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Mechanism of Intermittent Fasting in Improving Olanzapine-induced
Metabolic Disorders in Mice

LI Han', ZHANG Xiaorui%, ZHANG Chengfang®

(1. Shanghai Mental Health Center, Shanghai Jiao Tong University of Medicine, Shanghai Key Laboratory of
Psychotic Disorders, Shanghai 201108, China,; 2. Animal Core Facility of Shanghai Institute of Biochemistry and
Cell Biology, Chinese Academy of Sciences, Shanghai 200031, China; 3. Clinical Research Center for Mental
Disorders, Shanghai Pudong New Area Mental Health Center, School of Medicine, Tongji University, Shanghai
200124, China)

Correspondence to: ZHANG Chengfang (ORCID: 0000-0002-5977-0312), E-mail: callup1987@126.com

[ABSTRACT] Objective To explore the beneficial role and potential mechanism of intermittent fasting in
olanzapine-induced metabolic disorders. Methods C57BL/6J mice were randomly divided into four groups:
Saline + ad libitum (Saline+Ad libitum), Saline + intermittent fasting (Saline +IF), olanzapine administration +
ad libitum (Olanzapine+ Ad libitum), and olanzapine administration + intermittent fasting (Olanzapine+IF),
with eight mice in each group. The IF group adopted the 5: 2 scheme, that is, fasting on Monday and
Thursday every week, and eating freely in the rest of the time. Ad libitum feeding as the control of
intermittent fasting, Saline gavage as the control of olanzapine administration. The experiment lasted for 12
weeks. The differences of body mass, liver mass and epididymal adipose tissue mass were compared
between the olanzapine-treated group and the control group after IF intervention. The body fat mass, lean
body mass, and visceral fat infiltration of mice were analyzed by nuclear magnetic resonance and HE
staining, respectively. Furthermore, the levels of fasting blood glucose, insulin, and insulin resistance index
(HOMA-IR) in the process of glucose metabolism were also measured by glucose oxidase method and
radioimmunoassay, respectively. The effects of IF on H,O, release and the level of cytochrome C mRNA, a
marker related to mitochondrial damage, were detected by ELISA and real-time fluorescence quantitative
PCR. Results After 12 weeks of treatment, olanzapine induced a significant increase in body mass, body fat,
lean body mass and visceral fat infiltration (P<0.05), as well as fasting blood glucose, insulin, and HOMA-IR
(P<0.05); however, IF significantly reduced the above indicators (P<0.05). Further studies showed that the
release of H,O, and the expression of Cytochrome C mRNA in adipose tissue of mice after intermittent
fasting treatment were significantly decreased (P<0.05). Conclusion Intermittent fasting therapy can
alleviate olanzapine-induced metabolic disorders in mice. The underlying mechanism may involve the
inhibition of oxidative stress level and the maintenance of mitochondrial functions.

[Key words] Intermittent fasting therapy; Obesity; Oxidative stress; Mitochondria; C57BL/6J mice

Feb. 2023, 43(1)

Kl 532U R — P E A IS MRS POR . TRATIR
FYRERY, &K 1% B ANFHEZ G053 2UE 4T
BE U EHT, KRS SUE B LS AR, R
BT FERAR, EERMEMAE AHUSHEIRAT
BT RHE RIFRIGT RO, w] DU B B PR AETIR
FUAFIERES , RO R TA 97 RS 73 SUE B — 2 H
25 P KHAE A AT SR AT DASGE RS 4 2R
B2t IR R BE B AR PR RS, (%
HHERAERE SRR, T8 RO T BB R PR7R 14 IXURG B
sRigin B RIERR, HAfihR LB BRIAY T
WRAPHEFHIARKEL, HKBBORILHI 7528

B,

DUERFFERA, (O BIm AR PRI 1 5 20E /N
RREIBOG N, RAIERBLEEE . RER A =5 AR A A
BRIV EE YIRS o RAE /N2 22 B A 28 1 AR ik 2
7, BT IRH Z FhoR SRR AR oS AS S 1B S RO A
6B FEREPRFRAL, B R ER TR T RO KA
MERFEHMm T Z (interleukin, IL) —1p FIT1L-18 4}
& caspase—1 751k, TEHEACRNT, SEUIMIET: I
FEPRIRAIC S G R MR o 7 IR 28 ]
BURRL, RIENMEtEEFEME R CRe 0, B
A IE KRS T e RS Y, 1o, fER
Rl = A BRI RR S5 /N3 o ] AR R AR B FE
FE ISR AR AT A, R RIIR SRS 5



Feb. 2023, 43(1)

LIS SELIRES Laboratory Animal and Comparative Medicine

5

(reactive oxygen species, ROS) M=, iE—2G k2%
Ktk ROS KT P
. HAfEmst
RS R E PR EDRIE R, IARBCEALS
FEERME R — &R 5107720, HARRAZ D 6 2
A TSl B g AR RS AL E A,
R iz 3 MRS R T REREHER. 51277
Z (HEBRETN2 IR ERE, R
BB E) FIFHREIRE, HAds 2 5 RExR
EIREIRAL, BRI ZE " —AR, Bt
(A ER A r] DIA AR R =R 0. FRARAE R R 7k
& BkAMREEREL, BRGSO IS BRI 2
o KA, A TR 7T R AR M R N SR 2 5|
WARKE . ERBEIRREEMNRRS, [AREE e
AT RMERRL, TERRTRRE R MR R =
PUKSE M, Ah, TRIERES S REfE A TT R A AN 4,
HRLAT: o ARFRFEAZKARFIE M RNBON I A R, 18
I TRIEREE e ST B A SR S A LR oG &R, i
— R RS B 1T s S AEREEINLE], JulmAR
TR AT A R SRS E il
1 #E5EE
11 ez

SPF i CSTBL6) /NFR 32 1, 8 ARG, 1R &
20~22 ¢, WWH LR SLRRsYIA IR A E [SCXK
() 2021-0007]. /NEAFETF RIBE KSR AEYIRIEE
BIRAE LI sh P b F ¥ e [SYXK (') 2018-
0007], iEAE22~25°C, MANEE40%~70%, 12hH
RAEIRIH, AR H ST T R4 FiREKR
SHTEMRHCEIRA G R s A S EHRE RS
HAZMHE (SHRTMOBIO-IACUC-PR0O1-20211115),
12 EZ YRR

BHE (EE Sigma AF]), MAE. MFELAR
(HEEFEEAF), H,0, ELISAif#I& (RiE g
Y TRAERAR), FAKRZE L (hematoxylin—eosin,
HE) Jefaidfla (URzsEERCERAR), TKE
FEZ8i R (SE[E Sigma A FE]) o TRIzol IAFIFIS 1H)5
A% (ZEE Invitrogen A F] ), G SEFNSE I 26 6 € =
PCRix#FI& (HZRTaKaRa A7), SLRF2OGE R PCR
% (ZEE Abbott AT, IS m2000rt),
1.3 ZERSARNMRERSLEN

K C57BL/6) /N BENL 73 N A B ER K+ B iR B
(Saline + Ad libitum). A=FHELK+[AIERZE & 4H (Saline +

IF) . WEFHAZ+HHEEEH (Olanzapine + Ad
libitum) . BREFHLR+EHEEEA (Olanzapine + 1F)
BHSH, RETFHL+HBMRH, K3 mgkg
f e 2 EERAEAR, BHER; BEFAL+
[ EES R A AE LS T WA E AR, &E2d (JF
—. ) A AEEKE hRad, BRETH
SAAFREAEFEEE K (HD0.9%NaCli57R), HHEE;
A K+ RIS R, RS RS R AR B AR
K, BfE2d (A—. M) S, Heciek sz
L RRA AR RE . T ELmIR _EER B S [E
B RFLE IR A Z N 128 . AL, RS2
JAEN 128, G ERTENRATE,
14 HRIKE

2 G, NREER12h, 1240 mg/kg M5 &
FE ISR e L ELZ bR, R/ NER AL E T 1E & |,
THEE R REEIAT TR RE RS, WSCERIFF I B B =2 55 B AT 2 21
SYARRRFRE R . IERoiE . URERAO AT ARZHZRANRE R
HL R AT HEUREY R, 3 — BT SRR IR TR
JE¥E —80 CLRMF, FrINERTAHE R ERAIZRIA KT
15 BEREREHKEUE

B 125G, IR 12 h, 40 me/kg A7 &
IERE RN T L EL Z BRI, BRI, FIFER A
B B BUMAR AR, 85,020 min (2 500 v/min) , W&
M5 o e FH e e W S A B VAAG I S P IR, U Sz
FERIN S IERR 2R o B R AR SR DA
(homeostatic model assessment of insulin resistance,
HOMA-IR) 540 = ZEIMHE (mmol/L) x=EEREE =
(mU/L) /22.5,
1.6 MNEBKEEKSD 2

HAE 12 E 5, F EchoMRI-100 AR (EE
Echo Medical System A ]) 73471/ NS I =255 A RE 2H 2R (1)
(S
1.7 BFEEFNRERAAR R E

R ER S/ IN SR IR 2N B 52 557 MR F A 21 & T
JREITECN 4% W2 AR P EE 48 h, LA
AHEED R (3~4 um), REHITHE R, KEE
B ™ AT AE L 2R A 2R B B, DAL
AR SRR IR TR
1.8 ELISAKEH.0. 88

NEMTHZA S K GRS BIEWR, F ELISA i &k
M H,0, & &, FRIRA SRR, AR SIFR
. AR BVER, AR a5, B
PRI ERE (A) H, RGHEMEARH0, & &,



6 LIS S L E S Laboratory Animal and Comparative Medicine

Feb. 2023, 43(1)
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ERIRAEXS R &
110 HHZERE

R H GraphPad Prism 8 B {EiE 1748113871, it
BRI e TR RAAERGESTFINAERES
M5 Z AR EATAHAIELER, R Turkey F/E1G5G
B TIRME . P <0.05 NERBEESIFE o

2 £8

21 ERZE|/YBARGFNMNEERRE.FED
ARG R HRYE T

8 JEIS CSTBL/6) M SR . 1L 12 JRliC s iR
=, otrEsSEeE/NRERENER (B1A). 5

F: A, EENEEERFARLEBRNRNARESEN ((F=161.20, P<0.001); B, REFEANRAGERESWNEARENZI ((F=62.87,
P<0.001); C, BEFB|ANBEE/NRIREHEEMEN ('F=0027, P<0.001); D, RAFBANLAGNREREE (“F=7854, P=0.994);
E, RAFEAN2EARNRFEMMZZEMABAS (HERES, HAIRXK/NEI200 pm).

Note: A, Body mass changes of mice in different treatment groups for 12 consecutive weeks ( F=161.20, "P<0.001, two-way ANOVA followed
by Turkey's post-test). B, Effect of intermittent fasting on body mass of mice with olanzapine diet for 12 weeks ("F=62.87, P<0.001, one-way
ANOVA followed by Turkey's post-test). C, The changes of fat mass in mice after olanzapine diet for 12 weeks ("F=0.027, P<0.001, one-way
ANOVA followed by Turkey's post-test). D, The changes of lean mass in mice after olanzapine diet for 12 weeks ("*F=78.54, P=0.994, one-
way ANOVA followed by Turkey's post-test). E, Liver and epididymal adipose morphology after olanzapine diet for 12 weeks (HE staining, the

scale baris 200 um).
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Figure 1 Effects of intermittent fasting on body mass, body fat distribution, visceral fat infiltration in olanzapine-induced

mice
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(mmol/L) ~=fERERE (mU/L) /225] (B) ('F=9.707, P=0.0004), LAR/INEIIESE (C) ("*F=0.860, P=0477) .

Note: After 12 weeks of intermittent fasting, detecting fasting insulin levels (A) ("F=18.08, P<0.001, one-way ANOVA followed by Turkey's
post-test) , homeostatic model assessment of insulin resistance (HOMA-IR) (B) ("F=9.707, P=0.000 4, one-way ANOVA followed by

Turkey's post-test) , and fasting glucose levels (C) ("*F=0.860, P=0.477, one-way ANOVA followed by Turkey's post-test).
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Figure 2 Effects of intermittent fasting on fasting blood glucose, insulin, and HOMA-IR, in olanzapine-induced mice
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RARFER W Cytochrome C A mRNA 55 55 /K SEHH B T 7
(P<0.0S); ST EAZ+FIBCE S NS 1,0, B8
A Cytochrome C mRNA ¥4 5% 7K SE 851 B i@ A T BL A& SF
g+ EA (P<0.05),

I, [AEEE B B T2 AT S AU A LR
WK R AR I RE S

F: BSER12AR, ELISARUNRHO, BHE (A) (F
4.633, P=0.016), SERfEE PCR# M Cytochrome CHImRNAGER
K (B) ("F=3.605, P=0.031),

Note: Hydrogen peroxide release was detected by ELISA (A) ("F=
4.633, P=0.016) , and the transcriptional level of Cytochrome C
mRNA was detected by real-time fluorescence quantitative PCR
(B) ("F=3.605, P=0.031) after 12 weeks of intermittent fasting
treatment in mice.
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=1
Figure 3 Effects of intermittent fasting on oxidative
stress, mitochondrial function in olanzapine-
induced mice
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Figure 4 Schematic illustration of potential pathways underlying the mechanism of intermittent fasting in ameliorating

olanzapine-induced metabolic disorders in mice
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[E (¢ I 7 BE Medical Ethics Statement]

AMREROMENYLRIE BT EEBEFREMENRIE
BERABDLTENVERSEEZRaME(HS:
SHRTMOBIO-IACUC-PR01-20211115) » PR SLRITIZIE R
REZRHMPERERENFANZRET.

All experimental animal protocols in this study were
reviewed and approved by Animal Care and Use
Committee in Shanghai RAT&MOUSE BIOTECH CO., LTD
(Approval Letter No. SHRTMOBIO-IACUC-PR01-20211115),
and all experimental protocols were carried out in
accordance with the requirements of laws and regulations
in China related to experimental animals, including Animal
Management Regulations (01/03/2017), Laboratory Animal:
Guideline for Ethical Review of Animal Welfare (GB/T 35892-
2018), and so on.
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osteoarthritis, KOA) KRB FEEHAXRBEARTNREAERER, HUSHEHLEERER (fraxetin) AT
BEXNES. B BSDABRDNKOAKBAMIIEAE, REMARXT T EAFHSEARGRKOAERE, &
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[ABSTRACT]
between the synovial tissue of rats with knee osteoarthritis (KOA) induced by monosodium iodoacetate

Objective Using transcriptome sequencing to screen the differentially expressed genes
(MIA) and that of normal rats, and then screen the target of fraxetin in the treatment of synovitis. Methods
SD rats were divided into KOA group and the negative control (NC) group. Rat right knee KOA model was
prepared by MIA knee joint injection in KOA group and none treatments in NC group. Four weeks after
modeling, the right knee synovial tissue of rats in each group was taken for transcriptome sequencing.
Then the differential gene expression analysis, GO enrichment analysis, KEGG function enrichment analysis
and PPI protein network interaction analysis were performed. The synovial macrophage Raw264.7 cells
were divided into the control group, lipopolysaccharide (LPS) intervention group and LPS+60 wmol/L
fraxetin intervention group, then RNA-sequencing results were verified by gRT-PCR in the three groups.
Results The results of differential gene-expression analysis showed that there were 1 730 up-regulated
genes and 1 546 down-regulated genes in the KOA group compared with the control group, among which
the significantly up-regulated genes were mmp12, Acodl, Acan, Col2al, Atp6v0d?2 (|log2(FoldChange)| =1,
adjusted P<0.01). KEGG cluster analysis and GO cluster analysis showed that differential genes were mainly
involved in the regulation of inflammation and immune metabolism, such as tricarboxylic acid cycle and
mitochondrial function. The expressions of Acodl and Atp6v0d2 in Raw264.7 cells after LPS intervention
were significantly higher. Compared with the LPS intervention group, the expression level of Atp6v0d2 in
After
modeling KOA induced by MIA, macrophage-related genes mmp12, Acodl and Atp6v0D2, which mediate

Raw264.7 cells after LPS+fraxetin combined intervention was significantly lower. Conclusion

inflammation and immune metabolism, were highly expressed in the synovial tissue of rats, suggesting that

there might be immune metabolism changes mediated by synovial macrophages during the occurrence

and development of KOA. The increased expression of Acod1 and Atp6v0d2 in macrophages Raw264.7 after

LPS intervention can preliminarily confirm this result. Among them, Atp6v0d2 may be a potential target of

fraxetin in the treatment of synovitis, which provides a new idea for KOA treatment.

[Key words] Osteoarthritis; Transcriptome sequencing; Immunometabolism; Synovial macrophage;
Fraxetin
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EFERE R T RIERIREERTT, 172K
27% A0, RFBCTTMPERRI EEERA,
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HEEARGZ

B RTT R (knee osteoarthritis, KOA) 25 HLH]
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(fraxetin) XFRFERTTREAEREMER, HrlgE
i1 TLR4/MyD88/NF- B 18 it 5 i 13 1 2 o T A0
b Y, ATIERE AT, BAEMRENE, H
il — 26 v BE 25 R 3 M oy R R L 29 )
5, AEE NF-«B K 22505 S, e
REETT RSN sz K BRI Rl S5 IR e 22 il B o<1
RIEIRo

POmRIRAE . KR — 1 EArERE, KHinh
— R B —BHORIR TR IR AR RER . K
16T7HE U2 P ELRMERY o AR5 SR A Z RN o T
PR EA D) AT KOA KRS, @it o i i i 5t
I 73 20 et TE A 2 R R KOA B B T A
LhZRRIBEER, FFxERFRIABERFHEITEMER
T, HiZ 5 KOA K AR R A OB R R 2 4H
FAF S ARG BRI Raw264.7, SN2 HE
(lipopolysaccharide, LPS) PAK LPS+ZEZBRE T,
A Fr SR SR R 5 R LR IGT T 2 ARk, i
BT KOA SRS TERL A

1 MRSEE

1.1 SEIazh¥pFImEa

2 U4 SPF ket SD RER 10 H, AR 280~320 g,
WE BigE gL shYEFAERAR [SCXK ()
2017-0012], REAIKIES R 20170012021517, SL£56
BN FET A I K 5 R 5 B B R [ e SR 5 Bl
PrBrpE s [SYXK (37) 2018-0038], =R (22«
2) C, PHRHERE 40% ~70%, 12 hAA/MEIEER, HHLE
T v P SIZ6 2 R R FRT AR FH 7K R s 60 % B K B T ek
(HILA B DR EZLGEY TREEREEA AR, 3
ISR Sy IR E MRS S N A e AT )RR AP AV
FIOHE RS HEMEE (XHEC-F-2022-060) , 41
SEAGEHH) 3R SR

/NI ELE 4 Bl 22 Raw264.7 3k H FE[E ATCC A
al, FAEREEERERE (10% B4 IME+90% FhEks
F5) T Co, diulsrR it T 7%, HRFT—80 C
FEARIR VKA o
1.2 EE:XFFNEE

it Zme4 (EEE ARG IRAR, S
Lot# C10867051) ; JKELFLZ8 (SE[E Sigma-Aldrich 2
al, P3761); A5 % ME (SE[E Sigma A H, L2880-
10MG); ZRZZE (GEEIMCE AF], HY-NO580); fiasd:
I R b % 77 5L H 26 [E] Gibeo AF] ;. PCRFT#ES )

FP3H FERAEYIREA IR AR R IFE G COE
B RICK R sh P e SERT9E % E & PCR
Fift FHAY 2% QuantStudio 1 —80 “CiEB KR vk 46 1 B E [H
Thermo A &) ; CO, o L 5% 7% 78 W B 22 [E Health Force
YNEI
1.3 KEEEHE

SD AR 1| JEIE RN R FRIG R A (& S REAL A A
B H A IR IR AT KOA B, A 5 H . AkIERTHA
T Y, SRR, KOA BAIZ R A Z,
FRENESHE SR, BT SD K EBEISTES 2% 1%
EEEZ8NFREE (0.3 mL/100 ¢) J&, BIBRARRARRT
ReFER, TR, WEERT SR I B g, 5
RIAERIE G, FRITIEES 30 mg/mL ARl 2, R0
0.1 mL, [GREBMHBEIT, BAWHS5H. il
FERERRARRAFZ TR —MET ., 4 BEHETHE
HESEH 2B
1.4 XKRBEARNM

ERERRFAFR4E, RATECO.ZEREZ R
o REBUTEMIET#IES L, HESE, UK
KRR R, FARTIGIFRR T UREINAAZ, EER
SR R B L, HER R E AL T
M, GRS, o B H E B R A
UGB B, B RNALater HEURFWR T, B
F—20 COKFERVRERE, AT RSN 3HT
1.5 SEENF

TE A VR —20 CURFEEUHE S, HEfTELRNA
RES R, FZmRNAEE. M cDNA &, PCR
BERESNEANSERG, FR&ER Mumina MF57
Mo MIFFE0T B AR R AE IR A TR A &) SE i
1.6 E£MEBREDH

MR B SRR s & > s —
S22 B S - F RFRGR K — RIS — GO/
KEGG BHE—EH EAEMNE T R REEZTTR,
1.6.1 HmEEXERRNERD ST

73 BT A i [ B2 PR R0 7K S AT ARG I S 55 4 it 2
PRErEGH, DX ARBORFR R MAIFREER
HIAEIIRR S o TR s [ R AR IR B E A 43, AT
PG ARV E S AR B S A R R R R, DACSESG
FEARR 73 A B AL B & B
162 BEREZERREDHT

KR E A ZE R R B, R EER
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Hllog2(FoldChange)|>1 EAZIEJG P <0.01, xRN
KOA BRI iy 22 R BRI TR e . 2 SR 2 73R
IREERIR AR, B2 RAIXT 5, FIASERKE
% (Hierarchical Cluster) K¢ DGEAH [H] SiAH T 1Y 55 (A
K, HERBEEAETR.

1.6.3 ERFEERAINGESHT

% Fi GO (Gene Ontology, http://www. geneontology.
org/)FIKEGG (Kyoto Encyclopedia of Genes and Genomes,
htp: /iwww.kegg.jpl) £ PE 73 BIXT 22 R FRIKE R (£
K BAEERARA NIEER) H#T GO EE T
KEGGUIREE T, HAAIBEMRKREERE TR R,
1.6.4 EBEEMEDF

He% Top 500 FERIAZEFELA, M STRING & H Jfi
HAEEPEE (http://string—db.org/) HHHEELHE H AREER]
LHEAERER, HEMEZ, #17 PPl (protein—protein
interaction) 7347 F3AT4S R ZE R & H BAEM %S
BRI
17 ERFREEEDH

N FEEEYFEENMA, §H DEGseq R {3
(1.28.0) NWFFEMEHITERRIEST MNFEHEE
Y EE AR, A DESeq2 RAL (1.26.0) xfpifh&
P TERFRE . HA, P <0.05fIFoldChangel>2
PN B RIAE 7 I B E
1.8 HEFSPISIESESS

¥ Raw264.7 EREAHAE ST 3 4H . XJHR4. LPS+
il (1 pg/mL) FILPS+ZEEZZELA (60 pmol/L) o XJHE
HAHRERT T, LPS+ZRE RHHAREERATT#Hi2 h
G, BZA5 LPS A FEIAIA LPS F-7i24 ho He, A
LPS FHORIEHL KOA i IR RS TR E R . RA
SERFOEEE & PCRIEMN T R RILEE mRiIAES5E
WA A /S A A AE R A Acodl (IRG1). Atp6v0d2
BRRIA R TIAE, 18X Bt 4 5 LPS 7
A ryERIFRIA R, SUEI 745 R H KOA A1 KRR
FERT T IE 8 AR FRAE A A b A A (AR A
EXT b LPS+Z R ZR k& T Hi4H 5 LPS 1 4H A A BE A
FORE, TR R 2GR 2 TR YT KOA BEALR BRI
BERBBEER S . B M3 DEFL, PCREE
KEE 3R,

PCR AR5 IF580F . N2 GAPDH Y IE A5
1} 5'~ACCACAGTCCATGCCATCAC-3", J [ [HIH
5'-TCCACCACCCTGTTGCTGTA-3"; Atp6v0d2 £t A 1]
EAIS#HIN 5'~-GAGATGGAAGCTGTCAACAT-3", J[f]
318 5 -TCTGCCACTCTCTTCATCTG-3"; Acodl F:[A

(4 1F [ 2] ¥~ 5'~ACTCAGACTAAGCCCCTTCAT-3,
6885 5'-GGAAGCTCTTAAAGGCCACAT-3"s L
24 AU fz fidt H B R B mRN A AT K
1.9 #HIHERFE

SEOGHBHE % B GraphPad Prim B4 #E1T 25 H 4347
HREERER A B ZENTERE R . SR
KRABHERZEFTESNT, P<005ERESHSIY

2 &R

21 EBRSHERUEN

lumina {7 f5 MO A G WAL 1A Fizs, A HEZH
EKOABIA Z B ZEFBE, mANHENER . 7
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R—DHAR, HH7 AR (10 LR 10 M
ERAEIEIEARIA) ; FAAREPCL (44.4%), NEE
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22 ERFTEBEHFEMRES

xR, KOA B K FIEREHZIE 1 730
MERRAEFTEEE, B1546 M EREZEXTIA
(IFoldChangel>2, P<0.05), 7% 1HIE/R 172 7REKFR
AHEZ SERTAY A T mRNA, Hoo 3 EiE R
A mmpl2. Acodl. Acan. Col2al FI Atp6v0d2 % ,
MRAEAEZS () FPKM {8, A R 2 71 () pheapmap T. B ]
geplot TH73RISEIIE 2A 51K 2B Fin i 2 B R A 1L
(volcano plot) FIEREFFAIE] (heapmap) , FFfEHLXT
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GO BT RILE S EFER KEGC EHEAIEE
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E ARBEXERR, BXREELIRBESBOUEES, BRXIERA (NC) SREXTRERA (OA) NBHENRHIEET1, £H
HRERBEMARERRARE. BAEMS (PC) Hi, BFE—SEPNEARE R, RBEVUFHERETSE,

Note: A, showed the correlation test, the closer the correlation coefficient is to 1, the higher the sample similarity is. In the negative control
group (NC) and knee osteoarthritis model group (OA), the intra-group samples are more similar than inter-group samples. B, performed a
principal component (PC) analysis, samples from the same group packed together in the figure, which indicates that the sequencing data
are of reliable quality.

B #miEERERXSHEX MG (A)NELSSH(B)

Figure 1 Gene expression correlation analysis (A) and principal components analysis (B) between the samples

F1 MZBNESHBREXDREREARBEAATEE LARANEZTREER

Table1 Genes up-regulated and down-regulated in synovial tissues of knee osteoarthritis model rats iduced by

monosodium iodoacetate

=5 Difference E[E Gene log2FC P{E P value TZIE P{E Pag value
L@ Up-regulated Mmp12 9.933 625 864 9.132 91x10™ 3.537 83x10°
Acod1 9.272 106 280 0.000 127 507 0.000 802 842
Col2al 9.153 847197 7.690 69x10° 1.807 62x107
Atp6v0d2 8.282 894 807 5.603 80x10°° 5.607 99x10°
Fbn2 7.973 227 345 2.92138x10°% 3.38743x10°
Acan 7.718 643 189 4.20311x10% 1.015 34x10™"
Ocstamp 7.591893 578 0.001 876 497 0.007 726 778
LOC103690326 7.546 217 455 7.903 40x10° 0.000 529 726
Cxcl2 7.422 908 965 1.713 86x10° 0.000 145198
Mmp9 7.188 248 072 2374 04x10™ 1.027 150%10°°
T Down-regulated Plekha2 -1.000 555 825 1.696 39x10° 0.000 143 999
Nudt7 -1.001123 965 5.602 09x10° 0.000 395 268
Cdc42bpg -1.002 206 901 0.000 106 010 0.000 684 033
Mtus1 -1.002 219197 0.000 139 053 0.000 863 768
Ppp1r37 -1.002 289 468 4,948 870x107%° 1179 120x10"
Oard1 -1.003 517 453 0.000 375535 0.002 019 066
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E: A, BRFEARRARABHEMN, ALFEAHARAEBUERNRFHEZE, TENEERDINRTLASTEER, MEEEMERE
ENEEAERET. B, BLITANRER, ALITHERER, I8XToRAER, FERTERXER. NC, WEBAH; OA, BEX

TRERA,

Note: A, the abscissa is log2FC, the ordinate is -log10 (adjusted P). Red or green dots indicate significantly up-regulated and down-

regulated genes, respectively. While, genes with no significantly differentially expressed are indicated with blue dots. B, Gene heat map,

the abscissa is sample names, the ordinate is gene names, red indicates high gene expression, while green indicates low expression. NC,

negative control group; OA, knee osteoarthritis model group.

B2 RAERERKILE(A)FIRZERE(B)

Figure 2 Volcano plots (A) and heat map (B) of differentially expressed genes

24 ERFREEEBPPISF

F %o 22 F 3Rk BE K Top500, A STRING %4 JZE H
PREENEREN LR, WEPPINASE (K4),
KOA FAYEAHELTRIREZ, ColSa—1. Colla-1, Col3a-1.
Cennpe, Ccna2. Neaph f1Cdk1 FEE K FRIA T LiF,
HY BRI ERZ
2.5 {KIMARRSEINISIELE R

SR FH S 28 6 78 & PCR B 6HI 45 SR T 36
ZERIE 5. GXTIAMEL, LPS il f5 B W4 i
RAW264.7 11 Atp6v0d2 5 Acodl %] B mEIL (P<
0.000 1), #&/R LPSF i 5 & E it 2 7 72 BG4
i B YT A S 9 A B 2R . 5 LPS T4 AR kL,
LPS+ & B¢ Z Bk & T T /5 B W& 4 fd RAW264.7

Ap6v0d2 RIAR T E TR (P<0.001), RRERE
] BE I YA 5 T 1 B A A Ap6ov0d2 B [R5 A SR
BT R .
3 iFie

FEERTTRS, PR RS T4
R —FhR R e B 55 — Rl te, POk
TR RAE AR ZE , BN A ACBERR (L 5 i E
R 1o XA SRR RATE S, JRAER L
RASIAE B = B RURIE RS 17, W R etk aae
BERS. IREEBERER. MBS S & EmR M M =RIRIEH
SEALTBRIR (LA R i 2[R B e -y AMP R LR
WIS R R R T . I, KRB s
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E: ACHRIARGOBELITIINAE “HFINER” (A). “HHIBES" (B) f1 “£MIE" (C). BARAEEEH, ILTRAEERE,
BFSEXNERREETERE LNERY, BRNWEREENERHEBZ . RERRINMNPENK/N, SN PEHES.
Note: A-C, GO enrichment analysis showed three ontologies “molecular function” (A), “cellular component” (B) and “biological process”
(C). The abscissa is Fold Enrichment, the ordinate is term, the size of the bubbles indicates the number of term-enriched genes. The bigger
the bubble is, the more genes enriched under the term. The colors of different bubbles correspond to P-value, the increasingly reddish
colors means the more significant of P-value.
E3 RAEREFMGOEESH(A~C)FIKEGGBEE&E S (D)
Figure 3 Gene ontology (GO) enrichment analysis (A-C) and Kyoto Encyclopedia of Genes and Genomes (KEGG)

pathway enrichment analysis (D) of differentially expressed genes
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E: BERKXIETR (node) RIE (degree), SEPRIEEHEMS, TalX, SRERTIEARZTRERREELRE, fe{Ffx

TRERRKETE.

Note: The size of the points means the degree of the node. The more protein connects with the node, the bigger the node will become. The

red notes mean the up-regulated genes, the green ones mean down-regulated genes.

B4 ERFREEENEEMBEFE

Figure 4 The protein-protein interaction (PPI) networks of differentially expressed genes

BRI AT B AT BE R AR R IG ST KOA YR
B
ENRREMNEER T —, BRI
AHRRPIUETURRERA Y SETREARERER
BRI, FIRBEREDIR N, 5HERIBTT KOA
AR —2, SO SO R ERIALHEIR 8. 5D,
RS RTEWIIESE, REZZRATIH KOA e

Befie ), RIE R T P R B ) M2 B A SRRk
BRI ZIE ((FRR). HI, AR e mE
R, DNEEMR RS AT 7 28 B R TR YT KOA IR R Y]
BERL R FIALA o

AfFri, EERNFERER, SRR,
il 2. TR AN 5 5 B KOA AR A 20 R Bl g LA 2 A5 1 730
MEEFEERIK B, H 1546 DEERIATE, HiE
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T 5RGEXERA (Control) #8EL, ****P<0.0001; 5LPSF

FREBAELL, ***P<0.001c ns RREFRERITFEN. n=30

Note: Compared with the control group, ****P<0.000 1; Compared

with the LPS group, ***P<0.001. ns indicated none statistically

significant differences. n=3.

5 SERIREESE PCRIGMAEZHE(LPS) IEREBKS T
EEE4E RAW264.7 /1 Atp6v0d2 #1 Acod1 EE RYE
XER

Figure 5 Atp6v0d2 and Acod1 gene expression in synovial

macrophage RAW264.7 cells treated with
lipopolysaccharide (LPS) and Fraxetin detected
by real-time fluorescence quantitative PCR

F B R A E mmpl2. Acodl. Acan, Col2al F
Atp6v0d2 %, GO BESER TR, KOA BRI 5x)
AR FRIBEA R P RAE R BRI R 5%
KfEMER, fEZ5NEYFEREFE =ZRRIGIA &
AT FEFHR . KEGGETRE R, ZRRIXERFENR
BRI, REE IR ERETATIAIREZ 5 T
W2 FREN 5 S UK KOA B A AEFTA R o
CAEMFRIRERA, mmpl2 2 BRI CER
AT SESEAERE, BEESEPERE 2, AR
i 55 K B mmp 12 76 KOA 158 K B A T s 2 23 i 36
iR, PTG E NG AT BB TIIE RS . Acodl (B
FRIRGL) J& M S RIFTER Gy A rp () S g A R 75 1A
+, HAEWUER Sz dif (a0 B R0 RIS A 20 i)
HRRIA B Y, R A Acodl BB H, R
KOA K Fig R 2R al REEAE B B o Acan 5
Col2al fELRIP ST B HRIEEEMEA , gAY R
P RS AT RIS T AR AR 2 BAh, EREAAR AR
S V-ATP I EHLA Atp6v0d2 AT e g i B iR - 7 il
TRE A SR A M R RN ), HFARE IR
T VB REEREAHRE S R M R RDRSTER R KOA A KT
MR EAEER . DALESCEIRBITE R, KOA KR IRA
PRI REFEAE A G OIS, HLig iR BG4 il A

Al RES: G R T R R BLIRAS

ARFFR I LPS 175 S KOA 185K 444 T 1
FEE ERRAT RS, R R BRI AR ZE 2R 5 435 SR A B A
ffl Raw264.7 A TIGUE . G5 RUESE, RMERBORES
. EOWEA A ARG S s O U T R Acodl 5
Atp6v0d2 IFRIE LA B E N . (HARERKEG T
fG. Atp6v0d2 BIFRIAKEEL LPS T Fi4H B E F#K, M
Acodl MERAERNIAEER, RBEEEB LT
EL R L A 5 A S AR IS KOA W B FY 1 F
HE Atp6v0d2,

[E % (¢ I 7 BE Medical Ethics Statement]
ZHRERNMELRNMYEEL LBRBRXEEZ R
BHEEREFCEZRISNCEFEME (No. XHEC-F-
2022-060) , Fr B L4013 121918 R BT s A8 KX B IE
FOIERFITO

All animal experiments involved in this study have been
approved by the Ethics Committee of Xinhua Hospital
Affiliated to Shanghai Jiao Tong University, School of
Medicine (Approval Letter No. XHEC-F-2022-060). All
experiment procedures were performed in accordance
with the requirements of laws and regulations in China
related to experimental animals, including Animal
Management Regulations (01/03/2017), Laboratory Animal:
Guideline for Ethical Review of Animal Welfare (GB/T 35892-
2018), and so on.
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[ABSTRACT]
healing and the expression of CD34 in cynomolgus monkeys, to verify its delayed wound healing

Objective By observing the impact of Bevacizumab injection on the speed of wound
mechanism, and to provide clinical reference for the dosage and frequency of Bevacizumab treatment for
oncology surgery patients. Methods Six male cynomolgus monkeys underwent full-thickness skin
resection on the back to establish a wound healing evaluation model. Three cynomolgus monkeys were
randomly selected as the saline group, and the other three cynomolgus monkeys were allocated to the
Bevacizumab treatment group. The monkeys of Bevacizumab group were administrated with Bevacizumab
injection (30 mg/kg, i.v.) on day 0, day 4, day 8, and day 11, respectively. The monkeys of saline group were
injected with the same volume of saline as the group receiving Bevacizumab. The blood routine test was
conducted, and the wound healing of each group of cynomolgus monkeys was observed 28 days after
operation. The wound healing rate was analyzed by software Image J, and the severity of the wound was
assessed by scoring method. Wound healing skin samples of 6 cynomolgus monkeys were obtained after 4
of CD34
A skin excision wound model has already been established in

weeks, and the expression level in the wound skin tissues was detected using
immunohistochemistry. Results
cynomolgus monkeys. The number of white blood cells and neutrophils in the blood of cynomolgus
monkeys increased significantly on the 3" day after operation (P<0.05), and the number of white blood cells
gradually returned to normal on the 7" day, while the number of red blood cells, hemoglobin and
hematocrit did not change significantly, suggesting that the animals were in good nutritional status. The
Bevacizumab injection group wound healing rate was significantly slower than that of the saline group on
day 7, and day 28 (P<0.01, P<0.001). Microvessel density in the wound skin of Bevacizumab group appeared
to be significantly lower than that of the saline group (P<0.01). Conclusion The injection of Bevacizumab
may delay the wound healing by inhibiting the angiogenesis in the new skin tissue of the cynomolgus
monkey. In clinical practice, the timing of giving a tumor patient a bevacizumab injection after surgery
should be based on the pros and cons, and the duration, dosage, and frequency of the intervention should
be chosen in a rational way.

[Key words] Bevacizumab injection; Wound healing; Wound score; CD34; Cynomolgus monkey
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F1 RERESHOTFESE

Table1 The back wound score in cynomolgus monkeys

InH Item

84> Score

J#ik Description

HOBBENERE®E(EEEHE2em)
Skin color around the wound (2 cm from the wound)

ORI BE AR KR
Edema in wound surrounding tissue
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Type of exudate

BHE

Exudate amount

0 EEResHIe

1 RIBHBEEZRENRLL
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RO EZ FREAIRLL
ReReRnEIE
o7k B Ek i B

AR EIEMPEKMSEE <2 cm
O BEIEMEKMEE>2 cm
A BE MEXKEE<2 cm
A B E M bk ST E>2 cm
TEHR
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BHENRE, SKEE

TBHiR
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¥, A Image J BT CD34 HIER IS (2475
i EpR) FAMME R SiEX RN E S,
PUMAE RIS 2
17 &itrsix

SR FH SPSS 22.0 GEtt F AR TA SR AT o Al 2
FREEI A axs TR, BN AEAR R FEESSR A LSD—
S PAP <0.05FRREFALITFE Lo

2 £§

21 MEEHRBHRMEROZID

MHEMMEERER, REHIDFEREHEIR,
HAME. PRI ST S (P<0.05); SBTR
FEHBR, AMBBERHKEER, PR
BEES L@, MEAEEREIN FEES, H
ZREMIHEHFREL (P>0.05), 400, MAEH.
A ERRAH TR, RRIEFRREREY,
e (%2).

2.2 EEHBERMGOEESRIZID

AN S5 25 I R] A R 2H S A AT BB 4 1T R A DL 1A
A B NE R R, AR K AR G 5 28 K5
s ams, BRI R ORISR K
WZEHZRE (K1B),

OIS REER (K2) TR, U KEREGT
R TR O@ERE, REEGD &SR
(H3~7K) HIRE (521 ~28K) G OHGEETES
e (E2E): JH W REREHAN G OmERE#H
T AHEEKA, RHEAEFARGE 28 REFAEMEKH
HORERA (99.12+2.00) %, i RERETIHDAE
FHN (78.63+4.00) %, WHESHEZFMNZRITHEEX
(P<0.001),

2.3 NREREEHIT RIS B4R 0 & 2 B R 20

KA M E ERAEE, DURERER T &
BN T A A B A B Bk B JE AL B JE B R A v, (HE
BT EE N (P>0.05), FEd sl g3l
FERTER, UREREAHUAE B 0@ AL L ik
HZ CD34 FIAKF BT A EKA (P<0.01,



Feb. 2023, 43(1)

LIS SELIRES Laboratory Animal and Comparative Medicine 25

x2 RERMENLVER

Table 2 Blood routine examination results of cynomolgus monkeys

BRI R FARERYI8) Time after surgery/d
Index and group 0 7 14 23

WBC/(10%L™)

A2 ELIKH Saline group 13.20+0.08 31.00+1.05% 14.65+0.10 15.64+0.08 18.70+0.69

L ERE 1 4H Bevacizumab group 12.15+0.09 25.25+0.08% 13.48+0.04 15.72+0.50 17.14+0.23
RBC/(10™L7)

418 ER7K4H Saline group 5.80+0.21 6.01:0.48 6.22+0.13 5.88+0.35 5.99:+0.34

Wk 812 Bevacizumab group 6.10+0.16 5.84+0.43 5.97+0.15 5.72+0.11 5.84+0.18
NEU/%

4B K 4E Saline group 44.03+2.23 81.80+3.98% 50.97+4.83 61.57+6.75 60.73+17.91

MR EREHI4H Bevacizumab group 59.67+4.58 66.50+10.38 61.6+4.85 58.57+7.83 74.40+4.97
NEU/(10%L™)

412 EL /K4 Saline group 5.81+0.30 25.41+1.9344 7.46+0.66 9.61+1.01 11.53+3.54

W {LEREH4H Bevacizumab group 7.26+0.59 16.80+2.62% 8.31:0.66 9.25+1.39 12.74+0.83
LYM/%

418 E7K4H Saline group 50.37+2.92 14.53+3.75 43.17+3.76 30.97+6.64 30.37£14.77

W ¥k B84 2H Bevacizumab group 33.30+4.35 28.43+9.75"* 33.93+5.04 34.53+7.23 20.30+4.66
LYM/(10%L™)

4B 7K Saline group 6.65+0.38 4.44+1.08 6.33+0.59 4.86+1.06 5.52+2.52

W R 8 412H Bevacizumab group 4.05:0.52 7.18£2.48 4.58+0.68 5.40+1.05 3.48+0.78
HG1B p/(gL")

HI2ELIK4H Saline group 140.00+3.06 147.00+7.00 149.33+5.84 144.33+7.17 139.00+3.61

L ERE 1 4H Bevacizumab group 150.00+5.57 142.33+7.06 142.67+7.84 140.67+2.73 140.33+3.84
HCT/%

418 E7K 4 Saline group 45.93+1.13 47.27+2.20 47.93+2.15 45.73+2.22 44.97+1.90

¥k EH12H Bevacizumab group 48.70+1.65 45.40+2.39 45.93+2.05 45.87+1.22 45.30+1.56
EOS/%

A 1B 7K4E Saline group 0.87+0.29 0.43+0.34 1.2320.29 2.13+0.95 3.50+3.06

W k8128 Bevacizumab group 0.83+0.38 0.47+0.20 0.27+0.03 1.57£0.75 0.73+0.35
EOS/(10%L7)

417K Saline group 0.12+0.04 0.14+0.10 0.18+0.04 0.33+0.15 0.62+0.54

L ERE A Bevacizumab group 0.10£0.05 0.11£0.05 0.03+0.01 0.24+0.11 0.13+0.06

E: WBC, B#fE; RBC, 4fE; NEU, Hiiu4mie; LYM, MEMIE; HGB, MAER; HCT, AHMEER,; EOS, EERME. SFARE
1R, 4P<0.05, 24P<0.01; E—HRES, SHIEHKEEL, "P<0.05,
Note: WBC, White blood cell; RBC, Red blood cell; NEU, Neutrophile cell; LYM, Lymphocyte cell; HGB, Hemoglobin; HCT, Hematocrit;

EOS, Eosinophil. Compared with the first day after surgery, #P<0.05, #% P<0.01; Compared with saline group at the same time point, “P<0.05.
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FA, EBEHKASNEAKBERANKESEGD, VBREKERA4cm-4cm; B, £FEHXKASNEKERANGEODSEME, SHE
RHEINE LB AFD 4 cmx4 cm K13k, DO. D0.08. D2. D5. D7. D9. D11, D14, D17, D21. D24. D28 pRIFEREERKIIBFEAN
BENZ. SB2/NE, LAREE2. 5. 7. 9. 11 140 170 21, 247128 K.,

Note: A, Representative wound pictures in saline group and Bevacizumab group, the resection area of skin was 4 cmx4 cm; B, Wound
healing overlap diagrams in saline group and Bevacizumab group, which the 4 cmx4 cm images of the wound center were obtained at each
superimposed time point. DO, D0.08, D2, D5, D7, D9, D11, D14, D17, D21, D24, and D28 represent minute 2, hour 2, day 2, day 5, day

7, day9, day 11, day 14, day 17, day 21, day 24 and day 28 after full-thickness skin resection, respectively.

B1 REREHHEORSE

Figure 1 The picture of back wound state in cynomolgus monkeys
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i E—E s N B R RAS B IKALE, " P<0.05, "P<0.01, " P<0.001, HH3 IEENRE(n=3),
Note: T-test was used to compare Bevacizumab group with saline group at the same time point, "P<0.05, “"P<0.01, "P<0.001, n=3.
B2 SEREHHORSTL RESEFENRITE

Figure 2 Statistical chart of back wound score and wound healing index in back of cynomolgus monkeys

Er AREBEKEANNEHERNEAGOBERKERFPCO34 RRERUFRE (DAB, x400), EFREFLIERMMAME RN KMABA CD3AH
RENFEEHEFFBEIN, mRA50 um. BAWMAGOBERKARS, COMBEUERANMOERRSEXARNESL (AIHLE
BE) ("P<0.01, n=3), CHARAHERKREDNHNEE

Note: A, CD34 immunohistochemical staining in the wound skin tissues of saline group and Bevacizumab group, showing skin
characteristics of each group under 400x microscope with a scale bar of 50 wm. The arrow in the figure indicates that the CD34 in the
cytoplasm of microvascular endothelial cells is stained with tan or brown particles.B, Comparison of percentage of microvessel area of
CD34 positive expression (showing microvessel density) in the wound healing skin tissues between the two groups (”P<0.01, n=3).C, The

thickness of the thickest part of newborn skin in the two groups.

B3 8ER{GEOBEBMNEKARDCDI4 BRARUIELEMEKEEDH

Figure 3 Immunohistochemical staining of CD34 and skin thickness analysis in the wound healing site of cynomolgus
monkeys
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Animal Model of Human Disease: Pharmacology
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[EE] B MREFPEEFEASWEREXTX (knee osteoarthritis, KOA) XTI BNERARNE. BiE ¥
NICAREBRAA=Z=ARENSNESH. REA., BHFEHAE. BREGFELSE, 8H10R (B2RAFER
WIE). BRIEEAESN, EMSHARIZREBNR HUth ZNANBRXBHTKOAER, EE5EARE, XERMA. B
REFERBENMD A FEMNNMEHRTIRETRIAET, 8RR, 8XFE10h. EELARET2EARE, 44
REBXDRE, TRAAMERIFRA Outerbridge S RFIFNMSHRBIRGER, REHEREBEEXZEMBETUR
RERBETRE. BHUEMRBTERERE, HXAMankin's i BIENMRBETRREE, XAREAHARKNEEE
HEEWRETURSHERRXTRBALFEREEEAB 13 (matrix metalloproteinase- 13, MMP-13) BIZEIX
Bi. ER XTREBRAEMES Outerbridge TFRLER AT, HRMARERLANS D RDMWERL (P<0.05),
BT AR AL ERMANS D RINME B (P<005), HEREBAMABRFTRBH Mankin's T THHES
FMRMORPIERIA (10.82+1.76) . THMENA (6.19+1.23) . EFBEEESAE (2.64:1.18) FIXFEELE (0.28:0.17), &
HEEFEFRITEEN (P<005), RRADUERNAMNSERXTBTREHLR TR MMP-13 RIEHERBBEMEK
IRAHERIE (67.90£13.94) %. SHEELA (37.10:19.16) %. ERMEFHESFH (13.60£3.10) %FIXFEBE (3.20+
239) %, BFEBDEFBERITEEN (P<0.05). &t EREBEFHEAELTEEKOARXTRBIRG, BERSAER
FMMP-13MIRIAKTE, XATEEREETBXTRMEBNHZ—

[XEiE] HRBMEAS; BREXTER,; XTKE; EREEEQE-13
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Repair Effects of Xiaoyusan New Formula on Cartilage Injury and MMP-
13 Expression in Knee Osteoarthritis Model Rabbits

CUI Ruolin’, WANG Qing? YANG Ling?, FENG Wenchang’ LIU Zhiwei', TENG Weiran', MA Bitao', WANG
Leyang', QIN Liping', JIN Lilun'
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Western Medicine Department of Education and Science, Wuhan 430015, China)
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[ABSTRACT] Objective To study the effect of Xiaoyusan new formula on the articular cartilage of knee
osteoarthritis (KOA) rabbits and its mechanism. Methods A total of 42 New Zealand white rabbits aged 6
months were randomly divided into normal group, model group, ointment of Xiaoyusan group, and
ointment of Xiaoyusan new formula group, with 10 rabbits in each group (the other 2 rabbits were used for
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model validation). Except for the normal group, the right knee joints of all rabbits in the other groups were
prepared as KOA models according to the modified Hulth method. After 5 weeks of molding, the rabbits in
ointment of Xiaoyusan group, ointment of Xiaoyusan New Formula group were given corresponding
ointments for knee arthritis treatment, once a day, each time for 10 hours. After 2-week continuous
administration and treatment, the knee joint cartilage of the four groups of rabbits was taken and the
cartilage damage of each group was evaluated by Outerbridge grading method. The pathological changes
of the cartilage, calcified layer and subchondral bone of the knee joint of rabbits in each group were
observed by HE staining method under the light microscope, and the degree of cartilage degeneration was
evaluated by Mankin's method. The expression of matrix metalloproteinase-13 (MMP-13) in the cartilage of
rabbit knee joint in each group was deteced by immunohistochemistry. Results After the general
observation of articular cartilage, the Outerbridge grading showed that the number of high-grade animals
in ointment of Xiaoyusan group was reduced compared with the model group (P<0.05), and the number of
high-grade animals in ointment of Xiaoyusan new formula group was also reduced (P<0.05) compared with
ointment of Xiaoyusan group. HE staining showed that Mankin's scores of articular cartilage in the four
groups ranked from high to low: model group (10.82+1.76), ointment of Xiaoyusan group (6.19+1.23),
ointment of Xiaoyusan new formula group (2.64+1.18) and normal group (0.28+0.17). The difference among
four groups was statistically significant (P<0.05). Immunohistochemical detection showed that the positive
rates of MMP-13 expression in rabbit articular cartilage tissues in each group were (67.90+13.94)% of model
group, (37.10£19.16)% of ointment of Xiaoyusan group, (13.60+3.10)% of ointment of Xiaoyusan new formula
group and (3.20£2.39) % of normal group, ranking from high to low, and the difference among four groups
was statistically significant (P<0.05). Conclusion Xiaoyusan new formula can repair articular cartilage
degeneration in KOA rabbits and decrease the expression of MMP-13 in cartilage, which may be one of the
mechanisms of the treatment.

[Key words] Xiaoyusan new formula; Knee osteoarthritis; Articular cartilage; Matrix metalloproteinase-13
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KRR ENE, HRBEXETNTE, V&, KETER
. WHENENEITH
1.7 HEREBOHXPRBERBEZETN

HUHT S8R E 1R ARFR 73800 10% H HR i H VAR
Hr, FRoRAERARESFIARZS s 24 h 5 HGHEAR ZKHL, fKIR
FHRRE B WO TR K o RHR IR H T4
HNANETEE, RAEBERENERETAET R
MLETIR . RIE3 pme UIRTRATIARG G4 4 141
HI% 5 ~ 10 min, RIRAESRK. 1% ThilR L1 1% 2
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Kibleo DIF BB DHELGSR P A A5 5 ~ 10 min,
e JE R P RN [RIAR S Y TN — 2R T
HRKGZERH , FR R E . 6 AR TSR
AV E RIS N B, IR A Mankin's 75 2
KRS R AL, YRR DLR A s B
TS, DI ARE B . BB S R s
o5y, MMM, W14, HRRARITE,
2y MREAESE, 1135 ARIRIAELE,
4, MEBENRE, 1550, REAREENT,
047; HEIREMZ, 14y, HBIKEREHEA
M, 25y, BEEERED, 1357, BRREER,
oy RERERIR, 13, REFERIR, 2
57, REEERGER, 11357, REEEHEE, 4.
WIZ5EEE, 104y, ZEEL, 14 A TIEA
R L, 253, 4BUAE 53 S ATHIY Mankin's
5.
1.8 ZBHRAENZZEFHXTREHRH MMP-
13%Kix
REHARYVIFETEDTA fiREBEZ i (pH
8.0) 1, TR AEITHURESE, AEETPBS (pH
74) RV VIR 3% SEHEBER, Ein
BEEWEE 25 min, FHEFNIETES SIS, ET PBS
(pH 7.4) HRNBEER. VI FHHS 2B EH S A [
W, FERNIENN3%BSA B[, BREAEERE, £
PIFr Edainte—E e pifd i ) — i TR, THE&mW
4 CIHELR. B ETPBS (pH 7.4) HRNE%E,
RTINS —HUERMIER 5T, =EFEE 20 min,
B ETPBS (pH 7.4) Hh52ahifedk, {EREIMNIREINIDAB
AT e Harris 3 /RAE XS AN 3 min /245,

ERAK. 1% bR 41 BRAK. @Kbt. Rk
IR AAFIVRE ) S EEA I IR AGERH, HR R E:
il o HI 2 WGEE N AE K] R Bl 61> 200 554
NHLEF ., MMP-13 BPHEFRIA 2R e, FHIER A
Fetr PHMEA A S AR S B B ORI &, B
BB R G157
1.9 HE&RITHF

SR SPSS 22.0 B AT 1T 3 A, R EE DA
xts RN o 4 HRIRTTIRE KRG 5T 1 H [\ EL AL
5% FH Kruskal-Wallis H 636, Mankin's #£-43 &z MMP-13
BH 14 40 B %% B 2 (] BB R LRI R 75 Z 3 i, AN
W A EE IR SR FH SNK—¢ 1856 . P < 0.05 NZERH Z 2

B
2 £#R

2.1 SR KOAEEMR

KOA JERF ARG A G s RS MR A S R R i
BIER, (iO@E. oS, ([HEARMST HBHAE
FEREROBRAK, 1SRRI, JF S s ae R o
SETEJE 53 BRI AR S I e 5GP RO = A
HEMBR TSR ERGER, ZIRMET
WEREDCHE, GELER, JooRXE; BT
HRIEREAT:, gy, FHamRn (EA~
B). Z&HEREELFEME TUEEI, RAU4H%
BT B S e B R, B R Z MR |
BRIAFEECE BRI, WIZRAH T, RN B
A, HFFIZEL, AIHE AR IEFH R
R (MR E RZ PR EDE, Ak
5, S, BB seEE (B 1C~D),

E: AREBEARN—NEXT, BHRBEARN—WEXT (EAEN, GRHEM); C~DARBEARN—WBEXTRBARPHELRER

EE (CHEM, DARM; EEAIRKANAI00 wm).

Note: A, a pair of knee joints from a rabbit in normal group; B, a pair of knee joints from a rabbit in model group (the left one is healthy side,

right one is affected side); C-D, the HE staining pathological images of a pair of knee cartilage tissues from a rabbit in the model group (C is

the affected side, D is the healthy side; the scale bar is 100 wm).
1 EEERBEXTRBAUMER HERBER

Figure 1 The results of gross observation and HE staining of rabbit knee cartilage after modeling
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2.2 HRBEFAS AT KOABKE ERBZITFEN (P<0.05); GEFRAMEE, EEK
221 RBEBRXTRERS B AIB IR B0HT 4. 77 45 A% Outerbridge 532 356 2 3% ,

TR BRI RECH A 7 FHZ S, R A Outerbridge ZRYMBERITFEN (P<0.05); SiHFSAML,
T RO RO, e | WSRHO AL LA Outerbridge MR EIE, 25
o SIEFHMEL, HEAIZH ] Outerbridge 73 44K 2% | HEZIFEY (P<0.05),

*1 FRAERXT S Outerbridge 93 %% #1 Mankin's i 43 L

Table 1 Comparison of cartilage Outbridge grade and Mankin's score among different groups

n
Outerbridge 7%k Mankin 543
\g = g =
Gﬁj e AR Outerbridge grade Mankin's score
roup " 0 I I I v BB (I-V) wts
EEA
10 9 1 0 0 0 0 0.30£0.68
Normal group
[ RisLeE] . .
10 0 0 2 5 3 8 10.20+3.12
Model group
HE AN N
. 10 0 3 2 5 0 5% 6.10£2.64*
Xiaoyusan group
EREGRE S A 2 4
HRHEHED 10 0 7 2 1 0 1o 3204169

Xiaoyusan new formula group

E:SIERAMELL, P<0.05; SREAEIALL,*P < 0.05; SHRAEMLL, *P< 0.05,
Note: Compared with normal group, "P < 0.05; compared with model group, *P < 0.05; compared with ointment of Xiaoyusan group, *P <

0.05.

222 MHBXTRBAEADREFZER &, REAPHRE, e ARz ZE,

TR BRSBTS 25, HEREOUEEH AR, X TR, TR R A 2 i
RIEFTTRBALGURIE A, SSRWE 2R, B OUBEREHEAGE, JREASHHENGR, STHEE
HARERELE, KEARERMAR, Mgy R, RS AR R E I, Al
B, WG SORAUCE RN, REMEER  AHIER. IR

E: AREESE, BARXDXFAREA, CHAFREREEFEREATEH, DAFREEEEFHERBIERRTEH. BHREARKN
73100 wmo
Note : A, normal group; B, the model group of knee arthritis by surgery; C, ointment of Xiaoyusan group; D, ointment of Xiaoyusan new

formula group. The scale bar is 100 pm.
B2 SEHRBRXTRBIHEREE

Figure 2 HE staining of rabbits articular cartilage among different groups

K Mankin's PRI EHIMUECE HEUREREEE, &5 bE, TERSEE AN ACET 4 75 41 A0 Mankin's PR E R
KRR R, SIEFEHEME, BAAK Mankin's PF B, ZRHAZHFEX (P<0.05); SIEREEEMH
DRE, ZREHETFEEN (P<0.05); SEAAM M, EREGHETTHR Mankin's TFT NEEHE., £
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REAFIFEN (P<0.05),
223 HMIHIREHELRHF MMP-13FRIX

TEIE BRI BOR 4 75 F 245 5 % i e 1 24k
ARG R 2 4 21 MMP—-13 (9384 T80, 455 s 3
Fimo. SIEHA [ (3.20£2.39) %] FHEL, HEIZH K
MMP-13 [HH:ZIAZ [ (67.90+13.94) %] BHEI &,

ERBEHIFEN (P<0.05); SHEAHMEH, 1K
Bd [ (37.10£19.16) % 1 #9588 H 41 75 A
[ (13.60+3.10) %] A MMP-13 FHt 71k =5 FE(%,
ERWAEZEHTEE (P<0.05); SHpmEEHAER,
TR 20 75 2H 69 MMP-13 [HME 8k 2 K B T
ZEZRAGFEN (P<0.05),

E: ARERSA, BIABXTRFAREA, CHAFRERRLEFHRABATH, DAFRERBEFHBRAHTATRTH RRAFKUEE

(DAB%R®&), EHELHIRA/NH100 pmo

Note : A, normal group; B, the model group of knee arthritis by surgery; C, ointment of Xiaoyusan group; D, ointment of Xiaoyusan new

formula group. Detected by immunohistochemistry with DAB staining, the scale bar is 100 pm.

E3 SHRBRXTBREHRAT MMP-13RIXFER

Figure 3 Comparison of matrix metalloproteinase-13 (MMP-13) expression of rabbits articular cartilage among different

groups

3 Jie

HRTRETPERIETE . (JOERE - BUE)
WO "RIEE R, BHEAE, XIZFEREN
Ko ISNFRMH, NREETT, KfMEHE, <UMEEE,
KA MRPEDRINE, REES. ESAER
FAE AR NAER R, sz SN2 A B SME 5%
N B, BT RN SEZE, S
RE. RIS A IS . BT L EmIUAR, kR E
B RTT REGIET T SR AT . RIS, ThI
IR . BASHEYIAY TR IEARAF A, RAE
AR, AN S 25 DUIRR AR, P4 R R HOTH AR
B, BAREERRE, MR, X
BhRH, BCEILE; AP, EEERE S, 8RR,
PN R PR IR, HONEZS; SRIBEIE X,
EIMFERS, =6, FLEELMAR, BEIE; H)34h
My&in, AL, fERR, Akl 2758
A RPHECE, (EMEaaI R,

BN =Pk rh, BURZAGEIFER . S
LRI, SHEZMELEREEY, BAR
SREGIRBURIER . HEUmIEA rTeE 5/ S X
ZHER, BRI BB B HEE 1 I FE AT
T RIS T RO IR L, R BOR 1), 2R

B U UL, B R 3 Pl R R LR R A
P 2 Sk Sk R I 5 SRR R 4 P B U 5 2k [ i
xR Z BRI EREAN I B TR MEM . AL EZ5 A
HRACRAN B, E BRI N NE R R A . A
2 LA RGP R el TR . XIF RS 1R,
AL BE A R e LT R S A B A i AT 4
TLEBETENE, I SEN R TA LRE S, Ha S5 1Y
FRRLAh B S5 U A P /DN il B R A0 R 1 5 i 2 i A
ST-2, ABEAEIRIEE AL, MR s A s AN
JFRVE R BB U R, ALARREVETT MMPs FIZHZG:
B & A A E A
metalloproteinases, TIMPs) HJFRIE, *f K FE Tk
BRI ER . IR P RBL, FERRE TR,
HARBEYA T NF-kB & IL-13R1K, M2 (R A
EAREAMORIEONED B TR, AR 260 A&
HwiEY, EFEFNSEN RS, BASEEN
. PIREEM . BFEET B NF-«BF 5@k
I B R L, PR TNF-o. IL-1B SFEHY & &,
EATE Wnt-B AR H . PIBK/AKYUNO FRFRSH
B P MHCIIRIE R, I EE R T
BETE, WA AR AT P R
WHES DL, R RIS R R
RE T R Z AR SR PR, 2

(tissue inhibitor of matrix
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FERBYIMEMNR G H R E K EEREEA, biix
G RIS A ISR RO TTACE A
WA VR . BRSO BB, VR AR R
HRTRE AR, SEEE/NREN, mikE]
TRAPRTIHIER

KOA BB BB . 5 4T sz B
TTRRFE, ARBFRHRYEEE E R BAEM BT (National
Institutes of Health, NIH) 2014 4F 10 &1 HI5256509)
PERSPAT R, e R SRR B R SR AT S . 7R
s iR r R, 2% T (hEHREsiE
m) (BB/NAR) HSEEGshsa 2RI s iEs (REn]
BV FIRH) o BT AR SERGZG 5 0 f &1 5/ F il
I, ARG B RN 25 s LSk AR,
HOERRZ RN, SERAIESE " AR
RIEFHTETIE" 7 SR H AR R ISR
BOHT 2 5 X R 4R MMP-13 IR 52NN, £ 548
BB 7T Rl — 2B I A . B RO Rk
AL, BEoesE, DUE A% i
PRATHET 1o

RS E R ER B RE M (chondrocyte) .
JREH (Collagen). EHHEHME (proteoglycan, PG) #
N 2D 5 BRI B LAt B K A 4 T O B T
(extracellular cartilage matrix, ECM) 25 5% H G I 45 20
2, Hrp, ECM B EZ B4 b T IR 5 & H
(Collagen 1 ) FIREHZHE (aggrecan, ACAN), H
SCERFERH, ECM i Collagen Il Fl1ACAN & % 5 W fid 26
i J2: 1 B R TR B BRI BB R R 2 — Y, ECM AR
Collagen [F&fiF £ BB MMPs 17, MMPs & —2H il
PEAR Zn U ER KBS SR, Horf MMP-3, MMP-13
%t Collagen 1 K HoAl ECM AR 73 B 7K i 21 o B A
F 2, JEEESR, MMPs fRHERALH] 2 2ok %
HIOGTE . MMPs EE BN~ SRR AR
BREE. AKX, 55 MMP-13 [%fi# Collagen 11
fEER S, (B L EAEIEFEHLAHRIA X
TRAVEKEH, MMP-13 = m3RIK, R MR R AR AL
JR 5 =4ER e ss i, BJE AR E I AR R B A
FETHEN, 534 Collagen 11 HOREMRANERR B0, SR
RILELA T 2 MMPs IR A Collagen 1T 75 2w it
MMP-13 7 B2 E A P, B2 KOA Ry 2t g,

N T AET o R A ] S S Z5Ia T AL TR AR
2R, ARHTER A SIS SR HE I B 4L T BRI R
SRAMERIAST. fEKOA B RAE. RiRIES, HER

LR EENRM, KR HE a5 RS
FIBR AT B PGS M E B 51k KOA B
J& HE Gt 25 RRIE, RO HCE R 1H I MRS
HEUMMSHERTR, HERTERTE, HEAHK
TIEEHINEA AT LA B SIS KOA
AR, G2 B RIMNREA TG, IEREBUIE
TEECHT A T I AGE 7RSS TTE I HE JefasRBl, &
HFRZGMNEON KOA B B &7 R it FRETEHL
H SR ECT A T IR TT IR R T B R R
THIRECHT A 751677 KOA BB ISR I A FIH
B, R DL AT DUHEMH 2 T PRI EOE S AT BT R
BHN, LT T MMP-13 3k ACEAE G YaTT
B — N PEMFERR, MMP-13 7K P % AT B4 S Ak
MR AR . ZARBFFR T, MMP-13 ()5 5 21 2k 46
MZER TR, B RRTTRE A2 MMP-13 52
HRTA, SEmANEIRTE, MMP-13 KRB,
FLEEECHT A 77 B IH Z.0GE KOA B BR A, sfE
JERFTERAL

5 LRTR, TERECHTAE 7T BE T TLGE KOA BiAYE)
YIRS T AR B BRI, BRI T IE . %45
RADNH— P IR SR G LS . Hoh, TEREHT A
7 BERRR T B AL R MMP-13 B3R K, X A]
BE 2 HIGTT KOA BIERILE Z —,

[E (¢ I 7 BE Medical Ethics Statement]

ZMREROMELEMNNIIEBE LBRBRFEF R
BHREEREFCEZISNCEFEME (No. XHEC-F-
2022-061) , Fr B LW I 721918 B E LI sh ¥ 48 KX BEM
FOIZRHITO

All animal experiments involved in this study have been
approved by the Ethics Committee of Xinhua Hospital
affiliated to Shanghai Jiao Tong University, School of
Medicine (Approval Letter No. XHEC-F-2022-061). All
experiment procedures were performed in accordance
with the requirements of laws and regulations in China
related to experimental animals, including Animal
Management Regulations (01/03/2017), Laboratory Animal:
Guideline for Ethical Review of Animal Welfare (GB/T 35892-
2018), and so on.
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Taurine Has no Protective Effect on Rat Corneal Endothelial Cells
Injured by Benzalkonium Chloride
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[ABSTRACT] Objective To observe the protective effect of 2% taurine on corneal endothelial cells injured
by benzalkonium chloride in rats. Methods Six piece of corneal endodermis and elastic layer tissue slices
were prepared from 6 eyes of 3 SPF SD rats and randomly divided into three groups. The corneal
endothelial cells of rats were cultured by tissue block culture for 1 day, then the control group cells were
added with 2% taurine solution, while the experimental group cells were added with 2% taurine solution and
0.01% or 0.03% benzalkonium chloride solution. After 1, 2, 4, 5, 6 and 8 days of continuous culture, the
growth of corneal endothelial cells in each group was observed under an inverted microscope, and the
morphology of endothelial cells was observed under an optical microscope after Wright staining.
Results Treated with 0.01% benzalkonium chloride and 2% taurine for 1 day, polygonal endothelial cells
appeared on the edge of corneal tissue mass, and the cells were transparent. After 2 days, the number of
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polygonal cells increased, and there was no fusion growth between cells. After 3 days, the number of
polygonal cells decreased and no mitotic signs were observed in endothelial cells. After 4 days, the
endothelial nuclei were deeply stained and polygonal cells were rare. After 5 days, the number of
endothelial cells decreased, and cell body shrinkage and death occurred. In the experimental group treated
with 0.03% benzalammonium chloride and 2% taurine for 1 day, no endothelial cell growth was observed
and the cells were sparsely-scattered. In control group, polygonal endothelial cells and a few endothelium-
like polygon cells appeared at the edge of tissue blocks after 1 day. After 3 days, the number of polygonal
cells at the edge of tissue blocks increased, and there was a phenomenon of gradual fusion growth. After 5
days, the number of endothelial cells increased, and the cells were mostly hexagonal. After 8 days, the
endothelial cells formed large sheets, the cell bodies were hexagonal or round, and the nuclei were divided.
The growth of corneal endothelial cells in the left and right eyes was uniform, and there was no significant
difference in the morphology of the left and right eye endothelial cells in the 0.01% and 0.03%
benzalammonium chloride treatment groups and the control group. Conclusion 2% taurine had no

Feb. 2023, 43(1)

protective effect on corneal endothelial cells injured by benzalammonium chloride.
[Key words] Taurine; Benzalkonium chloride; Corneal endothelial cells; Tissue culture; SD rats
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Note: A-C, corneal endothelial cells of experimental group 1 treated with 2% taurine + 0.01% benzalkonium chloride: A showed on the
second day of culture, the number of polygonal cells increased, while there was no fusion growth between cells; B showed on the 4th day of
culture, polygonal cells pycnosis, the number of polygonal cells and corneal endothelial cells were rare; C showed after on the 5th day of
culture, the number of endothelial cells decreased, and cell body shrinkage and death occurred; D, corneal endothelial cells of experimental
group 2 treated with 2% taurine + 0.03% benzalkonium chloride, after cultured 1 day, no endothelial cell growth was observed. E-G, corneal
endothelial cells of control group treated with 2% taurine: E showed that on the second day of culture, a large number of polygonal cells
appeared, and there was cell aggregation and growth; F showed that on the 4th day of culture, a large number of polygonal cells and
endothelial cells were observed, the cell body was regular and mostly hexagonal, and the endothelial cells were lamellar; G showed that on

the 5th day of culture, the nuclear chromatin was heavily stained and the mitotic phase was observed.
B XERMAERARMEEFERERMMBAZS (Wright &, x40)
Figure 1 Growth and morphology of rat corneal endothelial cells (Wright staining, x40)
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[ABSTRACT] Objective To measure and analyze biological characteristics and aging phenotype of SHJH"
mice and provide basic data for the application of the mouse model in aging mechanisms research and
antiaging drug development. Methods With ICR mice of the same age as control group, the body mass
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growth data of SHJH™ mice at the age of 3 to 16 weeks, the reproduction ability of 1to 4 fetuses and the life
cycle of SHJH™ mice were measured. Blood routine (30 items) and serum biochemical indexes (25
items) of 6-week-old SHJH™ mice were measured. The venous blood of 8-week-old SHJH" mice was
collected for flow cytometry analysis to determine the content of immune cells. The aging bone structure
of the cancellous bone and bone mineral density of SHJH" mice aged 4, 8 and 26 weeks were
measured by micro-CT. Histopathological changes of bone and joint of 8-week-old mice were observed.
Results Compared with ICR mice, the female and male body mass of SHJH™ mice were significantly lower
at the age of 16 weeks (P < 0.05), and the reproductive performance of female mice was low (P < 0.01) or did
not have normal reproductive capacity. The shortest survival time of SHJH™ mice was 57 weeks and the
longest was 71 weeks, which was shorter than those of normal ICR mice, showing obvious rapid aging
phenomenon. At the same time, some physiological and biochemical indexes of blood and pathological
changes of bone and cartilage tissues also showed the accelerated aging and abnormality of animal

physiological functions. Conclusion

SHJH™ mice have some biological characteristics of rapid aging as

well as some physiological and pathological changes caused by aging.

[Key words] Spontaneous rapid aging; Bio-characteristics; Aging phenotype; SHJH" mice
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Figure 1 Body mass growth curves (A) and survival rates (B) of SHJH" mice
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Table 1 Comparison of body mass changes between SHJH™ mice and ICR mice during growth

RE SHIH 5, ICRIER SHIH" RS, ICRUER
ltem Male SHJH Male ICR Female SHJH™ Female ICR
SRRFIRIAMER/ 11.18+1.81 12.83+1.67 11.08+1.12 12.61£1.05
Average body mass of 3 weeks old/g
SREFRIRER 28.712.43" 31.24+2.37 24.09+1.15 26.08+1.23
Average body wmass of 6 weeks old /g
16 RRFEARE /g 39.02+2.85" 43.06+3.31 31.01£2.97° 34.67+3.08
Average body mass of 16 weeks old/g
FSEERMERICR/G i, P<0.05; =300
Note: Compared with ICR mice at the same stage, "P<0.05; n = 30.
%2 SHIH"INR 1~ 4BRIE S tEaE
Table 2 Reproductive performance of 1to 4 fetuses of SHJH" mice
e XEAEE %15 B8 %30 Ey
[tem Mating type 1st born 2nd born 3rd born 4th born
BEFH/R SFER4E (ICR) 15.7+2.4 17.2+1.7 16.8+2.1 15.9+1.9
Litter size, n hrihr & x+/hr? 16.6+1.9 16.3£2.6 15.8+1.8 16.5£2.2
+/hr& <hr/hr? 14.1£2.1 10.9+1.9° 8.8+2.9" 6.1£2.7"
hr/hr & xhr/hr? 13.6£2.4 11.5+2.3" 8.2+3.1 7.1£2.8"
S STERLA (ICR) 23.4£3.2 28.3:2.7 29.7+2.7 32.2+4.2
Fetal interval/d hr/hr & x+/hrQ 22.9+2.8 30.2+3.1 28.54.2 30.9+3.8
+/hréxhr/hr? 24.5+3.6 42657 61.1+7.2" 82.8435.2"
hr/hr & xhr/hr? 23.8+3.3 442461 68.2+12.3" 87.4+29.9”
BIRER XJEELH (ICR) 93.4(9.34/10) 96.3 (9.63/10) 96.7 (9.67/10) 94.9 (9.49/10)
Survival rate of weaning/% hrlhr & x+/hr? 94.2 (9.42/10) 95.6 (9.56/10) 94.8 (9.48/10) 95.1(9.51/10)
+/hréxhr/hr@ 52.9 (5.29/10)" 412 (4.12/10)" 32.1(3.21/10)” 11.4 (114/10)”
hr/hr & xhr/hr? 51.4 (5.14/10)" 427 (4.27/10)" 28.2 (2.82/10)" 7(0.87/10)"

iF 5ICRAR BB, "P<0.05 ;n=10, &R, 20,
Note: Compared with ICR mice, "P<0.05; n =10. male, @ female.

J& [ (443.1+20.5) d], WM SHIHY /NGRS AE A2 RS
KFErE, HERTGIT R (P>0.05),
2.4 SHIH"™MERIIMKEEBINEWL
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Table 3 Hematological indexes of SHJH" mice (6 weeks old)

b= SHIH™ 5, ICR 78, SHIH R, ICR I &,

Item Male SHJH Male ICR Female SHJH™ Female ICR
WBC /(10%L™) 4.88+1.85 5.80+0.81 5.98+2.64 4.69+1.00
RBC/(10™L7) 8.44+0.62 7.78+0.43 8.67+0.61 7.60+0.16
HGB p/(g:L™) 139.2+6.84 125.5+10.34 147.0+8.29 122.25+1.71
HCT/% 47.64+0.85 41.43+3.20 49.06+1.62 40.33+0.83
MCV/fL 56.68+3.68 53.23+1.37 56.90+4.91 53.08+0.92
MCH m/pg 16.54+0.50 16.12+0.63 16.98+0.51 16.10£0.49
MCHC p/(g-L™) 292.10£12.77 303.10+4.55 299.90+20.78 303.25+9.54
PLT/(10%L™) 1644.30+131.48 1526.50+199.58 1449.60+144.21 1360.75+81.71
RDW-SD/fL 31.59+2.34 31.67+2.29 32.38+2.03 38.70+£2.80
RDW-CV/% 16.86+1.32 17.90+1.72 17.71£1.67 21.51+1.03
PDW/fL 7.18+0.26 7.18+0.32 7.24+0.35 7.20+£0.37
MPV/fL 6.91:0.17 7.00+0.24 6.95+0.17 7.11£0.18
P-LCR/% 5.30+£0.87 5.80+1.42 5.85+0.87 6.82+0.68
PCT/% 1.14+0.11 1.07+0.11 1.01£0.10 0.97+0.06
NEUT/(10%L™) 1.39+0.46 0.97+0.14 2.26+0.87 1.09+0.22
LYMPH/(10%L™) 3.38+1.43 4.72+0.71 5.40£2.79 3.50+0.85
MONO/(10%L™) 0.03+0.02 0.03£0.01 0.03£0.03 0.01£0.01
EOQ/(10%L™) 0.08+0.04 0.08+0.04 0.28+0.29 0.08+0.03
BASO/(10%L™) 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
NEUT/% 29.01£4.43 16.65+1.64 29.68+8.27 23.75+4.65
LYMPH/% 68.66+4.81 81.25+2.19 66.56+7.93 74.18+4.42
MONO/% 0.52+0.30 0.58+0.17 0.41£0.37 0.33+£0.10
EO/% 1.81+0.78 1.42+0.66 3.28+2.08 1.63+0.53
BASO/% 0.00+0.00 0.10+0.10 0.07+0.04 0.13+0.15
RET/(10%L7) 584.44+157.99 977.67+140.83" 662.89+190.72 1562.98+174.91
RET/% 7.05+2.28 12.57+1.73" 7.78+2.62 20.59+2.59™
LFR/% 52.63+3.37 51.48+3.75 50.66+2.35 44.86+2.94
MFR/% 16.46+1.19 15.03+£2.05 15.20£1.40 14.68+0.32
HFR/% 30.91£3.37 33.50+5.41 34.14+2.78 40.45+3.11
IRF/% 47.37+3.37 4853+3.75 49.34+2.35 55.13+2.94

E: SRIRAYICRNE L, "P < 0.05,P<0.01 ; n=10, WBC, F40k;RBC, £L4RfE; HGB, ML E [ ; HCT, A FEEFR; MCV, L A FHER;
MCH, FHIMIEHE ; MCHC, FH MO ERRE ; PLT, M/ ; RDW-SD, I M 5 = EinEZE ; ROW-CV, T Ao Hh e ELX ZEHH; PDW,
MNRIATR D B R ; MPV, EIgM/NRATR ; P-LCR, ABYM/NRELES; PCT, /MR EFR ; NEUT, SR #4888 ; LYMPH iR 408 ; MONO , B2 1248
f8; EO, IBER MR8 ; BASO, BRI M 4HAE ; RET, MIRLLARAE ; LFRIK D (b MRLLHBIE ; MFR, R 3 (L MERLLHRAE ; HFR, B D (MR LIRS ; IRF, R B
AR DR

Note: Compared with ICR mice, "P<0.05, "P<0.01; n = 10. WBC, white blood cells; RBC, red blood cells; HGB, hemoglobin; HCT,
hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration; PLT, platelet count; RDW-SD, red cell volume distribution width-standard deviation; RDW-CV, red cell volume distribution
width-variation coefficient; PDW, platelet volume distribution width; MPV, mean platelet volume; P-LCR, platelet-large cell rate; PCT,
plateletcrit; NEUT, neutrophlicgranulocyte; LYMPH, lymphocyte; MONO, monocytes; EO, eosinophil; BASO, basophilie cell; RET,
reticulocyte; LFR, low differentiation reticulocyte; MFR, middle differentiation reticulocyte; HFR, high differentiation reticulocyte; IRF,
immature reticulocyte.

2.7 B[ERERRISHIH"NEIMR FEH%E. 9~ 11 MHRNEKR EHHEZ, BEA
SHIH"/INEBREELLG , RZREMEEE R B (&]5), . 11 ARIETFIRMEEIET., REANRKAGWE] 71 JE
RIWAEE. RRECERIAE, REOFESTTRE KR, mfTFESFEEFETER ICR/NSHZ,
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Table 4 Serum biochemical indexes of SHIJH" mice (6 weeks old)

IH Item SHJH & ICR& SHJH™Q ICR®?
GPT z/(U-L") 42.63+7.25 34.53+7.97 40.70+9.36 35.30:4.27
GOT z/(U-L™) 135.74+51.87 110.95£32.88 154.69+34.67 109.73£25.97
TP p//(g:L7) 52.82+1.70 47.48+3.21 52.49+3.35 42.64+1.74
ALB p//(gL") 30.30+1.00 28.20+1.85 31.60:2.30 26.21:0.82
GLOB p//(gL™) 22.53:0.97 19.29£1.38 20.89£1.93 16.4410.95
A/G 1.34+0.05 1.46+0.02 1.52+0.15 1.59£0.05
TBIL ¢/(pmol-L™) 0.98+0.33 1.07+0.40 0.47+0.18" 1.05:£0.24
ALP z/(U-L™) 188.18+36.13 199.25+50.96 217.22+48.40 191.63+23.97
GLU ¢/(mmol-L™) 6.62:0.64 6.98+1.35 5.49:0.74 6.45:0.52
Urea ¢/(mmol-L7) 9.38+1.57* 6.36+0.52 9.27+1.16" 6.24+0.61
Crea c/(umol-L") 11.39+0.96 11.25+1.89 13.77£1.40 13.12+0.90
UA c/(umol-L™) 129.08+21.23 91.65:4.14 112.01£18.22 91.30+5.86
Cac/(mmol-L™") 2.42+0.07 2.59+0.08 2.38+0.05 2.55+0.07
P c/(mmol-L™) 2.84+0.35 3.76+0.25 3.43:0.22 3.78+0.22
CHOI ¢/(mmol-L™) 3.55+0.37 3.15:0.48 1.96+0.33 1.98+0.23
TG c/(mmol-L™) 2.22+0.70* 1.34£0.34 1.59:0.37* 0.85+0.31
HDL-C/(mmol-L™) 2.11+0.19 2.48+0.40 1.35:£0.24 1.54£0.19
LDL-C/(mmol-L™) 0.23+0.03 0.40+0.04 0.18+0.03 0.27+0.05
CKz/(U-L™) 2780.68+1965.23 1838.40+859.10 2530.90£897.23 1906.9£846.35
LDH z/(U-L™) 1063.48+155.12 811.95+208.50 930.97+132.80 610.02+177.99
K c/(mmol-L™) 6.56:0.38 6.50:0.42 5.97+0.35 5.87:0.23
Na c¢/(mmol-L™) 168.35+2.34 162.78+3.02 167.10£1.97 159.53+1.41
Cl ¢/(mmol-L™) 116.08+3.16 109.47+1.14 118.26+1.72 109.52+0.87
CHE z/(U-L") 7596.10+1065.80 6 658.75+172.88 9730.10+1555.38 5431.25+1050.21
NEFA c/(mmol-L™) 1.42+0.24" 0.94+0.15 1.11£0.16™ 0.60£0.17

F SRR ICR/NRELE, " P<0.05, " P<0.01;n=10, GPT, B4 (BDALT) ;GOT, AEZRE (AIAST); T

REQRALB, HEH;

GLOB,EER;A/G, BEBXERLL; TBIL, BB R ALP, I 4 BEER RS ; GLU, B &1 ; Urea, [RE & ; Crea, JLAT; UA, ﬁéﬁa Ca,f5;P,#%;CHOL,
SPEEE; TG, =Bt H#; HDL-C, 8% EEER; LDL-C, (REEEER ; CK, LB MES; LDH, 2LERIR SES ; K, 18 ; Na, #4; Cl, & ; CHE, M5 A8 3 Be

f§; NEFA, 5 BERRER

Note: Compared with ICR mice of the same sex, "P<0.05, "P<0.01; n = 10. GPT, glutamic-pyruvic transaminase (also named as ALT) ;
GOT, glutamic-oxaloacetic transaminase (also named as ALT); TP, total protein; ALB, albumin; GLOB, globulin. A/G, albumin/ globulin;
TBIL, total bilirubin; ALP, alkaline phosphatase; GLU, glucose; Urea, urea nitrogen; Crea, creatinine; UA, uric acid; Ca, calcium; P,
phosphorus; CHOL, cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein; CK, creatine kinase;
LDH, lactate dehydrogenase; K, potassium; Na, sodium; Cl, chloride; CHE, serum cholinesterase; NEFA, free fatty acid.
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B2 SHIH"/INER (8 AR ) M BRI ST

Figure 2 Analysis of lymphocyte subsets in SHJH" mice (8 weeks old)

i ARREEFER/NERBERRSE (BV/TV); BATRFRNENEEE (BMD),
Note: A, the bone volume fraction (BV/TV) of SHJH™ mice at different ages; B, the bone mineral density (BMD) of SHJH" mice at

different ages.
3 FRAERH SHIHM MR BEETWL
Figure 3 Changes of bone in SHJH" mice of different ages
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T ABREM AR SHIH NRBERIREE (<20%), BERRNREBMMEY X (21% ~40%); BAEME8EHR SHIH NBXTEBHBE
#E (<20%); CHlft 8@ SHIH NEBERRNIRSMIEI L ( >40%); DA SENR SHIH NEXTERBEBEEE (<20%). EF
FR8ER MM ICRNRNBEXBRIBERIENE; GHHASEREL ICRIRNEBEXTARNEERENT. EFLLEIRXND250 pmo
Note: A, the thinness of bone growth plate (<20%) and the mineralization of chondrocytes in bone growth plate (21%-40%) in 8-week-old
male SHJH™ mice; B, local synovial thickening of joint capsule ( <20%) in 8-week-old male SHJH™ mice; C, the mineralization of
chondrocytes in bone growth plate (> 40%) in 8-week-old female SHJH" mice; D, local synovial thickening of joint capsule (<20%) in 8-
week-old female SHJH™ mice. E-F showed no abnormal pathological changes of bones and joints in 8-week-old male ICR mice; G-H showed
no abnormal pathological changes of bones and joints in 8-week-old female ICR mice. The scale size is 250 pm.

El 4 8F# SHIH"/ME(A-D)FIICR/MR (E-H) B 5 X T HRETHL(HERE)

Figure 4 Pathological changes of bone and joint in 8-week-old SHJH" mice (A-D) and ICR mice (E-H) (HE staining)

i A~-D#BU7920. 280. 3607%1400 H#&/NER o

Note:A-D are 20, 280 , 360 and 400 days old mice, respectively.
5 RREB# SHIH"/INERRISMREE F

Figure 5 Photos of SHJH™ mice at different ages

W BY SR IEREG ICR/NRL, SHIEY /N i) e e
S, O SRS, KA RET A
HORHLET A FO AT 1CRANEURE
AR TS LT, 8 FISSHIY /)
FLAOT. BRINK 4100 B I, SRRt ,

Flurkey &5 051 Lerner 2 U6 F1Miller 28 7 300N, MEFEL
e R R A RRIAId Tz (BOE0E) TitkE
bR, BT AR EN 2
—o XS EEIRAESCH TAIML G AE, AT 4HHa i
NTERRIER G IR, BN EE, RASFETHNR
REMMRRIR L, L, FEARREFFEHRANRZ/ N R 8
L #7% J 1 o g J i B B bk R BN A A AR Ak, AR
NI AR B

AR P EIEFEENESR TR, SHIH"/NRTES
s GE2 %) BT E R E s ERE,
ik [18] HHIARRISAM/NEREER, BV/TVAIBMD [ &%
R, MIEFE/NR (ICR/NR) 72568k GE13H
) JEAEHI . MRIEHAFIEREE R, SHIH /NR
Al REFAAEES B S AR 5

g5 b KBRS BB I E A A3 A 45 SRR
SHIH"/NRRFEAER. KB BHE KA IR F4E R b
#mN AR, BB A AR A 75 1 H B
TR, Ligs P R SHIH /NRBEF T RUR AR S
REA AR A, B/NRERI &SRR SR
FURIM T, 4 5 &0 BRAR D 6E TR HH B AR AT TSH 7K
S, 9 HERHES TSHATH IR E AKF R E /&, f2m
SHIH" /NERAELMMEE . ARSTSE 75 T BRI R
fEo JEEEAIR B AR R 2/ N RO . FEE .



52 LIS S L E S Laboratory Animal and Comparative Medicine

Feb. 2023, 43(1)

N =77 T R A MERRERE o, DI
/NS T R S (3 B 25 B At A o

[EZ{CE AP Medical Ethics Statement]
AAREROABENYLRIESEE LIERIEXEEZRRH
EENWNARERIHRMYWCEZRSPEEAE (No
SHOH-2021-A881-SB) . FELIIII2IE R+ ELI 118
KIEBEMSOIZR AT,

All animal experiments involved in this study have been
approved by Experimental Animal Ethics Committee of the
Ninth People's Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine (Approval Letter No. SH9H-
2021-A881-SB). All experiments were carried out in
accordance with China's laws and regulations on
experimental animals.

[{E& =it Author Contribution]

BES WERHHARHESITRICIES;

EPE WERHHARROMERTESEXERESIT,

FEE WEARHAEEEXTEEEXERENIRS

DT
ik FWERHHAREBSXTEEHAXFENILIRIT
55

BME: AR MR EREWLI;

B FAENEBTEDNE;

F S REIMFREERNE;
ARDNEERNE;

PRIEE: AR RRAE DN,

& T AREELERIT AR RNE XA FEZIEX

[#I#575 B Declaration of Interest]
FrBEENEBRAN A EENZ PR

[&# 32k References]

[ AUSTAD S N. Diverse aging rates in metazoans: targets for
functional genomics[J]. Mech Ageing Dev, 2005, 126(1):43-49.
DOI:10.1016/j.mad.2004.09.022.

[2]  MARTIN G M. Genetic modulation of senescent phenotypes
in Homo sapiens[J]. Cell, 2005, 120(4):523-532. DOI:10.1016/].
cell.2005.01.031.

[3] LIYC,GAO JF, GUANY L,et al. Novel rhino-like SHJH"™ mice
with thyroid dysfunction[J]. Zoological Research, 2021, 42(6):
734-738. DOI: 10.24272/].issn.2095-8137.2021.211

[4 LEE Y T, LIN HY, CHAN Y W F, et al. Mouse models of
atherosclerosis: a historical perspective and recent advances
[J]. Lipids Health Dis, 2017, 16(1):12. DOI:10.1186/s12944-016-
0402-5.

[5] TAKEDA T. Senescence-accelerated mouse (SAM) with
special references to neurodegeneration models, SAMPS8
and SAMP10 mice[J]. Neurochem Res, 2009, 34(4): 639-659.
DOI:10.1007/s11064-009-9922-y.

[6] YUAN R, TSAIH S W, PETKOVA S B, et al. Aging in inbred
strains of mice: study design and interim report on median
lifespans and circulating IGF; levels[J]. Aging Cell, 2009, 8(3):
277-287. DOI:10.1111/j.1474-9726.2009.00478 x.

[71  MORITA D, HIGUCHI'Y, MAKIDA K, et al. Effects of ultraviolet
irradiation with a LED device on bone metabolism associated
with vitamin D deficiency in senescence-accelerated mouse

S i

%
% I

Z

P6[J]. Heliyon, 2020, 6(2): e03499. DOI:10.1016/j. heliyon. 2020.
e03499.

[8] HASTY P, VIUG J. Accelerating aging by mouse reverse
genetics: a rational approach to understanding longevity[J].
Aging Cell, 2004, 3(2): 55-65. DOI: 10.1111/j. 1474-9728. 2004.
00082.x.

[9] TAYLOR P N, ALBRECHT D, SCHOLZ A, et al. Global
epidemiology of hyperthyroidism and hypothyroidism[J]. Nat
Rev Endocrinol, 2018, 14(5): 301-316. DOI: 10.1038/nrendo.
2018.18.

[10] =M% &R AR £ RELE/NREERILIRINEME
[J]. #BIN K 2 24 (BE ZhR), 2003, 38(2):198-199. DOI:10.13705/j.
issn.1671-6825.2003.02.020.

LIHT, DU CY, WANG C Y, et al. Study on procreation and
mammary gland of Yuyi hairless mice[J]. J Henan Med Univ
(Med Sci), 2003, 38(2):198-199. DOI:10.13705/].issn.1671-6825.

2003.02.020.
(1] ME¥RE, EPURE, AE, . LEREFM]. A% BRERFRAE
hi#t, 2003.

SHI' X, WANG S, GU W, et al. Comparative medicine[M]. Xi'an:
Shaanxi Science And Technology Press, 2003.

[12] GOODRICK C L. Body weight increment and length of life:
the effect of genetic constitution and dietary protein[J]. J
Gerontol, 1978, 33(2):184-190. DOI:10.1093/geronj/33.2.184.

[13] FLURKEY K, MCURRER J, HARRISON D. Mouse models in
aging research[M]//The mouse in biomedical research.
Amsterdam: Elsevier, 2007: 637-672. DOI: 10.1016/b978-
012369454-6/50074-1.

[14] #&RK =S 225 5. BRELENBSHUWRI]. KB X
FER(EFR), 2003, 38(2):196-198. DOI:10.13705/j.issn.1671-
6825.2003.02.019.

DUCY, LIHT, ZHANG J T, et al. Investigation on life span of
Yuyi hairless mice[J]. J Henan Med Univ (Med Sci), 2003, 38(2):
196-198. DOI:10.13705/j.issn.1671-6825.2003.02.019.

[15] FLURKEY K, STADECKER M, MILLER R A. Memory T
lymphocyte hyporesponsiveness to non-cognate stimuli: a
key factor in age-related immunodeficiency[J]. Eur J
Immunol, 1992, 22(4):931-935. DOI:10.1002/€ji.1830220408.

[16] LERNER A, YAMADA T, MILLER R A. Pgp-1hi T lymphocytes
accumulate with age in mice and respond poorly to
concanavalin A[J]. Eur J Immunol, 1989, 19(6): 977-982. DOI:
10.1002/€ji.1830190604.

[171 MILLER R A. Immune system [M]. //MASORO EJ. Handbook
of physiology, New York: Oxford University Press, 1995:
555-590.

18] KIM Y H, PARK M, CHO K A, et al. Tonsil-derived
mesenchymal stem cells promote bone mineralization and
reduce marrow and visceral adiposity in a mouse model of
senile osteoporosis[J]. Stem Cells Dev, 2016, 25(15):1161-1171.
DOI:10.1089/scd.2016.0063.

(I fs EHHA:2022-05-23 &2l H#A:2022-09-21)
(AN GRIE KERE B8, TFE, BF)

[BIAFX]

BES B8R TEE £ SHIH\RBLENZEREEEE
MNESDIU. LRHPELLRES, 2023, 43(1):44-52. DOL:
10.12300/j.issn.1674-5817.2022.069.

TANG H Q, CHANG S F, YU Z F, et al. Investigation on biological
characteristics and aging phenotype of SHJH™ mice[J]. Lab Anim
Comp Med, 2023, 43(1): 44-52. DOI: 10.12300/j. issn. 1674-5817.
2022.069.



Feb. 2023, 43(1) LIS RIS L E S Laboratory Animal and Comparative Medicine 53

DOI:10.12300/j.issn.1674-5817.2022.103 - LR MEIRFRSTIA -

Development and Utilization of Laboratory Animal Resources

SPF kel SD K B Il 5 Gl A R GiAd EE e 0 e

‘i’LlF glﬁ Ju *ﬁl’zy %iﬁl’ Zjﬁ}%ﬁly jtlji—_]:{%l) ﬂgl}?ij:zy '?%%’9?%3
1L HEZXLERFEFAFFELT LNLRE, B H AR 830000, 2. HE R KZHMESFR, 58 KRF
830052; 3. #iE % Hokk 5 Be AL M BORBF 0BT, B B K5+ 830000)

EE] BN FRSEENFESARSFTSPFRIEESDAREIZSEHEMENEEE. Bk WE30RSPFE
HEMSDRRWEBREGEASY, ERNASYTMAE R DNAFHITPCRY &, R llumina NovaSeq UFEF&
SIHEANFMEE16S rRNABIV3-VAR B TIIF. RAEEFEIHEL]. BXKELDITBERBENDMELNINEE,
REQIMERME (Fi8F) o IESITERNERREENSHEMERES, BTN Tax4Fun RN E K &5
HENABEREEBK, FR TIKEL, BESDARLEANENKBEBEFTEZEEE]] (Firmicutes)
MMZEI] (Actinobacteria), GLbiBid98%; EFNMEMMBREEFTELREEER] (Firmicutes) FPFE]
(Bacteroidetes), GtbiEid 95%. EE/KF L, BIBUAERTEE (Lactobacillus) 1S EE (Alistipes) BE
BERBEE, ESBUABRTEE (Lactobacillus) RBBHRERE (Romboutsia) RNILEEREE. TRESHEMES
H, ZHEENSHEMHERESEERY (Chaolis#) RESHFMIEH (FREH Shannonindex) BEESTE
B (P<001), HEHYHNEREMNZESUHLWREEG /N, OFEEENESEEENTERERHE]
(Firmicutes) . BB EJE (Romboutsia) FiEHEEKE Rl (Peptostreptococcaceae), MEHHEEENESR
MEEZNZITFE] (Bacteroidetes). #AFEN (Bacteroidia) FIMFEE (Bacteroidales). EHEEFINRESH,
CFEHABREREEEETREVRE. SWAE. Bzh. £YERBRSER, MEBRHERBREREEEET
HRBEEMESHRAE . 20, BRFMEEEREGEYNEY SR EEBIE. &6 SPFRIEMESDXKRE
BEEFRMTENSFELFAREEEZR, SHAMNEEERSHEESTER.
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Analysis on Ileum and Colon Microflora of SPF Male SD Rats based on
High-throughput Sequencing

XU Qin', NI Yan'?, SHI Wenhui', LI Jianying', LIU Jiangwei', ZHAO Honggiong?, XU Xinming®

(1. General Hospital of Xinjiang Military Districts, Key Laboratory of Special Environmental Medicines of Xinjiang,
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3. Biotechnology Research Institute of Xinjiang Animal Husbandry Sciences Academy, Urumgi 830000, China)
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[ABSTRACT] Objective To analyze the microflora structure and abundance of ileum and colon of SPF
male SD rats by high-throughput sequencing technique. Methods The ileal and colonic lumen contents
of 30 SPF male SD rats were collected, the total bacterial DNA in the contents was extracted and amplified
by PCR. The V3-V4 region of bacterial 16S rRNA in the samples was sequenced using Illlumina NovaSeq
sequencing platform. Then the species structure and abundance of the intestinal flora were analyzed at the
phylum and genus level based on validated data. The diversity and differences between ileal and colonic
flora were analyzed using the QIIME software (amplicon) analysis tool. The Tax4Fun program was applied to
predict the dominant gene enrichment pathways of ileal and colonic flora. Results At the phylum level,
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the dominant microflora in the ileum of male SD rats were Firmicutes and Actinobacteria, accounting for
more than 98%. The dominant colonic microbial community were mainly Firmicutes and Bacteroidetes,
accounting for more than 95%. At the genus level, Lactobacillus and Alistipes were the predominant
bacteria in the ileum. The colon was dominated by Lactobacillus and Romboutsia. In terms of flora diversity,
the alpha diversity of colonic flora including richness index (Chaol index) and diversity index (Shannon
index) were significantly higher than those of ileum (P < 0.01), and the structural variability of the
composition of its flora species was smaller than that of ileum; the ileal flora with significant structural
variability were mainly of the phylum Firmicutes, Romboutsia, Peptostreptococcaceae, while the colonic
flora had significant structural differences in Bacteroidales. In terms of flora function, the ileal flora dominant
genes were significantly enriched in lipid-like metabolism, polyketide metabolism, membrane transport,
biodegradation and other pathways, while the colonic flora dominant genes were significantly enriched in
glycan biosynthesis metabolism, energy metabolism, biosynthesis of cofactor and vitamins and other
products, and other pathways. Conclusion There are significant differences in structure and abundance
between the ileal and colonic flora of SPF male SD rats, and the abundance and diversity of colonic flora

Feb. 2023, 43(1)

are higher than those of ileal flora.

[Key words] Intestinal microflora; Bacteria abundance; lleum; Colon; SD rats
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2 F] R 4547 (linear discriminant analysis, LDA) F
570 BRI, LA TaxdFun 72 F00 (A1 7 K 45 7 B
AR E R ER, DAIAEH6E

2 £#§

21 KEBER. SHNEVSBIER
211 EFOTUFEE R
2o BN e K BHE AL EE, 60 RS HAT 2] 26 403

FERESE . PL97% H—E T OTU RS, 15
F[79910TU, EH[Efgih4 3751 0TU, Zilaia
347 D OTU, MRAEEREMSEH OTUs Z55R, 22 A
B, FEUE 1A,
212 KEEBG. EHEFETIKFELNENEE

FEN K ERIECROR IR, BN AP LR RE
[T (Firmicutes) FHUFFET] (Bacteroidetes) ATEZAR,
AR, HELEIE 98%, H Firmicutes (bR . 45
7 74 A= 0 DA BE 1R 1] (Firmicutes) o fB0FF & 1]
(Bacteroidetes) N EELAERE, HEL#EET 95%, H
W Firmicutes (5 bt % /& [F B & £ & BKCBE 1 1]
(Tenericutes) . HZ&F ] (Actinobacteria) FIHFEfREE ]
(Verrucomicrobia) , {HE &K/, [BIIaF045 I IFHIE &
72 Firmicutes (GECEE & HERE R, AF EUEES
HWERFEERE R T Em. RIEESRet mErE,
TLE 1B,
213 KRERERG. EHEFERKFELNENEE

fE B K R R I, B B DA FL IR AT i+ &
(Lactobacillus) 1A HE (Alistipes) N FEEMAE
., RUEPRAAKERE (Romboutsia) FIANHHNRE H Bk
)& (Unidentified Ruminococcus) 55, %57 CAFLERIT
& (Lactobacillus) e ZWHEREE (Romboutsia) N
BEHEE, HRIEEESAHRRTMERE (Unideniified
Clotridiales) . REEATEJE (Bifidobacterium) . R4
RIS RIEE, WA 1C,
22 EpS&EmEESHEN
221 o ZHEMIEH

% Ilumina NovaSeq Ml J5> 15 5] ) 26 403 465 0L
i, F£97% — B MEBIE TG a ZHEE T8 [H]
fa. G5mEEEE (coverage) ¥ 0.99, FKEHFAE
fitt FROR ARG B 3 MR B AR e HEFR 25 7 Chaol $5 5L
(Chaol index). TFRFEEL (Shannon index) =T [E7,
AT R R E s T E g, EEV AR
s TR, IR 1
222 BBHEM

it E AR BR43AF (principal co—ordinates analysis)
A7 a7 S A5 A R B 2 AR 20, S5 aE 2A A
o [EIRAFEAR 5 G5 R ARAR N 8 Fh 43 A6 TAH R AT SRR
N, BEIAFEARSAEX LB S), TEskaiE AR
xPgRr, RS A AR TR E R A A A AR A A 2
PN



56 LIS S L E S Laboratory Animal and Comparative Medicine Feb. 2023, 43(1)

T A, FRE, BEbheRBARER (2)) mEOTUA MY, BelBRERER (ZH) BEOTUNE, EEBHREFEH. EHEEN
OTUsM; B, ITKFERNMMIENEEFFE,; C, BKEIMEZREXRE,

Note: A, Venn graph, in which, the pink circle represents the number of operation taxonomic units (OTU) unique to colon (ZJ), the blue
circle represents the number of OTUs unique to ileum (ZH), and the overlap part represents the number of OTUs shared by ileum and co -
lon; B, Histogram of relative species abundance at phylum level; C, Phylogenetic graph of genus level species.

E1 XEER. SHEHETFOTUsHI] BKESE

Figure 1 Classification of phylum and genus of ileum and colon microflora in rats based on operation taxonomic units

223 BHEESR EHERE, EHAEERIETREET] (Fimicutes) |
LDASEAM RN T [l SSMREER R EERN B I K 6B (Rombowsia) 1 14 5 Bk 5 Rt
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(Peptostreptococcaceae) BrdimERELEE, i
FERIMELAFE T (Bacteroidetes) LT B 44

1 AEQMSEMERN o SESERSRIT

(Bacteroidia) FIfFFEE (Bacteroidales) HEVZZ5fZE
SR, ERE2B,

Table1 Alpha diversity indices statistics of microflora in ileum and colon of rats

HmER MEEY OoTU# BEREH FEREH Chaol$g# WERE
Sample name Observed number ~ OTU number Shannon index Simpson index Chaolindex  Goods_Coverage

=87 (ZH) 7969 1174 0.950 337.61 0.998

55 (2J) 18434 1146 0.661 671.08 0.998

E: A, EF Weighted Unifrac IEBARIESIR DM (PCoA), HALIFRR—IERD (PC), PLIFRRZ—IPEMNS (PC2), BHLLET
EMAMEAERNREE. B, LHHBDH (LDA) ESHE. Z2J, &E8; ZH, Ef.

Note: A, the principal co-ordinates analysis (PCoA) based on the weighted unifrac distance. The abscissa represents one principal component

(PC1) , the ordinate represents another principal component (PC2) ,

and the percentage represents the contribution value of

principal component to sample difference. B, the linear discriminant analysis (LDA) value distribution. ZJ, colon; ZH, ileum.

B2 XEEE. EHEESHESR

Figure 2 Diversity analysis of microflora in ileum and colon of rats
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&, MERGYRmE B ERH—ENEE; EEmRTE
A, RSB RIEH RAEEY & s BEE AU
Tl B PRl e A 2R R HLAth = B A & B T
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3 idig
W M P ROR AR, I E RIS
BN E A S E i 5T O B o AR W) 5K Seth

Bordenstein ¥ 2, BUE R E M AP H LIS T vt
SEEA BRI, AERFMEFR A A S 7 E
YIRS P RIS E AR . Al
7%, PCRAIAR., A FIREFEEARLERS R, %
BRI 2, ARRFER 22 R A AR 5
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E: A, TaxdFunIHREERMBNFERE,; B, BT Taxdrun FITHEEERRERE,

Note: A, Tax4Fun relative abundance histogram of function annotation; B, clustering heat map of function annotation based on Tax4Fun.

B3 KREMF. EFmE RN E

Figure 3 Functional prediction charts of microflora in ileum and colon of rats
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[l BRI SE PR R XS R, B FEKs SPF A MR B
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[EZ{CIE =R Medical Ethics Statement]
AARFAEIN LN IETBEXDERINNNENS
CEEEZRSME (S DWLL20190729). FTE LD
BB EPEIR MBI EEENZAE KT,

All experimental animal protocols in this study were
reviewed and approved by the Experimental Animal
Welfare and Ethics Review Committee of Xinjiang Military
Command General Hospital (Approval Letter No.
DWLL20190729) , and all experimental protocols were
carried out in accordance with the requirements of laws
and regulations in China related to experimental animals,
including Animal Management Regulations (01/03/2017) ,
Laboratory Animal: Guideline for Ethical Review of Animal
Welfare (GB/T 35892-2018), and so on.
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Histological Characteristics of the Kidney in Mongolian Gerbils of
Different Ages

LU Lingqun, GUO Honggang, SHI Qiaojuan, DAl Fangwei, CHU Xiaofeng
(Experimental Animal Center of Hangzhou Medical College, Zhejiang Provincial Key Laboratory of Laboratory
Animal and Safety Research, Hangzhou 310000, China)
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[ABSTRACT]
different ages. Methods Ten Mongolian gerbils of 2, 6, and 12 months old (half male and half female) were
selected. After euthanasia, the kidneys were taken and paraffin sections were made. After HE, MASSON
and PAS staining, the structural differences of different parts of the kidney tissue in gerbils of different ages
were observed by digital scanning, and the relevant data of the kidney tissue were measured by image

Objective To explore the histological characteristics of the kidney in Mongolian gerbils of

analysis software. Results The number of proximal convoluted tubules was more than that of distal
convoluted tubules in the renal cortex and outer medulla of gerbils. With age, the glomerular density
decreased, the glomerular diameter increased, the basement membrane of renal tubules thickened, and
the fibrous components between renal tubules increased. Conclusion The histological structure of
Mongolian gerbil's kidney varies with age, which may be related to glomerulosclerosis and parenchymal cell
reduction. The specific mechanism needs further study.

[Key words] Mongolian gerbil; Kidney; Histological change
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Figure 1 HE staining diagram of kidney tissue section of
Mongolian gerbils (longitudinal section on the
left and transverse section on the right,
maghnification=6)
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22 BRARAESFHEXHE

KD REHA FHERTEE . A5 EHREE,
KD BR S 6 R R S 5 R R R BRI EL(E AT R 3.61,
SME RIS S 5 R SRIEFE R EUERRT 1. 7 HIR RS A
B, ATEA R T B #E  TRE S B (F=
2.190, P=0.128) FIYMEEF/E RIEE (F=0.614, P=
0.548) MZERBI LG FEN (F1). [FFE, RHEAH
B TCVD B A Y MBS SR TR 5 e SR AR < Bt (F=
0.111, P=0.895). #MiEFRHE MRS FEE A (F=
0.534, P=0.641). WNHEREREG R REHAZH (F=
0.618, P=0.546). NHEREMREGEMHEHAZH (F=

0.172, P=0.843). #EJR R GEFRE A2 (F=
0.360, P=0.700) ZFEHFGIHFENL (F1).
2.3 BIMERBINEBXEIE

2HEE. 6 FEAN 12 AT B B B R
iR, 3 TARBRZERIEZITFE (P<0.01,
1), MM GRS HRHGm, H5 /R
NN U EED

2HEE. 6 Ak, 12 BRI R Rz B /INER
RFNBER /N E RGN, ANF AR B =R
BB FE (P<001, £1), BrEEHBEY
., KD R NER B K

F1 FRABRKMSEBRAARLSERE M BNERXNERIE

Table 1 Related measurement data of kidney histomorphology and renal corpuscles and tubules in Mongolian gerbils of

different ages
(n=10, x+s)
WEEHR 2B 6 B i 12 B ‘it
Measurement index 2 months old 6 months old 12 months old Total
BEREE/RREE
HIRIFIRIRIREE 3.99+1.34 3.82+0.68 3.36:0.97 3.61+1.20
Thickness of medulla/cortex
INEREE =E
rgg RRE/RERE 0.91:0.24 0.95+0.16 0.84+0.33 0.90+0.25
Thickness of outermedulla/cortex
= (u] (m]
W%EE’\/ REEHR 0.30:0.10 0.26+0.09 0.35:0.37 0.31:0.24
Area of internal medulla/cortex
v I_'LT /D\ 112 i /D\
WEEE@$ R . 0.17£0.04 0.16+0.04 0.17+0.11 0.17£0.07
Area of internal medulla/kidney
BE R ERR /R RER
ARER/RRE 0.68+0.28 0.64+0.25 0.78:0.43 0.70+0.33
Area of medulla/cortex
= {m] {u]
IPRRE R R ER 0.38:0.19 0.38:0.17 0.42:0.16 0.39:0.17
Area of outer medulla/cortex
SMBEREIR/ SR
MRERER/ S IER . 0.22+0.08 0.22+0.07 0.24+0.07 0.23+0.07
Area of outer medulla/kidney
=4 R
BRRE 8.82+1.80 6.65+2.86" 4.73+1.13% 6.61+£2.61
Nephron density
U\ Ik =
ol ﬂ@% _ 34.40+8.80 29.80+5.07 31.7+6.15 31.66+6.72
Number of cortical glomeruli
IMNERENKEE
“H = , 42104879 37.37:9.60 44.03+8.54 41.05:9.38
Number of extramedullary glomeruli
BRESNKKE .
s o 57.70+5.96 67.06+8.74 82.38+18.35% 69.04+15.84
Length of cortical glomerulus
INERENKKE X
86.81+8.94 91.45+13.74 110.58+14.18* 96.39+16.16
Length of extramedullary glomerulus
ERIE NS B/ i NE E
EZE”BL@ NEH B 2.31:0.94 2.25+1.02 3.58+1.63 2704135
PCT/DCT in cortex
ik g AN=¢- oud N =¢ 5
LERRDA TR S 312+2.19 424+278 223:0.79 315+2.16

PCT/DCT in proximal medulla

E:'P<0.05, 52 B KL RELE; *P<0.05, 5 6 B KM REILE.
Note: PCT/DCT, Ratio of proximal and distal convoluted tubules. Compared with the 2 months old group, "P<0.05; Compared with the 6
months old group, *P<0.05.
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Note: A-C are kidney of 2 , 6 and 12 months old Mongolian gerbils, respectively (PAS staining, the scale size is 200 wm) ; D-F are kidney of
2, 6 and 12 months old Mongolian gerbils, respectively (MASON staining, the scale size is 200 pm).
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Figure 2 Histology of the kidney in Mongolian gerbils of different ages
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A Preliminary Study on the Domestication and Breeding Methods of

Experimental Cats
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[ABSTRACT] Objective Focused on the laboratory animal domestication and breeding of domestic
cats, to explore the feeding management methods and breeding techniques of experimental cats.
Methods Seven Chinese garden cats from three litters were introduced from the rural suburbs of
Guangzhou, and a breeding seed colony was established. The cats were domesticated in captivity, bred,
closed breeding and transmission according to the feeding and management methods of laboratory
animal. The population reproduction, the number of pregnancies per year, the litter season, the birth and
weaning quality of the cats, and the survival rate of weaning were statistically collected. Results The
young breeding cats were able to adapt to the cage feeding management. In the transmission breeding and
the expanded breeding colony, the number of female cats pregnant with one, two or three litters a year
accounted for 63.2%, 26.3% and 10.5%, respectively. The proportions of litters born from the 1st to the 4th
quarters were 20.7%, 20.7%, 27.6%, and 31.0%. A total of 29 pregnancies and 101 kittens were got from 19
female cats, with an average of (3.5+1.33) kittens per litter. The birth weights of female and male cats were
(89.31£13.69) g and (93.47+15.12) g, respectively. Sixty-seven kittens survived from weaning. The average
survival rate was 60.86%, and the weaning weights of female and male cats were (361.62+82.77) g and
(376.0£91.71) g, respectively. Conclusion Domestic Chinese garden cats can adapt to laboratory animal
feeding and breeding rules, and have strong fertility. They can normally pregnant and breeding throughout
the year. The kittens grow to 5-6 months of age can meet the weight requirements for the examination of
pharmaceutical hypotensive substances, and can be used as experimental cats for pharmaceutical

examination with clear origin.
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Application of Virtual Reality in the Behavior Analysis of
Laboratory Animal

ZHANG Chaochao, TIAN Xuesong
(Experiment Center for Science and Technology, Shanghai University of Traditional Chinese Medicine, Shanghai
201203, China)

Correspondence to: TIAN Xuesong (ORCID: 0000-0001-6162-2856), E-mail: xuesong.tian@shutcm.edu.cn

[ABSTRACT] Virtual reality (VR) is an emerging technology for computer scene simulation that has
become a reliable tool for animal behavior analysis in recent years. The behavior of an animal is crucial for
its survival. Animal behavior analysis provides useful information for scientific progress in genetics,
ecology, neuroscience, economics, and robotics. Animal behavior analysis can be divided into open-loop
studies, in which the stimulus is independent of the animal's response to the stimulus, and closed-loop
studies, in which the stimulus is adjusted according to the real-time movement of the animal. In this paper,
we have discussed the origin, concept, and applications of animal behavior analysis, and reviewed the
shortcomings of open-loop research on animal behavior represented by visual stimulation using traditional
technology. Then taking visual, olfactory, tactile, and auditory stimulation as examples, we analyzed that
the animal behavior analysis system using VR technology could combine precise experimental control with
the complex behavior of laboratory animals, and complete the closed-loop research that could not be
achieved using the experimental methods of the real physical world. The prospect of VR in developing
superior simulations and virtual animals in the future was also discussed.

[Key words] Virtual reality; Open-loop control system; Closed-loop control system; Animal behavior;

Virtual animals
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Safety Management Countermeasures Based on the Status of Laboratory
Animal Administrative Licensing in Jiangsu Province
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[ABSTRACT] With the rapid development of life science, laboratory animals play an important role in
many fields, such as biomedicine. In recent years, the national reforms “to delegate power, streamline
administration and optimize government services” continues deepen, the laboratory animals
administrative departments have paid more attention to interim and post-event supervision, in which the
safety management of laboratory animals is the key and challenging point in the supervision process. In
this paper, the information regarding licenses for laboratory animals in Jiangsu, facility areas, animal
production and usage, employees, and other information the past three years were introduced. Combined
with legal administrative management in recent years, the potential safety risks in the production and use
of laboratory animals were analyzed, such as risks in management systems, employees, facility operation,
animal quality control, accidental injury and zoonosis, animal transportation, and waste disposal.
Additionally, the current construction, daily management services, and the list of interim and post-event
supervision of the laboratory animal safety management system were introduced. Based on this discussion,
we proposed relevant safety management countermeasures and suggestions and provided support for
further improvements to laboratory animal safety management.

[Key words] Jiangsu Province; Laboratory animals; Risk and hidden danger; Safety management;
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Note : A, the area of laboratory animal production and use facilities in Jiangsu Province in 2019-2021; B, the area of laboratory animal

facilities with different environments in Jiangsu Province in 2019 -2021; C, the number of laboratory animal practitioners with different

education levels in Jiangsu Province in 2019-2021.
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Figure 1 Laboratory animal facilities and practitioners in Jiangsu Province in 2019-2021
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Table 1 Production and use of laboratory animals in Jiangsu Province in 2019-2021

MM EFE/HR ZIEHMERE/AR
#Q]%E.F Production of laboratory animals/ten thousand Use of laboratory animals/ten thousand
Species 2019 2020 2021 2019 2020 2021
/N, Mouse 250.41 289.56 343.83 11.47 158.63 201.02
KB Rat 22.77 14.64 26.49 33.16 37.61 75.89
PR Guinea pig 12.72 15.10 25.91 11.06 15.27 23.07
% Rabbit 14.60 14.48 15.79 9.16 9.37 11.33
A Dog 1.04 0.93 148 1.09 1.49 1.92
38 Chicken 1.24 0.95 0.77 5.37 5.25 4.42
¥ Swine 0.86 0.77 1.21 0.33 0.95 0.56
& Monkey 0.31 0.27 0.24 1.05 1.23 1.89
E5R Ferret 0.15 0.10 0.08 0.01 0.01 0.01
© R Hamster - 0.18 0.19 0.22
¥ Cat - 0.03 0.03 0.03
2 ¥ Total 304.10 336.80 415.80 172.91 230.03 320.36
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[ABSTRACT] Animal experiments play an important role in the process of biomedical research, and is a
necessary way to transform basic medicine into clinical medicine. The standardization of animal
experimental studies and reports determines the reliability and reproducibility of research results, and is
also the key to transforming the results of animal experiments into clinical trials. In view of how to design
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and implement animal experiments, write animal experiment reports, and publish relevant academic
papers in a more standardized way, LACM (Laboratory Animal and Comparative Medicine) has launched a
new column of comparative medical research and reporting standards from 2023, focusing on the
introduction and interpretation of international general norms related to laboratory animal and
comparative medicine, such as ARRIVE 2.0 guidelines (Animal Research: Reporting of /n Vivo Experiments).
This article focuses on the development and application, basic content and priority of ARRIVE 2.0, as well as
the scheme of implementing ARRIVE 2.0 guidelines in international biomedical journals, and explains the
current situation and future plans of LACM following ARRIVE 2.0 guidelines. The research and report of
animal experimental medicine following the ARRIVE 2.0 guidelines and other international norms is one of
the important driving forces to promote the high-quality development of experimental animal science and
biomedicine in China, and also a powerful means to implement the 3R principle and improve the welfare of
laboratory animals. Through this article, we hope the majority of scientific researchers and editors will
attach great importance and actively implement these international standards.

[Key words] Animal experiment; Research design; Publication of research papers; ARRIVE 2.0 guidelines;
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Table 2 11 recommendations of international guide ARRIVE 2.0
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Table 3 Journal action plan of ARRIVE 2.0 guideline
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4 ARRIVE2.0{5BX#10 RRIEMERE
Table 4 Compliance questionnaire for the key 10 items of ARRIVE 2.0 guideline
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