0%] BYE /K
ER (A&&kmE), WHIRXND20 pm.

Note: Images of renal corpuscles with different proportions of glomeruli at magnification of 40 x 10 times (indicated by red arrows). A: 54.1%;
B: 66.9% (bottom left)/69.9% (top right); C: 73.7%; D: 80.9%; E: 83.0%; F: 97.0%, with a scale bar size of 20 um.

E4 EMRMPEARABXNENK LB RIE-ROIREER

Figure 4 Hematoxylin and eosin staining results of the different proportion of glomerular in male Mongolian gerbils

E: A, CHB/NKELE=E; B, DABNKSLEEE. A~B, 8RIEMEKTUDRBIIZEI0ME, WEVEE/IME. B/NEKME/N
EHER (n=6); C~D, BNMERBENEIRESERMIPE, VESRSEANIELRAEENME. B/0K, BNENER, 2FBRNET
236 EB/ME. B, B/E, ERNET02E, 2AKRNET 298E, HEBNKABNMIIERZEL.

Note: A and C are scatter plots of glomerular proportions; B and D are the trend charts of glomerular proportion. A-B 30 fields of view were
randomly selected from each male Mongolian gerbil, and the areas of 30 sets of renal corpuscles, glomeruli, and renal vesicles were mea -
sured (n=6) ; C-D, One male Mongolian gerbil was randomly selected at each week of age, and the area of all renal corpuscles, glom -

eruli, and renal vesicle of on the largest longitudinal section of the kidneys was measured. 236, 302 and 298 sets of renal corpuscles,
glomeruli, and renal vesicles were measured at 12 weeks, 48 weeks, and 72 weeks respectively. The ratio of glomeruli to renal corpusde

area was calculated.

ES5 FRBREEKMDEBRSAMIE LS NKGLER/NLER

Figure 5 Comparison of the proportion of glomerular area on the largest longitudinal section of the kidneys in male
Mongolian gerbils of different ages
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[ABSTRACT]
from genetically edited pigs to monkeys, with the goal of improving the success rate of such experimental
procedures. Methods From October 2022 to October 2023, perioperative care and wound protection were

Objective To discuss the perioperative care and wound protection of xenotransplantation

performed on 7 recipient rhesus monkeys undergoing xenotransplantation of genetically edited pig tissues
and organs. Customized wound protective garments were designed based on monkeys' size and surgical
area to protect the wounds, alongside meticulous perioperative care. This included preoperative
preparation and medication, intraoperative monitoring of physiological indicators and anesthesia
management, and postoperative care comprising wound protection, observation and monitoring, and
nutritional support. Results All seven monkeys successfully underwent xenotransplantation. With the aid of
protective garments and detailed care, all surgical wounds healed by first intention, and postoperative
recovery was satisfactory. Conclusion Proper care and wound protection during xenotransplantation from
genetically edited pigs to monkeys not only promote wound healing, but also alleviate pain and harm to
implications for advancing experimental
xenotransplantation and enhancing animal welfare.

[Key words] Genetically edited pig; Xenotransplantation; Rhesus monkey; Care; Wound protection

device; Laboratory animal welfare

animals. This has significant research in pig-monkey
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Note: A, Body measurements of a monkey (the left shows the front of the monkey, the right shows the back of it, unit: cm.) B, Design

drawing of the wound-protective clothing. C, Finished suit (this is a basic sample without limb coverage; the left shows the front of the

garment, the right with zippers shows the black of it). D, Rhesus monkeys wearing wound-protective clothing after xenograft knee joint

transplantation (sample with pants; the left shows the monkey just after surgery, the right shows the monkey a week after surgery).

E1 SMARREBREEFAMNETRGOMFRIEIE

Figure 1 Manufacturing process of wound-protective garments for rhesus monkeys during perioperative period of
xenotransplantation
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Table 1 Information of recipient rhesus monkeys undergoing xenotransplantation surgery
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Note: Surgical time does not include donor harvesting.
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Note: Left, immediately after surgery; Right, 10 days after surgery at

the time of removing stitches.
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Figure2 Wound healing of rhesus monkeys after
xenogeneic kidney transplantation (abdominal
wound)
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Note: From left to right, they are immediately after surgery, 5 days after surgery, 10 days after surgery, 15 days after surgery and 19 days

after surgery.

B3 TRMERABERGHETRE R KIERER

Figure 3 Survival of skin grafts in rhesus monkeys after xenogeneic skin graft transplantation
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HE] B RRNMBERKFELRFADAENHNRNREESNE, UBEAFBINRAERREARIERS
%, Biz FAINABEME (BAEM. SEHM2TAFEAM3) §9%EMH C57BL/6J NEH 80 RE7 A8 7dHY
KB EZR, S5minicR/NRIBE. K. BE2EE. BRE. AEMFNKFEEHIE. BEREFIIDBNE
BREDITNEIBEHTLHE, RAZEENEHESTEHES tRIBEHITRITZZERIE, IR REIENATE.
#R2 TRABMEBNEREENEEBREZS (P<001). SM2FIM3/NGERLL, MU/NSRIEEIKERME (P<
001), HEBEHEFHE. M/\REBESNESERE. ZSUKRIFEEMEEBEEKE, URRKER
A (9P<0.001), RBPEFZLEHEANEERE. WER. WKNESEERESRERHTHTERI, SKENE
BINRAES 1N NEE (0~12h) 582N EMZE (24~-36h) FEBEER ($9P<005), M4 hEERER
2. WKETHEEBHEER (MP-005), FESIEIRHTRESWERI, NEREHFAREENR 24 hiZGigns
BE6 dNEEIBIRAME, BB, RULBEEZR. £ NERSELRITUBTRUNRELNERS
EBirZi, SRERNREANREE 24 hFiaT IERFHIREERE, XA/NERRBSTRIHRE 7RIS KE.
[X#ia] K%, Eni; BR; WK, RESH; MR

[FES2S] Q4-33; Q95-33 [XEREBIA [XEHS]1674-5817(2024)05-0502-09

Optimal Adaptation Period for Metabolic Cage
Experiments in Mice at Different Developmental Stages

TAN He, YANG Xiaohui, ZHANG Daxiu, WANG Guicheng
(Institute of Developmental Biology and Molecular Medicine, Fudan University, Shanghai 200433, China)

Correspondence to: WANG Guicheng (ORCID: 0000-0002-3979-419X), E-mail: wangguicheng@fudan.edu.cn

[ABSTRACT] Objective To investigate the optimal adaptation period for mice at different developmental
stages during metabolic cage experiments, aiming to provide a reference for conducting metabolic
research using mice. Methods A total of 80 male C57BL/6J mice at three developmental stages (weaning
period M1, adolescent M2, and adulthood M3) were subjected to a 7-day metabolic cage experiment. Data
on food intake, water intake, energy expenditure, respiratory quotient, body weight, and activity levels were
recorded every five minutes. The collected data were processed using time series decomposition and
comprehensive cluster analysis. Statistical differences were compared using repeated measures ANOVA
combined with t-test to determine the optimal adaptation period. Results Significant differences in
metabolism were observed among mice in different developmental stages (P<0.01). Compared with
adolescent (M2) and adult (M3) mice, weaned mice (M1) exhibited lower activity level (P<0.01) and less
distinct circadian rhythm. M1 mice had higher oxygen consumption, carbon dioxide production, and energy
expenditure, as well as a lower respiratory quotient (all P<0.001), indicating that they mainly relied on fat as
an energy source. Analysis of food intake, water intake, and energy expenditure revealed significant
differences between the first light cycle (0-12 h) and the second light cycle (24-36 h) across all
developmental stages (all P<0.05) . However, there was no significant difference in daily food intake or
water intake after 24 hours (both P>0.05). Comprehensive cluster analysis of multiple indicators showed
that the overall indicators of mice during the first 24 hours in the metabolic cages did not cluster with
those of the subsequent 6 days, demonstrating significant differences. Conclusion Metabolic cage

[SB—{E&] 1B 28(1980—),% L, L%)b, AR E : LW RE ST E-mail: tanhe@fudan.edu.cn
[BEEE] £5K(1985—), 8 M, TRIF, HRFE: LI FEE K. E-mail: wangguicheng@fudan.edu.cn. ORCID: 0000-0002-
3979-419X
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experiment can be used to detect continuous physiological changes in mice. The results suggest that mice
can adapt to new metabolic cages environment within 24 hours, providing a theoretical basis for the design

of metabolic experiments using mice.

[Key words] Metabolic cage; Adaptation period; Food intake; Water intake; Cluster analysis; Mice
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E A~C, INERIEXHR. VIRFN Z4 EITRRA AN RISTOR, BELER (M1, n=8) NREXM ZM LA EZRTEEDR (M2, n=16) M
BREE (M3, n=24) /& ("P<0.05, “P<0.01, "P<0.001); D~F, M1, M2FIM3/NEES5minEREA B EREHIES 2.

Note: A-C, Frequency of infrared beam interruptions on X, Y, Z axes, the movement frequencies of weaned mice (M1, n=8) on X and Z axes
was significantly lower than that of adolescent (M2, n=16) and adult (M3, n=24) mice ('P<0.05, "P<0.01, " P<0.001); D-F, Total movement
distance of M1, M2, M3 mice in all directions every 5 minutes in metabolism cage.

El1 FEAXEMERR C57BL/6 /NRERE ERRIENKELLR

Figure 1 Comparison of activity levels of C57BL/6 mice at different developmental stages in metabolism cages

E A, ASEEENTN; B, ZaNKRIFESNTWN; C, 88EEHFE (EE) XFEMOZW; D, MNEAHEFRIFRE (RQ) T B
(M1, n=8) /NERKIO,BEFEKFE. CO,FLKFEMERERKEEZSTEEN (M2, n=16) INBRIMLEL (M3, n=24) /IE ("P<0.001),
fiM3MNRMRQEZSFMIFIM2/AME (77P<0.001)0 ULHIBUAE (g) RHEEHTIRE, ERLAmean:SEMERR, KiItZEEME
SBIEENEHERZSTEL.

Note: A, Changes in oxygen consumption; B, Changes in carbon dioxide exhalation; C, Changes in energy expenditure (EE) levels; D,
Changes in metabolic cage respiratory quotient (RQ) in mice. O, consumption, CO, exhalation, and EE of weaned mice (M1, n=8) were
significantly higher than those of adolescent (M2, n=16) and adult (M3, n=24) mice (" P<0.001). RQ of M3 mice was significantly higher than
that of M1 and M2 mice (""P<0.001). Data were calibrated on body mass (g), and results were expressed as mean+SEM, statistically
significant differences were shown by repeated measures ANOVA.

B2 ARKEBEMERRI C57BL/6 IR B E PR BIEE W

Figure 2 Metabolic activity changes of mice in metabolism cages across 3 age groups

HOMBGLEEST TR TS, R TR 1 eAE SH2 DeAMzRaEMUUKERF AR &L
(0~12h) FIEE2NEAH (24~36h) A/NRAIERE & (P<0.05, P<0.001), M2/NEREGEE R EFIPOKEZE
BVOKELZL. SRER, MUNRES1IDEES  BAHE, M/ARMNRRREEEEZER (P<0.001,



506 LIS S L E S Laboratory Animal and Comparative Medicine

Oct. 2024, 44(5)

F1 MEHACEERR 3 dNSEIRENYIRITFMN

Table 1 Evaluation of adaptation effects on various indicators in metabolic cages during the first three days

(xtse)
&R AT (8] it BABMI) SEHHM2) B HA(M3)
Adaptation time Indicators Weaned (M1) Adolescent (M2) Adult (M3)
EAPS ERE/g 4.43+1.12 4.27+1.02 5.02+1.51
0-24h IRIKE/mL 3.38+0.62 2.98+0.59 3.50+1.01
XYZBFEEIR/IR 222.21£23.20 289.41+40.00 368.90+39.49
E2X BRE2/g 4.69+0.80 4.25+0.99 4.50+1.21
24-48 h IRIKE/mL 3.57+0.73 3.15+0.75 3.44+0.77
XYZ R BISIUR IR 186.22+32.15 240.27+32.29™ 264.98+36.63"
EXPN BERE/g 4.78+1.00 3.82+0.67 478+1.14
48-72 h IRIKE/mL 4.78+1.00 3.05+0.66 3.43+0.82
XYZ B IR/IR 168.21£54.76 213.24+24.71" 250.81+25.62""

T XYZHBEISURANRIEX. Y. Zi EEEITR ST AR B. LIS 1 RIERXIERA, 7 P<0.0010
Note : XYZ movement frequency is the total number of interruptions of infrared beams on the X, ¥, and Z axes. Compared to the first day,

""P<0.001.

R2)o BRI, ANFEIGER/INBRIE R B S TR A I
IS EARE, {H24 h NESSHETRE,

K2 MEHNCBEARE1NEE 2N RPN SEIRER
BRIEM
Table 2 Evaluation of adaptation effects on various
indicators in metabolic cages during the first
and second light periods

(xtse)
SE Al _ o S&BM2)
, giF LB FEEEEAM3)
Adaptation . Adolescent
. Indicators Weaned (M1) Adult (M3)
time (M2)
FINKBEE ERE/g 1.52+0.44 1.16+0.47  1.58+0.72
0-12h K&E/mL  0.44+0.29 0.37+0.25 0.49+0.34
F2NEEER BRE/g 2.03:045 1.05£0.47 0.95:0.42""

24-36 h Wok&/mL  1.29:0.43™  0.54:0.35 0.67+0.31
i MUABILEANR,; M2ASEM/NE; M3AMERNR. LS
1NN EEBERITEBA, "P<0.05, " P<0.001,

Note: M1, weaned mice; M2, adolescent mice; M3, adult mice.
Compared to the first light cycle, "P<0.05, ™" P<0.001.

TE3 DA B MBI, M1 M2/NERER
SIEFER . AT H R R EIEAE K EES 1| R
M2 RZBEREEZEER ($P>0.05), {HM3/NRAY
AATEFER. AT HE R RN KBRS 1
RIFE 2 RZBFEREZES (B1P<0.05, K2), &
F ERZIRFEARIEEE & A, 3R B BRI
TEHE AFTEREE ) 24 h N B R INE N o
2.4 (SRS R AT 8 Y BT L Ak 18

N T BEAE AT 34 & B B BN RS

FrAEAL, 12 A Python SR A% WEE 2 A /N BRAC 8 B
T30 EEUEE 5 min NATE E MIizshE R, 18
XYZi R EAUR . AARIERFERE . R BRI
A RMPOKEFRRH T, SR ER,
5 min NFITE E Mizsh SMPAL X, Y. Z3 EE9#3sh
BIRIX 4 MzsfEtn e st | REBEE ST /a2 E B, [
M, B RAEASERER. ZES AT ENEE
EfEVR AR LT R BB 2, S AR B RO AHE
T iaE H 5 /NI A B 5 0 R VS shAn AR BRUIR
SHEYE, EILEEEHNESACERIE SIEFEKE
%, W5 JE HH TS 3l 7K SE A &S0TE #E K CFE & B R
(&3,
25 RFEREPNRERIEDOREDH

iz F Python R4 ) K-means FL{E X H R IEFER
EARI R PRHIKES R RERIEFE. PR
&5 min NFTEEMIZsEM. RizshiEE. HasEfl
POKEFERHITRIE ST . AERER, M1/NERE)
B1IREEE (M1_1) 55826 dREHE (M1_2~M1_7)
MBS, TREFERERZE: M2AIM3/NRIFEIFEZI T 25 1
REFE6 dBIREEIES R, NRERERE (K4),
ZE bRk, &R ENEIR C57BL/6 /NRAEE A
TGS, INFE 24 h{EREIENIAEE, B AT aaui s
&R

3 idie
AR 5% £ F 9 Promethion 28 5 5% F i =X I I 00
ERMAGHTR, (A S R IR ORI e A K Y
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E A, MNBRERSEFESmnAREAELENEmISM; B, ARE5SminEXHM EMNEHUR; C, NEE5minfE Yl EREEIUR;
D, /NEE5minfE Z# ERIEEUR; E, NEERBEFEREESNTN,; F, MNEEREEFRIFE_SMRNOETWL,; G, MEEREES
B5minWENEYHNERE; H, NEERFEPES min WIKE. MIUABALBANR; M2ASTEH/NR; M3ARERNR.

Note: A, The total movements of the mice in all directions during 5 minutes in metabolic cages; B, The frequency of movement along the X

axis; C, The frequency of movement along the Y axis; D, The frequency of movement along the Z axis; E, Changes in oxygen consumption in

metabolic cages; F, Changes in carbon dioxide exhaled in metabolic cages; G, The amount of food intake every 5 minutes by mice in

metabolic cages; H, The amount of water intake by mice every 5 minutes in metabolic cages. M1, weaned mice; M2, adolescent mice; M3,

adult mice.

B3 FRABMRINEENMUEEEIENEREIETRA ST

Figure 3 Visualization analysis of adaptation indicators for mice in metabolic cages at different developmental stages

AR SHYMERENIZEHNE (X Y. ZZL0MENE
F1), FNECEFPAEIEI, Hfe, mE SR A T
IRBISEER IR o N T IRFFSEIREENEE, AT E
R TAEEZE PRI, AOSTHEI . A EE AT
WM. SN EE, ZRGEREENREENE

5 min FAT—RAGH REMMELHRARMNIE, [FH G
MRS R, Wk, RE. REMEEE. 2,
HTSE P ANZER, AifmrEELRE. AE
SEFREZRBZESR, WAEERS. JEZ. StHE,
EFRBUNSERRINE R TN . XEfT RS
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it BABNBREAEENSEIX (ML), SEHNMREARSENE IR (M2_1) MFER/NRENCHEERNE TR (M31) HiEgE
NER, T5REREME. Keal_hr, NEB/N\ITEEEEFE/mL; VCO,, NEZ&MUKFELE,; VO, NEASBEHEE/mL; VH,0, NE&
mkEmL; Allmeters.5m, /NRES min Siz&IiEE/m; Pedmeters.5m, NRES min WEMEIZFZEER/m; Foodupa.bm, /NEES minig
B8/g; Waterupasm, NEES5 minRK&/mLo.

Note: The data from day 1in metabolic cages for weaned mice (M1_1), adolescent mice (M2_1), and adult mice (M3_1) were outliers and did
not cluster with the data from the same group. Kcal_hr, EE per hour/mL;VCO,, mice carbon dioxide exhalation;VO,, oxygen consumption/

mL;VH,O, water intake/mL; Allmeters.5m, total movement distance in 5 min/m; Pedmeters.5m, total directional movement distance along

X, Y, Zaxes in 5 min/m;Foodupa.5m,food intake in 5 min/g; Waterupa.5m,water intake in 5 min/mLo
B4 FREEMENMNRHEANCHERSEMIEGRHBENSERRESH

Figure 4 Multifactor clustering analysis of adaptation indicators for mice at different developmental stages in metabolic

cages

sM/NE Y B R AT BRI H R T, i e
I B BB o 1 58 AR IE FIRAE T AN RAT NI
LIEUER

FeRTHIR T E AR, TER /NS0 T
AOIE RIS RN IZ R T 48 h, 48 hFFif, BUEEEARRE
BEIREIRE P2 AT, TR EENER
[, SEGE 8 R AN [F) SR BT A AR /N SR AT AR
LA P, FEEFNS AR RSN/ B (I B
[P EZ R

AR FER AR POK. REFTESIACEEN
fir e/ NEUE N AR A8 bR . B SR T d B
RESPRI, REKE P BE/NS A KPR R

HR. BILE (M) /NRAEX. Z B EFTHRZLONG
LHIBUR AN 5 min IZENBEE Y BE T HEH (M2)
IR (M3) /No X REIM1/NR B SRR
ik, IZFNBERIRSE. AN, MI/NSRIEEPHEA. K
iz sh 73w T EIEREE, A6 R EIRNRS A R Bz
AR, Fik, TR, falenzt
TSN A AR BRI, RIS R T M B
FE/NRZINR o

M2 FIM3 /N ERAEE A ZE R 2R 1 R 23S 309
R, BEIER, FHERE SRR AR
BaEEHARRSIEIR A, 552 RMEZHN
BoHEL, 1 RMRERR. YUKE. REMEREEE
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AFE)BERRK, X AlRER T ERHAE S, N
iof, B2 KRBT 5 3 RN BB RIS TH], XEEE R
[ERE EEER. WIHEST 1 dENGE, /NIERE
R PR T S R AP BB RN R o

EUAR TR, A i N A1 L R AL A
FEARF A Ao Kalliokoski 25 170 Fi| I BALB/c /[N iR 2k
73 R RSN, A5 R BoR OB L a0
/NS A B2 B AL /K 2 s, AU T
BB ENECE, FIOA /N Te i N A 7S
H$Ro Eriksson %5 P2 i8R, MFELAR, Rl
R AZIE A BRI N . AEFRA, /N
BRAEZR . B, WEEL . FEEfT AR B K
FERFRAL B B AR ERE L, (BRZEITHN
SAERTRLPUARE ok, R Bl ACEEAE 1 d AR ]
Eﬁ’ﬂ@lz [23]0

ELENHT A G PR IR BT = S M /N B A BR AT O BRR A
T RIS [R] B) AE ZEER B A XS T/ N2 — Pl eh 2
HEHE P, B, N TR EIRE R,
RLZLESNIE RC I PRI B AR (L ), Rk, 16
NGRS SEaG H,  E R AR R A EUORHE
AR /INER R AR A i 2R AR E SE g RO N, 2
e i SRR T AR T B ARFEEE R
B, xF C57BL/6 /N R AT ACHHE Sh AR M i, iR &
24 h HE R R LR SIS . ST R S5
2RI G 02, AR STEE RIS A R T it
—HIGIE, TRES E H ARSI R S e G 77
ANFAITFASE B RS R . AR5 9 fd A Promethion
A E SLaR PR R SRy, [T th ]y HoAth
BRIk RS,
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A ERELRHYRZENREZWUEN—ABWZRET, FRETFERIWHMBXREZR. Z0MNE, 8FEER
BIRF (LI EEREA) (2017F3B818&1THR) 1 (LRmY EFCIEHEEER) (GB/T35892—2018) %, &%
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NE e e A R B s e B S Al B

dOF ORAEC, KRR, R 8
(L L5 K A R BOR 2 B, b 200240; 2. ki3 K% 52 BB M o o, B 200240)

(EE] BM RUBIFSAMBAEBMOERMERIRERNESE, HRREENEAAZETHE,
Bz EAREXRAIEXNRMBIRSER (LUC) WAFTHEEEE Hep3B ST IR HepG2 4BiRHL, FR/N\IYIE
BB EFEDITENRE R CRESMEABHE BINEEREXNE, KIFARFMEBMABHNELSE. £54
W UE M BALB/c B/NE WM RMIEM AR IRE (8x10°. 24x10°. 72x104N/mL) . FEEZEENFE (PBS.
Matrigel) BIAFFIEAREE R HepG2-LUCHI Hep3B-LUC (1248, BH7R), HRIEEAFFMEESERE
BE, §7dA11MARECRSENBREE, BIMERRGEZCHENECMENEREE, URMEEEK
E, EMMEAREEIS X HBUNEE, #SREDRE, #ITHARB-FL (hematoxylin and eosin, HE) %
ENRANREFTN. FR FAHAFMBHEEKNE G REYNSHIBHEZIEEX (R=09831, F=09705),
BEEATERMEBINHE,. HepG2-LUC ZiREH, HepG2-LUC+Matrigel 5. . SREH, Hep3B-LUCH.
BiREHS Hep3B-LUC+Matrigel 5. . BIREHMMINIEE. HepG2-LUC+Matrigel &k EEREIRES ik
ERNEHNEEEEZTE (P<0.05), Hep3B-LUC+Matrigel SR ERABKRESTRERNRHNAEHLEETE
(P<0.05), RYIMEEANRIRICRICRERTBDSEHEEK (F>09500), BEBER14dANBEE /DA
FJ1.0x10" p/ (scm>sr)o HepG2-LUC{EK. FiREHFI Hep3B-LUCIRIREE/NRIFIARN B EHHEESZ LWL, HS
EETEMBEITMBFETEE. &6 T HepG2-LUC MEBHR, HFEFMRAES 24107/ mL (50uL) BS
Matrigel EBRIB S HRRAIERER, HTIERESE7 REAXNTGEHEE; M T Hep3B-LUCHRIEM, #EFH
BALES 721070 /mL (50 uL) (AR5 Matrigel ERRE) &8, HFTFERENE 14 RAEHE RN EER.
[82i3] BFE; [EfIf848; HepG2-LUC; Hep3B-LUC; BALB/c#/\&E

[FES 251 R73-3; Q95-33 [XHIFEMIA [XEHS]1674-5817(2024)05-0511-12

Optimization and Evaluation of Conditions for
Orthotopic Nude Mouse Models of Human Liver Tumor Cells
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[ABSTRACT] Objective The study aims to optimize the conditions for constructing orthotopic nude
mouse models of liver cancer by injecting human liver tumor cell lines and to explore appropriate timings
for drug administration. Methods Human hepatocellular carcinoma Hep3B and hepatoblastoma HepG?2
cell lines, which stably expressing the luciferase reporter gene (LUC), were selected. The linear correlation
between the luciferase luminescence intensity and the number of liver tumor cells was analyzed using a
Small Animal /n Vivo Imaging system to verify the luminescent efficiency of the human liver tumor cells.
Different concentrations (8x10°, 2.4x107, 7.2x10” cells/mL) and resuspension media (PBS, Matrigel) of human
liver tumor cell suspensions HepG2-LUC and Hep3B-LUC were orthotopically inoculated into the liver lobes
of 5-week-old female BALB/c nude mice (12 groups, 7 mice each) to construct human liver tumor nude
mouse orthotopic cancer models. Every 7 days, the weights of mice were recorded, and the growth of
orthotopic tumors was monitored using the Small Animal /n Vivo Imaging system. On day 35 post-cell
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inoculation, mouse livers were dissected, and pathological slices were prepared for HE staining to observe
histopathological changes in liver tissues. Results The luminescence intensity of human liver tumor cell
lines was positively correlated with the number of cells (R=0.983 1, R’=0.970 5), indicating their suitability
for orthotopic model construction. Successful modeling was achieved in the high-concentration groups of
HepG2-LUC, the low-, medium-, and high-concentration groups of HepG2-LUC+Matrigel, the medium- and
high-concentration groups of Hep3B-LUC, and the low-, medium-, and high-concentration groups of Hep3B-
LUC+Matrigel. For both HepG2-LUC+Matrigel and Hep3B-LUC+Matrigel groups, mice in the high-
concentration groups exhibited significantly reduced body weight compared to the low- and medium-
concentration groups (both with P<0.05). The luminescence intensity of successfully modeled mice
increased exponentially over time (R*>>0.950 0), and reached a minimum of 1.0x10” p/(s-cm?-sr) by day 14
post-transplantation. Mice in the low- and medium-concentration groups of HepG2-LUC and the low-
concentration group of Hep3B-LUC showed no significant pathological changes, while the other groups
exhibited evident liver tumors and hepatocyte lesions. Conclusion For the HepG2-LUC cell line, the
recommended injection volume is 50 plL with a cell density of 2.4x107 cells/mL, resuspended with Matrigel,
followed by drug administration or prognostic measures on day 7 post-modeling. For the Hep3B-LUC cell
line, the recommended injection volume is 50 pL with a cell density of 7.2x107 cells/mL, not resuspended

Oct. 2024, 44(5)

with Matrigel, with administration or prognostic measures on day 14 post-modeling.

[Key words] Liver cancer; Orthotopic transplantation; HepG2-LUC; Hep3B-LUC; BALB/c nude mice
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Note: A, Bioluminescence efficiency of human hepatoblastoma HepG2 cells labeled with luciferase reporter gene (LUC) after incubating
with D-luciferin potassium; B, Bioluminescence efficiency of human hepatocellular carcinoma Hep3B cells labeled with LUC after incubating
with D-luciferin potassium. Simple linear regression and one-way ANOVA test showed that the number of each cell was positively correlated

with the average bioluminescence intensity. In the 96-well plate, the number of cells in each well from left to right was 2x10%,4x10%, 8x103,

1.6x10*, 3.2x10*, 4.8x10°, and 6.4x10%, n=3.
B1 AFFAEERERAEREMERER

Figure 1 Cell bioluminescence efficiency of human liver tumor cell lines
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Hep3BAME] RALFSTE/NBAFER @G KES. SEKRE (8x10°NMig/mL) AELL, *P<0.05, **P<0.01, **P=0.0001; SHiRE
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Note: A-D represent body weight over time in nude mouse orthotopic tumor models of HepG2-LUC [human hepatoblastoma HepG2 cells
labeled with luciferase reporter gene (LUC) and diluted with PBS into different cell concentrations], HepG2-LUC+Matrigel (human
hepatoblastoma HepG2 cells labeled with LUC and diluted with 4 mg/mL Matrigel into different cell concentrations), Hep3B-LUC (human
hepatocellular carcinoma Hep3B cells labeled with LUC and diluted with PBS into different cell concentrations), and Hep3B-LUC+Matrigel
(human hepatocellular carcinoma Hep3B cells labeled with LUC and diluted with 4 mg/mL Matrigel into different cell concentrations)
successively. Compared with the low-concentration (8x10° cells/mL) group of the same time, *P<0.05, **P<0.01, ***P=0.000 1; Compared with
the medium-concentration (2.4x107 cells/mL) group of the same time, *P<0.05, **P<0.01, ***P=0.000 1; Compared among the three groups of
the same time, ™P>0.05.
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Figure 2 Body weight changes of nude mouse liver tumor models with different cell concentrations and suspension media
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i A~DKIX A HepG2-LUC [EXEBREER (LUC) #RICHIAEPBSHEMFEMIEIREN AT SMIERE HepG2 A ] . HepG2-LUCH+
Matrigel (LUC#RICHIS Matrigel R (4 mg/mL) BERABMIBRENAFSMIZE HepG2 4Hi8) . Hep3B-LUC (LUCHRIESHIF PBS#
Tl AR AR R E HI A FFIE Hep3B 4R ) . Hep3B-LUC+Matrigel (LUCHRICHIS Matrigel 2RI (4 mg/mL) SB& AR IR ER ABFE
Hep3B4HlE) RIS/ NBRNEEAMGER, RTIERESHNBANLCBEBNENENES (RERTERHEEBK).
Note : A-D represent the weekly bioluminescence monitoring results of nude mouse orthotopic tumor models of HepG2-LUC [human
hepatoblastoma HepG2 cells labeled with luciferase reporter gene (LUC) and diluted with PBS into different cell concentrations], HepG2-
LUC+Matrigel (human hepatoblastoma HepG?2 cells labeled with LUC and diluted with 4 mg/mL Matrigel into different cell concentrations),
Hep3B-LUC (human hepatocellular carcinoma Hep3B cells labeled with LUC and diluted with PBS into different cell concentrations), and
Hep3B-LUC+Matrigel (human hepatocellular carcinoma Hep3B cells labeled with LUC and diluted with 4 mg/mL Matrigel into different cell
concentrations) successively, which show the change trends of the luminescence intensity over time after in-situ modeling (dotted lines
indicate exponential growth).
E 3 FREMARIRE . FRNROFMBRERNBRAREMREZE
Figure 3 Bioluminescence monitoring of nude mouse liver tumor models with different cell concentrations and suspension
media
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A Huh7-LUC AR 1.0x10°1H 2520 R
PR ERERF] 1.0x10° p/ (s-em?+sr)o {HZhang % 1Y)
15 FH B9 Hepal-6-LUC 41 i &R0 4x10° Y,
520 R KSR A AT IAE] 1.0x10% p/ (s+em?+sr) o
AN, et 1E O I IR AR S TSR B2 F
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iE: HepG2-LUC, FAIPBSHBEAABMEIKRENENLRBREER (LUC) ISR AFFSHIEE HepG2 AMREFME/NRLFIHE35d;
HepG2-LUC+Matrigel, 5 Matrigel £ (4 mg/mL) LA1: THIELEIR & R A RMIEIRER LUCIRCHIA B4 HepG2 IR EEFMIRNR
ERFMt/E35d; Hep3B-LUC, FBPBSHRERLARMIIKRER LUCIRCHIA TR Hep3B EMENRAMFN/E35d; Hep3B-LUC+Matrigel,
5 Matrigel R (4 mg/mL) L1 1AL AR & A A B4 IR E 89 LUC ARSI A BT 2408 Hep3B iR/ NR AT /S35 do ABIFRELAIR
KNS mm, BEGZMEREANEZAMERLLAHIR AN B350 wmF120 pm.

Note:HepG2-LUC, left liver lobe of nude mice 35 days after in-situ modeling with human hepatoblastoma HepG2 cells labeled with
luciferase reporter gene (LUC) and diluted with PBS into different cell concentrations. HepG2-LUC+Matrigel, left liver lobe of nude mice 35
days after in-situ modeling with human hepatoblastoma HepG?2 cells labeled with LUC and diluted with 4 mg/mL Matrigel into different cell
concentrations. Hep3B-LUC, left liver lobe of nude mice 35 days after in-situ modeling with human hepatocellular carcinoma Hep3B cells
labeled with LUC and diluted with PBS into different cell concentrations. Hep3B-LUC+Matrigel, left liver lobe of nude mice 35 days after
in-situ modeling with human hepatocellular carcinoma Hep3B cells labeled with LUC and diluted with 4 mg/mL Matrigel into different cell
concentrations. The scale size is 5 mm in figure A, and the scale sizes of the left and right graphs in each cell concentration group are 50 pm
and 20 pm respectively in figure B.

E4 FREMHARKE. FRENROFMEERENENFRA\ABEER (A) fIHEREE (B)

Figure 4 Gross images (A) and HE staining (B) of liver tissue in nude mouse liver tumor models with different cell

concentrations and suspension media
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F JEr A7 240 R T SR A s T A7 o A e P sh A R e A
MELR A — DA, AR & S AR ZE, RS
RFRRIE R B EERORER S o TG FFArfre i 67 40 At
T S AR R 1 B O VRS A AR 5 40 B v B 2 A ] o
QR AER A SRR H22 A AR, B U7 A
R FE AN AR S ik 103 /mL, TS AR 5 L,
AN SX 1074/ 2=k %E 1) M R A0 Ak RS
N 1.0x10° N /mL, VESFARFN 20 pL, HALE =N
2x10° 4N/ 5 YR AR O [ AR A AN VR FE M 1.0x10°
DL, HEFHEFA X 100 pL, R EH 1.0x10°
MR o X T HepG2 2 i J5 A E S B8 th R AR E AN
B, RXAREE Y 150 WL, 1.0x107 /mL ] HepG2
M EREN B, (CRAMSRE LM, fEEE
REIER IR 90%, HEME B FrEN A RS2
TGO g FAEE 4 HepG2 4UABIR E
B 8.5x10" N/mL, TESAEFN 60 pL, =N
5.1x10°H, BEARRBIIEEERGE, (H2/NREIESE 20
REGHT:, #HNZ B FEN MRS RSBEE
KR

NTRERCL BRI, 2B A SRR S 45 R,
AREFFEZEE TRAR (4.0x10°/5) . A5 (1.2x10°9/
H) fiEE (3.6x10°0/H) 43D aifa s s ih i,
PURAN [ R v B 0o e g A P i 8 AR A A TR A 5
Wiy, CARAREEARRE 8B A e R N B A, DR At
MRS R R B BRI SEG 53 . ARHF 5T BN
B wIFR NJRA A DA N FEE . HepG2 i B AR B4
., BERER. EE/NRPERERRENR A,
AFPRHME, HBsAgPAM:, FTZAIFFRHEE (hepatitis B
virus, HBV) EERAH 29, (HiZ40H R &6 A
ALARATEE 5 AN B IS AR, 2R
KRR IR E . R A e & w1k
75 5T A B AR A A AR 2 Hep3B I EH A0
B, ERVNRAEEEDR, HEARERE B, 5 HepG2
AFERE, XIS T 588K HBV B AAH , Al A
T HBV Y5 & REBUERIAH I 78 ARIFFTEE SRR
HH, X HepG2 5 Hep3BAHffZ , JEAI{F ST AL &
Z2/DTEGRE 1.0x10°1, A BELHIERR 2,

Matrigel J&J5 2 — s & 4 f YL o B AT 25
ARKEFRRNEHA R R R, HH], Matrigel 24
UESERERS 18 = ABR AU E VNV B AR RS, B
BFRD BRI SR, TR m SRR, FN
W AAE FEE Y. BN, Matrigel £ B E B R

P TE 25 Fh Ji E 1 S5 R A A o 830 B 7 T g
Matrigel &2 B3 F T-2K B B A B 72 B2 ARAfF 9T
X EESEIGHRER 1 Matrigel F SR iEE SR iR S L 1Y
FRAYIRE, & BT HepG2-LUC+Matrigel 5 Hep3B-LUC+
Matrigel N[ EELH I REMSE AT AR ARG, ELEG:
SRR TR KRCERE S SR 2 EMAER, mARMEH
Matrigel F) HepG2 H1 . fIGIKE 4011 Hep3B IRV 2H >R
RERINIEE, HIAT L, Matrigel ({6 FH AT DLZE AT iR
B DI SR AR K. BEYh, Matrigel 7E 15
T 10 CHUPAEE R EEE , KAHA S Matrigel IR &
JETEST A/INERFREN . 4 i 6 ] B4 Matrigel [E] € 72T
AP, B R Br 1 7 DRI 2 M S/ Nas 32 AR IR AR . i
WRE, i FH Matrigel P AR AHE i i) g Aifred S (0 55
RN

G AR BB A THED 7. BFFIEFR AR
HEWSNMER, NG E G EZRF S REW I
MR AR LS 0 R 2 R AT
HARENI 12 BREERTR BT AR Al 4
FHA A b 22 R S A T A7 g A A 5D o H R e 2
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f, ZRRAGLE 5] MIEH Hep3B K2 T RS AR B R
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HepG2-LUC #H A Sy E 5 IS AN e R A ff SR,
DA Matrigel fE % s/ 20 i A = ELINBRART & Fid g, {2
MR e IR E I AR B R BRI, wRAEEA
A AR BT R, S B /N RIEST 1.2x10° D41 A
(AAPRFR 50 L. JRIZ 2.4x107 > /ml), FHH{E L R
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LUC+Matrigel FFi& 4 (Y=10"%e>"*") 5 Hep3B-LUC
IR (Y=10%e™'") BffRE & e sl Ze B 0L, 2w



520 LIS S L E S Laboratory Animal and Comparative Medicine

Oct. 2024, 44(5)

PR EIE T HHEEZ T, Hep3B-LUC+Matrigel {Ei#
FELH BB & R FE g, [R5 BRI & A R S
VEMEEEME, BSOS H/NEIEST 3.6x10° M40l (Ffk
FAS0 Wl ¥R 7.2x107/ml) , ANl A 325 o fise il By i
B, Al 14 R ARG 1EE . %A
BRI IR RE RS E, KR AL
WEEM, (EFEFMREtE I 5 IRRIGTT -

[EZ{CE = BA Medical Ethics Statement]

AARSROAENNITRHIEET LERBRAELNNY
CESHFAZRSEBEE (S5 A2023099). FTEXK
RS RPE WA EREMSEOIHET.

All experimental animal protocols in this study were
reviewed and approved by the Institutional Animal Care
and Use Committee of Shanghai Jiao Tong University
(Approval  Number:  A2023099). All  experimental
procedures were performed in accordance with the
relevant laws and regulations regarding experimental
animals in China.
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Animal Models of Human Diseases

R FR i BN 2 BB bR Ips N BB A Y
2l

M, ArERARS, Ak MY, JrAGEY B R ENER4EC, MR, MRESRY £ O, RN
(1. BEE) 1R BEESBASE JU O O I [ 338 4h AL, 48 M 350000; 2. 48 2 B A K 5248 B R B 5 R 38 40 A, 48 M 350000)

[(HE] B RUYBRANIRE+TZIEBY SR 28ERB (type 2 diabetes mellitus, T2DM) KR ¥ER 5
Mg m, B+ iERTESEaRRSPINER. B B4A0RS5FRNEMSDAR, BISEEMNBREKS
BAEXRERIEFEST2DM, 536 LERE T2OMEERIREN KRB S H3E: R4+ "1EF EAREA (DEA).
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Effect of Modified Duodenal Exclusion Surgery on Glucose
Metabolism in Rats with Type 2 Diabetes Mellitus
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[ABSTRACT] Objective To investigate the impact of anti-reflux modified duodenal exclusion surgery on
glucose metabolism in rats with type 2 diabetes mellitus (T2DM), and to elucidate the role of the duodenum
in maintaining glucose homeostasis.Methods Forty male Sprague-Dawley rats aged 5 weeks were fed a
high-fat diet and induced with T2DM using low-dose streptozotocin. Thirty-six rats that met the T2DM
model criteria were randomly divided into three groups: the simple duodenal exclusion surgery group (DE
group), the anti-reflux modified duodenal exclusion group (MDE group), and the sham operation group (SO
group), with 12 rats in each group. Gastroenterography was performed 4 weeks after surgery, and the body
weight, fasting blood glucose levels, and serum glucagon-like peptide-1 (GLP-1) concentrations were
measured before surgery and at 1, 2, 4, and 8 weeks post-surgery. Eight weeks post-surgery, the rats were
euthanized, and a 1 cm segment of the biliopancreatic loop was collected from each group for pathological
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sectioning and HE staining to observe the intestinal mucosal villus length under an optical
microscope. Results Gastroenterography showed that there was significant reflux of the contrast agent
into the duodenal lumen in the DE group, while no reflux was observed in the MDE group. At one week post-
surgery, the body weights of rats in all three groups significantly decreased compared to before surgery (P<
0.05), and then the body weights of all groups increased over time, with no significant differences between
the groups (P>0.05). Compared with the SO group, the fasting blood glucose levels in the MDE and DE
groups significantly decreased at all time points post-surgery (P<0.05), while GLP-1 concentrations
significantly increased (P<0.05). The fasting blood glucose levels in the MDE group were lower than those in
the DE group at all time points post-surgery (P<0.05), but there were no significant differences in serum
GLP-1 concentrations between the MDE and DE groups (P>0.05). Regarding intestinal mucosal morphology,
the villus lengths of the biliopancreatic loops in the MDE group were significantly shorter than those in the
DE and SO groups (P<0.05). Conclusion Anti-reflux modified duodenal exclusion surgery effectively
improves glucose metabolism in T2DM rats by preventing the reflux of chyme into the diverted duodenum,
thereby enhancing its hypoglycemic effect.

[Key words] Duodenal exclusion surgery; Type 2 diabetes mellitus; Blood glucose; Gastroenterography;
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Note: A, Schematic diagram of the surgical procedure for the DE group. B, Schematic diagram of the surgical procedure for the MDE group.

C, Duodenal intestinal lumen tubes made of silicone tubing of about 2 mm in diameter and 4 cm in length, with the head end labeled with a

contrast strip for easy identification in imaging. D, One end of the silicone tube was sutured to the intestinal wall, allowing biliopancreatic

fluid to flow smoothly from the silicone tube. E, End of the anastomosis after simple duodenal exclusion surgery, with contrast strips

marking the biliopancreatic loop and the anastomosis of biliopancreatic loop and common loop to facilitate the identification in

postoperative imaging.
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Figure 1 Surgical illustrations of rats in the duodenum exclusion (DE) group and the modified duodenal exclusion (MDE)
group with anti-reflux
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Note: A, Postoperative gastroenterography of simple duodenal exclusion (DE group, n=11) (the arrow indicates the biliopancreatic loop, with
visible contrast reflux into the loop). B, Postoperative gastroenterography of simple duodenal exclusion + tube placement (MDE group, n=10)
(the arrow indicates the biliopancreatic loop with inserted tube, with no contrast reflux observed). C, Postoperative body weight changes in

three groups of rats (SO, Sham operation, n=12; ns, No statistical difference).
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Figure 2 Postoperative gastroenterography and body weight changes in DE and MDE rat groups
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Note: A, Line graphs and bar charts showing the changes in fasting glucose levels of the three groups of rats at different time points before
and after surgery. B, Line graphs and bar charts of changes in GLP-1 levels at different time points pre- and post-operatively in the three
groups of rats. SO group, Sham operation group, n=12; DE group, Simple duodenal exclusion group, n=11; MDE group, Simple duodenal
exclusion with tube placement/anti-reflux group, n=10. ns, No statistical difference. " indicates P<0.05, “indicates P<0.01, “"indicates P<0.001,
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Figure 3 Changes in fasting glucose and GLP-1levels in the three groups of rats at different time points before and after
surgery
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Note: SO, Sham operation group, n=12; DE, Simple duodenal exclusion group, n=11; MDE, Simple duodenal exclusion with tube placement/

anti-reflux group, n=10. ns, No statistical difference. ‘indicates P<0.05.
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Figure 4 Morphology of intestinal mucosal villi of biliopancreatic collaterals in three groups of rats after 8 weeks (HE

staining, x100)
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Animal Models of Human Diseases
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HBE] HEY BEIESHENESTIFITEMTFME (menstrual blood-derived stem cells, MenSCs) #BiEIX&I=
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BBBi¥5 E7x, MenSCsBiEIASEmI&EERS SCIARRNIZEaI8EH. HERBRRNETHRBRNRGEHRIE
THUREEEERE. THRNXEEPCRIZMEBZREDITEIER, CTMTfEf%"%ﬁfE_,\qﬂﬂu:J?Eﬁ?#%I?
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promoting recovery in rats with spinal cord injury (SCI) through transcriptome sequencing analysis.
Methods
hemisection at the tenth thoracic vertebra (T10). The rats were then divided into two groups: the Cell and

Female SD rats aged two months were selected and a SCI model was established by a

Treadmill Training (CTMT) group, which received MenSCs transplantation and treadmill training after SClI,
and the SCI group (control), with 12 rats in each group. One week after modeling, the CTMT group received
a microinjection of 1x10° MenSCs at the injury site, followed by two weeks of weight-supported aerobic
exercise training. Spinal cord tissue from the injury site was selected for transcriptome sequencing, and
mRNA expression data from both the SCI and CTMT groups were analyzed. Differential gene expression,
GO (Gene Ontology) functional enrichment, KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway
enrichment, and protein-protein interaction (PPI) network analyses were performed. Motor function
recovery was assessed using the Basso, Beattie, and Bresnahan (BBB) score, while histopathological
changes at the injury site were evaluated through hematoxylin-eosin (HE) staining. Real-time fluorescent
quantitative PCR and Western blotting were used to verify the expression of differentially expressed genes.
Results Transcriptome sequencing analysis showed 247 upregulated genes and 174 downregulated genes
in the CTMT group compared to the SCI group. Notably, genes such as Bdnf, Hmox1, Sd4, Mmp3, and Cd163
were significantly upregulated [|log2(FoldChange)|=0.66, P<0.05]. KEGG pathway enrichment analysis and
GO functional enrichment analysis indicated that these differentially expressed genes were mainly involved
in growth and development, metabolic reactions, and immune-inflammatory processes, such as axon
growth and the electron transport chain. The Bdnf gene was notably enriched in the PI3K-Akt signaling
pathway. The BBB score showed that MenSCs transplantation combined with exercise training significantly
improved the motor function of SCI rats. HE staining revealed that pathological changes at the injury site
were significantly reduced in the treatment group. Furthermore, real-time quantitative PCR and Western
blotting confirmed that brain-derived neurotrophic factor (BDNF) mRNA and protein expression levels in
The
combined exercise training with MenSCs effectively promotes the recovery of motor function in SCI rats by

the CTMT group were significantly higher than those in the SCI group (P<0.001). Conclusion

upregulating BDNF expression, providing a novel strategy for SCl treatment.
[Key words] Spinal cord injury; Transcriptome sequencing; Menstrual blood-derived stem cells; Exercise
training; Brain-derived neurotrophic factor; Rats
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FEZGUNGTT IR B RE AR IKAR RS, Eid RRE 2%
REARPOM . JRFERIRZ ST AE e AR, Bl
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BRI Z M baE S U ffa g g e eae )

i, HEBERBECHEXEM, Erat st
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11 R REPFTIER

SPF 2% 2 H il SD KR (220 ~250 g) T H Fe il
REFSEIGFHIHL, [SCXK (75) 2019-0001], fA7ET
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BN IR 222 R, BRI E
3PME AL

WA AR RGO B REAL (F45 BHEAR, Sk
JEF 5 HRE) . AL EINA RIPA RRIR, ~19K,
B R EIEWR . ME B PR R B K R A M
i FI BDNF fiifk (DAGAPDH JifRfENZ, #EHHE
Abcam AH], TAEEMREELFEIN 1 2 1000) £ BDNF
EHRIE. RAECLE DR, AAaBEILER
SREEVRHAIRAE . &G Image JEKAF#HITH
2% B R EAE ST o
1.9 HELERSEZE

FH SPSS 23.0 4 M2 GraphPad Prism 8.0 R AT
PG B SR &L g0 a5 SRR T K-S B
FEARRRL:, IABUE R BRFE ESSA, ESEHEA
Btz (x+s) Fon, B RESI AR RS0 3
TR A S YOR £ (1953
fimEE) [M (P25, P75) ] F*/x, i#id Mann-
Whitney U RFIGIEHEITREALIIELER o TR PSR
Mt AL AT A, BT IES 8 e F 1T 4 1A
Fi . LAP <0.05 RREFHZIFE Lo

2 £§

21 FAXKENSHEANEREANFHIETSE

Mumina M GG ES R IT R, SR ZH
TR —Mm, AL o A EGE B FIR(E
BN ERR, RIAM AR R ERE (K1A). f£3F
B aas R (K1B) F, — PR —DEER,
H 6 MREA; MAFREPCT (0409), NE— ST
PAAREPC2 (0.317), NEBEEMIT. ERIT L
RN, F—HNBEARRESE R, RIAARTLORE
EEE RIFHPTES M WA E A R AR 2
K23 [A]BE B, v BA 3 B AR (A Y 22 Fok H 4L A
5o

22 FMEAXERBHAAPERREEERBR

5scIdl (xfgd) #HEL, CTMT AR FRA B
A 174 D EEASRIA NI, A 247 D ERERIE LA
(llog2 (FoldChange) 120.66, P<0.05), &1 /5[HT
1E2 FRIAFL R AR N YR E F i 5 T35 5 151 mRNA,
Ho 522 RS R £ B Rabepk. Phig. Cthrel F1
Bdnf 55 o ARHEFEAH BT A s 5 B 7 UL
B A B (fragments per kilobase of exon model per
. AR M F
pheapmap T. B\ ggplot T B, £l 27 ERE K ILE
(E2A) FeRFEAE (E2B), DI EHSCIAR
CTMT 4R FREBEA I mRNA FIAZE F 51 o
23 FMAXRBREAAPERRAEEHEXER

EI3A ~ C2MA KRB BEH R &= R RIAE K
GO ThRE B T ALK . 83D 2 E FRIKEERY
KEGG B EHSIEE . COFHEAHFT, 3 DARME
(ontology) 43 HIFE R~ “ 43+ 31 BE (molecular function,
MFE)” “4H i1 2H 75 (cellular component, CC) BEELY S 0R
(biological processes, BP)” o #— 5 BT GE & £ 1 #T
., ZREERESFURERHRREE S 2 EEMHR
T, E4ifd s g AN AR S NEIRR BEAEL, 5
AP R S I AT A R B BEHE K. &5,
KEGG Mg & R ET RERH, 72 ik Rl L LR E
X 18 B  (metabolic pathway) . J& fiE #H 5% 18 #%
(pathways in cancer) FIZHE NS 5@ (PI3K-Akt
signaling pathway) % ; HH, Bdnf 55 R A] 24 A
Bk (£2),
24 AAXERBHARPERRLERNEE
xR

BEXf 421 P EFFIAERA, M STRING Eiff % N 2
B H AR EERI SRR BAE G &R, M PPIERIE] (1514)
MHEEF SCI4H, CTMTH KRB #EH L Bdnf. Hmox1.
Sd4. Mmp3. Cd163. Cat Fl Traf3 FIKFRAEE
i, BAERZHAT REERE. i, BinffEERE
RIEAEES AT AL T RORAITT AL, BRIz BRI R
o P A P A A B S R R A
2.5 MenSCs B HEX S IEahi)ll e8P E SCI X
FAYIEEN I EE

R HE G 24l SC1K FRE B 7 Rl fR B 2147
SRR, AR IE S, SCIAR mER A HEH
ZUHIN, TR, A KRERIEHNIRIE,
HLHE M, AP, EEHES XA MINE R

million mapped fragments, fpkm)
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T ARAARRZEIESHBR (FPKM, BT/ MRENERESEHMSIZEMNAER), ATRSCIAH (MMREEHERGFRE, FAWR, n=3)
FMCTMTA (APSCIFARBFEMTFMBEBEKAENIEAE, n=3) SHEANPUEH. O UHCENREDRAEL, RPUFEREAR
H—MRF, WFEHERETR. BAEMH DT (PCl, F—EMSD; PC2, FTEM7), INRAKREREERERN=EA, mMER
BERFEXRBETHEESR.

Note: A showed the distribution of sample expression levels (FPKM, fragments per kilobase of exon model per million mapped fragments); in
the figure, the median, interquartile range and extreme values of the samples in SCI (spinal cord injury, as the control, n=3) group and the
CTMT (the transplantation of menstrual blood-derived stem cells combined with treadmill training after SCI surgery, n=3) group were
relatively close, which indicated that the sequencing results were more homogeneous within the group and the sequencing data quality was
high. B showed the principal components analysis (PC1, principal component 1; PC2, principal component 2), and the samples from the same
group were clustered together with close proximity, and the differences between samples mainly arose from intergroup differences.

E1 MAXRNSREAAERNDERREAESHIRRMERD DT

Figure 1 Distribution of gene expression and principal component analysis of spinal cord tissue samples in the two groups

of rats

F1 ENFARBERSENIGZaTEEEROXENESHARFEZ LRANTRAEE

Table 1 Significantly up-regulated and down-regulated genes in spinal cord tissues of spinal cord injury rats after

transplantation of menstrual blood-derived stem cells combined with exercise training

FTXLAER  log2EREH RETRER log2(ZR{EH
Up-regulated ; (IogZ ) tE PiE Down-regulated : (Iog2 | & PE
gene (FoldChange) tvalue Pvalue gene (FoldChange) tvalue Pvalue

Psme3 2542363895 2.672366157 0.040 381267 Ptpdcl -0.941169 616  -2.823151331  0.033 418 310
Fgd2 1.870409798 5277683881  0.002 476179 RT1-N2 -0.961937408 -3.508 946 559 0.014 746 432
Sdca 1591559898  2.530079 050 0.048 412 378 Cd79al -1.007 349 648  -3.292 831274 0.018 934 378
Cthrel 1259963833 3177793692  0.021693 595 Sixd -1.071889332 -15.482205520 0.000 009 930
RGD1302996 1.205943 515 12.811980 370  0.000 027 300 Matn2 -1137472728  -3.927529 073 0.009 277 287
Rabepk 1.201118 420 2962815910  0.028 125989 Clec4a3 -1.273541156  -2.512270495 0.049 532 946
Bdnf 1.141 863 432 3.525110815  0.001447754 || AABRO7051551.2 -1.308 692094 -2.825531707 0.033 319 465
Pkig 1.036 827364  6.255767217  0.001095 780 Cmtm3 -1.324596 882  -5.371453 966 0.002 279 345
AABRO7065925.1  0.970924295  6.151591228  0.001189 396 Dpy1913 -1.623739520 -3.419084 313  0.016 347174
Ehmtl 0944670184  6.578534619  0.000 855 702 Cd74 -2.034 312055  -2.712776 259  0.038 372 308
AABRO7062152.1  0.939321669  6.344499009 0.001 022 741 Cxch3 -2.697259120 -3.378916162  0.017 124 825
Ctbpl 0.898 198 041 5961511123  0.001 385 227 RGD1563231 -3.151695504  -2.603 665774 0.044063 014
Akr1b10 0.859136478  3.868507287 0.009 887 528 Jchain -3.390915739  -2.827200269 0.033 250 368
Sshi 0818982469  5.813203431  0.001564 263 Ighm -3.673986 054 -3.369414954 0.017 314 754
Piga 0.785438853  3.303450635 0.018 700 031 AABR07060872.1 -5.052108514  -3.355872330 0.017 589 546
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E A, KBS, BARAERRATUEN, AUTEFERERREENRITESNE, LRANTEANERSNRLEMEEIOERE
™, MBERRTEREARERNER. B, RERET, BLIGAERER, VR AHERER, WEXRTEREER, BERTEREE
Eo. SCIAIEAE (BIREETERBGFARE, (EAWE, n=3), CTMTIEEATE (BISCIFRFLMTMBBERKSEZNINEGE, n=3).

Note: A, in volcano plot, horizontal axis indicated the fold change in the gene expression, the vertical axis indicated the statistical
significance of differential gene expression profile, the red and blue dots indicated the upregulated and downregulated genes, respectively,
and the gray dots indicated the non-DEGs; B, in clustered heatmap, the horizontal axis indicated the sample names, the vertical axis
indicated gene names, the pink indicated highly expressed genes, and the blue indicated low expressed genes. SCI was the control group
(spinal cord injury, as the control, n=3), and CTMT was the cell and treadmill training group (the transplantation of menstrual blood-derived

stem cells combined with treadmill training after SCI surgery, n=3).

B2 MAXRNERARODERREAEENLEMRENE

Figure 2 Volcano plot and clustered heatmap of differentially expressed genes in spinal cord tissues between the two

groups of rats

B MAR A, ZFAER ARSI ERANEIEIT . CTMT 4
A HEHS Y B H R, (BRI, %
A RMEAIMRIEFH R R MK, 4R HESE IR
FeiiEMT (BEI5A) . ATELESRERIA, MenSCs BAHEL S
BTG BESGE T SCLA RIS SR f2E .
it —20 FH Image JER{E53ATRAH, 5 SCIAMEEL, B
BT T PR T AR X A (& 5B, P<
0.001)

RJG 14 dFF-46. BBBIFST3RIA, BXETRTT AR
) JE Bz sh Dh e 5.3 & T SCLA KR (B 5C, P<
0.05, P<0.001), SERZITE 7 PCR LRI R
BHEH LT Bdnf BRI FRIA TG, 45 RRHKEIRTTA
f) Bdnf mRNA 3215 & 0. 3% = T SCI4H (& 5D, P<
0.001) . & HRELEESHTRIA, BRERTHRKRE
HEZHZH R BDNF SR H SR & & T SCIA (ESE, P<
0.001),

£E FUiH, MenSCs BBAEIX SN REA K
M SCLR R R B B 2R 4540, (edtfa
fzizshhaelk e, i BDNF &Ik,

3 iFie

SCI G2l & A5 SRR S MERIAE N B e B 2L
Wi, HHEZSE— R SRR B
HURAE, SRRAER L. AR B, M, Bk
B BEIRERRRGE P R, BEE RN
KIE, T BB SCHAT SRl b
TN AT DA b 22 FE 7R IR, o o (R e L P
At MPTRIEM TS i, THERES
MM R EERMK. ERakeenE, mEE
PEFRY 73 LI AR R, X LR H AR Y M PR A
R AR T R HOBk A o

12 B B2 H R SCIRE BA®E iz R FH Y
FRZ—, S ARRERG P HET R, SEERG
JRIERIALE, FRIE IR BEEEHRE, itz
SRR E . 1251k, REWFZRERTT SC1J7
R T RN AR, (H28 R Aaese
EVRE SCLEE A . HET7IECHHEHRE
AR A ] B B AN BE VRS
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T A-CHRACOBEDITFRISNAME, BISFII8E (A). HEAS (B) 5SEMIR (C); DIKEGCGEBEES . EERHINEX
=

W, BEFENEYH, [SEXNETEEESFELNERYE BREAXEXFEZEERYELSZ, MRS

KN, TERRAREERMTES.

RBMESZEUHNPE

Note: A-C indicated the 3 analysis ontologies for Gene Ontology (GO) enrichment analysis, including molecular function (A), cellular
components (B) and biological processes (C), respectively. D represented the Kyoto Encyclopedia of Genes and Genomes (KEGG)
enrichment analysis. The X-axis represented the fold enrichment, the Y-axis represented the enrichment items, and the bubble size
indicated the number of genes enriched on each item. The larger the bubble, the greater the number of enriched genes. The color
corresponded to P-value. The darker the red color, the more significant the difference.
E3 MAXRBBARPFERRAEENGO ZES T KEGGEBBEEST

Figure 3 GO enrichment and KEGG pathway enrichment analyses of differentially expressed genes in spinal cord tissues

of the two groups of rats

ARHFFE 3 B I e SR 73 AT RS T MenSCs Bk
BIEFIGRX —HETTIEIRTT SCUA R A /£ T T
BRI A, RERAE LRGeS
T A2 1 TR AR T SCI Y 955 B 1 R 42 4307 B 40
fy 2, AREIFRR A SEAENE 5, EIRER T SC
KEFDZENI LIRS MenSCs 18TT KBS I B4
RNFAE =S, BTERAN TR LI, BRATRTH
A 247 MEFFRE B, 14N EEEFETHE. N
THREERENIEENRE, KA GOMKEGC EHE7
MR I R 2L () 22 e B R P AR o e, s B
R, FUIeE. MR FIE S B EE . AT
FFCOBEERSMER TR 7T FIIRELAMREHI 5
AENE, TAINADEYNADPIE M. FUREESE. BHET
ZREES, X5 Wad U RILI S Y (R IT AL SRARW)

Z FRER, BRERTET T aENE, 5EM
a5z (200 43 4 B B &332 301 25 TR 15 HMGB1/TLR4/NF~
kBAES i, 6] SCLE R FRATAH L RE R N TF I
H Al A A 7S RAEI & . dHMOA T, FESMXIE
A SR AT AR 5 T 2L, EYFIIRE
NP R R TN, MATTAE . T,
Rl AME KR5S . KEGG EHENHTES RUHIER,
FENZ5MAERG. RRAGENE R GO
KEGG 73 M7 45 B4 4 7R 72 5 B[R] 3 58 1o 1 #%8 PI3K -
Akt, Rapl fl1L-17 Ef55 @K, (B HEHRGER
e,
AR TR — @ PP & i, 76 B VREE IR SR
Hhi e 1T SRR, A4S Bdnf. Hmox1. Sd4. Mmp3.
Cd163. CatFTraf3%5 . Hf, Bdnf BRI AEKRTT
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F2 MAXREBEAPERRLIBEFNKEGG ESEREESITER

Table 2 Results of KEGG pathway enrichment analysis of differentially expressed genes in spinal cord tissues of the two

groups of rats
ESBKE T BERY P{E HEREZ
Term of signal pathway ~Count Gene ratio Pvalue Genes
Rap1 signaling pathway 10 2.506 265664 0.010 546 665 Angptl, Rassf. Vegfb.Lparl.Rapgef6 . Efna4.Met.Bcarl.Raplgap.Adcy6
Fluid shear stress and 8 2005012531 0.014625259 Prkaal.Mef2c.Sdc4.Gstad. INr2.Gstt3.Hmoxl
atherosclerosis
PI3K-Akt signaling 13 3258145363 0.014 714234  Prkaal.ltgad. Angptl. Bdnf. Lama4. Lpar.Vegfb. Ppp2r3b. Efna4.Gng7 .
pathway Sppl.ColBa3 . Met
ECM-receptor 6 1503759398 0.016252600 Sdc4.ltgad.Rgd1565355.Lamad.Sppl.ColRa3
interaction
Cytokine-cytokine 11 2756892231 0.016 582561 Cxcl0.Cntf. 1125, Tnfsf15. TnfrsP.INr2.I21r.Ccr7 .Ltb.Cxch3.Cch7
receptor interaction
IL-17 signaling pathway 6 1503759398 0.020227194 Cxch0.IR5.Traf3.Mmp3.Lcn2.Cch7
Pathways in cancer 17 4260651629 0.020758 687 Ctbpl. Lama4. Lparl. Vegfb. Gstt3. Adcy6. DIlA. Gstad. Pegl2. Traf3.
Gng7 . Rassfs. Ccdc6 . Hmox1. E213 . Met
Chemical carcinogenesis- 5 1253132832 0.040451734 Cyp3a9.Hpgds.Gstad.Gstt3
DNA adducts
Cholesterol metabolism 4 1.002506 266 0.053168933 Rgd1565355.Apoh.Apocl.Apoc3
Focal adhesion 8 2005012531 0.054767437 lItgad.Lama4.Vegfb.Sppl.Col9a3. Pip5klc.Met.Bcarl
Metabolic pathway 36 9.022556 391 0.068 256 357 Mtmr2.Gldc.Mtmn4.Pde3b.Gstt3 . Hexd. Ehmtl.Adcy6 .Abo.Selenbpl.
Cyp3a9 . Hpgds. Neud . Sppl. Hmoxl . St3gal6 . Ca8 . Pip5kic .
Csgalnactl. Carl. Uros. Qrsfl. Coq7. Sirt3. Nt5c3b. Akr1b10, Cyp2ul.
Gstad . Akrlcl5.PAha3. Piga.Cat.Acotl.ldnk
Mineral absorption 4 1.002506266 0.072932376 Atp7b.Slc40al.Hmoxl.Slc39a4
Toll-like receptor 1253132832 0.074076 217 CxchO.Irf3. Traf3.Sppl.TIr3
signaling pathway
Human papillomavirus 1 2756892231 0.079092324 Irf3. Itgad. Traf3. Rt1-N2. Lama4. Sppl. Col9a3. Ppp2r3b. Rt1-T24-1. TIr3.
infection Ligh
Glycosphingolipid 3 0.751879699 0.081761102 St3galé.Abo

biosynthesis

ML, ErHEASHERAEE SRR REEEE,
BDNF (HIBdnfHRNFGEAMEH) 2—Fiiilpphas
#FAT, TTEsE5MEate ks, nLLBEEEE
FEEBZR (W0 TkB. TekC %), (G A BEHE
5 ) ARSI TR ST AL SRR, 183 4R6E
% i 32 BDNF A Trk B 7£$7 {5 170 i 5 il 2H 24 o (R R3K
HHEMEHE T SCIRRIG G Eshthie R Y [T,
AR 45 BT R, MenSCs VAT ] LU HE BDNF £k,
FEMFIESE, BDNF BEMEEH A fm il AR R &
Te. (EHERIZRE AR, DA AT AR i Sl m] 8 1
PER B2, Rk, AR HE MenSCs YRTT BE Az
SHIZEA] 815 BDNF RiA, {3 SCIRRIEE.

T-4H M K iz sl 2R 35 EIERA BE 55 200K SCI

JE 17 R B SR A, AT T, (it
KA, iRz RE o S,
MenSCs BAEFZE SIBIKAH &7 IR EIRTT SCIH BT
KA AR MARE « AR DA TAELBL, MenSCs
BAd e (et SCUR BRI A, {H SCIJE HYmELFEA
5 S BAE E TS o s . B E
N, IBENIZREENS BAE R R R e A T A TS
R AMZETTER L e BERRARTER, 12
BRI A s sl i /Y [ 78 B T A L RS A RE A (. 8 2
P A R, SCEMESCLEFNIzshhAE P IME
BRI, Bl r IR s TR EE. 7
WER R Yo B, ZEFMENE SCI R, IZE BRI
A MenSCs HITFTE AAFARLROTE T o
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F: BRREXNMBIRERT S (node) FIE (degree), ST RERNERHEMZ, PRlX, SRERIERARZTSNERRLE

£iB, BeRRZTRNERREETE.

Note: The size of the dots represented the node and degree, the node with more connections had a larger size; the red color in the dots

represented the up-regulation of gene expression in this node, and the blue color represented the down-regulation of gene expression.

E4 BAXRBBARPERZLEENEQREEMEE

Figure 4 Protein-protein interaction network of differentially expressed genes in spinal cord tissues of the two groups of
rats

i ARBAB-RILREMERSCIA (BRAEHIRGFARE, FAXNE, n=3) WICTMTA (BISCIFAREENFHBBEKRSENIIEAE,

n=3) XRMNBBIRGBPELFETUBER (BK401E). B, ABFRGRBERPVEITER (7P<0.001, n=3). C, 2£AKRIBBBIZ

ISR, PEBRIRAEHINAEREMTF. D, TR ESR PCRIGNFHAKRIRFE AR T BdnfiERKFEER ("P<0.001, n=5).

E, EEERMEIEGUHAARIRGHEEARFBONFEEHKFESR (7P<0.001, n=5).

Note: A showed the local structural pathological changes of the spinal cord injury in the SCI group (spinal cord injury, as the control, n=3)

and the CTMT group (the transplantation of menstrual blood-derived stem cells combined with treadmill training after SCI surgery, n=3),

observed by hematoxylin-eosin staining (magnified 40 times). B, statistical results of the lesion area in Figure A (7" P<0.001, n=3). C, BBB

motor score, a higher score indicated a better recovery of motor function. D, Real-time fluorescence quantitative PCR was performed to

detect the changes in the transcriptional level of Bdnf gene in the injured spinal cord in rats of SCI and CTMT groups (" P<0.001, n=5).

E, Western blotting analysis was performed to detect the changes in the protein level of BDNF in SCl and CTMT groups (™" P<0.001, n=5).

E5 M FHBBIEIRKSIEshilgkiarr el (e & R KRS IhEE kS & BDNF &RiX&

Figure 5 Menstrual blood-derived stem cells transplantation combined with treadmill training promotes motor function
recovery and BDNF expression in spinal cord injury rats
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AFRGESERHE— AR, BENYIIZRER & MenSCs 16
7 175 20nT LA U 2 BDNF BIZRK 53 Wb o 4347 I
K] e 2 m SR I HE T F8 A MenSCs HOTERE . 1775 &
3k, [EINEGE T SCUR BRI R ek B 4454, {2
T HERIZIRERIIRE o X5 Sun S Y 5T R
AR 72 i T4 0 (mesenchymal stem cells, MSCs) £
B3N AT R B PI3K/AKT/mTOR i@ #& K& SCI 5
EENNEERIES R & . ARFRIER Tizshil ke
MenSCs BEAEAE SCURBRERE LR HITER], FFHI20HR
f T BDNF fE M R R RV B SR o ARG 9T 4G
271 BDNF 5 B ACRTRTT SCLERZ B LA, NG
Tk A 12 3 RS SRR LE SCLER & R B R A SR T
(PR AT 240 B RFTER S A o

LK, WHHFOIRFEARR, e, fEshPscas it
S ] PN 388 37 BE P A SR 3o R, a1 R R AR B ]
HZEAH (BAFEZEEIZRAH MenSCs BAEIRTT4H) o
AHRFELCRS MenSCs BAHIX S IZ I REEE N — P ERA
aiaIr ik, GEEIN AT, BRI IX
MEETFEX SCIREIIER . fEEZ T, AR
RN E LRI R, FHEARFLEE Bz
BRI MenSCs 1ATT T SCI A Baii BB S/ .
[EZ{CI2EBH Medical Ethics Statement]
P Eh4 S0 75 529839 R A S SR Eh 4 L SR E A R
CEEEZREFEME (No. S20201230-332), LIz
WEREPERNERER. EZAMFAERET.
All animal experiments involved in this study were
approved by the Laboratory Animal Ethics Committee of
(No.  $20201230-332) .  All
experimental procedures were conducted in compliance
with the requirements of Chinese laws and regulations

Nantong  University

related to laboratory animals.
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PNR AL B% bR wi B I B K B a2 Wt 2 25 380°F:
g i S)VAGE|

SRR, REGE, IR, B W, Wik
(L 4k 46 M N BB B, 434k 315470; 2. 77 3 BT 02 BA R R, 7 % 315000)

[EE] B BiT%NS/NBZEMIEEXSD F podocin #1 nephrin A mRNA EL{& (podocin mRNA: nephrin
mRNA ratio, PNR) EARERB SR (diabetic kidney disease, DKD) RHIRE KT, HEESRA
EB-AEFLCE (urinary albumin to creatinine ratio, U-ACR) XJLt, 144 PNR{EJ9 DKD BERIZBIStRAIRT 1714 ;
FEeREUPIBIIREEF M DKD W R TFRIEA. Bix RARE#MIKEHEIRS K (streptozotocin, STZ)
(60 mg/kg) 37 DKD KEEE, KMITLL PNRS U-ACRHIBHIZS (4, ERTA TV IBMEBEERINTFR; KA
DARKE-BFL (hematoxylin and eosin staining, HE) REBMBRS/NKEBES, EFBFEMBENRES/NEEH
RBMEE. R EREPNREFIXEIGRE (31), RU-ACREELXEIRAE (>30mg/g) BE,; EEE
FIOXRATEVIBMBFRZFM TN, AMETTU-ACRHBEZREER (P<005), BEVIBRINERTSHE
(P>0.05), MEBFEEFMWEFE2MTREIZE (P>0.05); EFSHILGULIBMEFEZ R WYX PNR BB ZEEIER
(P<0.05), BHIERNBEENM; FULIENEEXEFNTFINENKECOR EHEHMHEET —ENLENES
EM. £5i8 PNRERU-ACREERZW, WAERDKDBHIZIIBEE —CEMIRTIER, M IBINEEEMNMELTR
K5 DKDBE—EMATER.

[X#iF] PNR; REEB-INELE; #ERFESHER; SERERWE; KR
[FEHZS]IR587.1; R-332 [WEtrEBIA [XEHS]11674-5817(2024)05-0543-07

Application of PNR Detection in the Diagnosis and Drug-efficacy
Evaluation of Diabetic Kidney Disease in Rats
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[ABSTRACT] Objective This study aims to monitor the mRNA ratio of podocin to nephrin (PNR) in
glomerular podocytes of early diabetic kidney disease (DKD) rat models. The feasibility of using PNR as an
early diagnostic indicator for DKD was evaluated by comparing it with the urinary albumin-to-creatinine
ratio (U-ACR). Additionally, the early intervention effects of valsartan and fosinopril sodium on DKD were
compared. Methods The DKD rat model was established by caudal intravenous injection of streptozotocin
(STZ) at a dosage of 60 mg/kg. The early changes in PNR and U-ACR were monitored and compared,
followed by timely intervention with valsartan and fosinopril sodium. Hematoxylin and eosin staining (HE)
was used to observe glomerular structure, while transmission electron microscopy examined the
ultrastructure of glomerular podocytes. Results PNR reached the critical value(=1) on day 9 after
modeling, earlier than U-ACR, which reached the critical value(=30 mg/g) on day 15. Intervention with
valsartan and fosinopril sodium on day 9 after modeling significantly reduced U-ACR (P < 0.05), with low-
dose valsartan showing better results than high-dose (P>0.05), while high-dose fosinopril sodium

[BE£WA] Rk BERERHZITHITE “EF U-PNRIGIIRF SIS BRI R IEEFIXS DKD EHR— R ER R (2022YYB13) ; #iI& D
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outperformed low-dose (P>0.05). Both low doses of valsartan and fosinopril sodium significantly reduced

PNR (P<0.05), with no significant effect observed for high doses. The interventions with valsartan and

fosinopril sodium improved and maintained glomerular structure and podocyte arrangement. Conclusion
PNR changes earlier than U-ACR, indicating its potential as an early diagnostic marker for DKD in rats. Early

intervention with valsartan and fosinopril sodium demonstrates a therapeutic effect on DKD in rats.

[Key words] PNR; Urinary albumin-to-creatinine ratio (U-ACR); Diabetic kidney disease; Proteinuria

prevention; Rats

PRI B s (diabetic kidney disease, DKD)
BEAEFR N MEPRIR % (diabetic nephropathy, DN), 2
Wi IRIR (diabetes mellitus, DM) a5 UL H 1€ M A4 T
EHARREZ— Mo B/NKIEE LR 4R (A1 4H0)
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REATEHEARNERZGY, HZREEHKE
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HEEF G ERAE M &SN A
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HARAE = BEIREZR (streptozotocin, STZ) 1
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FRA & (PrimeScript RT Reagent Kit) . 2% E & PCR
A& (SYBR Premix EX Taq™ Il ) %04 HEAY) T2
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50 (45 mglkg) . ThFEZERIEAM (10 mgkg) FIFIFE
TR (0.04 mg/kg, 2ml/kg, FEAETESTEFZES50/HT5 ~
10 min TE) EEETBMEBERR, FECL E AL
EVE. AEALZEEL, IEEA S #HTT RNA
PEEL. REESETTA podocin mRNA F nephrin mRNA,
HHEPNR, TSR AR E O,
1.5 EESHEMBEFR

BN FE 3 SRS . BUARER 300 ~ 340 g A SD
KES0H, 2 14T AR IRRERE B oK, B
MRS BRI (45T 0.9%NaCl A ik A 2
K, 10 mL/kg). fPHEHIEH (50 mgkg). Hvd
HARK A (25 mgkg) « & ¥ A9 & Fl & 4H
(50 mg/kg) FfEFEFMEFEA (25 mgkg), FH
105, FiES 10 RRRBEFEN A (%4748
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1.6.2 mRNA#E

B AR R AR S, F RNAiso Plus il 2T
HAIF I RNA $28%, A PrimeScript ™ RT Reagent /X
55 cDNA J5, {#H SYBR Premix EX Taq™ II {71 &
K& nephrin 5 podocin mRNA 7K, &5 [¥IFHUTF
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AAGTGGAG-3", RIAF[#HN5" -CAGGCCAGCGAA-
GGTCATAG-3", HBF BK/INA 102 bp; Podocin
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3, RIAGIM NS5 -CAGCCCCTCAACCCAAAA-3
E R BERIR/NA 84 bp, FRIE LIRS EE 8 PCRE
HITEERE (cycle threshold, Ct) fEHIZFRAI2724%, if
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T AABMEEE/NER S AR B TR A5 14
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K SPSS 19.0 KT Z M4, & IEST
M =5 dE R B R bR R (ves) FRoR, AHEEER
KM AEAR LG, P <0.05 HESB SR o

2 #R
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B R QOB IE 8 X R K FRAHEL , VRS STZ #37
WP S IRT 13 d,  U-Alb ToiE#A IS 5ARAK ;
HESF 15 KB, U-ACR=30 mg/g, $&nHIEHIK,
DKD B 5] o[RS R A SE I 28 5% 78 & PCR A
B ZH podocin mRNA 0 nephrin mRNA, iFE PNRE
AR, EREPNRIZSH S, ZHIRN>1, FE
BTt E S (R1). BIEXEAIL, PNRET U-
ACR A2 IEFUERIZE
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) U-ACRIEZ )T FSE S IGI G A m e, (HER
LHFEN (P>0.05); BEHFIFENERTE
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=1 STZiEHEE AR U-ACRFIPNRERIZE L
Table 1 Changes of U-ACR and PNR values in rats after STZ modeling

(xts, n=3)
R _ U-ACR/(mgg") _ _ PNR _

Time after molding/d EEAH ez EEA k]
Normal Model Normal Model

3 12.69+3.69 ND 0.85+0.40 0.39:0.19

5 13.29+4.05 ND 0.88+0.31 0.64+0.45

7 13.02+3.7 ND 0.86+0.37 0.66+0.10

9 1214+3.27 9.45+6.23 0.91£0.27 1.26+0.11

m 11.96+3.21 18.19+8.75 0.90£0.25 1.70+£0.65

13 13.88:4.02 ND 0.89+0.30 1.63+0.63

15 12.73+£3.98 72.59+19.51 0.87+0.38 1.25+0.17

17 13.01£2.98 77.68+11.16 0.91£0.42 2.54+0.20

E: U-ACR, RMEBEBSKRINERILLE; PNR, EHIEHERXSF podocin Flmephrin B mRNALLE. ND, EX&NEMLETE,
Note: U-ACR, urinary albumin-to-creatinine ratio; PNR, podocin mRNA: nephrin mRNA ratio. ND, no detection value, therefore cannot be
calculated.

x®2 HYFIRERBER KR U-ACRFIPNREIZZ D
Table 2 Effects of drug intervention on U-ACR and PNR in diabetic model rats

(x#s, n=10)
U-ACR/(mgg") PNR
A5 — — — —
Group L PSTE]] BHARE BZ5H BHAE
0 week 4 weeks 0 week 4 weeks

EEXTER 11.69+3.15 11.45+3.25 0.92+0.21 0.89+0.17
Normal control (0.9%NS)
TREEINT AR 17.96+6.45 896.12+62.89" 1.24+0.11 1.64+0.08"
Model control (0.9%NS)
EUSIBERIE 18.08+7.03 408.99+78.0344 1.16+0.14 0.53+0.1344
Valsartan 25 mg/kg
B ERE 18.8616.90 480.97+94.3444 1.14£0.24 1.28+0.44
Valsartan 50 mg/kg
BFEZFMERE 18.7316.82 314.93+67.8144 1.26+0.22 0.92+0.2844
Fosinopril 30 mg/kg
BFErEINSTE 17.86+5.92 236.61+43.5544 1.170.21 2.14+0.29

Fosinopril 60 mg/kg

E: U-ACR, RHEREASRNENILE;: PNR, EMIBIERXS F podocin Fl mephrin FI mRNALL{EH. SEEWBALLEK, P<0.05, “P<
0.01; SERXIRALLE, “P<0.05, “*P<0.01,

Note: U-ACR, urinary albumin-to-creatinine ratio; PNR, podocin mRNA: nephrin mRNA ratio. Compared with normal control group, "P<0.05,
”P<0.01; Compared with model control group, P<0.05, #% P<0.01.

- HEN MBS I, R X N SR AL, 47D A AR S A
HARBEBE/NER RIS C R, ERHAYIEFTE %ﬁkmﬁ“&%%uﬂ ﬁﬁﬁﬁﬁf&
Wi, “HIfEIR” ?EfﬁﬁiﬁﬁE%DT, B JeR S~ 1 B Eiﬁ%ﬁéEa%U%Nﬂﬁjtuxﬁﬁ”xthfk$ﬂiiﬂiﬁﬁﬂ21§§§$ﬁ
HSEFRANE, BAXRARME/NREHN  BREDHEA,; o, S0 EHE AR T & F
MRRZEasiER, "RIFER" 15 R A K %ﬁ,ﬁ@$%ﬂ%mﬂ AT EA (K
A, BEIRBERIEMEA IR, B TFREFEEY 1A ~F ),
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E: AL A RIEEXEBE (0.9% NaCl); B. B' HIEAIIFERLH (0.9% NaCl); C. C' ALFPIBEFELE (Valsartan 25 mg/kg); D. D' J4iid
BERIEE (Valsartan 50 mg/kg); E. E' ARFEFWEFEE (Fosinopril 30 mg/kg); F. F ABESMMNSHIEE (Fosinopril 60 mg/
kg)o BEIF, &LONENRESLE, SLQAREXRERTR; B Bd, SLONZHEBERBEREERAUILEE, &FLQOHNEMA0
CRISEIN T 5107 BIRIR . R AR

Note: A and A’ represent the normal control group (0.9% NaCl), B and B' represent the model control group (0.9% NaCl), C and C' represent
the low-dose Valsartan group (Valsartan 25 mg/kg), and D and D' represent the high-dose Valsartan group (Valsartan 50 mg/kg). E and E'
represent the low-dose fosinopril sodium group (Fosinopril 30 mg/kg), and F and F’ represent the high-dose fosinopril sodium group
(Fosinopril 60 mg/kg). In fig. B, the arrow (D indicates the glomerular contour, the arrow @ indicates the mesangial matrix deposition. In
fig. B, the arrow (D indicates the diffuse irregular thickening of the podocyte membrane, while the arrows @ and @) indicate damage and
fuzziness of the “zipper” layout of podocytes.

E1 SEXRSEERMNHESRE (A~F, =400) MESBFRMEMWE (A'~F, =5000)

Figure 1 HE staining (A-F, x400) and transmission electron microscopy (A'-F', x5 000) of renal tissues in each group of rats
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[EZ{CI2 7 ] Statement of medical ethics]
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S IACUC-202304-11). FLWI2I9ERPE LI N
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All experimental animal protocols in this study were
reviewed and approved by the Animal Ethics and Welfare
Committee of Zhejiang University of Traditional Chinese
Medicine (Approval No. 20221114-13; Final review No.
IACUC-202304-11). All experimental procedures were
performed in accordance with the laws and regulations

related to experimental animals in China.
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Establishment Methods and Application Evaluation of Animal
Models in Reproductive Toxicology Research
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[ABSTRACT] Reproductive toxicology is a discipline that uses toxicological methods to study the
mechanisms by which foreign substances interfere with the generation of eggs or sperm and their
detrimental effects on offspring. Research includes evaluating the damaging effects of test substances on
reproductive function of parents and the toxicity evaluation of offspring embryos. People are exposed to a
wide range of drugs, chemicals and environmental pollutants on a daily basis, and determining whether
these substances have reproductive toxicity is crucial for the health of future generations. Reproductive
toxicology research is therefore critical. Given the specificity and importance of reproductive toxicity
evaluation, corresponding institutions both domestically and internationally have issued guidelines,
national standards, or industry standards, all of which involve animal experiments. In the study of
reproductive system diseases, numerous animal models have been developed to investigate key
reproductive organs, such as testicles and ovaries. Each model involves the selection of animals, the
establishment of methods, and the quantification of evaluation indicators, and all have advantages and
limitations. The choice of model should be based on experimental needs and the characteristics of the
model. This paper summarizes commonly used animal models for reproductive and development toxicity
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evaluation in reproductive toxicology research, including rat models for fertility and early embryonic

development toxicity, rat models for embryo-fetal development toxicity, rabbit models for embryo-fetal

development toxicity evaluation, minipig models for embryo-fetal development toxicity, rat models for

perinatal toxicity, zebrafish models for embryonic development toxicity, and models for evaluating ovarian

toxicity induced by chemical drugs, radiotherapy, autoimmunity, and ovariectomy, as well as models for

evaluating testicular toxicity caused by chemical drugs and environmental factors. The methods for

establishing these models, their application scope, and characteristics are reviewed in order to provide

references for relevant research applications.

[Key words] Reproductive toxicology; Development toxicity; Perinatal toxicity; Testicular toxicity; Ovarian

toxicity; Animal models
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124 ho FAEE SRR B EETENMIRE—FE,
REBIEIR-IaT A B SR B4 S RSB E R
[[o Ul Kuwata 2 "2 &1t DS-7309 HI K IR KRG &
BEMRRE, A28 CD7~17, FGDOMIE 11K
HRAE YR R BIRE, T GDO. GD3. GD7. GD9.
GD11, GD13. GDI15. GD17F1GD20 45 R E 1 ¥R
BUREMIREE; 29T GDTFIGDIT RN, RIAHN
BAET LA L5 25)5 30 ming 2hy 7hAl24 h, BT TK
e
122 RiR-BFRESHTNMRIEE

RRELIE-IAT & B BRIGRF G 230
Y, BRI M GD6 B GDT AR R T 2R 2iR
Yy, FEEEZ2 GD18~19, HFr#kAi (GD28 58X GD29)
RIS, HATIRE R4 SRS, EeHAR, M
WIS (B2D0ER1IR) . RE (BDEE2R). &%
'R (BP0ER1R), F#HITTKEN,; g5, 7
FRIEMEZIN RESRE, Erefdk. Eia. JEEH
WG 2L, T RAEIREL, ISR AR ETTVE K,
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REMTIL. AL, WA RE 7,
Kuwata % [ 36 |} 6317 7 DS-7309 HOIERG-AF
KEEERY, T 6D6~ 1845 DS-7309, RXEeHAHE],
HRMWENY 1~2R; T GD3. GD6. GD9. GDI2.
GD15. GDI8. GD21. GD24F1GD28 43 Il E 1 YRk
H, GDI~28FHMEHER; T CDRHTHIER
B, GOHEIREFIRIREG S, TEER, HETE
%, T GD6FIGDI8, FHITEL LA HI L NG R G
30 min, 2h. 7hF124 bR, BT TK 55T
RATKRIRIA - & 8 B i@ 77 AT
MEbRE I —3, I TIRIR-IRIT & B SRR TK
RIEHT, —IkE BEA, SH2 AR5
BRI RIMAS A A, £ GD6~8, Rao%% ! fEiE
1T PTX-2 MR IRRG-IE A B e n, # &
2B Al REAEAE PRANAE R SRS F 2B 1A A
BT 7 HIE GD7. GD17/19 (KREVHR) #HfTE IRFIR
YCRIMAL, 7EGDI3 RGN T —IRARIEERIM, RIS NS
ZIRTA 452555 min, 1h, 4h. 8hfl24h, K%
HAIIRRG-aT R B SRS EERRM (58) K
% LT, XA R B A EAEEUK, E
MR S RBEAKET, RO ERREEAPIIEE
e REWI, fERFMREREEFHEIRAR KRR
KA b AR 68% M 25 W3R B 2 4% DA B 1
ZEg
123 BB-RFAESHEITFM/NEIEER
ANBURE AR AR P A 55 T T 5 N ERZ 4
BT, XHMRZ ARBEY) R usdt, aifE R
fa-Hafr R B EMEHN SRR, @5k T
GD11~35 HIA 45 T 2208 (6~8 AKY) =ik, 7&
GD28 ~ 35 Hij[al i it i A A B 1 E I R IA S . 1lge
Hill, GHUENPIRRAEE, il REa&MkE
A2, FGD110~ 112 HATHIE = ie s, ARG,
HIR. FERGFITERAITEL, BRAFIMRFT AR 2 . PR
HEE, N7 4w/ NUESIHAS AR, Gt
FET GD60 (FEURAHH) F1GD110 73 HIAF EFEAR /N
EHATHIE R, RIS E IR NG AR
TR BT IR R B R/INFIIREREAR Y ; BT ATER B N
ERR A AR E R T, B BRI N TR
DG T RN e S VO v N K N
WA, TR e,
1.3 EFfiREsSHTENMAKRIER
Bl 77 A % B B RGBSR A I B4R 3h P AR
G R 2 B LI 45 29 % A R ek e FL B 3 5 AR

KEWMAREN, AR IRE, @
ik WIRBREIR (GD6 8k GD7) FFIG4E 42 74X
(F1) HAJFES 20K (postnatal day 20, PND20), EJI
FIAEFLRTE S 2250 (FO) Ak, M7REAR
(F1) 253, BE2/ 08, #rA_A%1H; 7R
(F1) 2D 10 BT, FEENIERE . MR
KEHITEERNL, Ml ATERE T aHHA, W
KFOBEMER RSN (BOEFR1K). MEAE (2
DEE2R) MEeRE (BE08E 1R, EEWALS
1) ; PND21H TR, fREFRIRWENSERSE,
BrEaRa: WP AR BILATERFE. T
Al REEENR, MEEE, R A
B, AR IhEER TR B

Song % U7 FERFFEHT AL LIRS 202 1 ZF2001 ]
FEHAR B EEN, YRR 10 ~ 12 AHISD KR, S HIF
ZHCHT 7 du GD6. GD20 F1 PND20 [l A 73 & ZF2001 ,
H A0 FO UMM AR A — R . R E,
PND21 T3 B P02, EPNDI ~ 21 H7], £ HWEL
FIAKRBIRRAEAE. FEER, ICREENERE
BiEtr: AT PNDARFIAEIZE R H/E, Mk,
T PND19 #17 H EMIAIEZNMI, PND20#HITEX R
Irwin s TTNPEAT: ££ PND21 ZbSEEE iy 6 HE#1T
R F PND77 R 5 IR H) 2 FURR (— i
—if) RATAEFHRN, ICFHERIR AR, HE
R B EMERRZ 222, JFF GD15 st F1 AUl
HERER, HIE R, IO EAEL. BRI, TEIREL
FURG BRI UG £
1.4 BRAESSHITFNHEISETE

PSRN —FUKA BT, BAEREINE
=%, MIRIER. KENEEER S, S EE2E
G 72 h NZERRIR R E . HH1E3 D H NIRRPE R
ey 5 NRE R B EVE SR 70%, 2 87% 4k
RIZHAR M, H 82% H9 A S AE S B IR r] DATEDE 5
f R B E R . R, PR al DIVE RPN 2907
FERB MBS Y, BT . MBS
1 PA—E Fe IR s e = omit b (fF FHBEERENR) . Ik
HIERREN, 8oy (—MRAEE 30 min) 4
SEIG. EH KB NIRIRE SN2 5 72 M rh
ARBLEEFE, (EAFERTETT ORGSR . F2IR . 2k
R ZREIIFETR . PHERFIIGIET R s [,

Yu % P fEPRN R R IR B S B IE K B
HIE T T, %4 T 1 AB B AR BUBE 1 B 2t
W, 22 h e IEE NIRRT TR, B2 E
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12 hy 24 h#172 h 53 B B MR IRGAE R, £
K55 72 Wil @ RREW R . (KRR R, 265G
120 hiMEBE AR RIZ 3051

F1 £ESARESHREEREENMILLER

b, REC &R NEENRESEEHATAEES
KB BRI E H RS, &8 Bk
LRI L

Table 1 Comparisons of animal models for reproductive and developmental toxicity tests

BRI e
Modeling

. Advantages
animals

R

Disadvantages

KER EMFRNEE EIRBE £8HE; BRBEEE, M8 RE,

Rats ZIRE

R BXRER; BEEES AERZEMU

Rabbits

NBUYE MR EART B R E MR IEM S AT SR E R E R (I IRE 11 ~
Minipigs ~ 35XK);SIFARKEMNEL, 27 BFERHS ALEN
o 4SEEBPEE8RTINHES KREBSINE, BFRERE;
Zebrafish  SLISRRANE

MWIEMESE, A ERT 2 ERZEEHDHIEEERAKEY
BOBRSS MBI EARIN AER HEE AR LEE
WERELEHESRMECERIE S MY, BIRRERELRRE

RERZEBAD FEND; ERBK(14d); 2HMBEX, A
=; BB THRIBILHE
FERFAEMBERANRZ KIS EAXEELRERK

2 GRRSHIFHIMIRE

NEHa ) LGP S AR T A0 MO ) A B AT B0 BRAY S
bRBPIEIt, PRI ot R R A B RE I AT A
i RARERR . ERJLINEET RS, WRx
RBBEZEYTH, Areess R FRAEHERMZ
1k, CIEUREEREER, FIGINEEERD . MR
ACERAE . AETATIRE TRESE, AT RERS AN 5 D 3
MR SR 2 TR AETEREL L (4
il I, ) E&ES—ThEERER, K9TE
FHHE NIRRT o IR B RO R B
HINREARE, AL 40 % 2 AT H B &R R gk & T
Wz, AEmREMEE040H, M2 (8
F >4 J& ) A9 I3 OF i ) & (follicle—stimulating
hormone, FSH) =25 1U/L, FHfEABE . (estradiol,
E2) fIPikiEhE i ZE (anti-miillerian hormone, AMH)
KRR N ST I o DN ER B Ao R 5 2% R
PUHIE B, AR AT S B S AL 2 T e U B L
b gt I N e G N W A N R UL ) e =3 i P
SR I REAVN, BN 75— R
BT S BB %R, NERDIR. FreRE A bR
FIREIEHEIRE ), GRS R B TEIGPR L3RIN I
ER. IMEABUE L R, (AR AL 44
JRELAIE, LSRR A e (R TR R 3R A PN 3
R P, R NS S E AR DU B ThEE
TN ONEREZRR . /NREA R EEE R, R
it R RSN TS R A ZR AL . (RBEEER AN S I OIEEER AT

N ELZH A S A I D i PR BHEPIE G 2 . DRSS
R T R mEN S, B ESTHER 53 A
REAREWES, HITHENERE,
21 HEBYESHIRERREDR

IRBEEERZ . A B Ak 2 B Sy m] LB
SHEFEINIEA B, ILEDNIEREE, s R IPEER,
Shen % 5] & F] C57BL/6 /NER., B RIS 50 me/kg
NI , S 14 d, NRHISNEEBAZEEL. T
FSH KA. E2F AMH /KPG8 K. DRELZH
B MBI H R ABOMEENE 2 S I
PR FTERAL, EAEIE ) 45T Wistar KRGS
4 me/kg BOMIAEH . [RIFR 1 R FRRTESS, 45 KR IS
TEREIBIZEEL. KRBT TR AMH K REFAIDR A
ZUh R ROt AR ek D SN R R AL A SRR
&, EEE RS 40 mg/kg F1 50 me/ke 55 A HE %L 7
14 d, ¥J6E5 [ Wistar KRR (8 SD KFR) 3015 B HHZ=
Bl IME E2 K BERRE. 15 PBRE EAIGP S A
TEW . BRI T 1Y 2 G L RERHE 7
Hel, 295U EEEERIRER S, ZEFER
Bl /NERERR S, BIREGE S A G RN LN
FARAO NS R A (@il Eiak2), T
THRZYIRN AP EI 2N
22 BT EESNERTIRE

NS &+ BUK, HA R IGIME 2 iR A T
ML R 2= S B ML N TS M L (reactive oxygen
species, ROS) ACEH&, HAERMEREL, Mi{HEDY
HNMREFIRE R 1A R, SR A i 5 N £
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Table 2 Comparisons of modeling methods for drug-induced premature ovarian failure animals

FESEY ErF= BHHR =Bl gt TR
Inducing drugs Animals Administration Dose and time Evaluation indicators
AT AR KR REREiFST 50 mg/kgiELE2 d ;% FSH.E2 #1 AMH 7K, Gp &R
Cyclophosphamide HRRFEF R
2~ 3 BiIRKR fEiEiEs 20 mg/kg,iELE20d sNiEREER, & FSH (E2 1 AMH

6 ~ 8 [E&S C57BL/6 /NG fEhriE5Y
82| Wistar K5 g R iE5Y
Cisplatin SD K& FS F i 5

C57BL/6 /IR, fisfeyedn)
BERBEZSER Wistar A& #E
Tripterygium glycosides 7 ~ 8 E&& SD &

tablet 8¢ SD K&

2@ SDAR

50 mg/kg, ZE4E 14 d;100 mg/kg, 4210 d
4mg/kg F—IREFEER—BBEIH
6 mg/kg, BE—REH EERE—EHBEH
50 mg/kg, iELL 7 d

50 mg/kg, ELE14 d

400 pg/kg, &L 60 d

50 mg/kg, &L 14 d

40 mg/kg, =L 70 d

K SRR B RRFIEF R
BB, B FSH (E2 1 AMH
K, DR ERARREFRI

N5 EER, M5 FSH (E2 51 AMH
K DPEARFIEZEN

iE: FSH, SmBRIME; E2, METE, AMH, RE#HEEHE.

Note: FSH, follicle-stimulating hormone; E2, estradiol; AMH, anti- Millerian hormone.

MR, BN R N, DN IRERRR, 5
SONRETEA R A P (B BERTERIE R X Lk
Sy RIS PP IR R A, BRI R, RIS,
BT . Tan% 2 R X STRMREHY, DL4 Gy (58
Hf5RIEXS CSTBL/O /N T IR E B IS, B3R 1SR
6d, RrEE2 ). RSN, /N ERsh TR L,
RIAFFEEHIBNIE G HFsh BRI ' fshE 5.
fipersl| e K BRDNER B R, IS AMH KRN 2 T ALY
BN, BN TN, P P
F10.5 Gy #10.7 Gy B “y ST e AT R IRE &L, BEE S
SHREHRIIN, ML A BPIE R IR G %
JRERGNEATR R P B2 W, BURLZH M = 32 v
BRI, R Al Oy B2 AT DRI SRS AT DR SR LR B
UL
23 BERKRMPEERIEE

FRFERER, 10%~30% HIG0E R 5 H 5 it
DA BRI, s DR A sh 0 e i el Y i i
i 32 ik (zona pellucida glycoprotein 3, ZP-3) {EJIH1
JEXTBEMES IR T e, AT B B e MR B R
BRAL, Rt sh IR D) bR, =388 59t
CD4' THHfERD, Sl eI K, FHZP-3 4
FefE, AR LS [RE N EIA B B RIER R . REIPE
SRR E A AIRTE . BOR G, TCIRARE A K A
DY, DN HRPR SR RIS DY e FE A 3 d
BIBALB/c /N, ToBEI A R AT M, B B
HRR G ENGE A, /INRR 2 BRI FSH AT B R A R

(luteinizing hormone, LH) AKFREFE. WEAHi
. AR ARINOBEATRED . HABENE
HEPREMZERY, 5AKE SRR R
HURLREIR R — 3. Li%E BV RIASE 2B R, DL
7P-3Z Ik (75 nekg) NOFZE, @I IEREER 7T
2, XF 7~ 8 JAEH) BALB/c MEFHEI TR —IR G, 14d
JEFHT IR IR, FFE42 d ERAFE/INRR, &I
ANER BB R OB R R A, AR S R B E L
1175 FSHZKF Bk s AMH A1 E2 7K 235 R AR
BRINOE R TR . REINEIABE
24 GREYIMFEOPERRIEE

UEL D] BRI ALE  5E M R B = A DR SR Eh RE T %
A B, mT AR ABLI PR L B SR 3= AR50 e B B
BETE, DU A I L 8 i R SE R FIAH S BE A
AL, BEDTR: NEMIRG, CEREEINE, AF
REESEEEFLINEMNMIME , DIBRDUN EERERERH L,
H A K Rimas L, BIEEGRMERE > FE
& @ ARSI/ ARG S, WERE]
NIRRT B T R, shIS R s, s
FSH /K- 3 2 5, LA A B3 B S0 th 7R 5 DI B
FRImRER I o INEL DI FRIEE RS /N A — i A
TEULEIEYN, 2PN S R OB HSh A
25 HERMGBEPERRIER

Jettfh e H AR 5 A AT AT A5 [ DN B LR A &
Az HAET, FEEERE IR R BB, %
ARG BT AT AR e B R B S B B T o
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G — R /N, BRRREE R, /NI
FSHFNLHKFIHEHE s, DRAATRIEVN, SRt el
W, HBENEEEE 2, AR ERRE. HETE
R BOPH SR R AL R A - BERRRERE 59k D EH
FEIEPIELR] (phosphatase and tensin homolog, PTEN) .
ERSMAE T 9 (growth differentiation factor 9,
GDF9) . HfitE X &SIk N 1 & (fragile X mental
retardation 1, FMR1). Bk 4ifiis—2 FH (B-cell
lymphoma-2, Bel-2) %, Hrf, WELAEFERE 725
(forkhead transcription factor gene 2, FOXL2) & H
R U 2 D LA OCRE I Y, TEIMAin A B
RS R R EAEA o Emori 5 ) K DN PRI
MUNRE FOXI2 EE G, /NSRS (AR, B
[EONEFAESETS, REINEMAB, EFRIIER.
BREEMESARNTZMA, TEEEARENEL T
HIMEE (clustered regularly interspaced short palindromic
repeats,, CRISPR) K HEHFEEEH (CRISPR-associated
proteins, Cas) FZ/AR, NHTHYEA S RIGEH HeshY)
BRILRENT FR A T RAFIIRORSER

%3 ERMNEERMMIERELR

2.6 HBIEHIPEIPEERIEE

X TRGGRENY), 48 T R RN B A A S S (e
MHRRELZE  (pregnant mare serum gonadotrophin, PMSG)
FIAGEEFEEIEREZ (human chorionic gonadotropin,
HCG) REESEHN, rISZ20mamMeiE %, mis
HERERFI B2 K2 R o G ABVE B0 7~ 8 JE A Y
C57BL/6 WM /NFRAE 15T 5 U B PMSG, 48 h [GIERE
TESFS URYHCG, 19 hJEREHEESS 25 U AIRTSIIRER F2o
(prostaglandin F2«, PGF2a), 5EAE—MEHEDN & HH ;
12 h ST T — R EARESS, @i iELE 10 iR A B
HEGR ARG, BIAT@AZ PN R 2/ NEREL . Nie & 17
iyt k77t CSTBL6 AN T S YR 10 YRAT 15 YK
HOZESEEEHRDN, 250U HEE 10 UGHHEIN S AL N
HODNERAE R SR IR E0R/D . IS E2 #1 AMH
ACETRRE, T FSHZKE B Rk 4H A T B2 4,
AIREAIE =it

DN ER IR AL RN T A A, & BBk
RULEAR 30 BHFA R ATARE A AL A RR AN SE e
R e A E AT T

Table 3 Comparisons of common animal models of premature ovarian failure

#EEE = R

Modeling methods Advantages Disadvantages
HEBHMES BERDEERST, AR AR, BERE, NART  PENEEEARENI MY, FEaHTIREI
Chemical drugs induction RERMMAR
HEHTEES RINERS, ATEE MR, AR eRINERMTRESH  ARBRIE WITRENRESFEEBERSE, EFM
Radiotherapy induction RNERE HEPNEMEENSrERG, ML ER
BE®E BIEEY ERTREFEXNINEERENMEFHART EREEER, AINERE, B
Autoimmunity
IRE IR BRI ER , W) EMARR G KAMRIIREINEEER, TER A TFINER =GR
Ovariectomy ATHRR
EHE Ak RERE— S EERNINER=NIER BAS, NLRHAERS, FRIMNFEEERRIAT
Gene knockout faETTRE
HB{EHEIR BMENEAREINERL, EENERESHEELTMEMRT NEENRD BOBESER

Superovulation

3 ERSHEMEYIRE

SEAERS TR AEM IR R AIE G 2 RH
THWER . SBAHRAPER/ NEMIA RIS 5IER
BRPAEEMEEHEASL, (RE T 2ANIER KB
REFLER P BRI RIS R 2 INE
PR, REESAASUNE, FERFRERS, &RE
SIEBMEAT. Hik, ATt EERFEST 0
W, AR A CHER, FPIREE—H, 2

RS SRR A R E eSS — iR
B, AT EEeZHAYI SAR BRI %2k
BN REN ik S E B AR B I AT
KL, BIRIEZ MRS, R a @RI 275
X, G7ERAMRRE, IR, SRR
BATIRM . PP SR ALER R SEAR A — R R B /N
o HAARERINNZIF 2 I BRI E R
HEALES, R/ INEIRICEIASE, RIS PrEAs
JITEMETRE, RIRPHE SRR .
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X FAAT 2 ) m it BE e ST G 5 204 7 B I/NR
R 50 me/kg HURMBRIG I, £8 1IR, 24, /N
REIEPAK =R G E S (AN SN EE SR = R RNt N
A REAMIRR T 5 2RI S P AE R
iR S B AR EREL, Lin G 1
PLVE 89 75 2 RS T SD R FR 40 merkg I AL
B, EEL4 ], ALK ES, slRAER/NER
i, @ T BAAEBER IS HERBAER, £5
NEZFEEE, KREHHAREREMAEIRSZE,
S AR B R 5 B A B HIER —3

PResnoh, MBI ZA AL B E AN
B, FFEBEERTHIEA, AW BTG
KA G FE BRI FE . N WTHY (endocrine
disrupting chemicals, EDCs) f&—FTHiIARN RIARME
Bl s ¥z, Hia. TEREAEREINETERIR,
AR EEEAGNSWERS Yo WER AL ARZE_H
fit — (2- 2.3 2 &) Fig [ di- (2—ethylhexyl) phthalate,
DEHP], H&E. AABIE R WA EAZALEER
EDCs, AJDAHFEEN B MERY  Tram & 1 DI
H 5 RE T /NR R 500 me/kg A DEHP, 44 E ,
ARG AT S REARR s S HL At B/ INE 2540, =B
HE, ER/NEERCFEREmE R ARG &R
JERAHAEIE R D o Zheng 5 2 1E Wistar K FRUIAMEIR K
HST AIINAKR IR B B BETR S, AR/ NER AR B S 15T,
TEEEM 9 I EE BRI BE R BT IOK . JFESS 2 K 4P 9 I
PR, EE56 do G5 BN, BEERIRMFIE
BN, PR FEEAEEAS FEEE I, R B
AN, SEAAMET SRR, Mg BRI T
W, TRREEIR BN RS AL B AL N A

4 B4

W 2017 FEFREAIAICH,  DAJ% 2020 FE ARG 5 %
BEMMEEHESEN [ICH.S5 (R3) ] MI&EHT, ##1T
EHEEREHEERGNEEERMATRERER.
5ANWF R &5 IREUE T @ s T i
5, EMLRISMNRR. DERR R FERZY
SNBSS ER, EFRRR-IR T AEE
PRI, BRSNS, —RhE M s
K, —FhRAEME RS R R, DarBiEzit
wif AR e INRET S BTN BEHARE
MEHE, BEEAMENE LR, KBRS
FeRHAIEIR, A& & A TN 2 ERE LA RIS R
BEFLERACELGMIERE G KesE BT

FHELLGYFIPTAERBUR, HIGRRIE IR, 75X
BORPIRTE UL . AICAE REME RS, W/
HriEZ5Y) 8 A 56 A 28 LR [E &R i 2 0
/INEUREAR BN, (HENA &/ INEDE A R MR Y
e R B EIR, fENA R EERRME. JEA
REESNRAAEE AL MR, AT
R B AR A S G- a T &
BHAGERIHEENEmN, mak, FHEARK
KT R R E R P A B R R
(2020—2022 4F (& A ¥ i & BT IS B 22%, 1
2002—2015 -8 62%) , BLTEFE 2 1 A= W) o 78 1k 15
KRR (2020—2021 4F (54 4 A B
HH37%) " R TR, B E S EE
YikER], EsF 3RT R, B AR AR T EL
SYEER R, EM S EREUTE, SCI0EHEE,
SR A, EAEERT RER B M R R AR
%o

YU AR ST T VE A, BT TAS
AR RIRTE . HET. MR E S5 s e
MR EAmReE, Bt kg s, ERNIMRTRIST
KA E B e m SRR R Riiilg %, H
FRERBEBERL . AN ZP-3 FR BRI, 2NN
BRRIENLEIRNAI TR0 Fsh s, Sy
LY E AR RN, EHSEERN S
WU A, fESCImF ., BRI E AR A
[F] T SR FH AN (] R B g sk g TR B il g, Eorp by
ZIFIN 7 W T RSN FH BN 2 o

TR, R AREE SR A
SR, RIARHEZ YIRS . 5 AR EAER
PUK LS s R R i TR e B m, e fRRiE AR5
PIRERE, fE—E &M N el DURA 21 sh Bl 4T
PR . RESYIIREL PR 5 PRV RE SE AR
i, (BRI RSN AL N AR BE 2 S & A2
WUFIFTE ST M S AR R IR T 2 mlRE . A1, ARGH
BHPHYIERENTEMATER AERNERE T H,
TEMSRETINFT A« 12 W77 ik T ide 77 TR S A nl B ARG
ER, T4 ErEEE, EAERAOREEEH

o
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[ABSTRACT] Laboratory animals are indispensable strategic resources that support technological
progress and innovation. At the same time, the biosafety of laboratory animals is an important component
of national public health security. The production and use of laboratory animals require statutory
administrative licensing. This article first summarizes the current status of management and development
in Sichuan Province by reviewing the number, types, and industry distribution of license-holding facilities,
the area of facilities and the status of top ten largest facilities by area, the types and quantities of
laboratory animals produced, and the production capacity of certain facilities, as well as the types and
quantities of laboratory animals used and the status of the top ten facilities by animal quantity. Then, it
discusses the development advantages of the laboratory animal industry in Sichuan Province, including its
leading industrial scale in the western region, increasing regional influence, and emerging comprehensive
benefits. However, there are significant issues such as the inability of laboratory animal production to
adequately meet the demand, the need to improve the level of technological innovation, and the
challenges of ensuring animal safety management. Finally, corresponding countermeasures suggestions
are proposed, including actively supporting the improvement of quality and efficiency of laboratory animal
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production, establishing a stable support mechanism for technological innovation, and placing a strong

emphasis on animals safety management. This article aims to provide a reference for further improving the

management level and industry development momentum of laboratory animals in Sichuan Province and

other provinces.

[Key words] Laboratory animals; Administrative licensing; Sichuan Province; Development status;

Management countermeasures
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Table 2 Production capacity of selected laboratory animal facilities in Sichuan Province, 2023
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[ABSTRACT]
research, providing essential prior information for in-depth investigations of disease mechanisms and new

Integrating evidence from animal experiments is a critical component of biomedical

drug development. Animal models have played an irreplaceable role in simulating human diseases.
However, the integration of evidence from animal experiments has faced numerous challenges, including
insufficient emphasis, significant heterogeneity in study designs, high publication bias, and discrepancies
with clinical research practices. This paper first identifies existing issues in the original research evidence
from animal experiments, such as the selection and applicability of animal models, considerations in the
design of experimental studies, and factors influencing the translation of animal experimental evidence. It
then discusses various methods for integrating this evidence, including systematic review and
meta-analysis, overview of systematic review/umbrella review, scoping review, and evidence mapping,
while highlighting recent advancements in their application. Finally, the paper addresses the main
challenges currently encountered in the integration of evidence from animal experiments and proposes
targeted improvement strategies aimed at enhancing the efficiency of translating research outcomes into
clinical practice and promoting the advancement of evidence-based medicine. By continuously optimizing
original experimental research protocols and evidence integration practices, this work aims to establish a
more efficient and scientific environment for the synthesis of evidence from animal experiments, ultimately
contributing to clinical trials and human health.

[Key words] Animal experiments; Evidence integration; Research progress; Evidence-based medicine
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FRRITLEFR, MR AT e R SMEE,
B, ERREEMBHRIHSATT T RIS, B
NN a2z T e T Sl i e 5 R R
FE T, e, BT TRI  PRAR 7 T R
B+ EEARES, AL RN RN
AT A R SLAIR B AR ROR IS 1 R
B RS TERNEEERE, BERETERE
SHIANRE R AEY IR, SRR eSS
AENE S RZE,
12 HYMLEMAFRRITNOEE

P EFERF AV RO R E S, A

E: SRERZIFM; NMAIERIK Meta 5#f7o
Note:SR, systematic review; NMA, network meta-analysis.
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XL, 5N AR B i R HY S AT
R Y, ARSI R AEMEISIE, R
HTIeHE, DARBHEFI ST ERER AT, X/
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Figure 1 Current methods for integrating evidence from animal experiments
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2 HYLEIEREES S IERN N AR

21424, Lancet. Nature Z&E¥TFISCERYE T 3010
SR 2R G PR TE 5 28T I PR o Y B A P
W8 07 Ik 2 22 B B R W R A A B, RS2+
CIRBFF LB T 2 s s iR B & 175k, I
MR TERNAEY . B2 Rz T 2000—2023 % K
IEHE B & 7T ARSI LR R B & TR RO N A
Al VLA GEPEIT 5 Meta 7347 SCRRECR T HE 1, 2021

F1 MERARIERNEEZRGTEMR

FIRF|IEE (40065), MEIKE TR, Hiigik
W1 A Meta 73 4T . B AR Meta 7387 . E 1 R 40
PEAR Meta 24 . BRIE 2R 25 DA R 98 (1 0% 76 VT 4R
RINHE T 1z )0, il 2 E M &R G /Meta &
FIIR Meta 53 #7 H 2018 £E 5 N A B89 0. BLAk,
BN S2 UG AY TS B 47 AR 1E 2021 4 FT 2022 4 [F] AL 58 25
B, 7 RAR] 238 Ml 316 k. F 1M TR
WIS E e R B S T AR N R L, DU EE

HIT4.

Table 1 Overview of main methods for synthesizing evidence from animal experiment studies

BERIE Rz A4 = xhlzE
Integration methods Application characteristics Examples
RGF M 5 Meta 247 BETENARZITNE LS, WRENDYLRBIEHITRAMN  Perna A, et al/1996%Y

Systematic review and meta-analysis

SREEEDH (B9), LIRHESRAMIERE. Meta DAL

BETHANER WEHHATEEBES B TIUERNSANR

BB Meta DT BEATRXERNEAFEHENRER FHERTLHEBRESH
Meta-analysis of single-arm trials FIEARBR/NIAR

272 Meta D17 BIRRBRHEELEN G —K iR MARER 8 RIVARERNS
Cumulative meta-analysis THas

EUERFIFMN/Meta S
Qualitative systematic review/meta-synthesis

RIE RGN

KEAREROFAMES R, ERTHARRITERT RS HIERE
FESEESTRIEE
=R IRRAIRFIFNTT X, EB T R SURK S B GURIE IR T A

Alonso S, et al/2016%
Inchuai R, et al/2021%!
Pommergaard H C, et

al/2011%"
Ciapponi A, et al/20112®!

Rapid review IERES
MR Meta 2347 HEEEEMEEIER, G682 N ERENS
Network meta-analysis IS ERSEES

RFTMN BTN /R RR
Overview of systematic reviews/
umbrella review
Scoping review
IEEEE
Evidence mapping
RL

MNEBNSPRRITFNBHTHITN, B9 SBRETRIT ST, =M
-2 EIEER

S RATHEES  Yao M, etal /20152

Hirst J A, et al /2014%9

s
w

AR —RR QLRI D T IRBIA A BN, 187 FIR=  Gardner E G, et al/
B, BETHTRETENEEDH

FTEARIEREESIHEEER, HRA SRS T NEIEE, &
EERBHET R X RRARICRADEEZER, STFRES EMH

20198"
Koch SE, et al /202232
moola S, et al /202153

21 EFRIFMS Meta i

FEEE RS, REIFN S Meta 7347 #7325 i
IR R EIANERERN 1k, HESSLGTR
RSN R R CE T, sefR M E M EHRE S AT S5IE
EESTTE. H 1996 £ RN LEK RN X
2 M ERG, EMESHEEZISS DR T IEIEL
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RGN 5 Meta IAT R FHERONT V2o HEAM, HUE
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H 2005 4, ERFEEF IR R 50T
. SIAMHREEEIFRARS T HAE MR AR AT

BAERA SRR Y BEfE, — R 5II 7T
5% B HEBh T RGN E IR R AT S SLae R 8z
RifHo [EIHF, Meta 7347 75 VAR R A tAEH EEZG 51158
KRR R, P T P EGIARAE R
PR, 220175, B EZ ISR R G PFTR
EHErER R P
211 BB Meta o

PRI Meta 734 5 TR TR SR h S Y
RAAE P, FERCIAR S e TR AR B NIRRT
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E: SRERGZIFM; AMRME2EFHEMN (CNKI) 5PubMed HUBENGRSER
Note: SR, systematic review. The number of studies is based on a combined result from China National Knowledge Infrastructure (CNKI)

and PubMed databases.

B2 s SXBAARFRYEN S HiE55(2000—2023 F)

Figure 2 Distribution trends of various types of animal experimental studies (2000-2023)
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Guideline Checklist for Publishing Research Papers on Animal
Experimentation and Comparative Medicine in China (2024 Edition)

Editorial Board of Laboratory Animal and Comparative Medicine
Correspondence to: ZHANG Junyan (ORCID: 0000-0001-6007-9062), E-mail: callar_zhang@163.com

[ABSTRACT] The standardization, transparency, and completeness of research papers in animal
experimentation and comparative medicine research are crucial for ensuring the credibility, reproducibility,
and clinical applicability of research findings. Internationally recognized guidelines, such as the ARRIVE
guidelines, serve to standardize animal experimentation and reporting. In China, there is already a
comprehensive framework of regulations and standards governing laboratory animal research. However,
the practical guidance in these documents remains insufficient to effectively guide Chinese researchers in
writing and publishing in vivo animal research papers. To address this gap, the Editorial Board of Laboratory
Animals and Comparative Medicine has developed a checklist of publication standards tailored for Chinese
scholars, informed by the ARRIVE 2.0 guidelines and Chinese regulations and standards. This checklist is
applicable for authors to self-check during manuscript preparation and submission, for peer experts during
the review process, for journal editors in pre-publication verification, and for readers to evaluate published
works. It aims to effectively promote the standardization and high-quality development of laboratory animal
and comparative medicine research in China.

[Key words] Animal experiments; Comparative medicine; Original research papers; Publication

standards; Checklist
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