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C57BL/6N-Tg( 1. 28HBV) / Vst Z, [T 75 4% HL 5
/N BB B SR 2] 22

BRET IE IR REEC, DH A R

(1. BB RAM B B L E R PGS T, L 201203;2. T AP EE I R 086 =,
i 201203;3. B BRHRIEAFE HRE G LI E, L 201203)

[#ZE] HM MWE CSTBL/6N-Tg (1.28HBV) /Vst LA % 5 (hepatitis B virus, HBV) $4 3£ (HBV-Tg)
/N AL REAE T4 AT HBV-Tg /N AR ALY s Al 24 S . Fik DL 10 BAEME HBV-Tg /MR R SEER 4, 10 & Er
AERNECA YT B, DALYE HBV DNA \HBsAg HBeAg /K- FF41 4! HBsAg HBcAg Feik 5 L AL/ U 57
FRAE KNI ALT  AST, JFZH 20 HE  RARFELL Y8 )0 FFAH 2N Hyp & 2 A /N U IE 5 0 20 27 i AL R B Wﬂ%
BEDLIERE 3 FI P SUREAS SR I RNA HEAT 0l R SR T . 48 R i dfifg ik B 122 F 5L, 24 GO A
KEGG 4 H13k 1525 5 5L H D) BE & 4215 00, R FH SE I 2¢ 8 1 PCR( RT-qPCR) X 25 53 B 3 W L R T50IE . R
5IE# AL BRI ALT  AST K947 T FHE , DL ALT S50 B35 (P < 0.05) ;AR IF 4140 HE Yo n] W41
R A BT 20 M L BRI, RARSRET e (25 5 8 7R  HBV 53 R 41 A8 IX B /I 1] (8 30/ e RO AR, SR 44k
R, BT (1ogFCl > 2 f5H P.adj < 0.05) 3K#5 25 3L H 341 1352 A4S, Horp By A 703 4>, FI#FEH 649
Ao KEGG Zr#i4rR 22 5 5L R 3222 4F PPAR {5538 i AL s B Qi B iy IR e i Sl B h & 22 (Poadj < 0.05) , W
RG22 R 84 Cypdal0, Cypdald  Acotl , Acot3 , Ehhadh 25, B & T 4 3 X 4045 ScnSa ., Apol10b . Igdde4
Cxcl1,9530077CO5Rik 55, 4 RT-qPCR BiEE#—3(P < 0.05), #it HBV-Tg MREA E?;i%’%ﬁﬂcﬂﬁﬁ%‘h,éé
B A 2200 18 VE 2 RV REVE T2 ( chronic hepatits B, CHB) A R AE AL R E 9 M PPAR 5508 I A0 B s
PRI R DT R R A 2 A A
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[ Abstract] Objective To observe the characteristics of C57BL/6N-Tg (1. 28HBV)/Vst transgenic hepatitis B
virus (HBV-Tg) model mice and analyze their transcriptomic characteristics. Methods Twenty male HBV-Tg mice were
divided into an experimental group and a wild-type ( control) group (n = 10 mice per group ). The virological
characteristics of the model mice were evaluated according to serum levels of HBV DNA, HBsAg, and HBeAg, and
expression levels of HBsAg and HBcAg in liver tissue. Serum levels of alanine transaminase ( ALT) and aspartate
transaminase ( AST), hematoxylin and eosin (HE) and Sirius red staining, and hydroxyproline( Hyp) in liver tissue were
detected to evaluate the degree of liver inflammation and fibrosis. Liver tissue samples were randomly selected from three
mice in each group for RNA extraction for high-throughput transcriptome sequencing. Significantly differentially expressed
genes were identified using R software. Functional enrichment of differential genes was determined by Gene Ontology ( GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses, and genes with significant differences were verified by
real-time fluorescence quantitative polymerase chain reaction (RT-qPCR). Results ALT and AST levels were increased in
the model group compared with the normal group, with the result for ALT being more significant (P < 0.05). HE staining
of liver tissue showed enlargement of the liver nucleus and swelling of some hepatocytes in the model group, while Sirius red
staining showed a small amount of collagen deposition in the sink area and interlobule in the HBV transgenic group, in the
shape of thin lines. A total of 1352 differential genes were obtained by screening ( |logFC| > 2 and P.adj < 0.05),
including 703 up-regulated and 649 down-regulated genes. KEGG analysis suggested that differential genes were mainly
enriched in the peroxisome proliferator-activated receptor ( PPAR) signaling pathway, retinol metabolism, fatty acid
degradation, and other pathways (P.adj < 0.05). The main significantly up-regulated genes included Cyp4alO, Cyp4al4d,
Acotl, Acot3, and Ehhadh, and the significantly down-regulated genes included ScnS5a, ApollOb, lgdde4, Cxell |
9530077C05Rik. The trend was consistent after RT-qPCR detection (P < 0.05). Conclusions HBV-Tg mice have a
tendency to develop spontaneous fibrosis. Transcriptomic analysis showed that chronic hepatitis B mainly involves PPAR
signaling, retinol metabolism, fatty acid degradation, drug metabolism, and other pathways.

[ Keywords)

chronic hepatitis B; transgenic mice; transcriptomics; gene expression
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18 Ve 2 AR B R ( chronic hepatitis B,
CHB) JE I R WAL Gt Bt IR L Z ) K
PO e G T R Sy SR B 5 LI 40 R
VR IR FE T 20 2R ST RR hy g R A5 B
BRI BRI 4 b/ P4k, 2= st T
CHB 53 £ B 4 9% 5 ( hepatitis B virus, HBV)
G i B AR LA R AE R DDA
M RIRALHIEC R 2 4, L BESE CHB &5 19 Bl
1l e s R A, TR B LY CHB S A
J& CHB HLEIWFIE I 2 55 A

C57BL/6N-Tg( 1. 28HBV ) /Vs Z JTJ5 #5354 5L [H
( HBV-transgenic, HBV-Tg ) /)N il ( C57BL/6N ¥ 5%)
Sl HBV HHk R B R 4 7 B A/ BUIRJG , /)
BRI 200 i 5 % 35 HBV AH 5C 1 25 1 3807 A= 58 B 1Y

HBV i 5 B0k, REAEWFIT R, HBV-Tg /) AT 3¢
U RN £ R I 98 90 B 15\ 21 TA B 2 e g B
ISR EH WA T CHB BFSE A/ RIS 4
SRl vl P (full transcriptome high-throughput
sequencing, RNA-Seq ) f& —F it (1) 7> T A W) 27 H
A AT TR A s A ZUP YT RNA 7r T H93R
BB T2 0T A GBS ) & BL ] LA
B Fhr i i e S s . ST/ 2SR
HEBAETA 90% 7oAy B 5 N3 BE AR DL HL
UEARLF NI BA R A5 A8 7 AR ST 00 Y RNA-
Seq 7 At HBV %% JE R/ LAY 36 TR e 38 28 4L, i
CHB BIFFE I BAE 31 ) ——HBV-Tg /N B HE [ 9 25
ARAREE A, AT ORI PR CHB 3132 W7 | 259 i 2 K
YIbRic o i A PR SR
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1 #R5F=E
1.1 ##
1.1.1 2R3y

B A W (wide type, WT) C57BL/6N /)N i Al
HBV-Tg /MR, HEYE, SPF ¢, Fit 4 10 H 24 Jilii%,
TKEE 30 + 2 g, I H b Bt 438 1k A B AR A RS A
[ SCXK(5)2019-0002] , 7F 6 5 i B 25°C 8 B
55% + S%MDEHEIRIF (R B ACE 12 h/12 h) %%
FT B B AOK, #7577 g ik AR Y HoR
A BR A A SPF 2% 5] 55 5 & [ SYXK ((5%) 2019 -
0025]) . P A HAERT 6 5255 3 W fe A4S 3K BF
EIWE 0 RN P NE 37 L7/ B R (e L
B2 HAHEE(SZY201711007)
1.2 FERAFI S

O R 6 7 2% 10 TR (hepatitis B virus s
antigen, HBsAg) 12 Wi 57 & (WK o %8 i, it 5.
202008071) . L HIHF R W EE e PLI (hepatitis B virus
e antigen , HBeAg) K Il 057 &5 ( B X 028 v, it 5.
202001011 ) | B4 42 95 35 4% IR I 2 157 &2 ( PCR-
BEEHRE B, 5. 20050111) , ¥ [ b HERME A
Y TRER AR G FR A 7] ; = & B B¢ ( Trichloromethane ,
S5, T4, Cat No.10006818) . To7K Z. 1 ( Ethanol
absolute , 73H74l, Cat No.100092680) , ¥ [ [ 254
Ak 2F R 7 A BR 2 ] ; DEPC 4k 3 /K ( Water-DEPC
Treated Water, Cat No. B501005 ) . UNIQ-10 #f =
TRIzol & RNA #3877 £ ( Cat No.B511321) , ¥l
B B A T A TR A BR S A5 48 79 I
(ALT/GPT) 3R & ( Cat No.CO009-1) 4 HL 55 5 Jiff
(AST/GOT) i & ( Cat No.CO10-1) , ¥ [ B 57 2
A W) TR WE 5E T 2 0 AR b UE B (trans-4-
Hydroxy-L-proline , Cat No. H54409) , 4 H Sigma 2
A ; HBsAg TR B/ L ER SEBEHTAAR ( Cat No.ab859) |
HBcAg /MR FEFEHTIAR (Cat No.ab140243) , 31 A
Abcam H[E T ( i) B 5 A B2 Fl 5 SABC
JELH AL YL (038 5] £ ( Cat No.SA1022-% IgG) .SABC
G e 4tk Y (638 5] & ( Cat No.SA1021-/N IgG) |
DAB . (%35 & ( Cat No.AR1022) , ¥ F s 1+
A T AR A BR S 7 5 33 5% S 58 5 PrimeScript'™
RT reagent Kit with gDNA Eraser( Cat No.RR0O47A) |
14X 5] & TBGreen' Premix EX Taq'™ ( Cat No.
RR420A ), # J [ TaKaRa %% #; MyCyclerTM
Thermal Cycler W AL, W B 22 [E Bio-Rad /NEIR

TECAN F200 PRO Z UJBEBG#51X, g H TECAN 2
A]; LEICA ASP300 H #ilii /K #L LEICAEG1160 A7 &
FLHE AL 5 % U0 A HL RM2035 . HI1220 # A HL &
SCN400 B R 5, ¥ FH 5 Leica A Fl
1.2 A%
1.2.1 HBV-Tg /MNEMWHEEEE

P bt 4 35 AR W R A PR A R R A S
ARG 1. 28 5K A HBV (A %, GenBank .
AF305422. 1) ML BE S A C5TBL/6NCrl /) FUIR
R AZ , RAR G S B M /INER . At AN I HBY #5
DUBU T PR B T #5 DUEGAE] 107~ 10° TU/mL 9
AR MR A T ECEF AR CSTBL/6NCH /D R
#9757 ST T HBV $53E /N &
1.2.2 FEARRE

FIEA /N SR FH 3% 13 5 B0 22 0 62 s 1A S a0 17 R
PR FTIRRE I, R s ek UL, = IR 2 h, DL 4°C |
3000 r/min, 8.0 15 min, W MG, 4°C IR FE . Fe
J BT e K, 5 0N B ROF PR e %,
BZ50.5 em x 0.5 em x 0.3 em TZHEL, 109% W %
W E AL -T0°C -7
1.2.3  IMyEFDaes i

Fiz BRI S UL A I ¥ ALT  AST 7K, B4~
FEAE S 3 YK
1.2.4  I3E IR aEA R

Z B0 G U T 50 FH K S 38 1 (ELISA ) £
WML HBsAg ., HBeAg 7K ; PCR-2E G HR £ ik A5 I
% HBV-DNA # &t , B AR R 3 R,
1.2.5 ALt

HE Ze (02 A0 2R 0E 121, KRR L1 L (4
SIS SR TR I, I 5 RSk A7 T 41 20
PRAEIT R ANET AEA S
1.2.6 i gifpar gt

VoA D) R S 20K 5 B AT R 2% il ( pH
= 6.0) T HUEE ;0. 6% 13 E AL H Vs s &
I PR ERG 5% BSA BH 5% HBsAg /N e
PTG BEPLIR S HBeAg /N BUR FEFEHTIAR (1:100 7
B, — Pl 4CHRIFE I —PiEE ,37°CHEE 40
min, DAB {0, DR AR Z A Yy | PR e 3t 5 RS
1.2.7 RN Rk

ZHR Jamall” s HERK#E, FREL 100 mg
HEURN 50% LR H 105°C K fiid B, J5H 3 )2k
YRR R 100 WL HETA0BE . B Hyp g
MEM 0.2 ~ 1.6 ng WAMMEM L, 28 T W
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0.2 mlL 7% 25% % — F IS H A T EE T 27. 3% w5 5
R 14 5 PR VA YR SR, S0°C 7K I 1 h, 558 nm I 2 1
WA, AR AE 3 R
1.2.8  RNA &5 SCHAAG Ay

KA TRIzol 38 7] $2 B WT  HBV-Tg /N LA
RNA K3l RNA 4l 5E i, JFiFAG RNA 528
TR A I, B S SO, ER B AR S, ]
llumina Novaseq 6000 I J7 - 55 #1742 i 5% 41 I )7
3R AR R R B e 5045 B, AL Fastp B4
X I A EE AT B Tk U8, 43 0 BB Sk i
H &N IR T 10% 05751 A2 A TREE 7
FN RS R 71
1.2.9  ZE5m Rk i ik

Wit R4.2.1 B AF K “ DESeq2 17 Xt J& 4h
Counts Hi [F 377 Fn 1 AL B ( Normalize ) , I 361725
SOHT BTSN | LogFC | > 2 Fl P.adj <
0. 05, I s AR 4 19 22 S BE A, A HT “ ggplot2
[3.3.6]10" fl“VennDiagram[ 1. 7. 3 | " X} 22 541
Mrah SR 47 mT Ak, 25 o B BB A
UpSet 170
1.2.10 HHA S & A B HAE ( protein-protein
Interaction , PPI) 43-#1

K H STRING 7E £k #4 #f £ ( https . //string-db.

org/,EBIE 2023 47 A 1 H), Kb RIEA N
Multiple Proteins by Names/Identifiers , 3K 2S84y 7]y
SR (mus musculus ) ; X P 25 5 Bl 32 40 B0 £F 5 55
FIEAE 0. 7[Rl i Bt IS (4 28 1, 7R AR 25 7 3R
PRI 1 PPT 455
1.2. 11 AR (gene ontology , GO ) Fl 5 #5 F K]
S5IEHHAAR4EH (Kyoto Encyclopedia of Genes and
Genomes ,KEGG) & & 7#T1

FIFH R4. 2. 1 3RFAY“ org. Mm. eg.db 1,7 % 22 %
LR e i, EntrezID , 5 JH “ clusterProfiler [ 4. 4. 4 ]
A7 #E4T GO F KEGG & 47T, W8 1 cut-off
BN P.adj < 0.05, @8 L]0 A 2R 45 A il
£ ( biologicalprocess, BP ). 40 fi 4 4
ccH) MM 7 I ofE
(molecularfunction, MF) |+ 1 3& K & 4 %, I 2 1l
GO il KEGG “<ifu &l
1.2.12  SCHEREH B RT-qPCR 49 iE

P 2 SR 2 I 4 Y A RINA R A A i 3 B 5
9 cDNA Bl F4Z UL 453647 PCR 9744, #i4E
F411 Cr {H, % GAPDH Eh N & 3£, i 5
M A UL R mRNA BN Rk, 514
A= A TR (i) e A BRA W& 18, 51907
GITENLZR 1,

( cellularcomponent,

&1 RT-qPCR 51WF51(5°—3")
Table 1 RT-qPCR primer sequence(5’ —3")

LR 24 R ki T
Gene name Forward Reverse
Acotl CGTCATGGCTCTGGCTTATTACAAC CAGGTAGTTCACGGCTTCTTCAAAG
Cyp4al4 GGCACCATCTGAAGGACAAGGAG AGAGACACTGTAAGCAGGCACTT
Acot3 GGAAGAGCGAGTTCTATGCCAGAG GGGAAGCCTTACACAGTGGGAAG
Dmbtl AACCACAGCAGAGCAGACAACC TCTCCTCCATTCTCCAGCCTCAC
Cyp4alO TGCTCCTGCTGCTGGTGAAAG AGGTGATGGGAACTGCTGGAAAG
Ehhadh GGTCATTCCTAGCCGATACTCTTCC GCAGTTACCAACAACGACTCCAATC
Muc3 GAACTGGTGGAGAGCGTAGAGATAG ACTGGTTACTGTCACACTCACTTCC
Acot2 ATGGTCTCTTGGATGTCGTGGAAG GAGGAACAGGAAGGTCGTGTCAG
Cirbl TCCGATGAAGAGAATGTCCAGGTC CATTACGCACGGTGAAGGAGTTG
S100g TCAGAGTTCCCCAGCCTCCTG CTTCTCCATCGCCATTCTTATCCAG
ScnSa CTCCTCGTCTGCCTCATCTTCTG CTCACACTCGCTCTTGTTGTTCAC
S100a9 AGCACAGTTGGCAACCTTTATGAAG GTGTCCAGGTCCTCCATGATGTC
S100a8 ATGCCGTCTGAACTGGAGAAGG TCTTGTAGAGGGCATGGTGATTTC
Apol10b GAGGAAGCAGCAGAATTGTCAAGTG ACTCAGGAAACTCTCGCAGAAACC
Ngp ATCCTGCTACCAATATCCCACTCC GTTGACTGCCGCCTTCTGAAG
Igdccd GCCATAAAGAGCAACGGGAGAAAG AGGTCTTGGAGGTGGAGGTCAG
Mpo CCACACCCTCATCCAACCCTTC ATGCCACCTTCCAACACGACTC
9530077C05Rik TGTAGTTCATCTCACCGAAGACCTG GTGTGCCTATCTCGTGCCTCAG
Cxell TGGCTGGGATTCACCTCAAGAAC GTGTGGCTATGACTTCGGTTITGG
Derl3 TCGGTGGTGTTCTTATGACTCTGC CTGCGACGGCTCCATACATAGAC
GAPDH GACTCCACTCACGGCAAATTCAAC GACTCCACTCACGGCAAATTCAAC
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1.3 SitESH

£ B YR B SPSS Statistics 25. 0 #4740
504, R Graphpad Prism (V 8.0.2) #{F AL
THR ORI« FRE2E (2 £ 5) R XAl
ST AT T 28 S5 PR 30 RN IE S A I A5 S IR A A
RMSTAEA T K5, AN AF A 2 50, R H
Wilcoxon FE ARG 4 2H [0] R FH 2R R 26 O 22 0 T A
5 (LSD ZEAT I L) o SAIIAT J¥ 70 8 B0RER
Ridit 537, P < 0. 05 FmA Geit4 7 3,

2 #HR

2.1 —RREYFEIFENER

P ZH /N B34 Sy R I BR B R, B R A DG
PR B AERER, B H ORI &R
&R BRI g 222 7 (K 1A)

2.2 IMiERFIhEE FFAEARERFHENL LR

5 WT ZHAH L, HBV-Tg 2H/N BT ALT 7K F
THE (P < 0.05) ; 1ML AST /KA s (51
Gt SC(E1B) , 418 HE Y@z R ER . M
EEAN N AN TR IR T i RS S TN
HEZNHE T, A v e i ik ) BBl 52 084K 43 A s HBV-Tg
ZH/INER D3 AT D20 B A B R R A% i 24k, A S A
MO A, FHZURRB AR A R B R, WT
ZH R LA 5 e R UE AR HBV -Tg 20 45 X K2 /)N - i)
B SRR, S AN ZRIR R DL A S R A 4 A
/NI IS, HFZHZE Hyp &A% | WIZE /IR
JFHE Hyp & B2 F G FE L (P > 0.05)
(K 2B) . £ Ridit 5087, PR TE RAE /9 st
S A G R A B E S (F1C, %
2,#%£3),

A SR L SR LY B i A4k ALT AST /K5 C PS4 HE  RARPRLT YL (6, 5 WT 4HAHIL, * P < 0.05, ( FEI[F)
B 1 EERFEE M AP RE ST LR RS (5. (n = 10)

Note. A. Liver-body ratio and spleen-body ratio. B. Serum ALT and AST levels of mice. C. HE and Sirius red staining of liver tissue. Compared

with WT group, * P < 0.05. (The same in the following figures )

Figure 1 Organ index, serum liver function and pathological staining of liver tissue(n = 10)

Fx2 JHFHALRIESH(n = 10)

Table 2 Liver tissue inflammation classification(n = 10)

T EHERSERE 73
Q =]

405 Liver tissue inflammation grades R f
Groups R-value
GO Gl G2 G3 G4
WT 10 0 0 0 0 0. 425
HBV-Tg 7 3 0 0 0 0.575
F3 ARSI B (n = 10)

Table 3 Liver fibrosis stages(n = 10)

JFF2H 2T i Ak 5310

Q =]

251 Hepatic fibrosis stages R fii
Groups R-value
S0 S1 S2 S3 S4
wT 10 0 0 0 0 0.3
HBV-Tg 2 7 1 0 0 0.7

5 WAL, = P <0.01, (TEIR)
Note. Compared with WT group, P < 0.01. ( The same in the

following figures)

2.3 MEKATELR HBV mHEIERILE

WT 244 /N B IfiL 7% HBsAg . HBeAg (& T Cutoff
i) F1 HBV-DNA (A & ) 249 4 B4, T HBV-Tg 20
/INEUIMLTE HBsAg  HBeAg 1 HBV-DNA 7K 34 & [H
PE(P < 0.01) (& 2A,2B) . JFLH 2107 i) F fags
A2 R, HBV-Tg 40/ T 4141 HBsAg Hil
HBcAg ¥ A] UL 2 i BH 6 % , Hirh HBsAg 3%
GERFSEFIRTE AN B JE ], HBeAg 23R8 T 40 i
BN (K 20),
2.4 WHNMNBRIFEALEHNERRIEIER

25 5E AR AR AL B B R T R /N B
JFEL 2 2= S L A AR I 5, WT 41 F1 HBV-Tg 41/)
AT 1352 MR M (| LogFC | > 2,P.adj <
0.05) , 1 703 A~ LiAER 649 ST AR, 5
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E: A L7 HBsAg HBeAg Kl ; B Ifil 7 HBV-DNA JKF- K2 SUR I Z B & 5 U 5E ; C: P 4141 HBsAg HBcAg S 4L 3L (2,
B2 IiEMITHL HBY S #2200 (n = 10)
Note. A. Serum HBsAg and HBeAg level. B. Serum HBV-DNA level and Hyp content of liver tissue. C. Expression of HBsAg and HBcAg in liver tissue.

Figure 2 Evaluation of HBV virology in serum and liver tissue(n = 10)

WT 41/ A L, HBV-Tg 41/ BUIF Muc3, Curbl |
Sle9a3 Regl | Scndb 4 5 K & ik & 3 I 4 Mpo,
Fenb  Clec2i, Gpr141 , Derl3 %5 3 K K15 B & T
(K3),
2.5 %= %R %XiXE B-ZE B E {E ( Protein-Protein
interaction networks, PPI) 43 #f

T String B R 22 S 3 TR L DR 9 2 1 1)
YT A P 41T A T 4 1 T B CypS
Cyp2c40 . Fdfil ,Calr \Fdps ,Hmgces1 ,Creld2 ,Cyp26al |
Hsp90b1  Adh4 SF8 FHAHDC, 46 T PP R4 1ty

(&l 4,£4),
2.6 ERREEEH GO 4T

P/ U R 22 S 3R B R e 926 ME W)
1 2 (biological process, BP) .58 >4 Jfd 2H 77 ( cell
component, CC) F1 150 4~ 4> F I fiE ( molecular
function, MF ), BP G4& 5 i 2 R R e £ W &
B A HURRA WA A I B 5 CC L P B M R4
S To 0 B R o SR A W AR 5 2H 03 s MF A4
SR T T P PR TR 5 I i 1R T M A LR
WS TR i B IS RS DR (81 5) .

A WT 481 HBV-Tg 20/ 25 S AL DA B WT 401 HBV-Tg 2H/NR 22 S 3 DR ol L 20 oy, iR DR ;s (o, PR3N K66, TG

BTN,

3 TSI R RIBIER
Note. A. Heat map of differentially expressed genes in WT and HBV-Tg mice. B. Differential gene volcano map of WT and HBV-Tg mice. Red.

Up-regulated gene. Blue. Down-regulated gene. Grey. No significant differenced genes.

Figure 3 Differentially expressed genes in the liver
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AR S EAAA IR B 2257 5 R Rk it 2 AilA]

B4 8025 AL PPI 415

Note. A. PPI network diagram. B. Differential gene expression distribution map.

Figure 4 PPI network of differentially expressed genes in the liver

R4 L PPLMZHER AT 10 24 5CHERE
Table 4 Top 10 key genes in regulating PPI network

eppae VHERDR AL
Key gene Regulatory gene Regulatory gene
number
Cyp51 15 Hmges2 . Hsd3b2 . Insigl \Hsd3b3 Mvk . Por Mvd Fdps .Nsdhl Idi .Hmges1 . Fdft1 Sqle Lss .Msmol
Cyp2c40 13 Gstm3 . Cypdald Ugt2bl Gsta2 .Hsd3b5 .Gstt2 .Cyp4al0  Ugt2b38 Ugt1a9 Cyp4a32 .Cypdal2a.Cypdal2b Hsd3h3
Fdftl 12 Mvd ,Sqle Nsdhl ,Msmol ,Mvk | Lss ,Hmges2 ,Hsd3b2 \Hsd3b3 .Hmges1 \1dil \Fdps
Calr 10 Fenb \Dnajb11 Manf ,Sdf211 \Hyoul ,Pdia6 Pdia4 \Hsp90b1 Pdia3  Hspa5
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Figure 5 GO enrichment analysis of differentially

expressed genes
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6 ZEFRIBFNE KEGG 7347
Figure 6 KEGG enrichment bubble map of differentially

expressed genes
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7 PILH/IN U S22 S B R kK F
Figure 7 Expression levels of different genes in

liver tissues of two groups of mice
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Figure 8 RT-qPCR analysis of differentially expressed genes in two groups of mice
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[ Abstract]  Objective  The incidence of coronary microvascular disease ( CMVD) is increasing annually.
According to traditional Chinese medicine (TCM), CMVD belongs to the category of “collaterals” , and qi deficiency and
blood stasis are the main syndrome type of CMVD. Notably however, no studies have reported on the use of animal models
of CMVD with qi deficiency and blood stasis. The current study therefore aimed to establish and evaluate a rat model of
CMVD with qi deficiency and blood stasis syndrome. Methods Forty-five male SD rats were divided randomly into sham
group, CMVD group, and CMVD + QXXY group (n = 15 rats per group). Rats in the CMVD + QXXY group were
randomly deprived of sleep for 14 ~ 16 h/day for 6 weeks, and the model of qi deficiency syndrome was established.
Animals in the sham group and the CMVD group were fed normally for 6 weeks. After 6 weeks, rats in the CMVD and
CMVD + QXXY groups were anesthetized, their chests were opened, and embolic microspheres (40 ~ 120 pwm) were
injected into the left ventricle. Rats in the sham group underwent thoracotomy without injection of embolic microspheres.
On day 7 after operation, relevant detection indicators were measured in each group. Results Compared with the sham
group, the CMVD group showed a significant decrease in left ventricular ejection fraction and left ventricular shortening
rate, while the activities of creatine kinase MB isoenzyme ( CK-MB) and lactate dehydrogenase ( LDH) were
significantly increased. Heart function, hemorheology, myocardial enzyme index, and the degree of myocardial cell
damage differed significantly between the CMVD + QXXY group compared with the sham group. Conclusions A rat
model of CMVD + qi deficiency + blood stasis syndrome can be successfully established by sleep deprivation combined

with intraventricular injection of embolic microspheres. This model will be suitable for the study of the pathogenesis of
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CMVD and the mechanisms of TCM.
[ Keywords]

syndrome ; sleep deprivation; animal model
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Hitachi, HA%) ; B0 855 ) SEAH AL ( D90, Nikon, H
A 5 7 K IR B 0 HL (ICE-CL31R &I, #8 8k &, 3
) s F 5 AL R €0 B IR 43 BT &R 55 ( MPIAS-500
AU A6 T R R R BRA F] )
1.2 FHik
1.2.1 B KAl e

BB 3 4, J445 15 J, Bk
MR () BT ARG AT BE AR 025 A 544 2
Bk 5 (2) 76 Bk Bl U 265 5 5 201 - AS R A B IR B 25, 0>
PSR ZEGRER 5 (3) 6k DK ek a0 A 95 9 <R i 9%
UEZH - ARl A TR i 300 A B 1) < 2 A 7 A <R I
FUE R RO IE" ok K AR H BEHLIEIR 2125 14 ~
16 h, ELEREIRFIZE 6 JA T , i) & i S A
TSR 5 SR FH 0o 25 PN T S A S ek ik At o7 e iR 3l ik
BRI AR R TR 10T W A R G L b A s
SRS AT E R E AR, SR 5 1 52/ s Wy 7 e 1L
HUBGE S, TR U 22256 4 Ah9him) 55 B, 628
YD, 58 A B RO ME R E Sk S R IR
Bk O E T E T TFARL, KR OIERES, BE
B FARL R WISt , e £k S, oK &
O FE S 0. 2 mL M ZEROR ( H42 40 ~ 120 pm) ,
Bl e BELWT £ 3k = i 20 s J5, YR 3 B ki
WL, KREFEE 2 ~ 3 min J5, BI2EH, /GG H
B KU PR ALIE H SR 6 S, R L=
PR T A ZE AR 1 e ST e IR B ok el ot A R AR AR
BFARAIFFESLLS 6 85 247 FARERAME, X BI{LFE
FREGES AN 0.2 mL EHER K, 05 N TES
FEMERAS 1 R (S8 7 JR) |, 45 2H 00 5 AH A DU 45
FRIFALFEHRE
1.2.2 —BeRAWEE

FEREASTHT G MR AR Rk E B & R
it IESIE O KRS
1.2.3 Jhkds i B )

{1 & X /N 3l i 6 A ik o ot 4804SO R Bk Bl
R BE DEATAGIN , 457 A £ AR 2 2R I R Sk e A KR
A G R I 2L 30 A BRI, 0 S5
Pt .
1.2.4 H5R4E

KBRS | R T JHE D90 B0Rt B4 12 e AR AL
Bty 60 mm f B 4% 3k 47T S MR R4, 5500 K
R EIR AT A, AL FREE 2500 ~ 3000 Ix, T
ZE UL IPG A% U, PRI 3 s AR D8, 0 R
R.G.B Zr i (B, 74 FE AT 5250 7 9o RGB #4468

HIS tafgzs ]t HIS 435 /s (i (H) (FE B (1)
FRAIEE (S) , S MR FP R B @ 1Y) 3 NRFE
1.2.5 $pimE

W R BRI CEIT AR b I BB R 10
JE AL, R BINEAT I ME |, 45 K Bt i K
S E P, BE KB, 38 SR AL 1 e KA
73,8 R R 3 WK, ARECK B F- 391U A, #
AN [ S By A T (R A 76T L A3 AT
1.2.6 MAOIEPELIIGE

R ERRRIRE I , 3000 4 o0 JUE 45 52 3057 1 i 1
YRAARZEA 300 TF TR PR M A AR A ), T H A Fujifilm
| /NEN YR R 2 WA, B 9 ~ 18 mHz 1Y
MS210 B3k SR M AU 7S 22 % KRl ) T — A
N F KT, Do A 2 0 4 0 ) RE SRR B (LVPWs ) (72
A T T RE IS (LVAWS ) | 28 /0 S5 W4 R I A
(LVESV) A% & )5 BEE R (LVPWd) (A =&
Tk 3] B BE R BE (LVAW) | 2.0 % &7 ik R ) & 1
(LVEDV) 848 b5, TAF sl 1A 53 26 % 33 1l 73 2K
(LVEF) 72 % 58 fh 46 50 % (LVFS) | 5 9 fy 1
(SV) L iiaE (CO) F4E bR
1.2.7 LR I 2 0 0 A

FEK FUE 323l bk 28 s Bl (284088 ) 3 mL,
1 mL B BE M5 F 9 AR ARE AR A b, ZE AR )
557", 160 s, EYI 150 s AR R AT A ARG
FEIE ,2 mL A3 10T 2000 r/min 50> 10 min J5 , B
35 0. 8 mL AT ILZROKG BEI E (D148 100 s71)
1.2.8 Ifil¥F CK.CK-MB & LDH i M6

KEIE ESIPKIUn S , e E R N R
1 h, %R J57E 3000 r/min,4°C 5514 F &0 10 min, 43
B IMIE 45, WA H 48 LABOSPECT003 % [ 4= 1k
A HTA B &, W I CK  CK-MB LDH fH, 3
W25 K BT LU AT
1.2.9  TTC Byl oo fLsk il A 5L R

SEER AR WO O, A BEER K vl gk, FH R
IKUEARL T 2 45K 43, IO BIESERAR 78 DL P47 B R
DL ORER— ST 2, R i Y) 4 B, B R )E
JE2 ~ 3 mm,7E 2,3,5- 84k =R FEPUE M (TTC)
HBEE YR 15 min 2247, YA S8 U 1 FH I
SARHLFARE | B 75 12 28 Tmage-Pro Plus 6. 0 %K 4
THEAEE I ALD Y] B B, 24 TTC s,
DNV B i R IE R 4180, 2B AN
FEBEIX, LAAH FE 1 AR/ JE 1 AR E 4 B AR 26 4 5T
T
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1.2.10 HE J@ais.oNH 2R HEIE &

SEEGEE R B P = O LA S, B AT
E’L‘i@‘ﬂ’] 49 22 TPV P 8L 2, 24 h S 1B3E ICA

g FKYE 30 min, £ FERREE R K T
%*iﬁ%ﬁﬂ%@@ﬁﬁ?wﬁmiwﬁi%ﬁ(s
~ 8 wm), fi I HORBLS  BS 5E S | BT AR
WRE 2B 492 0 5 min LAk 2 5843k Ak, 1
PBS WIRRMIEVE AT IR R LAY 1 ~ 3 min,
RE KM, b S A Z B R K s B R ) R
MR R s R A BT, R R R, R
Bk, BB AR S ER AT
1.3 FitFELHR

TR LFIE £ PrifiZE (x £ 5) Fi08 R
JH SPSS 20. 0 #4780 B, 241 2 8] H R
FHELR ZE 5 22500, 7 2555 PRI A SNK K 56, AT
JETT 2255 2 4 HE B e £ Tamhane ™ s T2 K56,
PLP<0.05 BREAGRITHEL,

2 #HR

2.1 —RRREVZE

RFAR LR BURT IR IEH RS R A B
TESN RAE, BROCI, & M2 p e 5kFARH
FH L, i ok S i A S 2 R AR i 3 R R (P <
0.01) ,Tf gl /b, B LAk ROGEE, 5 T RS 2L, 76 ik

BRI A5 308 AR I IR 2 KRR TR 3 R % (P <
0.01) (W3 1) Kbl 2258 , 6 sh R >, Bk
M TC OGP, T T IR . 5 ek KT I 4 R v 4 AR
EE, J6E Jk o I A8 9 9 A< R IS I 2 AR FE R R, (R
RTE =3
2.2 XK R BKIENEE RIS B R0

ST AL AR L, 7 Ik A il 9 0 2H R Bk 4
WERE N 61.51 + 10. 75 pum , 76 Bk I A 5% 0 < R 1L
SIFL K IR 5 ol 28. 12 + 8. 00 wm K0 B HH i
I (P < 0.01), 55 BRI P 4UH E , TRk il
INLAEP 95 0 A R I % I 20 Jok 3 8 35 R R (P <
0.01), SMFARLMLL, S AN 35 8 E T
B (P < 0.01) ; S5t kol B B 2 A0 L , et ik
T I 45 95 5 A< IS IE H AN O R 2 (P <
0.01), WEI1,E1,
2.3 WRREREM

ST AL L, 6 Bk &5 4L S (A A%
(P < 0.05) e Bkl A8 <0 SR R/G K&
R/B HIREAK(P < 0.01) ,[ABf R (P < 0.01) 43
{ELREAR, S (L HHEFEAR (P < 0.01) , #7576 ki
I A5 A I8 G 201 i 5 3 S P ) A AR, T 4
EHZ R Sy (RS, F M N, 5 e ik
PR AR EL 7 PR RO 4 2 08 <R I IR 4H R A
(P < 0.05) /B AR, P2 n H R E TR, W

R1 AHARBMAE KRN ZME(x £ 5)
Table 1 Changes in body weight, pulse intensity and grasping strength in each group(x + s)

il ) R (g) JPRHEBREE ( pom) M1 ()
Groups Body weight(g) Pulse intensity ( um) Grasping strength(g)
ES L
(BTFAH 15 420.07 + 15. 49 76.66 = 19. 65 582.48 + 22.68
Sham group
T KA A P 4
KL B P AL 11 392.91 + 30.86™ 61.51 + 10.75™ 350.09 + 68.52™
CMVD group
I L B 6 K LT 2
SEEBK AL B A ™ LRI 10 386.30 + 36.33™ 28.12 + 8.00 ** 320. 60 = 28. 66 *

CMVD + QXXY group

E:SERFEARAMLL, ™

Note. Compared with the sham group,

P < 0.01; 5Bkl BRI EL, P < 0.01, (TFREl/ZERR)
P < 0.01. Compared with CMVD group, ™P < 0.01. ( The same in the following figures and tables)

1 HHEKRBIKSR

Figure 1 Pulse status of rats in each group
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2,32,
2.4 FKRBEHOHEF RN

ST L, 56 PR 45 2 41 LVIDs B
WK (P < 0.01),EF . FS ¥ B ZKRL (P <
0.01) , FEHIZE0 5 A T 5 F SE TR i) e i 158
XFR UG T BEEAT B R 5 5 ik A il 4 9 9
S IMFEIEA , LVIDs BEH K (P < 0.01),SV.CO

BEREAK(P < 0.01),EF FS JR B FFER (P <

0.01) , FE/RBEARFIZF 6 A + Z200 = NS 28

BR,AEME B TR R A LI aE . 5 7 ks il 45 2

S ZELR L, et ok B A 9 0 A< R IS IR A, A2 AT

ARSI W (P < 0.05) ,SV .CO i # A%

(P < 0.01) , 7R UE 25 A 1 A5 L B 4l 1 A%E0
DR e, LK 3,3 3,

B2 HARRFZR

Figure 2 Tongue picture of rats in each group

K2 HBHAKRNEGZE(x £5,n = 10 ~ 15)

Table 2 Changes in tongue images of rats in each group(x = s,n = 10 ~ 15)

el

Groups R ¢ B

R/G R/B I S H

BFARA
Sham group
SR A

PR 150.40 £ 7.23
CMVD group
IR AE P
M
MLAFEL
CMVD + QXXY
group

153.89 + 6.64

93.69 + 7.08 100.61 + 8.91 1.65 = 0.07

142.73 + 5.71% 99.90 + 8.46 105.77 £ 6.20 1.44 + 0.10™ 1.35+ 0.08™ 116.13 £5.99

1.45 £ 0.35 124.29 £ 29.22 0.22 +0.06 89.84 + 0.20

100.30 + 11.80 107.00 £ 6.78 1.51 + 0.11™ 1.41 + 0.05™ 114.91 + 13.43 0.16 + 0.04™ 86.88 + 9.44

0.14 £ 0.03™ 89.87 = 0.10

H BRI R(ALE) G(&M) B(HEM) s HIS G2 B (A8 H MR S Kse i

l,¥P < 0.05, (FE/FER)

1) SIRTEAREAHLL, * P < 0.05; 5 58 BRI 45 % 26 4

Note. Pixel regions R (red), G (green), B (blue). HIS chromaticity space (hue H, saturation S, and brightness I). Compared with the sham group,
*P < 0.05. Compared with CMVD group, #P < 0.05. (The same in the following figures and tables)

B3 AR RSO

Figure 3 Echocardiogram of rats in each group
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R3 FAKRBESLHESEMEL R (v 25,0 = 10 ~ 15)

Table 3 Measurement results of echocardiography parameters in each group of rats(x £ s,n = 10 ~ 15)

Al BT AR SR N 20 JEE K TR 6 M LB I 2
Types Sham group CMVD group CMVD + QXXY group
LVAWs(mm) 3.37 £ 0.23 2.95+0.70" 2.85+0.54™
LVAWd(mm) 1.59 £ 0.22 1.67 £ 0.32 1.76 £ 0.33
LVPWs(mm) 3.66 + 0.32 3.35 £ 0.64 2.57 £ 0.50 ™
LVPWd(mm) 1.99 + 0.43 1.88 + 0.28 1.77 + 0.26
LVIDs( mm) 3.24 + 0.41 4.79 £ 0.81™ 4.53 £0.77™
LVIDd( mm) 7.80 + 0.50 8.08 + 0.67 7.64 £ 0.85
LVVs(pL) 43.57 £ 13.45 111.59 + 43.14™ 98. 10 + 37.88 ™
LVVd(pL) 327.37 £ 47. 47 383.79 + 77.60* 298.25 + 74.67*
SV ( wL/beat) 283.80 + 42.37 272.20 + 39.25 200. 15 + 74. 67 *#
CO(mL/min) 99.33 + 14.83 95.27 £ 13.74 70.05 + 19. 86 ™ #
EF(%) 86.71 + 3.54 71.79 + 6.01™ 66.94 £ 10.92™
FS(%) 58.39 + 4.60 43.05 +5.16™ 39.05 + 8.39™

H LVAWs . Z2 IR I AT RE IR BE s LVAWA . 22 = &7 Sk W AT RE IR BE s LVP Ws . 22 5 048 W1 IS BEJELBE s LVPW . 2 R &7 5K 15 BE SR B 5 LVIDs A2 K
AR s LVIDA e BFSA I s LV Ve 22 SR VBB LYV J D5 BFAR VAR SV o B I 5 O 0 £ B S0 1B
FS AR,

Note. LVAWSs. Left ventricular systolic anterior wall thickness. LVAWd. Left ventricular diastole anterior wall thickness. LVPWs. Left ventricular systolic
posterior wall thickness. LVPWd. Left ventricular diastole posterior wall thickness. LVIDs. Left ventricular end systolic inner diameter. LVIDd. Left
ventricular end diastolic diameter. LVVs. Left ventricular end systolic volume. LVVd. Left ventricular end diastolic volume. SV. Stroke volume. CO.
Cardiac output. EF. Ejection fraction. FS. Short axis shortening rate.

2.5 MKRRMZERTZHEMN MAEFET R (P < 0.05,P < 0.01), Sk
SFARAML, i PO S SR A3 1 PR Lb e DR 4 5 0 AR IR 4 K B

FARPROR WA 22 5 (P > 0.05) bk i wem AR b mUAER T 2 M A B S (P < 0.01),

SOBMBSEA K BAC P m VAR T 2mEE L MEKERAEGI#E (P > 0.05), W4,

F 4 KEUMEFRAFFEPRIE R (% £ 5)

Table 4 Measurement results of hemorheology indexes in rats(x % s)

o 21175 (mPa/s) Whole blood Viscosity(fl’a/s) 1L 3% 5 (mPa/s)
Groups n Y15 s7) Fi](60 s7") =150 s71) Plasma viscosity
Low shear(5 s7!) Medium shear(60 s™')  High shear(150 s™') (mPa/s)
1BFAR4L Sham group 15 9.31« .11 4.44 £ 0.38 3.87 £ 0.30 1.19 + 0.03
4]
KL AL 11 9.79 = 1.05 4.57 + 0.40 3.96 + 0.34 1.21 £ 0.05
CMVD group
T L T
LN B (L AR P 46 10 12,08 + 1.33°# 5.54 % 0,467 4.86 + 0.60 ™" 1.24 +0.05°

CMVD + QXXY group

2.6 XtAROEELARE Y RN CK.CK-MB K LDH i&¥E W EFHE (P < 0.01), 5

SRF AR, 6B SR A R BRIy RO S e A B e IR B it A A A I 9
CK .CK-MB } LDH W& BT E (P < 0.05,P < FH KB CK iR B FEMHEEF (P <
0.01) , 7 Jiik o 1w 487 %5 o5 SR I Bk 2H K B v 0.01) . WLER 5,

x5 FARRUMLTE CK.CK-MB J LDH ZEfb( x + 5)
Table 5 Changes in serum CK, CK-MB, and LDH of rats in each group( x £ s)

i)
n CK(U/L) CK-MB(U/L) LDH(U/L)
Groups
=] \Q
fEeF AL 15 570. 67 + 156. 48 566. 87 + 154.56 904. 87 + 195.93
Sham group
KL PR 11 710.09 + 145.21* 725.18 + 110.51* 1382.82 + 572.81*
CMVD group
. T
KA B3 * L R4 10 1210. 60 + 531,57 *# 1039. 70 + 488. 64 ™ 1557.20 + 595.67**

CMVD + QXXY group
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2.7 XtREOIAESEEE R

22 TTC P LU, IEH OIS L 6, 15
DA, B A @, R FARLUR B SE
X K R AL, m] WO WL U B 6
HREAE DX S e ik fofe 1t A5 5 A R LR TR 2 0 WL

[l SO ILEH PR 2 1 O 1 s AR IX (DL IET 4A)
HITET 4B rpra] UL 5a oK (il 87 M I3 E 4 A
HEDCAR L W I, AR A0 1o A/ JOE T A L 91 2 3 o
THRAA (P < 0.05) , RUIEB LI, BA 5

B4 S0 TTC Gy R A m AR

Figure 4 TTC staining diagram of myocardium and myocardial infarction area of animals in each group

2.8 WWARRBROAFRERESIME

KECOHIH L% HE G kb B, 76 B 0B T~ W
ZEAT UL AR TR AL K B0 LA it 52 B TR S RN 2
HeHEF A HE S T K A 9 e 40 LA LT
DA SETER , A8 FE SR ) BBl AT UL L 2 B /)N

T - # kA8 7 1 R ZE RO

FRVE R 2L, O LA LIRS , o0 LT 4 HE 571 437 1]
5 SR KA A R LI 2 R A A 2 ol sk )
IO WU R P 1, 2F 4R 2H 23 A=, 3™
U AR W 2L, 0 LA I TR IR, O LT 2 7
Ko WH S,

5 KA ONALIES (HE Jetd)

Note. The arrow indicates microsphere embolism.

Figure 5 Myocardial tissue morphology of animals in each group (HE staining)

3 it

SEE IR AL 9 2 4 v T e R Sl KL A 2
AE (B 25 S i A O JULEE Il A | DA TR 5 | A —
ZI0 WL T WLAE AR (5) 20 WA 3 1 — 2 R
W2 S S e bR B JK GO P K R B 14 I
AR T0 MR R S
TR s 1 e 5 259 1 BRI BEAJT 5 1)

P58 /U R SR Bl 0 1 T Ik el it A 9 i A
UL B R IR I 8 5 0 A R 3 A6
W OLIT A R JE ROk | 1 A A A T | R il
FEIEROTE S MR A AT L
BIRRE s, S PR T R A, A3 AE T i) LIRS
SN TRE DR LA o A B AR R T /N B R SRR
ZhYy, KRR Ik L A Bl A A A R I B
F o AT A D00 a0 5 P9 T A A ZE R 1
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SE TR RRE ik i A 9 e A AU O R AT T TR 254
BLHIASE ' A 58 2 & T RS0 7 A AR
SRR R I I3 O WL IS 1 = O WL 7
U RERAR A % A5 T o LR E T R, R
177 68 KA L85 95 55 E 465 45 s AR R 0 GG, A
WIFSETE RT3 AIF 5 00 Rl L, SR FH B MRS 381 2 (/< I
) 52500 B PN T AR FE ROk (et A it 750 ) 7Y
T AR A A T T e RV 0 R IR IE B
B

PRAC B2 2 D\ Ay e ok B i 4572 9 %) AL )i o0
SRR ML 2 30F , T R A M bR 52 2 W, B T
Hh 2 ) 486 SRR T W, R IR S R AL
ERINT AN , K IIRAR 25 5 7= A bt
A AERE P9 = 07 55 I PR S DL AR Ik 1 E R
T, AN, a0 5 P T AR SE TR A
FEEIRY e SEEAR S0 PR M 100 4 5 6 1 98 BRAR 1 R Fh T/
MAEZHTE ST, RREFESE T2, 28 FR 2 4, 1M
PG BE T 002 1T TR S L RIE B BLAS AL | 5843 14
PR AE 45 5 sh i B B 5 b BR lG R A A & 1Y
FEaS

P SRR AT BT & WL A9 25 1
I RAILBREGHIFST , SR T 76 F S I/ 9 95 2 It
SRS ) 58 Y G OB S I I 3l P A AR
LB A A R SRR, DA B0 5 12k (3B )
ARES kG BEMIIAE M3 ACTH #7030
F AL HE e @50 ARFFR AR BoR, K
2 BT Tk S I 65 5 K B R 457 1 e R 1 <
BRI 1 RS BT B S A URSIE 22 B0, 0 0L
A kol | ]I BT R R S B, A
it BRME KORGS5 B % E 1
DR 2 i LA B (0 R M MR S, 5 B Al
DRI 22 T P PR 10085 006 K BRURH L, g TR 45 45 3
7 R ST 0 Sh AR R B T R ISR IE 14 1M 37 A
AR IEFZ A, DI EE AT 0 LR A5 5E i AR
FHRPRAR BRI UEZS B SR A B 40 Tl

AWFFAERTIIBETE B0 L0 | LI op 2 G M 4
S JE A AR B A 0 3 P T A SE R O 1
ST T M 0 E T Ik B 10 75 o R R AR
— bR LRI AL 2 | I O UL O T BE 25 (R 8
H T PR SRR LTI R T K AL 4 % 5 % A 9
—ER IR , FEAMIESE T RS & 1Y 3h Py ks
ALATPE R HE: SRy b = 24 JE AL RIG R 5T At A
ARIERIB R 5% &) LI N 1 SRR CIARE B WA st 7) =

A DIRE 5 25 B -k- 1 A5 45 UL 48 A, MR
il 201l PR 257 4% J7 T80 of U g 4S80 LA K K B D7 24 245 3%
FAE AL TIRAIRER
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Construction and evaluation of a chemotherapeutic phlebitis rat
model induced by vinorelbine via the dorsalis pedis vein
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[ Abstract] Objective To establish and evaluate chemotherapeutic phlebitis model rats induced by vinorelbine via

the dorsalis pedis vein. Methods Rats were divided randomly into control and 4 different concentration of vinorelbine-
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induced model groups. Control rats were injected with 0. 1 mL normal saline via the dorsalis pedis vein of the hind limb,
while other rats were injected with different concentrations of vinorelbine (2, 3, 4, 5 mg/mL), as above. General
observations were performed and the hind limb volume was measured daily for 7 consecutive days to calculate the swelling
rate. The rats were then killed and histological changes in the dorsalis pedis vein were observed by hematoxylin and eosin
staining. Microstructural changes on the surface of the vascular endometrium were observed by scanning electron
microscopy. Results Injection of 2, 3, 4, 5 mg/mL vinorelbine via the dorsalis pedis vein significantly induced hind limb
swelling in a concentration-dependent manner, peaking on day 3 in each group. The phlebitis rates on day 7 were 50% in
the 2 mg/mL group and 83.3% in the 3 mg/mL group. Phlebitis was also induced in the 4 mg/mL and 5 mg/mL groups,
including grade Il in 66.6% and grade IV in 83.3%. Histopathology showed inflammatory cell infiltration, wall
thickening, lumen stenosis, and thrombosis in the tissues surrounding the veins. Scanning electron microscopy showed
destruction of tight junctions of venous endothelial cells, and a rough surface of the vascular lining, resultsing in blood cell
adhesion. Conclusions Injection of 0. 1 mL of 3 ~ 5 mg/mL vinorelbine via the dorsalis pedis vein could induce red,
swollen, and cord-like veins, as well as infiltration of inflammatory cells around the vein, thickened vein walls, lumen
stenosis, and thrombosis. In addition, the surface of the venous intima was rough and adhered to numerous blood cells. All
these features are consistent with those of clinical chemotherapeutic phlebitis in terms of the symptoms and pathological
structure.

[ Keywords] chemotherapeutic phlebitis; rats; dorsalis pedis vein; vinorelbine
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Table 1 Comparison of swelling rates induced by different concentration of vinorelbin(n = 6,%)

21 5 F1R 3R 5K ENIPN
Groups Day 1 Day 3 Day 5 Day 7
234
. Z= Pl 2.76 = 0.53 2.12 £ 0.47 2.98 + 0.65 2.82 + 0.46
Control group
2 mg/mL ¥ ) ) o
me/mL. 41 15.39 + 2.46™ 33.01 + 4,85 19.39 = 7.69 21,25+ 5.5
2 mg/mL group
3 mg/mL 4 ) ’ .
mg/ml. £ 39.44 + 6.38 """ 61.76 + 7.98 54.17 £ 7.16 ™ 50.57 + 12.07 ™™
3 mg/mL group
4 L4 )
me/mL 41 58.95 + 10.95 " 83.75 + 12,60 75.35 + 16.23 " 73.20 + 11.69 "
4 mg/mL group
5 mg/mL ZH

5 mg/ml. group 95.82 + 14.67

132.80 = 18.92 ™

117.96 + 22.89 ™ 99.60 = 15.01 ™

E Ha M, ™ P <0.01, ™ P <0.001, (FER)

Note. Compared with the control group, “* P < 0.01, ** P < 0.001. (The same in the following tables)
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Figure 1 Typical features of phlebitis induced by different concentration of vinorelbine (Day 7)
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Table 2 Grade of ascending concentration of vinorelbine-induced phlebitis in rats(n = 6, Day 7)

251 0% 1% 4%

JIIE3 V4

Groups Grade 0 Grade | Grade II Grade 1l Grade IV n P
23 14
zRdl 6(100.0% ) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Control group
4
2 mg/ml. A 3(50.0%) 3(50.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1. 000
2 mg/mL group
4]
3 mg/ml. A 1(16.7%) 2(33.3%) 2(33.3%) 1(16.7%) 0(0.0%) 24.538 0.743
3 mg/mL group
y 4
4 meg/ml. 41 0(0.0%) 0(0.0%) 1(16.7%)  4(66.6%) 1(16.7%) 0.002*
4 mg/mL group
4
5 mg/ml. 24 0(0.0%) 0(0.0%) 0(0.0%) 1(16.7%) 5(83.3%) 0. 000 ***

5 mg/mL group

T A O Sk« BN B 5% 5 B (057 S . PR IET A0 P A 1 0 e P T 5 W O S
2 EH KLU

Note. Green arrow. Irregular rupture of the inner membrane. Black arrow. Intimal fibrous hyperplasia bulges into the lumen. Blue arrow. Thrombosis.

Figure 2 Histopathological comparison of dorsalis pedis vein
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Figure 3 Changes in the microstructure of the dorsalis pedis vein lining ( x 1000)
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[ Abstract] Objective To explore the animal model of syndrome used in the study of hot flash phenomenon in

women. Methods Twenty-four female SD rats were divided randomly into three groups: Con group, Ovx group, and
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tamoxifen group (n = 8 rats per group). Hot flashes were induced by bilateral oophorectomy and intragastric tamoxifen
10 mg/ (kg-d) , respectively. Open-field activity, anal temperature, and body surface infrared thermograms were detected
on model days 14 and 28. The rats were then killed on day 29 and their uteruses were removed, weighed, and sectioned.
Blood estradiol and catecholamine levels were determined by enzyme-linked immunosorbent assay. Gene expression levels of
adrenal sex hormone synthetases ( Star, Cypllal, Cypl7al, Cypl9al, Por, Hsd3b2, Hsd17bl) and catecholamine
synthetases ( Th, Ddc, Dbh, Pnmt) in the adrenal medulla were detected by reverse transcription-polymerase chain
reaction. Results Rat body weight was significantly higher in the Ovx group compared with Con group (P < 0.01),
while body weight increased slowly in the tamoxifen group. The maximum body surface temperature was significantly
decreased on day 28 in the Ovx group (P < 0.01), the difference between the maximum and minimum abdominal
temperatures was significantly increased on day 14 (P < 0.05), the difference between the maximum and minimum
temperatures on the back was significantly increased on day 28 (P < 0.01), and the open-field activity was decreased
(P < 0.01). Compared with the sham operation group, the maximum body surface temperature in the tamoxifen group
was significantly decreased (P < 0.01) but the open-field activity was increased (P < 0.01). The uterine index was
significantly decreased in both models (P < 0.01). Estradiol levels were significantly decreased (P < 0.01) and NE
and epinephrine were also significantly decreased in the Ovx group compared with Con group (P < 0.05) , and B-EP was
also significantly decreased in Ovx group (P < 0.05). Adrenal Cypllal gene expression was significantly increased ( P
< 0.05) while Cypl7al and Hsd17bl gene expression levels were significantly decreased (P < 0.05) in bilateral
ovariectomized rats compared with Con group. Compared with Con group, gene expression levels of Star and Por were
significantly increased (P < 0.01) while Cypl7al gene expression was significantly decreased (P < 0.01) in the
tamoxifen group, and Pnmt gene expression was significantly down-regulated in Ovx group (P < 0.01). Conclusions
Bilateral ovariectomized rats can be used for the study of perimenopausal hot flashes, which resemble kidney Yang and
Yin deficiency in traditional Chinese medicine.

[ Keywords] hot flash; bilateral ovariectomy; tamoxifen; animal model
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1.2.5 RT-qPCR Fl'5 I B Jk R &3k

BRI ERR, A RNAiso Plus 32 577 il 42 &
RNA, K Primer3(v.0. 4. 0) 7EL S k% 1151 W 3F
ZHL Life Technologies /A Rl A L ( WLF2 1), R H
PrimeScript RT 12805 & 7E47 100 %% 5% SO AR i cDNA
FWARZ S 20 pL, W 25 37°C 15 min, 85°C
5s, 4CLIE;PCR Y 8 N AR R A 20 pL, W 2
FF A 95°C A8 3 min,95°C B K 30 s,60°C #EAH 30 s,
40 MERX, B4l 3 R, R 27 R E A E
{435 PR B R X ek o

®1 KRR TS FS
Table 1 Sequence of forward and reverse primer in rat
K mRNA J¥51 5 ElL/2 ! 774 (bp)
Genes Serial number Primer sequence Product size( bp)
F:5’ -GCTGGAAGGTGTAGCTCAGG-3’
Cypllal NM_017286 224
R:5’ -CACTGGTGTGGAACATCTGG-3’
F.5’ -ACTGAGGGTATCGTGGATGC-3’
Cypl7al NM_012753 , , 161
R:5’-TCGAACTTCTCCCTGCACTT-3
F:5’ -CATCCAGCAAGGAGAGGAAG-3’
Star NM_031558 122
R.5’-CACCTGGCACCACCTTACTT-3’
F.5’ -CAGAGTATCCGGAGGTGGAA-3’
Cyp19al NM_017085 , , 249
R:5’-ACTCGAGCCTGTGCATTCTT-3
F:5’ -ACAGGGAACACCTGTGGAAG-3’
Por NM_031576 189
R:5’ -CTAGTGAGTAGCGGCCCTTG-3’
F.:5’ -ATCTGTTGGAGGCCTGTGTC-3’
Hsd3b2 NM_017265 228
R:5’-AAGTATGCAATGTGCCACCA-3’
F:5 -GTTATGAGCAAGCCCTGAGC-3’
Hsd17b1 NM_012851 247
R:5” -TCTGGATCCCCTGAAACTTG-3’
F.5’ -CAGGGCTGCTGTCTTCCTAC-3’
Th NM_012740 247
R:5’-GGGCTGTCCAGTACGTCAAT-3’
F.5’ -CAGCTCCTACCCAGCTATGC-3’
Dde NM_001270852 239
R.:5’ -TTTTAGTCCGAGCAGCCAGT-3’
F.5’ -TCTGTGCCCTGGAACTCTTT-3’
Dbh NM_013158 145
R:5’ -CTGCGGAAGTGATCTTAGGC-3’
F.5’ -ATCATATCACGACGCTGCTG-3’
Pnmt NM_031526 219
R:5’ -TACCCTTGACGTCATCCACA-3’
F:5’ -TGCCACTCAGAAGACTGTGG-3’
Gapdh NM_017008 129

R:5’ -TTCAGCTCTGGGATGACCTT-3’
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(The same in the following figures )
Figure 1 Body weight of rats in different time

groups (n = 8)
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Figure 2 Infrared heat map of body surface of rats in each group
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B3 SRR SHRRLINRE B (n = 8)

Figure 3 Changes of anal temperature and body surface infrared temperature in each group (n = 8)
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Figure 4 Open field activity of rats in each group (n = 8)
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5 HHAKBRTERBE( = 8)
Figure 5 Uterine index of rats in each

group (n = 8)
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Figure 6 Pathological section and endometrial thickness of rats in each group

B 7 AU B RO =B 5 LA B MR Y B

Figure 7 Changes of estradiol and catecholamines in blood of rats in each group
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Figure 8 Expression of adrenal sex hormone synthetase gene in each group
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Figure 9 Expression of adrenal catecholamine synthetase gene in each group
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10 F4IKEF Efli ER \ TRPV3 TRPV4 % pz4ifk
Figure 10 Immunohistochemistry of ER, TRPV3 and TRPV4 in rat hypothalamus
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Establishment and evaluation of constipated irritable bowel syndrome
model with liver depression syndrome
HE Jiahui, HE Jieying, ZHANG Bairong, ZHANG Shuidi, WEI Yuanjun, YANG Chaoyan, CHEN Yanfen "

(School of Traditional Chinese Medicine, Guangdong Pharmaceutical University, Guangzhou 510006, China)
Corresponding author; CHEN Yanfen. E-mail: xwnai@ 163.com

[ Abstract]  Objective To prepare rat models of liver stagnation syndrome constipation-type irritable bowel
syndrome (IBS-C) using single and multi-factor modeling method with different indicators, to provide ideal experimental
animal models of IBS-C. Methods Forty-two SD rats were divided randomly into blank ( Normal), cold-water gavage
(Cold) , restraint (Restrain) , tail-clamping (Tail), cold-water gavage + restraint (C + R), and cold-water gavage + tail-
clamping groups (C + T). Body weight, food intake, water intake, and survival status, as well as open-field behavior,
fecal Bristol score, visceral sensitivity, and small intestine propulsion were observed in each group during the modeling
period. Pathological changes in the rat colon were observed by hematoxylin and eosin staining, and the serum and colon
contents of 5-hydroxytryptamine ( 5-HT) and vasoactive intestinal peptide ( VIP) were determined by enzyme-linked
immunosorbent assay. Results The body weight in each group decreased after modeling (P < 0.05, P < 0.01), the food

and water intakes decreased, and serum 5-HT levels increased. The number of fecal particles and Bristol score decreased
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while the colon 5-HT content increased in the Cold group (P < 0.05, P < 0.01) ; the total distance and average speed of

the restraint group in the open field decreased (P < 0.01) ; the preference for sugar water in the Tail group decreased (P <

0.01) ; the preference for sugar water, total open-field distance, small intestine propulsion rate, defecation particles, and

Bristol score all decreased, while the colon 5-HT content increased and the VIP content decreased in the C + T group (P <

0.05, P < 0.01) ; and the total distance, average speed, and VIP content in the colon decreased in the C + R group (P <

0.05). Except for the Tail group, all the model groups showed visceral hypersensitivity (P < 0.05, P < 0.01) compared

to the blank group at various pressure values on days 7 and 14 of modeling. Pathological observations showed no significant

inflammatory cell infiltration or pathological changes in any of the model groups. Conclusions

The combination of ice-

water gastric lavage and tail clamping can be used to establish a rat model of liver depression syndrome in IBS-C. This may

be the best of the five tested method, and the resulting model may lay the foundation for further systematic and in-depth

research into the mechanism of traditional Chinese medicine in preventing and treating IBS-C.

[ Keywords)

tail clamping
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¥ : 5 Normal AL, * P < 0.05,* P < 0.01, ( FE/ZER)

B1 REMAIEZ(n = 7)

Note. Compared with normal group, * P < 0.05,

P < 0.01. (The same in the following tables and figures )

Figure 1 Changes in physical signs of rats (n = 7)
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Figure 2 Changes in sugar water preference rate of
rats in each group(n = 7)
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Table 1 Open field experimental results of rats in each group( x + s,n = 7)

DO

D14

iRl
Groups

S AR (mm)

Total distance( mm)

FEERE (mm/s)
Average speed (mm/s)

BPEFE (mm)

Total distance ( mm)

FEERE (mm/s)
Average speed (mm/s)

Normal 2 Normal group
Cold 4 Cold group
Restrain 4l Restrain group
Tail 41 Tail group
C+ R4 C + R group
C+TH4 C+T group

2966. 48 + 620. 91
3185.87 + 510. 88
3108. 20 + 1382. 06
3411.92 £ 1175.13
3438.98 + 846. 32
2883. 50 + 566. 95

9.89 + 2.07 3577.85 + 632.17 11.67 + 2.42
10.62 + 1.70 3033.23 + 987.48 10. 11 + 3.30
10. 50 + 4. 54 2355.60 + 475.48 ™ 7.85 + 1.58™
11.38 £ 3.92 3016.90 + 737.32 10. 06 + 2. 46
11.47 + 2.82 2532.97 + 1008.52 " 8.44 £ 3.36"

9.67 + 1.88 2741.30 + 557.98 " 9.14 + 1.86
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B3 0gsmlAsfe

Figure 3 Changes in the trajectory of open field experiments

B4 AFEESET AWR H 2N (0 = 7)

Figure 4 Changes in AWR scores under different pressure values(n = 7)

R2 HHEWHHE(x £ 5,0 = 7)

Table 2 Changes in defecation status(x + s,n = 7)

4151 ‘ ﬁ@*ﬁf&( *TL/R) . Br?stol 557
Groups Fecal particles ( particles/piece) Bristol score
DO D14 DO D14
Normal £ Normal group 6.76 + 2.82 5.57 +2.82 3.46 = 0. 44 3.21 £0.22
Cold 4 Cold group 6.90 = 5.56 2.17 £ 1.64~ 3.28 £ 1.52 1.38 £0.96™
Restrain 2 Restrain group 6.22 + 6.06 7.00 + 2.65 3.14 £ 0.75 3.56 £ 0.22
Tail £H Tail group 6.18 +2.49 5.41 £ 1.81 3.32£0.59 3.31 £ 0.41
C+ R4 C+R group 6.30 = 2.61 4.29 + 3.55 3.03 = 0.61 3.08 £ 0.55
C+TH C+T group 6.57 + 6.29 2.14 +2.85" 3.07 £0.73 1.26 £ 1.28™

BR3P Bl vk 1 A I 45 e 5 500N 1 0 5 K C+ RAKRB/PBIEHFEFSHBEE EHS
e Hp C+THWENEE(P <0.01),Restrain 4 Normal H WK TR EMHZER (K S),
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2.7 mi%E. & 5-HT . VIP S 24 R

ELISA il 45 5 s | A& BRI Il 3 5-HT & &
PIH FFF, Cold 15 C + T 4450 5-HT &3
BIN(P <0.05);C + RS C + T AW vip
SEUBH (P <0.05)(K3),
2.8 JRIBRESFEMNE

HHK RS HE Qe g R K 6 fr,
K BHZH BRAAHES 35 R B 55, oA UL B 8 1% 5 P 40 i
Rl EE TR TSPl i GV AN e S R g AN W Ny
JCAR B B8 T g B AR

B 5 MatfERE (= T7)

Figure 5 Changes in small intestine propulsion rate(n = 7)

£33 IE EHT5S-HT VIP 58 (x +s,n = 7)
Table 3 5-HT and VIP content in serum and colon(x + s,n = 7)

il I3 5-HT (ng/L)
Groups Serum 5-HT (ng/L)

2t 5-HT (ng/L)
Colon 5-HT (ng/L)

251 VIP (pg/mL)
Colon VIP (pg/mL)

299.36 + 28.21
325.01 = 28. 66
321.49 + 14.89
313.44 + 18.67
306.25 + 29.29
323.24 £ 47.03

Normal 4 Normal group
Cold 4 Cold group
Restrain ZH Restrain group
Tail 41 Tail group
C+R4C+R group
C+ T C+T group

337.27 + 46.28 56.85 + 6.97
409.44 + 89.03 " 51.80 + 4.39
364.96 + 18.34 55.02 £ 4. 14
387.59 + 72.44 51.27 + 4.38
326.84 + 17.47 39.50 + 4.84™
405.73 + 18.62" 45.42 £ 7.61™

6 %5 HE Y,

Figure 6 HE staining of colon

3 e

3 o SCHRIRBT LA FEL A A1 TBS-C A AR A
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DRI KBRS AR 2 R v R, i
N FEC G v B R S O DROK I S 4 T LR
FEHURIEL , REAS AU SCFEUE A T BEAEME . (EAL7KK
T B — DR 3ROM G 12k T AR D DR A5 AT 2R

B RAE A IBS R P G Ch I s
7 ATE) WA 1BS 544 R “ Bt , BB 5t e Wl A
SPAE R Hh B T R D 2 5 B
HE S UIAC ™ 4K FAGFARSEY 1BS-C BF5¢ Ak
2l BRI SRR A 4 B 2 £ TR T
A% 1l 7 o I JFF AR A T 1BS-C K LRSS {
YR 2 2 TR T 42 0 6 5 15 4 A
IBS-C Y& HETT $E 20 JF A6 2 S 264 7 5, L4
“HAGIT AR | 1 6% H 3 2 3 e FE ML
SRR PR 2 43 0 e 7 RS Sk
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A5 S IR R A ARG TBS 2 (AR 42 I
FHIRE L 1BS S s i 5 fil 8 2, I AR & 78
Y5 U1 5 W 4545 AiE (1BS-D) B b Shy i 1T, —
FE SR FH T Ve - S 4 SR SRR s, A B
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BB YRR 28, ] RN 57 | S R A3 | D B /K 2 TR
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T4 BT 56T IBS-C ALIF AR AU A it 4557 92 |
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B R VKoK S 45 G e B Tk o Bk HE AR A -
K ZAEhR AL G VRN, N RGER ARG IRIT
BEZ5B)534 1BS-C AL BE JER >

e s R T R, BAR S MO BIRE R &2
il T A 4R A 1) K BB AR (H R R | s B
b R et b — 225, AR R IBS-C
A L ek e A5 F AR | 3 5% 3 D718 P ik
MRS N BN A S L 5 i 2 B AE (1BS-C) 1 &
BLRGHLA: FEALA P AT N i HE R R D
Wil s P | SERS Cold 41 .C + T 4/ Nz HEE
RIS R U K R by vk v RS Y R S B WA iE
B, Hop ¢+ THE A RE, BRI NN
N AR BF # 98 F J2= AWR TE4Y, 24 AWR TE4» T+
T, 2% WA R R P I AR B, AR 5 R Cold 4
Restrain 20 .C + R 40 .C + T 438 5 HE R R
PR U 71T Tl 2L A9 PR AR B A il 2
PR nT A8 B R FH e B2 A R Al o 3 R
ARG IR B R fiz 3 SR A, B SR Y Y
Restrain 2 A HE(E = BN, (H 55 A4 L B 8
EMEZE SR TR RIS S50 R FH A R AN A G,
PRl SCRRAIE , SR 20 0 J8OR 33 AR 7 2 R BE R
M55 IBS-D A5 5% 6 B SRAEAIAY 1 h 24 AR
ZERER 2 h A TESE IBS-D A5 ) A U g AR ek 7
BEFHS (P > 0.05) ,1H 2 h d& B S e HERE 250
S-HT3AR FikFE B i A 2251 (P < 0.05) M,

KA G- S 36 K W™ 37 52 56 #8 J2 VEA S0 sh
BREAL ) B A G b, ARFIE 25 R RE AL 14 d
J5 , 5 Normal ZHAH EE, Y Tail LA C + T A B3
P2 C + R AWK b5 oA BRAIG R 35
255 MHESCHRIRIE | K BN T 19% FEWE VW 19 11
FEARBAFTEA IR 22 S | B v AR I 7K P 18 K BR AT A
HAZE 2 f5 LA K, o TR K D 4R 1 d,
Xah®y kAT TV AL B, WF 5 R B AE B (Fl/BY
K BEZ IR OLF, LLYLR SA 2h B o 15 V8 17 T

FEAMR KA, 1137 sh i =2 W Kbl sk A 35
AR T AE R OR VW, T B B = W 3h iy 2 02
TR/ AR TR, B ZHR T s kiE
P shal, SR FEE BR324 h 5 vl RE & THAE
ZRYTERE DRI, HE I AR S50 OB K i g R 45
A RESZ X BB R RS WA A AE — o 1R 25, SRRk AT LA
XFUCHEAT IR A LU 5 . oL ARG i B 3807 i 2
] P U r R g A A R o AR v R B T B S 0 3
F1 Rt A AR AL BT LA b 52 56 A0 B — S50
ANREFE ST WL S N0 1 & SRR BB 1 5 T Y
A KA [ S EEA T 4 B 43 A e B 4 1T i fz e 512
WS AT MR R AR AL, ABFIE R, AR 14 d
J&i ,Restrain 21 Fl1 C + R &L F S S £5 3 B /L,
C + T 4 B A2 B 070 5 BR Normal 2 & Cold 4,
Hoox 4 HIE S X IR FE B E P ED AL, Kk, 28
B S 0 B R TR B R e e KOR
ST AR 2 v K R £ B IR ]

Pt VR N B W T B2 R B 38T LY
HR A 5, FEJE T B s 0 v R R R, i 5-HT
VIP %%, 5-HT HAT VW IHALE D e e, A F
TN S-HT B3NS 80T P =5 SRR 76 2 b i
ZTEYEY) T, 1 S 5 1 i A T Ak 2R R S R R
ik I H S-HT VER T ARz ik, 518 8 3% 19 g8
S723) I RO S) e G  GRala o= il )7 i 7 NS
M AETEHE R RE (VIP) 230 B Wiz 2 1) 32 B ph 2858
Bz — , ELA AN i R LR AR 2 2 0 R i T
Al , AT R R AR EL A B G A0 ) AR S X R
RN 25 5-HT iz VIP &l & 38,C + T
20 5-HT M VIP &a35m, $2/5 5-HT J VIP & &7t
R fES IBS-C K AEHw UM,

25 TR X 5 b R 3R K R AR ST L
WS, 22 PR 3R 156 A 1 A5 1) 301 ) A L B PR 28 A8 (oK
IKHEE ) EAT A NI IBS BB, Hohvkok e H 454
Je R (Y IBS-C K BB AL 1Y Bristol 1543, HE{H
RLETIIBEAG , K QSR A A S B 323 34T A
R iE U B T N R RTINS
T PLEAF & v BE AR IE IBS-C SR, BA
AR IR RS E | I 38 20 7 e i 35 0, wT A
LA FEAR A4 FABIE IBS-C & s HL i B2 A 56 h 25 24754
TR RBERY L F B () A2 A R B o, B A
HEZ A, A I Uit — 2 9 K AR i, 1
TR Hsf [70] K AGE0 F5 A , Xof 3 A 3 it v 110 B2 % PR 36
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[WZE] BB ZET 16S rRNA MFH AR R &4 00645 98 B2 ™ i/ B 8 R 2 Re e BV 451
Bz AEm, Fik 24 26 Al BALB/c MM/, & R PENR SR 1 RS, BEHLA X B4H (NC 4,0 = 8),
BRI (M 4,0 = 8), 3660 + BILL(PM 41,0 = 8) . PM 4LRJHMETE 200 L 25 A4 W IR AR W (I DUEE FT58 F
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PEEEFP 0.2 mL AEER K, UEE/IN B — MRS W B2 T Mg A= A 1 0, R 16S rRNA I 3 325 46 00 fi7 18 187 3 4549
HAEfL, &R M AU/NRE RN PM AR PR S EE B AW (P < 0.05) , 5 NC AL, M 41/
U IE R fE Alpha ZAEPTERSEIRAR, 4110) Beta ZHEMEAFAE R FTEZESR (P < 0.01) AbFE4E AR B M 4L/ U E 16
T 2R RA — W REER, 5 M 48, PM 43T 15 17T ( Bacteroidetes ) 28 JE B 11 ( Proteobacteria ) |
Muribaculaceae FUFT T JE ( Bacteroides ) AN £ FETH 5, JERERT 1] ( Firmicutes) AR Desulfobacterota ) | B
J& NK4AB6( Lachnospiraceae _ NK4A136 _group ) . 75 ¢ B J& ( Alistipes ) %5 #0 %} 3 JF [ K. LEfSe 73 #1 & W, PM 40
Muribaculaceae FFT T IS ( Bacteroides ) W F B S22 T W F (LDA H > 4) . &5 HREA R 7T gl g 25
g B TR/ U B AE A 25 B Muribaculaceae FNIUFTEE ( Bacteroides ) BARRT 32 BE , HE 1 2l 38 18 A R JRIRES
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Effects of oral probiotics on gut microbiota structure in
subcutaneous tumors in mice with colon cancer based
on 16S rRNA sequencing technology

ZHANG Shuling, WANG Junwei, ZUO Luyu, HU Shiliang, SUN Junzhi, WANG Chun~

(Chengdu Sport University, Chengdu 610041, China)
Corresponding author; WANG Chun. E-mail: 993279039@ qq.com

[ Abstract] Objective To investigate the effects of oral probiotics on gut microbiota diversity, colony structure,
and intergroup differences in mice with subcutaneous colon cancer tumors, based on 16S rRNA sequencing technology.
Methods Twenty-four 6-week-old male BALB/c mice were divided randomly into normal control group (NC group, n =
8), model group (M group, n = 8), and probiotic + model group (PM group, n = 8) after adaptive feeding for 1 week.
Mice in the PM group were given 200 pL probiotic mixed solution ( Bifidobacterium longum and Lactobacillus delbrueckii
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subsp. bulgaricus mixed lyophilized powder, 2 x 10° colony-forming units) by gavage three times/week for 7 weeks, while
the M group and PM group received 200 wL normal saline. At 10 weeks old, 0.2 mL CT26.WT cell suspension (1 x 107/
mL) was inoculated subcutaneously into the left hind limbs of M group and PM group, while NC group were inoculated with
0.2 mL normal saline. The general state of mice was observed, the growth of subcutaneous tumor was monitored, and the
changes of intestinal flora structure were detected by 16S rRNA sequencing. Results The subcutaneous tumors of the M
group were prominent, and the subcutaneous tumor volume and weight of the PM group were significantly reduced (P <
0.05). Compared with NC group, Alpha diversity index was lower in the M group, and a significant difference of Beta
diversity inter groups (P < 0.01). And supplementation of probiotics had a certain effect on gut microbiota diversity in the
M group. Compared with M group, the relative abundance of Bacteroidetes, Proteobacteria, Muribaculaceae, Bacteroides
were higher in the PM group, while the relative abundance of Firmicutes, Desulfobacterota, Lachnospiraceae_NK4A136_

group , Alistipes were lower in the PM group. LEfSe analysis showed that Muribaculaceae and Bacteroides in the PM group

1565

were different species with high abundance ( LDA values > 4). Conclusions

Oral probiotics may improve the gut

microbiota by increasing the relative abundance of beneficial Muribaculaceae and Bacteroides in subcutaneous tumors in

mice with colon cancer.
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FE 10T L 0 A R AR O A T AL A G
W UL 5 AR T AL AR FLIR AT 18 ( Lactobacillus )  SUBCFT
B ( Bifidobacteria ) 4% BR B ( Streptococcus ) VA S /1>
K IGFFEE ( Escherichia coli) %512,

16S A=W ZFEE D FF ( XFRY 35T ) FR
AP G A v B A R DR ST R SR R Y 168
rRNA ZEFH FF B9 PCR 779 5 81 BEAT w8 1 400 )5
TR TR Y 2ERE , ARAT TR W T s 1 2 8 S AR

probiotic; subcutaneous tumor; colon cancer; gut microbiota

XFEEE X o3 A PR £ 3 I T TR R 22 R TR 4
g R AR 2 B A [R) 22 S5 i AR Ak & #5245 AN T 20
FIVER, RIS, 8 i g £85I 18 o1 B v 2 BT B0
Py T A R

ARSI R KT A0 S5 g CT26. WT 21 bk
S S5 W T AR /N USRS DL R 25 2E oA
TF-Be, FIH 16S vRNA I 57 A K I 45 B 9 e T
TarJe8 /N B T TR 2 Ve HE VR 45 0 S AR X
JE 2H B 25 5 S5 AR Ak, AT 101 IR 25 A TR 6 &5 W o e
T g /0N B T TR AR 52 Sk 11 IR 2 AR TR A
I8 B A AR AR A S R R AL S I B S

1 #E57TE

1.1 ##
1.1.1 SCishdy

24 H 6 JE SPF 9% BALB/c MEVEf B /N R, 1A
(21,37 = 1.13) g, I T BUARIA A0 S 55 2 ) A FR 2
"] [ SCKX(J11)2020-030] . 7321w 5%, A kR X
K, E R 20 £ 2°C, HHXTR B 45% ~ 55%, 6 R
12 h/R8AT 12 h BRI, AC R PREE , 1l 35 T LR IR
BB SPF %5y b [ SYXK (J11)2018-211], A
Y I 2 AR A T 2 AR L D1 S b (LA
FH[2021]64 5)

1.1.2 R

U AT TR RN A7 CCZLAT B O I ) S 2 Fh o &
R (K BT > 1.0 x 10" CFU/g, #5 [CFLFE
AR IR > 1.0 x 10" CFU/g, 14648 Tk i
YR F R S A0 ,20211119)
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1.1.3  FEAFI S

CT26.WT 4Rk (2D 58 4 dn R A BR 2
7] ,CL-0071) ,CT26.WT 4l it & F 85 75 5 (DU
FeE R A PR W, CM-0071) , MagPure Soil DNA
LQ Kit( A 2 A YR A R\, D6356-02)
1 x dsDNA HS Assay Kit for Qubit ( [ %= Yk}
FAy A FR S 7], 12642ES76) , TaKaRa Ex Taq (Jb
SRR AE YR A B2 R, RR0O01Q) ., CO, Kig:
#6 ( Thermo , £ [H ) , Y= B (Olympus, H A) |, %1
3% bR R RO (DELIXT, F1 #) , A 205 30 Hl
(Eppendorf) , PCR 1Y ( Bio-Rad, € [ ) , QIAxtractor
(QIAGEN , [ ) | Bt 3K A ( Tanon , H7 [E) ¥ AR
(Tanon, H[#) , Bioanalyzer( Aglient, 3¢ [# ) , [llum ina
Miseq 74 (Mum ina Miseq, FEH) .
1.2 FHik
1.2.1 SERshsrad

WENCPERESE 1 RS BEAL A S X R4 (NC 4,
n=8) MAM (M4, n=28) fdE + KA
(PM 4 ,n =38),
1.2.2  S5lpia e T/ R A

S e B R /N BB 2 2% SOk ) g
S5 CT26.WT kR, A CT26.WT 4004 FHR; 3R 5k,
F 5% CO, BaFeffi h ik f7 8 5%, Bl R AL 05 5%,
MY 1353 95% 0, i 0. 25%JBfi-EDTA 4k
A 3 min, fil 10% FBS 583G FR ML WAL, F 4
BRI 1 % 107/mL, T 10 JA#$ A, B 0.2 mL
UMM E TR RERIAE M 411 PM 44 HU/N RS I i 75
BB NC 2% H/N AR AR A7 4258 0. 2 mL AEFHER
K A B ERAETC IR S5 N T,
1.2.3  Hfks BRI

A PRER KA 5 A2 TR A VR TR 2] 1 x 10°
CFU/mL,PM 4 %5F 200 pL(2 x 10°CFU) B4 H ¥
ST ONC 41 OM AT 200 L A EER K, R
FHRER e 25 B8 3 k1%L 7 A,
1.2.4 Bz N i

AR SR /N AT 5 T A s ROt LK B
Vi SR, T W P AR AR, DRI DA fih K% BT e
T4 W I bR R, I R B TR ALV = a
x b ?/2(a.b Al A B S G0 ) | IR o i
HAZM = V x F(F g BUM B b8 52 B o ik 5 3
R 1
1.2.5 FEACRESAHE

FRELE LA 2% 3B L Z- AN W 4 mL/ kg 1R I N

TESIRER, T TR I s R I A gl , v A B R
IKIGVEIAIE SN R e, VIO B W B, F G B A
FHEMNEY 2 LW HRAE , WAE GG H A
-80°C VKA A7, FH T WA i B RE /T
1.2.6 16S rRNA Kill i 18 FRE

B VRAE IO T8 NS I REAS | DR3EAT vk R
AR LR G W B R A R A R AT 16S
rRNA 7, EE L RAFEHE A S DNA fhik 550
£ PCR 4784 =94l SCEM #  Mlumina AL
¥ AEWE BB W RE R Silva B8 %
1.3 SFEitELSH

K] SPSS 22. 0 B Ar it e AL B, LASF- 3
5+ brdE2E (% = 5) FRER, 240 HECR T
K% 7 % (One-way ANOVA) #E4743H7 , #5716 2 IEAS
I3, BT 2555 R LSD #5645 07 22 48 55 W %
FH Tamhane s T2 £ % ; 25 AN i 2 1E 50 A, R H
Kruskal Wallis %346 5% Adonis 270K 2081, A
] FLA R ST REAR THER:, DL P < 0.05 MEA
GtE X,

2 &R

2.1 —RRIRENEE

C /NGRS R A7 IREE R A7 3h B |
PRAU R AR REIE A G, M2/ BURS 22 88 |
SRR BRI R KRB EE ST RIB S,
PM 4/ EURE PR (B8R BRIk (KB
HE— RS T M A (W 1),

B1 Bk

Figure 1 General state

2.2 ETaEERTUER

Rl CT26.WT AHHEAR)S , 2955 9 K nl 1k Ffih )2
B2 TORRL KN, 2565 15 KT AR ebs = R
AV g R R i g 44 B K% B ik (] 5% 14
A5 19 KIG M AH B EMER T PM 4, WWHE 2,
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H. 5 M4, * P <0.05, *P<0.01,

2 R ARG

Note. Compared with M group, P < 0.05, ™ P < 0.01.

Figure 2 Trend of subcutaneous tumor growth

2.3 BEEENFER
2.3.1  JHIEREARIN RS o A sl

M3 2017 Bl A R4S 1354 601 45)F
G, 5 o R RN DR e A R AR AR
Br, 1551 844 724 J5)7 8, I ZIE L ASV 6993 A4~
WK 3 s ,NC 4 M A PM ZH3A ASV 28 14,
NC 41455 ASV 2920 4~ M 454 ASV 2002 4~,PM
HEFA ASV 1595 14,

B3 e
Figure 3 Flower plot

2.3.2 JAHIETHRE Alpha ZHEME S HTEE R

Alpha ZHENE FREEAR N Z R4, 38 s ie—
AFEAS N R AL 51 A F- 5 BE (5 B, Alpha Z2HE1E
8015 Shannon | Simpson . ACE | Chaol | Observed
species 5 ANFEEL Simpson , Shannon 880 I W
veFRg R, O R it 2 BE N e A Y 4 0 T
HRUIYHTI TR, R RR R,
HAEBHEAT AW (K 4), ACE, Chaol |
Observed species $8 £ WL R Vi ZHEPE  BU(E R %
ANRER SRR, WAL S FTR, 5 NC AR, M
ZH/NER ACE #8%% . Chaol $5%K . Observed species
BOG TR Ak AR 5 HO T IE R B B
PEZES,
2.3.3  JAIETEEE Beta ZFEMETHTEE R

Beta 22K 1 38 6 S WA [A] PR I8 T % 22 6] 19
Yodh2e s, BUREAS IA] BE B . o A o 1) P 88 e 0T,
R A R AL AR AL, 22 S M I | AR 7 4
P REALRE o B i B SR AR AR v 45 4 22 S P R o
i, 3 A8 R 43 1 ( Principal Coordinates Analysis,
PCoA) (18 6) I ZITT7 22 73 HT (Adonis) 7R, &

B4 TRz

Figure 4 Dilution curve
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&5

FaZR A

Figure 5 Boxplot diagram

Y ZH AR ) SR 4, 201 () g 0 TR A B 45 A A T
WEMEZES (IR = 0.26,P = 0.001 < 0.05), #/mR
g lies N T TR R S50 R A T RAs  #bFE R AR T
J& X i R RS A 2 RE M LA — R R R AE R

T AR BR (PCL) R ARAR (PC2) SRR ] 2 57 il e B2 B K1Y
A EBARRR,

B 6 PCoA K
Note. The abscissa ( PC1) and ordinate ( PC2) are the two main
coordinates with the largest explanation of the differences between
samples.

Figure 6 PCoA diagram

2.3.4 FpIEERER A TS,

TR LM PR LE e W AR AR S e T, —
AT A W) P 55 P9 R L =2 1) B A ] 4 G AR
WP A, ARG 4 A/ R A s
SR 49 3 BER Bl LR RUZE RS
FA I, T8 HBCTY 0 i P Aol 7K P BE A7 0 BT LU, ¥ A 3
JEZR T4 21/ I8 B 3 9 2 0 T A £ 000 3 R e S
25, BTN S B i HOAE s A BT Rl

WE TA Fron, A8 1] K SF £ 36 SUAF T T

( Bacteroidetes ) . J& B & ] ( Firmicutes ) . 7% & H 1]

( Proteobacteria ) MBI ] ( Desulfobacterota ) 4 Fh ik,
W, 5 ONC 4 M, Mo AT T
( Bacteroidetes) i i B ] ( Desulfobacterota ) 55 FH Xf
£ T E, JEBE R ] ( Firmicutes ) . 22 & & ']
( Proteobacteria ) %5 A XF 4= FE [ AR, 45 7 & BE T4 ]
( Firmicutes) /$AFT & '] ( Bacteroidetes ) Bl ¥/B [ {H
FEAK, SfhmtiEm)e, 5 M 4UM E, PM AT i
["1( Bacteroidetes) . ZEFE 1 |1 ( Proteobacteria ) %5 AH %t
F B TF &, B BE W 1] ( Firmicutes ) . Bt i # 1]
( Desulfobacterota ) %5 A1 XF = B [ A, $E /8 F/B LU {E
Fe k. & 7B fr ox, fE )@ K P b fE
Muribaculaceae . M2 1 J& NK4A136 ( Lachnospiraceae
_NK4A136_group) . 73 B i J& ( Alistipes ) . $UFT 1 J&
( Bacteroides ) 55 I & & T EAL AR . L4584 A=
W ,5 M A, PM 4 Muribaculaceae FUFT T JE
( Bacteroides ) %5 M X = B F+ 15, B R NK4A136
( Lachnospiraceae _ NK4A136 _ group ) . 73 £ 1 J&
(Alistipes ) SFHHXT 3 BEREAR

2.3.5  Jpi it N 22 R0 i o)

KM LEfSe 73 A ¥ BRIV 26 % 0 53] 73 H7 ( Linear
Discriminant Analysis, LDA) 500 &l & AH4E &,
i — DRI 25 AR 53 26 D] 46 R e IR 44 Jk 22
S50 AP RE (LDA {HE KT 2) , b 20 0 4R
T NCAHMPM A 4 FEET MA, fEEAKF L,
M ZH 28250 T 1 & ( Eubacterium_nodatum_group ) .
Z M £, PM 4 Muribaculaceae . 2 FT =
( Bacteroides) . Muribaculum %2 % J& ( Clostridioides ) .
Be XHHE_1 ( Clostridium_sensu_stricto_1) 555K
FCTE B} _NK3B31 ( Prevoteueceae_NK3B31_group)
KB J& ( Enterococcus ) , ASF356 . 2k [ &l 0L #T 1 J&
( Parabateroides) \UCG_010 B EHZ (K 8)
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B 7 IRE KRR S A AR P

Figure 7 Histogram of community structure at phylum level and genus level

B8 LEfSe 4182 744 &

Figure 8 Analysis diagram of difference between LEfSe groups

3 itig

Gl — Bl S AL PRBE IR A T AR
PR B AR AR R 1 0, 2 2 Bk dne 0 LA b
2 [ A A R R R AR Y AR
R 25 AREHBR S LR P D PR Y s W] e

T U T RS S Y G IR, Ak A [ R B ML 5 |k %
g , FLvh 45 M e B9 e A e 5 HG Mg TR AR 2R
PR ARG e R SR RAR S T REAR
Sl A A A T 45 T i A AR, B AHLR i AN B
T R AR TR AL A A5 R T R
Yy, n] RO i T A A A B A R
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FRSEI , FH R T FG 7 900 1 g sk © A — H 2A4F
TN o LR AU AT P 2 25 A T P A
LRI 5L, A AR B AN B xh s e EoR M, 5%
AR A I Al LA — e de R, T
B 10 i i = g T e A &R R Y ARSI L
S K I/ N RO IF I X 4, 101 IR 2% AR TRV VR
FHFB , 25 A PR OO AT B R A o 1 SIE ST b
IREHTH (KIUEAFH > 1.0 x 10" CFU/g, %
FUFFE AR I A WA > 1.0 x 10" CFU/g) , 1
16S rRNA W74 A 58 25 1 6 K T 988 /0 BRI 18 oA
# Alpha ZHEPE Beta ZFE0E 721 B K L7 iE
TRUREE PRI V% 245 R 11 A8 A B A 1) 25 57 R s

SEHG R FH B R 4R CT26. WT 40 i bk i 57 45
S B TR /N RSS20 58 o KAk Tl 5] M4 K
PM ZH/INER B T SRR AR /IS I e e, i Jgg e i o [
(Y IER 05 320 A8 K, L H) %6 100% , B I, W] DL 52
5 B DIAE) 5 M g KT IR /N BB RS I R TR
AR AL EE R B, 45 B TR /N R 2 1R 25
AT T G R PR RS R
B, B 1 IROBUEE AT B 0 2L R T v LA 0 o e A=
KAIVER %5 DIFERE e 45 R —3 2

FIH 16S rRNA AWM E b 78 25 A 18 ) i 18 T
TELS R B, 25 5 7 A AL IR 507 51 ). ASVs
it kA2, Alpha ZHEME TR M 415 NC
AR HEA T RER R, X 1T B85 I N 25 2E 1R R
WD S0 TR R R G A G, R T RE | ke
RVERR I & 45 B e 10 A S kb e 2k
AWEHETIER By LR EnESR, -2k
17 Beta ZAEVEHT IR , 4520 0] 1 T8 B T AL AR 254
FAEREMEZ R (IR = 0.26,P = 0.001 < 0.05),
PR g i/ B I8 T B2 R K A T AR 4R FE
#a A P B T B R S R B — o 0y el A
R AW R0 JEEBEE ] ( Firmicutes ) |
FURFBE 1] ( Bacteroidetes ) 1E A AR 1 24 32 22 i 18 B4
BE, W9 LLAERD F/B (38 sl s /D 2405 40k 1 1 T
BRSO, Ko A 2R R E 2R
FEVE A s H i BRI S AR SR 2 e B
TR/ B R VR S5 e s SR b M 4 F/B
P —3, A BFoE R W, R4 A T A BUE;
FEB FLRRAT IR, A B T 2 AR A R R ) A P
I ] 90 AE R | 9% RE T W s R 45 L R R0
Liu 21 1 9% % B, AR T R AL B ( Clostridium
butyricum , CB) FEAK 45 W 9 #H 5 45 W J e /) B 18

WAEYIRE F/B HOAE, 58 25 A48 R B9 AR 2 5 PM
HA N4 WG F/B AR EH—8, 160
KB, 5 M 41H H, PM 41 5 R AR B B )
( Proteobacteria ) %t = BE g, H DX 38 I s B 4% Ry
0. 04% , it 2 W AR B | ( Desulfobacterota ) 1%} 3
BEEAR, 7E)8 K b, Muribaculaceae 25519 Ml
il $UFF B ( Bacteroides ) IR RAE , PM 41
Muribaculaceae T B J& ( Bacteroides ) %5 A0 %t =+ J&F
T M PR D Rk es AR TR AT R R I A A
PRRFIAR R 3= B2, G I R S . PM 41 A 4=
FEBIEEE NK4A136 ( Lachnospiraceae _ NK4A136 _
group) KL & (Alistipes ) S5 AXT F AL T M 41,
SRAFIEAR AT RE S MR 5 A B A2 /D
BRI B 4 R S5 AR R 3R A G, AWFSR ik — 2R
FI LEfSe 43 B2 W], PM 20 AT 35 1 22 53 B RE N
I ¥ W J& ( Bacteroides ) .
Muribaculum A2V & ( Clostridioides ) & X H & _1
( Clostridium _ sensu _ stricto _ 1) | 3% &7 Ik K & #F _
NK3B31( Prevoteueceae _NK3B31 _group ) . 1 3R 7 &
( Enterococcus ) . ASF356. 7k [k &l # /T & )&
( Parabateroides) .UCG_010, H:" , Muribaculaceae )
P & ( Bacteroides) (Wi LDA {H > 4) 5 78 6 i
Py o3 A b WG ARG 5 B2 T i B B — B,
7R FUIR 25 A= TR R BB 0 45 W i B2 T 9 /N B
PR T g A TR AR R R
4 INEE

I g A= TR AT RE 38 2ok 3G 0 45 W i B2 T 9/ B
78 W B P A 25 B Muribaculaceae F1 ) #T i @

( Bacteroides ) [ AR XS =5 B | 17 24038 7 3 B 7 2K 9
RE

Muribaculaceae .
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AT REET EER, EER AR WA
G G R T S B S S

(1. WO BE 2B 22 M PE M 5T ol WA 25 & 2 MM BRI 5
SR E B 31005352, B 5 SCRRAE W ARG BRA R AT 311100)

[HE] Bi @it Rib/ 42 d A SRY £ DNA RT-qPCR 2047 77 k2, BIFFE A1 6] 56 5+ 41
L (human umbilical cord mesenchymal stem cells, HUCMSCs ) AR i ik 18 8 i 78 51 S Bk e NOG /) BUA Y G 2H 21
STENL, ik #/NRALH AR SRY JEH DNA 1) RT-qPCR 2047 5 i, i A TAm vl il 48 15 SR M Y 1) | e
LR RE S EFRE, WNOG /MR 36 H MEMES: BRI K ) 45 T HUCMSCs 3.5 x 10’ Cellq/kg,
T6,12.24 72 h 1 Ji 2 F4EC6 HUNRREE, KA MWK (EDTA B ) o fig ), BU B CONE I KRR B8 H b
W Ma i B2k M6 ST BREL) $RE DNA, FHE STE /N B2 AJR SRY 26K DNA RT-qPCR %ﬁﬁ&e{wu
FE AL HUCMSCs W43 A& 00 . 533 B NOG /MR 18 L MERRE A1, 4 Xt IR 6 H 4254 12 1 43 3l ik id:
54 0. 9% FALEIE SR JHUCMSCs 3.5 x 107 cells/kg, 525 I E/INR 2 EREME R NI, 452540 T452)5 72 h,
2.4 A HL 4 H s R IR i 4 4] 2R PR WL 1, BT 4 2 U0 A SR F G 40 Ak A T 2ok (R 2 19 2 38, oA
HUCMSCs fEiH U BRI O, 53R @ /RSP AR SRY ZE[H DNA ) RT-qPCR 23 #T 7 ik & 5 5846
FREIFF A BAUEFRE ; NOG /N AR ki3 55 HUCMSCs J , EE40 G TR (42505 1 B W) BT 20k B
TR, 42 R T HUCMSCs R4 BITE 6 ~ 24 h 6 ~ 72 h Z INHESFRIR EAa KT, 2 S5 BER ] HERS T I, He
L ZH 24 SR A S AR MAS HUCMSCs 431 5 8 AL 45 3 R # bkid: S HUCMSCs J& 72 h AT 78 fifi s Ao il 3 HoA7 7,2 JA
14 JE U0 AAG I 2] 5 BV bR E S HUCMSCs J& NOG /N LB B S vkt vy, 2538 FES7 A9 HUCMSCs /)
B L 3 A S BT T iE ] & ATAT s NOG /N BB K # ik i 45 HUCMSCs Ji 2T 2405 1| 8 N AR Il A i i, 72
h FEE R T 2T SRk bk iE 5 HUCMSCs B R AR ek,

[X88i1R]  ABF R 7400 NOG /NG e A 41T s 84 A

[FESES) 095-33  [XEFEB] A [XEHS] 1005-4847 (2023) 12-1573-08

Tissue distribution and analysis of human umbilical cord mesenchymal stem
cells in NOG mice following single intravenous injection

YE Zhichao"™, CHEN Guoyu", PAN Ruolang®, SHI Yuhua', GU Liqiang', XIA Lijuan',
LIN Xiaobo', ZHANG Qiang®, XU Shasha®, SHAO Jinjin'* |, ZHANG Lijiang'"*

[EE&TE ] #iiTa &SR H (2021003077) |, B BE 24 B AR RHIFRE 4 30 H (KYQN202106)
Funded by Key R&D Program of Zhejiang Province (2021C03077), Hangzhou Medical College Youth Research Fund Project ( KYQN202106).
[PEE I I RE (1997—) A, WF5E T ] . 253024 . Email : 1390725525@ qq.com;
BT (1997—) B+ #F5E 07 1) 25 B~ . Email ; chenguoyuuu@ 163.com
#IL )5 — 1R
UEEIEE 1R (1981—) I3 W90 B8, Wi, TR 1]« 25 B3 B2 A5 . Eimail :2020000087@ hme.edu.cn;;
A4 4 (1989—) , Zr, B FRWFSY 50, 1, WF 55 07 ) . 24 BB P2 F5¥ . Email : shaojinjin@ hme.edu.cn,
* LR A5 R



1574 v [ SEEG B 2023 4E 12 A4S 31 B4

(1. Key Laboratory of Drug Safety Evaluation and Research of Zhejiang Province, Center of Safety Evaluation and
Research, Hangzhou Medical College, Hangzhou 310053, China. 2. S-Evans Biosciences Co., Ltd, Hangzhou 311100)
Corresponding author; ZHANG Lijiang. E-mail; 2020000087@ hme.edu.cn; SHAO Jinjin. E-mail: shaojinjin@ hme.edu.cn

[ Abstract]
human-derived SRY DNA in mouse tissues, and to study the tissue distribution of human umbilical cord mesenchymal stem
We established a

Objective To establish a quantitative polymerase chain reaction (PCR) method for the analysis of

cells (HUCMSCs ) in immunodeficient NOG mice after a single intravenous injection. Methods
quantitative PCR method for the analysis of human SRY DNA in mouse tissues, and validated the standard curve, linear
range, accuracy, precision, and stability. Thirty-six NOG mice (18 male, 18 female) were administered 3.5 x 10’
HUCMSCs/kg by single intravenous injection. Six mice were then anesthetized and dissected after blood collection ( EDTA
anticoagulation) at 6, 12, 24, and 72 h, and at 1 and 2 weeks, respectively. DNA was extracted from lung, kidney,
heart, liver, brain, spinal cord, stomach, small intestine, fat, skin, spleen, testis, uterus, and ovary tissues, and the
distribution of HUCMSCs in each tissue was determined by the validated quantitative PCR method for detecting the human-
derived SRY gene in mouse tissues. In addition, 18 NOG mice (9 male, 9 female) were divided into control (n = 6) and
treatment groups (n = 12) injected intravenously with 0. 9% sodium chloride and 3.5 x 107 cells/kg, respectively. Acute
toxic reactions were observed during the administration period, and four animals were dissected at 72 h and at 2 and 4
weeks after administration to observe the gross organs. Mitochondrial protein expression was detected in paraffin sections of
lung tissues by immunohistochemistry to analyze the colonization of HUCMSCs in lung tissues. Results The established
RT-qPCR method for human-derived SRY DNA in mouse tissues met the validation criteria for each index. After a single
intravenous injection in NOG mice, HUCMSCs were mainly distributed in the lungs and blood within 1 week after
administration, with higher concentrations in lung tissues than in blood. The concentrations of HUCMSCs in lung tissue and
blood remained relatively stable within 6 ~ 24 h and 6 ~ 72 h, respectively, and then decreased over time. The
distribution of HUCMSCs in other tissues was not measured at all sampling points. The colonization result showed that
HUCMSCs were detected in lungs 72 h after intravenous injection, but not at 2 and 4 weeks. No obvious acute toxicity was
observed in NOG mice after single intravenous administration of HUCMSCs. Conclusions The above method for analyzing
the distribution of HUCMSCs in mouse tissue is reliable and feasible. HUCMSCs were mainly distributed in lung and blood
in NOG mice within 1 week after a single intravenous injection, and mainly colonized lung tissue at 72 h. A single
intravenous administration of HUCMSCs has a good safety profile.

[ Keywords] human umbilical cord mesenchymal stem cells; NOG mouse; colonization analysis; tissue distribution
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BRGNS LA S PR BE A % 2 s 20

SRR Y ST R ] ik 40% , H
A 2RI FBAX LSRRI o8 £, 2 S 30N
TRAYMIRT FBY , ARV, ) 78R
TARAT IR TXJJ{MEJ&L ETEAR R 3]
o PP VE T 3 (45 ] 70 52— 4 MLk Ry i 7 Sk
B PATI <Gl I NN 1 o0 i w11 O S S
AL D A= R a1 ST e 1] (R ¢ 2
AU T G e V8745 55 75 T A7 B R A4 I o ) 1
WrfE . AT (8] 78 5 1 4 ( human umbilical cord
mesenchymal stem cells, HUCMSCs ) J&—2& A J5t i
JUR TR 1) B AR T At ) R T R R | g8 i
PEACAHE S D S50, W I S 3 A 5 143 F’%i*??
G-I 2 P A A PR DL B e i AR
AT PR 2 AU 7 3 L SO, S R GEH L0 Il

R IA) 78 0 40 ) 8 i — 2 [ Ao LT, (EAT
754E§J\XTA, S0 A I 0 K 2 4 T n) B 7T T

H 5T 2 B 18] 78 5 40 MR TT (95% M e Aty
MSC) Ji R BLAPE R Y 5 11, 9% A dE Kbk
S OB G FE I A 2 MR AR I AR L g ik
S} HUCMSCs FH F 36 97 201 Bl 58 03, 1 % % &
HUCMSCs i 4 J5 1 S e 25 SO B A o8 43 A 1
1L 324G I 2 A B A, ik = B o A R MSCs
A PRGN 7 325, i TG HETfR 345 HUCMSCs 7EAR Y
ML A RS B ARG B, SRY 5 PR 2 e 1k
BlPeE I 18 Y YLk [ B g g A e 1 )
FIFER H BE, SRY 7RG & B 30 He s o 1 B4 43
LA IE B, A B SRY J:HA7 T Ypll. 3, 4
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—A4~ 204 FIEMRAE AT NBFSE T 40
RO PR ARG B0, P 26 A U5 58 14 R e Je
1) 78 50T 4 M bk S S AR 2 NOG /IR A 3 3k
R /N FRZHZURE A b T3 M SRY 6 IR = B A L 491
ST (1) 72 J57 1 240 B 08 A A AR B AT Sl A A
ARG T/ 4141 Ff HUCMSCs ( AR SRY 3
DNA) i) RT-qPCR 737 J7 12, % %< 5 B f i ik
/NEL(NOG ZINERL) BRI KT i HUCMSGs J5 i) 2
PEREVERON, IR R T RE M FEPERL AR, DA BRI 4
ZUr AR EAEIE O, a2l R 25 R 2%

1 MR5AE

1.1 ##
1.1.1 SEEEhY

54 H 6 ~ 7 J&# SPF i EE NOG /INERL, i ik
Aof MERUAE 13.8 ~ 20.2 g, MERUAE 20.3 ~
23.5 g, Wb ot 4k 58 I A 52 55 3h W) B R AR 2 A
[ SCXK(51)2021-0006] . Zh# i JE 20 ~ 26°C,
FHXFIRIE 40% ~ 70% , Hh ez P8 8 v KU /N A
RF 15,6 12 h B 12 h K5, IVC #SkEh
BE/NEE 30 ~ 80 IR, 17 T UM B 2 B & A T
ST O B B PR 58 Sl W) B Y A ok A7 326 1] XU Ak
E(IVC) H[ SYXK (#7)2022-0027]) , S BEK E &
KR . AR ST A8 v 20 0 5256 3l W e 5% S
B LRI B/, o7 68 ¥ K 1) 5 5256 sh P 4%
KRR OC 1 P 25 R e 08 38 D\ 52 55 5l ) 11 ]
A5 FAH G 1 75 HE R B BT M B 2 B 28 4 1 TE A 1F
FE L 525 Bl ) A 3R 22 Bt 25 (Institutional
Animal Care and Use Committee ,IACUC ) AJFHICHLE
( NGLP-2020-019,NGLP-2021-004) .

11,2 20 X 40 B s BRI

B ) 78 5T T 40 B e 2 SCEEAE R R
ABRAEERAL (£F & BT Rl bn ) ,2 ~ 8°C 4
TRAFTHUIN 55 SCEEAE W B ARG RS ) 2 43k 1Y) 4
MR
113 FZEH S5

SRY-F 5% 5 -TGTCGCACTCTCCTTGTTT
TT-3’ il SRY-R 514 5’ - TGGGTCGCTTCACTCTA
TCCT-3" (AW T ( L) B AR A ; Power
Up™ SYBR™ Green Master Mix ( A25742, Thermo
Fisher Scientific) ;SRY FUKL ( WiVl % BAS AP RLH;
AR A ) 5 Nuclease-free H,0 ( 200019A , 1] #§ 3
) s DNA 2 BUR ] & ($8030/S8031, KARA LB

(dbm0) BBl ) . RT-qPCR 4% ( Step One Plus,
Applied Biosysytems ) ; ## i 15 20 25 .0 #l ( Heraeus
Pico 17, Thermo Fisher) ; 1€ i % ¥% X ( VORTEX-
GENIE 1, Scientific Industries ) ; 8 i3 &= 8 41 43 66
JF£1T (ND-ONE-W , Thermo Fisher) .
1.2 FHi&
1.2.1 /NEZHZH HUCMSCs A PR SRY F:[H DNA
) RT-qPCR 43 #7117 2405

/N R AL AR SRY 2 [K DNA 9 RT-
qPCR ZrHr 7 i BUW BE B 55 1) HUCMSCs FIEPE /N
B4 7% B 2H 41 $2 BU DNA I 46 00 Ho ok BF | 78 RT-
qPCR X b4k 1 Fel R Wi, 519 P 91 L3k 2,2
B E 9 50°C 2 min;95°C 2 min;95°C 15 s, 64°C
1 min, 40 MEH;95C 15 5,60°C 1 min,95°C 15 s,

&1 O]

Table 1 Preparation of reaction solution

{7 4% FK Reagents name AT (L) Volume ( L)
Nuclease-free H,0 8.0
Power Up ™ SYBR™ Green Master Mix 10.0
10 wmol/L SRY-F 0.5
10 wmol/L SRY-R 0.5
Sample 1.0
AT Total 20.0

TEHENE B UE T 3% . BURG B8V ( Buffer TE ) | Tl i
W 25 PR T T4 DNA KRG 2 1 58 5 V8 s o
fifr , 4 JEURE A AL B 0 A BRI A2 | B BT TE |, TR
VRS F 3 I3 82 ) 07 %o 0 S TG I A
A Undetermined i B Ct (BAF S 3232 brife

o v pHT 208 R A 30 B 6 Jr 3 « i B R vk B A
o K e BE YR 1,00 x 10>.2.00 x 10%.2.00 X
10°.5.00 x 10*.2.00 x 10°.1.00 x 10°.8.00 x
10°.1.00 x 107 copies/ L B IEFRFE, K5 4% IE AR AR
WL LOG {5 &2 L Ct SFH AR B 0¥, 5
PRUEMIZE . SRJE R R IERRAE Y Co (A AR R BR 1
1115 = M = 7 S B M08 2 S =270 e
BUERA T RAE 55% ~ 145% , 585 T FRAL B AE 50%
~ 150%,

TR RIORS 25 B B0 UE 73 < il £ SRY JBokL ik J&
SA1.00 x 10*.3.00 x 10*.1.00 x 10*.7.50 x 10°,
1.00 x 107 copies/ L FYBHEFE S, 2B S wl, iImA
45 pL 25 P, W TR AT, 8 Cu(EAR A B bRifE
Mg, TR Sk B, 42 52 bm o . M ff BE S0 vk
PRI BE Y LUAE B N 7E 55% ~ 145% , i T
FRUERRE R TE 50% ~ 150% ; K %5 B 5230 e 2 i) £
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FHXIFRUENR 22 (RSD ) AT 45% , 22 1 T BR A KG
WAL 50%

FEE DNA ZHFE AR PRI IE 1712t . 25 AL 4R
nniEAT DNA 48 BUS #E 17 43 %€, 43 0l T Ak 20
(0 h) ., a3 ., -80°C KWL (18 .41 il 84 d)
ZMF R L AE 260 nm 0751k BE(E , A4 RE
AR BELE S TR B R 2E . B bR FEA I

BE5 O W E 25 A U m 2578 + 15% LA,

RS PR B0 Ty 1« U 4 VO 45 1 B T A
B 2R E (3. 00 x 10° copies/ L) FIE W (7. 50
x 10° copies/ L) , SR J5 X X B AL S 47405 | v il
3, —80CHKMIMAAE(T.15.30 Fil 68 d) JiF, FRILSY
VIR EE . $32 hrifl - B — R B 34 (H S AR ik
FEAH LR 2ZE N AE + 45% BB,

F2 EPEMELS
Table 2 Selective result

. ; . S T4 DNA £ /i LLOQ #EF AL ULOQ ZEHEPERE
P T s AR R BT R Q MEFEMEREA Q MEFEMEREA
) . . . Stem cell DNA LLOQ level of ULOQ level of
Sample type Diluent TE Blank matrix Premix . .
samples for men selective sample selective sample
ARAIF ARAIF ARAIF

Ctfl

Undetermined ~ Undetermined ~ Undetermined

29.01 32.41 26.97

1 LLOQ . Al 2 B PR ; ULOQ : fie i iE F R

Note. LLOQ. Low limit of quantification. ULOQ. Up limit of quantification.

1.2.2  NOG /INEUER IR Ik 7 5 HUCMSCs Je AR
HA 5T

Ve HUE G pE B NOG /N 36 HL, Ml 452
PAYRERIK ST 3.5 x 107 cells/kg HUCMSCs, 43511 T
6.12.24 72 h 1 J& 2 JA B 6 H/INE (HERES )
JRRIE , R4 MWK ( EDTA i) J5 ke, Ui 5 oG
I R B8 E N TE R R IR 2
(Fer U0 &) ZA 45 -80°C i fF ., HRE 44
DNA R ERIERY /N R 2T AR SRY £ [K DNA
RT-qPCR 4341 J5 5 2 & A 40 b N SRY
DNA & &, #F— W58 HUCMSCs 7E 4 441 1
GIATIE B
1.2.3  Spe ik P/ B VK S HUCMSCs 201k #5
PEH 5 KGE R TS

NOG /NG 18 H ERERF | 73 Skt BRZH A1 48
o gl , Herb A M v A 12 F/N RO ko S
HUCMSCs 3.5 x 107 cells/kg (¥ JE 3.5 x 10° cells/
mL) ; %FREZH 6 HU/INER R DK S AR RMA R 1Y 0. 9% 54
PR T B, BRI A 2, A 25 IR FE Ol 10 mI/kg,
IR R S 2 2 S W /N BRI 2 IO 15 L, 3 5 R
£229 d, iC ST H B E R R Uh i 8] EE R
RSO ] R FE TG 0 T s TR 2 s
72 h, 2.4 JA5r R4 KB (MERESS ) HEA TR
PRIHIR X5 25 U 25 2 75 S A8 Ak, I SR SR M il 4 A
ST R, ) FH G 58 20 Ak 1 R I N R R R A B 1 R
ik, LUK HUCMSCs 1l 20 2 b () @ AR I I
1.3 FitFESHR

M Step One Plus % Bf 2E &t PCR {31557

Hri i $2 DL &L Co 8, A Excel 24 ( Microsoft Excel
2016) X SEEFAHE VAT A GHE LA A
SEYIME + ARdE2E (x = s) , RHRE IERE S <7 b i il
2 THRRE S RS IEARFE | BT FE i K 52 B A i 1Y
WS, P <0.05 NEGIIFRE L,

2 &R

2.1 MNRALH ANE SRY EE DNA RT-qPCR
NRFEFERR
2. 1.1 Pk

TR (TE ) PR WK | 25 1 2 o 5l a8 1 L i
TR o S M BE A 1,00 x 107 copies/ L ( LLOQ) I
1.00 x 107 copies/ L ( ULOQ) HYEEA I 5 45 5 Ky
R (TE) TR RN 25 (L R REAS Cr (H8 R
Undetermined ; LLOQ F1 ULOQ FEAIA Ct{H, 45
WORA T BTG EMREA TR, R 3,

R3 ARMEIR AR AR B S

Table 3 Accuracy and precision of standard curve

FRVRIE (L) I 5 oA
itk Theoretical FHIECRL) RSD FE (%)
. Average . .

Batch concentration opies () (%) Correction

copies( L) coptes L L accuracy( %)

SC-1 1.00 x 10? 1.05 x 10? 20.7 105.0
SC-2 2.00 x 10? 1.87 x 10? 11.6 93.3
SC-3 2.00 x 10° 2.04 x 10° 10.3 101.9
SC-4 5.00 x 10* 5.18 x 10* 9.2 103.6
SC-5 2.00 x 10° 2.14 x 10° 13.0 106.9
SC-6 1.00 x 10° 9.70 x 10° 8.1 97.0
Sc-7 8.00 x 10° 7.97 x 10° 12.9 99.6
SC-8 1.00 x 107 9.84 x 10° 10.0 98. 4
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2.1.2 Ak g s
ARSI B R 1,00 x 107 copies/ L, Kl
Bl 1.00 x 10>~ 1.00 x 107 copies/pL, FrfE i 7]

R EETS Y 93.3% ~ 106. 9% , V- 319k i 1
RSD(%) M 8.1% ~ 20.7%., 45 F45 4 vl %%
e, WA RO 2 B A A T sz At . a4

R4 AEIaIFIE P AR B b

Table 4 Analysis of accuracy and precision between and within batches

e ULOQ HQC MQC LQC LLOQ
ECL2N 7 6 4 2 1
Index (1.00 x 10 (7.50 x 10 (1.00 x 10 (3.00 x 10 (1.00 x 10
’ copies/ L) copies/ L) copies/ L) copies/ L) copies/ L)
TFHE (L)
Average 8.95 x 10° 7.08 x 10° 1.18 x 10* 3.13 x 10? 87. 1
copies (L)
N/
it SD 12.1 24.3 4.40 x 10 6.90 x 10° 4.20 x 10°
Batch 1
RSD (%) 13.9 7.8 3.7 9.8 4.7
Y i (O
R (%) 87.1 104. 4 118.3 94.3 89.5
Accuracy (%)
S I L
¥ /”E(.“ ) 7.91 x 10° 5.68 x 10° 1.15 x 10* 3.33 x 102 1.47 x 10?
HEH Average copies (L)
Within- ek 2 SD 1.14 x 10° 1.15 x 10° 1.37 x 10° 40. 4 16. 4
batch Batch 2 RSD (%) 1.4 2.0 14.5 12.1 11.1
HEBIL (%) 79. 1 75.8 114.7 111.1 147. 4
Accuracy (%)
M2 A L
$ﬁﬁ.(“ ) 8.98 x 10° 6.26 x 10° 9.45 x 10° 2.66 x 10° 1.01 x 10?
Average opies (L)
#tix 3 SD 3.11 x 10° 4.20 x 10° 2.08 x 10? 32.4 16.2
Batch 3 RSD (%) 3.5 6.7 2.2 12.2 16. 1
2 i (O
HEIL (%) 89.8 83. 4 94.5 88.6 100. 6
Accuracy (%)
\/l; ] L
¥ /”H(.“ ) 8.61 x 10° 6.34 x 10° 1.09 x 10* 3.04 x 10? 1.12 x 10?
Average copies (L)
Eia L] SD 5.91 x 10° 7.31 x 10° 1.40 x 10° 41.4 30.3
Between-batch RSD (%) 6.9 11.5 12.9 13.6 27.2
Y, H (0]
HEBIL (%) 86. 1 84.5 109.2 101. 4 111.7

Accuracy (%)

2.1.3 TGRS %

X iR E HEBR (LLOQ) (R BT RE i (LQC) (Hh
JEAERE A (MQC) | ek B2 B 45 i ( HQC ) e i o
R (ULOQ) 5 AN /K - 11 Jot 2 A i E A 7RG, 4t
Rl 3 A, BEAHER SR MR BEAR 3 MFEAR,
HEPS 5 AT 18 B A o Tl Bk B 5 (AR BB A 1Y)
75.8% ~ 147.4% ,1.QC . MQC . HQC #1 ULOQ [[] %4
WePBEH) RSD% M 1. 4% ~ 12.2% ,LLOQ [nl &3 B Y
RSD% N 11. 1% ~ 16. 1%, HtE)EA 7K Faake b
] B B P (A PRI Y 84. 5% ~ 111.7% ,RSD%
H6.9% ~ 27.2%, HERFFEEZIRME, RS,
2. 1.4 RoEM

$EICE DNA A & 43 5l 75 - 80°C VR filk 3 Ik,
—-80°C 1RAF 18 .41 1l 84 d, B AFEARM EEE 0 B
EL AR H-4.79% ~ 6.59% ,RSD% 4 0. 60% ~
8.12% , %W L IRRAAA M PR M RAF, A T

&S5 NOG /MU KA HUCMSC J5 A¥R SRY
FL PR I % 53 A 45 5 ( copies/ L)
Table 5 Blood distribution of human SRY gene
in NOG mice injected with HUCMSCs

intravenously (copies/pL)

] \/_,
itk 6h 12h 24h 72h 168h 336h

Batch
NO.I 236 240 174 86 B B
o No2 17 B 260 10 S8 B
i NO3 147 B B B B B

Male
Mean 697 240 217 98 58 /
s 876/ 61 17 / /
NO.T 0 0 24 B B B
g N2 12w B B
NO3 203 249 B B B B
Female

Mean 110 127 201 / / /
s 103 125 32 / / /

Note. B. Below the lower limit of quantification. /. No relevant data
available. ( The same in the following tables)
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LR 5 53 0 7 - 80°C R Rl 3 K, —80°C fRAF 7,15,
30 F168 d J& ,LQC Fl HQC HYFE S EEAR M B ¥(E 5
bR 2 -15.6% ~ 18. 1%, %W I iR{% A%
T REE R,
2.2 SREERBE/NER BOXER KT S 45 F HUCMSCs
BEERNMNSHER

K C A B/ R ZH 2 HUCMSCs 2 PR R U
T KT HEU A RS R B DNA J5 #E1T RT-
qPCR i, 25 3 R . i NOG /INER A9 B ik | 52
JUMELE N EERE I D OR R E U
O IE 13 ASHLUE I AT RSB AR R SRY 2
DNA, 177 I 38 At A A gE ) 21 LY SRY A& 1A
DNA , $275 # [k 75 5 )5 HUCMSCs 7E NOG /) B
FU A 4340, ARELZURE SR DNA AR iy v
JE BT LA B it Jot i sl AR, W] LU 4 40
s IR SRY ZE[R DNA PO (L3R 5,3 6)

gh4 FREE B HUCMSCs 78 NOG /)N B it 77 i
Oy AR Ay < PR /N BL HUCMSCs IfiL Hh e i e AR 52
UK RS O 24 B i 2R R AE B IKE ST 6 h B A
155, oM 697 copies/ L, 88 Ji BB B $#E R & 8 N F% (6
h ~ 1A AG) 2 JEBHR T 5E &8 T R MEPE /N B
HUCMSCs Il H & BESAMEAE 6 ~ 24 h XA (164

T8 A 2GR B MR A A2 1L 5 C L AL RO A AL

~ 201 copies/wL VKFEZHNE T ) , H 5 PR T
TBR, HUCMSCs 7E NOG /) BUiti b 9 20 A LA N <
Itk /I BRUA 4141 HUCMSCs Wk BE {5 76 6 h fit
(3636 copies/mg) ,SXJ5 BERT [BI$ERE A BT T B, (HAE
72 h AT — Bk A (¥1H 3078 copies/mg) , 1 JAl B
AR B, 2 AR T T BRE 5 04 /) Bl it 2. 41
HUCMSCs #KFEBIEALE 6 ~ 72 h Z NAERFAH X FA2
(757 ~ 1439 copies/mg) , HJ5 K F & & FIR (UL
K1),
FR 6 NOG/NHAKTEST HUCMSCs J5 A U5 SRY HE K fif
I A 25 R (copies/mg)
Table 6 Lung distribution of human SRY gene in NOG
mice injected with HUCMSCs intravenously ( copies/mg)

étgt{ﬁl 6 h 12h 24h  72h 168h 336 h
NO.1 4922 1343 499 2084 751 B
X NO.2 788 1199 2820 4105 419 B
Mifle NO.3 5197 1517 345 3043 B B
Mean 3636 1353 1221 3078 585 /
SD 2470 159 1387 1011 235 /
NO.1 1094 445 1273 1259 B B
) NO.2 564 1995 2224 1134 B B
Feﬁile NO.3 614 1482 397 1925 B B
Mean 757 1307 1298 1439 / /
SD 292 790 913 425 / /

B 1 NOG /)NE ki HUCMSCs Ji AJR SRY 2 K78 /1N BRI 1 A4 24 st i 28 | 380 43 A8 AL Al 2 2o A AR Ak

Note. A. Intravenously. B. Blood distribution. C. Lung tissue distribution.

Figure 1 Drug time curve of SRY gene in NOG mice injected with HUCMSCs intravenously, blood distribution and lung tissue
distribution of SRY gene in NOG mice

2.3 REHME/NREKIES HUCMSCs 2514
EERTEEDW
2.3.1  — MBS AR A 4G

Xof 2 /)N B A1 ST 0 30 ) 1 o DL ) B S, oK
SIESPAET ; T 402 45 25 5 H B T i i) 5
T, HARAR WL RN S8, R seT; F45
o 25 B BRI AN B, 5 A 2 AP0 A5 B
AR Ml S5 34 A S IR A R R DL g AR AR A

2.3.2 eI R

G E AL S R, X BR 2 sh ) Al 2 20 K 0 i
FREO S B X I, R AN F] HUCMSCs 41 ; T 40 il
M 255 72 h, 76/ BN ZH 23 bR I 2] HUCMSCs
FERHE (474 FU) B0 20T U G 25 60 5 s DXl 5 1
MIZH 25 25 J5 2. 4 JA B 3 R A 3] HUCMSCs &
FH, 2 U UL 2 A (0 B DX, iy 2 2 v A
ST A R S H LU Ak 45 R EEA B (WK 2)
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TE: A IE WX MR Sh Wil 4 20 N JREORLIRHE R S5 R B ~
D235 HUCMSCs i BkVE ST/ 72 h.2 4 JH/NGU 220 e DR
LR R Rk S
B2 #BikES HUCMSCs 7 210 5 R
Note. A. Expression of human mitochondrial protein in lung tissues of
control group. B ~ D. Expression of human mitochondrial protein in
lung tissues of NOG mice injected with HUCMSCs intravenously after
72 h, 2 and 4 weeks.
Figure 2 Colonization of stem cells in lung tissue after

injected with HUCMSCs intravenously

3 it

H AT, A5 18] 78 5T 1 20 i o3 A B FEZE A 2
s (1) ARM7R ERBEA , Eb n FH B e s WE 2% 1 25 A
BrdU #ric, SR (9 G VR i 5 B R e A4S
PEATRIN A . 127 1% BE A% L 400 it Py Ack 1) 467 ', {HL
JURE MR, ELR 5 78 b 45 5t B (5 5
55 NFRUE , ASRE X 43 F% 200 it B 106 25 45 s,
HHLUP M GRAUER . (2) RT-qPCR J5 & S A
D B G ) 1) 72 J5T 1 4 B R AE 2 PR B 5 | i AT
K, ABFFEH S T RT-qPCR A /N B4R 21 A
U8 SRY A 1) 5 12 (CRFAE IR 40 L 7 /N B A Y
B3R ) B ARG BE 4y 1. 00 x 107 copies/pl, ¥
MFEREA 1.00 x 10~ 1.00 x 10" copies/pL, BEf%
TE K B L2 2 r G 00 380 s 1) 1) 5 Jo 1 240 s 1A
IFE R, JIRSEIRIESE TR 45 T I8 IE 48 AR 24
HhRUE, 7L AT RE R AT, e 08 S M T 20 M 2 24y
MLt

BV AR N U0 AR 45 R R B, NOG /)
BLEA VR DK 1 5 HUCMSCs Ji5, 328143 A3 T il 11 1f.
W (2h)E 1 JEN)  HAL UK W B oy A, Il
Wi 21 HUCMSCs R 5I7E 6 ~ 24 h 6 ~

72 h Z. ] HUCMSCs ¥ & 4k +:5 A0 X 52 K F, 5 B
IFaIHERS T 4, HUCMSCs 78 ek /1N 5 358 0 1l 9
FF A3 A AN — 35, 28 A A 1 /) B 38 R i A
SaaiTIe ol =i Rl A N S N e W AR )
HUCMSCs ¥ #1{E % 5 (6 h) 34 %] 3636 copies/mg,
TERTFHEPE /N R, G841 Ak 72 2 A 560 I 40 A 465 SR
Won, TH M A 255 72 h 78 il o A& i E)
HUCMSCs EM (K3 100% ) | M4 25 )5 2 .4
BIARKINE , 5 22055 A K I 45 A — 2, /W
NOG /)RR E K E S HUCMSCs J5, T 72 h N3E
M A Tl , 2 J8 2 Ja S AR pL A

Z7% ICH ZAT K S6 (R1) (AW HARZ5 Y Y I
RGP E AR TSR Y ARG R 2
PR PR W ZE 45 R NOG /) BL B Wk bk vE St
HUCMSCs J& 5 T H B0 87 1 33 14 5 4, FLAR oA D B
RS, AN n R g B G /N BRSBTS KR
ARG 25 S 7R X /N BRAS L U 2% DA S T A B
LA UL B S5, B s BRI R DK T S HUCMSCs
HAEBZ e,

il 5 HUCMSCs A U SRY 3 [H DNA RT-
qPCR 7T T R N R S G iR =C A
ST AR LR J5 22X HUCMSCs T B T — & 914
B LM, 145 NOG /N R PR IR 45 25 3 R F
5% B LM (NOG /MR ) Rl
PERFFFE (G 0L/ o B s I ) | R S B T B
S MRS ESEES NOG /B 26 JE A4 P BUR 52
IS  FEAN [ ) R b i A7 42 5 6 & e PE PR,
R 8E HUCMSCs TG AR A ok 5 i 42 1 P 4t
TREWERS%,
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GSH/GPx4 /SR ER L T 18 M AE A iz 5l
Wik B 2R 3222 /N BB R o S| Ak
115+ AR

SETERES S

(1. R IRTE 2 Bis sh ST T, 28 T 5240482, IR IRYE B K BT Rl 2458
JUAR T 52404853, ERGIITE R AAEF R AR, M 510631)

[fBZE] BH#® EUHSMHBK(glutathione, GSH) /73 Bt H kIS E AL Y1 4 ( glutathione peroxidase 4, GPx4) /-5
HYERTE T (ferroptosis ) Il I TEAT 4012 ST BT /) BUHE 8 T 200 3 S A48 405 P iR VR FIAIL R, i sl T s 2 AOp IR
RIS RLAR BT AU S A% 52 IS SPF % CSTBL/6 MEPE/NRR 20 S, BEALAN S A X BEAL (EC 41) I
BN (EE 41) 540 10 K, 16 s mf iR 25 Fiz3h (1 ~ 2 8 14 m/min,3 ~ 4 J& 15 m/min,5 ~ 10 J& 16
m/min, 11 ~ 16 J& 17 m/min, &K 60 min, Y5 K 0°) , F+ESKEERE , BUF MU A-HI4E HE D)7 4 H5 569 1L e
YIF . ELISA Kl A2 Rk 8- 52 Fe i 4 2 1 ( 8-hydroxy-2 deoxyguanosine ,8-OHdG) | HA % 6(interleukin-6,11-6) 4-#%
FHET A7 (4-hydroxynonenal , 4-HNE ) , b 875 I % W% J5 . H 9 = B8 ( wiglyceride, TG ) . TN . F¥ ( malondialdehyde,
MDA) JHFAE UL £ F 2k (non-heme iron ) | KF I i A 18204 — 4% 4F BR B BR ( nicotinamide adenine dinucleotide phosphate,
NADPH) .GSH, Western Blot K& i GPx4 | Fit A LA 5 1 ( NAD(P) H: quinone oxidoreductase 1,NQO1) K A% i
MRS — A% R i TR S0 fL T 2 (NAPDH oxidase 2, NOX2) i FR 2K K % 7 i 51 11 (solute carrier protein 7 family
member 11,SLCTALL) RibfE, &R (1) FH Fis 3w A 5E S LAF/ N BRIFEAF % 18 1 0 S 40 i ad S (e 3l 40, (R I
AN LR A TE s SR R i 4 Bk (2) 5 EC LML, EE 41/ BUIF GSH I NADPH W34/ (P < 0.01) . (3)
5 EC AR L, BE 4170 BUF LR IR 8-OHAG H1 4-HNE MDA | £k & ft LTS R AE 7 116 7 ik B3 T RE (P <
0.01), (4)iZshIEHNATF GPx4 NQO1 SLC7TA11 Fik# (P < 0.01) ,[FfK NOX2 £k (P < 0.01), it FHEHEE
Zyil it SLCTALL HE GSH 55, 2 GPxd T8 I 9 S NI , ¥ GSH/ GPx4 38 fi, iR R AL T HERR , M08 1 e
1 & BT AN e S A 1, 2T A 1 2 5 A BT BE

[88iR]  APCH K S NH O SRS 46 F0s 3l BR0E T ; /MR

[HFEH2ES] Q95-33 [ ZEtERE] A [XEHS] 1005-4847 (2023) 12-1581-07

Role of the ferroptosis pathway mediated by GSH/GPx4 in preventing
hepatocyte peroxidative injury following aerobic exercise in an
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LIU Yugian'?, YANG Wengian®®, WANG Haitao'~**

[EETA I ITE B A4 L3 ( 21,2008 ,71.2009) , L HRHL R H (2022B01077,2023B01168)

Funded by Talent Introduction Special Funds of Lingnan Normal University Presented (ZL2008, Z1.2009) , Zhanjiang City Science and Technology
Research Program (2022B01077,2023B01168).

[EE R I X LA (1973—) , 2, Wt B2, A1 505 1 38 30 5P B S CBBT 6 . Email: yugianht@ 126.com

[EBEEE] TWE(1973—) 5 -t 28U, 0F s 5 ) iz s S5 i@ sRAE it Email ; wanght@ lingnan.edu.cn



1582

(1. Institute of Exercise and Health Promotion, Lingnan Normal University, Zhanjiang 524048, China. 2. School of
Physical Education and Sports Science, Lingnan Normal University, Zhanjiang 524048. 3. School of Physical
Education and Sports Science, South China Normal University, Guangzhou 510631)

Corresponding author; WANG Haitao. E-mail: wanght@ lingnan.edu.cn

[ Abstract] Objective To elucidate the role of the glutathione ( GSH ) /glutathione peroxidase 4 ( GPx4) -mediated
ferroptosis pathway in preventing age-related hepatocyte peroxidation injury following aerobic exercise in mice, and to
provide a new target for improving liver aging and metabolism disorders. Methods Twenty specific-pathogen-free C57BL/6
male mice aged 52 weeks were divided randomly into an elderly control group ( EC group) and elderly exercise group ( EE
group) (n = 10 per group). The mice performed moderate-intensity exercise with incremental loads (1 ~ 2 weeks
14 m/min, 3 ~ 4 weeks 15 m/min, 5 ~ 10 weeks 16 m/min, 11 ~ 16 weeks 17 m/min, 60 min/day, slope 0°) for 16
weeks. After perfusion of the ascending aorta, the lateral liver lobes were harvested and sectioned for hematoxylin and eosin
staining and ultrathin sections were used for transmission electron microscopy. Levels of 8-hydroxy-2 deoxyguanosine
(8-OHdG) and 4-hydroxynonenal (4-HNE) in the liver and serum interleukin-6 (IL-6) were detected by enzyme-linked
immunosorbent assay. Hepatic glycogen, triglycerides (TG) , malondialdehyde (MDA) , nicotinamide adenine dinucleotide
phosphate (NADPH) , and GSH were determined by colorimetry. Hepatic GPx4, glucose transporter (GLUT2) , NAD(P)H.
quinone oxidoreductase 1 (NQO1), and solute carrier protein 7 family member 11 (SLC7A11) were detected by Western
Blot. Results (1) Oxidative damage to hepatocytes was effectively delayed, normal mitochondrial structure and glycogen
storage in hepatocytes were maintained. (2) Hepatic GSH and NADPH contents were significantly increased in EE mice
compared with EC mice (P < 0.01). (3) In addition, liver levels of 8-OHdG, 4-HNE, MDA, and non-heme iron were
significantly decreased in the EE group compared with the EC group (P < 0.01). (4)Expression levels of GPx4, NQOI1, and
SLC7A11 in the liver were increased (P < 0.01) while NOX2 expression was decreased (P < 0.01) in the EE group
compared with the EC group. Conclusions GSH synthesis was increased in aged mice following aerobic exercise, providing
reaction substrates for GPx4 and activating the GSH/GPx4 pathway. Ferroptosis was inhibited, thus improving hepatocyte
peroxidation damage caused by aging, and maintaining the normal structure and physiological function of hepatocytes.

[ Keywords] glutathione; glutathione peroxidase 4; aerobic exercise; ferroptosis; elderly mice model
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BRBET™ (ferroptosis ) FEFE — P48 (1) E P8 T
PEANARAET, EE LR T Sk W RRIE . A 2012
GRER/ G AN Sl IR VK S Y A
5 ) 8] 4 A e 4R A 45 1 T O G 95 By ¥ Hh 1Y
VEFHE A B R sT o i ik BB AR 1
Fenton Wi j& ROS 1 FZRIE 5| KR T
TN AT A0 PR A A N i A Y 32 2 B (13
~ 15 mg/g) AL NRACH AR AL, K,
JT- 45 By il 2 3 Fe R R R AE T, Bl S AL
5107, BN A AR A o S R A
H K ( glutathione , GSH ) i izt 2 45 JDE H- kit 446 490 iy
4 ( glutathione peroxidase 4,GPx4) Pt Y AR
MRIPRIET R E ZAER], GPx4 L GSH J94HIH ¥
iR B U E ALY (R-O0H ) 544k M il i ( R-OH)
TR 1k BRAE T A T M e T2 e A% T TR W TR
(' nicotinamide

dinucleotide  phosphate,

NADPH) J& GSH HY##it , A B T4EFF 40N GSH /K
—TIZ“ﬂ o BIREBARZIRE T L 11(solute carrier protein

adenine

7 ,family member 11,SLC7A11) 7] A 4 ffd $2 {1t 2 B =
WA 0L GSHY o FRE MU R K A S 28 8
W e et b i o % R EZ—, RSt
T PR T U A T AR VE 2 B S B BT iR 1Y
BB o EGE S AR AR LA T AR T 4 A
Bl G B R T i A R AR
BB B2 75 2352 W 9K 5 52 0 A% vh T 200 1 PR gk s
T | F) 3 48408 A s ke 2 3 L 119 5 B HE A
I A S k3 K A R v N B AT
A7 2 3l , WLEE GSH/GPx4 T 1) £k A8 T~ s 1Y
AL, s SRS 5 | R s B D AR IR S ks
AR, 3 SR R K T Bl S AT AV A

1 #MRI57AE

1.1 #
1.1.1 ZE8sh¥y

20 H 52 JE# SPF gt C57BL/6 fEEE/NERL,
RHE 30.65 + 3.27 ¢, I T) RA E¥LE YT
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L[ SCXK ( #)2018-0002 ) , FEAd4n) &l ( AIN-93G ) iy
A7 AR B2 SR sh o (B4R HE (2019)
05073) . MFRIEL: A RO, A oK, 3R E
20 ~ 25°C ,MRJE 50% ~ 70% 3% TR i K2
WERE B, BT ol W) S50 1 22 46 B I R 2
B R 2 B BEEAE 3L/ 41 25 51 23 it i (SCNU-
SPT-2019-002) ,

L2 EBAH S

ELISA i 71 £ . 8-7% J& i 40 2 ¥ ( 8-hydroxy-2
deoxyguanosine, 8-OHdG ) ( i T); H & 6
-6 ), 45 J T W& B (4
Hydroxynonenal ,4-HNE ) ( B 5t i hL) o A Abi50 & .
JrEE R TR & L H I =g (triglyceride, TG) | FFIE I
212 2k (non-heme iron ) . N [ ( malonaldehyde
MDA) \GSH i & (B 5L A ) , NADPH Il 3 &
( Beyotime ), % ¥t /N f HT #&: NOX2 ( Abcam
ab131088) ,NQO1 ( Abcam,ab80588) , GPx4 ( Abcam,
ab125066) ,SLCTAT1( Thermo, MA5-35360) , 3-Biik
H o B B = B¥  ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH) & N 2 (GAPDH % £ i &
PUR) , FHi% 1gG/HRP (4%, YI0189 LAEAW) .
kiR 7325157 & ( Beyotime ) ,

R P A L R AN (T R R AR D)
Synergy H4 2 U1 el 451X ( Thermo scientific ) , HL 3K
%% I 22 48 ( Bio-Rad ) , PVDF Ji# ( Bio-Rad , Immun-
Blot) , Y% i fB% ( Leica DM1000 £k RIMER S ( -
W) AR B 5 B (JEM-1400HC H A

(interleukin-6,

HF) .
1.2 Ak
1.2.1 s ore R Sese 1+

INEBENLAY Jg 3 B4 (EC 41) FIE 4R 8 3h 4
(EE 4H), 4 10 H, SLwE@&E Nz 1 G, /»
REAT 16 JH hAEsR MR i fariz gh (1 ~ 2 JA
14 m/min, 3 ~ 4 i 15 m/min,5 ~ 10 Ji 16 m/min,
11 ~ 16 J& 17 m/min, &K 60 min, ¥R 0°, K2
YT 70% ~ 15% e KIBER) ", A sz
TR AEs s, NERBE 69 A,
KAMHY T AW 65 %,

1.2.2  sh¥ict

H 1% E 240 (40 mg/kg) B8 T SRR B /N
B, ZNERUBR S, B, == R 5 & 30 min J5,4°C,
3000 r/min #.L> 10 min , BULE 43265 E T-80°C
KA. TEESIIKE 0.9% NaCl #E S, T vk 4%

HUIFZEAMIUIH 0. 9% NaCl #5365 e 4E0 22K 43,
WA AR, 533 G fr T -80°C vk & H. Ui
BT AEAMII2H21 0.5 em X 0.5 em X 1 em A
4% ZRHEEE T 4CKM&EH,
1.2.3  JHF4nHEd 825 F isg

B 49 22 5 FP S 11 2 1) 2L 800045 0 2 T it
K, H A IS HIEA YR (6 wm) HE Y5
JE e WAEE T 10 x 40 f555 N MEEAFH LB AR
A, B2 mm x 2 mm /NEETF 2. 5%% " + 4%
BB 4°C B2, 1% MR 5, B0 2
WK 5 RN e i A 4 T, Spurr #1235 J5 BR
AR E L, WE B R h ., B R BN
F BRSO AR At L 2 B AR AL
1.2.4  AAbsabrfin

SR FHERRLAAR J3 8 1 0] & 25 o 2 0 AR AR I AL 2
LEOR R ELISA 3 I %2 B 46 ki /& 8-OHdG,
4-HNE 4 450 nm A5 OGIE ,  Fb 6 sl b
Jt,620 nm MM GE, TG P 546 nm, MK OEAE
e e, 320 52 T 3E ML 21 & 2% ( non-heme iron) , 520 nm
M SEE . NADPH T 450 nm MW YGAE
1.2.5 Western Blot #:l| fFEAET-#H R85 H Fih

B 20 mg FFZHZUINA 200 wL 25 [ 2400, R s
MRS 285 A 2573, B BCA W 7 B vk
JINkE 50 g, HIEHLIK ( Bio-Rad ) , ¥ I 5 5% M I 0%
BT, A — Pt 4°C W F 2 B, LR B A
1:500, VRS A IeG/HRP (# By 1:2500) ,
ECL %5655 5 F Tmage T 5450 M 4515 JK B (.,
45 NS GAPDH HA
1.3 Zit=aHh

Fi A S0 B e Y R on Y+ bR 2
(% +s), R SPSS 26. 0 XFHHEHAT IS AEA 1 K6
¥, VAP <0.05 FREFHAREE,

2 #R
2.1 HEEH E AT RN R AT BN
R

JEBE R Al UL EC 41/ U 40 A — 2 2 K
Jifr 43 JHF 1 5% A2 57 PR AR A A 2k (LI 1A B 6
k), AR AR B A 0 A AR 1 (LI 1A 216
Fi3k) , A /0 5 BT 40 M S P02 A T 4 TR G (DL IR
1A B EF k), FRHEFI R, EE 4/ BUF4 2
HE Y€ n] UL 20 ff 55 56 % , B afn 552 785 B ( O 18 1B 3
k), R HES B3 55, 40 B g i BE AR 55 /0
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ML (ULE 1B S aE k) . B HE R
IR IS H R WY, EC 20 /0N BURT 200 i P 2ok Ak 4
£ N R QNS (O SRS I i I
PR TR, A A I 2 (ILIET 1C S sk ) e

R4 G miE (LR 1C B a ik ) . EE 4/ R
JF 2 S A UG HE 51 5 8 5 | AR A 58 R (DL I
1D sr @ik ) AR ERE (WL 1D ik ) ,
Qe ik 2y (UL 1D A Eisk) .

VE:A, B LS HE Yt ; C, D3 i L B2 0 R IFALSUR A 1 (x 5. 0K)
B 1 4R R/ R 245 2 i

Note. A, B. Histological structure of liver using HE. C, D. Ultrastructure of liver tissue using transmission electron microscopy sections( X 5. 0K).

Figure 1 Changes of hepatocytes histology in each group

2.2 BEEHMBERARENMRREFERFES
=M

H5ECHMLI,EE HAMFEME FHE(P <
0.05) ,iF GSH & B EH (P < 0.01) , HHEE 5
HIERE(P < 0.01), EE 40 TG & RFMIEM LT
RSB EEIRT EC4/hE(P <0.01) , ILEE 1,
2.3 BEREHMBEARTE/IREBFFHETRML
15 =20

5 EC 4L, EE 4. FZepifk 8-OHdG % & 1
W RRE(P < 0.01) , iF4 MY 4-HNE % & F1 MDA &
FHIEMR(P < 0.01), EE 41} NADPH & . 5
T ECH/MR(P <0.01), L3 2,

2.4 FHEIEHNAATE/NREE M F K EFMT
SHBRGRIRN

5 EC 4M I, EE 2 RAEAHOCH 7, Qi iF 1L-
6 F R THE(P < 0.01) , EE 4L IS 5
167 4) 4-HNE 1 MDA 5 it i 5K T EC 41/NEL(P
< 0.01) , Zehifhid B ALHifi ™1 8-OHdG i i
TECH(P<0.01), L33,
2.5 BEREHMERFTENRERFHRIETHEX
ERARIEHIFM

5 EC 4L, EE 41T NOX2 Rk 3 TR (P
< 0.01) ,NQO1 SCL7A11 Fl GPx4 ikt i 2 1
(P <0.01), W& 2,

x1 HH/NEUTE GSH AR ZE(n = 10)
Table 1 Changes in liver weight, GSH, iron and glycongen in each group(n = 10)

05 3 W 5

215 . F‘H:ﬁ'( 2) GSH( pmol/) TG( mol/g) #:(umol/g) BEIE (mg/g)

Groups Liver weight(g) Iron( pmol/g) Glycogen(mg/g)
EC 41 EC group 1.52 £ 0.22 15.04 + 3.23 23.17 + 3.65 25.84 +2.79 11.83 = 0.81
EE 4 EE group 1.27 £0.197 39.42 +9.87™ 11.49 + 2.85™ 18.10 = 1.47™ 15.60 + 1. 13

W5 ECHME,* P <0.05,*P<0.01, (FE/FIRE)

Note. Compared with EC group, “P < 0.05, ™ P < 0.01. (The same in the following figures and tables)

®2 AAUNRIF I SAB A (n = 10)

Table 2 Changes in peroxidation damage of mouse hepatocytes in each group(n = 10)

éifgs le:ffﬁfi?g;gg{ n“;;g) 4-HNE(ng/s) MDA (nmol/mg) NADPH( pmol/g)
EC #41 EC group 6.74 + 0.81 54.77 + 8.49 29.74 £ 5.01 0.35 £ 0.04
EE 4 EE group 2.46 + 0.69 ™ 28.36 + 4.86™ 18.29 + 4.72™ 0.78 + 0.09 ™"
£ 3 AAUNRULTE RAE I AL H L (n = 10)
Table 3 Changes in serum inflammation and peroxidation damage in each group(n = 10)
23] Groups IL-6(ng/L) 4-HNE(ng/L) 8-OHdG( ng/mL) MDA ( nmol/mlL)
EC #1 EC group 152.36 + 16. 87 198.42 + 22.07 16.59 + 2. 64 17.56 + 1.37
EE 4H EE group 107.26 = 11.42™ 148.39 + 12.94™ 11.35+ 1.82™ 9.24 + 1.61™
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Figure 2 Changes in the expression of ferroptosis-related proteins in mouse hepatocytes in each group

3 itig

BRIz 2 5HLR A RIS S A A i R
HEFFER 10 B 27 f5 4 e O UE LR IE F AR BT RE
AR R B3 2 5 it i R & TG R R BE T %
PIAE S a4 458 3 Haber-Weiss 1 Fenton [
R PE AT A (ROS) | il & 4 i i) | A i, Bl
AR YRS T 2L Bl M A K N L B AL
G gy IR ) R, B AR R AT R
AR SRS DR IG |BF  HE ) 3E AR 0L e
a6l YEAR S 16 JEA R 3 R T AT
HAP RS, FRK EE /N BRFE & A4
TG & TR, PR S I, S Ha T
225\ EE ZH/INRI L AR | 4 B A i e 48 Zeobr fk
WEHES 2 55, B8 T o] UL R HEF 55k & 5%, Ui B
EE 20/ BB A0 O 45 T 34 I A BUR 8 4544 Fn
Yise, M EC 400 B0 T 4 A% B a3, 10 AN T
BT, £ AR D7 22 25 LR (1) R AE T T B TE AR 54
A UL EC 41/ B4 & A= T ERFE T T B Y
i EA, SR R AER ROS 5 EC 41/ R
JF 240 1 A 4 1) g o I g, S B8O B 28 s g
Y, 40 4-HNE F1 MDA , 3 #6497 i 25 it — 20 o 8 A
JE, DNA, BOR 240 i 45, Pt 52380 BC 4/ U
£RRiIA DNA #1475 ™ 8 (8-OHAG £ kiiA i A 1k i
PitAsEd) o B ik AL AR FHSE e BT A5 i B 3o
)2 RN 20 M 25 48, A2k A | P9 S R R IS 11
BT 22 MDA S5V 5 A O, B JR PR
WG A4 ARG AR O I B W R G Dy
P4 EE 41N RUIF4IAE h 4-HNE Fi MDA 3%

ICTF T B2, 13 BA HL 3 =7 1) o SR A B e, X
EE 41/NEUFH S P 3D i o2 — 30y, Zekn
TR IE B B 45 7 5 1) 8 J2 20 25 JHF 400 i A B ) e Y 3
fit, EE 41/NF 8-OHAG 2 3 F K&, 1 HH H £ ki A
DNA [ S b B 5% , R It 3z 3l 4T 4 i 4 R 44
HABTEEWHLIESEH, R T 155 A M)
A, WD g o SRAR B IR A A5 5 . EE A1
o) A A Y S AT T BR L X U Bz B AN
{XREAR T EE 2120 i i) ik S Ak 5 403, 0 oAt 21 2
(At SR A A B T R I B AR

H A58 32 8 AH P01 sh AR A | 25k i
S D2 FURE , LIRS P gm0 AR YR A
FEHCRH T HARE E/INR, L Bz Bl g % ik
TR, AR /N Bt 80 T B & A 7K B A 5%
FERG 7S, GSH A1 NADPH &A%, 5 H A #F 52
K BRI 2 s A R TR0 L B 440 G K A If 5 52
F B EAEAS T BRI A M e — B

GSH SE VAT Z P IR, & —Fh i 5 2
MR P e e AN H 2R O 2 ) — K, HAE iR &=
BUA A R A (GSH ) 1A Ak B 4 BE AR (oxidized
glutathione disulfide , GSSG) BiFIE X, GSH i 77 4=
BEANE RS, B FEORFE N4, GSH &
HLAXTHT ROS B ERF AR 4 fe iR LIRS Ak
WOV FE H A BRI RE b R HEE BAE . AR
WF5E &3 GSH 5 41 a1k 4204k 453 47 1 2 2 %% V) A
Koo VFZ R ORE i SR P 42 LY (R 4R K
EZNRINEE o] U N 6 RN 1 S 611 e )
AR IE GSH 2k s 5% A ik 8 Ak 82 495 B o & 3t
., EE 44020 GSH % & W& 5, i i 2L



1586 o [ SE I Eh AR 2023 4F 12 A4 31 545 12 W] Acta Lab Anim Sci Sin, December 2023, Vol. 31, No. 12

LRI DNA 3o S A5 03 B AR 2 i I ok 481 7= 0 vl
/B NOX2 J& — ' NADPH 4 1k i, & %2 2 L)
NADPH WJEH774 ROS, % 41 g 7 A= i A AL i 13 .
NOX2 FikHgn2s Al -4 N NADPH #E3 , 41 A A
ST A LR B B 4 i Gk BB T A AR M
NOX2 35 F T 42077 A B 38 s DA G,
TERYIK B W R T/ BUIF P9 NOX2 23k, 1 m Ik
NOX2 £ 8l K 40 M 7K - 347 1] 8 S 1 b HR L 1= D A
BN SRR ERS I IE i NOX2 §f 1 vl
PARSAR L S A 40147, o 3 JBE S5 B M A0 25 Ry . EE
ZH/INERUIF M NOX2 23K T B, I X NADPH
FEU/D , FIMIF NADPH & &5/, NADPH &4
7 (GSSG ) 6 4k b JR Y GSH 1Y 22 E 9.,
SLCTAL (2, A 2R 5 1) %32 ) ml #2412 fi
IR, AR 2B B GSH =K ( Cys-Gly-Glu) fit b
T RN SLCTATL, 2SRRI A N 2 4
FRANZ e H KK -, S 20T 2 A 9% 40 i 3R E 0
EE 21 /)N B 40 i 88 2 1) NADPH /5 3R 35 19
SLCTALL AR #E T GSH i A R, NQO1 JEHL
IR E AL IR A B, |z A7 Tl sl sh ¥ i
Jils B U A 22 2R G v, BE A TR A AR S
BEL 11 /58 7 A= ROS, i % %) DNA i i 48 A 451° ,
NQO1 i 4572 B i S5 28, (R 3 P IR P A Tk
R EHAMIERY . NQO1 2 5 NADPH W4 fkif
JR N, EE ZH/NEFAL4TH NQOT 7 & g 2 14
WA BT AR PR R G DI RE , WD 3G i i
oyt A5

GPx4 & — F & H MRk B "H m
( selenocysteine ) [ fF , 7616 52 W i i 20 fk 401 473 ke
FEAMEH, A GPx4 B R BLSHIET- MK, H
K BRBRAET LASKE AU T 80 B A 8 i A o 22 A 4 25
ANALIR AR IR A, UL, JE 4 GPx4 BEiA
SRR BT T B A S i W &L 431, -
FEAEFHBLE R L GSH A %l K 7 1 & 4 9t e Ak A
FH, I, GSH/ GPx4 JEHLIA N IR # 2R FE T 1 4% 0
B3 4 SLCTA11/GSH/GPx4 il S5l 45 5 v
L 40 i % A Bk 38 1= . GPRI116 i@ if #0 il
SLC7A11/GSH/GPX4 Z 5t A 7F Jie B 4iE FF 452 475 v i)
BAET- ) EE 4/ AT 25 8 GSH/GPx4
AR T B bt S ARVE R W T R3E T, Ik,
620 22 8 A0 200 ok 4L f i 4 R 3 AU, A B T 2
Fr EE 4/NRUFALZUE % 4 B RE

BRIET L — B X T) 81, 78 1E H 4l i, kst

T 40 A 2 AL R B BT T, SR TS S kST
TEIT AR AN B A g 2 400 ) 98 A R e 1) B
e AT R s e 1 BURI G i Ak R T
209 ( hepatocellular carcinoma, HCC ) 2R FE T 1) 3=
BURHIE, BAET A SIS BB o HCC /K
AR

4 #Fig

18 B WA 4Rs B — 5 T AT R R R
/INEUFF A LR o o T R i Bk B O — T T,
iz gt e F SLCTALL K3k, i NOX2,  GPx4
PR 21 GSH, i & EHT A AL TN RE , W% 7 Bk
VSR BERIE T, W27 I 240 M g aot R Akt 40, A5 B T
Y5 T4 M 485 4 (0 2 B | 10 A AR BRI R

£ % 3 Bk(References)

[ 1] Feng G, Byrne CD, Targher G, et al. Ferroptosis and metabolic
dysfunction-associated fatty liver disease: is there a link? [ J].
Liver Int, 2022, 42(7) : 1496-1502.

[ 2] DixonSJ, Lemberg KM, Lamprecht MR, et al. Ferroptosis: an
iron-dependent form of nonapoptotic cell death [ J]. Cell, 2012,
149(5) : 1060-1072.

[ 3] Stockwell BR. Ferroptosis turns 10: emerging mechanisms,
physiological functions, and therapeutic applications [ J]. Cell,
2022, 185(14) . 2401-2421.

[ 4] Fleming RE, Ponka P. Iron overload in human disease [J]. N
Engl J] Med, 2012, 366(4) : 348-359.

[ 5] Fang X, Wang H, Han D, et al. Ferroptosis as a target for
protection against cardiomyopathy [ J]. Proc Natl Acad Sci U S
A, 2019, 116(7) : 2672-2680.

[6] Ffaph gt [M]. dbat. Blerlimgst; 2022.

Wang FD. Ferroptosis [ M ]. Beijing: China Science Press; 2022.

[ 7] Maschalidi S, Mehrotra P, Kegeli BN, et al. Targeting SLC7A11
improves efferocytosis by dendritic cells and wound healing in
diabetes [ J]. Nature, 2022, 606(7915) : 776—784.

[ 8] L, REZ, WRIRR, . 500 BRIE T B iR T OB 1 5%
PRBE2ABTSE (1], PEFRRE . ARk, 2022, 52(12) : 1815
-1826.

Shen X, Yu YY, Chen JY, et al. Targeting ferroptosis as a
potential prevention and treatment strategy for human diseases
[J]. Sci Sin Vitae, 2022, 52(12) . 1815-1826.

(9] WBE, 300, 2808, % %0 shx HE R B e 2 ig
BEARAIN AR R A SEm (1], T E L sh P44k, 2022, 30
(4):533-539.
Xie ZY, He AZ, Li T, et al. Effect of aerobic exercise on
endothelial dysfunction and visfatin in obese rats [ J]. Acta Lab
Anim Sci Sin, 2022, 30(4) : 533-539.

[10] Yang W, Liu Y, Yang G, et al. Moderate-intensity physical

exercise affects the exercise performance and gut microbiota of



] SEIG B4R 2023 4F 12 A% 31 55 12 4] Acta Lab Anim Sci Sin, December 2023, Vol. 31, No. 12

1587

[11]

[12]

[13]

[14]

[19]

[21]

[22]

[23]

[24]

[25]

mice [ J]. Front Cell Infect Microbiol, 2021, 11 712381.
EFE, b5, X EAT. A0 xR G/ RO WL
i v Nif2/GPX4/ Ferroptosis i I (9 /EF [ 17, H LA A B
IR 2022, 38(2) : 143-148.

Wang HT, Yang WQ, Liu YQ. Effects of aerobic exercise on
Nif2/GPX4/Ferroptosis pathway in myocardial injury in high-fat
diet mice [ J]. Chin J Appl Physiol, 2022, 38(2) . 143-148.
Coradduzza D, Congiargiu A, Chen Z, et al. Ferroptosis and
senescence; a systematic review [ J]. Int J Mol Seci, 2023, 24
(4) . 3658.

Hsu CC, Senussi NH, Fertrin KY, et al. Tron overload disorders
[J]. Hepatol Commun, 2022, 6(8) . 1842-1854.

Wang W, Jing X, Du T, et al. Iron overload promotes
intervertebral disc degeneration via inducing oxidative stress and
ferroptosis in endplate chondrocytes [J]. Free Radic Biol Med,
2022, 190. 234-246.

Nemeth E, Ganz T. Hepcidin and iron in health and disease [ J].
Annu Rev Med, 2023, 74(1): 261-277.
Harrison AV, Lorenzo FR, McClain DA.
pathophysiology of diabetes [ J]. Annu Rev Physiol, 2023, 85
339-362.

Capelletti MM, Manceau H, Puy H,
diseases: an overview [ J]. Int J Mol Sci, 2020, 21(14) : 4908.
Boccatonda A, Andreetto L., D’ Ardes D, et al. From NAFLD to

Iron and the

et al. Ferroptosis in liver

MAFLD: definition, pathophysiological basis and cardiovascular
implications [ J]. Biomedicines, 2023, 11(3) . 883.

Ru M, Wang W, Zhai Z, et al. Nicotinamide mononucleotide
supplementation protects the intestinal function in aging mice and
D-galactose induced senescent cells [ J]. Food Funct, 2022, 13
(14) . 7507-7519.

Samad N, Nasir A, Rehman MHU, et al. Adenosine protects D-
galactose induced alterations in rat model of aging via attenuating
neurochemical profile and redox status [ J]. Metab Brain Dis,
2022, 37(7) : 2483-2496.

Li Y, Adeniji NT, Fan W, et al. Non-alcoholic fatty liver disease
and liver fibrosis during aging [ J]. Aging Dis, 2022, 13(4):
1239-1251.

Chen J, Li X, Ge C, et al. The multifaceted role of ferroptosis in
liver disease [ J]. Cell Death Differ, 2022, 29(3) . 467-480.
Zhang QY, Han SC, Huang RP, et al. Cyclo (-Phe-Phe)
alleviates chick embryo liver injury wvia activating the Nrf2
pathway [J]. Food Funct, 2022, 13(13) : 6962-6974.

e, DR, ZRAE, S SRR R BLIE B A Y
BAPPERT [T]. T E SR s 40, 2023, 31(6) : 763-769.
Hu G, Ma XY, Qin F, et al. Protective effect of resveratrol on
exercise-induced liver injury in rats [ J]. Acta Lab Anim Sci Sin,
2023, 31(6) : 763-769.

Chen J, Fan T, Li J, et al. Curcumin/cyclodextrin polymer

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

inclusion complex attenuates ethanol-induced liver injury by
inhibition of DNA damage in mice [ J]. Food Sci Nutr, 2023, 11
(5): 2418-2426.

Zhao J, Ding K, Hou M, et al. Schisandra chinensis essential oil
attenuates acetaminophen-induced liver injury through alleviating
oxidative stress and activating autophagy [ J]. Pharm Biol, 2022,
60(1): 958-967.

Paolillo R, Boulanger M, Gatel P, et al. The NADPH oxidase
NOX2 is a marker of adverse prognosis involved in
chemoresistance of acute myeloid leukemias [ J]. Haematologica,
2022, 107(11) ; 2562-2575.

Wrublewsky S, Glas J, Carlein C, et al. The loss of pancreatic
islet NADPH oxidase (NOX), improves islet transplantation [ ] ].
Redox Biol, 2022, 55. 102419.

Li P, YuJ, Huang F, et al. SLC7A11-associated ferroptosis in
acute injury diseases: mechanisms and strategies [ J]. Eur Rev
Med Pharmacol Sci, 2023, 27(10) :4386-4398.

Toyokuni S, Yanatori I, Kong Y, et al. Ferroptosis at the
crossroads of infection, aging and cancer [ J]. Cancer Sci, 2020,
111(8) : 2665-2671.

Alkhalifah EAR, Alobaid AA, Almajed MA, et al. Cardamom
extract alleviates the oxidative stress, inflammation and apoptosis
induced during acetaminophen-induced hepatic
modulating Nrf2/HO-1/NQO-1 pathway [ J]. Curr Issues Mol
Biol, 2022, 44(11) . 5390-5404.

Nishida Xavier da Silva T, Friedmann Angeli JP, Ingold I.

toxicity via

GPX4: old lessons, new features [ J]. Biochem Soc Trans,
2022, 50(3) . 1205-1213.

Zeng C, Lin J, Zhang K, et al. SHARPIN promotes cell
proliferation of cholangiocarcinoma and inhibits ferroptosis via
p53/SLC7A11/GPX4 signaling [ J]. Cancer Sci, 2022, 113
(11) . 3766-3775.

Ye Y, Chen A, Li L, et al. Repression of the antiporter
SLC7A11/glutathione/glutathione  peroxidase 4 axis drives
ferroptosis of vascular smooth muscle cells to facilitate vascular
calcification [J]. Kidney Int, 2022, 102(6) : 1259-1275.
Wang Y, Wang T, Xiang Q, et al. GPR116 promotes ferroptosis
in sepsis-induced liver injury by suppressing system Xc¢™/GSH/
GPX4 [J]. Cell Biol Toxicol, 2023, 2023. 1.

Ajoolabady A, Tang D, Kroemer G, et al. Ferroptosis in
hepatocellular carcinoma: mechanisms and targeted therapy [J].
Br J Cancer, 2023, 128(2) . 190-205.

Long S, Chen Y, Wang Y, et al. Identification of Ferroptosis-
related molecular model and immune subtypes of hepatocellular
carcinoma for individual therapy [ J]. Cancer Med, 2023, 12
(2):2134-2147.

[KF=EHHI] 2023-06-30



2023 4F 12 H o [ S5 Bh P A A December 2023
31 12 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 31 No. 12

SRR P, X0 F 5, AR RS, A A R B T ik A e T BC T Wk B SR L B2 [ ], I S5 3 e i, 2023, 31
(12): 1588-1597.

Guo YX, Liu RX, Du XP, et al. Effects of different sterilization methods on nutritional composition of pig-specific formula milk powder
[J]. Acta Lab Anim Sci Sin, 2023, 31(12) . 1588-1597.

Doi: 10. 3969/].issn.1005-4847. 2023. 12. 009

ANR) KB 5 1206 46 HTBC J7 Wi 5 5% il o 52 T
TE BT A, kS

(B 2Rl 2 B B 2 S B IS T, AU A D RN B 2 g LU R B2 vl | R DR R 2 5 &
NP B R 2 F T 0%, b 100021)

[FWE] BE AR KE 0 L B 958 35T KB, 5555 X BE 7 958 8 35 B4 1R B/ N K TR
TR ICKE A, Fik RS BT 00853 0 5 K B 4 RS8BT 2H 1 R K T 2 43 BRORS [R) OB 4 1 R R K
T3 AR Co-ry S BN B 7 WA EA T K B . 42 1R R b o o KT A BB 19 TR 7 40 493 24 TR AR 25 A )
BREASHIE, ER SRR KE AR AR 7 I IR S I 45 52 o0 b, 3 MU 3% i
R KA 1219C 30 min F& IR KB RARLL 50 kGCy K& F 04 T HLEE 1 & S PR A 22 5 (P < 0.01) fRIR
KRR 50 kGy 7K 43 R RIS & I L B 3 P25 R (P < 0.001) o #EHR | 50 2 BR P12 2 R A i 1R
KEMAA 50 kGy KB AN T S AL Io i 8 Mk 22 5 | 15 F K B8 4 R 4 8 KRR VLA 4L T A A B R i P R AIG (P
< 0.001), HEEICRERFEREA 121°C 30 min RESKAFTES = IN(P < 0.001) , 7658 BB K B R A4 25 kGy
KA ERAN S BN (P < 0.001) BEFHIGIM(P < 0.01) , fERIKEMARL 50 kGy KEZ&A1F T 85 it
BMBA BEMELSE(P < 0.05) ANE BN (P < 0.01) . 4tk 2705 B K ELH 121C 30 min KE ST VE,
VB, SEHN(P < 0.001), 7E46BKERIALA 50 kGy KFEZM T VE &M (P < 0.05),VB, & (P <
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Effects of different sterilization methods on nutritional composition of
pig-specific formula milk powder

GUO Yaxi, LIU Ruixue, DU Xiaopeng, ZHU Hua "

(Institute of Laboratory Animal Sciences, CAMS & Comparative Medicine Center, Peking Union Medical Collage,
PUMC, NHC Key Laboratory of Human Disease Comparative Medicine, Beijing 100021, China)
Corresponding author; ZHU Hua. E-mail: zhuh@ cnilas.org

[ Abstract] Objective Using different sterilization method to sterilize pig specific formula milk powder, exploring
the sterilization method and conditions that minimize the loss of nutritional components in formula milk powder. Methods
Pig-specific formula milk powder was divided into high-pressure sterilization and irradiation sterilization groups. Formula
milk powder in the high-pressure group was sterilized using different sterilization conditions and that in the irradiation group

was sterilized using different ®Co y-radiation doses. The sterility and the nutritional contents of the sterilized formula milk
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powders were determined according to national standards. Results The sterility tests for both groups of formula milk
powder were negative. Compared to control group, the crude protein contents were significantly lower in formula in the high-
pressure group sterilized at 121°C for 30 min and in the irradiation liquid group sterilized at 50 kGy (P < 0.01). The
water, crude protein, and calcium contents were significantly lower (P < 0.001) in the irradiation group sterilized at 50
kGy. There was no significant difference in the valine, isoleucine, or leucine content under 50 kGy sterilization conditions
in the irradiation sterilized group, but all amino acid contents were decreased in the high-pressure sterilization and
irradiation sterilized liquid groups (P < 0.001). Analysis of trace elements showed an increased iron content (P < 0.001)
in formula sterilized at 121°C for 30 min in the high-pressure sterilization group, increased iron and potassium contents
(P < 0.001) under 25 kGy sterilization conditions in the irradiation sterilization liquid group, and increased magnesium
content (P < 0.01). The magnesium (P < 0.05) and sodium contents (P < 0.01) differed significantly in formula
treated under 50 kGy sterilization conditions in the irradiation sterilized powder group. VE and VB, contents were increased
in formula sterilized at 121°C for 30 min in the high-pressure sterilization group (P < 0.001), the VE content was
increased (P < 0.05) and the VB, content was decreased (P < 0.001) in formula sterilized under 50 kGy conditions in
the irradiation sterilization liquid group, and the VE and VA contents were decreased in formula sterilized at 25 kGy in the
irradiation sterilized powder group (P < 0.001). Conclusions Sterilization at 121°C for 30 min result ed in the least loss
of nutritional components in the high-pressure sterilization group, while irradiation sterilization result ed in the least loss of
nutrients at a dose of 50 kGy. Comparing the two sterilization method, irradiation of milk powder at 50 kGy result ed in the
least loss of nutrient content.

[ Keywords] high-pressure sterilization; irradiation sterilization; formula powder
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CMO129B), = & H %% ( Sigma, 235962 ), N [
(Sigma, 270725) , 2 ( Sigma, H1758) , H % (i@
I, TG10022)

TUSAL D R R A BR A A RS L (S
DZQ-500TE) , 4li /K #L ( TCHS-10R0/70F) , 4= H I &
FEPR 3 B AN (A1-TE-2836) | =5 5% ¥ AH (5 335 A% ( TE-
2796) JEFM U536 EE T (A1-1E-2853) 73 BT K
F(1E-2768 ), 3¢ B9, #4528, & 1, iT 48,

234N

TR o
1.2 A&
1.2.1 %4

Vo dE L BT O FES - 15 N (R 1) R
FH R FEZR IR KB AN Co 8 FEOK B W Fh 7 1%, % Co 4@
HEK A o3 R AR R A4
1.2.2 Ab#g

R IR R AR L P2l K 5% 1690 BT 0
HEF Py I N, B3 200 mlL ; 58 FROK BB oK 2H 454
200 g, H R EOR AASHAES , 33 T 4 4~ 48.5 em
X 34.5 em x 28 cm 4CAH N, 1% 55 BB Hb 5 47 A [A]
O Co-y AL FI £ (25,3035 .50 kGy) 48 MK .
JE D RBAR L 54 A2l K 32 1 655 BE I o 5 21 3k
R, B 200 mL, AR ZE 20 A EF 1015 43l 45 IR
121°C (30,40 .50 min) ,126°C 10 min F1 134°C 4 min
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Table 1 Groups of pig specific formula milk
Gl KIS/ KA
Groups Sterilization conditions/dosage
Xif B CUAA) -
Control goup( liquid)
1 HE R B 2H (A
. ,_JE)(B%]'H(@M&) . 121°C 30 min 121°C 40 min 121°C 50 min 126°C 10 min 134°C 4 min
High-pressure group( liquid)
B R 2 AR )
Irradiation group ( liquid) 25 kGy 30 kGy 35 kGy 30 kGy
RBKEA (BAR) y . y .
Irradiation group ( powder) 25 kGy 30 kGy 35 kGy 50 kGy
Xof HRZH (B3R

Control group ( powder)

BT E JCB , TRAAR X B 4 RO A X BR 2 A AR AT:
farkb 3,

P AT K AL B 5 FE i — P, — 335 S50 3
Yy oA O AT A A, 5 — 10 i 2 A X
FEZEAE ik 15 2 MR AR R AT BR A Rl 177 5
B AN
1.2.3 Kk

KA A B 2 IR o3 A AN A N 22 3 1R 1 % i
(AL AR Y BH 25 B Al s Ui . 2% 1.0. 40 mL/
min, %% 2:0. 35 mL/min; $FAEE 20 pl) o = 0K A
TSR A A= R (A4 . C18 150 mm x 4.6
mm 5 pm; FiLid ;1. 0 mL/min; FEFE .20 pL) . JZ T
WG BRI R T R i W R
IR SER o 1 I 7 S0/ I [ s e R N
SR S
L3 SitESH

GraphPad Prism 7. 0 #5347 i 1k 734, R 7 22
OIHTHCBCLIRI ZZ 5 P < 0.05 WA SRR L,

2 HR

2.1 L

F LR K B A5 1 K L T Wk, #5 B GB/
T14926. 41 . 43—2001, GB14922. 2—2011 #47 T
ARAKTI , RSB E46, WK 2,
2.2 BEMEFHS
2.2.1 REEKEA

Xt IBAAAR G, B R K 2 121°C 30 min KK
& B e 2% (P < 0.01),134C
4 min HHEASERKAREEZF (P <0.05),
HABAH A & S PR A 22 R (P <
0.001), 126°C 20 min M AE Wi &I m (P <
0.01) , H-Ath 2H HLAE 7 & & B3 fm (P < 0.001)

TILE R + FRUEXE (2 = 5) Fon,  121°C 40 min HLRAM S BEK(P < 0.05),121°C 50
®2 WUEWRINSGR
Table 2 Results of microbiological tests
K AL (WA i W R 2H AR ) AR (R)

High pressure sterilization group (liquid) Irradiation sterilization group (liquid) Irradiation sterilization group ( powder)
KL KB 1A ( mi A (KGy . . .
FIERIE(C)  JCEMI i) e WRAROGH) e i (ko) KL

Sterilization Sterilization Test results Radiation Test results Radiation dose (kGy) Test results
temperature ( C) time (min) est results dose (KGy) est results adiation dose y est results
30 Kﬂﬁ 25 Kﬂﬁ 25 ]3}5]@
Negative Negative Negative
121 40 i 30 Pt 30 i
Negative Negative Negative
50 mﬁ: 35 mﬁ: 35 mﬁ:
Negative Negative Negative
126 20 it 50 i 50 i
Negative Negative Negative
134 4 DItk / / / /

Negative
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min 126°C 20 min KK 5 & &L (P < 0.001)
121°C 30 min,121°C 40 min 121°C 50 min FLZF4E7
FHHN(P < 0.001),126°C 20 min KLLF4E 5 H AR
(P <0.01), 121%C 30 min 121°C 50 min S0 & &
HAN(P < 0.001),121°C 40 min §5 & &K (P <

0.01)., B HE KK 134C 4 min Fl 121°C 30 min
PG HE A& R R, 134°C 4 min KEEUHTA
6 Pl BB I o & AL TE B E R 2 5, R
BEFR & W i /h, HIRGE 1219C 30 min 40
(WF%3),

R3ERKEA RS TR &

Table 3 Conventional nutrient content in the high pressure sterilization group

) Ko (%) HURSE (%) MM (%) RN (2/kg)
Groups Water content( % ) Crude ash (%) Crude protein (%) Crude fat (g/kg)
s HBZH (W
. FHRRAL( (ﬁiﬁi) . 85.20 + 0.46 4.36 £ 0.00 17.78 £ 0. 10 107.3 £ 0.00
Control group (liquid)
1210(,: 87.12 + 1.04 4.30 £ 0.05 17.11 £ 0.19™ 133.33 + 9.87 "™
30 min
121C « . ok
. 85.40 + 0.48 4.18 £ 0.00 16.78 £ 0. 16 134.93 + 1.94™
40 min
= R K 4 "
. m}?Il.il.ﬂ. 1210(,: 86. 65 + 0.60 3.99 + 0.05™" 16.71 £ 0. 11 141.79 = 1.06 ™"
High pressure sterilization group 50 min
12
60(.: 86. 14 + 0. 64 3.67 = 0.00 " 16.72 = 0.16 ™" 125.54 + 0.51™
20 min
1340.(‘ 85.69 + 0.52 4.48 + 0.05 17.23 £ 0.20" 138.54 + 3.44™"
4 min
25 HLF4E (%) AL (%) B (%) 5 (g/kg)
Groups Crude fibre (%) Nacl( %) Total phosphorus (%) Calcium( g/kg)
T REZH (W
XT,M,E((&PF) . 1.71 £ 0. 05 0.80 £ 0.12 0.49 + 0.01 6.08 + 0.06
Control group (liquid)
1210(.: 3.29 £ 0.16™" 0.82 + 0.00 0.59 + 0.01™ 5.99 +0.17
30 min
1210(.: 2.53 £ 0.10"" 0.83£0.14 0.46 + 0.01 5.46 + 0.07™
40 min
EEKEY
. ,_JE)([.E.'R. 1210(.: 2.61 £0.11"" 0.79 + 0.00 0.68 = 0.01 " 6.13 + 0.04
High pressure sterilization group 50 min
1260(; 1.22 £ 0.10* 0.75 £ 0.01 0.47 £ 0.00 5.99 £ 0.12
20 min
1340.(: 1.81 £ 0.10 0.84 +0.15 0.47 £ 0.01 6.10 = 0.05
4 min
L SRR, P < 0,05, P < 0.01, ™ P <0.001, (F£R)

Note. Compared with control group, “P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following tables)

2.2.2 FRICKHEH

5 FEZE AR LE 4 BECOK TR AR 21 25 kGy FiT 35
kGy 4 Koy & AR A O B E 22 5 (P <
0.001) ,30 kGy ZH KL K 53 5 2 BEAR LA e b 35 Pk
ZH(P<0.01), 30 kGy 135 kGy HMEH &
MK (P < 0.001),50 kGy 4 KL 11 & & BRI
(P <0.01), 25 kGy.30 kGy A1 50 kGy 41 #LIE I
FRBI(P < 0.001), 30 kGy ZH HL4F 4k & &8 W%
REABEMEZER (P <0.05) .35 kGy 21 HL4TF 4k
TP < 0.01) .50 kGy ZH A 27 4k & = 48
(P<0.001), MBEAE 25 kGy & &N (P <
0.001) 30 kGy ZH & # (R (P < 0.01) .35 kCy
HEEEIE(P < 0.05), 30 kGy il 35 kGy 4145

TRBEAL(P < 0.001) .50 kGy 445 & & 14
(P <0.001), &K ALK HE A
SRR AK (P < 0.001), 25 kGy #1 35 kGy
MK 4T S R (P < 0.001),30 kGy £1 50
kGy ZHHLK 73 & BN (P < 0.01) . %8 MK
WKL 50 kGy K &M T RAME A& &I
IR, W8 FLE 37 U & B S R A/ o e RO T R
R 25 kGy KB & F T K A E H FES & &
AR D, X8 F% o & B 1Y e i /)N R 2
50 kGy H (W% 4),
2.3 RE®R

1R FEZR VR K B RN Co 5 BE K BN S LR 1 1t
JRI s (R 5,3 6) .

o
o
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Table 4 Conventional nutrient content in the irradiated group

) Ko (%) IR (%) HAEH (%) RLIEI (g/kg)
Groups Water content( % ) Crude ash( %) Crude protein (%) Crude fat( g/kg)
R ZH (W
Xi"\/ﬂ((ﬁﬁg) . 85.20 = 0.46 4.36 + 0.00 17.78 £ 0. 10 107.3 + 0. 00
Control group (liquid)
25 kGy 86.92 + 0.75 3.78 + 0.05™ 17.54 = 0.09 137.40 + 3.24™
TR R A A
AR BR AL 30 kGy 86.63 = 0.52 414 £0.05" 16.94 + 0. 11 141.79 £ 1.06™
Irradiation sterilization .
Lo 35 kGy 86.31 + 0.99 3.91 £ 0.05"" 16.76 £ 0. 10 ™ 114.96 + 0.52
liquid group
50 kGy 86.98 + 1.07 4.31 £ 0.05 17.13 £ 0.08 ™ 135.50 + 0.54 "
R ZH (K
FHRALCBIA) 4.09 + 0.03 4.26 £ 0.01 20.32 + 0.04 141.33 + 2. 88
Control group ( powder)
e 25 kGy 3.71 £ 0.01 " 4.82 +0.08™ 17.79 £ 0.01 " 140. 04 £ 0. 59
?@‘I[ﬂbﬁﬁ,ﬂ 30 kGy 3.69 + 0.05™ 4.57 +0.02™ 17.36 + 0. 03 ™" 141.02 = 13.36
Irradiation sterilization . ) .
d 35 kGy 3.68 £ 0.01 " 4.81 +0.01™ 17.10 £ 0.03 " 146.27 + 0.29
powder group
50 kGy 3.70 £ 0.02™ 4.53 £0.04™ 17.46 £ 0.02™" 143.15 + 0.29
251 FEF4E( %) SFALH (%) (%) 5 (&/kg)
Groups Crude fibre( %) Nacl( %) Total phosphorus( % ) Calcium( g/kg)
apilE
TIELCRIE) 1.71 = 0.05 0.80 + 0.12 0.49 + 0.01 6.08 + 0.06
Contlol group (liquid)
25 kGy 1.41 = 0.06 0.81 + 0.01 0.57 £ 0.02 ™" 6.01 = 0.20
B K T Y 4 )
%ﬁ‘jzm{&ﬁ:’E 30 kGy 1.34 £ 0.09° 0.80 + 0.00 0.43 +0.01™ 5.13 +0.18™
Irradiation sterilization . . -
.o 35 kGy 2.15+0.05* 0.75 + 0.01 0.45+0.01° 4.95 + 0.04™
liquid group
50 kGy 2.29 £ 0.11* 0.92 £ 0.16 0.50 + 0.01 6.88 + 0.18 "
s RRZH (K
FARALCBEAR 1.70 = 0.03 0.90 + 0.00 0.48 + 0.00 5.52 = 0.01
Control group ( powder)
. 25 kGy 1.72 £ 0.07 0.87 + 0.00 0.48 + 0.00 4.69 + 0.05™
P T B Sk 4]
MK B AL 30 kGy 1.68 = 0.02 0.93 = 0.00 0.49 = 0.00 4.33 £ 0,04
Irradiation sterilization e
35 kGy 1.66 = 0.03 0.90 = 0.02 0.48 + 0.01 4.29 + 0.03™
powder group
50 kGy 1.75 + 0.04 0.90 + 0.02 0.48 + 0.00 4.68 + 0.06 "
2.3.1 mEKE SRM G ERERAAREEZS (P <0.05),
5% e, &R K # 4 AE 121°C 40 min, 126°C 20 min A E A M T =GN (P < 0.001),
121°C 50 min . 126°C 20 min F1 134°C 4 min &4 F 121°C 40 min A1 121°C 50 min Zﬂﬁ’ﬁﬁié‘iiﬂnw
H 8 PP LR & B R K B i H: ﬁ%‘f&kﬁﬁw < <0.01), 121°C 30 min 204 5 Fha & &t L H
0.001), 121°C 30 min ?ﬂﬁ 3 %ﬁlﬂ;\% R RN X E SRR F R N (LR 5)
(P <0.001) 3 Fpag 3o 2.3.2 HREKEAH

P BEIR 5 PRI A 3% ﬁ%#(P < 0. 01) S S BREE AR LE R IR KRR AT 7 R IR
x5 EEKEHEFERILE
Table 5 Loss rate of amino acids in high pressure sterilization group
265 AR SR HER  wRdAR wER RNER OBER HEHR TN
Groups Threonine Valine Methionine  Isoleucine Leucine  Phenylalanine  Lysine Histidine Arginine
BB ZH (W AA
M HRALC (&14&) . 0.71 0.73 0.17 0.65 1.23 0.69 1.09 0.33 0.51
Control group (liquid)
. 10. 04 6.58 =7.90 4.75 3.34 -12.93 30.07 -13.68 31.74
30 min
I 40 min 13.72 16. 68 -4.69 14.98 15.21 24. 50 35.24 17.93 31. 64
= K 2
High S 121°C - s - . - - - - -
187 prossute C 18607 25.34™° -4.39™ 20,90 20.10 26.53"°  39.67°"  21.88 38.65
sterilization 50 min
group 126°C
. 4.67™ 10. 11 =9.36™" 7.727 5.74" 12.53 ™ 22.53™ 9.12™* 16.16 "
20 min
134C . . . . v . v v
12.947 15. 00 -0. 88 12.317 15. 08 25.07 36. 65 23.10 37.88

4 min
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YA AN LR EEZER (P <0.001), *
SERRAE 25 kGy H1 50 kGy K M4 F & SRR
AW BEMEZS (P < 0.01),1F 30 kGy 1 35 kGy
KHE SN TS RFEE(P < 0.001) . 25 kGy .35 kGy
150 kGy AR S HEHIN (P < 0.001),30 kGy
HEARFTEIGM(P < 0.01) . 5K EB KA
AR S HIRC(P < 0.01) , B &P
< 0.001), 25 kGy 404 4 FhE@Z 3mSR (P <
0.001) 4 PP e FR & w ML (P < 0.01), HHE
FR7E 30 kGy 1 50 kGy KB &1 F MK (P <
0.001),7E 35 kGy KW & F & &AM (P <

0.01) ., ANEBIE 30 kGy KA THM(P <
0.01) ,7E 35 kGy F1 50 kGy K &4+ F & &1
(P <0.001), 30 kGy .35 kGy H150 kGy K &1+
TMHRERTEBN(P < 0.01) , FAMTE 30 kGy
KM T S RBEIK(P < 0.01) ,7E 35 kGy il 50
kGy K FM T o mBEMAEAREMNZR (P <
0.05) . M KE AR 25 kGy 404 4 Fp & KM
&/ H A A BE KRR 4, SRR 1 B R W e,
& 50 kGy 41, 5 MK M AR 4l 50 kGy 414 S
PR LR 4526 /N T HA 4R BOK B 4, 5 & &=
/N WK 6)

&6 RIMITHH A IEIRIURF

Table 6 Loss rate of amino acid in irradiated group

415 AR SR HER SRR LR
Groups Threonine Valine Methionine Isoleucine Leucine
G REZH (7
. XTRAL( {MF) . 0.71 0.73 0.17 0.65 1.23
Control group (liquid)
e 25 kGy 6.86 " 8.32* -35.39 " 6.95* 9.21*
AR kAL 30 kGy 21.29 " 21,97 —4.97" 20,21 22,84
Irradiation sterilization K e e o ” ”
liquid group 35 kGy 18.39 21. 41 -7.31 19.52 19. 49
50 kGy 7.78** 8.88 " -16.96 *** 7.02*" 8.80 "
AL (KA
HHRALCBIA) 0.85 0.87 0.27 0.82 1.52
Control group (powder)
s s 25 kGy 7.10™ 13.75** 5.87* 13.80 " 9.61™
KRB AR A 30 kGy 10. 18 ** 2.70 18. 90 *** 3.31 2.62
Trradiation sterilization - .
d 35 kGy 6.93™ 3.04 3.67™ 1.53 0.92
powder group
50 kGy 7.93* 0. 62 6.24 " -1.67 -0.78
215 HKNEIR IR HAR RN
Groups Phenylalanine Lysine Histidine Arginine
Xif HRZH (VRAA)
Control group (liquid) 0.69 109 0.33 0.51
e 25 kGy 18.41™ 8.50 " 12.61* 16.26 ™
IR AL 30 kGy 30.60° 24.50 29,9477 29.80"
Trradiation sterilization . .
liquid e 35 kGy 29. 66 22,35 28.57 21.42*
iquid group
50 kGy 18.35* 13.57 " 21,12 9. 44
TR ZH (F
HRHRALCBEA) 0. 87 1.31 0.41 0.70
Control group ( powder)
I 25 kGy 11.44™ 7.39" 7.49™ 512
IR T A AL 30 kGy -13.39" §.72°" -5.78" 5.27%
Trradiation sterilization ) ) ;
d 35 kGy -16.88 " 8.65 " -8.35™ 3.70*
powder group
50 kGy -18.59 " 7.27* -6.52™" 3.20"

2.4 #HHEE

AR AL A K 26 0F T 50 A A i

AEEBL( WL 7,2 8) .
2.4.1 mEKEHA

5% R, @ R K R 417E 121°C 30 min, 121C
50 min126°C 20 min K24 F VE VB, &

RN

HAWHEREEZES(P <0.001),134°C 4 min 40 VE

/3\

RGP < 0.001), VA HI VD, & HBIREH,

K EZH 121°C 30 min 41 VE VB, & @ik /N T
ORI e R SR/ N LR 7) o

2.4.2 HEMOKEH

5% BRAUA B B RO AR AL VB, & B R AR
AR EMZER (P <0.001), VE 7E 25 kGy K

HAME &R (P < 0.001) , 1 30 kGy K

PR SR IAA B FMEZESR (P < 0.05),7E 50
kGy KB 2% 1F T & B A il F 122 5 (P <

%
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0.01), FFKTEM KL 25 kGy 41 VE VA & EIW kGy 41445 28 et e /N T I Ath 4 IROK B 401, %o 4
flR(P < 0.001), VD, & FFEML (P < 0. 01> R AR RN O 50 kGy ZH( LK 8) .
kGy .35 kGy F150 kGy 41 VE VA 1 VD, 7 WEE 2.5 WETER

(P <0.001), 35kGy F150 kGy 41 VB, &t &% Tl TC R 4 2R K B AN Co FRREK B 5 %
(P <0.05). VA.VD, ¥ikti, fmimkpmos  wEAULEI &K10),

KT RIEKEALER G

Table 7 Vitamin content of high pressure sterilization group

2051 Groups VE (mg/kg) VB,(mg/kg) VA (KIU/kg) VD,(KIU/kg)
R 2H (R
XT““’E(W@ . 41.46 + 0.40 16.20 = 0. 11 / /
Control group (liquid)
121°C »
. 60.50 + 1.53™ 19.45 £ 0.58 ™ / /
30 min
1210(.: 39.77 £ 0. 54 15.91 £ 0. 11 / /
40 min
= R K R N
. PR 121°c 51.34 £ 0.88"" 19.21 + 0.47 " / /
High pressure sterilization group 50 min
12
60(.: 49.77 + 0.37" 20.44 + 0.14™ / /
20 min
1340.(: 53.93 + 1.03™ 15.53 = 0. 11 / /
4 min
®8 WHKEHAGE LR S
Table 8 Vitamin content of irradiation sterilization group
2151 Groups VE (mg/kg) VB, (mg/kg) VA (KIU/kg) VD5 (KIU/kg)
R ZH (7
. XJMVE((&&F) . 41.46 = 0.40 16.20 = 0. 11 / /
Control group (liquid)
) , 25 kGy 48.17 + 0.36™ 11.63 = 0.14™ / /
T
IR AL 30 kGy 44.75 £ 0.41° 8.68 + 0.12° / /
Irradiation sterilization )
Lo 35 kGy 40.70 + 1.83 8.80 + 0.08 ™ / /
liquid group
50 kGy 46.65 + 0.88™ 10.27 + 0. 05 / /
B ZH ( By
MIRALOBIA) 130. 55 + 3. 61 19.75 £ 0.32 10.29 + 0.58 1.94 £ 0. 14
Control group ( powder)
e 25 kGy 48.61 + 0.96™ 18.98 + 0.28 2.34 +0.07™ 1.41 £ 0.08™
%f"‘_‘}z[ﬁ*’ﬂ\?‘{’ﬁ 30 kGy 21.34 £ 0.34™ 18.79 £ 0.46 1.40 £ 0.01 ™ 1.09 £ 0.05™
Irradiation sterilization s . »
d 35 kGy 47.87 +2.31™ 18.49 £ 0. 12" 1.59 + 0.00™ 1.17 £ 0. 04 ™
powder group
50 kGy 51.72 + 0.95™ 18.69 + 0. 12" 1.15 £ 0.04™ 1.13 + 0.07™
x99 EEXKFEAMBETRGE
Table 9 Micronutrient content of high pressure sterilization group
51 B (g/kg) B (mg/kg) B (mg/kg) M (g/kg) 1(g/ke)
Groups Zinc (g/kg) Iron (mg/kg) Magnesium (mg/kg) Potassium (g/kg) Sodium (g/kg)
SRR ZH (R
XT““’E(WZF) . 1.86 + 0.05 34.75 £ 0.07 486.00 = 1.41 6.72 + 0.17 /
Control group (liquid)
121°C e
. 1.84 = 0.06 43.15 + 1.48 508.00 + 12.73 6.44 £ 0.17 /
30 min
121C " " "
. 1.65 = 0.04 29.62 + 0.34 468.00 = 9.90 5.72 £ 0.05 /
40 min
R K 121
. : JEI[.E‘E. DC 1.46 £ 0.04™  26.74 = 0.03 ™" 523.50 £ 7.78 " 6.05+£0.19" /
High pressure sterilization group 50 min
1260(.: 1.56 £ 0.04™  24.35 + 1.88"" 476.50 = 16.26 6.61 +0.18 /
20 min
134°C 1.72 £ 0.04" 39.90 £ 1.41* 460. 00 + 4.24 6.20 = 0.21 /

4 min
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2.5.1 EEKEHA min  126°C 20 min Z1EF AL S TP < 0.001),

SxRAAM L, B R K E 4L 121°C 30 min 444k 134°C 4 min HEESEFEIK(P < 0.05) a1
A I B 25 5 (P < 0.001) ,121°C 40 (P<0.01), h&E¥ARK T, MEKELA 121C
min 5% BRI S RIEIEE AR B EEE R (P < 30 min HA 3 PR IR SR D EN LS,
0.01), 121°C 50 min AT HIGMEA B EMEZE 1 FMEEEICR S8, MR TR & 55 /)
(P <0.05) #EEBMK(P <0.05), 121°C 50 (W#9),

/3\

F10 EECKHAMEITRS &

Table 10 Contents of trace elements in irradiation sterilization group

215 B (g/kg) B (mg/kg) B (mg/kg) B (g/kg) (g/kg)
Groups Zinc (g/kg) Iron (mg/kg) Magnesium (mg/kg) Potassium (g/kg)  Sodium (g/kg)
SRR ZH (WA
FYERAL( {ﬁ(“&) . 1.86 + 0.05 34.75 £ 0.07 486.00 = 1.41 6.72 +0.17 /
Control group (liquid)
e 25 kGy 1.81 = 0.01 48.35 + 1.63™ 542.00 £ 16.97* 8.59 £ 0.29™ /
IR B AL 30kGy  1.53£0.01"  39.75+0.92%  488.50 = 6.36 746+ 0.19° /
Trradiation sterilization
licui 35 kGy 1.43 £ 0.04™ 36.90 + 0. 14 489.00 + 2.83 6.16 = 0.08 /
iquid group
50 kGy 1.68 £ 0.01™ 34.43 £ 0. 60 553.50 + 10. 61" 7.84 +0.24™ /
SRR 2H (K
. FHRAL A 1.56 + 0.01 29.15 £ 0.49 513.00 + 18.38 7.55 £ 0.26 2.80 + 0.05
Control group ( powder)
e A 4 25 kGy 1.39 £0.02™ 32.55+0.21™ 540.00 + 7.07 6.45 +0.16™ 3.23 £ 0.06™
*m_"“*@*ﬁ%{'a 30 kGy 1.48 + 0.03 32.75 £ 1. 06 ™ 486.50 + 6.36 6.84 £ 0.05" 3.36 £ 0.10™
Irradiation sterilization »
der or 35 kGy 1.23 £ 0.04™ 24.90 + 0.00™ 384.50 £ 9.19™ 7.07 £ 0.02 2.56 = 0.06
powder group
50 kGy 1.49 + 0.03 30.60 = 0.28 564.00 = 8.49" 7.18 £ 0.25 3.26 £ 0.11™

B 1 AR K7 O IR 5 B R Y A

Figure 1 Comparison of the effects of different sterilization methods on nutrient content
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2.5.2 HREKHEH

55X RRAUA EL SR IR B RAAR A 25 kGy 418k
PO RGN A O B R (P < 0.001) 855
IGMEA N B EME 2 (P < 0.01), 30 kGy 44
PES HFER(P < 0.001) BREEIM(P < 0.01) |
PoEmAE BEEESR (P <0.05), 35 kGy
HEFEBRIFEMN(P < 0.001) . 50 kGy ZH %% 7 = [
(P<0.01) BERIBIERIGIN(P <0.001), FEAK
BRI AR 4 25 kGy 4 EFRER S HEFEMR (P < 0.01) ,25
kGy 1 30 kGy ZH &k Fgh & &3 (P < 0.01),30
kGy 4P &R (P < 0.05) , 35 kGy ZHAF &
R BEA B (P < 0.001), k&R (P <
0.01), 50 kGy AHEEE M (P < 0.05) , 44 & i
HIM(P <0.01) , SHEEIARK . IR K
24 25 kGy 4HA 1 P idtm o R & = A8k T i 3 1k 22
5,3 P o S RN, X R T R B R i
/N HRE 50 kGy 41, FREIEK MR 4L 50 kGy 41A
3MMEICR SR T E 2R 2 FiiET R
BRI AR OT R SR/ N (L3R 10) .
2.6 ARREHXE TSN LB

W 3 Fh KB 7 208 SR U3 S e fe ) — 21
PEATLR E) Fo 8, an Bl 1A 1B Fifzi 4 BEOK Ry R 4
HRLE IR A R R B i W T R R KR A
IR R KRR ZE . A& 1C,1D FR o R K 4
R R A e A R iR TR e /h TR
KA,

3 it

S8 B —E A G OB DA bR fE (GB
14924. 2—2001 ) HHLE - 35 I 20 52 50 2h W e & 1)
D7 AT v R 2K TR B B K B, SPF )R G B s 4 T
NG F R IR 73 e FEZE R K TR 1 Co 8
=i SEWAT PSR (F595% N T¥:: 5 Ao
A DT 7 % o HE IR T D P R e AR e SR A
A=A ) S D G R O D
J& T KE Ik, Co BER L H — Ml K48 R
15 SR IR Y y Sk BARAE R TOK i R
AMESE A B (OH ) 51 DNA $it 475, i IR 454y
SR, TS KA . Co i IEK T i R AR D 7™
p N il =R v R S (e T N B o (e S
A, R BB b M AR AT TC O Wk v s Ry, 3
DR HL 25 B0 R R 2, 75 6 28 R S b o R A7 KRR, TR
HlLr N T AT E 2ot iz i WS A sk 11 K

B, BRI B A R 5 78 e 3 e) N TP AT RE Ok A U
We AR FECE R, SR, MR
TR PR R R 4 B % ey | B A 17 B, il U ]
ST EDREAT KA, b4 T DR S IR T v R i AR Y
S, R KB 2, TR LR, 38
158 W TSR PR I 8 % A A R

R 2228 s, 4 BB I TR X T A e 1 75 %
AYFEMR /NG R 2 O T R A A B 7 R A
PR R AT H e 0k sl s AR N T AL
K5 E F5 R H AR e s, AR SC R E X
TSR] K 7 36 6 8 PR 5 W05 053 765 37 W0 F 5
P e 2P A N (R QLB 1 B NEAE 5 W= S )
FEWR A e R AR TR B /N T AN AR K 4L
VA VD, AN B e A L 5 W5 v ¥ ARG, B 2
B 5 Wk A A v A, R AT RE 5 e W A TE 2
A 5K, K B A BT 18 R A 3R A A Ok
JR PR B K =2 A 3, BB S A SR Z ) S AR A
FHM T T 2H R 4 1R O T R 4 4 A 2R 1
IS b K T4 R TR RS A AL, SRR AT R R S S
MDA S K e e B AFERES A 6, &K &
o PR R O K i A A R R R R R
Z AEEMRZ ",

WL o, 1R e K TR RN 4 K T 34 6 L
WKy E TR P e AN TR AR FE IR, e R K T T
ZH LR | A A 2R RN 4 IR KRR Ry A 4w LE R
A3 25 kGy FRIFK AR L 50 kGy 52/, A4
HEE NI 25 kGy R4 I8 K B vl 3018
IR B IERL, T 30 ~ 50 kGy 71 4 IR K 4
AR AR BTLAAEREE SPF R sh i
AT VEEEAE T 25 kGy ™ | 55 5 T sh iy i i 4 1
50 kGy 4@ MAFIR" ) 28 BRI, B IR K H 4 121°C
30 min B FEWATIR D, AR IR AL 50 kGy K TR
FRMETT B IR R e R ECOK R AR 4L 50
kGy KB4 N B IR & B /T 8 R K i 24
VR BRI R R AL

S54 UL AN TR K B8 D5 =X £ SRR B DL R AR
UCSLIRZE L, n] LISEPRIE J7 Wk i FH Co SRR K
KA e PR 28 PO R P e X, X BT LU
FEARIE A 2 JC B AL b o [R]85 35 406 2k B/
TR R S i R A B AR B AL, KR AT 2 i 4
TR RUA . T Co % MR K P 1 28 FR IR 1, G 2R
AR BT 25 AT ASE B 121°C 30 min #£47
FEZRIRKH
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[#ZE] R ILES A(monoamine oxidase A, MAOA ) J&—7Fi it {5 i 25 toh 22 388 JoT R Ji 5 e S A o 20 S g 1Y)
YRR, 7EM 2ok MBI 1) &0 il R FIGIT T R S AR SR WS R BLAT ) IR 9 ( prostate cancer,
PCa) H' [ MAOA ik T 5 i i 1t Je 5 U A ¢, J2 3R 8y PCa S MG AL BN R, AL EZLZEAR T MAOA
TERTFI AN R R & B h VR BRI I 2 A R B R28 FER LA 2, 118 T MAOA 7EMa i 3
52 b AR FE MG R s A B i, E— 2D 3R 1 T RE I RIS 2 rh R R 25 R 10) MAOA MR SY, HE Sl AH G I
IRIRE:, AR PCa MTRYT HEHLHT T TETRY T LA,

[RiR]  SAREALES A TTSIARIE ; 5Pk 20 il )

[FESES] 095-33  [THIFEL] A [XEHES] 1005-4847 (2023) 12-1598-07

Role of monoamine oxidase A in prostate cancer progression
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(1. Medical College of Yan’ an University, Yan’an 716000, China. 2. Laboratory Animal Center,
the Air Force Medical University, Xi’ an 710032)
Corresponding author: SHI Changhong. E-mail: changhong@ fmmu.edu.cn; ZHAO Jumei. E-mail; jmz2003.stu@ 163.com

[ Abstract] Monoamine oxidase A (MAOA) is a mitochondrial enzyme that catalyzes the oxidative deamination of
monoamine neurotransmitters and dietary amines. It plays a crucial role in the pathogenesis, progress, and treatment of
neuropsychiatric disorders. Recent studies have revealed that elevated expression of MAOA in prostate cancer (PCa) is
closely associated with tumor progression and drives the heterogeneity of PCa. In this review, we summarize the role of
MAOA in the development of PCa in different disease stages, including oncogenesis, development, invasion, metastasis,
and drug resistance. We also discuss the involvement of MAOA in the tumor microenvironment and explore the potential
utility of MAOA inhibitors. We further propose therapeutic strategies based on targeting MAOA in preclinical models to
promote relevant clinical trials. This review aims to provide new potential therapeutic targets for the treatment of PCa.

[ Keywords] monoamine oxidase A; prostate cancer; heterogeneous; progression; inhibitor
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B NAEAESE R I A B 2 R S A Ry S R R
B b B AR R R 9 2 1) R P, R H e
XF HGPIN BVGRYT A TR JRAHA YT, A& Al 1]
(A 38 25 3 25 J7 7% (androgen deprivation therapy,
ADT) ., {H#E5k 35% HGPIN {3<s# &k PCa, I &
AR YO R A R e, X — BBy
PCa Xf ADT 16 FATSRSURE, IRHCREAR I S RSP IR
R /T ) IR % ( metastatic  hormone-sensitive
prostate cancer, mHSPC ) 't 4b, ME 3 & % 1K
(androgen receptor, AR ) TE3K 3] PCa ¥ J@ & &
FLEA, B UEHE ) AR 9 ADT 897 &% 0 BE Y 3 2
WIT TR, BREZHEETE ADT TR 2 ~ 3 4F
T U AR IR AR #CHOB RO, BE S B Ay
2= AL P AT P R ( castration-resistant prostate
cancer, CRPC)"® | M1 CRPC ()% BAKHE T AR
5 tE— 20 FHAT 7 AR 38 %410 1] 550 0 8L 4 4 e
(enzalutamide , Enz) 7] PH IF AR #706 , JFFEK AR #0
FE R RS B RE S PUE ( prostate specific antigen , PSA)
IR, A RBE R B AL AR, (BAE Enz AY5R R
PEVEIE ST, TG 7 A i 25 (EnzR ) | #E 110575 52X
S AR 3K 3" 1Y PCa HEJE B AL #2824 3 Wb
A S AR5 ( neuroendocrine prostate cancer, NEPC) 2
A OHOBMEARR T IR AR AR A B, )
T 2 — MRS B HE SORFENE PCa B HEJE, 301 H
SRR

AR S AL B ( monoamine oxidase , MAO) J&—Ff
ZORLIR B4 & W, B AT MAOA Al MAOB 51!
AT B e | P P 22 366 O AR R 1 AT I 2 S
0. MAOA FERRZANE BEIR I A B T IZ AR,
HACHIME R 2O E ERREMERE ERER
SRR BT, IX R b2 3 5T 7R i FL Sh W BOE T AR
8 A ) AN AR b bl [e) S i St ] kAL | ATE A K
WAMCIL  pH B3 ) P05k A R ALy 5 1 3
(i) 45 - 200 10 0 A Y Bl 2SS, P 8 R G R A
RGEE A FAE N T AW AE AR S B AT, DA
B AN ] B4 11 (i 1) JRORN R 5 R [ i ok | 35 b
PRBURAAR AP 0 45 3 X A 45 2H 2L A g
R R 51100 R 2 1 TEHE 26 W], MAOA 7
PCa [ 4 & e hie 5 1 2AE T, ok ikok 1 5
PCa 4 AIRZS 25 UIAR G, BO5 1Y MAOA K15
B Gleason 7MAHKE" . A RFITIESE MAOA
et PCa WUAE I FERS T HEFNGY PP, F20d T
(iR A O ) |7 =N Sl - S B T 2

(epithelial-mesenchymal transition , EMT ) FI i T if
LS Twistl 5 2 R0 AR OG5 5 gk se ™
LA MAOA AT REJEIAYY PCa B9—DHbxR, Hik, A
SCERIR T MAOA 7E PCa #EEHPEM, I 704 T HIC
DL, 5 T S Wy B R S g6 25 2R ok — 2D 4Rt T 4T X
MAOA 85 IR YT SR I, LAl PCa 19YR YT $2 LT
Y

1 MAOA HERiZE5 PCa IR E£ZE1]
%

1.1 Mm% hphEEXEER T

PCa 2 i 22 35 DR A8 5 R %) 2 Jifgeg 3] 2
FOXO1 1 PTEN £:KJE 55 PCa A A I H LA
RIS MAOA FAZUIMIE, M
X5 PCa B &A1 . FOXO1 245 5 1 Sk ik
O W2 ) AR B, 7E PCa M T 422 55 ) 422 1l 90 ) 42 K
AR 5% AR 199 P4 B 42 748 AR 1) B S 1, T DA i
AKT FOBERR AL 35 PI3K/AKT 15 5 FOI0E , T
Tk PCa 19K, Kim 251V 57 T PCa SRS AE
NS & 3 MAOA 5 AKT/FOXO1 {5538 %
POTE Twist] %% S5, DT ] E-55 45 28 11 0 7 ¢
{23t PCa 41N EMT, #FFERMALE R L 70% PCa
BE TSR] PTEN 2% 35 SVATIUE AN RARC,
L5 PTEN (1205428 Ak AR AIE B 5 98 B SRk 22 1F
FE, ML BF9E & $ PTEN 32 % 38 3 PI3K-AKT-
p27 AL VE T BboRE A M B A A WA R A
PTEN™" /N BRI FI N PCa M &, MAOA 1)
FiK52 PTEN/AKT 3 P 5 32 4 47 2 U 52 0, 110
TUER MAOA W R A= FF R YK IA . It , MAOA i
T 5 22 o IR AF DG I R W D BE R PCa I &4
1.2 AT TN

JeE AN AT 43l 2K 434K (terminal-differentiated ,
TD) 20 | B IR (‘transient-amplifying,, TA ) 20 Jit
FIEE T 2ZH M ( cancer stem cells, CSCs) M7, 7E X 46
AU Sk [ 3 T 40 X B4 I 20 i IXC Y CSCs 2
W — LA TG PR 184 48 0 7 T SR 0 A i, e
P BB ST 6 ( BGBR R /N B B B ) 2 o 98 4 i
Tk 4 bR e, Liao 251 F 53 & B AE R 51 IR 9
LNCaP ZHft T2k MAOA 55 MAOA 57 5 7
R (clorgyline, CLG ) AbF | AT I 35 Y 2> i 248 L i 35k
B RN X $2 78 MAOA 7E CSCs 35 v & 4%
—EREF . 3 — 20 R PN S 36 2500 o 5 0] B2
PTEN KO /NEAH L, 7E PTEN/MAOA KO /NP i
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A1) BT T 240 L DX A B AR 7R 4 OCT4 AT NANOG B
B/D [FI AKT #8582 LK F1 Ki67 #ik B3 T
B, 1 Bz 40 Fr 388 4 1 1 S AR, 16 MAOA m] LA
5 PTEN A HAEF, 5 PCa (T, 520 AKT (1)
WAL , FF {2 ¥ PCa 401G 52 R,
U, MAOA T LA 3 5% M 1 440 i 4 4 >F o] 42 i 971) g
FE R

2 #l[E MAOA 75 PCa IR R
14 3

R CA IR R EE & B MAOA 5 PCa i
JEARSG, HHGRINFE B PCa Pk F J M A8 1k,
FLAERTHN BRI 3G 70 =28 R S 2 i R R
5 MAOA HyFRIRE VM,
2.1 MAOA Eit 5 AR #HEE AR # PCa B8

EA MRS, MAOA I EATHE S PCa A%
P R BE AR O, WNAE 5 1Y Gleason 43 2% I8 b A
HOULEE 2 E-E5AG 8 11 (B Amic ) IR FEAK B
HE I (RFEFARICY) B MAOA kBt . ZE§T
SRR LM PC-3 i 3Rik MAOA I ik Ja 40 el 1)
OB, M 7E B 26 38 MAOA By R 51 R J5 40 i &
LNCaP ,C4-2 FITER MAOA A 5 200 240 Jifd 184 5 3ok )3
PN, FL AL 205 e MAOA 5 AR M E
YERT, AR B3 BT 3454 MAOA I & 719 ARE 3k
{23 MAOA 3Rk T S it >k MAOA J2& i i Twistl
WY Shh/Gli {55, 300G YAPT (9235, 8 1M 14 5%
YAP1-AR S5# WA EAEH, i L35 AR 7EHT5 AR
SRR G SR TG, e AR AR RORE AT 4
FEMAER . mEBR MAOA WM T /)N BRUAT 51 i 9 1)
RIRAAK Y Beah, X5 e 40 6 0 5T %
W], MAOA iKW 5-F2 (ol 5-F2 iz R s 1E 4 5
P& AT 5 g 20 R B A K
2.2 MAOA & 3T EMT #1 cMET 4k #i 75 =X {2 i3
PCa IEZE

MR8 e — N E RN EZ B 22|
P, FEIXAS LR 9 A0 M R R B L, 258
JE I E R UM 88 E . EMT 298 40 b i &
B IR — b B 20 B o e st A% e SR R Ak
5100 30 J0T AR AIE , 5 5040 B ] 42 fioh 9l /0> iz Bl e 1
T, I & A AR TR A 2 P S R bR R
WOLEEBL WS TS AN KA EMT fE k(042 28 o 2 Al
ZRIRA K, HIF oo 2B 2 0T, 38 2ok 0
55 e A R A G BT D R R R ok Y i SRR

iR R, MAOA 83 7~ 4= ROS Al IR PHD3 Sffa
SE HIF Lo A% SR IE M G S5 06 P 38 m B i R %
i VEGF-A/NRP1 {5538 %, I AKT/FOXO1, i#
TS Bk M HI 7 FOXO1 [ B R, i & S5
EMT &£ X 26 MAOA 75 5 19 801k 7 %
B EMT 22 (8] (4 AH B A B IR 42 328 i 9 B8 19 4=
%‘@[23724] .

B Bk 7Rz A, PCa 38 W] 3 3o 4 22 JF] il 42 58
(' perineuralinvasion , PNI) fi¢ #F i J&g A= K 5 #F & |, PNI
SR Il Je 2 AR A0 A 28 RS R LR 2 3 o 2 ) —
Pl PR AR, R PCa Pl 5 FIAE A R 22 W F5 R 2
—21 0 PNI ¥ K £ F4rF | 4l I T R HIL
S 2 il TR 200 L R0 et 25 400 i 2 ) A7 A % U0 A+
HAER, P2 40 R A3 W0 0 0T LA R e A
FAFZ2 , P yes 40 i mT LA 22 Ao 2 400 e 1 il 2 7
Yin 252 55 T MAOA 7E PCa iS5 PNT (7R
TE PCa 4 M F0 i A7 5 F B R A5 78 v 2 B MAOA fig
PEIE PCa 20 A 11 38 58 A0 b 2628 4 TS5 4 i X7
RIS T 3 b 20 5 8 40 I ) AR ELAE T 3k
PNI i % A HALHI & MAOA i i i 1% SEMA3C,
DL 30k 55 4 s i) 7 X e MET 5 pif 284 K 1A
¥ PlexinA2 NRP1 Z [8] (0 HH H.AE ], e A2 i#F PNI
IR, DL ERFSE 6T, MAOA 7E4+ S PCa MR 22
HORE T EEAEH
2.3 MAOA B ZEHWAFNXIEs) PCa X £ &
®i

I AR AL U 4 2 = (W B 8] PCa BB 2 BLH
RS A 50% BB ARSI R BB RS T R
Wi J B AR AR AR A A R BRI R
I 96 40 6 530 114 200 B DR~ T - ) sl 2 -
A E R B A Wu 22 R BLE BT S R 2
Jil =R & C4-2B  ARCaPM F1 PC-3M H' MAOA
mRNA 7K 359 8 T HARRT N SR A G R, Bl
W BRI DG e 240 Jt v S B/ R A2 B N M
FIG MR B FE A AL, 25 R & 5 X Rl A L, o
F1K MAOA 19 PC-3 #1135 f iV 78 /N B N &
ATz E R, HLEIAE ST R B MAOA i /E
FRCE AR Twistl #5819 55 53 W6 shh {5 518 %,
PR SRR T Gl A GLi2 A 33K AT 345 T1-6 Al
RANKL F9 77 A RS , i7F— 20175 S v 40 26 ok
FIRG AP, 5 2 of 755 b s 40 e o 2L 29 P 3%
FRORERL . AN B, 350 Fofr B A 15 2 4 T S 30 15
AR A B T A Al i A fF i AR K,
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TGFBs 1 BMPs, 2k 1fii 3 i ol J8 40 it 55 1 15 240 i 2%
A IR O EH, DALTE OB RIS, 25 L1
Jirvyed 200 it o v 2635 19 MAOA 7] IR 3 PCa & 2B
R,
2.4 MAOA iE T
PCa KT 25 1%
fif 245 & PCa M FH ML IR I FEHIR Z —,
AR 25 BT H R I R 2% e 1 T 24 AL o
JEHT AR LR LA TS, U4 AR 1% AR %
A% AR BY )78 54K ( ARvariants, AR-Vs) %, AR-Vs
S AR BE AR SR, HRTC B Y 20 42FF AR-Vs
H1 AR-V7 7E CRPC Hi i A5 f iy, ) 12 5%
AIBTDIAE SR 2 — 270 fE R AR e i 24 & R 1
TP, ARVT AUBE AT A2 2 MAOA YR 3A , T i 28
T HIF-1a 55 A4S SR INE A4 & et 1 m)
PCa H1 i) MAOA RJ LUK &2 it 245 448 Jf %of J8L 2% 68 i 1)
BB, Sl R4S A E, MAOA #1141 551
CLG B 444 e v b 2540 I Tl 25 PCa 40 LAY A=
KOV BRILZ AN, AN RS 50 2 W, 75 4 ALY
4 A R PCa fBE I IR 20 b mT A ) 5
KB MAOA ,3X AT BEJ& PCa HRE XHEIT 25 AN
TRURR I R 22— AR RSS2 86 & B, 5 1E
B PC-3 ZHAEAHLL , 12 %35 MAOA 1) PC-3 4 il 7E
ZVUMFEAE BT, 40 A7 0 R 3 T, TR &
MAOA (1533525 PCa 85 XL 25 9 i i
T

N o

3 MAOA ] &l 5 A F 8 5 B & 19
i=tig

HHTA 5¢ MAOA MBI 5% 32 B4 b 6 il 0K bl
B, HAH R B9 # H F) ( monoamine oxidase
inhibitors, MAOIs ) W FH FIlffi IRIG I7 I ARAE A JL -+
AR, ST MAOA i PCa BRI LIS T
I R 0 FH ) MAOA I 3510, 35 2 2538 FH ™ 1 5
W&, Jf WF 5% B¢ & MAOIs fH T PCa JA 97 4 7J
ﬁg,ri[ﬂf}ﬂ .
3.1 BRTREE

PP S A Tl 00 1 R0 AT 40 Sy A e R LN A AL
Tt 40410 25 4 ( MAO inhibitor drugs, MAOID) . MAOA
HIZ5 A MAOB I 25% . H T, I IR b4l FH
Iz 1 MAOA M FIJE R W, J8 TR Bt 24
Yy, FEH T A7 AR BRSO A T R AR AE Y
— TS 2R £, kA U R SR A0 A SR R

3T HIF-1a 5 S B E S

IR 113316 R 33056 ( Clinical Trials. govldentifier
NCT02217709) 25 o , R S WF AT 5 2 BRI 1R
H T PSA K, (R BEH B A IR TR Y Wa
25 8L I AT /D BB R 2 B MAOA AT LR i e
Jo AL oS 200 AR 1 4 2 ) 52 2% 4 55 43 DA R
HAEF TR B BRI MAOA 4]
F CLG J5 ] 4G AU BT PCa 4H 3 1 4 B v it i
RS, BRI 2ZAh, MAOA © I 52 76 # 28 1N 43
(neuroendocrine , NE) 7ML PCa 4P R34 [,
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[ Abstract ] Aging is a process of degenerative change that occurs as a result of time-related accumulation,

associated with age-related diseases. Understanding the causes and mechanisms of aging and finding drugs that can

effectively delay aging and prevent and cure age-related diseases currently present a great challenge for humans. Aging

animal models thus represent an important tool in aging research, and various aging animal models have been created using

different aging mechanisms. These different models having specific advantages and disadvantages, making them suitable for
different research purposes. This review considers aging rodent models to provide information for aging research.
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KPR 2E AT R 2 5 T, 2 PR A A a2 2
BRI A R B A S AL 3 I T SOD 7k |
MDA F 24 JEE B 2% 5 15 ORit SERE 1), A
FER, A ST BN IR R 245 s N T R
SESJRE ) B, T AR S BT R IR T B
ARV DR, A S EE AT O
JUE BB R RS 2 R gl I R EEE R AR
TEMFRA, SR, R ok A B s T
2 AE PN G FIT AT SZ AR AT, %o A2 M s o e 183 40
fefi s M DRI W A AR PR XA GBI g Fn 2l
Yy e i T JRIBR
1.4 EEER/ BANEFTEER
141 FEPH i iAsi Al

FEME 15 28 B W) L AR N BB Ercel L sk
SIRT6 HE[F AT 4 4 2l ) 7% i, W] L R B i1 24~ 4%
HAMMEEENRB | Erecl /MRS A K
TE /N ERUAEARL 1 200 B A Ao B DA B RL AARAE g

HAE P> B REES, DR R E (W
JHE VB CEERIURINAS ) A B PE ALY 2N
PRI (1 3 TR K 2 2 M A /N R 6 3%, S0P 5%
P E Ak B B AL Lombard 250785/ BUA
N SIRT1 ~ SIRT7 Y 7 A~FE AR K @b, b
SIRT6 M/ 5 HoAth /N A L, 24038 B A
PEIRAL I AEA %5 B2 A KT B D s bk L 2
JfL U S LR . SIRT6 Sl 2k /N iy B K
2y 4 J& AEAF AR S5, DRI, AS R K ) £
TS,
1.4.2  FEPREA-ZERR DNA R4 RS AR
PolgA 2 #fi Ffl #% h 4% % % ki /& DNA
(' mitochondrial, mtDNA ) AT o AR AL %[38] 5
mtDNA ZRASFENUAR KL & 1 B o i AN R, 2 8
HEMBEEREZ "7, FIH PolgA X/NREAT
FEP M, & B0 miDNA 28 788 2R L P A A8 /N [
P, mtDNA A5 EANA W 40 IE -, 580
LUTIRERE AT, B it 5 A I8 R O I AR R AR Ak £51)
AR BT kB AL N R
Mg/ W A B SRR A RIS S A
TR B ) 2 SRy T 6 UE 2R 5 S T T A
1) R AR R 2 F B 4 22 A H Al A A —
() S EARRAE | (ELIX A A S A B 15 M 4 ( ROS) TR
ALK 1) S s

2 BEKRRE

Li LA, B AT A 2 Fhmk 14 2 3h 4 3 R i
B NS E ML B0 A R B SR 4% 28 AL
I H P LA A2 4 AN AH ], #A HA% A A I A
AR, TERZEN YR T, B IR SR R4
NHH IR R B R B R AT NS B RE,
R RIEBL IR DL 3R A% . D-2F FLHHA 5 2 i
HER A RV A8, BNz, (A A TR 5
U6 A M AR IR ) 25 5 TR 2 SR AR i BB A A
P FCHRAE ] B EL RS R A, (EL X 2 R R
LN bR/ A BOE BT e 8 W P, m] LA
JE L SR (R AR AR O B 2% . TR B AN (] 1 52
W29 SRR LA | S R A ST A 1 B AT
AR R

KT FEHIVIE— RN AT, H
FOEM 188 S L], A BEIR R 2 5
WA RO . BIRAS T E SR BB ST, I 1
TR EHTE B T2 iy &g
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AT FR TR OCIE D A 2R 58, T 58 FE AR AE o R
AR AR e DR e I B ASE AR B 5 R R )
REFN B R A AT 77 T 5L Bifi 25 5 PR T AR A9 AN Wy i
M, Cre-LoxP AR DL Bz CRISPR-Cas9 5 A it #H 2
IR L2 SR, 35 R I /) BT A A R ) A A
BN K AT BRI T AR K AR R S, 1
AL BZE T AR AN ARAE F FH %) 55 R B
AR DL R K PRl 5 375 & 40T i S0 AL Y B Y
I,

1 HEREE (R 15t Ko 4 < 2 [ A bR AR EY

1.1 EFRRERERERFERE

TG TE H AR i 2 OCH SRR T, 52
FAEASE BN NG R A DL S IR 5 A E AR AT AR
HE DAL BRI 25 8 o3 ek s, LR p 22
BTG A AR FESSAT N, IxX L 2 gk [T T R
JERERGE A R B AR SR AR )z
R R 22 BRAE , — ELOA N 5 Ll R 1 2245 34 A2 i
K, JUHSE 5-F Al (5-hydroxytryptamine , 5-HT) |
EH ¥ AR FE ( norepinephrine, NE) | £ M %
( dopamine , DA) fy = 1107121

5T IARIE & A B S-HT R G20
Horb | 598 28 1 (neurexin , Nrxn ) 3 [K] 4 5 58 f 5if 4
JHAE B 53, 33 6 43— X6 8 47 5% fi bt 28388 Jo R S I
NHEE M 5-HT M2 TT Nixns SK, 5 S BUNRH
A SRR 5-HT fh & oo /b, % iz R R IR FEAIR
SAEBLI & A, BN AL S B8 T BRI, AR FEAT
I, W] Nrxns 76 5-HT $i224538 5-HT #2047
RS AT R AT R P AR Y AL,
5-HT1A SZURFERJE A 5-HT 36 P i sy 4, £
SETIRE A o HAR AN A SOk A B SZ AR 5-HT
MZTTHIHOR , Cc2dla JEH RS2 T 5-HT1A H
BZR I Ik I 20, 5 5-HT1A B &
SRR f B/ AR R AL DL K S-HTIA 1 B 2 1k
WGP BTN AR R B O, #2878 Ce2dla HEF & 5-HT
IREAAT A W G Sk IR 1, 5% T 5 VBB AiE 1 & A=
RIEI AN SFR A 2A SRR HE A HRAK
ARGz R H Hir2a FER GRS 552 (08 2A
AR AR E Z R AFFE OCHR , R BR Hir2a
PRI BUE B T AR Bl 284 3 TER [R)AT g 2 2 3
(B R S | 0 30 Y Dk S 56 | TR M i T S L 2R
TR E S ) PR RS IARRERAL Y S-HT
Pz A% 386 OC SR A 9 TR 2 IR 3R PR MUEE 1B A

('serotonin re-uptake transporter, SERT) , it i & & 1]
[E)FEVF 2 KM X 0 8 2635, 76 SERT Rl /N BRI
KA T 58— B0 R HE A E AR A
H: B2 JZ (prefrontal cortex , PFC) H1 LI BE 25 4t 2k i
PR P2 SRR, BT IE RN, SERT St =
S PR S FIHTAH 5 )2 BDNF 3k G A RE
1%, FE 1T DA 25 A5 00 PRC S 7t 18 4 1 1k 4 8
( chronic maternal separation, CMS) & #1285 FR & H
BLIAI IR WG, Rl R AEZR B SERT RFR K B
w8k B AT RE g I Y # 42E IR N T RE SR AR R
e ER IR P A S B0 FioRS MR I 2 A
Hok, EHVE E R I KCF AL 52 i o IRBAE 1 % AE
K&, EP4 Z KA K H (EP4 receptor-related
proteins, EPRAP ) J&—F T & B A4 I 777 L 105 4 it 3%
TR 73+ R R | Eprap JE R R 5 /)y BRUTE 5 36 T
PRI P AR AR AT O EE G I, O & B Eprap &
R LR R i 2 B B IR R KPR AR, R
Eprap BRI R 5 AT BEE o 52 NE /KPS 20 i
RE R G0 M AT 5 LRSS AR RE 1 & A . RHIE I
MR ZE %%12 25 11 (norepinephrine transporter, NET) 175
RS AR K5 6 8 5L 2 (solute vector family 6
members 2, SLC6A2) , RJ LA H W 5 fih 25 FH L fit
RYEFHARN ETE EIRFE K P, KK NET 7K
AL B 2 B LR A R RE S R AE B
R LR bR e is B R R A
M A R G L FIRRBEAE 5L T % ik
NE "] FH . BFFEBH, Net JE R A bR 22 5 F 24 /)N
LR Net 25 17K P BEAIK 50% , HAR BLH BT AR &
A1 Net-KO /N IR WSS S 1MLE 3 3R 40 22 [ e AH ¢
LR R IR & A AR 4L, Hir2e 32 (R L FE Net-KO
NERBH B Bt b e I T Ry (LT ¥ Eh A AR ] 2 gk
REAR IR, 20 B e th T S 2ok 5 i 450 i B 22 A
B 5T Fr ik Xy R R W AR E . 2 U s A
( dopamine transporter, DAT ) Z: 5 2 fish §if A 3ty ) 22 ()
e FEARIR, DAT Btk 380 2 U e RE R ALY . DAT
R 2R ) PR TR R BRUAE PRC R AR TE R 22 IR 1T
PERAL, A T A 0 A Z R R pl 2 AL 3 Al 22
B B AL | ELAS SR 5 P 20 5 T3 4 L R 45 41
AR B VIAHOC , 7 1% B PR 5 = AT R 52 i 41 1S 0 1Y)
RIES S JAh, DAT SE R B /N B2 B e K7 T
1o, DAT 1 35 38 55 0] B8 451 DR K ot o i [ g, AT
SBR[ R T A SAERREA T

Zi b RE R G R TN 2, S ONARG 4
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FH IR il DX LA #5 B J2= A 5 0 3 2 5-HT
NE DA & AHEAE AL, #2236 A% 388 32 460, /N U B T
FERREAT Ay 0 A A 00 e AT g I B AH G G X 3R b
B AL N3 K AT S 2 K B H R R
SEATIARAE 1A, o DAY 54 Bl ) ) A S AR
BRI AT S sR E T R AR TR I LR
i A HR A TR R SR
1.2 EFRFR{E BDNF %Ki

R S 2= ¥ ( brain-derived
neurotrophic factor, BDNF ) X K fig o ##1 28 5T mli 384, 58
Sl T JSC R ) S P A5 R A SRR T < el
LB FHBUL A KR 28 R GE B BDNF 357K
TR Bl 2R T 2B IR T ZE A, O ik vl 28
REALC, ARy BB 2 T, DTG 5 RSB AE >, JIARAE £
HAE BDNF 7KF- 12y B U5 11 2 B Hh DX delek S 1V 2l
A8 ,BDNF b3 B A e JB# AR AL, B R R A e it o
AT AT I B2 202 BDNF S 400 R i s 2 A
PRAAFNHTINAR L4 I8 7 AL A 7T = iy — 5 53, 7R 40
FRAESE ) i A A rp & BLIE 5 A PRC ' BDNF
KPR, SABAE K B PRC A1) BDNF 7K F- LA &%
WG REY CA3 FI DG R FREAR™ . BFR R, 18
BDNF 44 F @& (BDNF*™) g+ BDNF KP4
B T8 BV 509% AR K PR 3 252 ) Fre
5 [ % v A A R BE AT GABA BEZ f {5362 | {HL &
A R AR T A B S, R W] BDNF 7K FE A%
AR By AN S AR AE AH OCAT B AR TR 2 18
PEAE 2 P I N 8 ( chronic social defeat stress, CSDS)
ZJi ,BDNF Z= 5 T mls /N B B0 T MARAEAT 0, Ik
W'Y BDNF FHSCHLEI T GES 5 TR 945 T, L R4
PR BEWASERTT R, IRilE Morel 5 DNA H
BEAL A4 BE A OGRSt 7 O S WG 18 sh i) L R K
DY NS TG A= 3% T 0 AH OC Y 410 AR AE fig 18 Bk
A, Morc1™~ /)N BRUFE 38 38 7 1K S 565 (forced swimming
test, FST) R ILHI B Z AN 5l , 455 > 1519 JC B 52
%) (learned helplessness experiment, LH ) [ 45 53,
Morcl™ ™ /INEURHIARFEAT B S48 n , HAERT& T B
JERA A= # b BDNF A7 /> 19 8 3, 75 2k Uk B
BDNF 75 1k X 0 A 4 1) % 2F & R 28 06 1 2
Morcl™ ™ /INELAT RS — Pl A BT ik 19 28 WL 35t 4% 2 9 ik
(/N BB AY AT FH 3 55 S0 A 3% T ) AH DG I SR AE
WF5E, Ak, BICD2 J&—Muz shifid i 1, i
ZICIE T Wb 75, Bied2 VR T1T  RAE p 22 SR
(R 240 43 A7 F mRNA Jmy 5 0%, 55 %0 BRZH /N BRUAH

Lt , 3Rk Bicd2 shRNA B9/ 5 BDNF & [ /K-
W3 FYH, TrkB & BDNF AY 32 %8 & 36 f f1 324K,
Bicd?2 w1 A o ) 8 R A0 R B o T 0 IR
A, W] BDNF 15 53 B g i is , XS g5 ] R,
BDNF 15518 AR 1T AE 2 Bicd2 M AEINAESFEAT
ANERUTE S Hp R AR B IAR A A R BREE R
(adiponectin, APN)) J& — 1 Jig Jlij 4 Jfd 53 90 i 178 24 3
R, HADUE R T % 05/ R SR 1 RE T, FERR 2
B4 (lipopolysaccharide , LPS) 7775 B 544 T, B #11ifi]
T34 (inhibitor of kB kinase , IKK ) i3] Bay11-
7082 KbFVK A T APN-KO /NI B2 )2 p-NF-kB
HIZ235 , APN-KO /N B /s R 38 (Hi ) L 1
AR 2R Z AR 3R 35 2 (mRNA/EE [ BT KF) Al
LPS ZbFE 1) APN-KO /N BRI K¢ J2 A0 971N s Jo 240
RS TBA-1 7K FEAK, H APN-KO /N BB AR
YEF 8% B L BK 3 1 A G 3 B ( tyrosine kinase
receptor B, TrkB) 4 T 7 K252a F1 IKK # il 7]
Bay11-7082 i B%, $2 /% TrkB/BDNF {55 5 % 5
NF-kB 7ESARAE P A7 7E 22 HAEFSY . Lot
7~ NF-kB %5 & ) BDNF 28 {L 7] B /2 LPS 5 5 Ay
HIAE & ML B SRR, Herp APN AT R 2 75 1 AR AE
FIRRIAIT LA, 5340, B9 BDNF XF FHiinfik 2y
Wy R AEAE LB, {H BDNF AN 255 28 1+ i i 5
B, BT BDNF 5 TrkB 2R B A SR AT, Btk %t
TrkB 15515 F B/ TR K 724 T 248 Xt
PIARAE BB 09 A B, S8 3 ki 22 BDNF mRNA Al
BEEFUKTHIREG, BEAh, 324K TrkB mRNA Al
AR KA BRREAL, 150 B AT 38 5 5 Trk B 5% i
BDNF'™ | £F ¥ i J5 34005 4410 11 570-1 ( plasminogen
activator inhibitor-1,PAI-1) 7£ 5 J& f AR AE & 5% HL
H AR AT RE ok [ A28 SR B, BDNF R I T
THiT1A& BDNF, B 41 208U 21 45 il ) 307 39 (tPA) -2F 1%
it i 2R GE A K A, 77 A2 GEVER 1 BDNF, PAL-17°
/N EUF O B I ARRE AL S5 (PA-BDNF %l 6%,
{H 5-HT 1 DA B BEREAIK, B PAI-17" /NECNEEE
TUVHRAE B TR 25 SSRT st AL AR S R W] PAI-1
A ] RS T & T AT B 24 i

Zi I, BDNF 325 3 #f 2 e 545 P 4 P A I
TIABIE £ 34 BDNF A [R] il (X (1) A8 AL AN [R] , 22
BAERTR B2 A% 5 DL R A, AR
FEAT AT & BDNF A8k AE 1 2L R A S 80 o)
RECTHAYES R B kB (55 SH VMG, Hif
A BRI BRI RE R GoAH S IR DATTT 175 A AW ARAE .
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1.3 EFESRESSERHER

I 32 B 5 1) S A 228 J o 400 B AR i, B A
FVEISRE FF S50 Hy T 7 38 o8 R 6 PR F A B A A
22 1 ST AR SZ A5, AT 5 fh 1] B2 v 194 4 0 T R
BEAT, T Bk 2 4 Z R HE AU B T Rl 48 5T 40 i At
TR AR TIARIE, A 2R ZAK 1 (glutamate
receptor 1, GluR1) 1£ W 45 3l ¥ 22 A~ K X df 2 3
Ok NI R N U Y I /N VN
% SMIME R TSRS GluR1-KO /N RUTE
FST A7 077 5c i b R LR AR REA Ty, 25 W 9
IR HVARE AH 5 il DX 38 e A 558 €0 Jie 9k 32 49 hn
ATRESE GIuR1-KO /N RS F AT R A Js ) T )
mGluR 3 TRPCI i 38 2 8 i L AL 5 F= 4 h Y
M P2 TCIF U A P TER N B2 Trpel 2%
WX AR Mg AR Trpel LR B S5 1
B mGluR %5 5 W45 5 18 B, TR AR mGluR-1K 1
AR, 1 2 mGluR-KIAIIAR & A FEVF 22 R X 48,
FLAE TP SORAA TN ARG, 32 28 R i 1X 358 2 R o
PRI RE S & K IHARAE ™ . Bax FEPIBAR 4l
OB T A RO -, A Bel-2 JE R R L,
HARUHT Bel 2 X 8 (Bax) BIA 4 7R 35 1 42
JCRE R R b LA A5 5 B A O b R R
SEHENIVE , Bax HIBR (Bax-KO) /N BB R 5T
MIZITCIET . Bax-KO /N EUBEIN 1 48 i i) 72 e P A
T2, HAE FST 17 2 S8 v 2 B HY B i (] ) AN
B, HANAREE A LRSI T kB R 4
FAFIE FIAE T2 2Z (8] 1Y R 4P 0 3 LU IE 5 R
UIRERCH S, oAb, Pl 28 I o 20 i it — PP 22 2R
GEANNE , 7E T X 28 R G2 hE o S ORI o 40
( T E AL HE BRI o 20 e 0 /0 2 J Jo 440 L ) /N i
JEAN MY S o7 HE B £ B E B 52 R (@7 nicotinic
acetylcholine receptor,a7nAChR ) f2&— Ff 3= B 7E Ff A
PZE ZR G0/ N BT A L TP 3K Y 1 S AR TE IR Y R
i HH /NS T 20 A B B 1Y T AT A A AR v RS A
Mo aTnACRR-KO K VN BAIMIIE 25 2 0 Bk B
FEIGAL, 2 aTnACKR BYZZ3K B, 7= FE BT 5 Wit 7
ABUIVEBAE FHI b 2R 34 B R AR A AR B 28 fik
FEAL T S fil 5, 28 3% H2 % 3 (neuroconnectin 3,
NLGN3) & —F X 3% it 28 e 2 L P, AT DA 722
2% 2t L[] A 52 W) bf 28 58 T 4% v 1 A S A BT
T 7R, X Nign3-KO /)N RS il 15 4 95 A AS 7] i
WM B ¥ ( chronic mild and unpredictable stress,
CUMS) J& GFAP #il Iba-1 FiA Tt , GFAP £l IBA-1

2 I I o 200 1L A0 /)N 15 T 4 i ) B AR R AR
Nign3 7T LAk A J52 Joe 240 0 9 355 A6 , BT 24 2 CUMS
PRI INAREEST A, UE W Nign3 AT AR N I & &
XHIHRAE & J& 1A AR YT M (1 s AEHE AR L S
FEEE 17 oC 1k 45 & 8 A (sterol regulatory element-
bindingprotein-1c,SREBP-1c) J& & it 43 24 5E 8 & 11
Dy IEHEI %k R /N B R B AR AR AT R, &
IR G i T R AT P ) A R R y-E R TR
(y-aminobutyric acid, GABA ) 32 &V 74 Fil 75 2 iR JIi
FRH mRNA KRRy TR 2
P28 T, ¥ SR B PFC th GABA Rl b 4
JURBRIE T DA A 22 T 1 2 400 A DR A DX Bl 0
SN, A Z RN AR Bl Y 2 38 0 22 /DN BRAY 1
45 S EALER RS REAT O A ] S0 A 1 A
PAHEFE 5( cyclin-dependent kinase-like 5, Cdk15) &[4
AL FEUHEI MG L F WA, B K iz
RN B AR R AT O 2 B SRR AR AT S Bl
A7, CdkIS AR P i ¥ 4 75 GluN2B ) N-H 5-D-
KA R ( N-methyl-D-aspartic acid, NMDA ) 32 & i
GEMMJTENL, 24 NMDA SZARBE IR 25 B 2 R HE
BB RAMERRE T R

g5 b BRI D AR AE T 2 2T AR g At
ToRH G, JHE it PAT 3 S 455 ik P 0 0 SRR 33 ) e [
PR 28 152 J5 200 Jif 52 48 DA B 2 AR B B R 3 80 T 4
IR HER K& PR A bR i 52 e 1 A 28 15 Joi 4 i i)
A, B AR O DX I 5, B & 3 30T BRI
TRAEAT 9 0t B, B i 28 0 200 1 ) E 1Y) 56 B
PETTRES: S HIARAE & A= K& JE .
1.4 EEERR{E HPA H3EEL

T B I 2 [T AR U A R, SRR AE F2 2 ik
Jigi-FEAA- B 1 B4 (hypothalamic-pituitary-adrenal axis,
HPA) DB S # 5 S, W HPA 25 AL, 0 B BTl
FOKTV T, 6 T 4 26 70 1) RE R A5 R85 # i g
WFIE S W S DR B 22 F A e 0 T RS 5
J5 S RYAABFES T, NOD 52 (A G 1 AR 1 45 1
6 ( NOD-like receptor family heat protein domain 6,
NLRP6) 7 Tt IR 1] 4 0 28 1 41 g vh R 3Rk,
ST A MG B T T 1Y, LAAE R I T 28 R
GRS R PRI NEIK Z RE S, 5 Nirp6 FE N @R
J5 5 BN BB TR (LR ) K 3 T, B 2
I SZ | B D 1 IR ARAEAT A, B Nirp6 & R it
PRI AT BELIBTiZ I 42, [R] -5 S0 0 A OG 114 g 5 b
ZPERE AR I SR I S B R T
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P22 BR AR B I B B B 3 R B I &K (corticotropin
releasing hormone, CRH) 5 X -, CRH @i 5 G &
FIB I 2 R R % A Bt CRH AZ {&-1 1 CRH 32 -2
AR, G /N HPA Bl 4 25 AT,
HAETEE N Crh FE R AT CRH-R1 mRNA
FHRAKDY L Crh-KO /ISR SEREWE B2 T 3R K P
IR A1 H G, 26 20 L R PR AT O (AR IR
HISE A < i e 19 T AR ) DA IR A IS
HIAT REAE , Crhrl 1 Crir2 FERTE G SR HP () 255
TS AATRABL, WA A% & CRH AR B 2 X
Wz Crhrl SRR /N RAE A A% Th BT i
SR T APUEENIER], L= CRH 24K 1 /)
FRUZE I T R BE M HPA Hl9E 2l k2% | 5 304 il
P TR B B 2 [ A2 A R O 7 ( steroid
receptor coactivators, SRC-1) YE A HPA #li I 2% fil &%
ZAK ( nuclear receptor, NR) H i) 57 B i & Z K
( glucocorticoid receptors, GR) [ 3= 22 3 [] 15 K+,
AANTEHE SR K Bz 2T B b Tz %58 i
PR bR BT R RO R 5 5 Sre-1
FEDH B/ B T CUMS 5% 19 GR £k,
o33 CUMS W52 B B R 52 R Rk U,
£ FST I TST A7 A2 5250 R B AR RET T
T340, N e - RS bR ) 5 e T A )
FHC HPA il 53 o 5 B0 T AR I, 5 IR E 2%
PIASEPS N E i (hypothalamus , HPA ) 38 i3 i 7
B BRI R B iR (glucocorticoid , GC) B
JEAES HPA FlAE  HPA ST o) b A= 0 i g8, i
FLB AP P i) 2 A A T iR A2 X
#% ( suprachiasmatic nucleus, SCN) =70 Hp SCN iy
—ZH LRI T AN Per2 JE PR, 33k 46 5K PR 7 5% - 356
R AR, DURR e OO E H R AR B A A4
e B BT JE 4, Per2 ™ /N BB RS HE SR 0 4
B B B ZE L, R T B T R S, HPA B )
B2, BAE FST A7 2% 52 vh e B AR AR A 5
BTN R R S o | 11 B I R A A T
(1) 3 SRR IR TG B R 2 —, A JR R (melatonin,
MT) 2 — R BRI AR, ASMT 2 MT &
) 5 B B T iR | Asme-KO 7N B AR Bsf B B AIR 1)
ASMT ¥EPEFT MT 2, Asme @ BRIGIN T 5128 S AH
RIPZTTH AT 1, AT RE R T AH DG BR R Gk K
SRR

25 b HPA By ZE L 3 250 10 K B R 1
K- H 5 RN R, 5340, BT TR

TVARAE F s K ¥ 3 B OCH 2 RIME T HPA B2 22 )
BT, KRR IE 2 28 BRI RE AR AFAE AR W R L
G, NIRRT G S SO AT AE S Py A5 B v ol WL 2]
BRI B , 3718 25 A AR ARAE IR, HP A Bl 9
ZAL A RS A T AR T T R Y, B %
HOWHLH

2 REgE5RE

FIVEISRE 2 — Tl R 52 2% A A0 | AR SC B2
T AR AH DG gt 5 PR B 9 R Gk BB AR TBEIA R
PR AE A o AL T 32 2440 45 PR BE 22 58 2K 47 . BDNF
P A ERRMERUR HPA #iZEALSEN R, Hp
R )3 A vl 5% B =2 5 25 ) i i i B A3t T sh A
AR T 3 2 2 5 PR A, Ay e DR B SO 0 RS 17 s A 2
BT S, HETARE ) 254 0 W & 32 B X
P S L DR 5 | A AR , 17T 78 B S 1 400 v 41 AR i
T2 2 LR B AL (1 52 R VRS B | AR R W] LATE B A
Z d0i R R AT I T 5 18K G 25, 3 S AR AE
TRIT BRI BIGE
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WP 5 A SR 28, HBIN 45004652. T Rg R 25 RS — BB B BE , R 450046)

(FZE] WL 4E4L (pulmonary fibrosis, PF) J&—FBEATVE | A1 BT 2k 0 AT O | FURHIE I i S2 A9 45 22 R
TR, B A R AR PUR AR . PF AR B A, = A 0007 254, s SR RO A AL 55K
ARARYT LI EE TR R0 N T2 AE A B, AR O DR (k2 R 55 20 R o 2 55 ) T A ] R
755 PFBEAY o 1R %R (bleomycin, BLM) 75 5 YRR AT H A2 1R 5 | 21 4R AL 35 i RS (BL A5 S imi g™ 32
2, Hs 07 s R B U IR TE U N AL R I B IR TS AN R B A ARSI S BT 23 BRI 22
W, ASSCHETARSCSCRR, 45 T BLM R[S0 5 5 sUHE ST 09 PF SRS AR5, O O 4 BARCHiE
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Progress in animal models of bleomycin-induced pulmonary fibrosis

WANG Bo', SONG Qinghua', TANG Huimeng', LIU Yang', XIE Yang'?, TIAN Yange'*

(1. Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases Co-Constructed by Henan
Province and Education Ministry of People’ s Republic of China, Henan University of Chinese Medicine,
Zhengzhou 450046, China. 2. the First Clinical Medical College, Henan University of
Chinese Medicine, Zhengzhou 450046 )

Corresponding author; TIAN Yange. E-mail: yange0910@ 126.com

[ Abstract] Pulmonary fibrosis ( PF) is a progressive, interstitial fibrotic lung disease characterized by persistent
scar formation in the lung parenchyma, and a reduced quality of life and poor prognosis for patients. The pathogenesis of PF
is unknown and there is a lack of effective therapeutic agents; however, animal models are currently the main tool used to
explore the pathogenesis of the disease and to find effective therapeutic agents. PF can be induced by various factors and to
different degrees according to known etiologies. Among these, bleomycin-induced models are widely used because of their
reproducibility and the similarity between the fibrosis pathology and clinical conditions. The main induction method include
intratracheal drip, intratracheal nebulization, tail vein injection, intraperitoneal injection, and transnasal inhalation, and
these can be classified into single and multiple doses, according to the frequency of induction. Based on the relevant
literature, the current review summarizes the characteristics of the bleomycin-induced PF model using different induction
frequencies and method, to provide a basis for the application of this model.

[ Keywords] pulmonary fibrosis; animal model; bleomycin; modeling method
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i 2144k, ( pulmonary fibrosis, PF) e
HEATPE AN RT3 0 ) Jo e i e, S 22 b S A R 8
P i 1] B0 ( diffuse interstitial lung disease , DILD)
MLl 25 )52 P i IR A2 4, & e ML i A B
B, WESEN R 5 PR B B WO R st A B T
P EEEREA LD PF HETERZ ARG 28
Wy, 2 3¢ I B 5 2y i W B8 B ) (Food and Drug
Administration , FDA ) #t #E i LR JE B | JE 35 Je A &
SRABTE — & 2 2 b 2038 I DRRE R, okl 2 s 2 g T
R ABAEAE— @ RIE F S 25 g 2 P T )| i B
e PF ME—JR A7, AT N D BUR & BB IT
BEEE'S S I, R X PE AL 5T AR 25 4
RS2 T & 27 30 V) B A e 14 )

YRR L AT B AR ) — D EE T
R O RGEnTRE AT A AR S N BARAE Y S )
RUSEBIFFERIR I B S AT %GR YT 1 B SRR B
SR E T —Fh s YR BEME 4G 2K PF 1Y 48Ry
fiE AR BEFS > FEEL PF A EE R 306 FIF
W R AE AL A S L, T
VS PF 19 2 W 455 700 4 45 B 4t ot
Gt 2ENRIAR Horh | RS R AR R D | SRR AL
B IR 2E SN AR AR B AT A R R AR A
e dck A st 2R S R 2 mT g i il
YA & A, Itk & &R (bleomycin, BLM) | A1
FE | AR RN | 5 AU 98 )6 F (fluorescein
isothiocyanate , FITC ) Ol R R A OR
S R A bk, W3R 1, H BLM i %1
Jifi T 2 A AS Y B A T B P SRR SR | N R PR
[ SLARREAEAR AL, 2 H AR e 32 (4 PF SR
ARG TR B BLM 755 PF A HY I3 Hr ik 26
SRR Y P K A5, SR Tl 2T A S s R Y
MRS %

1 {EkEBRF ST 4L B iR

BLM J&—Fh & FE M IR A4 3R, 1966 4F, HA
2EH T SC A A A Y B SR e B A5 3], FDA
T 1973 4FE4EHE T BLM ByIG R A, A R &Fmy e
PR 6 M, R — RPN 25 R, BB
BLM it FH A 3G, AN S5 A58 4 30 F 1 it 8 7= A ) 1
KA ZK R (BLM 1Y FEZLIGEH)) 2K EAK, 5 &
AR R BERIE |, 3 100 21 4 £ =5 ™ 5 1 1] J5T
PE R A T X A R AR T, 1974 4R
Adamson %" 1 YR F M K £2 K 1 4T BIM (5 H

0.5 mg) , B 2 Wk, #ESE 4 [, KB BLM 1] 5] /)
S 0] J5 R it 4 282 1 42 4, 3K b b A% 55 N il £ 4
FRHIEL, T A BIESE PR AL T — 4 18 1 3h
B 1978 4F Snider %57 3 i — UM N I
BLM(0.5 U/100 g) ALZh# s T4 B PF sh iR,
AL, BLM 5519 PF A9 )72 b H F il 45 4 4k
Y SEE A AY

2 EREBFRFSMMTEMRENIR

KA SIS BLM HLR 8 2k 45 25 34 ) if5 5
PF & F5 507 A B N E NS BT
U S 2 B A 2 Rh R AR
2.1 BLM $ k474

BLM HK 525155 PF BERIEI ST Il £4F Ak &
ML S 0 e PR LE BT PF A3 2259 5 i AT AR
P B & B, A B R BLM I T/ R
PF AU 21 d JEAEIA AR T A5 &L T, Bl 2F
Hefbor A R THIB Y,
2,11 MRERPRARE N

— WS I T BLM 2 H R E A R
1) PF 387 2, (R Aoy st A2 e 25 0 A AN 2
A7, HE At AY BLM 550 AN [R], B B ) il £ 4
b BT AR T AN S A A R A e R L
IS NS R RS BRI AR RS R T,

SEREEDRR SRR S A EM [ e T8
LA Sl O YL b ol N o i 1 1 S a7 S S 9 =07 7S
AL R B R, 4SS R B ) It e 2
S M BLM R BES 25 6010 THEE . 1]
FHAE K ICR /N RUM RS 22 58 4%, B BLM (2.5
me/ ke ) I IRASAE T T A ER ] 25 PR SRS | 1 A5
T 28 d J& , /N BRI T S 2 AR AR, iyt P S i, il
TELTT B8 ) B0 A £ il & 448 400 M, 9% S 200 JH 3R Vi Jili 76
FE A 5 08 T il v (] A R d R R AT e LA, SRR
DY U B Y SD K RUUE N — Ik TR g
HEAMRE R (5 mg/kg) FHE PF A RS | i A
28 d J& , I BEREAR, il v i) e 184 )52, L 76 < S
ST FE I 2 KR RIS R L
AT LAMRIE BLM 584 3F AR #2085 T 155 PF 194
i H B FAMRE T AR ERAE R BGER 1 N3
YIMELATE Sk HE T, IF HIG R T 3h s e se T i WU

EREBEDETE YIRS | 5 i 28
BN O N L T T3 ASGE , SR 5 E T TR B
IR, MV T 5 R — W A A T
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Table 1 Advantages and limitations of various pulmonary fibrosis models

=L Wi
Moulding methods

Peri

Advantages

Jr PR

Limitations

MikER

Bleomycin

aYii

Asbestos

Ak

Silica

SRRSO R
Fluorescein

isothiocyanate

Lk

Radiation

A A

Paraquat

TR AR

R Eh )

Viral vector or
transgenic animal

RO 2R PR 5 T AR, AT i R Mk, 76 1 B 20
HaFn AL BA AR, BE A TPF S (Y il 2
ZUis

Model has various methods, low cost, easy operation and
strong repeatability, which plays an important role in
elucidating the cellular and molecular mechanism, and can

replicate the typical lung tissue lesions of IPF

AR SR TOR AT LA 3 1 40 D07 38R il 7L B 240 g 454
i RESE AR SR A

Asbestos specific deposition can induce oxidative stress and
damage, which can form a

alveolar epithelial cell

persistent stimulation

P AR AL 2575 ST W0 58 87 T 2R R HORE 1) il £F
YA BE . ZRALREMELLE B, AT B A PR
Fibrotic nodules resemble pulmonary fibrosis patients with
occupational exposure to dust and particulates. Silica is
difficult to remove and forms a persistent irritation

GaABEE TR R J] P 24 AL 1 URR DX B il 53 443 X 48, AN AR
NN IS A NS

Fluorescence identified areas of deposition of surrounding
fibrosis and areas of lung injury, independent of mouse strain,
and long duration of fibrosis

A R TSRV 58 AN LT Ak AR AL F I PR
Clinical significance as a model of radiation pneumonitis
and fibrosis

AT LA S HH A 40 495 S Ak 17 98 L P B ) g 95 % 4 i PR
A LEBEAT G REAG BT 2k Ak 3 IR 2

This model induced
endoplasmic reticulum stress, and changes in cytokines. It was

alveolar damage, oxidative stress,
consistent with the pathological characteristics of paraquat-
induced pulmonary fibrosis

FRVFAE P S 5 4 R O 7 A AL G FE R | BB 2K
PRI b S 20 LR TR AR A R A

Allows targeted studies of specific fibrosis-related genes.
Characteristics of epithelial cell apoptosis and mediator
changes that mimic human disease

Bz — 28 UIP FRAE (AT P ARl ) /N BUTER 2 b <
A 28 d G 24k —E H R E

Lacking some features of UIP ( progressive and irreversible ) ,
Some self-limitation of fibrosis after 28 days in an endotracheal

administration model of pulmonary fibrosis in mice

ETAEALE BRI b ST AN SR TE N R, 2T 2 A TR i i
[ A AN 2, ELATAR AT 5 136 5 DL A [R] B 9

Areas of fibrosis are often central rather than subpleural , fibrosis
is unevenly distributed between the lobes, and ashestos can

cause mesothelioma, a rare disease in humans

B2 VF 2[R BRI 5E RO RRAE , %5 R TR Bk 55 — &
PCRERURL , HA T AR

Lacking many of the features of interstitial pneumonia.
Specialized equipment is required to atomize silica particles and

is species dependent

TSR SR I, A R U T A 7 AL L 2F 4
R E SRR EAELL G — (SR = UIP B —SEdL R RRAE

Fresh solutions must be used and sonicated prior to each use,
making the reproducibility and standardization of fibrosis
difficult to unify and lacking some of the typical features of UIP

R AR RO i S o LA 8 | 3% 4 B 5t L O AR AE
AL Sk

Modeling period is long, the amount of radiation is difficult to
grasp,
differences in resistance

TERAET R, 25 R T O R A o 28 R G 4 A
AT SRS (2 — 28 UIP R AT B
Mortality of UIP model is high, which can cause lung, liver,

the cost is expensive, and there are individual

kidney, heart and central nervous system damage and affect the
state of the animal, and lack some typical pathological changes

of UIP

G RGN IF Bl X e, (AL AR BT B
Tt B AR 2% £ 5

Immune system recognizes and attacks these vectors, making
undesirable , species  dependent,

model  translation

and expensive

BLM 7:%F C57BL/6] /INEUFT SD K B AT, it

2.1.2

TR LUV N ATE

FIRE 2BV EE 22 HYP 5 5 A48 AR UL
52 AEM— R PEACE NI TE BLM 21 d B ATESK
/NELPF AR Du 4500 SR A — M BRI B
7 BLM(3 U/kg) #57 SD K PF BRI 4% 28 d
J5 IR A2 e ) S il 7 e WY S AR il
LS5 F Z LI ) R 185 J5E | it 2 2 v i D 90 AR % 28 4
ekt B B 88 I, B4 2N B A A KA T B
(transform growth factor1, TGF-B1) . a-~F-1F LA SN
#H M (alpha-smooth muscle actin, a-SMA ) %5 7 & B
WA, HE R B8R L T A B ) AR
SR T AMERE AT R 1 KU, (H H T AN R L LR
#) BLM #E AU MELURIIE 10094588 i 2 32

TE N A 2SS Sh R, SR 5 7E ]
PUALMR B 48R T B 25 A 8 28 13 A Sh U I
A 2 W e e B R U N B A
i, EASSEDTf SD KRR R KB N1k
BLM(60 g/L,30 min) J7 X155 PF A%, 28 d )5, ifi
ZH L AT UL G 240 P bk 2 200 e 5 9 i i v BE
8 JE % it e T 5 5 9, 7 il 1) 3 DX 3 mT D, ok £ 4 40
it 2R A R JGE D S (LR B A, it 52 Jo 45+ 8L, it 4
A2l R (hydroxyproline , HYP ) | £F- ¥4 il )i i 17
Y0 77)-1 ( plasminogen activator inhibitor 1, PAI-1)
Tt T, S RS N LA LB YA
TR HAR Mir2H 2T YAl o0 A SE N 15k 1, BT
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AR SD K R AT — MR LA
BLM(5 mg/kg) 55 PF A A5 55 21 K, A 0L
eIt it B e JE il v 85 4 2L | i 2 452 o
b FFATAT I b 20 IR 5 Ml 96 s PN RT AL G 4
IRl Il el e < D S T e
Abidi % ek Wistar K EURREE, 2856 1 A1
TRNIGE 55 g 372 2 3] /55 R T S 4 7E 1T W0 2F 40k 55 R 42
FHRA S, BLM B AR 2 15 wl/s 1R
ZACIRI RN 16 ~ 22 pm; 354 77 :3000 psi) ,
gE LB RAE BLM 5558 21 K, vl 5 | fili [a] 5 5%
TBYELT Ak, 2 B0k fili 28 23 )4 98 0 15 B v | idi 41
YA TE4> T i v RE I G 4 PR R 2 A 2L K
et AP IR I ] ST PN R SR TR, B2, R
BNFEAL A BLM 55 PF 77 2] DL 2454 75 il oy
BIs1 00 A, (0 A il 4 G4 S AL s ki 5, A
BT B4y b F BT 21 A Ak B BTG 2Lk
BNFIR A, SRR K, X T REA = KA S
B BAR KPR, B il B h 2y iFe s ok,
MELLORUE B OE E AR P 9, 8 s P R] 22 53
K, EEMEZE,
2.1.3  HORE R IR EH KA

BLM R ## K4 25155 PF sl 244
2G5 =2, o ke 35 B T T A il A
Fl, 5 N PF [ B 22 B AR A BL, A7 BEE 450
ICR /NRZE R Ik — U TE S 200,150, 100 mg/kg
BLM #37 /N PF BEAL FESERIST 14 KJF, £
2 2T L R e it i A ) B AS [ R R ) R
A Tl R K il [R] J5 P9 AT D, 5% o 40 IR i 8 43 il
W RIS 2% il 76 5] B ) b 34 5 | il 20 2 45 4
AL TEXE RS A 14 ~ 21 KA LH i 48 I il 21 4
AR EE ¥4 Bk 3 8, I ) JBE P Kt 48 1 4 VR
it S o 5 KR il S 78 I B AT I Iz AR E I AT
Yefb , e 2 A2 S 5 it 2 20 T 780 e D v AL i
Tt Horp DL ## Ik — R METEST BLM 200 mg/kg J&
5521 RiFEFELM PF AL A i bF, 5 ANl £F
YAl 6 B A0 AT B R, R & BLM
(200 mg/kg) LRIk — A C5TBL/6 /LA
P FEE AR IS 5 4 J8, ili CT R UL JE) Ay B % i T
KRB , A5 B BE R 52 ML IR i R,
6 JEI B il PR 9 28 11 FELAT BT s /0 5 il 20 205 P 4 /s g
FETT ot A ) Lol P R e ) B P A TR R R R
PR LIS, 50 53 il 6 s 4 10 IR K 45 A4 3 2k 5 il v
V) I A T R B ) D 8 1 R, o A DXk 5 1 o il

ARG A (2SS ot ) Il gl 2 T AU i
FE 1 ( collagen-I, COL- 1 ) \TGF-B1,a-SMA & HYP
FHACE L, 28 LTk, R B ik 4 BLM
P PF BT X B AR AR el 5
NSt £ A A 1 g 32 0 A P 34, (HL 5 3 ol 2 s
IKIRBE AN 8 38 S0,
2.1.4 MRERPREEWAL

FURZ B A BLM 1755 PF A2 H A N 5
FHRRER T 24 2 B A e s 4 R e
SRIG I RS TR A W BGE 2 BLM W, K 25 28 5
FEZAS T A BN, A G BRI, RER
SIS HEYE ICR /DR BT A BIM (4 mg/kg) 5
S PF BER it BRAH 2N R i, #E BLM BB 56
7 K i N R e PR AR IR, TG I S 4 il 2T 4 Ak
I, 1F BLM KU 465 14 K, il 20 ] UL Rk v 2
HALH LU 185 78 BLM US55 28 K 20 2LnT L)
thaa 4 i A AN Qe R =N el [ RO ]
[T AEAL T 20 38 B 2 Th . B D4R E o
L, SD KR8 ST A R 2R (7 me/kg) AT Byt
37 PF B fEZ B0 A BLM HI35 26 28 K, fili4
LU N Jili 76 [R] B B il v P B R M R, SR
FRT UL AR TH P i kL il 6 B A R B AR iR
e R ST A U AR, 2T 24 40 i 13 A B A, il £F 4
A Kt 2% 43 2 W b T i I3 o MDA 7K 7B 5
Then, LY Wistar K BLZS B — T A
BLM (7 mg/kg) By il £ Jili £1 24 Ak ol Py A Y | i A
JA e 28 K, fili2H 2895 B4 7 fili 2 2R 454 P E A IR
YA RE R AN K ik IR BE TR 45 RE AT 4
Ak Ml s P D K e 4 4 IR I e T 2 il v
b e AR B A i ) R AT A 140 B A AT dEAk
DX DL R 1 A 1) 2T A4 200 i 0 e SR 2 A R, L &
MR RE R I ZH 40T o-SMA HYP M2 4k Az K A
T B MAZAES ‘BB EA S, 28R AES PF
B B A PR T PR X 3 W 1 3 N AR AR
E ] 5 A PR Mo BER AN &, D s Y E A
AR R A R A kRN S AR A AR AR
%2,
2.2 BLM Z)R4%5

PF F 2 B2 I 45 F 0 I, A i AL o K o
TURR SOE 20 AR A3 108 L % s £H 20 S T A e e
il AT B840 S AL 9 455 ) 2 A IR A
N T INRS E AT RE 5 RE AR AR R A i 4T G AR AR
B FHBARFSE R BLM 2R 44 2538 =
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Table 2 Single bleomycin-induced changes in pulmonary pathology and important indicators

e e (B ) - B A s N
ik P PR Wi ERIRERL
Methods Species Concentration Lane histonathol Changes in main Literatures
ethods Species of bleomycin ung histopathology indicators iteratures
(dose)
TSRS AR 28 ML P H AL, Pl ) i £ B K ek 2T 4% 240 i FVC |
SN AEL ; I BE Y  1 5, f f 4 RRE e JR2F AE oo |
LR TNFo T,
ICR /MR 2.5 mg/kg On the 28th day after modeling, alveolar hemorrhage, a large 161 ) [33]
ICR mice (0.1 mL) number of fibrocytes and inflammatory cell infiltration appeared g1 A
in the alveolar septum. The alveolar wall was significantly ) A
. : HYP T |
widened and there was a large amount of collagen fiber
- . TGF-B1 T
deposition between the alveoli
TEREE S 28 M (5] B 49 5 , FL7E O A S U R LY Cydn |
[HIEAE PN e e
SD K E . COL1A1
5 mg/kg On the 28th day after modeling, the alveolar septum was [34]
SD rat . h . mRNA T |
thickened, and a large amount of collagen was deposited in the RLT Ret
A N T lung tissue around the trachea and bronchus chahe
Tracheal T . - P -
. TSRS 21 RIGLLLNA g REAR Wi B ] 5 9 52, i
perts e SR M AL 4T 4 A R R BB
C57BL/6] /MR 5 " On the 21st day after modeling, the lung tissue structure was HYP T ;TV | | [35]
C57BL/6] mice me/ke destroyed, the alveolar wall was significantly thickened, and MV |
the whole lung was inflammatory infiltration. The lung tissue
showed obvious fibrous cord formation and collagen deposition
TG 28 K BRI KIM A SO A Fm i 928 i
T 0 AR AR i 0 225 0 2 LI ] o 444 B2 il 26 40 o s S AR TGF-B1 1
J KT oL
SD KR On the 28th day after modeling, the large lung tissue of the h
3 U/kg Do N INF-a 1 | [36]
SD rat model group had strong consolidation, significantly reduced
. . IL-1B 1,
lung volume, disordered alveolar structure, thickened lung L6 1
septum, and significantly increased collagen deposition and )
fibrosis foci in lung tissue
TERSLE AR 28 K, M 4H 209 BT DL I s 200 D bk UL 4 D S50
) Pt L B 94 5L I i 1) B 48 9, A i (] S5 DX 35T AL il 47
A 200 L 2R AR RS D O AR i i S [ 4 g ZE L
After 28 days of modeling, the lung tissue displayed
SD KR 60 g/L pathological ~ changes characterized by infiltration of HYP T | [37]
SD rat (30 min) macrophages and lymphocytes, thickening of the alveolar walls ~ PAI-1 T
and widening of the alveolar septa, aggregation of fibroblasts,
increased deposition of collagen matrix in the interstitial area of
the lung, and structural disorder in the interstitial area of the
lung parenchyma
TERLEER 21 K, MR 25/ B I 21 Se B fe, IF A £
ek IR L I P T O A i R i 2 U
ENEL T 5, i e B
Aerosol SD KBl 5 mg/kg On the 21st day after modeling, alveolar structure changed, HYP T . [38]
inhalation SD rat (15s) lung tissue was parenchymal, accompanied by a large number  TGF-B1 1
of granulocyte infiltration, macrophage infiltration in alveolar
space, obvious lung tissue injury, and significantly
increased collagen
TERLE AR 21 KAHALL N SAE 15 8O T Wil 2T 4E AL P23 T
oy TR EE ] S I RE L 4 R ZE AL Ak S R N 9 A
i 4 B -
. On the 21st day after modeling, the inflammatory index and h
Wistar K F . . . . . MDA T .|
. 2 mg/kg pulmonary fibrosis score in lung tissue were increased, the [39]
Wister rat o A Catalase | .
alveolar wall was significantly thickened, the alveolar structure Sop |

was disordered, a large number of inflammatory cell infiltration
and excessive deposition of collagen in the interstitium
were found
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LS SHE
B ()

Concentration

EEAE

Changes in main

Jiik Yol
Methods Species

it 34 2 2R
Lung histopathology

SCHR
Literatures

of bleomycin indicators

(dose)

TERLIS AR 21 2%, IS BT 2 K R il S48, ) A R Y 4%
AE A IR, I B L8 T 2 R E B £T Ak
ICR /MR, 200,150, After 21 days of modeling, the lung parenchyma exhibited a COL-TI 1 [40]
ICR mice 100 mg/kg significant area of fusion and consolidation, accompanied by a

substantial infiltration of inflammatory cells, ultimately

FE ks gt resulting in extensive and stable fibrosis

fail vein RS 2 LT SR B AN 54 RT3
fnjection LF YA AR T3 1T UL/ INEE 23 A0 Y AT 4 4 ikt 5 6 JEL
CSTBL6 ML P o BNk . CoL-1 7,
C57BL/6 mice 200 mg/kg At 2 weeks after modeling, a large number of inflammatory TGF-B1 T | [41]
cells infiltrated in the lung tissue. At 4 weeks, extensive a-SMA 1
fibrosis and small foci of fibroblasts were observed. At 6

weeks, pulmonary fibrosis was alleviated

TEREHS 7 K5, it Y R 2 1 240 M 352, I ) ) A £
AT R 14 K5, Il 21 ZUR] UL Jay kb P 27 4k 24 ZUE
I A 28 K 2L 4URT WL 2 27 kAL, i 98 % il )
ST AEAL I 73 I 25 T

After 7 days of modeling, a large number of inflammatory cells

ICR /1 il 4 mg/kg infiltrated in the alveoli, and there was no obvious pulmonary ~HYP T [45]

ICR mice

fibrosis. After 14 days of modeling, focal fibrous tissue
formation was observed in lung tissue. After 28 days of
modeling, extensive fibrosis was observed in lung tissue, and
the scores of alveolitis and pulmonary interstitial fibrosis were
significantly increased

TERLJG 5 28 K, o 1) B KAl 0 A B S R A B, J) 7 T
JLIRTEVIE kL i o0 i DR I i A IR, A e i 2F
YOI, 2T e 20N 16 2 X Jils 2T 24 £ B il v % 43 4% 1 i
T

GRIEA Sngfjﬂ 7 me/ke On the 28th day after modeling, there were obvious

Intranasal

inflammatory reactions in alveolar septum and alveoli, local old MDA 1 [46]
hemorrhage foci, a large number of macrophages infiltration in
drip alveolar cavity, a large number of collagen fibers deposition,
and obvious fibroblast proliferation, and the grade of

pulmonary fibrosis and alveolitis was significantly increased

TEREHS 28 K, WAL R ™ IR, 40 S SR BE b B 4

JEAK i SRBE JBLk , 5 BE LT Ak, I v i o DL K ik 4% M 4

Ja R Ry I 2o b B 0 B4 A= i [ 5 2T £ 4H 21

TR YA X T WL R (2R A AR B AR BT o-SMA T

B, B2 e g A s HYP T,
Wistar % E After 28 days of modeling, the structure of lung tissue was Smad4 T |
Wister rat 7 mg/kg severely damaged, with edema, necrosis, and shedding of TGF-BRI T | [47]
bronchiolar epithelial cells, fibrosis of the wall, a large Smad2 R
number of inflammatory cells infiltration in the alveolar cavity,  p-Smad2 T |
local proliferation of type Il alveolar epithelial cells, extensive ~Smad7 |
proliferation of pulmonary interstitial fibrous tissue, and a large
number of proliferative fibroblasts and collagen fibers
deposition in the fibrotic area, even honeycomb-like changes

2.2.1 HWORBRZWSENREL I IR 4E7E 0.5 > H I 0, BAEAk2E 28245 1.

Wi 000 CSTBL/6) ANRIERI A NI TE 2.4 DT IR IR AT i S A7 A 125 24 4 A il
BLM(0. 4 mg/mL, 5 5 100 pL),2 FES 1R, 38 AIZURIFELF 4R E 40 g-2F ZLBE 1l I 2 3 .,
8K, 4h2hJ5 0.5.1.2. 4 NHBHITAHZUMIEIERY  Redente %76 CS7BL/6] /N Rl i TG A< N
B D A LR AR Al B & R BLM il & PR OBLARL, £ 3 kOB BLM
Sa, Hh L BLM %55 0.5 D AR E R B, [ (1 Uskg) WBHJ5,1E 6 ~ 24 JAZ 30 F vk
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Ty i 2T 2 4k, il 28 2796 B0 5 7S I JEE0 R 8 A
YL IAR IR A AL Xy T 2R T AU i | fe
Yl % 2% | club 40 M 53 3 85 H (club cell secretory
protein , CCSP ) {4 = A8 fii 552 Jo Ak, | ity 25 £ e 5 A
AR DL R A e KRTS I B2 20t iy ik B AR S Ak
FHAMLIKTZ 0 % R B 42 5 1 X RE P
SRR R eFgefb, ERBRR R, 2R AE N
7E BLM i#55 PF 7 3CABE 72 43 15 80 PF AR5 119 il
b Bz A AR RS M A AT 1 AT 4 AL (BAF A
ST R AR R R i 2 T A
B
2.2.2 HRERZWAUENF WAL

ZUWENEA BLM S 4E K48 5E PF R
S AL ) B i 35 A 2550 B T 245 0 O R 1) — e 48575 =X
TN K SD KR LI Z K E L) A BLM
(60 g/L)30 min, £ 3 d, 155 PF AL AR
28 d &, i 2H 25 3 I s i () B v | o R 4 R i [
JE N T 2l A | R ST AT UL AT ) £ A 4 4
Az ER R LS R Ok i 2 1Y) £F 44k R R
fiZH 419 HYP K& PAL-1 S R¥ B EFmE, ZRE
M A BLM il % 1Y PF #5288 H: fii g 38 458 45 F A=
RS FRARRI R SE , 75 il 41 4 Ak i doi AR o i, e —
FA 20 PF AR £ B 0 il 13X R 45 X
16 AP T dE— 2 3 RS o DL ff LR 1 1
B,
2.2.3 HORERZUWIEENTERNE

JE 1 5 BLM i S PF B8 7 00 77 B2 K
VST, FLEF A A kb 32 A T M T R I A
55N PF g BB AL S8 30 470 H B H Y
RO, IR &Y B CSTBL/6 /N B i i
BRFE 1 URAN 2 R s 1 S BLM (35 mg/kg) , 3£ 8 IR,
755 PF IR PIZ AR5 8 WK IE IS ES )5 2.4.6.8,
10 J&] 35 Hy BRAS ) 114 i o6 2% il 2F 24 Ak ; fo % 41
AUk R COL- T FEPURRTER BT | i 48 J& [l i
TF) J3 00 it 76 18] Bl 5 3 A 2 J&1 ) i 40 21 b COL- 1
a-SMA | TGF-B1 J HYP & &1 i Ei | Jf 454k
45510 J4, i 2 OE k345 BLM 55 PF
BRI EMET4F . Liu %06 C57TBL/6 /N 43 3
T4 1.5.8. 11,15 RIE W HE S BLM(5 mg/mL, &
H 100 L) 857 PF AR 76 3 A5 )5 5 28 K, il
PHZH 2K 7 R 8 P M LA 0 i Y6 1) B K i B
LR AEAGAE A il 2 2125 R R IR R I IR SR TORR il
HUUH TGF-B1,COL- T K o-SMA 7% &= ) i} & 7t

B R &S CSTBL/6 /N BUE B 1 5T BIM
(7.5 mg/(kg-d)) , %% 10 d,H14 PF BRI ps 45
JE 5 28 K, il 41 295 B s il v [ B B S 4 R
it ) o R 6 s AT K o 4 R 200 fL VR T B R e
LT 435 | I 48 b il 21 4 AL 343 35 T I
E h TGF-B1, I 9% 3R %€ [ F o« ( tumor necrosis
factor alpha, TNF-a) M fiffi 2 21 7 «-SMA , COL- I |
I 2 i J5L 8 1 (collgen-1I, COL-1I) 19 35 42 24 B ke
o SE L SR, Z2 R IE I NS BLM 7 X
P53 PF A B BRAE T B0 kb r M 150, 5
Il PR PF R85 R 40 A0 AR AL A5 00 A (H T8 s 1
57 BLM 25 25 | i FUCR 20 BB E MRS 5, |
s 2 K, By 5 BUE i A 2% B S
JiE SN, s )z 4 N
2.2.4  PWOREmRZREHIKESE

AR /IR i 2 R R K S BLM 5% PF 45
TP ok I8 2 4F 2 Ak & i AL B 5 R UL R
T AR N TR 22 Uk R bk i
BLM 750155 PF ALY SEI6 ol ICR /N BRSO ]
ERMNEE, BB REE,H 75% LN, B85 BT
ik, 1 mL VESI#83% 10 mg/kg 245 F BLM 14+, #4%
14 d, @85 28 Ko, Ml 4l 205 B B R i 208U R
T S it B T B P T A I e 4 L g 2 24
L5 AT 2 A0 16 A | il v 235 4 35 L 5 il v [
T it Joi K e D T A LR, 7 e A kb R R A
FENGRET IR0 53 A0 0] 5T s i1 20 HYP & &
T i Tea) 5 483 495 48 A3 B3 TS Gul D
C57BL/6 /N B 4 W AR 50 &2 | 7 = 4L, 4 0l D
10 mg/kg F1 20 mg/kg FEFIK TS BLM, 4L 7 d,
il %5 PF AR EARAS 28 K5, /N R AEIA W
K% PET/CT AR o3 A1 /s I 4 4e b 5248 k58S
it TR R e 288 i T AR ) B S 18 ol 96 0 Yok A
M3 §1 TGF-B1 ., TNF-a , IL-6 . GM-CSF } fiffi 2 1
HYP PAI-1 % 35 b 25 1 T i 5 il 4 3 7 it o6 285
P IR 27 4 A 1o B R e S 0 B B 8 36 o, Jils &7 4
TR &AL R T B RS 359750 43 A 1 il 18] 5 5 3 5
FL B 2 R PR 4 ] DL T RO i o0 L Bz m e A
it LR, PN R AR Ak i, I o L R 4 R 3 A
FELIE PN R 51 e BT 4k 7 [ R PN R H AR, 45
LR /N B 2 R R E K ST BLM 55 PF B
FEIE NS PF P RRAE | (0.5 i hl o0 4 Je 0 B ik 35
FERAEAN B S g, i 22 O AR R A
R R AR L LR 3,
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Table 3 Multiple bleomycin-induced changes in pulmonary pathology and important indicators
) bk i AHnAE .
Irik i R WA R g
Methods Speci Concentration Lune histonatholog Changes in main Literatur
ethods pecies of bleomycin ung stopathology indicators Ateratures
(dose)
Vs
bt oo T bR 0.5.1.2 4 A NG SR MUK 2 15
%QA% I}L{k e 0 R RS A M IR i ] B 0% 5, L b LA BLM 5
C57BL/6] su N R0 5 A ARREERWI R L e ST AR
= ) :
VR 0.4 mg/ml. At 0.5, ‘1 , 2 and' 4 months after modeling, the . alveolar SA-B-Gal 1 [50]
C57BL/6] cytoplasmic exudation gradually decreased, perivascular
. (100 pL per . o .
mice ) once inflammatory cells infiltrated, and alveolar septum widened,
mouse J, ’ which was the most obvious at 0.5 months after BLM
every 2 weeks, a . . . . . .
e 5 Y 3 al of 8 times induction. Collagen fibers were increased in lung tissue
AN total of 8 times
Tracheal WG 6 ~ 24 J 2 [0 22 0L 2L VE FEAT PRI 2T 48 4L
perfusion AL T R ST I T 4 B 2T 4 1L
| Urke. 2 JH % DX T 20 I B 1 2 4 i 25 9% il S5 B2 Y CCSP 4
C57BL/6] i gty IO VR AL e a-SMA T,
VR i U/k’/\ ) Persistent and progressive pulmonary fibrosis was observed HYP T . [51]
C57BL/6] B, ONCC tween 6 and 24 weeks after modeling. Lung histopathology ~TGF-B T .
. every 2 weeks, a . . . .
mice total of 3 ti showed increased collagen deposition, accumulation of  Fibroblasts T
otal of > fumes fibroblasts, loss of type 1 and type II alveolar epithelial cells
in the fibrotic area, bronchiolitization of CCSP cells in lung
parenchyma and honeycomb-like changes in lung tissue.
TERSTHS 28 K, Mifi 2H £ 9 Btk 7o i (] 8 v | R Y JRE i
60 g/L,30 min, [ B8 PR S PR SEAE | 18] 5T AT DL R A B4 2T 2 2 24 A= L
SD KR 60 ¢/L, 30 min, On the 28th day after modeling, lung tissue pathology showed ~HYP T |
Aerosol . R . . [37]
. . SD rat continuous moderate to severe thickening of the pulmonary septum, PAI-17
inhalation . . L . .
aerosol chronic active inflammation in the pulmonary interstitium,
inhalation for 3 d  mass fibrous tissue proliferation in the interstitium, and even
disappearance of alveolar structure, forming continuous fibrosis
TERERT 2 ~ 10 J8, il 20 28000 78 o) L i i o it v )
B OIS 24 /R AR 0 M AN, DL 94
= M e o R M v s P R R B R S | i
e, VORI RE IS I S5 AR R TR G 5 Mt vl o O
35 mg/kg,2 IX/ il
S VRO ¥ SR A
A JRTEAE 8 U From 2 to 10 weeks after modeling, there were varying degrees coL-1 T,
C75BL/6 /M. 35 mg/kg, twice ) eRs alier MOAEHne, Hheve Were Varyig Ceerees o sMA 1 |
. . of inflammatory cell infiltration around blood vessels, alveolar [54]
C57BL/6 mice  a week, with a . . . . HYP T |
cavity, alveolar septum and subpleura in lung tissue, mainly
total of 8 . . TGF-g11
S lymphocytes, thickened alveolar septum, a large number of
injections X . . .
collagen fibers exudate in alveolar cavity, alveolar cavity
expanded, alveolar wall became thinner, alveolar structure was
destroyed and disappeared. A large amount of collagen was
deposited in the alveolar septum
5 mg/mL ( 100
Intraperitoneal b T 16 BLM AZR S 28 K IALSUR IR il cOL-T T
mjection 5 mg/mL (100 BEK M W RLAT A A I L R S A AR 2 IR o-SMA T |
C75BL/6 /DNER, L) On the 28th day after BLM administration, diffuse alveolar TGF-B1 R [55]
C57BL/6 mice ™7 injury, edema of alveolar septa, obvious fibrosis accompanied — p-Smad2 T |
intraperitoneal . . .
L by structural destruction of lung tissue and extensive collagen  p-Smad3 T |
injection on the d iti d in lung tissue E-cadherin |
Ist, Sth, Sth, eposition occurre g tissue ~adhe
11th and 15th
day
TSRSG5 28 K R 4 il gt (v o B A 1 U2 it 9 1) o A Al
TR A S AL ORI A R 2 R e o '
7.5 mg/ (kg-d), THLFAEALIT o BFE TR wSMAT
C75BL/6 /NR. ##EZE 10 d On the 28th day after modeling, the alveolar septum of the COL-TI T‘ [56]
C57BL/6 mice  7.5mg/(kg+d) model group was significantly thickened, with a large number A
) P . . TGF-B1 T,
for 10 days of inflammatory cells infiltration and collagen fiber exudation in TNF-o 1

the alveolar septum and alveolar cavity, and the scores of
alveolitis and pulmonary fibrosis were significantly increased
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#g%k3
LS 373 s
1= ) Yo A .
ik it LR s ERMIE g
Methods Speci Concentration I histopatholoe Changes in main Literat
ethods pecies of bleomycin .ung histopathology indicators iiteratures
(dose)
1E BLM Z5 25555 28 K5, Jili 2 205 38 5. 75 fili 2 23K v
B SR I B Jif ] B PRI I W 4 R ok L 4 A
JRET AN I A il 45 4 ZE L , Masson 3 €, 1] UL fili d [7]
10 merg, f 5 BRI IEF AL
ICR /MEL 1% TLZ‘%': 14d After 28th days of BLM administration, pathological
' ke examination of lung tissue revealed extensive fusion and HYP T [58]
ICR mice 10 mg/kg once a wlidati dati ¢ macronhases and Tymphocytes
day for 14 days consolidation, exudation of macrophages and Iymphocytes,
hyperplasia of fibroblasts, as well as disorder in alveolar
R a5t septum and interstitial lung structure. Masson staining
Tail vein demonstrated significant deposition of collagen fibers in the
Injection alveolar septum and interstitial lung.
TEARER 28 K5, s 2L /s il 45 I £ kAL i FR
10 mg/kg 20 BEISUURBL RGN, i S 4Efe i & AR R b TR, #4259 TGR-B1 1
mg/kg, B K 1 M TR B Tl\;F—(xT ’
C75BL/6 /INRR, WELE T d After 28th days of modeling, the pathological film of lung L6 1 N [59]
C57BL/6 mice 10 mg/kg 20 tissue showed that the destruction of alveolar structure, fibrosis H;P T\
mg/kg, once a area and collagen deposition increased significantly. The PALIL T‘
day for 7 days occurrence of pulmonary fibrosis was concentrated in the
subpleura and evenly distributed in the lung interstitium
R4 HORE R ARG 2577 XL R BRI
Table 4 Advantages and limitations of different delivery methods of bleomycin
DI Pesi JRI R
Drug-delivery way Advantages Limitations

P

Tracheal perfusion

LENEL

Aerosol inhalation

R KRS
Tail vein

injection

LA

Inhaled by nose

i
Intraperitoneal
injection

TSI ) B PR vl o G v | WA SR 0T AR T
FLE A% BRI D IPF LR (Y fili ZH 2055 75

Short modeling time, low cost, high repeatability, short
modeling cycle, and easy access to instruments and tools. It
can replicate the typical lung tissue lesions of IPF

PTEIR I 20 50, ARl 2 U4 2 il 27 kAl
Drug is evenly distributed in the body and the whole lung
tissue is evenly fibrosed

LRSS TR, AL PR 5 BN AR O 40 A R 1
51 R TP 4

Experimental conditions were easy to control and reproducible.
The pathological changes and related cytokines were similar to
those in clinical IPF

SRR AL P, Shprdifi /)

Easy and fast operation, little animal damage

ALY P T AR A 22 S T S ) £T R AL R B2, A A
AL A E ) R AL X E R AR PR, 516 K 1PF
o L3 A AR B

Can reduce the degree of fibrosis caused by differences in
surgical procedures. Operation is simple, the distribution of
lesions is uniform, and the fibrotic area is mainly concentrated
in the subpleura, which is similar to the pathological
distribution of clinical TPF

X BRAVE B BOR BRIl 25 4 A S v A i) R SR A
Fil, I ELI R e AN IRV I 53475 AN 249 5 | AR 48 25 77 1 il 27 4
fer A R4

High technical requirements for operators. Pulmonary fibrosis is
concentrated around the hilum and bronchus, and the lesions are
unevenly distributed in different lung lobes. There was self-
limitation of pulmonary fibrosis with a single dose

WL B A N S b B, 31 B 5t i AR I 5
1, AN T B A R R B S

Professional equipment for animal endotracheal atomization is
required. Expensive, long time, not suitable for experiments
requiring large sample sizes

BARMEBE B, by i 12 V8 A B IR ST i 3 S iz, 520 3
WHEAPIRGS  HUNBEC R A e R 22 5

This method is difficult to operate, easy to cause tail swelling and
necrosis and gastrointestinal reaction, affecting the survival state
of animals, and there are great differences in the modeling effect

AIBRVEE T AT M RS R AN R, S i ) = R
Low operability, reproducibility and accuracy of mold making,
easily causing animal suffocation

W BRIl 5 K, b SO Ik P A 8 1 450405
H 18 )%

Multiple administrations are required, requiring larger amounts of
drugs, causes damage to other organs in the abdominal cavity and
gastrointestinal reactions
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PF J&— P RS BH (%) Somr 50 , ol 58 i il 21
Ak SR AIE IR R R R AL R T4 BORIT 24
Yrh A EEAER, @i S5 20 A O SCik &
. (1)BLM & PF AN (8 A S, (2) 7
Sk, LURJC Nz, A0 4E Wistar KL SD
KEL BALA/C /ML C57BL/6 /NEL KM /NEUFT ICR
INEREE, Hidr, C57BL/6 /NI Wistar KU 25 5
il PF AR () IS TR EAEN
T A NGE R DK S 0 S RN 28 B
A USEWNREIC R W, ARG & A R
MRS, (HEFFPR L, AHRRZR, £
WiESHIEL ) BER 2 RS 25 K HoAtb 0] B 45 2
45 BLM FAIRZA 2535 PF BRI N2,
TR BB PR, g L e S0 B Y A ) B PR
PUIR ST b B A AR HIF R AR A
PF JE471E A AT 3 P 26 S B4R AE Y BLM 2R 4,
2577 XRES il th N PF ERR 02 ok | R A7 A il it
P R S A b i AR s A LR AR G R M O
LI By A L~ /N A 4 A .0 i o 118 2l 4
[i) o e Ak, i e 98 S5 e i AT B X % T 5
ZEVE AR Ry GEARE [ A X SRR

H AT BB A B — 28 s BR M, 4n. BLM
KA — LI F] ORI ARG — B2
Pty B RUR Y R AR BT H A, A
W ASRBEFE R T A (1) TER RN 57 | W
BLM [R5 | sh ¥ i & DL R s AR M R R,
A RRE A A MR O A A N R
SRHARHE IR L AL S B AL, (2) FEFFE T G
FRPEPEAIARL . XTI W 5% AT A Jm R T B b R
SEBIA X T 2580 AN S A FHAL I 55 75 iR 40 259
(TR 7 R 04 AT LAk OB Y5 S A T iR
7 R 5l 75 T 2 5 2500 1) A 5 g AR Y
S ainI RIS U} 7 Sy
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[ Abstract]  The zebrafish xenograft model plays an important role in cancer modelling, especially breast cancer
xenografts. This model facilitates the real-time observation of tumor cell growth, metastasis, and interactions with the
immune system, thus providing novel insights and experimental foundations for breast cancer treatment. Furthermore, the
zebrafish xenograft model offers a valuable tool for high-throughput drug screening. This review provides an overview of the
contributions of the zebrafish xenograft model to elucidating the mechanisms underlying breast cancer development, and its
use in screening anti-tumor drugs and conducting therapeutic research.
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Figure 1 Schematic diagrams describing xenotransplantation models in zebrafish
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Table 1 Classification of zebrafish xenotransplantation models based on different transplantation sites

Rt g

Xenotransplantation site

Advantages

FLIE AN R

Human breast cancer cell lines

ST Ak | vk
Common cardinal vein |
caudal vein

BB ] ) e R

Perivitelline space

Jr i

Posterior ventricle

brain barrier

FA S 22 B AR AN, DR 7 A S S R A A A7

Accommodate more tumor cells and its more nutritious is

U 3
Yolk sac

suitable for tumor cell survival

I ECAEARIDUR R 9 I 6 72

Directly simulate the hematogenous tumor metastasis

MDA-MB-2318-18) MCF7!8.14.19]

S T IR A A RO BRI i i A

Provides a conducive tumor microenvironment and establishes

MDA-MB-231010:20-5] pC7t2¢)

an orthotopic transplantation model

FHT 0 3 P 3 2o 1 I s B 2459

For screening drugs that can pass through the blood-

MDA-MB-231[8-27] MDA-MB-361!2%

MDA-MB-231[7.29-34] \MCF7[19,32,35—36' .
MDA-MB-468!%! HCC19540%7]

3 FANSAERMBENRAKRER
E &% REIILE

3.1 CXCR4,VEGFA # TGF-B %45 FEZLIRE
EEMEBPEEEEA

JifvIEE 1) A O e 5 HC R L) B B B8 25 DD AR G
bR 1324k 4 ( C-X-C motif chemokine receptor 4,
CXCR4) /2 i1k A 5 5 Jou 240 it 447 2 [AL -1 ( stromal
cell-derived factor-1,SDF-1,CXCL12) 455214, H
H ST PR b R BRI B CXCR4 2 FR A
I ik R A AT i BE S B AR 7R T CXCR4-
CXCL12 il 7¢ = BA M 2L If e ( triple-negative breast
cancer, TNBC) R 4478 h R /EH . BE S0
N BN SZ AR 2 6] 4G 28 SCAR | N2 ieg 44 it 55
ik CXCR4 i J3%)10 S B £ 7 7 AL 114 (] 5 L 44 )3
B VRIS, X — RN R R R
15 NS0 MR (4 28 SO AR B2 488 77 S i
FLIREE AT AL TR w1

1L P {2 A= 4 A F (vascular endothelial growth
factor, VEGF ) 1 IfiL & £ 1 Hh A& 45 A ] a5kt > 1) A2
FAUPO, 2 0 4 P9 R A K BT A2 R (vascular
endothelial growth factor receptor, VEGFR) {55, 1]
DA Joy #4012 o i e g 42 2% R A e
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FRAL ) AKT 7K F 5 1F A8 ¢, AKT 1Y 3% 1k 7] £ i
RNF12 (A% E AL, NIl i P8 TCF-B 157 5 1% T
LR A0 7 B S R R ASE A v (1 42 28 0
R, I, 76 RO R 28 M FLIR e IR YT B A
#U[5] AKT RNF12 £ TGF-B 1] B8 Wk — s (01677
%&(11,381 .

UEAN B £ S5 ol RS AR AR TR /6 0F 5% 3L I od
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142p AT LME R FLBR IR YT BT
3.3 SORLA.NRF1 #FHEZLISEMEBRLIE
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related receptor containing LDLR class-A repeats,
SORLA ) UUHRRS FL IR it 24 44 i e A% 160 7 A7
SR, 7E MDA-MB-361 L i fir 40 Jif b s 57 1 B 1
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@Hﬁﬂéﬂ‘]jﬁﬂm IR JE AR YT SorlA BLERAH

&1 ( sorting protein—
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Table 2 Drugs applied to anticancer research in a breast cancer xenograft model in zebrafish

B/ B W NA/Z 5L
Medicines Research content/participation mechanism
1z HER SBEM G, BRAEA R0EM T HER2 53 F3X O FLIRR 0N R G50 . BELh 40 5w R A AR R R AT L 2k
KA uﬂﬁﬁﬁéﬁﬂ@ﬁ}?ﬂ%u.jﬂiﬁﬁiﬁ @@@éﬁﬂﬁﬁ@%ﬁ% 2.8 . .
.. The pan-HER kinase inhibitor can effectively inhibit the proliferation of HER2-overexpressing breast cancer cell
Nerlynx/ neratinib
lines. Zebrafish xenotransplantation technology can screen out anti-drug resistance molecules and genes,
providing new solutions for drug resistance %!
% Hi A DNA T4 AR R 11 & 158, T JFH R e S IR 55 R A1 2 A L A T 242198
. . Inhibiting the synthesis of nucleic acids by intercalation into DNA, zebrafish model was used to explore its toxic
Adriamycin L (48]
effects and drug resistance
WK DNA /Y I RE, 10080 40 i A7 22 43 282, 0TI BRE - £ 245 W 077 206 A8 T 0 3ok ) — o sl > RGP 0 22 £
i) L/
Cisplatin Cisplatin-induced DNA damage, cell cycle arrest, a new compound to reduce its toxicity was screened by
zebrafish drug screening model ]
BELh 0 SRS A S0 R B, ZEFLRR AN A b ik %638 GSDMB 7] LG Rab7, 42 #E 15 Wi, Wi/ B0 JE i1
DA =T Tt 244157
Lapatinib Zebrafish xenograft experiments found that overexpression of GSDMB in breast cancer cells can activate Rab7,
promote autophagy , and reduce lapatinib resistance !
L H 2 Z B BA I SRA A, 3 e B ) AR R AT (A PO R MDA R S8R B 5T, TR S LA
HEHE BN Syl R PR ) 43 s Y

Histone deacetylase

effect study through the zebrafish model confirmed its potential as a new type of anti-cancer drug molecule!?

Histone deacetylation has the effect of inhibiting transcription. The in vivo toxicity evaluation and anti-cancer

1]

B 111 B G1/M 1) MCF-7 400, AT A FLIRER IR T BOIRIE 259 . 16 5T 5 i S Fh RS AR A o

CEL-MERERTAEY) 11a-11i

CEL-pyrazine derivatives 11a-11i

A 113 dLREA 2 MCF-7 401 5!
Compound 11i can inhibit MCF-7 cells in G1/M phase and can be used as a candidate drug for breast cancer
treatment. In the zebrafish xenograft model, compound 11i also effectively inhibited the proliferation of MCF-

PR SRR PR T8 R AR T, 2538 2O BE (0 IR i BORVE T, 4ok 2B E 255, 7T H

Activation of mitochondrial apoptosis pathway to induce cell apoptosis, curcumin has teratogenic effects on

zebrafish embryos, while nano-curcumin has a weaker effect and can be used for the development of

JWYHD it JAK2/STAT3 {5538 %175 S 40 M08 1=, I 78 BE T A AR 8 v 000 3] Fie g

7 cells ™!
& [45]
., THUREZHIIT R
Curcumin
anticancer drugs'*)
JeR B A0 g g e L)
JWYHD

of tumor cells in the zebrafish model, thereby inhibiting tumor development

240 M0 58 A S, 2 T

JWYHD can induce apoptosis through the JAK2/STAT3 signaling pathway and inhibit the inflammatory response

[46]

M QORI W T L 5 22 P A 4 4 2 BT T, 0 4% L AL 200 )0 300 7% 5 0 i ) o R o ot 2R

FIMER KB IR IR

Betulin nanosuspensions

which has been confirmed in the zebrafish angiogenesis mode

TS TE ) £ R R RS AR, A Osthole 7518 AR TGRS 5 18 , I3 W DG o 915 8 5 3R i 42 B9 FAK/ S

Osthole , 7-F 48 J-8-( 3-FF

¥-2- Thﬁ%)?ﬁ‘ ES &
Osthole , 7-methoxy-8-( 3-

methyl-2-butenyl ) coumarin

S 4T R i A 12

that it inhibits tumor migration by regulating the integrin-triggered FAK/Src signaling pathway'

B, HAORARIE 2RI WP A BVE | 3507E B0E 1 o 0 P A AR T A3 ) 1)
Betulin nanosuspensions can exert pharmacological effects through a variety of ways, including preventing cell
cycle, inducing apoptosis and inhibiting angiogenesis. Its nano-form shows an efficient anti-angiogenesis effect,

1047]

A zebrafish xenograft model was established to evaluate the anti-metastatic activity of Osthole in vivo and to prove

21]
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( nuclar respiratory factor-1, NRF1) Fl DNA %5411 i
[A-F 3 (inhibitor of DNA binding 3 gene,ID3) 7E ZLH
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N T4 2 ( endothelial stem cells, ESCs ) il # Il 5
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SRR JE. ( nerlynx , neratinib ) S — Tl B Tt D
b1t I DA 7 s - = ) L £ s = NG Sl < R I 7 A
neratinib BE % #1% [a] T Ht 7L B U6 40 L I A% HER2 2R
F R R R R A AR, BR T S A SR ET LA
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P e T RE S B 25 1 4 T RE AL A SorLA Y
HMGB3 ™ 45 |y 76 /i 58 40 ML v R A 3R 353 46 43
TR X — K IR BT 245 MR R At TR 2
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Fr] 7% 2 (‘adriamycin, ADR) E—FMiiE iy ,AJ
DA 2L 8 4 ) AR G (Bl T Sl 2
MR TR T AR R R BELAS: , B 58 N 53 ] i P I
Ih £ S o B AR AR B 0T 5 B 5 3R O BRI, 7E MCF-7
SRR DOX BX G K 2% fE58 ( magnoflorine )
7N BT R VR T, O O | A A
T E R REME B A DOX /D, X — R S B
Ih £y S b RS RELR AL 4 O T BE I3z, HemT DL B T
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Progress in use of pigs as model animals
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[ Abstract] Animal models of human diseases include experimental animals and related materials established during
biomedical research, which in turn play a vital role in medical research. Pigs and humans are similar in terms of their
anatomy, physiology, immunology, and genetics. Pigs are thus suitable model animals for biomedical research and have
various advantages compared with other model animals. Recent advances in biotechnology, such as genetic engineering,
have contributed to a rapid increase in the use of pig models for human disease research. In addition to serving as
xenotransplant organ donors and as tools in drug-design studies, pigs can also be used as model animals to study human
developmental processes, congenital diseases, and disease-response mechanisms, thus making important contributions to
improving human health. This review considers the current status and future applications of pigs as research models for
studies of human cardiovascular diseases, cancer, ophthalmology, craniofacial, musculoskeletal, and skin research,
reproductive and fetal development, nutrition, microbiome research, brain and neurodegenerative diseases, diabetes,
infectious diseases, and vaccine design, as well as for xenotransplantation.
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Bty oM SRR B IR A MIE B B AT SR
TRBIWTE , DT A Bt A4 B A Hh B R A BTk,
B A5 B35 3¢ F & 5 24 5 W BHE HLR) (Food and
Drug Administration, FDA ) 75 P 19 4 HH 7 s 2545 B AL
PN R

1 BREMEHFESIEAEXHIE
L5

1.1 BHEERSS

MRRP IR E, BB RS Y,
HARRIK NG NI, A FE W 20 A R
VIIRCV AT =TI i R iy d e S S 2y e Eng R
YRG5 5 A B AR UM T AR A 28 s
B A FBERGET R E D N T T AT,
TSN TG AT BFH A A, DR AR R/ 1Y
Fr, BN, JEARH DR K JE TR Iz A8 A Y
FHEM/ NG S X SORE 1 AR TE 34 ~ 68 kg, 5
NZEAREAL ), 2 R AP AYSE R sh il
1.2 BIEAEXNMHERRE
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AR N B TR PR A= i SR AR O | 35t A%
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P A B e R R, BT LI SR PR A
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SRR 5 N KB m B A, Hast e ) o
AR (H i FHE AR K sh W2 B R R 3
Yy, BEUR LU RR Sk, Br DAR E— 2P R R I R LA

Wil 2 A ARk SR 0 AN T R R R TR 3 3
ANNTREY . AR B, 8 ) A% TR AL 5 9
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ILEE VEFEMGAE Yr 5T K A0 2238 47 ok
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ML P (cardiovascular disease, CVD) f& 42
BRI WRIAE TR N, A TR 1 & AR i 2
FERE TS CVD B Sh R R it 2%
S I K /N G R R AR O IS RN
], 7R /0> s BB e s 224 00 11 A T ol 55 5 B A28 )
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PEaceL Ik B R SN (K2 W TR DN
FAAL, BAEACHE e AR A R K s o 5
IATEESZ, ZeBF ksl T, R N 360 1T 45 953 0
MR B

CVD 1) 3222 £ 16 PH 28 2 20 ik ks 0 £k S 2y
O VR BE A I 2% H A A 15 2 2 i 8 14 L[] 1 ( non-
HDL-C) /K TR I 5 SR J2 JR i 6 400 3 fik
SR RERE AL A%, BVt it FH v i 07 0 v O ] P ok £ 35
SN, FF L Chen 261 B 9T H T 2L L 5
INEDRE | Fang %570 AE 3Rl R CRISPR/ Cas9
RGN NG R E( ApoE) K | SR A 20 o % 5
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FHBLHI S STZ 2500 B BRI S [ STZ K, 2351 B
YA, AR 2R

A8 R BRSSP
Lh/NRYRE | FLFE L /N RN A R/INRRE (DR A S
INEURE) B RR I AL B YIRS S S K 2 W
BEDRI , 5T 9 5 L 8 IBEERE IR AN 3% ] I
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2001 45, 55— SR MU A% RS R 1Y) e i R o R )
Az, bR AR B R D TR BORGR 3R g, 2013 4F,
CRISPR/ case9 3 [A 4 4 H5 A 19 Hy 88, Jinsske 1 35 P g
BRI ORI A kA, BT A DR G A A AR 3 S Oy L
7&%1‘5‘;@, A RIP I %%%[M] . Porcine Ins®*Y
e B PR LS Human HINF-1ac"™150 Co JE R0
B 5% B AE MR B WS BRI | 7 A VE BT A JLBE IR 5
A IR R I BRI AE R A% O AR
FHMY 3 3 P 3 PR 4 i AR o s 3R 11 3
PRIFEA 7 9 A8 O I53% , A BF 9 4 DR s 149 i s AL ol 7 Jig
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Exploratory study of asthma in beagle dogs induced by mixed antigens of ragweed pollen and house dust mite +e-eeeeereeeeeeeeenieene.
"""""""""""""""""""" LUO Yulong, CHEN Difei, CHEN Huanjie, LONG Haibin, LIU Jingwei, LI Shiyue, SU Zhuquan(437)

Effects of PM2.5 exposure on cardiac functions and the NLRP3 inflammasome in rats and its mechanism «+«-eeeeeereeeeieeeiniiiann.
ZHANG Hanghang, ZHAO Lu, SUN Qiangian, ZHAO Andong, ZHOU Tianyu, WANG Chuan, LIU Jiping, WANG Bin(445)
Effect of yeast, lipopolysaccharide, and 2, 4-dinitrophenol on thermogenesis and respiratory functions in mice based on real-time
temperature MOMLOTng techmology «+++++++«+ s+t et rteruttrttte ittt
JIN Yifan, LI Shengqun, SUN Zhuyun, LIU Xiaoyun, YE Dongxue, ZHAO Tao, XIAO Min, RONG Rong, YANG Yong(454)
Establishment of a mouse model by influenza virus-Staphylococcus aureus co-infection and intervention effect of Tamiflu ------eveveeeet
------------------------------------- HAN Yuxiu, ZHAO Liangxin, DU Baoxiang, SUN Qihui, YANG Yong, RONG Rong(463)
Establishment and characterization of immortalized cell lines of retinal microvascular endothelial cells from tree shrew — «-+eeeeveeeeees
--------------------------------------------- HUO Shurui, QIU Min, WANG Wenguang, LU Caixia, HAN Yuanyuan, DAI Jiejie(471)
Analysis of the application characteristics of functional dyspepsia animal models based on data mining «+«+«seeeeeeeeeeeenennn...
................................................................................. LIU Hao, LI Wenjing, WANG Xinai, XIAO Hongling(478)
Exploration and application of water immersion restraint stress model in the study of colonic injury in mice «-eeeseeeeerereeereeeaenene.
------------------------ XU Xiaoying, HU Huimei, YIN Qiuxiong, ZENG Haizhou, JIANG Yupeng, LI Boyi, QIAN Guogiang(492)
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---------------------------- ZHOU Weimin, LIU Qingsheng, LYU Dongying, CHEN Fangming, ZHU Keyan, WANG Dejun(501)
Research advances in animal models of maternal immune activation during pregnancy — ««e«seeeeeerereeeeieniiiiie
------------------------------------------ WU Jianfer, CAI Duanfang, TAN Youguo, PU Jianlin, XIANG Bo, WANG Binglong(507)
Advances in novel tank diving test for the study of anxiety and stress behaviour in zebrafish -«--eereeerrerimemiini
................................................................................................... LIN Ainuo, LI Yaxi, YAN Zhi, LI Ke(514)
Development of the spinal region in zebrafish  «+««+««+sssessteesurtettt ittt
--------------------------------------------- ZHANG Jing, CHI Yanyan, YANG Heng, SONG Xue, ZHANG Jianfei, SUI Hongjin(524)
Application and progress of zebrafish in the study of liver fibrosis -+-+----- WANG Jie, FENG Chi, DONG Wu, YANG Jingfeng(531)
Progress of the application of zebrafish models in the study of the efficacy of functional cosmetics «+++verereremereriananiniaiiai...
""""""""""" ZHENG Danyang, XU Mengyi, LI Shumin, ZHU Yongchuang, GONG Shengzhao, CAI Lihua, HU Cuiping(541)
Research progress of zebrafish in the field of radiobiology — «++++ss«ssrssssrrmrssiiiiir it i
-------------------------------------- FENG Qingliang, CAO Shaofei, LONG Zeyw, HAN Baohua, LI Yunhui, LI Jianguo(549)
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..................................................................... ZHANG Gedi, LIU Gengxin, GUO Min, LUO Fuli, YAN Ziyou(567)
Establishment and evaluation of a humanized depression mouse model — «+++«sssreeeesseemmummmiirirt i
............................................................... CAO Xiaojing, WU Guofu, HOU Jiarui, SONG Lei, WANG Xiaoyun(576)
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“ Defi(:iency , Stasis , and TOXiCity” ............................................................................................................
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~~~~~~~~~~~~~~~~~~~~~~ GUAN Kaiming, ZHONG Delin, LUO Chaotian, PENG Fei, FANG Peirong, WEI Liqi, PENG Peng(598)
Phenotypic characteristics and gene expression profiles of myocardial cells in rat cardiac hypertrophy models induced by various
PAthOlOgICAl FACLOTS +++ s+ srvrrerrerees ettt
---------------------- DING Yue, ZHOU Ying, LIU Jingyan, ZHOU Jiangfeng, LYU Dongying, CAl Zhaowei, WANG Dejun(605)
Establishment of a yang-deficiency slow transit constipation rat model by three methods: a comparative study ««-eeeeereeeeeeeeeieeeee.
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------------------------- WANG Huihui, GUO Chenbo, TAN Dengxu, ZHANG Yanying, WANG Yongfeng, SHI Changhong(715)
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QU Ping, ZHONG Yi, ZHANG Hong, ZENG Xianbao, YANG Yuyan, LIU Zhiyong, HONG Tao(743)
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................................................................................. HE Yue, SUN Maomao, WU Congrong, YU Yonghui(756)
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--------------------------------------------- HU Ge, MA Xinyu, QIN Fei, CAO Jianmin, DONG Li, ZHOU Haitao, HUA Bing(763)
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............................................................................................. LIU Guojun, LIU Yangchun, LIU Zhigiang(770)

.............................................................................. WU Yue, WANG Jue, FENG Tingting, LI Yitong, XUE Jing,
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---------------------------------- ZHANG Yiwen, YAO Caihong, SUN Xinran, CHEN Shanguang, LIU Xinmin, JIANG Ning(802)
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......................................................... FANG Wei, CHEN Fangyuan, ZHENG Jilong, YE Liutong, NIU Chengyi(820)
Research progress on skin flap models of ischemia-reperfusion injury in rats ~ ------ HUANG Yawei, XU Tingwei, ZHANG Hao(827)
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............................................................................................................... HE Hongxing, LIAO Naishun(993)
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--------------- SUN Xiaorong, SU Dan, YANG Diyuan, ZHANG Min, LUO Feng, XU Yuwei, GUI Wenjuan, CHEN Yue(1007)
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------------------------ WU Shangwen, Li Huan, GONG Xiaohong, LU Chaoqun, Chen Yiming, Xing Qinghua, LI Songwei( 1051)
Recent advances of research in hepatocellular carcinoma models using zebrafish «--e-eveeeeeeereeemeiiiii
............................................................................................. QU Zhixin, LI Xianmei, ZHANG Fenghua(1061)
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........................................................................................................................... DONG Rui, ZHANG Mei,
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........................................................................................................................ LENG Xue, LI Yang(1261)
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..................................................................................................................... WU Qixin, ZHAO Xiaoliang,
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Research progress on establishment of a mouse atherosclerosis model by various intervention factors «««+esseeeererereeraniineiiiiieann.
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N-acetyl-D-glucosamine inhibits oxidative stress and promotes M2 macrophage polarization to alleviate acute pancreatitis in rats «--+
............................................................................................................................................. XU Zuzhi,
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