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[ Abstract] Objective To explore the dynamic changes in monoamine oxidase A (MAOA) and forkhead box Al
(FOXAL1) levels during neuroendocrine differentiation (NED) in prostate cancer, providing new strategies for the treatment
of neuroendocrine prostate cancer. Methods Cell models and mouse transplantation models of NED were established
through long-term sustained induction with enzalutamide (ENZ). Dynamic expression of MAOA and FOXA1 in NED was
detected by Western Blot and Real-time PCR. GEO database data were selected to analyze the dynamic trends in MAOA

and FOXAT1 levels in multiple NED models. We constructed a mouse transplantation model of human prostate cancer cell
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lines and analyzed the dynamic expression of MAOA and FOXAT in the in vivo NED model by immunohistochemistry.
MAOA expression was disrupted with lentiviral transfection, and the impact on FOXA1 was detected. Results Both
MAOA and FOXA1 concentrations showed dynamic characteristics, increasing and then decreasing during the NED
process. Knockdown of MAOA in prostate cancer cells led to decreased expression of FOXA1. This MAOA may play
different roles at different stages of NED by acting through FOXA1. Conclusions Both MAOA and FOXAT1 levels showed
increasing, then decreasing, trends during NED. The expression of MAOA affected the level of FOXA1, and MAOA/
FOXA1 may play a dynamic regulatory role in the NED process.

[ Keywords] neuroendocrine differentiation; enzalutamide; MAOA ; FOXA1
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JE B AR A C4-2 A B 2 T (B 1A) , R AR
AbF CRPC BB, T 25 S BOBMERE BT &, 375 3 1
256 MHEEAR C4-2 A ENZ ES 1 AW
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Note. Compared with WT, P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following figures)

Figure 1 NEPC cell modeling and the dynamics of MAOA expression
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Figure 2 NEPC mice modeling and the dynamics of MAOA expression
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B3 FOXAI 7€ NED if i sh 5251k
Figure 3 FOXA1 expression dynamics during the NED process

H.5 WT ML, ™™ P < 0.0001,

4 FOXAI AY3RIKAZ MAOA J##x

Note. Compared with WT, ™ P < 0.0001.

Figure 4 FOXALI is regulated by MAOA
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Ifitm3 knockout inhibits the proliferation and differentiation of
neural stem cells in mice

WANG Kaiyu, LEI Xuepei, HUANG Yiying, SHI Guiying, YUE Hanwei, WANG Jie, LIN Yifan,
TANG Jiaming, BAI Lin~

(Tnstitute of Laboratory Animal Sciences, CAMS & PUMC, NHC Key Laboratory of Human Disease
Comparative Medicine, National Human Diseases Animal Model Resource Center, Beijing 100021, China)
Corresponding author: BAI Lin. E-mail: bailind9@ 163. com

[ Abstract] Objective To establish interferon-induced transmembrane protein 3 ( Ifitm3) knockout mice and to
explore the effects of Ifitm3 on the proliferation and differentiation of adult neural stem cells of mice (aNSCs). Methods
IFITM3 knockout mice were established by the CRISPR/Cas9 method and identified by genotype identification and Western
Blot. The differences between Ifitm3-knockout mice and wild-type mice were analyzed by hematoxylin-eosin( HE) staining
and flow cytometry. The aNSCs of wild-type mice and [fitm3-knockout mice were isolated and cultured, the number and
size of neurospheres were detected, The ability of aNSCs to proliferate and differentiate were detected by quantitative
reverse-transcription polymerase chain reaction, Western Blot, and immunofluorescence. Results  [fitm3-knockout mice
were successfully established. The mice developed normally, and there were no obvious abnormalities either

histopathologically or the immune system. In vitro experiments showed that [fitm3 knockout inhibited the self-renewal
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potential of aNSCs, led to a decrease in the proliferation ability of aNSCs, and inhibited the differentiation of aNSCs into

immature neurons and astrocytes. Conclusions This study finds that a lack of IFITM3 result in the ability of aNSCs to

proliferate and differentiate decreased, IFITM3 may regulate the function of aNSCs.

[ Keywords ]

neural differentiation
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TR FEFE B E A 3 (interferon-induced
transmembrane protein 3, IFITM3 ) BT Tt
(interferon , IFN ) i5 5 %) 155 5L 25 (1 3 ol 01, HL 2 2L
TENL T A BRI S A AR | A S Y Y S
FARPERLRE R T, TFITM3 £ 30 8 8 0 >0 | 9 45 52
B VR R A KR R A e R v R
FAER, WS FEI IFITM3 160 2000 J0Ra | 11 s itk
gl ab N ORI R R NS A e 1 [ RSO
LR A R TR-RT | ERK1/2TT
PI3K-AKT' S5 2l 55 0 %, Vil o 980 200 a4 4 S
TR, FLAYE T IFITM3 38 ik 52 me 4 A JE 109 8 42 o
SeR 2 P K T ATOE USRS U I S AEL 240 A
IFITM3 383 53 F FE AR A 3 19 F W5 42 ( chaperone-
mediated autophagy , CMA ) JF2 10 o fSAH 248 Jid A 344 50
FZnAE g 20 L AE/N U R 9 & 5 B, TFITM3
2 57 T AN M T B R R 2R RS ER
WA TFITM3 £ 3815 4035 F1 5 o e A ad # rp &k
PEE A,

TFITM3 #] B2 559815 i 22 ST DL K A0 45 Bl /R
IR ERIA (Alzheimer’ s disease, AD) A # 73 ZL4E |
KU BB | FPFSES 2269 22 LI
BFGCAIT, 10 AD M9 R e 1 5 IFITNG 22
5 B R HAE S y-o3 WA Y 98 5 2 @ A TFITM3 -
y-or WA WA G WA OE B OTE Ry AR BE B AY E
IFITM3 1 AD £ e JAURSE: 2 B AT o B2 A 2 8 A G
PEU AR 7E 5 x FAD /NRUEEL KGRIV
TE Y G JoT 40 JE R /0N B J5T 4 i v 8 3R 3k K F-
R E

AT M (neural stem cells, NSCs) BF HF
BB 434k A B 28 70 R0 T 440 JEL ) Vs g, X
KN IE R & 2 XCEE NSCs VIREH) 7% 52
PRZIBAT IR B AH OC , I B NSCs 34 58 F153AL Y 14
FERLAR A F T B A A 22 R A7 MR 1 & R AL B
NSCs == ZE A7 T 0 fixi 25 19 i 25 F X (subventracular
zone, SVZ) 5 1 5 U5 AR [0l 5 k. T J2 ( subgranular
zone,SGZ) ", TEMFLENY I KM, NSCs LIS R
5358057 AR T AR I T8 G A X R 23 258 Uy

interferon-induced transmembrane protein 3; gene knockout; neural stem cells; proliferation;

R4t NSCs B3G5 A5k 52 30 40 i 9 78 38 4L
R M AMER B 55 LR " kM,
NSCs B354 5 454k HH Notch i %) Wnt 1 fig >
G2 M55 BRI

BT IFITM3 722 A WF5E b s 5 4 a5 58 20
MiER MU A oC, T B3 5T AD 4R
TP 2 o 1 & s i AR, BB UL, A B 5 AR
CRISPR/ Cas9 15 il £ Ifitm3 FE PR R B /N B, 446
3% Ifiom3 F& X NSCs H 8 58 | 3% 48 153 16 19

A0
1 #MR57A=E

1.1 ##
111 SCishy

SPF 2% C57BL/6J /INER (MfEME, 2 H %18 ~ 23
2,30 H;6 A% ,23 ~ 29 g, 6 H Mtk 2 H#%,20 ~
25 ¢,30 H,6 A#%,31 ~ 37 g,6 H) & SPF % ICR
INELCHERE 4 H#%,35 ~ 40 g,4 H) gL TAb e
B A= W B 4 B4 A R 2 A [ SCXK (5t) 2020 -
0004 ] , 75 H [ B2 2= Bl 2 B = 2 SC 5 s )i 5% i SPE
KWy 5 R R o [ SYXK (5T) 2024 -0012 ] 4 48 47
FRETH /N SR AR .20 ~ 26 C,
X IR E N 50% ~ 60%, Ot BB JE B K L
12 h:12 h, /NEAE IVC &SR W05 5
WORLERE, A B HEEOK, S R & KO DL K
b AL S 20 R R K AR B WA R
B Sh it FH R S 56 /R Ry a2 op [ R 24 Rl 2
e 1%~ S 56 50 ) B 5 T S S s W 1 ] 5 48 B2 B
233t ( BL18003 , BL23005)
112 EZEEFSE

P T Al B BG BE KGR R WL 47.5%
Neurobasal 47. 5% DMEM/F12 2% A& 4% A )
B27 I 1% WHT 1% GlutaMAX 1% 3F 75 4
1% .10 ng/mL bFGF .10 ng/mL EGF; ¥ Z5 1 4 s 7>
B FR R RO . 93% DMEM fIOBEE: 3535 2% B27 7
JInF8 2% BG4 M35 1% 3T 1% GlutaMAX (1% 3E 2
o 2 IR
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FUB B PCR X7 & ( Bimake , B40015) ; BCA
A R BRI i) & (BT 38 5%, WB6501A ) s RIPA 24
fi# i (3125 K, PO013B) ; Omni-Easy™ PAGE #E it
& & B, PG213); I FE SR F &
(TaKaRa, RRO36A ) ; 5% i 2¢ 6 & 1 PCR ik 7] &
(TaKaRa,RR820A) ; it IfiL ¥ ( Gibeo, 10099141C) 5
Neurobasal ( Gibco, 21103049 ) ; DMEM/F12 £ 5% %
(Gibeo, 11320033 ) ; DMEM ik 4 3% 3% 3 ( Gibeo,
11885084 ); H % R-Hf % R IR & W ( Gibeo,
15140122) ; GlutaMAX ( Gibeo, 35050061 ) ; 3 2675 24
FEWR V5 W ( Gibeo, 11140050) ; B27 % 07 ( Gibeo,
17504044 ) ; A& 4k & A 1) B27 %15 ( Gibeo,
12587010 ); EGF ( Stemcell, 78016 ); bFGF
( PeproTech, AF-100-18B-50UG ) ; Laminin ( Gibco,
23017015 ); Poly-L-Ornithine ( Sigma, P4957 );
StemPro Accutase 2 fflfiff 251207 ( Gibeo, A1110501)

PCR 1% ( 2£ [#, Bio-Rad ) ; Bead Ruptor 24 Elite
AL IS BRI AL (S [, OMNI) 5 £ 20 = ¥4 R
R B OHL (PR, RIEAD) StepOnePlusTM 5
B2 e PCR X ( 2 [H, Applied biosystems ) ; ¥i
AL (3£ F, BD FACSAria™ ) ; OdysseyCLx XX {5,
LLANBOERUR 245 (3£ [H |, LI-COR) ; CO, 4iig ks 3%
F6 (3£, Thermo Scientific) ; 4= ¥ & 445 G ndk

ESCO) ; % s (18 1H , Leica) .
1.2 FHik
1.2.1 Ifim3 ril /N BRI 5

PSR )T%E (B 1) , M CRISPR/ Cas9 A
ST fim3 RN N Ifitm3 SRR T AR
LS Y ik TFS X B, £ X% Ifiom3 F& % 4%
seRNA , 435I #0845 1.5 -CGGCACCATGAACCACAC
TTCT-3" (5% # 1 B2 J¥ %] 7. mouse-Ifitm3-gRNA
UP1.5" -TAGGAGAAGTGTGGTTCATGGTG-3" Fl
mouse-Ifitm3-gRNA DOWNI .5’ -AAACCACCATGAAC
CACACTTCT-3" ) LA JZ#8 2.5 -TGAGTGTGCTAGA
ATGGGGGG-3" (& H M ¥ ¥ N . mouse-Ifitm3-
gRNA UP2.5’ -TAGGTGAGTGTGCTAGAATGGG-3" Fl
mouse-Ifitm3-gRNA DOWN2 .5’ -AAACCCCATTCTAG
CACACTCA-3") . ¥ Ifitm3-sgRNA H555 14118 k&
/N B, ) pUCST-sgRNA ik 80K ¥ Ifitm3-
sgRNA H k H B 5 2414k pUCS7-sgRNA F ik 1Ak
AR KR SE LY Ifitm3-sgRNA B AR R oM 5%h
TS sgRNA . Cas9 Z A . Al FH e sl ) &
¥ pST1374-NLS-flag-linker-Cas9 #RAKAK SN 57 g 7
4 Cas9-RNA, #% Ifitm3-sgRNA 5 Cas9-RNA
TRA T SO S 5 T C57TBL/6) /N BRAZ 4 B
i, EARERE IR MA %00 sk

Bl 1 Ifitm3 B E G/ R

Figure 1 Establishment of [fitm3 knockout mice

1.2.2 FEPHAI%E

N B AR I B IR L 25 5 5 U EE DNA i
ATRER RS e AR P F05E B T — X 3t X v B
R 51 49y, (8 500 & 48 B3k B 4 DNA, I i 47
PCR K il /)N 5L RV Y Ifiem3 35 DR] et s A 0 5| 490
} : M-Ifitm3-KO-F : 5’ -GCCAGCCTCTACTTCTCTGTT
CTC-3’ Fl M-Ifitm3-KO-R :5° -GGAAGTCGGAATCCT
CTATTAAGTGTG-3" , IV IFEIF 95 °C WSt
15 min, 95 C7EME 30 5,60 °CiB 2k 30 s,72 C I fif
2 min, MZASE B IE 8 30 NEIR, 72 °C LE il

10 min, 1] 1. 5%BUAEWEEE I H Uk 0T 5 b4, B
RN RN N Hfum3™7 7 Ifium3 @225 T/
FORN Hum3T Ifum3 FR AL G F/ANRFE RN
]ﬁtm3_/_O
1.2.3  JRARZE - (hematoxylin-eosin, HE ) J¢ {8
YEHL 2 HIE 0 Ifim3™ /N R R 55 Ifiom3™
ANER BBOUIE BT B i B LT 10948 2R B Ak
[l 48 h UL b, 20 BB LK (] R0 A
W PR MRS 8 HE G At WA T g
I3 Tl S BRAZ AL
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1.2.4  HaCgupaA

VEH 6 % Ifiem3™ /N SRS Ifiom3* /)N
B, SO i B MR I B A B i A PBS, K 41 i
Wt U8 B0, PBS FAEHL 10 wL T Ep &, Sk
YA A3 T 8 H B PL AR bR IE 4 . FITC CD4 ( RM4-5) |
PE CD45(30-F11) ,PerCP-Cy5.5 CD3 (145-2C11) |
PE-Cy7 B220( RA3-6B2) ,APC CD8(53-6.7) .APC-
Cy7 CD11b(M1/70) . #AEBRIRZE B AE > 1 iF
5%, FlowJo 9. 9. 6 A1 TR 4 57
1.2.5 /B NSCs 953 25 55 57 Al g

Ve 2 A& Ifiem3™ /N RV Ifitm3*7 /N
B, AT 104 19 & XL PBS 1, S B = R X
IR T IR (8] T3 S A DMEM JERlRE 23 oy | il
H Accutase 2 fifdfift 251857 37 CiH 4L 30 min, F 70
pom 2 0757 19X 2o 308 200 BV, DMEM Ve 4l AL, $5 )
FH NSCs 3458 5 55 FL B A, I 10 L 20 e
W5 BRSO T8 R AR T 6 fL
B F IS A LR i, SRR AT 96 FLART T35k 4%
NSCs MR Fh ekl & RH e . 78 37 °CL,5% CO,
KRR R IR AN, B e IR I R E S ~
8 d WHBEE I I AL,

1.2.6  SZHf 2% 9% % 7 PCR ( quantitative real-time
PCR,qRT-PCR)

WSCHRCHE B 8% 7% o 4 AR 35 FR 9 AR 3 4R NSCs,
TRIzol £ HU & RNA, Jf fif F = % 5% 3K 7 & & A&
cDNA . RIZFIE B it B WEEH Ifim3 S35
B-actin B A2 20 it 386 5 R0 43 Ak A DG 5 PRAG
19, 5GBSR 1 R,

1 qRT-PCR WBIHIFIIEE
Table 1 Primer sequence information of qRT-PCR

HFHZ SIWFHI(5°—37)

Gene name Primer sequence(5’—3")

F:GCCTACTCCGTGAAGTCTAGG

Ifitm3
R:AATGGTGATAACAACCATCAGGA
_ F.TGCTGTCCCTGTATGCCTCT
Bractin R:TTGATGTCACGCACGATTTC
F:TACAGCTTACTCTGCGCTCC
Pena R.TTGGACATGCTGGTGAGGTT
_ F:GCCAAGTTCTGGGAGGTCAT
Tujt R:GGGCACATACTTGTGAGAGGA
F: ACCCTGGCTCGTGTGGAT
Gap R:GCCACATCCATCTCCACG
51008 F.TGTCTTCCACCAGTACTCCG

R:CCTGCTCCTTGATTTCCTCCAG

1.2.7 Western Blot
K TRFTTM3 25 1176 4% 2l 20 S 4t v (1 ek . ke

B2 AW ffam3” /NERUILREE fim3 /N, B
ORI RT A B DXL K 4 A ol T B
B IAGE B RIPA #5124 T80 5 28 P i 1 571
il FH 359 o AT BB, K 1 24 f# 30 min, 4 °C 12 000
v/min 250 20 min, HWE BIHEWR VS EA,
BCA 7 G0 8 v BRI AR B AR
P ERE, 145 15% SDS-PAGE BER , 2285 H HL UK |
K HH S 4 CHRBME b, —Pr IFITM3 (1 :
1000) .B-actin (1 : 10 000) , GAPDH (1 : 1000) .
PCNA(1 : 1000) . TUJI (1 : 1000) , GFAP (1 :
1000) \S100B(1 : 1000), W HZE B E —Hi 1 h,
“Hts PR (1 2 10 000) A1 BN B
(1:10000) ,ffH Odyssey CLx £I7h%¢ G4 B4
RGEFRBIZ
1.2.8 HIEHIEYm

e /& F 24 fLAR Y, % Laminin Fl
Poly-L-Ornithine AL 8% T35 F2 48 42 0T 12 h &2
AN Fr | 3R NSCs 851 a8l 201k 15 55 | s 41 o e
FH PBS TV, i FH 49% 22 5 H R [ 2 40 i 20 min,
I 0. 3% Triton-100 ¥ PBST W PRI, 5% BSA
ZFE R 60 min,0.3% PBST LG 4 CHlRME
AR —H0, —H0: PCNA (1 : 250) \TUJL(1 : 500) .
GFAP(1 : 500) .S1008 (1 : 100). ¥k HH 0.3%
PBST Wl ¥k Je , F AR B — 0 2= iR H% K L B 60
min, 30 IEEP/NEL(TRITC) (1 = 500) Fill 2E4i
43 ( Alexa Fluor 488) (1 : 500) ,1 pwg/mL DAPI =i
W 5 min, J PBS EUEANIC H, In$i o e i K &t
R B R, 506 BB AR,
1.3 Zit=ah

SCE R GraphPad Prism 9. 0 246474001
oM. SEERBAEHTHIME £ bR (2 £ 5) R
TNo PIHREAS HLEE, SR M ST AR AR o K 50 1147 4 1]
L, P < 0.05 NS HEA BENE,

2 &R

2.1 Ifitm3 B B/NBARBHEE

BYECS ~ 7 HIRZL BB IIREE , $2 0 DNA Jf58 i
PCR A7 3 P AU 8 7 | 3 2o 5 1 A4 /N B Ifiem3 3
D81 Fe A, 5@ WA Ifiom3 JE R 45 — A 1 1 2h
MR, 4 PCR %@ B9 A= 257 h 1633 bp, mi Bk 257l
H 1365 bp, 25/ INELFEIRFE 1633 bp 1 1365 bp 4b
FEH (E2A) ATk e £48, FIH Western Blot ki
W2 % /N BC e B BB S RREK (olfactory
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bulb,0B) Jii = T X ( subventricular zone, SVZ) . 2{
JRAK (striatum, STR) 76 55 [X. ( hippocampus , Hippo) .
J2)Z (cortex, Cort) 2B ( substantia nigra,SN) 6 i
X TFITM3 | 8 H &35 (E2B), &5 R "l WL, 78
Iitm3™7/N BRSO JUE L JEE LT M B B 4% iR DX
TFITM3 25 [ 3235 /K 1 f 35 I B 42 B/ R, 3R A
Ifitm3 FEER /N B R )
2.2 Ifitm3 m BRI NR EERER R

TERR S FHH A R AR R B Ifitm3 BRI LR
KA EHIY B E PR, 0 XS Ifiem3™ ™ /N R G
JE I B LS HE e 25 BT 45
o BRAG AR  L I S  ( 81 3A) o R i =X 4
ARAGIN Ifiom3™ ™ /I UM B8 B S0 I AN [ A 928
AL Lo BB, 25 R AN 3B ~ 3D TR, Ifitm3 /N
FUA SIS b VA 48 A L 5180 A R A JHG e B
W A s S AR S Hfam3™ T/ INEUAR X T
BEES
2.3 Ifitm3 BB XT NSCs k5 B BRAE /1 B0 220

T HRSE Ifitm3 X NSCs H 3T B B2 00, 79
HigE 2 ik /NEL SVZ FIl SGZ 1) NSCs , 14 4 55 77 B
RANE SR 7 d J5, RS Ifum3™ T /NEAR G, Ifiom3
IR B0 BRI 28 BRI 2 D T X ) 2%
P ER /NI 3 Pl (BT 4A) o I AR NSCs
G ket hi b g 7 d, &S Ifum3* " M 1,
Ifitm3 WG/ N BRK O 28 PR B T B 35 52w, {3

RPN IR F W/ (K 4B) o DL 5 2RERW,
Ifitm3 FFRINE] /N NSCs 19 H IR BB TS RE
2.4 Ifitm3 3 NSCs & 45MEFE , DL BE TR R

AT B Ifitm3 XF NSCs #9568 J1 A0 2, Wi 4k
NSCs 1A 4P 34 58 15 572 22 55 5 K W9 240 A o, i
qRT-PCR Fl Western Blot K3 5 A7 10 47 34 5 241
3 (proliferating cell nuclear antigen , PCNA ) %3
ik, 45 R WK Ifiom3 mBR 30 NSCs ' PCNA 1Y
mRNA FIH [ BT 3R 35 K - 15 1 2% B AR (] 5A ~
5C) . FIH 2D M PCNA 13Kk (K 5D,
SE), 5 Ifium3* " AL, Ifitm3™ " /NE NSCs F PCNA
PRV 200 3 %) T 491 J 2 R AIR  B5 SR SR Ifiem3 FRBR
T3 NSCs S5 RE ST FEAIK

R TERFE Ifitm3 Xt NSCs 4340 fe J1 052 Wik
NSCs RSN 53 AR 35 57 255 5 K (0 40 M A i, 38 5
qRT-PCR Fl Western Blot kil #£8 sohric ) B 11k
B (class I B-tubulin, TUJ1) FE I i o 21 g A
ICWI I A AP 85 11 ( glial fibrillary acidic protein,
GFAP) 1 S100 $545 4 # 1 B(S100 calcium-binding
protein B,S100B) (&K, 455 B/ 5 Ifum3*™ “HH L,
Ifum3™ 4IRS TUJT 9 mRNA T &3k K- i
E T 6A ~ 6C) , RIEFICHIR TR, Ifitm3™~
41 TUJT PR 40 B i L 3] 558 25 9IS (11 6D, 6E) Utk
A0, 5 Ifum3™ A, Ifam37 4B 5 H GFAP 1
mRNA FIE IR KK T B A2 (K 7A ~ 7C).,

A PCR %@ JE R R BR /N BRUIE L B . Western Blot Kl IFITM3 28 F7ECIE JHF 19 il B LUK 6 AN X A il 33k
B2 Ifitm3 JEH GRS E A IFITM3 25 355

Note. A. Genotypes of knockout mice were identified by PCR. B. Western Blot analysis of IFITM3 expression level in heart, liver, spleen, lungs,

kidney and six brain regions.

Figure 2 Identification of Ifitm3 knockout mice and the protein expression of IFITM3
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AN EE NS HE L6 B AR S A0 TE /DN UL 88 LU 9] 5 C 2 AS T S e A B 7 /DS Bl B o 8 L 315 D < A ] 5 982 40 7 /N B A b

JAMLF B e 5 Iam3t THI P < 0.05, (FEIE)

3 Ifiem3" R Ifiem3™ /NS HE G 8 KA e A Y L9l (n = 6)

Note. A. HE staining of the major organ of mice. B. Proportion of different immune cells in spleen of mice. C. Proportion of different immune cells

in bone marrow of mice. D. Proportion of different immune cells in peripheral blood of mice. Compared with Ifitm3*” ", *P < 0.05. (The same in

the following figures)

Figure 3 Tissue HE staining and proportion of different immune cells of Ifitm3*”* and Ifitm3” mice(n = 6)

SREDECEE R B Ifim3 ™™ 2H GFAP BH 1 40 i i) Lt
G5 Ifiem3" TG EPE 25 (B 7D, TE) . SR,
Ifitm3 ™~ ZHFE AR S1008 1) mRNA FIEE FH Fk7KF 5k
FTFH(E 8A ~ 8C), HIEFICEE R IR, [fitm3™”
ZH S100B FH 240 iy b 451 it 2 981 (151 8D, 8E) , iX
Sgk IR, Ifim3 wFR IS NSCs 7] A Bl 2 28 5T
BTV e o A4 e o A B el D

3 it

IFITM3 7E4H (55 4% 5 | 4 MRS B A 4 i it 4%
SR A YR B R EAE Y IFITM3
TR 2H 280 H it 25 5 S S5 O % ) 98 T 2 A o Y
' A BESE R CRISPR/Cas9 J5 i #8 # T
Ifium3™ " /NEL, WF5EHAE NSCs H TR 5 1R, A
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TE A AT GAN 2 R A AN ZERECR AN KNGS T 5 B IR YA 2 3R B PN 2R B AN KNGS 5 Hiem3™ AR LS, ™ P < 0,001,
B4 [fitm3" " Ifitm3™ " /NEL NSCs BIRSMIRBE ST (n = 3)

Note. A. Primary neurospheres derived and the statistical chart showing the number and size of primary neurospheres. B. Secondary neurospheres

derived from and the statistical chart showing the number and size of secondary neurospheres. Compared with [fitm3*”*, # P < 0. 001.

Figure 4 Neurospheres-forming ability of Ifitm3"* and Ifitm3~ " mice NSCs in vitro(n = 3)

1 A Pena 1 mRNA 22357KF 5 B PONA (8 F2IA/KF-5 €. PCNA 8 U 335 KF- 453t 5 D . PONA A9 588585 E - PCNA B
4 5 DAPT BHPEANAY L 1] 5 35 (5. DAPT; SR €5 . PCNA; 5 Ifiem3™ 7 *HLL, ¥ P < 0.01, (FEIF)

B 5 [Ifim3" “H Ifiom3 ™" /NG NSCs SETEAE f 8B bR S W RIE (n = 3)
Note. A. mRNA expression level of Pcna. B. Protein expression level of PCNA. C. Statistical chart of PCNA protein relative expression level.

D. Immunofluorescence of PCNA. E. Proportion of PCNA positive cells in DAPI positive cells. Blue. DAPI. Green. PCNA. Compared with
Ifim3*” ", ¥P < 0.01. (The same in the following figures)

Figure 5 Expression of proliferation marker in NSCs proliferation samples of Ifitm3*” " and Ifitm3™" mice(n = 3)
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T ATyl 1 mRNA SRIAKT-; B TUIT BB FRIAK T C TUIT SR X R TG s D TUJT B9 SE50  E . TUJT BEIPEARAR 5 DAPT FH
PEARIL A 9 ; S €1 . DAPL 2865, TUJL

B 6 Ifum3" A Ifim3™ " /NEL NSCs S-BRE S AR ZTThR B RIS (n = 3)
Note. A. mRNA expression level of Tujl. B. Protein expression level of TUJL. C. Statistical chart of TUJ1 protein relative expression level. D.
Immunofluorescence of TUJ1. E. Proportion of TUJ1 positive cells in DAPI positive cells. Blue. DAPI, Green. TUJI.

Figure 6 Expression of neuron marker in NSCs differentiation samples of Ifitm3*”* and Ifitm3™~ mice(n = 3)

TE: A: Gfap 1) mRNA FiKIKF; B: CFAP [ HRIEK -5 C: GFAP H H AR R K KF G & D: GFAP IR SETO; E: CFAP FHIELNNE &
DAPT FHPESIMLAY L1 5 5 €5 . DAPL; 2163 . GFAP,
7 Ifiem3"” F fitm3 ™ /N NSCs S0 AEAE il R IR I BT IR S8 GFAP f3Ri5 (n = 3)
Note. A. mRNA expression level of Gfap. B. Protein expression level of GFAP. C. Statistical chart of GFAP protein relative expression level. D.
Immunofluorescence of GFAP. E. Proportion of GFAP positive cells in DAPI positive cells. Blue. DAPI. Red. GFAP.
Figure 7 Expression of astrocytes marker GFAP in NSCs differentiation samples of Ifitm3"" and Ifitm3™™ mice(n = 3)
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1 :A:S1008 1 mRNA k7K B:S1008 H4E H F kK ; C.S100B 5 H AR kK FEGeiH18 ;D S1008 B9 G ; E. S1008 BHAE

YA DAPT B0 A LL ) 5 85 €5 . DAPT, 4 £,: S1008

8  Ifitm™ * Fl Ifitm® ™ /N NSCs AR it i BB J BT A0 i bR i 4 S100B (9 3R3E (n = 3)
Note. A. mRNA expression level of SI008. B. Protein expression level of SI00B. C. Statistical chart of SI00B protein relative expression level.
D. Immunofluorescence of SI00B. E. Proportion of S1I00B positive cells in DAPI positive cells. Blue. DAPI, Green. S10083.

Figure 8 Expression of astrocytes marker S1008 in NSCs differentiation samples of Ifitm™”* and Ifitm™™ mice(n = 3)
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[ Abstract] Objective This study was performed to develop and assess a genetically engineered mouse model for
visualizing in vivo fluorescence of glioma cells, mural cells, and blood vessels using two-photon microscopy. Methods

PDGFRB-Cre*~ : Rosa26-tdTomato" '~ genetically engineered mice underwent skull clearance and were injected
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with GL261-CFP. This was performed to study the dynamic alterations in blood vessels and mural cells during the
PDGFRB-Cre” ’~ . Rosa26-tdTomato™ "~

were successfully bred and subjected to hematoxylin-eosin section analysis of functional organ tissues. The mice exhibited

progression and invasion of glioma using two-photon microscopy. Results mice
no discernible differences from C57BL/6 mice in terms of appearance and morphology. Cre recombinase activity was fully
induced following tamoxifen treatment on day 7. Subsequent GL261-CFP inoculation demonstrated the dynamic progression
of glioma proliferation and invasion, as well as vascular abnormalities and increased mural cell detachment within the
tumor. Conclusions Genetically engineered mice expressing fluorescent mural cells were successfully bred. Blood vessels
labeled with fluorescein isothiocyanate-dextran and blue fluorescent tumor cells were utilized. Glass discs and fixed rings
were employed to replace the skulls of the mice. This allowed for the tracking of morphological and structural changes in
blood vessels and vascular supporting cells following the development of brain tumors in vivo over an extended period. This
model offers a valuable tool for studying brain diseases through pathological visualization.
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two-photon microscopy; glioma; mural cells; genetically engineered mice; animal models
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(stock no. 030201) ;8 ~ 12 J& ¥ SPF 2 i ¥ B6.
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Cg-Gt( ROSA) 26 Sor™!# cAciTmatize 1 /1N 63 30 H (1]
FR A Rosa26-tdtomato”” ™) /K 18 ~ 24 ¢, H %
FEI S 30 b S 56 % (stock no. 007914 ) , PDGFRpB-
Cre™” "5 Rosa26-tdTomato™” "ECFPEF 19 L H T
SLIGRIEGY . A /N BRI R 3R AR v [ BR A B2 B B
AL B W) WE 5T T S W) s SPY 2 Bt B A 8 h
[ SYXK( 5)2019-0014] , $2 A 32 R i 09 £ 4 Fn
IR IRFEFERITE 22 ~ 25 °C 5 AR B2 #5  7E 40%
~ 70% ; IS IR 12 h/12 h, DL g7 B i At
JIT A Bl S 5 3494 R A 5 T Bl S 56 A R 2 A )
HEAT , 28 v [ B8 2 Bk 2 B I 2 S 6 3 ) wF 5% o
SCu sh O 5 B 2 B & it i (TACUC
GR20005) .
1.1.2 4IA

GL261 /) FUBE 50988 200 i 22 R VR F b s B A = 2
Be AU BT .0 (PCRC) o SR DAPL % 8 1 46
LAY SRR IR AL . FE 10% FBS Fl 1% 6 5
R/ HER R ) RPMI-1640 55353 P B R 4 2R
113 FZH 5

RPMI-1640 #5573 4= 353 3 22 E Gibeo
N ) R 5 8 BE (isoflurane ) 1 H Fi ik 53 7
SRR AR 9 6 R - BB (fluorescein isothiocyanate-
dextran , FITC-dextran , HY-1288681) ; CFP 12K %% ( &
UL ) 3 & 07 MR R (PO ) s AR
( AMRESCO, 69-57-8); i EH (f&); W&
( Bepanthen,87419290) ; “F B} /K Y& £ 5 550 55 74 45 iz
R K ( DW6993443, HAGER ) 5 36 9% H i U I W
(ERE, e FHCAR 2 A RAF) .

FARIEM(FST 28 7], 5 ) ; sr AR E AL (FGik
5, &) ; Hamilton 3 55 51 4 (@ IR 1%, 7635-01,
) A E -6 em 923k 31 G ( ik fE,7803-03,
i) s & A H R OB (5 IR 1, 77001,
) 5 R TR il (iR AR, 78001, HH ) 45k 0.5
mm HM1005-[5 3k ( Fi Ik 72, 78040, 1 [ ) ;300 g 4
LR BRI 2% (H ik RS3002, H1[H ) ; Cover Slips
P FS 18 H ( Avantor, 631-0168, £ [H ) ; TCS SP8 DIVE
XTI AL W fUBE (PR T ) .
1.2 FHik
1201 PR TR/ 20 5 5w

W BE 4 B 4R S M PDGFRB-Cre™ " /N L 5
Rosa26-tdTomato®” */INFR 4% 3¢, 7 4= Tamoxifen 5
T BE 0 i 4 5 M 6 38 tdTomato 21 8796 Y6 55 H Y
PDGFRB-Cre* ™ : Rosa26-tdTomato” ™ /NRFH F3256

PDGFRB-Cre PCR 5|4 P A= 854 .5” -AGCT
TGTGGCAGTGTAGCTG-3’ ; 575 KI5 4.5 -ACATG
TCCATCAGGTTCTTGC-3" , 3514 .5 -CCACCTT
GAATGAAGTCAACAC-3’ , Rosa26-tdTomato PCR 5|
Yy B A RE [ 514 .5 -AAGGGAGCTGCAGTGGAG
TA-3" 514 .5’ -CCGAAAATCTGTGGGAAGTC-
3, RAREFIH .5 -CTGTTCCTGTACGGCATGG-
37, m51% .5 -GGCATTAAAGCAGCGTATCC-3’
A | AR A0 70N o it S 56 3 I Y R A T H AR
TAY) TR A PR Al (Sango Biotech)

PCR SR 7E 20 pl K2R HF 43 51 A 10 ulL
PreMix Taq™ ( TaKaRa 2. 0 plus dye) .2 pL fR A
24 DNA |1 L 10 nmol/L Hij 7 51 ¥ FI S 17 51490, 5 I
A 6 pL ddH,0, PCR # ¥ £ 95 °C ¥ #f 7%
P£ 5 min, 95 C 30 5,58 °C 30 5,72 °C 30 s 1935 4>
WEAHIBAT , B JETE 72 CHERK 10 min,

1.2.2 1Ry st

HITE 2 IR 5 H145 5 x 10°/mL 9 GL261 4 fif
B, HTF 6 FLAR T R FLEEF 2 mL, 37 C %
24 h,7E MOL = 100 [ 5 ImA CFP 1255 5 , 4k 2L
KigR 16 h, il R R an M iE . RG24y 72 h
J& A 500 we/ml G418 itk EhasE .

1.2.3 #EAHALUEE UL

% B3 H 8 A C57BL/6 Ml PDGFRB-
Cre*’” . Rosa26-tdTomato"™ "~ /)N Bl A o O I il BT
RN SR80 E T 4% 2 R W EE T [ 5E , 24 h 4[5 E
W1 TEE 48 h K A A A, TRR R
LD (HE) Ge e Dt2e B T,

1.2.4  BEESME S g T AR 645 7 ik

PEHT 4 FAMERS R /)N B S5 9RUBE AR IR e
B, AR TP ORR B R FH I 3 S SRR TR | FR R 5 RN R
PR % B R £ (VR 557 & 0. 0375.0. 0375.,0. 000 125
mg/g) R/ N, B2 T8 %5 K (40 mg/kg) Ik /b
G /INEURRIRSE 42 e, A T 6 8 B /0N B Sk 3
A Bl /N B 8 78 7 AR e A b, ff
AREF DA SRE /)N BRUIRS Jd /K RO, B 253k i fil
PRV R 25 P, AR T Pk G R, AR
6 mm (137 B /il 5 75 55 K, I A Bk e 2 35
SRR R WA (FIFR BRI ) B E, RIGHET
T 4 SR 2Y . AR 6 h RS — ) SE IR R
(0.1 mg/kg) ., FH-2.-1.0 KA KM M3 G —57
B IF (75 me/kg) ,FEER 3.5.7 14 RFHROLF
TR A IR ISR, UL 1,
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B A ERRAS T /N USRI A 5 LR A I ) Al

Figure 1 Timeline of mouse model preparation and observation in a physiological state

1.2.5  BJoR iE AR S R AU i 45 vk

T2 A 3 3 i R AR /N B, 4 )
Je B 2/ BRI 2 19 3% B8 5 1 B8, B 2500 plL
PBS il % GL261-CFP 4B , i 1] 10 pL A3
IR T ST 25 F0 6 em-31 G 13k, 5K P % 60°
BI77 158 & 5 x 10° GL-261-CFP 1) 21 Jiftl 2 W L)
0.5 mm/min PR FE 7 A 1) 21/ BB P, SF R B
1.5 mm,{";:'—;% 2 mn J5, B & 1 mm (%E, A
0.5 wl/min JE$F 2 L b8 40 M Bk, 1 41 58 45 4t
5 min J5 Z2 18 B 51, 1S SN T ROIR 52 A 24
I mm, BIXIATH 20 2 mm, 55 BTN EREE | mm,
H5EEE S5 S min 5, VA 1 mm/min 938 R £,
ol A= BHER K 3 il %, A FH 2 BE oK e RS £ 357 55 13
RFSEER, RIGHETFES 4 #HEMZ. 56 h
TR — R 8 RS (0. 1 mg/kg) , LKL 2,
1.2.6 ROGT BB

&% R A0 Ak TCS SP8 DIVE k348 i fif
BE Bl A R MO R 48 (680 ~ 1300 nm) il 25 x

KRS (BUEFLAE 0.95) . PR R RERE R
0 ~ 300 pm, % 2. [B]fEN 3 wm, FITC-dextran 5
TdTomato AL & KM 975 nm, GL261-CFP HY# %
P 860 nm, 1024 x 1024 2%, N T BRI I
8, iE /DR EERIKE ST 10 mg/mL ) FITC-dextran
(2 x 10° 43 F 3,24 (1) 0.2 mL, TdTomato fY % &t
WK A 570 ~ 640 nm, FITC-dextran 1 & & 3% K A
500 ~ 550 nm, GL261-CFP JlJgg 20 i 1) & 53 0k A
450 ~ 490 nm, FH 5 S FRREE/NE, UL 0.8% ~
2. 0% (ARAf/IN BB ACIR A0S AT BRI 09 U 1 ) 15 28 I
(1 mL/min) 4E4F, BOG D A A BR I 7E S AR A 53
BAVRS =g iiid h) o= 8
L3 ZItFESH

I OGO IR R IMS S,
Imaris x64 9. 7.2 bbb 3, =R LIF
WE + 7"/%/@1%%(56 + S&E)ﬁﬁi&k,%ﬁﬁ GraphPad Prism
9.0 AFHATGEIT A HT, LA P < 0.05 FmE R HA
BN,

B2 XUCT REBTHAR T I BURE-BE AR 220t /N S AL ] 25 f) s ] Al

Figure 2 Timeline of the mouse model preparation of fluorescently labeled glioma cells and

mural cells using two-photon microscopy

2 #HR

2.1 PDGFRB-Cre*’"; Rosa26-tdTomato* '~ &
%%

IR B HE R S I 41 DNA JE3#E4T PCR
P3G A8 B e H Uk 92 5 45 78 77 W) . PDGFRB-Cre
AR AR FE IR () 457 K/ 272 bp, PDGFRB-Cre
GRAFHISEALHE PR Y 557 K/ R 320 bp, Rosa26-
tdTomato AR A 5 K 457 K/NZY 200 bp , BF A= 7Y

SN A5 KNGl 297 bp, 2% K 3A ~
3B 15 12 S kLS PDGFRB-Cre ™™, 2 SR
4 PDGFRB-Cre™’ ", 3 ~ 11 5 ¥E 5y PDGFRB-
Cre'”", W3CHH 15 .35 4 5K A Rosa26-
tdTomato" "~ ,2 5 .5 SFE5 N Rosa26-tdTomato™ ™,
2.2 PDGFRB-Cre*’” :Rosa26-tdTomato" '~ /NFR &
RIS

C57BL/6 1#1E75 5 ) PDGFRB + 41 M 45 5 v
PEHF AT /NS CSTBL/6 /N B AT 285
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1 : A PDGFRB-Cre %75 =4) ; B. PDGFRB-Cre ¥ £E RIF=4); + . PDGFRB-Cre SE78 RINT A ; — . BF 4 XTI ; C ; Rosa26-tdTomato [ 5 [H 4 5

FM0; + :Rosa26-tdTomato FHYEXS I ; - : Rosa26-tdTomato FI{x] I,

B3 /DR E
Note. A. PDGFRB-Cre mutant product. B. PDGFRB-Cre wild type product. +. PDGFRB-Cre mutant control. —. Wild type control. C. Gene
identification products of Rosa26-tdTomato. +. Positive control of Rosa26-tdTomato. —. Negative control of Rosa26-tdTomato.

Figure 3  Genetic identification of mice

R EHERE L E 2 R, HE 25 R BUR, 2.3 PDGFRp-Cre'’” :Rosa26-tdTomato" "~ /MR F
PDGFRB-Cre* ’~ .Rosa26-tdTomato” " /N5 C57BL/ 7K filn B

6 /INERR B L Bl O IR JHF L RS A5 TG B 2 5 8 ~ 12 Ji I ) PDGFRB-Cre” ™ : Rosa26-
(Kl 4), tdTomato" " /INE, AR 4% 5 5l IR 2% A2 05 (RITIXT) A

4 FEBEHALUEEY
Figure 4 Histomorphology of the principal organs
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[l A P Pt A R S 25 EAR 6 mm 1951, 7R
Wi 6 mm MBLEE B Fr (B SA) . FIZEBCH A A
e Y B 2 T O 2F BLOK e, 57 210 i 1
B, A0 1T B R 14 [ B kb S8 04 96 S R K P Al 2
Kirz (18 5B) ,A5AF 4 Jal (/N BRI o AL A3 1)
RAETEIR G, ] 5 FUGE R BN B S T 008 7 2.
11%‘(%%?,%%}17&/_{51 200 wL FITC—dextran,J\ffﬁ?‘zﬁﬁi

AT BB R R (18] 5C) o

£ JG Tamoxifen % 5 W 1H T, PDGFRB-
CreERT2 T’{éﬂﬂﬂ@ﬁﬁﬁ\]ﬂ‘ﬁc‘ﬂﬁ{ﬁ@%%}, >4 Tamoxifen
#5535 , Tamoxifen H1CIH F= 4 4-OHT (M 3% 2 251
Y1) 5 ERT 454, 7] ffi PDGFRB-CreERT2 # % & ¥
Cre B FFG TR, VI BE LoxP 5 Z B K 1L T, i
T tdTomato ZLtAZOEH AR IL (K 5D)

TE A BB /USRI RCR 5 B o A5 B ZFRK R A 18 5 2155 38 5 7R AR/ BUR) AR 5 C L 7EXOIG T W ABE T ARIRE % ; D : PDGFRB-Cre Y]

% LoxP ﬂ"])ﬁiﬂ@o

5 PDGFRB-Cre*”” :Rosa26-tdTomato™ ™ /] B AR 4 i 15 ] £

Note. A. All illustration of mouse skull that grinded. B. Skulls of mice were replaced with fixation rings and glass discs using dental cement. C.

Observed under a two-photon microscope. D. Schematic diagram of PDGFRB-Cre cutting LoxP.

Figure 5 Long-term cranial window preparation in PDGFRB-Cre* ™ : Rosa26-tdTomato*

2.4 PDGFRB-Cre*’ :Rosa26-tdTomato" ™ /]\ R 4%
B HTE N F BRI

% - 30 KHL 3 H PDGFRB-Cre*’”; Rosa26-
tdTomato™ " /INRF AR &, 55-2.-1.0 REEH
FRUA 75 mg/kg F I8 FEESS 1 51 Tamoxifen, 5
3 RIFWRIEAT RO T sh A R EEIIHE (B 6A) , v LIXR
5| N 3 ~ 7 K, PDGFRB-Cre i 5 ) tdTomato
LLOHOCE AR B W N (&8 6B) , 255 7 KLS
PDGFRB + A her s kakaTRsE (K 6B) .,
UERH Tamoxifen %5~ , T A PDGFRB + 44 Jifd 3%
KA AT E 7 d 224 AT,

/- s
mice

2.5 #IEET PDGFRB-Cre’’ :Rosa26-tdTomato" "~
INER B B R B AR B

i 1] CFP 189587 % 4% GL261 410l 72 h J5, il
it 500 pe/ml G418 fii vk EAa%E . GL261-CFP 7E%¢
HeE BT T & AR (B 7A), # 5 x 10°
A~ GL261-CFP 4l 28 12 14 5 1 K J2 2 (& 7B) .
TS S AEAERT X P 1 mm, FH /5 2 mm &b (& 7C)
T 5 5 B e (P A B K R 2R M T A, I L B
SRR VR B SRS B R U A R KR, 37 200 i
FEX, BB HE Qe ta (B R ) il WP e
JOTRE AN 440 A 1 TR e, B 2 T P e £ B
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T A ShASEREF A FRAC R T L (SR () SREANMAY (ZL68) ARk ; B 374 DX IR BE AN Kt AL A 26

6 fHH PDGFRB-Cre” = ;Rosa26-tdTomato" "~ /> U B SR BE AN it 5 i35 AR (n = 3)
Note. A. Dynamic tracking of changes in blood vessels ( green) and parietal cells (red) under physiological conditions. B. Curve of mural cell
number change in the photographed area.
Figure 6 Effects of mural cells and blood vessels observed by a PDGFRB-Cre*”” : Rosa26-tdTomato”

mouse model(n = 3)

T A GL261 4 R B 5 (099 ;B 76 PDGFRB-Cre* /™ ; Rosa26-tdTomato ™™ K Bz S5t A 4 R 08 A 5 €« R O #2E R G 2 55 D . HE %
0,58 7% Z2 I P IS B AN ML, A A B R e, B i R e (5 B

B 7 FEB/NR KRR PR GL261-CFP 4 il
Note. A. GL261 cell line was transfected with cyan fluorescence. B. Gliomas were seeded in PDGFRB-Cre*’” ; Rosa26-tdTomato”’~ cerebral
cortex. C. Location of glioma inoculation. D. HE staining showed pleomorphic glioma cells with enlarged nucleus and positive eosinophilic
staining in the cytoplasm.

Figure 7 GL261-CFP cells were inoculated into the brains of transgenic mice

(B 7D) .
2.6 KERENERRENERLSEHMRE

W 2 Bt ke 2 BT R, %5 - 30 KT
PDGFRB-Cre* ™ : Rosa26-tdTomato" "~ /)N B &5 Fi i
-2 KRS x 10° 4~ GL261-CFP 4l 55-2 —1
0 K&K LL 75 mg/kg TS 1 M0 SEE 25 a0
B 8A T/, 55 7 Rl it MOt T B A 2% 31 e it
TAAZZBIGH , 55 10 WSR3 e 08 P ik 2 & M9
kb, 55 14 RS S I SR o o W b, Jiebgg A il A Ok

FIERIEA, 3 /AR 7 ~ 14 KA 300 wm
x 300 wm X 300 pwm f X BEREE /TSt (1K 8B)
557 K 25.65% %) PDGFRP + B 40 fd i 25 o i 45
BE 5 14 KZIK 56. 1% PDGFRB + BE4H g i 55
WA BE(E8C) . MES 7 ~ 10 K, BEANIE 5 1 %
LKEH TR 54. 87 um FTFH 94. 86 pm, iiF
HHA B 2 1) B 200 R U0 85 o I 5 26 14 % B AR At
BNk 2 B A A TE B, i R A 5 B RE
I M- BE B FRAE, M 48. 51 wm (&1 8D) . & |, %
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TE: A SIS ERERARUK BUR (4 () 3R P i P s (20 68) S BEARMI (0 6) AR s B BRERGETH 0 AT AR TR] /0N DX 1 Fif g o o 5 45
AN AEAL 5 C o ARG T DX ok APl 2t LAY (1) B 20 M LA AT 2R 18T 5 D -t AR S DXl BE AN 5 1 455 2 1 P 5 1) AR A AT 2
B8 WOLT TR -BEA M HOL T MIE /N B S S5 (n = 3)

Note. A. Dynamic tracking of the changes of blood vessels ( green) and mural cells (red) during the proliferation and invasion of glioma (cyan),

depth. B. Statistically analyze alterations in blood vessels and mural cells within tumors of equivalent area. C. Line graph illustrating variations in the

percentage of mural cells that detached from blood vessels within the statistical region. D. Quantifying the distance between mural cells and the surface

of blood vessels within the statistical area.

Figure 8 Establishment and evaluation of a two-photon glioma-mural cell fluorescent in vivo genetically

engineered mouse model(n = 3)

DG TR JBUIRE - B 2 M 2 1 1 1A PR/ LR 608 G 1
AR 2 v L 81 58 S e A 2 M i i A, DL R
IR YA 25 R A2 A

3 iTig

AF 5% G2 S5 96 5 1 4T 17 4 AR FH B AS T 4K
BT A BSOS T2 AU T LA 1 R 7K
SEIEGAL EHE Ak e TR | I R RE 240 ) B A AR
A&, RIS R MR 5 v s 5 B 200 B 1 2 2
TEPRALE T B 2 i TR A= 58/ N sl W 3% 1R 258 6 LA
HBE M 42 1 e e Jiboigd i 2B K S B, o ik
LA = A 37 A0 240 )2 1 5 A% G IR R R R
K ff b 0 5 e R P 14 B /N A R T A% B
)R A SR LA R TG 12 R B s P LA A I
P A S PR T AN AR S0 5t R B e e 1) Bl A A
b, FEARDFFEH B RS B CFP 26 FRid
R AN R GL261 , /MR E KIS FITC-dextran
FRIC LA BELH I 45 4P 2R 3K tdTomato £ 8,5 6 1)
ANER R T AEROE T B 0BE T REAS 4 MU i
JO 968 HE T v i AR R RE 200 3l A AR Ak O LT DL g
ik SIS E0Y /N R,

B— A X068 & 5 th DENK 457 F
1990 4FHF &, HILIRA UG L, FLER it 5 2 PR
BUAR CIEAOK ) | BA TR A G35 P A S IR A 2 U 2F
B, BOGTF U RE 8 A6 1% 41 2L K B ) i
OUUVERCK) DR ILT AT L2 AT, &1 4>
K R A A B A W 21 2 1 AR R, SO T
AR T A o A AT i 1] 3 0 Ty 1 2l 2 1A i
e Z AR oE TR 2 —0 i1 JR %
A FIVEL R 1 fi e AT 7 o T S8 S iR e . 5 R
ZHCRBLN DN WU — A, "L T AR S A
FEARVCE AT IR, 3% 7T Al 25 BR i 2 FH 1 41 ffd
ENGE IR E - SES PN NN R & SR R S 0
HIEPE R (HBEZ W CRISPR/ Cas9 | Cre-Loxp 55
BEDA g T HLA ST R AR AT XOE 7 12 30BE 1R
MBI AL SRR B 2 . TELERE 2 R IO, K b
AR 1479 Y B 11 22 (] A B e ) 4, 2 TR A F 5
o WIS IR T BT A I A 1 R
WLEE R A1, 75 B2 Bk i B A TR AR AR T R
AFLER T 6 i 67 5 1 s JUE 2545 2l 1 S TR B ) T it
GRS & NSRRI SN = U e~ 7S
N7 T, VE 2R © 2 30T WM T A K
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BAGFNEIR 12 W, A 45 B 35 A% | I 48 O I 5 AR
1B 27k AR SO 2% B 2R dE Az i Kk
TSR fln, 7E Bz ik 2B 6 R 12 I L
RN Gk T 83 i 3 A (3R Bz ik, IX A B 2R
R AR R 1k 97% 57

ARSZE K Cre-LoxP Z2GEHEE T Tamoxifen 175
S BELN 4 Sk F 3K tdTomato £ (6,58 G R (A Y
LR TR /NG, i PR HELE DNA (PCR 73 F1 g
JBE HL Tk 4% 528 35 IE PDGFRB-Cre™:  Rosa26-
tdTomato™ "~ By BTN Z H #9 #E ; 4 21 HE Ye 0 g /R 5
T A/NR S CSTBL/6 /N BRI i Al O i
FVEF 25 Ty G Pk J0E 2% (8] O W 3 0k 25 5 G B
PDGFRB-Cre*””: Rosa26-tdTomato" "™ /) B %) Al 15 WL
%5%| PDGFRB + MWAMMRIRAOTOEATFE 7 d
2T AR 5 /N BRUASE P 35 Fl GL261-CFP &, WLEE
I e TR P OGS 2R L, BE AN AR R i B 2 R S
FEBI R 2R 7 KRG 25. 65%3E 555 14 KA 56. 11% ,5¢
b RS TR S BE AN ) sh A AL, H AT
A RO F 15 R BUR AR X2 B AL 4740
KMFFE (R RGE

Jir P Wi g, G G 2 i I B 240 LR, IR T
it 24 4 i 5k i g 2 — |, T s A 24 W e L ogs ot af,
G S5 B 3 o8 T R 437 1 A LA BH 1 B AT Ay P skt
HUFE  RE L M Ay IR 5 B Y — 5 43, TS R 1
B RR T A BER BT, DR AR 5 ) At B
g1 M B & % 6 9 PDGFRB-Cre"’”: Rosa26-
tdTomato™ "~ BRI /INERL, 23 S0l i By S5t SR 24 Y 32 -7
BB IC M A T €558 6 I8 40 AR, 78 XOGF 4
TR E AT, W58 1 R 19 K 228 56
FNGYT R T —Fh B & X LU @ S IR
OCEEME R S WL RY A A B i R IR T
YW TE BT RO R i T
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[ Abstract] Objective To assess the sweat secretion of Yin-deficient ovariectomized rats and investigate the
changes in biochemical indexes. Methods Eighteen SD female rats were randomly divided into a sham operation group,

model group, and positive control group of six rats each. The rats in the sham operation group underwent a sham operation,

(BB ] EEK B HRIG R 25% R P EE AR R E (E P B2 AZR[2022]226 5)  fREE A AR R T
T H (2023)01857) , i # B2 25 R~ FERI L AR T H (X7€2022013)

Funded by High-Level Key Discipline Construction Project of Clinical Traditional Chinese Medicine of the State Administration of Traditional Chinese

Medicine ( Guo Zhong Yao Ren Jiao Han [ 2022] No. 226), Fujian Natural Science Foundation Funded Project (2023J01857) , Fujian University

of Traditional Chinese Medicine Basic Discipline Research Enhancement Project ( XJC2022013).

[MEBE N ] B, 2o, FEReMl LA oT A BF5E 05 1) P 2Y 25 3F9T . Email: 1156947746@ qq. com

UBEEE ] W, &, AR, AR I, FF58 07 ) h 25 25 B 5 R BB SE . Email: 2008009@ fjtem. edu. en



o [ S B Bh 2 2024 4F 6 A5 32 55 6 Hl] Acta Lab Anim Sci Sin, June 2024, Vol. 32, No. 6

713

and those in the model group and positive control group underwent bilateral ovariectomy. L-Thyroxine (92 mg/kg) was
given once a day for 7 consecutive days starting on the 7th postoperative day to establish a Yin-deficient ovariectomized
model. The rats in the positive control group were orally administered Qinggu San Tang (7.3 g/kg) once a day, while
those in the sham operation group and model group were orally administered an equal amount of distilled water once a day
for a total of 14 days. Sweat secretion from the plantar region of the foot was measured using the Wada-Takagaki reagent
coloring method. At the end of the experiment, blood was taken from the abdominal aorta and the tissue of the paw pads
was separated. The serum levels cyclic adenosine monophosphate (¢cAMP) , cyclic guanosine monophosphate ( ¢cGMP) ,
luteinizing hormone (LH), gonadotropin-releasing hormone ( GnRH), and estradiol (E,) were measured by enzyme-
linked immunosorbent assay. Western Blot was used to determine the expression levels of MyR, B,AR, and aquaporin-5
(AQP,) in the paw pad. Results The three main findings of this study were as follows. (1) Compared with the rats in
the sham operation group, those in the model group were more irritable and aggressive, and their body weights decreased
while their average temperature and sweat secretion significantly increased. (2) Serum cAMP level and cAMP/cGMP ratio
increased, the LH and GnRH levels significantly increased, and the E, level decreased. (3) M;R expression was down-
regulated and ,AR and AQP; expression was up-regulated in the paw pads of the rats. After 2 weeks of positive control
treatment, the serum cAMP level and cAMP/cGMP ratio significantly decreased and the LH and GnRH levels decreased;
however, no statistically significant difference was observed in the serum E, level. The expression levels of MyR were
increased-regulated in paw pads of the rats, and reduced expression of B,AR and AQP;. Conclusions Sweat secretion
significantly increased in this “combined disease and evidence” model of perimenopausal syndrome kidney yin deficiency
established by desiccation combined with thyroxine. The underlying mechanism may be related to the changes in ¢cGMP,
cAMP, and key proteins MyR, B,AR, and AQP; in sweat glands that regulate sweat secretion.

[ Keywords]

castration; syndrome of deficiency of kidney yin; sweat secretion; biochemical indexes
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AETHE (P < 0.01,P < 0.001) ; SHRIAAH L, FH 0.001) (WL 2) .

B SRS
Figure 1 Rats of the each group

0 SRFAREAMIL, * P <0.05, P <0.01, ™ P<0.001; SERAMIL,*P < 0.001, (FEIE)

B2 SAKBEESERBEME(x £5,n = 6)
Note. Compared with sham operation group, * P < 0.05, **P < 0.01, ™ P < 0.001. Compared with model group, **P < 0.001. (The same in
the following figures)

Figure 2 Body weight and tail skin temperature in each group of rats(x = s,n = 6)
2.2 EBEREPEREHERRHFURER BT A AR 35 BL A A 18 3l 8 3022 1k (WL &T 3A ~
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faAeanite oy 3, S e WA A LRz A ftedn 1SS RINAR AL, DR A S T, B 2 B Y
JL VAN 3 A A AR S A A iy . BB (WL 3E ~ 3H)

B3 BlEmH R A

Figure 3 Vaginal cell smear of rats
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Figure 5 Sweat secretion of rats at the end point of the experiment

B 6 HEA R B R RIS LG4 R (2 + 5,0 = 6)

Figure 6 Sweat test in different groups of rats at different stages of the model(x + s,n = 6)

7 HAKRBEHRALH B,AR MR 5 AQP, BIEHRIX(Z £5,n = 3)
Figure 7 B,AR, M;R and AQP; protein expression of each group rats(x + s,n = 3)
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[ Abstract]

aeruginosa pneumonia. Methods

Objective  Study on mechanism of Xuanfei Jiedu Formula in treating multi-drug resistant Pseudomonas
Except the Control group, the MDR-PA (9 x 10° CFU/mL, 0.5 mL) pneumonia rat
model was established by tracheal intubation, and an un-modeled control group was used. After successful modeling, rats
were randomly divided into model group, XFJDF-low dose group, XFJDF-medium dose group, XFJDF-high dose group and
IPM group, with 12 animals in each group;In addition to the blank group and the model group, the remaining drug
administration groups were collectively referred to as the intervention treatment group. One day after modeling, the XFJDF-

XFJDF-medium dose, The

imipenem and cilastatin group was given Imipenem intraperitoneal injection, and the control and model groups were given

low dose, and XFJDF-high dose groups were given the corresponding doses by gavage.

saline gavage twice a day for 7 days. The rats’ general status, body weight changes, and wet-dry weight ratio (W/D) of
the lung tissue were observed. Hematoxylin-eosin staining was used to observe the pathological changes to the lung tissue of
rats in each group under a light microscope. The serum levels of IL-18, TGF-B, TNF-a, and IL-6 were detected by
enzyme immunosorbent assay. Serum GSH content and MPO activity of rats were detected by colorimetry. The serum
content of MDA was detected by TBA method. The total antioxidant capacity (T-AOC) was detected by kit method. The
protein levels of TLR4, Myd88, and NF-kBp65 in lung tissues were determined by immunohistochemistry. The mRNA and
protein levels of TLR4, Myd88, and NF-kBp65 in the lung tissues of each group were detected by qPCR and Western Blot.
Results Compared with the control group, the model groups had delayed responses, increased respiratory frequency,
increased respiratory noise, and appeared to have different degrees of chills, as well as decreased diet and water intake and
decreased body weight. The W/D of lung tissue was significantly increased (P < 0.01), and a large number of
inflammatory cells had infiltrated the alveolar cavity and around the lung bronchus. Some alveolar walls were fractured and
fused to form air cavities, with inflammatory exudation, pulmonary interstitial thickening, and local lung fiber formation.

The serum levels of IL-18, TNF-a, TGF-B, and IL-6 were significantly increased (P < 0.01),
increased, MPO activity was enhanced, GSH content and T-AOC capacity were decreased (P < 0.01),

MDA content was
and the mRNA
and protein levels of TLR4, Myd88, and NF-kBp65 in lung tissue were significantly increased (P < 0.01). Compared
with the model groups,
0.05, P < 0.01), and the Xuanfei Jiedu Formula high-dose group and IPM group had the most significant improvements
(P <0.05, P<0.01). Conclusions

the intervention group and the treatment group showed improvements in the above indexes (P <

Xuanfei Jiedu can significantly improve the general state, body weight, lung tissue
W/D, and lung tissue pathology, and the reduce inflammation and oxidative stress, of MDR-PA rats. The mechanism may
be related to its inhibition of the expression of TLR4/Myd88/NF-kB pathway proteins in lung tissue.

[ Keywords]

multidrug-resistant bacteria; Pseudomonas aeruginosa; pneumonia; Xuanfei Jiedu Formula
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%ﬁi&ﬂﬁﬁm , Jil 0 THE e R O B A 23 B B R PA

A g E A5 1 PR A, XoF R A 18 1P L S P i
PEVELTHEAL T AE AT A S fili 5 114 5 2 T g
BT R 0 U™ FE UM, T SR A 2 A A Y 21
PG BRI T I”YZE’J&%E%HNZET
FUAE Wy BB T B, PA J8 Ay Tl I8 R0 T 1 5 I

ARG H SRR AE 1 A 5 ELTE 25 R S 3 IO 3 it 25 21
H g R
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Pseudomonas aeruginosa , MDR-PA ) ili 58 3B % 5 St
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S 2%, Hik = A B i6 T B, 45 I IR PTG IR 9T
ok T ERPI . PRI, SR A SO IR T R g
(Cy /W ER%I

RAE FN B P N JE 2 O 25 ( multidrug
resistant, MDR)) ili ¢ ff) F BLRRE | 7F PA B9 &4
KRG TEAEMS  PA AT o AR R 20
(lipopolysaccharides, LPS) , BTE Toll-FEZ 1K 4 (toll-
like receptor 4, TLR4 ) 5 5 1% 38 #% 51 & RIE 590
RICNLIAT , PR RAE “ BATAERON” , T Bl
TR— RIS pe RAE®I . BERESM LR T (myeloid
differentiation factor88 , MyD88) J& H A5 TIR %54 AY
Toll #£3Z 1A ( Toll-like receptor, TLR) 15 5 i [ 1% 12
L A 0 MyD88 AR 1 TLR4/MyD88/
NF-kB {5555 T3 i m 2k 65 227 58 0 4 il 5
W E A A Z-1B (interleukin-18, IL-1B ) . #51k/E K
[A-F B (transforming growth factor B, TGF-B) FlfifJ&
WAL T o ( tumor necrosis factor-o, TNF-a) B 3 35
S5 RAREGPERON K G RE A T 1) 43 Wb 2 —
SR SO P s € 2R IR CRIE = Kt v
HEHNTY g ( malondialdehyde , MDA ) st &AL
fi} ( myeloperoxidase , MPO ) FYJE hY, B 2 Bt H K
( glutathione , GSH) (7= /=11 i & i 483 40, PR ks
P 2 AE SN SR AT 22 E I 24 il 58 Y O B A 45
TLR4/MyD88/NF-kB {555 i i#% 7] & /& il Bij G J7
PA G A — A AT 1SR

TR G TEHUR G IR YT T B MR R A0 B, 4R
KT HERGHTR AN AR B 7 1 # T 5E Hl R
UEHE Mok £, F O # 5 ( Xuanfei Jiedu
Formula, XFJDF ) H1 % JFR 85 #7 D1 &F 85 5 4R AE
Wt e S 2 L, 2 R A AR A 22 41 IR T T 24 T SRR
Rl PR 25 B S 45 HR R 1A 880 h 25 52 07, AR IESE AU
#H57 MDR-PA fili 58 K BB L, 3£ T TLR4/Myd88/
NF-kB {5538 #% T A P8R B il i 7 77 %) MDR-PA
s 5 AR AL, S il PR 22 0TS 24 T RS e TR 7 f it
B
1 #MRl57RE
1.1 ##

111 SE5shY)

6 ~ 8 JAllk SPF 9 SD Mtk A 72 H #AFE 200
+20 g, W 33 DR (dbnt) LB H R A R 2 H]
[ SCXK(51)2019-0010] , {55 T+ B H B2 24 R 24
— B S B PO S5 5 [ SYXK (74) 2022-0004]) .

TR 12 h BT 12 h B A8, A 1
40% ~ 70% ,MRVEFHILE 25 £ 1 °C, AL 1 0]
M EHRREILIRIWEMERSHA
(YFYDW2022009) , #& > 52 56 o F2 7™ 4% S 1E “ 3R”
JE0

1.1.2 Tk

Z it 24 4 kA TR (2R 2 220629052 ) H
T P R 24 K — B s e A 6 A S S AN 4R AL
¥ MDR-PA FEMREFFHEFRIL 137 CHEEM TR
BraR B 37 A 6 B0 A K A TG TR A B R KR
MDR-PA EJFIK % 9 x 10° CFU/mL F4 387 ff 15
WA
1.1.3 2%

i ARRE 7 EH R T DLRE R SR AE
Wb B A2 B, TR i 591 Pl YT g v R 2R A 2 2 B
YT R 1 g TR S 4255 8 g; W%
R a FEl T (Imipenem , IPM) | &40 1.0 o E K UE
F H20067765) , W FI IR Z5 A R AR, RS g
VYR TG R . 1 A0S A SRR
0.5 g Z5%H 10 mL %51, Hl 8% 50 mg/mL AE
114 FEEHR S50

TNF-a ( Elabscience, E-EL-R2856¢ ). IL-6
( Elabscience, E-EL-R0015¢ ) . IL-1B ( Proteintech,
KE20005 ), MDA ( # = K, S0131S ). GSH
( Elabscience , E-BC-K030-M ) . MPO ( Elabscience, E-
BC-K074-M) , TLR4 [ ™. 57 B T /& ( SNATA, SC-
293072 ) . Myd88 f& ¥t £ 7 B HL 1K ( Affinity,
AF5195) NF-kBp65 f e BEHL A (CST, 8242) | &
RNA #2HUR 57 £ ( Servicebio, G3640)  SweScript"" 1
First Strand ¢cDNA Synthesis Kit( Servicebio, G3330) |
2 x SYBR Green q-PCR Master Mix ( Servicebio,
G3321-15 ), Water
G4700) .

PM-10AD St 2% & i 5% J B8 A & 4t ( Olympus
optical , HZ%) , 7500 52 A 2% 7 5 PCR 1% ( ABI,
Pl ) AR B 1 A2 B AN ( NanoVuePlus, 35 [ )
ChemiDoc MP £ RE % 72 4t ( Bio-Rad, 3£ [H ) , J #
VIR AL B RR-RAESA PR /], RM2016) , BS210S
HLF RV (LRI 8 )

1.2 FHi&
1.2.1 B &

KA 8 19 J7 5 @ 57 MDR-PA T 8 &%
BRI 58 5 8 s 1 5 3% B FE 224 (30 mg/

Nuclease-Free ( Servicebio,
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kg) X K ERBEATIRREE , DL KB AR D E N,
HUOHAMEM 52 30° ~ 45°fiAHE & THAE G, BEEH
1T, U SEmASEL0.5 ~ 0.6 em, KN SH 2,
DI 1 mL {584 0.5 mL ¥ 9 x 10° CFU/mL
WA FEZE S HEAKRRAE, e g a8
2 PR WA R A R R RSk
B, R R R AL, RIS m TR
BRBIAG , 25 FAHE ASEAR R T TR A 3K
1.2.2 7

4 SD KEBENL M 6 41, 40 12 BRIk =S
F12H ( Control group) YL ( Model group) | ilifi#
FENEH 4 ( XFIDF-low dose group) . B Jili i 55
Hh 34 ( XFIDF-medium dose group) | B fifi fift 7% J7
=74 ( XFJDF-high dose group) LA M WV % 1% Fg vH
Al T 20 (IPM group) ; LA - FR=aS H A 5 HIRIZH A,
PR 2GRN THRITAL,

1.2.3 42

Sy I EI= 0111} = (N AN =51 B ¢ N
S3oMeE TV E R EE O (1.725 ¢/ (kg-d) .3.45
g/ (kg+d) 6.9 g/ (kg-d) ), W MK ra P4 Al fh T 41K
BLZGT IPM BRI 5T (180 mg/ (kg-d) ), FF R 2 IR,
R 6 ~ 8 h,JELE 7 d; %t FRALFIRAIL] K R4S T %
APEER K, 255 R A SR TH AR AR AR LA A
Bk (B k)

1.2.4  FEHRAGI

(1) R — IO @85 B R AR B —
PR , AL HE PR AR KGR S | B B GPEEE S
SR HFEENE, IFES 1.3.5.7 Ridx®
(NG

(2) Bl 402U AR Z -0 (HE) Y. Ui,
10% H P F I 7 2 il 20 min, [ 5€ 72 h, $i4E
4 wm AR R HE Ye6o, WL/ INS TE AT g
AR, B A M B AR E S TR (W
D).

(3) IME AAE T E . RS 1 h )5, E 3
FIPKRIM,4 °C FHCE 3 ~ 4 h, 3000 r/min &.0> 10
min , WOHE ILTRT , >R FH I E0C 6 1 7010 0 A6 ) A B afn 375 v
IL-18 . TGF-B .\ TNF-a % [T /K,

(4) A KT A .« e B S U B 5 R
FHEE A A6 1 %5 o GSH 75 & . MPO 7% . T-AOC
HEJT, TBA kiR BRIl G o MDA & &,

(5) R & A Y R, —Pom A Rt
TLR4(1 : 200) %t Myd88 (1 : 200) . %t NF-kB

(1:500)4 CHEEFLIKR, MAZIERBEF 50
min, DAB (8, & QL AL K 3R,

(6) qPCR Al fili 2141 TLR4 ,Myd88 . NF-kBp65
B mRNA 7K FRIUIT 4121 40 mg, $% QTAzol Lysis
Reage WEHEHUMZH 40 50 RNA , FA 4E HEA 7 306 5 5% 1
PCR i, #% M mRNA X £k = 27 3158
mRNA X} RE T, 5IYFFNIE 1,

&1 5195
Table 1 Primers sequence
N JPA(5°-3")
Genes Sequence (5’ = 3")

F:CCAGGTGTGAAATTGAGACAATTG

TLR4 R:AAGCTGTCCAATATGGAAACCC
NF-kBn65 F:CAGATACCACTAAGACGCACCC
P R:CTCCAGGTCTCGCTTCTTCACA
Mydss F:CGAGGAGGACTGCCAGAAATAC
y R:CAGTAGCAGATGAAGGCGTCG
CAPDH F:CTGGAGAAACCTGCCAAGTATG

R:GGTGGAAGAATGGGAGTTGCT

(7) Western Blot £l itiZ1 21 TLR4 ,Myd88 ,NF-
kBp65 & H K- FREUIT 412 40 mg, >R FH] Western
Blot $ AR I FEL ) & e B b TAH DG HAE . — 4L
Hifk TLR4 1 : 400 ,Myd88 1 : 1000 . NF-kBp65 1 :
1000 Fi B, 4 CHEIR LR, 1 x TBST PEi%k 3
WA 10 ming, FEIIA ZH0, ECL 7 i (5 B,
I FH Tmage J 1. 5 BKAE50HT
1.3 FiESR

K HI SPSS 21. 0 Ge it 2 544 47 58 3 B, %
TH TR 04 4 T Lb A8 SR FH B IRV R T 22 93 BT ( One-
way ANOVA) . B B LTI + bRids (5 = 5)
TR, HEFHRAR/NEE 2215 (1SD) , F AR
554 K Dunnett” s T3 ¥, B FHHEKHER o =
0.05,P < 0.05 HAG - L,

2 &R

2.1 —RIER

ZHARBURS RAF, BAIAHKRAREE 2,
SR G W WA TR W % 1S 2 HL R
)RR B ) FE B IR oK I IR R R, SRR
A E, TIRY Y 3] i3t MDR-PA KRR — %
RAS, KBRS PR A B 0 4 2 | B i R BB 1 i AR
N, b DL I i R 7 v R i 2 DL RO B R e
VORI T HE A B, Wk 2,
2.2 HRE/MTE(W/D)

5oz A AH b SR R U W/D (P < 0.01)
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®2 REMAEZML(x 25,0 = 8)
Table 2 Changes of body weight in the rats(x £s, n = 8)

215 EPN RN EIRDN ERBN 57K
Groups DO D1 D3 D5 D7
ZHH
270.12 + 12.93 270.25 + 15.58 288.37 + 14.80 301. 12 = 16. 46 307.12 + 15.04
Control group
A4
275.37 £ 9.39 269.12 + 6.37 264.25 + 8.01* 262.00 + 10. 48 262.12 + 10.82°
Model group
B P R T4
LS P T4 270.87 + 12.46 263.25 +9.85 282.87 + 8.85™ 295.87 + 7.07" 301.12 + 7.31%
IPM group
== 7 == |4
L7 (A AL 270.00 + 7.67 258.37 + 11.47 275.00 + 7.25 287.62 + 11.40% 297.25 + 11. 96"

XFJDF-low dose group
T 7 PR e 4
XFJDF-medium dose group
P R 7 i ) ek 2
XFJDF-high dose group

276.37 + 6.96

266. 12 £ 9. 31

270.37 £ 14.40

260. 62 + 12.90

279.12 = 17. 12* 296.75 + 26. 88 300. 00 + 25.09*

280. 87 + 6. 99* 294.50 + 7.87* 302.50 + 6. 84"

W HE AL, TP < 0.01; SR, P < 0.05,"P < 0.01, (FEIR)
Note. Compared with control group, ** P < 0.01. Compared with model group, *P < 0.05, P < 0.01. (The same in the following figures)

B Th R B K e i) A 5 A% T A YT AL ]
P MDR-PA JE&GL 5|l W/D #m (P < 0.01),
LB i 28 7 el 700 2 LA B IV e % 7 0 W At T4
HARE, WKL,

FE SRR P R AL T A, A4 P < 0. 015 5 2 il it 35 7 1% 541
WML, AP <0.05,44P <0.01, (FHER)

B1 WAL THEIL(x £5,n = 8)
Note. Compared with IPM group, **P < 0.01. Compared with
XFJDF-low dose group, P < 0.05, 4P < 0.01. (The same in the
following figures )

Figure 1 Lung tissue wet-dry weight ratio(x = s,n = 8)

2.3 fHARREETL

DB T 25 L R BU Y 45 40 e &, TG it e g 234
RV, CIE ) R IC 5 P 400 352 T, 2 L B2 0 i
I o REINLH A BT 5 LA B i S A TR Bl AT R
RPN R , FR i v BE H BT 2 RS R
I REAT SRS i 18] J5 19 B Jg 308 ) UL i £ 4

TERAE, SRR L, 45 T HUA YT 3] AR 2
JE A i 9 R 1) T 284 ik 2> % e A R T, L v L
AR R 7 e ) e 2 LA B W R R v P R A T 4L
TR, WLIE 2,
2.4 MiFREEFKFE

52 HAME, B KR 1L-18 \TNF-a
TGF-B IL-6 1. Thm (P < 0.01) ; BRI AR LL,
& TR YT 434 v] B B AR R BRI ¥ TNF-a
TGF-B IL-6 7KF- (P < 0.01) ; B i i 5 77 {57 &
AN, £ T AT LR BT 5 TL-18 /KB S j%
k(P <0.01), W3,
2.5 IMFESEWEHKFE

5525 U4 B, BRI ZH R LY e MDA 7K
FE MPO JEPER TR GSH /K5 T-AOC BE J1FEAK
(P <0.01); 5HBIRIZHAR L, 45T Filia T 25 ] AN [H]
PR EE R AR K BUIMYE H MDA 7K F- 5 MPO &%, FHis
GSH 7KF- 351 T-AOC fig J1 (P < 0.05,P < 0.01)
e D i i 3 v 39 e 45 0 R A P R A T
MR, WK 4,
2.6 PBliZH4H TLR4 Myd88 NF-kBp65 HIZE4L

G Tmage J 1.5 FR G0 & (1) - 4% % E
(I0D) , 525 AR BRI ZH il 41 21 TLR4 Myd88
NF-kBp65 F ikt T = (P < 0.01) ; SHEIRIZIAH
L, 4 TG 7 4 i 21 40 TLR4  Myd88 NF-kBp65 %
NP RANR R B A B (P < 0.01) , 1 TLR4
Myd88 £ 5 Jilifift- 2 75 e 77 B 41 -5 W e 455 1 PG v At T
ZH AR A M i35 (P < 0.01) , NF-kBp65 7 & i fi
T BT B N E (P <0.01), WK S5, K
6,K 7,
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TE L Ok SRR ; 2% (77 Sk Ity T 2R R B
2 LRI (HE Je )
Note. Red arrow. Inflammatory cells. Green arrow. Alveolar rupture melting syngas cavity.

Figure 2 Lung pathology ( HE staining)

T S WM R T M T AR L, AP < 0. 05, 5 & Mg aE 7 hl A L, PP < 0.05,55P < 0.01, (TFREIR)

3 LI IL-18 . TNF-o TGF-B . IL-6 /KP4 (% + s,n = 6)
Note. Compared with IPM group, “P < 0.05. Compared with XFJDF-medium dose group, P < 0.05, “JP < 0.01. (The same in the
following figures)

Figure 3 Changes of serum IL-18 \ TNF-o \TGF-B . IL-6 of rats (x £ s,n = 6)
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4 [LiETH MDA MPO . GSH T-AOC /K45 4k (% + s,n = 6)
Figure 4 Changes of serum MDA MPO GSH.T-AOC of rats(x + s,n = 6)

B 5 fliZig! TLR4 1yIK4EfL
Figure 5 Changes of TLR4 expression in lung
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Bl 6 izl Mydss (&ikEfL
Figure 6 Changes of Myd88 expression in lung

B 7 L2 NF-«Bp65 (32521
Figure 7 Changes of NF-kBp65 expression in lung

2.7 qPCR # A48 48 TLR4 Myd88 NF-kBp65  HIZIAHLL, 4 T FiG J7 41 i 4141 TLR4  Myd88  NF-

# mRNA 7k kBp65 mRNA £ kW & F (P < 0.05,
523 A AH L, A5 R ZH I 4 41 TLRA Myd88. P < 0.01) , LR fifi fif 8 5 5 771 42 41 5 W0 e 15 g 7

NF-kBp65 mRNA £k i E T (P < 0.01) ;58 EMbTA NI EE(P <0.01), WE S,
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B8 KEMZHZ TLR4 Myd88 NF-kBp65 mRNA (A (% + s,n = 3)
Figure 8 Changes of mRNA expression of TLR4,Myd88,NF-kBp65 in the lung tissues of rats(x + s,n = 3)

2.8 Western Blot #ilIffiZH4% TLR4 Myd88 . NF- [t 4+ il iA J7 4H fili 41 21 TLR4  Myd88 . NF-kBp65
kBp65 FEHKE FIRRY P EFFE(P < 0.05), LLUE i fi 75 7 & 77

S 4IHH E, SR 4Ll 4140 TLR4 Myd88, RS WHGH R el fh T4 R B E (P <
NF-kBp65 Kiki# B E T (P < 0.01) ; SHRIZAMH  0.01), WK 9,

B9 & fiifiaE % K BUMTZH S TLR4 Myd88 F NF-kBp65 £ [ A%} 2 35 1 52 i
Figure 9 Effect of XFJDF on the relative expression of TLR4,Myd88 and NF-kBp65 protein in lung tissues of rats
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3 i

r ] i 24 T AR T 4 A R, PA LT
XF BT A B AR R W BUSAE R BT T B R LA 2
Yt 25 R ATAL T4 K X A PA YL Y I
PRIGTT I PR P

S 25 AR IR T A% Gl e O T B AT Il RE AR
DL BRSNS I HHIE S TR VE LS 121z,
AR LD AT 25 A, 5035 200 AT 24 1 L, )
B AT, 30 AE A I 4 LU s WL PO R ), i
ZH PR RS IEAE R, 72 PA S5t 2Y
PG BOR T T A T BT

22 F M 24 TR il 98 7 v Bty B SR o A B
AEXS I R 305 , K 22 2 35 L IH & T A1 IR o
W, anAM S S BT RRIRM S, IR 2
A HER S TRILH EEARB AL 53
Tl 2 AU S e KT | A3 BE 35 A8 0 B[R] K
SESEAES (M) B RS H , Kk LG 1 ER Y
25, Z MR M9 R WL 5 A B R
PRIV SR =7 K R AR Il T B O il R A
WG R E, HAR AN 1B S0 Je 4, A 3R 7 1 v [ B Sife
BSTAA AT 4R L, S 708 ML Ay 6 A 2 it 340 7 3 72 Oy
SR B

AR 7 B A AN A% 5 0 5 R A, 4R
“CORINE G T Ry 2 ER T 24 TR i AR 11 SEAS g
BL, W AR EE BRI R 1 R 2
I B B . O B RR B W7 DLEE W
PE it AT Wi s SR AR I A BT A5 46 R A
FOERRE B RKTS RS, f M, w
HIm RN FH 2B 5 1 it 2 77 e 6% W I ol i L s
BUAR SAE I 2 = MUK S e BE 7 | R AIK AR & 1 4t
TR (EAH AL i AN B

BN T = Ay 4 A
MDR-PA J8& 4% K R — MR 2, 4900 ) LA = el %
Jiti W/ D 2 J5 e it 5 7K ek AR A A ek 7 B R R ) B
WAERZ — , T o A 2% i 6 40 1l 457 38 35 M 1 5
it K A B 2 A0 E AN [ ) e A O 7 2 e
PRI K UM 42 W/ D HC A, LAE i i 25
T 2 5 K e v R T2 DR A K e Ak AR
=)/ 8

B HE Yeta s R WoR | SER LA L, AS [R5
I A B 7 5 0 B R VS R A T T TR R
TR MDR-PA e BN 8] 53 7K i 46 198

R T R 25 A ) S R P D/ Ak Al R IR Y, S
VLB i it 2 7 e 79 e A A e Ak 3

HNE B FAENUAAR G2 185 W 2 v 8 C 2 e
FENFRAE T RE S HALUBZERZ
AWFFELE H 7R MDR-PA B4 5 K LI 7 A e 46
K TL-1B \TNF-a \TGF-B \IL-6 /K- i & T+ , A
FR %) B i 2 T AT i 3 A R IR R
R, W AR AE SN, 3k G G IR A RN

WFFE B | 9E PR T 19 43 b2 in = 4% i ot A 9
SEEALRBL Y AFIELEH B R, MDR-PA Ji
Je K BRI Y MDA JE R4 MPO 1975 M35 [R]
I GSH 17728/ | T-AOC fig J1 A ; 4% T Wi diE
I7 I BT S B AR K BRI ¥ o MDA 7Kl MPO Y
T, B T GSH A5 T-AO0C fig )1, I'E
it it 75 7 v 79 4L A IV B 5 e P D A T AL O AR
o2 HE N E R R T AR S K IL MDR-PA JE
EGIRZNIER AR SrAAN

TLR4/MyD88/NF-«B {5 5 i 1% 7 ¥ 5 £ Fh 52
FELHAL R 19 3R 36, 2 5 48 0E 40 M Ak | 20 BEORG
B2 SR B R , 5 R B RORE T I I )
FASE ) ARBIF S B R MDR-PA JEE% A 3035
KX —15 5 #%, If . % 18 TLR4 MyD88  NF-
kBp65 mRNA ik ; & i ff 28 7 + H0GRI7 5 v) 3
Rk TLR4/MyD88/NF-kB {5 53 s S it 3L M 5 &
F R ERIA  H b DLUE i i 25 7 v 70 et 20 5 W e s e
VO R T 4R R

25 F AR ARHF9E 3L T MDR-PA L K BRUIT %8
PR J I M 2 75 BE 96 Wtk 3% MDR-PA Jikge
TR FBCR S R T 28 295 B A5 , B AR 4% 0 S B 5
AL K F, FL VR I PL I AT B 5 4 TLR4/
MyD88/NF-«kB {551 [ 1 fb A ¢ , by B il it 5 77 I
PRI F T MDR-PA JEYL R (I T RL 224K 4
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[ Abstract] Objective This study was performed to establish and compare guinea pig models of tuberculosis using
intranasal and aerosol infection routes at different doses. The overall goal was to provide a foundation for establishing a
standardized guinea pig model of tuberculosis for the study of respiratory tract infection. Methods Twenty-four female
guinea pigs were randomly divided into six groups of four guinea pigs each. They were then infected with two doses of
Mycobacterium tuberculosis through either the aerosol route ( groups A, B, and C) or intranasal route (groups D, E, and

F). Aerosol infection groups consist of 3 groups : group A ( Aerosol control group, uninfected control group), group B
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(Aerosol low-dose group, 5 x 10° CFU), and group C ( Aerosol high-dose group, 5 x 10° CFU) Intranasal infection
groups also consist of 3 groups : group D (Intranasal control group, uninfected control group), group E (Intranasal low-
dose group, 1 x 10* CFU) ,and group F (Intranasal high-dose group, 5 x 10* CFU). The clinical manifestations of the
guinea pigs were observed after infection. All guinea pigs were euthanized on day 14. Lung, spleen, and liver tissues were
obtained for gross examination and histopathological analysis using hematoxylin-eosin staining to identify characteristic
lesions associated with tuberculosis. Acid-fast staining was performed on in situ tissues and organs followed by bacterial
culture to analyze the bacterial load. Results The guinea pigs in four infection groups (B, C, E, and F) exhibited
macroscopic tuberculosis lesions in the lung, spleen, and liver. Histopathological examination revealed the presence of
tuberculous granuloma lesions. Acid-fast staining and bacterial load analysis demonstrated that the bacteria were primarily
localized in the lung tissue of aerosol-infected groups B and C, with a few also present in the spleen and liver, and the
bacterial load was 10* ~ 10° CFU/mL. In intranasal infection groups E and F, bacteria were found in the lung, spleen, and
liver with a similar bacterial load of 10*~ 10> CFU/mL. There was no significant difference in lesion severity or bacterial
load among groups B, C, E, and F; however, groups B, C, and F showed low standard deviations for both pathology and
etiology. Conclusions A guinea pig model of acute tuberculosis was successfully established using two doses administered
through distinct routes of infection. Pathological examination and pathogenic analysis demonstrated that an aerosol dose of 5
x 10 CFU of Mtb effectively established a homogeneous model of acute tuberculosis with good consistency among the
animals. Additionally, intranasal infection with 5 x 10* CFU of Mtb produced a relatively uniform model of tuberculosis.
Notably, however, aerosol infection at 5 x 10> CFU progressed to an acute tuberculosis model more rapidly than intranasal
infection at 5 x 10* CFU.

[ Keywords] Mycobacterium tuberculosis; guinea pig model; aerosol infection; intranasal infection
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Note. Arrows show the lesions of Mib infection. (The same in the following figures )

Figure 1 Gross lesions of lung, spleen and liver in different groups of guinea pigs
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Note. I and Il show healthy pathological controls of spleen and liver of uninfected guinea pigs in groups A and D ( guinea pig Al as an
example). II and IV show typical Mtb infection lesions in spleen and liver of guinea pigs in groups B, C, D and F (guinea pig C1 as an
example ). Arrows indicate typical Mtb infection lesions.

Figure 2 Pathological changes of spleen and liver in all infected guinea pigs with Mtb infection
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Figure 3 Development of pulmonary lesions in guinea pigs infected with Mth
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Note. A ~ F represents the group number, and 1 ~ 4 represents the animal number within the group. A and D are uninfected control groups, thus

only one typical animal is shown. I-IV represent the stage of the lesion.

Figure 4 Pathological changes of lung in all infected guinea pigs with Mtb infection
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Figure 5 Typical lesions and acid-fast staining in the lungs of guinea pigs infected with Mtb
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[ Abstract)
tetrachloride through imaging, molecular biology, and pathology method. Methods

Objective To optimize a C57BL/6] mouse liver fibrosis model induced by different doses of carbon
Thirty-six healthy C57BL/6] male
mice were randomly divided into a control group, 2 weeks, 3 weeks, 4 weeks, 6 weeks, and 8 weeks groups (n = 6) after
adaptive feeding for 1 week. The control group was intraperitoneally injected with 0. 2 mL olive oil three times a week, and
the positive-control groups were intraperitoneally injected with 0.2 mL 20% CCl,-olive oil solution three times a week.
Changes in the body weights of mice in each group were recorded. Liver stiffness was measured on days 15, 22, 29, 43 and
57, and blood samples were collected, and cereal third alanine aminotransferase ( ALT), aspartate aminotransferase
(AST) , hyaluronic acid (HA) , laminin (LN) , pro-type Il collagen (PC-1II), and type IV collagen (IV-C) content was
measured. The liver tissues were stained with hematoxylin and eosin (HE) , Masson, and Sirius red. The Metavir scoring
system was used to evaluate the degree of liver fibrosis. Results Compared with the control group, mice in the positive-
control groups were listless and tended to huddle together. In terms of body weight, the 4 weeks, 6 weeks, and 8 weeks
groups were significantly lighter than the control group, while the 2 weeks group mice were significantly heavier than the
control group mice. Liver elastography showed a progressive increase in stiffness with increased administration time. The
biochemical tests showed that, compared with the control group, the other groups’ ALT and AST levels were significantly
higher. With an increase in drug delivery time, the positive-control group’ s HA, LN, PC-II and IV-C levels showed
increasing trends. Pathological examination revealed that liver fibrosis was progressively aggravated with an increase in
administration time. At 4 weeks, the pathological diagnosis was consistent with that of liver fibrosis, and there were signs of
pseudolobule formation at 6 weeks. Pseudolobules were formed at 8 weeks, suggesting early cirrhosis. Conclusions A
liver fibrosis model can be successfully established in C57BL/6] mice by intraperitoneal injection of 20% CCl,-olive oil
solution three times a week for 4 consecutive weeks. The model has good stability, and the modeling method is rapid and
can be used as an optimized scheme for the establishment of liver fibrosis models.

[ Keywords] liver fibrosis; liver fibrosis model; carbon tetrachloride; animal models
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Table 1 Comparison of body weight, liver weight, liver index level of mice in each group(x + s)

215 n ZEN H/g
Groups Body weight/g
pag=r
= R4 6 26.58 + 0. 74
Control group
2 Ji4
A 6 27.58 + 0.45"
2 weeks group
HE
3 R4 5 26.32 % 0.53°
3 weeks group
H, é
4R 6 22.22 + 0.58* **
4 weeks group
H 4
6 A4l 5 23.58 « 0.86° A*A
6 weeks group
E4
8 Al 4 18.70 + 0.74* ~¥A*

8 weeks group

FHE/g JFHE % %
Liver weight/g Liver index/ %
1.04 + 0.08 3.90 + 0.22
1.24 + 0.06" 4.49 + 0.23"
1.07 + 0.082 4.08 +0.33"%

0.95 £ 0.06 " 2* 4.29 +0.19*2*

0.94 + 0.05" 2% 4.54 + (.35~

0.93 0.05* 4" 4.98 + 0.32"ATA*

WS AMHMI, P < 0.05;5 2 AL, 2P < 0.05;5 3 FHAHLL,*P < 0.05;15 4 FLAIL, AP < 0.05;5 6 AL, * P < 0.05,

(TR

Note. Compared with control group, “ P < 0.05. Compared with 2 weeks group, P < 0.05. Compared with 3 weeks group, *P < 0.05. Compared

with 4 weeks group, AP <0.05. Compared with 6 weeks group, * P < 0.05. (The same in the following figures and tables)

2.3 IINREFHEARSHE

S HA IR  REDEH PR ; A
i JIES I ] F 0 R | 4% B 1 o R 2 0 2 4 B3 ¢ T ¥R
WG TG, 2% 11 20 9 1 B 45 0 R AR, S AR Al
Hrpr e JEZHAN 8 FAZH 4 /1N o 2k 0 6, TR
ZIMEIR RN AR B AR (WA 2) .
2.4 HE #t

mE 3 FroR , 28 FLALUF /N Z5F B R L2
FLAAE Kb A X 250 TE 5 2 JRl 21 /N i 454
v RLEE 0 I 40 K i, /0 4% A i SR 4R T/
LA X3 JRI A /N 235 ) R RILEE | 400 i K i

AEH UL R4 A P9 AT DL Mallory /N (275 40 g
i) 54 JAAUF/INE G5R A EE | JF ST, e ik
S8 DT R R FE 7 - AN I /it py ]
WA Z2 RIRINAE B R A MO B 4 s 6 JRI 2 &8 43 /1N
AR B SR A LV AE XA RS O, AT L B
LT 2 25 45 L 2 58 5 8 JRI AT AL 20 9 T L e
JUk-TCAE DX e ke e K- v e K ST A IX T A DX T
WrizLr 4idk, 21 4E 18] B 43 F0 52 BT, 430 5 /it
Teoe BB BN
2.5 Masson 8

WK 4 fis, 25 A/ NI N e 4E DT,



v [ S Zh AR 2024 4E 6 A5 32 %55 6 ] Acta Lab Anim Sci Sin, June 2024,Vol. 32, No. 6 747

2 FA/PNRIFHLUR IR (n = 3)

Figure 2 Macroscopic pathological changes of liver tissue of mice in each group(n = 3)
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B3 A4UNEIT4ZUHE B0
Figure 3 HE staining of liver tissue of mice

in each group
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B4 KH/DRIFHL Masson Jef
Figure 4 Masson staining of liver tissue of

mice in each group
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Bs5 SA/NRIFHARBREOYRE
Figure 5 Sirius Red staining of liver tissue of

mice in each group
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Figure 6 Liver ultrasound images and transient

elastography of mice in each group
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S AEMLE, Y P < 0.01;45 8 JAAME,PP < 0.05,55P < 0.01,
7 KU/ ALT AST IV-C \HA LN 1 PC- M ZEAHE UL HLES (0 = 4)
Note. Compared with control group, ™ P < 0.01. Compared with 8 weeks group, P < 0.05,55P < 0.01.
Figure 7 Comparison of ALT, AST, IV-C, HA, LN and PC-III value of mice in each group(n = 4)
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£2 BH/NE Metavir W50 IEEAHE 2R (x £ 5)
Table 2 Comparison of Metavir score and percentage of

collagen fiber area of mice in each group(x + s)

JHE S A 4 T AR
ZH 5 Metavir T4 B/ %
Groups " Metavir score Percentage of collagen
fiber area/%
23 14
=i 6 0 1.53 +0.30
Control group
2 Jil% * *
At 6 1.2x0.4" 3.06 £ 0.637
2 weeks group
3 Ji4
3 . 5 16x0.5° 4.83 £0.45"°
weeks group
14
4 Al 6 2.3x05""% 7.85 + 078"~
4 weeks group
A, é % .
6 L 5 3.2:047%%  0.67x0.73"4
6 weeks group
8 JHA

4 3.6+0.47°M*% 16,06 + 2. 157 A

8 weeks group

R3 SU/NRATIREE IR (x £ 5)
Table 3 Comparison of liver SWE value of mice in each

group(x = s)

4151 LORUINCSS JiF SR/ Kpa
n
Groups Testing times Liver SWE value/Kpa
=t
il 6 3 4.28 +0.45
Control group
HE
2 g 6 3 6.26 = 0.85"
2 weeks group
# 2
3 il 5 3 9.93 £ 1.05°*
3 weeks group
# 2
4 R 6 3 12.82 + 1,347 2%
4 weeks group
4]
6 AA 5 3 15.42 = 1.21°~*4
6 weeks group
4]
B Jial 4 3 27.62 x 2.83 7 A*AX

8 weeks group
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R3S % 02 TR (P < 0.01) , ZHAUTBUR , B4R BULTE CORT K- BE 2 (P < 0.01) .CD8™ T itk L 41 g i
TRBEREMN(P <0.05), ALIATA S AR RFA S, £ 18 JElLARME, &t SR —I8iR 0, AL e 4T
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Using allostatic load as a tool for evaluating aging of male SD
rats and the intervention effects of Zuogui Pill
JIA Yuxin', DENG Xiaohong', SUN Leifeng', CHEN Dandan', SUN Xianjun',
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(1. Institute of Integrated Traditional Chinese and Western Medicine, Huashan Hospital Affiliated to Fudan University,
Shanghai 200040, China; 2. School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240, China)
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[ Abstract] Objective Using the concept of allostatic load ( AL) to evaluate aging of male SD rats and the
effectiveness of Zuogui Pill in naturally aging rats. Methods Naturally aging male SD rats were tested at the ages of 2, 5,

8, 14, 18, and 21 months. They were divided into an elderly control group, low-dose Zuogui Pill group, and high-dose
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Zuogui Pill group. Intervention with Zuogui Pill was trialed for 3 months. Blood samples were taken from the tails of rats
each month, and the number of T lymphocytes and rate of apoptosis were measured by flow cytometry. Low-density
lipoprotein cholesterol ( LDL-c), high-density lipoprotein cholesterol ( HDL-c), triglycerides (TG ), total cholesterol
(TC), free fatty acids (FFA), 25 hydroxyvitamin D (25-OH-D), corticosterone ( CORT), C-reactive protein (CRP),
and interleukin-6 (IL-6) were detected in rat sera. By identifying the collinearity between indicators and professional
considerations, LDL-¢, TC, HDL-c, FFA, TG, CORT, IL-6, CRP, 25-OH-D, CD3" T cell count, and CD3" T cell
apoptosis rate were included in the AL scoring. The threshold for each indicator was established with data from 5-month-old
rats, and the score was 1 point below or/and above the threshold. Results The serum levels of LDL-c, TG, TC,
25-OH-D, CRP, and IL-6 of rats showed significant changes with age, although the patterns of change differed. The CD3"
T lymphocyte count significantly decreased with age (P < 0.01), while the apoptosis rates of CD3", CD4", and CD8" T
lymphocytes significantly increased with age (P < 0.01). Zuogui Pill significantly increased serum CORT levels in elderly
rats (P < 0.01) and reduced the apoptosis rate of CD8" T lymphocytes (P < 0.05). The AL score began to increase in
rats at 5 months of age and reached its peak in those of 18 months of age. Conclusions AL can better characterize the
aging process compared to a single indicator. Zuogui Pill can improve the stress response ability of aging rats and alleviate
immunosenescence.

[ Keywords]

allostatic load; aging; Zuogui Pill; immunosenescence
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J¥ 55% = 10% ,12 h BT, A T JOK R (Br
WERRE) Ll SR 15 d e BT8R 3R T H.
TR B T T AR B B SE 56 3 o0 [ SYXK (37) 2020
0005]) . ASERIE & H A LI S YRR i SL 50
TS BLH #% (202310020Z) ,
112 TGRS

KSR JE B ( corticosterone , CORT ) ELISA i 5]
£ (LDN) , &L B [ B2 ( total cholesterol, TC) . H il =
Wit (wriglycerides, TG ) | i % £ Jig & 1 JIH [ B (high-
density lipoprotein cholesterol, HDL-c ) X % J& fig &5
1 JH [& B% ( low-density lipoprotein cholesterol , LDL-
) B PRI R (free fatty acids, FFA) I &3R5 (7
SUEREY) TR ), KR C-RE A (C-
reactive protein, CRP) ELISA 157 & (BB ) |, 25-
B4z 2 D (25-hydroxyvitamin D, 25-OH-D ) i % &
(IDS) ,Rat CD3 APC 1F4 Rat CD4 BB700 OX-35R .
Rat CD8A Horizon V450 OX-8, Apop Dtec Kit I
(BD), & W Jk 2F 48 K # (1000 ~ 1400 mpa,
Aladdin) , ZEFAL (I fo b BRI A RA ) .

¥R B 0 Bl ( Eppendorf, 78 [F ), [ Fr 1%
( Eppendorf, 72 ) | it U AL (FEBR K, ) L Ih
ARG (BRSO B i), ) | A
1 VKA (Heto Ultra Freeze, J137)
1.2 FHiE
L2.1 5T

FIARTER SD MEPER B, 7090 7E 2.5.8.14 .18,
21 A & 55 B AU, 57 R AR B E T 40 C ok
2 ~ 3 min LY 5K REARSEHT 1 ~ 2 mm,
SR it P SRR AL T B AR A, S sl A A5 T 4% PE LA By
AL O 25 AR AR D) AR TR IR 6% SO TR
MOk FFRPIEEE I 300 pL 41 A T
AN ARSI T ok A0 KR 2 A T, Sy A
Il 1 mL, Z3 B0, i fF T -80 C A&, KRBT 18
BT BEDL 53 2 2 AR X BRAH | 22 H LR = 20 A2
AU R 4 24 50 S AR A A o A A (70
kg) 5K BRI SR L3 (0. 018) #55, KR
ZEVF LA A 2. 43 o/kg, w7 SR
345,000 7.29 g/kg, AT T B RHEE & 24
0. 5% % ML AE R AIE K 2 mL, B4 X R4 25 T
0. 5% F W ELFEZR I 2 mL 7224525 3 1 H .
1.2.2 Tk An e X Jd T

BUR B4 MFEAR 100 Wl ZFRMBTsss, m
AR CD3,CD4,CD8 Hifk 2.5 pl, =l T #EE 15

min JTAZLZ0 A 2L A5, 1R T B 15 min, K4
TR A RS AR Y 2 mL Ep &, 1477 +/min x 5
min .0, 55 L, BEMA PBS 1 ~ 2 mL, B
MR S R 281 2 mL Ep &+, 1809 r/min
X 5 min B0, 558 B, BEA 100 wL Binding
buffer FE MM, F N A Annexin V 5 pL PI 5 pl,
T EDE 15 min, WA Ep & & T oK FEOLIR
FE, 5 B 24 B AR, ) FlowJo v10. 8.1 4K
P Ab FRAF S H A
1.2.3 MG A AL FE A i

3% TC.TG.LDL-c, HDL-c, FFA  25-OH-D
CORT ,CRP 1L-6 7KF-F6: 4% 5t B A5 484 , 156 FH il b
ASCREAH N A A TR
1.2.4 AL MOCHEPRIEEE S PE 7 AR

AT 15 A A AR TP
TSR AR T 2K T (VIF) PR 5148 5 ] 2
LRPENR, 49 A VIF < 10 A3 AR IEAT AL PE4), £
#%.LDL-c . TC ,HDL-c , FFA . TG , CORT ., IL-6 . CRP .
25-OH-D ,CD3" Tk EL 4 A 1% . CD3" T bk L% 41 i
PT, LLS AWK BB 4310 S 4 g vy & e
Fr¥HE, LDL-c \TC FFA | TG, IL-6 /K~F & T %46 i
I 90% S i, i 1 433 HDL-¢ . 25-OH-D 7K1
TAZAEIR A 10% 500058, 12 1 43 ; CORT K-F 5 T
ZARBRIM AT 90% 73 (i K, BRI TZ A8 FR 70 A 10% 51
8L, 090 1 435 CD3™ T ik B 48 31 50U1R T 30%,
CD3" T #RELANAE TR & T 30%,ic 1 43,
1.3 SFiItESR

K GraphPad Prism 9. 4. 1 #E47 5540 Ab # F1 %]
Bl BHRUSFEIE £ W2 (x £ 5) Fon, 24
[i1] L5 R FH B0 TR 3R 5 22 43 A0 5 PR 4 ) L 3, TE A
A3 A BE R F I ST AR AR ¢ K08, R 1 25 20 A B R
I F K5, P <0.05 HEASG L,

2 &R

2.1 RENEREBENEREAREANTLEDS
WE 1 FIR 15 A KR bR B AR AR (i
I LDL-c TG \TC 25-OH-D) | & JEF5 45 (1liLih CRP
IL-6) , %245 bR (CD3* . CD4* .CD8* T itk [ 41 it %
AT R I 2 WA SR, 55 H kg
o, 14 .18 21 A4 KR ILE TC /K B35 T+ 5 (P
<0.058 P < 0.01), 21 #4035 F
8 HiIt41(P < 0.05);55.8.14 18 HR4HAHLL,21
ALK RIS LDL-c 7KV 2T+ (P < 0.01) ;
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52 AR, *P <0.05,™ P<0.01;55 JIBAMHIL,*P <0.05,%P <0.01;58 AW4IMIL, 4P <0.05,44P <0.01;5 14 Ak
AL, PP < 0.05,70P < 0.01;5 18 HibeaAHIL, 24P < 0.01, (FHER)

1 £ AR EA A LR bR LR
Note. Compared with the M2 group, *P < 0.05,* P < 0.01. Compared with the M5 group, *P < 0.05, ¥P < 0.01. Compared with the M8
group, AP < 0.05, 4P < 0.01. Compared with the M14 group, " P < 0.05, PP < 0.01. Compared with the M18 group, 2“P < 0.01. (The
same in the following figures)

Figure 1 Changes of biomarkers with increasing age in rats
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5258 HIRdiAHLL, 14 .18 21 H #4 K R iE
TG KFHBETEH(P <0.058 P <0.01); 52,5
ABHA N, 14 AR H KB ILTE CRP /K- 2 3% T+
(P <0058 P<0.01),5 14 Ab4HM 1,21 A
LK BRI CRP ZKF 52BN (P < 0.05) 5 5 2,
21 AL, 8 14 18 H 4 K Bl 1L-6 /K F
AL, Hrp 8 A A LB EIRT S AR (P <
0.053 P <0.01);52 ArZHtH L, 6 H 20 K
3% 25-0H-D KV & Tk, 5 5 H 4L, 14
18 H 8 4 K BRUIM G 25-0H-D 7KV B EREIL (P <
0.01) ;541K EL CD3™ T Ik EL A AL 450K - Bl H #44
IR ERR(P < 0.01) ;5 2.5 A4, 8,14 H
BRI Bl CD4™ T bk B 4l i T T BOKF B E BR AL
5 A4, 8. 14 A4 R CD8 T kL 4uAE It
BOKFRETE (P < 0.01) ;5 5 8,14 AB4AMLIL,
18 21 A4 K E CD3* .CD4* .CD8" T ik 4H Ay 1
KO 2 T, Hod 21 A4 KR CD4* .CD8* T
WAL T K B E AT 18 HidgH (P < 0.01)

Sk TR A M S A5 FE AR RTAR IS 1 6 R F
6 AW FHMITES 2.5 A hEFH,8.14 A
WA AL 18 21 T &AL, Forb T R EL 40 e
PHT-HASCRY 3 AN 8RR LA 5 A Ik A F4E4, Al
2 i, REUMIE TC . LDL-¢ \TG 7KF & T ik [ 41 ity
TR BETE(P <0.01 8, P < 0.05), IfiLik 25-
OH-D /KF  CD3" T i B 41 i 50 it AR (P <
0.01), SHFAMLL, FAEL4 CD4" T bk B 41 i %k
H R ERK(P <0.01) 1 CD8" T J#kEL 41 i 50 2
FIHE(P < 0.01), If¥E CRP AKFFEH #4285
FHE T TR RERBEH(P < 0.01 B P < 0.05) , T M4
1L-6 /K- ISE TR T m (P < 0.01 3¢ P <
0.05),
2.2 RERHSEEZIEBEHREX

BEEA 15 N8R VIF < 10 B35 hR1E N H A2
i, o AR LA 2ot nlA )5 4G LDL-c
HDL-c.TC, TG . FFA , 25-OH-D , CORT, IL-6, CRP ,
CD3" T #REL 4R A%k . CD3* T k4B T %, I
# 1, ZnhAA M85 5 B8R LDL-c .CD3" T k2
YHARTTEC.CD3™ T bk EL A AR T3 114 [l )9 2R 55040 )
P <0.1P<0.001.P<0.05, [01)7)5FREMERE
83. 84 % MAFIR AR S5, ZIu B A Il A 43 B i 7R AU 4
A LDL-c .CD3" T kL 40 g 1%k . CD3" T kB4 41 g
JAT- 2RI AT ff R 85. 65% WIAF IR AL 5, LA 45 53y
TR G AR e A p AR

R1 FARRZ TR HrE

Table 1 Multiple regression analysis results of each index

Shr EVEEN ' RS
IEll Regression P H¥
naex coefficient VIF
R 38.811 136 1. 59¢-06 .
Intercept
S REE H 2
IR LR 26 4 ML T 1.080 786  0.099 58 1. 904 128
LDL-c
T2 % B G R 1 I [ e
A A -0.933 752 0.328 03  2.800 977
HDL-¢
1L
’ HECWM 0.726 710  0.546 87  4.109 963
vih = i
H‘{?I]‘ggﬁ -0.537296 0.25628 2.118 260
P C s
i P BV 2.684240 0.302 88 1.495 319
FFA
25-F4EE R D
25-OH-D 0.054 647 0.496 74  2.123 081
FZ Il
CORT 0.002 662  0.946 90  1.502 549
14 A2
H'Hﬂ??_’()' w6 ~0.000 917 0.249 59  1.685 866
C BB 0.001 407 0.77989 1.278 384
CRP
T S FT g
D3 T MR AR -0.711 768 1.03e-09  2.986 600
CD3" T cells count
D37 T WKLY BT %
CD3" T LLAMHL A T -0.099 552 0.004 93  2.302 482

CD3" T cells apoptosis ratio

2.3 APAMREKXRRMFE CORT Kk F, 1K
CD8' T BT =R

521 HIEAAML, @4 KR IE CORT /K
FREFE(P <0.01), 2 A 5 HiRHE
FENEFRLL K 8 Addl 14 A A& A h4aEd,
118 A 21 H A& I I F 4, R i
B BRI NI, SHFEAME, T
AR BRI CORT 7K F W 4 & (P < 0.01)
CD8" T Ik EL A T B E RN (P < 0.05) , HAK
L 3,
2.4 AL S AIERTEGRELRE

5 A KRERAA AL W& 8in FHE L3R 2, %
JEE] T I LA BT RO R T BE O 2 K, R A
CD3* T Ik EL 20 TR F 30%, CD3" T Ik B 401 il
PT35S T 30%, 10 1 45, WE 4 iR, 55 A%
2 8 Hibel 14 A4aAHLL, 18 b4l 21 A4
KEAL PF B E T (P < 0.01 50 P < 0.05),
AT, SEE P EAM L, B KRR AL W
WREAE(P <0.01), ZHATHE, 521 A%
20 H A IR AR B AL B4 BRAR, e 77 4 R R
AL PForFH i A it 8 L, SEANIA] A 4l
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L SHEAME, P < 0.05,P < 0.01; 5 4FE4HME,"P < 0.05,""P < 0.01, (FEIR)

B2 F. 1 BERREEMIERNEL
Note. Compared with youth group, *P < 0.05, P < 0.01. Compared with middle-aged group, "P < 0.05, ™P < 0.01. (The same in the
following figures)

Figure 2 Changes of biomarkers in young, middle-aged, and elderly rats

T A ARG 22 AL T T A OCHR AR M S0 s B 25 5 22 IH AL T AHOCHE AR 52 ;. 52 4R4HAHIL,°P < 0.05, “P < 0.01, ( FIEIE)
B3 ZEHALT B A AR bR 1 52 mR

Note. A. Influence of different doses of Zuogui Pills on related indexes. B. Effects of Zuogui Pill intervention in integrated group on related indexes.

Compared with elderly group, “P < 0.05, “P < 0.01. (The same in the following figures)

Figure 3 Effects of Zuogui Pill intervention on related indexes
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AL P H AT s BAUA, R BEAT ] 3 Ik Z Tk H 5 HidE S T, #2778 AL PE437E 5 Hig 7t
WEMHZIB R, 6 AL PR/ A SRS, A 1o A bR 1 R R KRR R T REAE T AR A3
F2 5 AWK AL PR FUE

Table 2 Cut point for AL scores of various indicators in 5-month-old rats

kit w/ME IEONIE LAIR %510 7%k 5 90 S AL
Index Minimum value Maximum value Median 10th percentiles 90th percentiles
P 1
R 0. 44 3.89 1.41 0.62 1.63
LDL-c
E-“:“‘: Eali= H =3
R 4R L 1.34 4.52 2.92 1.85 3. 60
HDL-c
24 JH [
AR 1.25 4.15 2.34 1.48 2.44
TC
i = i
H‘{T,E@H 0. 80 7.91 1.94 1.02 2.79
IiF B BRI R
FFA 0.33 1.32 0.62 0.42 1.02
25-FREHER D
25-OH-D 12.71 45.02 27.50 27.36 45.20
Bz B
CORT 3.51 123.55 25.56 7.93 59.13
14 A2
H'E}I}%_Jé -6 2601. 33 6469. 67 3366. 33 3028. 67 4231. 67
C-ﬁ&ﬁﬁ 104. 10 623. 10 206. 60 153.59 248. 31
CRP
+ 4 Lk
€h3 T LA 9. 68 47. 60 30. 10 35.03 46.52
CD3" T cells count
+ oy 4 T
CD3" Tk AT 0.09 57.50 12. 65 0. 06 12. 65

CD3" T cells apoptosis ratio

A A2 AL PEAR HUHS B Z2HILTHIX AL PRAF 9520 5 C . R B AL P43 5 H I B -G 401
B4 4 AL LB AL 32240 70 A
Note. A. Comparison of AL scores in each group. B. Effect of Zuogui Pill intervention on AL score. C. Function fitting results of AL scores.

Figure 4 Comparison of AL score and analysis of AL score change in each group
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RIJT4R , 52 Al 25 9+ B, 3 22 5 28 AR ml e B A
BT, ZEVAFUERDG R B 4L AL P70 AR
HaF 05 21 AR A SR IR, HEs i
A ER R, ZEAHUAE S ~ 8 Hi T, ATfE
TG A A

3 itig

W5 3 WA G AQ M AE 2 o B b oA I 3
AR N R RS TG AP i 3
Thi, TG W BR R W FRAT , ABEE K Ui
TG .LDL-c .\ TC ,25-OH-D 7K B 3 % £ & A= & 3% A
o ML FFA 7R W3] 8 25 8 i v ks, B 2421
LT B R AR B FFA 7K 25 A

TR R 28 N N3 28 K BT 5 4 B, 1M i
CRP KP4 I AR M7 AR K BRI
1 CRP JK-AE FPARIR B8 , 2 J5 R, R
TL-6 7KV 175 4F I i , P AR ARG 1028 4F T
HIR N HE— 058, 72 AL+ PO RAE 535
A WER,

W FOMF R AL I EZEA S 2~ 5
IE , B AR\ A% I A1 fR ) B ot e v 38 TH s, SR 1) Bz
oMt e S U 4R T L PR Joi I 0 o A1 S Jot e
S ORI 20 AR /N B B, AR/ R
B IR ZKF- Fh  EAR AR 2 AR TR B
R BRI B S5 i 7K F- B 38 e A8k, HZE R LT
BUm , 5 4F 4 R R SR K P 225 T L S A
FHAEPOHGEA — B, (ARSI A 5T R, K
JRBR K 549 75 n]RE R T LI AR SOR B AR
BB, 45 R P 7R, 76 I3 AURE £ i 3 2 R BRI
Xt 453 03 ) RSB RE A

e A AT L AT 5T R, et
RESZ I 22 T REAN A2, i i 3B A 0 3 o
EWRHIEZ — , WS K B, 3 28 I e % v 20 g Ak
THEEHORRE ™, R N e RGN L
AR AETE T AR , it a2 R AL , 20 #E T
AN D, BT A AR A0, AP I B
AIICAZ T A S e L 25 BE T P J B I, ANBE ™ LR
UeRF ORI PE G N RN 2, 3 8 ARERI IR 9E K
BL,CD3" Tk B 20 A0 i Bl A AT % A9 4 i ek
D AR B, ARG T T kLA
MR T, A RRL(18.21 Hilt) CD3™ .CD4™ .CD8™ T
IR ELA A T H 3 8 2 R TR AR (S A Y ) 5P AR
(8.14 Hit) K, ZIcllApdris , epedibe 5

HEZ R AIRAE B R b & 24
B b 24 RE 1 B I AR N T I L A O T i T
1o, A A I AE A ALK A R B BE /Y CD8Y T
R A0 8 T A BRARAE T . e 2 T RE 2 24
TR S AE AR OCHR I B YA R

KT AL BB HUA I EARPLE], McEwen 48 T
“ BB DU ALY RN RE R ALAL” (1Y U, B R
STUARTE ER R G R, 43 W B9 P 5Tk primary
mediators” 3% LR AW o5 | B HE A 2N i 1 AR Ak
AL, 72 “ primary effects™ , 22 JE AT H A 1) 1
W N ZEAVER , 724 “ secondary outcomes™ | UL
FIR JEL 45T e PR3 B R £ 1 i 2 4k 45 1 T e A
HIE TN, 20 R W B AR 5 = B,
Az BRI B ™ B Y T BE S I B PR N “ tertiary
outcomes” . WEAEHLHI I, 4 AL 432 5 5 W S
EXOIN SR TWES £ SN VAL AN =R VAT 952
REARTE 4 FhAL ) AL KR | R ZG80% S35
RERERIE o AL PPAMEN — 2R G 1 BBUES
FIPPAN T H TEVE O 2 28 S 25+ U 2 AR T
LT A SR M, ABFR R, B 5 HiIRiE,
AL VP51 BE A W IR A, 3118 A R LUS Ik
g It HAET P AER KR AL PR TFE A
P 7R R ] RETE W AR I R 3, TR
H PR R 06 5 2 T IR B A AR RUR,
ARG R, A AR g 2 i
KECAL IS, 5 5 AR, =8 e, FEREIZ
FWSZH R BT bk L A A 0 b9 225 s 1 5 iR
B, 2 IR IR T I 2 400 e ek 0 1 1 Dot PRI R 5
— 5%,

T EEUEE R AR Y TS AL $f A 1) T8 R B
M P BEUER R T AL Y2 R) BAREE 2% AL i
PV AAURPEAN AL &Y 28 1k, A =R E] AL
Gr28 Ay ) 0 FEh AR BRI
BN I B AR A B 5E 45 2R Won AL PF- 3 F 4
WEAHDC, 28 AL 16 B HE UE R B SHM B 2 W UR 1
VAR T RE A —E (B, AL FHA H BE T
L7 0T AL 9 5C R WMEAFIR AT
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[HZ] B #HiTKaIE% S RNA-gm33782 ( LncRNA-gm33782) 76 Z ¥k 5 # 44 (acute kidney injury, AKI)
B NERR A R B DIRE L K T R R EGE B INE R AN T AR PLE . FTiE K 48 HUfEME CSTBL/6] /N B
BLAY ot B2l S RUZH TR Y7 A (AKL B RV B S E B 48 T 30 me/kg R ER) 25 ET0R B % YL 241 | LncRNA-
gm33782 B4 . LncRNA-gm33782 i3 £k 4 . LncRNA-gm33782 B4 + A4 LncRNA-gm33782 1%k + 1AI7
20 8 41, i B E— W HETE ST 20 me/kg AR S /N B AKL, JEA LB e B AR FH T 58 LncRNA-gm33782 Y fi ik
Fid#ik . KA Chirp SEEHHZE AKL B LncRNA-gm33782 454 H T BT/ Hr , 3248 LncRNA-gm33782 EAE/EH
BRI L YL A LncRNA-gm33782 Hil 5 fl 2= & (isorhamnetin, 180 ) 3697 T WG /N U T g R BEEE #
AR B PE IR T (TL-1B \IL-6 \ TNF-a) 2635, PEH LncRNA-gm33782 78 AKI H1(94E ] ; NF-kB #1548 RE 1) 56
S5 38 %, Bax Bel-2 2 I35 i DA R I U0 TR 0 25 SR F TP 5 BRZE 20 AKT B/ R M Al M g8 T2 19 3R
JTVEF ., &R AKL /N EUE B0 ™ 5 A0 B /NVE 30105 DA S W20 B 3= 0 A 4, 57 B ZE 22 AR YT T TR LneRNA-
em33782 HL UL I BE A5 I8 4% AKT 15 . LncRNA-gm33782 FH 323k T AKI 45145 19 BF /N8 40 B, B 1 i il
BAMA D F--H ( complement factor-H,CFH) 5 HA H45 5 X R, Kb id K5 IncRNA-gm33782 J& , CFH £ 1k 1 fifi
BTk , 5 BRAR A AKT A0 R M T A P AR Z 2], 48 R BRI 1 $] LncRNA-gm33782 X
CFH iR /E P AKL B/ NVE AR I T,

(@] 24555 ; LncRNA-gm33782 ; B A s g S BRLAE28, e M T

[hEH2ES] Q95-33 [ ZEtERE] A [XE=HS) 1005-4847 (2024) 06-0762-10

Isorhamnetin alleviates acute Kidney injury renal tubular inflammatory
cell apoptosis by inhibiting LncRNA-gm33782

JIA Jian', TAN Ruizhi', ZHONG Xia', SU Hongwei®, WANG Li'*

(1. Research Center for Integrative Medicine, Affiliated Traditional Chinese Medicine Hospital, Southwest
Medical University, Luzhou 646000, China; 2. Department of Urology, Affiliated Traditional Chinese
Medicine Hospital, Southwest Medical University, Luzhou 646000, China)

Corresponding author: WANG Li. E-mail ; Wangli120@ swmu. edu. cn

[E2TUE 174 BRI HRERIIR H (2021ZKQN120) , PYHE BER} 52 (20232YYQ08 ) , I M T BHELR 818 731 H (2021-RCM-118) ,
DU BT H (2022YFS0621) .

Funded by Application Foundation Project of Southwest Medical University (2021ZKQN120), Southwest Medical University (2023ZYYQOS8),

Luzhou Science and Technology Bureau Innovative Seedling Project (2021-RCM-118), Project of Science and Technology Department of Sichuan

Province (2022YFS0621).

[MEERA B, T, SCa0ii  BF5E 5 il £ 44k . Email : jiaj5681@ 163. com

[EBEEE]TW, &, 204%, 0507 1) A8 B P56 . Email : Wangli120@ swmu. edu. cn



o [ S B Bh 2 2024 4F 6 A5 32 55 6 Hl] Acta Lab Anim Sci Sin, June 2024, Vol. 32, No. 6

[ Abstract] Objective To investigate the role of LncRNA-gm33782 in tubular injury in acute kidney injury ( AKI)
and the mechanism by which isorhamnetin ameliorates inflammatory cell apoptosis of tubular cells in AKI. Methods
Forty-eight male C57BL/6] mice were randomly assigned to four groups: control group, AKI model group, electroporation +
AKT group, and treatment group (oral administration of 30 mg/kg isorhamnetin). AKI was induced by a one-time
intraperitoneal injection of 20 mg/kg cisplatin. Chromatin isolation by RNA purification was used to capture the LncRNA-
gm33782 binding protein in AKl-affected kidneys for mass spectrometry, revealing the direct target protein of LncRNA-
gm33782. The role of LncRNA-gm33782 in AKI was evaluated by observing the renal function, pathological structure, and
expression of renal inflammatory factors ( interleukin-1B, interleukin-6, and tumor necrosis factor-a) in mice after
electrotransfection and isorhamnetin treatment. Nuclear factor-kB was detected as a critical mediator of inflammation. The
expression levels of Bax and Bel-2 protein were detected and flow cytometry was performed to evaluate the therapeutic effect
of isorhamnetin on tubular cell apoptosis in AKI. Results Kidneys with cisplatin-induced AKI showed severe renal tubule
injury, macrophage infiltration, and inflammation. Isorhamnetin treatment and LncRNA-gm33782 electrotransfection
knockdown alleviated these signs of AKI. LncRNA-gm33782 was mainly expressed in renal tubular cells with AKI.
LncRNA-gm33782 binding protein was detected by mass spectrometry, and complement factor H was found to have a direct
binding relationship with LncRNA-gm33782. After LncRNA-gm33782 was overexpressed in wvitro, the expression of
complement factor-H immediately increased, and the therapeutic effect of isorhamnetin on apoptosis of AKl-affected

inflammatory cells was inhibited. Conclusions Isorhamnetin alleviates apoptosis of tubular inflammatory cells in AKI by

763

inhibiting the regulatory effect of LncRNA-gm33782 on complement factor H.

[ Keywords ]

apoptosis
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ZPE #5115 (acute kidney injury, AKI) S&—Filfs
PR DS 5 ,30% ~ T0% 11 AKT & Ji o 1 i
( chronic kidney disease,CKD) , 2 17%¥) AKI 835 1
FNE R R LK E W (end-stage renal disease,
ESRD) ', He o 52 5 A 1 9 e 2 AKT 3 e
% CKD Wl R R R . 2RS4 200 77
NFEF AKIYY 7™ 5 N 2 1 A A fele B 2 42
B /INE b R AR R AKT 329 A2 350 40 Jf, 7E I
FERSGME T, B/NE R dn i & AR M I8
FEAEARHL iR /I T B R R SR E PR -
o (tumor necrosis factor-oo, TNF-o) B 40 M ¥4 10 25
F 1( monocyte chemoattractant protein, MCP-1) | 4l
fis & 6 (interleukin, 1L-6) . 1 20 il /i &£ 1B
(interleukin, IL-1B) %5, RRIE ML T2 5 R EH
LRl S5m0 T BORAE SO AT /)N
I T O O R R RE B S 304 i 9
TR 7 R AL T,

£ 2% 9F 9% i5 RNAs ( long non-coding RNAs,
LncRNAs) f&— 55 A B i) 200 nt 1) RNA 73
FULIEAFRZ I b AU 1% ~ 2% 1 XI5,
B 4 i %% B3 LA 1, T 7R 3K 709 A b 1) IX 4l e
LS RNA, X 28 RNA K843 4 4 i RNAs
(non-coding RNAs,ncRNAs) , &) # A A & 5L F 4

acute kidney injury; LncRNA-gm33782; renal in situ electroporation; isorhamnetin; inflammatory cell

RESEIED =9, A B A )2 D R, SR T v 3 i 4
AR A 1 35 R AL 0 e A R B, (A 5 3 X
FRIEFAA T 28 9 B E FHAT, 248 LncRNAs
YRS YR TER S AL BRI | et T B
SRS B ST R N A2 i A 2 D S O R 4R
HFRE ) T LneRNAs 76 AKI 48 I B9 0 5%
B2 A0F5 /N B LncRNA 233 7] i 30 Axin2/
B-catenin £ #F AKI #EF2E) ) A JE M LncRNA TUGI
AT DL I B N T R A MR ER PR T R 2
B ARBFSE % B LncRNA-gm33782 76 AKI %
kB ETHE I H LnecRNA-gm33782 5 #MA K -
H( complement factor-H, CFH) B HIELE A RKR,
CFH 2 AMAEAR AR Y 5 2 i 35 R 1, A BP9
FWIHT CFH 19 F 5 Bt 0K 58 45 A R0 52 R A v 5
10 1 CFH & 754E A LncRNA-gm33782 §40i AKI
SONERER (L WP SN S SE S D =i

5 2= & (isorhamnetin, 1SO) J& — 75 il 25 1k
G, AEZ Bl 90 P o 10 h SR B BT A
ALFELE AR PE N P | KOGy R R AL IS0
A A 3008 5% TNF-o IL-6 IL-1B FREHI , W T ARG 28
i S PSR HEAE AKT Hh 4R FH AL R R
. ARICELEMFIT 1SO X AKT B 4 5E 5 19 5 /)N
B TR EGEE R R HAE RIS
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1 MR5AE

1.1 ##
1.1.1 SEEEhY

48 H 8 ~ 10 JHE SPF ZuMENE C57BL/6) /NERL,
TRHE 20 ~ 22 g, WK T HUER AR 26 25 R A WU RHE A R
25w [ SCXK(J11)2020-034] A7) 5% J 1] ™ 4 42 1 I
JE(22 £ 2)°C JBJE(50% ~ 60%) ,12 h JEIRARAA
JERBE/INER A FOK R R T U R R R 2
Y S5 G SPF s ) b [ SYXK (JI1) 2023 -
0065] . A5 i A7 ol ) S S 4 A AR A5 VE R R B
SEACHEZE D1 2 WHLHE (20211122-075)

1.1.2 4

N NE | 40 M Bk (transformed C3H
mouse kidney-1, TCMK1 , W T [ ¥ HE 75 A= W BH 2 A7
BT, 55 3% 55 AR B T 10% Jif 28 1003 1 = b
DMEM 5 3% & i B 37 C, CO, & & 5%, %
¥ 100% .

113 EZEH SR

LncRNA-gm33782 Jit ki ( pcDNA3. 1-gm33782,
EREY) ), 72K (Medbio, 80003 ) , HE 4t {1 iz
& (Beyotime , C0107 ) , PAS 4% {457 & ( Medbio,
C0142S) , S 2H A R & (P A2 & 4, PV-9005) |
FISH Y2 {iX 7] & ( Genepharma, F04401) , DMEM X%
F2 3k ((Gibeo, 2 ), it 4F Il % ( Gibeo, 3% H ),
Lipofectamine 3000 ( Thermo, 3¢ [& ) , & RNA #& Ui
7 & ( Medbio, C0142S), 3 [E CST — #i: Anti-
GAPDH . Anti-Tim1 . Anti-Akt . Anti-P-Akt ; ' [F Santa
—#i: Anti-TNF-o | Anti-IL-1B . Anti-IL-6 , Anti-Bel2 |
Anti-Bax , Anti-F4/80 , HRP Fric i/ Rbife —Hu (4=
T.,D110065) , HRP #ric (9 EHi /R =90 (4 T,
D110103) . ' 1485 ( Leica, 15 [ ), 40 il 5% 35 46
(Thermo, 3¢ [H) , AR ( BLBE, P IE]) , & FH L IR &
FEEN R GL(Bio-Rad, KH) , SLI 9 PCR R 40
(ABI, 2 [ ), EVOS K 12 R % & 4 ( Life
Technologies , JE[H ) , BEIE AR RS (B, HED) , A
&Y ML ( Leica, {825 ) , B 554% ( Pulse Generator, {2
), i i i 3 A (BD, 3€ ) , CHIRP 37 &
(FEWEY,KT105-01) ,

1.2 FHik
1.2.1 AKI f ARG EE I 452

¥ 48 HUNRBENLA N 8 4, B4 6 H, 451N

X} HRLH MERIL 3497 4 ( AKT AR R s E 1 4h

30 mg/kg Y S BL2F ) | &5 PR L B L A
LncRNA-gm33782 f{fii4H . LncRNA-gm33782 i 3Rik
ZH . B Al + LncRNA-gm33782 #f fik 4. LncRNA-
em33782 £L Ik + IRYT AL, AKI AT FH HE B S it
I AT IA S, B BRE T, 4% B 20 mg/kg
FE AT — U I I T 00, TS IS 1 h X4 25 2/
BAEA T4 25T 10, 35 3 R AR FE/IN L, Wi 46 il v %
M,
1.2.2 JEHigef

Hil# 4 pm AEEY) R AT IR AR R (HE) B2
g, W (PAS) Y oS BR YL (a0 £ ud B 45 F
TTHfE,
1.2.3  fygedifeief

Y R A B2 05 F & 5% B4R L TE R Y
PBS %W 53 I 5 B F4/80  TNF-ou | IL-1B Hi 44 I3
THA L E4 CHRUPTHATHE LR, BEEF 72
J5i , F PBS Vw4 S v 4 A AP AR T 4 e
ARG RE AL — BT 37 CHFE 30 min J5 B Al §E47
W,
1.2.4 'FIf

/N BRURR I S, 30 2 o0 JUE 25 0 92 R 4 /0 BRI VR
3500 r/min B0 15 min YL IMTE , BAEL TS G
UL A5 LB AS DU 25 R B4 pmol/L, JR R A
BAA3 A mmol/L,
1.2.5 Western Blot

] RIPA S i 4 BCE SV 1 i ik =% 5
S W B 1k B D S 9 BE V- 45 41 B 1) 54T SDS-
PAGE BTk, SRITBILBE N OB EA R
% PVDF B b 5% BB 4= 0% 8 3 P HE R S5 e
FIEIMARRBREN—H T 4 CHF IR, w&aH
TBST Vet K Fe 5 45 & 1 —Bo e, I A —Hu X 1
FhE B P T IR T 1 h BIAT 78 SR i
AT RO A8, (] Image J 1. 8. 0 A HEAT
JKEEMH &4, GAPDH fE W NS ] T4 4 H &=
KIE,
1.2.6 4 A J i e

S T AR P B /INE RRE S, E B SR S
A 500 ng/mL (@040 2E A7 05 S B e )G i
Lipofectamine 3000 ( #4F 5 B8 2 IR AH UL 43) /-5
pcDNA3. 1-gm33782 #k A ZH i,
1.2.7 SERF 286 % 7 PCR (real-time quantitative
PCR, RT-qPCR)

FEIUE S RNA BAFEARY 1 pg & RNA £
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HiScript ® 1l RTs SuperMix i #] & ( R323-01,
Vazyme) i 5% 5% &7 ¢DNA, # #& hamQ Universal
SYBR qPCR i3 & (Q711-00, Vazyme ) 156 B 5 k47
SEm B E i PCR, TSRS L3R 1,
1.2.8 R H ALY

Fi& 50 mg/kg NIV G EL LU 26/ BROBR B I

W SRR, P < 0.001, (FEF)

AT S ZR R /N BRI A e P sl ik
FHHT 36 G B Sk v ST 2% 28 8 bk ] ' 3 5 100 WL 5T
AL, 3 min PEBCRAE B R, SR <
500 Q Bl R dp B e gt (U AR R B S B R
50 V,H i 300 mA H%Hﬂﬁéﬁm% ] 50. 0 ms, BE
487 EL i 1 SFA] 1000 ms , S0 HL YR 4 TR

B 1 AKI/PNEE/NE# K LneRNA-gm33782 B3k

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

Figure 1 Expression of LncRNA-gm33782 and renal tubular injury in AKI mice
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Table 1 Primer sequences

S 2K

Primer name

51YFF1(5°-3")

Primer sequence(5’=3")

F:TTCCTTCTCTGTTTGCCGTGT
R:CTTCTCACACCAGGACAGTGG
F:TGCCACCTTTTGACAGTGATG

LncRNA-gm33782

l-18 R:AAGGTCCACGGGAAAGACAC
16 F:AAAGAGTTGTGCAATGGCAATTCT
R:AAGTGCATCATCGTTGTTCATACA
TNF F:CATCTTCTCAAAATTCGAGTGACAA
“ R:TGGGAGTAGACAAGGTACAACCC
CAPDH F:GGTGAAGGTCGGAGTCAACG

R:CAAAGTTGTCATGGATGHACC

1.2.9 CHIRP ##i#k LncRNA-gm33782 #1451

Z B & U R B 2 B A 2 455 LncRNA-
gm33782 Z54 i A [F 4T X LncRNA-gm33782
K5 Z A BIEAG R A T R [R a5 R
PREFVE R Xor B B4l 3 2 1) 2 11 306 o 00 1 43 A
TR LU B PEER AT il AR 2 HERR A B PR 5 2R 5 X
2 SRBRET PRI 245 & R A DO R S5 o IR e 45 &
HEH,
1.3 FirFELH

SEYBAEE T Prism 9. 0 R AF TSI 2E 0 HT
K ZE R IE + ARt (& £ ) o, A H 1L
BERFHARRCXT ¢ A6 50 12 647 25 S5 43 A, 22 40 1] FH B
2 225007, R 2 5t SR LSD- K58, P <

0.05 MAG 2R X,

2 4R
2.1 AKI/MRBNEEERG
AHE T B 20, B R 21 5 o A B S, A0 4 T /N

B R AN LTS AN M A [ 4 B AN R R T LA
WA BB OB (L 1A ) 5 B /NG 30 43 T b
JR Y e B X G T 25 3 7, TR0 2 AR A X
M EFEAREMHE(P <0.001) (WK 1B, 1C);
Western Blot #6125 5 52 7= A5 7 211 B /NS 4 S 48 405
PR Tim-1 FHEE T 1% /N BB BT & (WL 1D)
RT-qPCR R 25 5 R A 41 LncRNA-gm33782
AR BB i T (P < 0.001) (WLEI 1E) . A B
i LncRNA-gm33782 7E /)N B v By Gk o7 1 J5i A
ZRAE AR K IR LncRNA-gm33782 FE KA T B/
Sf b, ST IR AR LG, BEAYZH Y LncRNA-gm33782
TR BB (W E ), RERIK TGN E
INE

2.2 BR{BH%

25 TR LS Y g HE Y (a5 5 s JCHH e
PR | & W] H 5 Y A B 0T 3 ) 453 40 (L
& 2A) , 55 Y LncRNA-gm33782 Rl BUkLJm , 41 Hb
X EZH /B LncRNA-gm33782 Rk i b R AIK
(P <0.001) (WK 2B),

2 B R R R R SR

Figure 2 Procedure and effect of renal in situ electrotransfection

2.3 #0#l LncRNA-gm33782 Bf B ¥ & AKI ¥
Hif5

B TR LS YRR LncRNA-gm33782 J& HH i
BT AKL/NEUE R (WLE 3A)  JF B S
(P < 0.001) (WL 3B, 3C), M {& LncRNA-
em33782 P& T B RYEH F IL- (P < 0.01) ,1L-6
F1 TNF-ae( P < 0.001) ) mRNA F3A7KF( WLE 3D,
3E,3F),

2.4 LncRNA-gm33782 & &% Ak

LncRNA-gm33782 454 2 1l A i F s 2 [
(FE 4A), 3% 0 A & D 25 SR 2 7R LncRNA-
gm33782 AN 1 FERED 2 AHANT B IRE FH s 4K ) v
TEHUER 143 3 120 A1 62 A4, 2 25454t TR i 3K
PETEREE A 15 S (B 4B) . H 5 AKI B 4%
JEAIE A FE A CFH £ LncRNA-gm33782 it ik )5
BET (K 4C),
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0 SEORAML,“CP < 0.01,°“C°P < 0.001, (TEIM)
B3 ALY LncRNA-gm33782 JE B3t AKI B /NE A% K P A i
Note. Compared with model group, ““ P < 0.01, ““®P < 0.001. (The same in the following figures)

Figure 3 Electric transfection on low after the LncRNA-gm33782 improve AKI renal tubular damage and kidney inflammation

2.5 BRREFRBERE AKI BXHEAT fegeta kB, 1S0 BB I T AKL /N FBUE REH T
1SO ¥A97 15 B 8 e AKT /N RUNLETF SR & IL-18 #1 TNF-a A9ZRIE (1K 5C) ; EAh Western Blot £
AFH (P <0.001,P <0.01) (&l 5A,5B) , fyEd Mz 5 7R 180 697 T A, RYEF F TNF-o, IL-
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4 LncRNA-gm33782 #L3E FAili 3k 7 1% S ik
Figure 4 LncRNA-gm33782 target protein capture method and verification

5 1SO Bit3t AKT B S5 S B /N A B gl 1=

Figure 5 ISO improved renal inflammation and tubular cell apoptosis in AKI
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18 IL-6 £ 1 A 5 B B T B, 1SO 3@ i M il NF-xB
5538 %, W% T BAX/Bel-2 /5 14 41 i 48 7 (1]
5D,5E), Jf B MK T AKI ' ' LncRNA-gm33782
KHFOE A CFH 35 (P < 0.01) (B 5F),
2.6 SREZFFTHH LncRNA-gm33782 HiR S
INE YRR TS

AN B o BT G 0 455 SR S R I O B
/N AT LY T 40 B BB B B T, 8 1S0 YR YY T

T SR, ¥ P < 0,001,

Je A T A BT (P < 0.001) 5 LncRNA-
em33782 KA T AN B I BT (P <
0.001) , I H 733 F ik LncRNA-gm33782 J& i /N
EAIML R 1SO X M 75 5 1 240 I 08 T3 T A R AR
XFISO JRIT AL B B BI85 (P < 0.001) (&l 6A,
6B), Western Blot £l %5 7, LncRNA-gm33782
IR BAEHE T CFH 335 F1 NF-«B {5 5 5%
BT, TR 855 1T 1SO FHIVER (18 6C) .

6 FRFERIAITHLEIHT

Note. Compared with the treatment group, 5 p < 0.001.

Figure 6 Study on the therapeutic mechanism of isorhamnetin

3 g

AKT Al iy Z R A SR, dn ™ Bt 259
7 Q0 0 L TR S I K AE BlCH: Al B B
AKT B A 0 PR ST 4 I A3 T A A PR 1Y
T, SRV 200 T B A 200 i 4R 2 00 25 1 1 AL
IR 2 T BCR PRI - (U1 TNF-o [ TL-18 55) 1Y
ok BRI, JEARE SOV T LASE 3o 22 R 7 5 e N
AR AEAPRES S i 3 A A R T
WM B B A TR G B

B4 T A0 AR 9T e B, P N R T
AKT /)N BRI AL RO DR 22 R0 2 s AR R 5 /N BT )
b R /N AR T S A 5 RN R [ B
' /N 240 ML T 5 W 4 9 e ) S 2 5 i
RIEAAFTF G o

LncRNAs 22— gm i & FH i A9 RNA 701, BE
i 368 1o Z o R 9 R DR R K 4 L ) g A 4 B
SRJE R AR G 8 5T E U S A 1T miRNA i 4R
(miRNA sponge) ZHLHI" . 5 DNA mRNA 17
HBT AT AE T, 25 40 M Ja 300 0 42 | 4 i 4 1k
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YRR TS A M B2 LneRNA-gm33782 &7
WFgE i 2 BAE AKL S B3 TR i — 3L N, B Al
KA 6T LncRNA-gm33782 16 5 H (149 76 F 41
i, JEA 2438 H R & B LncRNA-gm33782 1%
FOR TG 0B /NE AN, B R HAE AKT Hh gy fiit
HEBMAO,

JEAN R Bt e AR O — T ) A N 4 4034 %
HPJEME DNA (RNA BUEE 5T BER 12 B ARl A
SEFLIEI, R FH rE 3 1 A FH {68 200 i S Bl b ™ 2
Bl /B FLBR , DTG 30 A0 I 35 TR 8 25 40 25 50 3 O
HEA AN, S E— 2 BB LncRNA-gm33782
7 AKL H g B RE, SR ] 175 JE A L F% Y LncRNA-
gm33782 A BTk Y 75 =X LA K 21 B ) k) B
LncRNA-gm33782 ULEREY H 1 25 L iRk
A LncRNA-gm33782 Jii XA S/ AKT /Mg
B AT B B TR B A M T TNF-a
IL-1B \IL-6 mRNA 35 /K- B 1 B AR, ¢ B A n]
0] LncRNA-gm33782 A LI A% AKIL B AR AE Jz i i#E
Tk BN A M 5. Sy itE— 25 B LncRNA-
em33782 {E it AKI 1Y B4 4/E AL 25 1, 38 & Chirp
SIS AR T AKL B LncRNA-gm33782 454 E H
HEAT TGRS I, 45 9 5 7R LncRNA-gm33782 5 CFH
FHEFERXER, I H LncRNA-gm33782 %} H B A
PR

1SO & —Fiig o) 2 s Wik &9, T 2 A T
ZREY T, VA R A A R E A
AR WS R WL IS0 B RAF AT R aCR , fiE
AT AT 220 R E A S A5 53l I, 40 NF-kB  MAPK
M PI3K/AKT S5 4%, il 22 RE PR 1) g il 0 48 i
SN B A0 B AKT H A A 1 R 4R
B, AR WS T IS0 XF AKI fVAITFVE R, 3F
T T T HXT NF-kB {5538 LA ) Bax/Bel-2 X
— PTG EE A MG 5E 0 . NF-kB J&—Fh i 2 1Y
Bt S PRI, FE VAT ARE SV | 240 A7 T R A 328 o 2
SRR P R PR SCHEAE ), 20 [ 1 S T DL Bk
i PR 19 7 A 9 E N 1 o TR AR 2 40 i
7= Bax fl Bel-2 &5 4 I8 T2 I A G A 2
FIZ I, Bax SEAEFAN PR T/ 8 (1, Hol o g o 2k
LR REEE 325 P e 1k TR T SR AR A 1 200 i O 7
5, T Bel-2 W2 HT A T8 [, 2 AE A2 il Bax
AR P 2 e AR R %) e e, DTG L 1 240 it
TR R AR S5 UK 190 eSS AKI /)N
B oihg, 8> AKL B PR 73Rk, Ah,1S0 [RlFE

AEMLAM ] AKI ' LncRNA-gm33782 N HAI & 14 CFH
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ML, e FE AR SR 54T T LncRNA-gm33782 it 3k
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NF-kB {5 53 [ 806 DL S35 () CFH () &3k, 1
1SO X B /INE A FEL A PR T B0 7 FH A2 21 B 552 1)
55, &= W 1SO X AKIL ¥ ¥7 1E FH J2& 4R 8 T 30
LncRNA-gm33782 ik SLHAY

25 b TR, LncRNA-gm33782 i i+ 412 1k # 2 1
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Progress in the establishment and evaluation of osteoporosis
disease and syndrome combination animal models
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[ Abstract] With increased population aging, the incidence of osteoporosis ( OP) increases year by year, and has
become a key global public health problem. Its main characteristics are reduced bone mass and damage to bone
microstructure, often clinically manifesting as pain, hunched-back posture, height reduction, and even bone fractures.
Therefore, it is particularly important to actively carry out scientific research related to OP, and the construction of animal
models has become one of the key drivers of medical research, especially for exploring new treatments and in drug

¢

development. Animal models that are a “combination of disease and syndrome” , integrating the characteristics of Chinese

medicine, occupy an irreplaceable position in research aiming to modernize traditional Chinese medicines. On the basis of
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the current research status of disease-syndrome combination OP animal models, this paper summarizes model construction

and evaluation method to provide certain ideas and references for research using these specialized OP animal models.
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Figure 1 Pathogenesis of osteoporosis
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Table 1 Western medical diagnostic criteria for osteoporosis

BWER BTk Habnk
Elements of diagnosis Methods of diagnosis Indexability
ODXA/DEXA : T #4345 F 5 /N F-2. 5;@QCT . 45 %t BMD {H /N T 80 mg/cm® ; @TBS: TBS & /s
T R Fal4T 1. 200, AN

BMD testing[”_m

wigopl

lnlaging{ 14-16]

itk
Laboratory

s [17]
examination

I AR

Clinical signs (4]

(DDXA/DEXA. T score equal to or less than —=2.5. @QCT. Absolute BMD value less than 80 mg/
em®. BTBS. TBS is less than or equal to 1. 200.

(DX Lk or MR N S5H R AT S, Ja] BB B S0 0 A A i, b7 % P U0, A ) B394 95 @
CT ;A e sl A DI R A B 25 BEIRUAIR, CT (A IR - 90 HU A3 I AR AACHA BT /N S
SR SRR | B BT T DL 3 7 LA R M AR ) 30 B A s MR Ak i) 478 AR A5 5
P AT AN I BRE PR 5 15 5 X A ] BB B

(DX-ray examination. Longitudinal stripes in the internal structure of the vertebra, thinning of the
peripheral bone cortex, flattening of the vertebral body, concave of the upper and lower edges, and
widening of the intervertebral space. @CT. Density of cancellous bone in the center or the entire area
of the vertebral body is reduced, the CT value is sometimes as low as —90 HU, sometimes the
trabecular bone of the vertebral cancellous bone is coarsely punctate, honeycomb changes, the bone
cortex can be seen as general thinning, and the bone hyperplasia around the vertebral body. (3 MRI.
Intervertebral disc is thinned and low-signal, with irregular spot-like hyper-signal areas visible and
intervertebral space distances increased.

COMLHE WG 5 € A L P W O 0 7 R PR 1575
(DBlood calcium concentration decreased. @ Decreased osteocalcin. (3 Serum alkaline phosphatase
decreased. @Serum anti-tartrate acid phosphatase increased, etc.

(DR BRPM B A BV s @At BRI AL ; 5 3 B ARE A ) LSe35 W ; DR MR e
AR A BT

(DLow back pain or generalized bone pain. @Deformity of the spine occurred. 3)Decreased height or
humpback deformity. @Fragility fractures of the hip or vertebral body.

Core indicators

F B R

Main indicators

AR
Secondary
indicators
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Table 2 Main diagnostic criteria of osteoporosis in traditional Chinese medicine

JERY
Syndrome type

AR DETR)

Characteristic presentation( Core indicators )

AR (R EHETR)

Similar presentation ( Secondary indicators)

BB )

Kidney-Yang deficiency[ 18]

JHF i I
Liver-kidney Yin

deficiency syndrnme{ 19]

T D 1
Spleen and kidney

Yang dcficiencyL 19]

W A 2
Kidney deficiency

and blood stasis 2]

i eSS e
Spleen and

stomach deficiency (21

T
Syndrome of blood stasis

and Qi stagnation (1]

O/MEATE; QR E 1 KITA L
(DFrequency of urine. @Pale tongue with whitish coatin,
deep pulse and thin string

ORZEHNG ; Q1L QT LT b3 A kLA
(D Vertigo and tinnitus. @ Dysphoria in chestpalms-soles.
3 Dry redness of tongue, lacking tongue coating, pulse
sinking, fine and fast

O/MERFISIRZ ; QAT A M (-5 I kS ; @F
WRAE, 5, BROTA 58 sl iR

(DPoor or frequent urination. @chronic diarrhea or Wugeng
diarthea. 3 Pale and plump tongue, white and smooth
tongue coating, dim and weak pulse or deep and taut pulse

DB JEAAE; @ FTiR 5, ki
DTrudge. @Tongue light purple, fine and astringent pulse

(D (4.2 B P2 I B s @D ek 0 ©OF IR
SN € EEp Wi

(DYellowish or swollen or emaciated complexion. @Lack of
appetite, bloating, diarthea. (3 Pale tongue with whitish
coating, thin and delicate pulse

O it 364 O N 2B 45 ; @7 BUEE R, A 5 sl
PABE, BRI 5%

(D Pain has a fixed point, refuse to press. 2 Muscle
petechiae  or

contracture. 3 Tongue purple dark,

ecchymosis, pulse astringency or stringency

ORI ; QIR Z 11 ; @1 25
(D Cold pain in the back and waist. @ Acidity,
weakness, and fatigue. (3Hunchback

OMERERRITC ), 0¥ ; QBE T T ; @I
(D Lumbar and knee soreness and weakness ,
cramps. @Hunchback. 3)Physical emaciation

O Z Iy, F N BEF 2 QW 332 )
(DAcidity, weakness, and even stooping. @ Activity
limitations

COREHS 5 ; QIE R K ; BT e 55
(DLumbar spine tingling pain. @ Lumbar debility.
®Lower limb weakness

(OMETFFRRIR 0 s QWL ZE 4R ; O 5
(DLow back soreness and pain. @ Muscle atrophy.
(3Weakness of muscles and bones

O K8 B ; Qe &I
(DPain in the back and body. @Hunchback

OP BLRYJE 75 55 v B iE LS 17, PRIt , OP 3 48 7 =
it R URH 5 T B D 3R 3 A B T ) A T 5
B SME” LA AN PNAE” Y BAR AR ZE & T 2
PRI, A RE R [ I 4% 5 74 I BRI A 5 v =
IERL A ShPIEERY  /T OP JRIESS 3 3a 8, PEA OP ik
UEZE BAS TR A 57 ), AN RE fiT B HoRe 3 A s )
[l R B 5 OP P4 I 1 AR AE R 5 g BEATL i AH X
I, NI OP Hi R Il PRUE A (9 PP 2238, WL i
B YRR LS OP PG B I RAE IR 19 745 & 72 2
(W#£3),

4 OPJRIEEESNWIEETFMERE
Rt

PR UESS & SRR 24 L OP g PRLAR Ly
St R LSS S W e R B, WA TR Bk TN
RS e A B0, M L SRR R K e e
B EEATTE OP WYIm RS Wirbr i S A [A] IE 2 (4 1k
o IS W TERE AT, PPN A 2 9 O B2 G o)
ANTRITE R AR T f) I e 6 AT AR AL . PEHY 48 B
(R 55 IR A LR AN AT s A — B | R s v B
AR | Fh T R I PR BT D32 5 S AE S )

R | IFASHE B A R 4R 215 B LA LAY OP
R B, IR I 7 24 B BRAC B AR A 15 Bl iR
T B Sh AR AR AT TR LA PRI A O H P
OBk RO S BRI s Tl R AR
PRI T A R EIE Y OP (1) 3F i 45 A 4% 1t
Z A 2 IV S e v 7R AR 0 R S e A 3R
b, R EEEERRE 5 VY R FRAIL ) AH ELE R A IE i
T,
4.1 OP A[EHEEEEH HENIEHR

Teie AP uE B Y OP 34 ] 3 4o 7Y B B OP
1) 22 g AL ) B B ¢ 30— — X o7 [ %, T+ I 2 A
FIR RN AR (0 5 RE YT, VY B 5 B
AARFR PR AR T R 3R B, P AT T v i BB g
SR ) AS [R]IE 78 305 A5 A 2 i AR b, TR R
= B AR AL S ARAE N i RN R R W SR, 5 b
BEAIEAsE A 22 S, B BNASRIERL OP (1% 34645 s B A 4k
Febr , SRR PR AR R AR UE R S A AR R
BX(WR4), hREW, 5RREZFE op
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A 2 40 A i 2 DR B T R A B e
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Table 3 Characteristics of different OP animal models

A REAR
VAR VAT - - Conforming to symptoms
Modeling Modeling . o ) i
e method Animal Aharacteristic Yo S
yp! . Traditional
Western medicine . .
Chinese medical
A 2] Wistar/SD K, CS7BL/6
AN S 1 ST
Sciatienerve L FIRM T F AT, A
amputation WVia/SD rats, CSTBLG. g BT A, (22 A
hod 51 mice, New Zealand long = kv K 567 (1 KU .
metho eared white rabbits, etc All models were made using surgical
B 5577 5 methods. It is simple, efficient, and
%ﬂ&uﬁj SD K L. Wistar K . requires a short time for modeling, but
Ovariectomy C57BL/6 /NRAE it increases the risk of postoperative
and castration SD rats, Wistar rats, infection and death.
S C57BL/6 mice, etc
8D R B CSTBL/G /I posup gt sly s UBLBPE L , )
BB R AR T g o ARMR 2k T, (2
AT BOAB/TU R E g, S SR T AR
Glucocorticoid SD rats, C57BL/6 mice, [y will not cause mechanical damage to
method >’ New  Zealand  white  ;,0de] animals and is more in line with
rabbits, zebrafish ( AB/ hyman hormone secretion levels. But it
TU strain) , et takes a long time and the drug itself
interferes.
PR A | FRASE T R OB A i
AR Bk Y RITE F {5 PRI P I I bR I B R A
Retinoic acid SD K BBWIKE ENC RN N
gavage SD rats Operation is simple, the modeling time BB, 137 3Rl fj} e
e ELE method 2 is short, and the symptoms of Blood calcilum R, X
Pathological osteoporosis are typical. However, after ~ concentration Weight  loss,
modeling discontinuing  retinoic  acid, the decreases, slow reaction,
osteoporosis status gradually recovers. osteocalcin
decreases, and bone and  delayed
AR JP RS AT, RAR T come movement.
T Z RS AC R R Y o AR .
%, (0 h T 2 0 B i ELA sparse and thinner.
) Sl I T e 5 AR 30
zmsr® SRR HELHG FLAI I
Ethanol Wistar K F Modeling materials are simple, and the
method %) SD_ rats, methods are simple and feasible. It is
Wistar rats an important model for exploring the
impact of ethanol on bone metabolism
and has many applications. Since the
amount of ethanol used cannot be
controlled, it is mnot possible to
determine exactly how long it will take
for the mold to be successful.
AT R A, R K (B
éﬁ%&%%?{{_[?o] . ﬂ%ﬁﬁﬁ*&&”ﬁ}*%imf}\%%
Streptozotocin SD R PRAps AR 25 L, 2 1 T BIF 50 0% R
method %) SD rats # OP,

Modeling method is mature and the
modeling period is long, but the
pathogenesis and clinical manifestations
of the model are similar to those of
human diabetes, and it is mostly used

to study OP in diabetes.
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#%k3
T R Conforming to symptoms
i i - S
Modeling Modeling ij% :H““. . o
Animal Aharacteristic T E
type method Traditional
Western medicine . .
Chinese medical
AT RANKL (£ AL g S e R R Y O TR
K F-xB 52 {4 filE RANKL/RANK/OPG il {# 1£ £ F
5 T i) B B TR ; 5
Injection of SD Kl It can simulate a high turnover bone ﬂ%liz{?[{‘ﬁkﬂ&\ m\g
RANKL ( nuclear SD rats disease model and be used to B A R
factor kB receptor characterize the potential role of the 'Ilr%';lﬁl;;(gim
activator RANKL/RANK/OPG  pathway in ﬁfﬂ:%ﬂ(gﬁgﬂﬁ T shEIReE T
ligand ) 3 various bone diseases. P R -5y M
Blood V calcium %jﬁ: KL T
M, I g Do 4 R A,
i PR T A UG St A B R R B ARk Slow
Pathogenic BN BN EE B Ik st (S movement,
modeling WEIRIE S B 4 M, fd FL3F & i b Tt decre: qb elevated rectal
B S B RO R S OP T trz;fjjf; Mbwg‘; temperature,
JAf 2% 1 Modeling methods are mature and the s ars:e; arlld thiillner " yellow urine,
Subcutaneous SD K modeling cycle is long, but the SI())me models exhibi.l dry stools,
injection SD rats pathogenesis and clinical manifestations eleva/te d ) serum and dry hair.
of of the model are similar to those of " . 7 id
) . (3] b o that i lective d . tartrate resistant acid
streptozotocin umans, that 1s, selective destruction phosphatase and
of pancreatic islets in modeling animals frasile fre .
A ragile fractures.
B cells can induce elevated blood sugar
and increase bone loss, which is
consistent with the etiology of OP.
N Lo . HEREAR .
AR + 5 lilanhs
TR AT 1 42 8 T e . e
WL OB AT 0 T BB T R E A
- SRR B9 5L, AL T OP B . O 1 B
" {152 ks ;) >
administration  of . F R . . . . Lz /{i f‘; %
etinoic acid  + SD K Easy to obtain materials while reducing JiE | HE T ”%
%etmom al('l SD rats the interference of mechanical damage M, @ ¥ B
¥n'rairtr'1uscu a f on modeling factors.  Effectively M K T
Lnjgrco:z)?tisone © simulated the kidney Yang deficiency £ E
irftn ’ type of OP. ;s @M
HE: K AE
the buttocks!**
UE, B
R AN Zi;{n)\rrjon
A t%? G IS 7R o
TRy AR B SR, SO Oy A R R W R A T ;vyeipht oss
T D N FLXEEBL S SMY TARMAN Aol 5, & 2k e kg e
g MUELAORIAE T OP [ IR, %, S e
* - st Modeling method is simple and Sparse and thinning an uneven
Combinat SD KR hair color. (D
fogl. Haton y ramuscular sD t\‘\ efficient,  with  convenient  drug of bone trabeculae, K‘?llr co or.Y .
f) dl%eaze dexamethasone raws extraction and minimal interference  decreased 11;..?.8}] . ang
::1 ds]};r; rome injectionizﬂ from modeling factors.  Effectively  osteocalcin, increased tne ;Ltl(imy'
odeling simulated the kidney Yin deficiency serum tartaric acid exilathion
type of OP. phosphatase, and U -
occurrence of brittle drdl.cd back
fractures curling. @
R Kidney  Yin
Deficiency
D
. SR B 5 1 T 25 4 oy and o
TERS UL T 1 FHRIR /N AT T OP 91 S YR
+ &®F B o0 3 9F e ;“{‘ﬁ ®d
—— . o . pleen  an
(E. EJ.. SD KR Mo'd.ehng' drugs dre.chcép (Tr.ld easy to Kidney Yang
Injecting obtain, and modeling is simple and -
. SD rats . . . Deficiency ;
hydrocortisone ~ + easy to operate. Interference factor is L 1
senna leaves by small. Effectively simulated the spleen loc)‘se ) aln(
gavage“ﬂ and kidney Yang deficiency type 00s¢ 810018,
sometimes
of OP. R
resembling

water.
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MR S B LT, Wi, RS E ARG
FEPRKFZ AT OP Sl Wi A i 26 F i AL I
Fabro S3O0, MAS S i g K T e UEF T
TR C AR RLR PR A Al 2 R i Ak
SEH A AL AR X S b Al A S AR UE R OP
SR I AL PR FE R, PDGEF-BB 2 11
TENG RAIFFE AR AN DL AE AT LI o 3 5 4%
PO AR (CJE R H R M) 5205 i 1 AR R
7 BEE EEAAH AT R, P, RO TR K
HAca oy St e bR 2 —

R FE I TR R i R
EZ T DG RN, A I A, — 5 T PR
5 RE WA 12 5 5 — O T I R PR AR A 1 2R TR
PRI SR A5 | DR L R T 751 7 ) 928 02 I I e PR
OP St EEHLZ — 1, (KAl - IR S K8
T )z B AR R, BEAE AT BIRFILAS B 57 RS Al
WK AL A= A R, PEORG (8 IiL 7 3 ,  =2 A] 2 I
AR R, L, OP 1Y 6 FhiERI#R 2 7E A A
IS0 H BT 5 e R B, T 5 R A i R R R
WIATAE Sy OP H BE A [ TE AU A A 1% 2 T o A 38 455
FIRTAT ' 5 HE 1L OP 1o A e B0 36 234 1Y ol A
PRIARSS | Sk H G P R R A

R A 7. OP BERUET 2 OP Sh A A 7e i 12 v =
A AL FE bR A R B, s A2 LA b S AR ds
PREIIESIY & L RAE , I8 & TG koK £ |
Sy & WU R B4 AT R4 2 OP JiEZs &
YA
4.2 OP AEHEREEFRHES L IER

OP 1) 6 FIIER BARARAAAE T 5 e et (12
AU WA AEAES AFEA Im IR R, B, A
WAELCAE AN [R)HIE B iy A L5 4 = AL ) AH B
16 2 B I PR 2R B0, A R iz ik Y A o 5 M S A 46
(W 4),
4.2.1 'HFHE

B BH R 2 i B BH A DR U B T e T R
Il PR BT ULIE R W k| R FE IS KB MR 75 IR
S BKESIE 2 A S BH R A s A
i PRI NI | 55 M 4o FE A A PR PR 3R T R At
R R R B ARG A 2SR HE Y i
R s W E Po o B W N Y 0 BU N =W/
[ R, G 325 12 AR A 5 M i A 38 A D B P4 o A5 2
TR B BH AR AT LK B BH R TR A R
B, AN IR KSR B | SN IR B AE R B HUIR
R BEIAE I 375 & i AR IR B AIG L IR T [ A pl 4

® 4 OP ARHEEVEEREI I H] /45 e e i A8 bR
Table 4 Quantitative indicators of OP specificity for different syndrome types

TSR AR AR

Specificity quantification

TETY AL bR
Syndrome type Shared quantitative indicators
' BH 2
Kidney-Yang
deficiency
JHF BH 2

Liver-kidney Yin
deficiency syndrome

B2 pdk s s Bm
F kB ZARIE L F FAZ A F-<B 3 1455 16
TR B AR A s

I H
Spleen and kidney
Yang deficiency

(R AV
Kidney deficiency
and blood stasis

WL e 55
Spleen and stomach
deficiency

M
Syndrome of blood
stasis and

Qi stagnation

MBS PUEFS W R E ¢ MR E
A A TR R g

Osteoprotein 381 Alkaline
[40]

phosphatase (91

Osteocalcin Nuclear  factor-kB  receptor
activator and nuclear factor-kB receptor activator
(4] , Resistant to tartaric acid
calcium ) ., Blood

[45]

factor ligands
phosphatase 21 " Blood

phosphorusrém , Creatinine
46]

, Serum cystatin C

and urea nitrogen""" , Microvascular shape and

its number' ¥

R AR R TR R RAR S Y R IR TR

[

'l’otal—lriiodothyronine{52} decreases, Total-thyroxine 21 decreases,

Body temperature[sﬂ decreases

C-I B 1 Y R P sh Bk T KGE i 1 AR
K 35 T

[54] [54]

C-reactive protein
1 [55]

rises, Mean arterial pressure ™" rises, Aquaporin

. . Al55] .
rises, Aquaporin 30550 yiges

JR D-AMEHER S T

Decreased urine D-xylose metabolic rate! %)

PR T T MR R AR Tk SRR RS v

Elevated endothelin">"! s [58] ,

Elevated platelet aggregation rate

Increased plasma Viscosily[581

=S80/ SRl < J N EE SR 1S

Gastrin' ™! decreases, Motilin"**! decreases

e AN (REE 3 R R I e LR P D=L
St

Pain threshold"*} changes, Serum fibrinogenrﬁl]

rises, Pre- and Post-

joint photographs of modeled animals'®’ changes
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BRBGEREE T A R I R | S R HR R
D7 AT AR, AT BB AR I i A R ) R S M o R dE
b, B = Al IR R D 2 FR ( tatol-triiodothyronine
TT3) F1 % B AR B & (total-thyroxine,, TT4) 2! &
W, T TT3 T4 B I3 S RS e IR IR 2
IR IR A A 0 RO 5 [N 2 A FROIR R S RE ik
R AR SR FRE
4.2.2 HFEBE

JHE AR RE & OP & W BIE AL Z — )2 OP
FERHLY AV BRI R SRR R
T RO KB T4 Hab® PkaisE e 5
SEIEAN 28 24 A5 LA B AR U 53 10 9 /0 75 T 10 Bk A
P RAF 257 SF R I AL, R, AR
JHF 9] MR ABE AR I 5 2 4 B 15 A2 o 28 B AR 53 1l
AW F SRR IR DL SRRl 4 24 A i
C-JZ Wi #E 1 ( C-reactive protein, CRP) 533 ik
(mean arterial pressure, MAP) . & F+ & . 5 KW 4
WA SRR e MR AR A /K I 25 1 1 (Aquaporin 1,
AQP1) JKif i 2 H 3 ( Aquaporin 3, AQP3) 7£ IfiL 75
B SIS/ TE R A Y R,
A IR o 0 A S R 28 ETE A ORI R
P57 A EE OP JH B AR | 7 i e v
I 3 A Zh H) CRP, MAP AL ¥ B AQPT R
APQ3 1 5 & AE S JIF ' I R B B i 4 S 1 £ Ak
b5
4.2.3 B HIE

JIALYEE ) R 2 ML B R 5 B R P 45 5, DAL B R
HE LB AR R R R
I R B, 55 74 = BEAIL A v A0 8L D RESC R % 1)
LT e Hh e FARERME 1 A PR B5 IR D- AR AL 5
ST AR SR IEAR DG DRl b A R A AL B e A AR
RF T S A 5l ) e e 2 T I R B R
DA A5 Sl M M ) 6, & AT v s =300 40 1) e
R IR D-ARBEACHAR . & R D- AR
FAAE T 3 AT S b e B B R ) OP IR
BH RS AR A ST D
4.2.4 MM

ZUERITE OP £5UE AU i Ay /0 WL, #5507 Al
DA NHE S, 2280 OP B M I AR R ) g A R 2
PE A IR A P I IR RS
Ok 240 2 O R ML A% S e I b R S R SR ) R B
TR S5 K ANV A VG B AT LA R Ay i 4 W 4 ik
JE MG SZ B, PR, 37 B R I A AR I, ]

DA 3 238 4L A ek AR 20 ik i B S DA R e A R 1
ST B R AR AR A e bR B0 Wk AT A S I T D
%5, 9} % (endothelin, ET) k=7 I/ 2R £E
RN RGHR Y T, 45 ET & T | iR
HREE /A B A6 6 T R, U] OP B R I 978 455 2 3
BRI

4.2.5 JBEES

15 5 B 553 A AR (14 g 7 5 T S PR 1 OP A5 AR
Fa gy = [, BB OB R B i 25 S s &k
OP ' JZUERY 55 19 5 BH R UE A i 2 M Bl 22 Ak
TE SR VAN A (E R R S A A T
19 B I o A 1) 1 G 48 AN 3B AR TG T IR
FE 55 I PR B, 5 79 2 s BRAIL A6 P M AE A BT i
KEIWEZ F AR R SRR
WZ (gastrin, GAS) | 'H 312 (motilin, MTL) 7K F-23 A
R ACAS KL A5 M0 ] A S AR P Sk e R
TR RS v A b, DR, o AR R A
i A 56 GAS  MTL 433 A4 25 11 36 35 3R 4 it A5
T CEAETE RS MTL  GAS 7Kk A 38 R, WISIE
HF G 1 e S A ARUAL S A )

4.2.6 [

(MRS Y s R R, AN BE IS T4,
IS TEA, 05 BA TS, ™ 58 L2 OP 5 8 D 1) 9 2
W, EEH TR &S S EILM  ffT A,
MBS BE IE i A 1175 250 1 2% 3%, Al B
TRk Z 0], B Sk A I R 2 B 8 i A 5%, an
R A AL T IR A Y X — &
B S P B A o R (R AR O T AR R
JiL (fipinogen , FIB) SR DL R A S L sh
B ST A R OR 6 BT R e, p O A i kAR
T B , s B sl i B (I 2 R AT 5 RIS, 9% 1 14
FEA At Sh Y FIB B TR L, fE R
OP IR AR B B, AT LA Ko 3t 5 3 49 2R FH WL ARG 46
Vv 2 A4 o R A I B A AR R 5 i A
I BB AIG  FIB S5 3 T i SRt b L A iy i O
K i BKRAETE | D0 3 HH i 5 < A AR AR A )

5 WIEEAHMEEMEEZ =M

ST (4 A% O A A 2 3 2o Bt O A T )
FEPRALIT S AT N T P | R SO i R
R T T BB AU AT SO | DA SRAS 5 W00 ) A A
kL, 6 FR[EIE) OP IERSAY BARS 5 (W3R 5) o
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Table 5 Specific scenarios and modeling methods of different syndrome models of OP

TEA B35 Mg =X
Syndrome type Specific scene Construction mode
15 [ H [75] . e S \TJ-:“TEEQ‘ [76] rs -y 2y - ,'I 2k v =B FE D 51 60 2% S [t

Kiﬁﬁ_yan W5 2 AE b OP BT 6 2K By ,%hj\-{.& ?75% w?‘i}ﬁﬁﬂfﬂ EF‘«IM% ﬂgh}amm/&%&fﬁ?ﬁﬁﬁf

) .ly [75] This model can be used to study senile OP I yr(‘nd unction was inhibited by intragastric drugs and the level o
deficiency" " thyroid hormone was reduced

G BR g i &SI, s 3 4 -

prEge T DOCBRIRASEE OP PMOP BFTRRFICI s gt i ok )

Liver-kidney Yin

deficiency syndmme[ﬂ]

i B 7
Spleen and kidney

Yang deficiency“g]

g
Kidney deficiency and

blood stasis'®"

o s
Spleen and stomach

deficiency s3]

i
Syndrome of blood stasis

AR
This model can be used in the study of

diabetic OP and PMOP

WHFEZAFYE OP LA 1 OP I AT T 2
i

This model can be used in the study of senile
OP and sarcopenia OP

W AEYE OP  PMOP 5 4 i v fil Fi it
FAR!

This model can be used to study the middle
and late stages of senile OP and PMOP

WEFEHRRAFTE OP WLA>PE OP AT i Fil tt. 26
i

This model can be used to study diabetic OP
and sarcopenia OP

BF5e45 25 OP #1930 9 5
SEIN T P K e

This model can be used in the study of various

and Qi stagnation!® OP in the middle and late stages and in the

occurrence of fracture complications

By mechanical stimulation of the sympathetic nerve combined with

reduced water intake ™)

i B AV I i AT 25 YA e LR R O S
prifE
Multiple low-dose intragastric administration was performed with rhubarb

or senna preparations, with fecal imformation as the standard %’

3 et L SRR 0 IV 2 1 o - kT 82
Ligation of the left coronary artery slows down the flow rate and is

combined with intimidation "%/

3 A8 1 B SR B Ay 2

By prohibiting animals from eating or feeding them iI'rcgularlyL84J

3 AT AN B M AU 15 I 25 5 25 e R SRAE T R
Hijde 5]

Mechanical damage of animals was increased by means of restraint and
induce inflammation ~ to

with  drugs to secondary

[86]

combined

form adhesion

6 SEMEE

FIRXET OP Sh¥sSs iy T i, 322 IR
INB R TSR B O 3 B AN [R] S B R BE A
AR B — N Z G AR 7 i, T R UE 45 & i 52 AT
ARG rp B2 BRI IR B SE BT, R BE 1 P R X OP
(4 A ML Al R B SR B, ™ s 4 o 3 A T AN T
TEA Z 8] i S B B AL 2R, AT LA ROBERL IR OP
SIER, SR V4 B2 B~ 4G Ay T B, W] LA SOF 50
OP Jhp L P A S P Ay v o R 45 R
BR2GRBARAL IR I T — MR A AR, i BRI
BRI 7 2R B iR Y 7 B 2 B PRAN R 3R
PR B TR BIEA R 2R | i = LS P A o
P, HE S A BB A 2R T OP N IEZS & 3 )
RT3 2 H Al 7 i PR Tl

AHTFEIE i B A RE I AR P R B IR P PR Y
OB S AR A, DL S UL BT AN
OP JR LSS & S MBI B iR &, e LSl 1, %
OP JHIESS & S BRI R B, oA OP M R4S &
SRR B A R B B A 7 5
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[ Abstract)

characterized by generalized muscle spasms. AGS models are vital for studies of epileptogenesis, the search for causative

Audiogenic seizures (AGS) are the result of an epilepsy caused by strong acoustic stimulation and are

genes and regulatory channels, and the screening of new antiepileptic drugs (AEDs). This paper summarizes the current
progress of research on common animal models of AGS in terms of their pathogenetic features, possible pathogenesis, and
causative genes to provide new research directions and targets for the development of AEDs.
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1 SEEFERESEER AGS F1)
=2

H R LAY -3 AGS Bu 3L X 1 5 A B
PER LR J38 3 B 70 M 5 DNA S04 9145 FESh e
R 23t BRI E 1Y AGS 5% 2 5L R B
RZHEH AGS ShYIR R (W3R 1) LLAT #0454
LI AGS shP A ) K s FRAF B0 3 K Kk
FER I
1.1 DBA/2J /MR

1947 4£ JHALL " 1K % Bt DBA/2] (D2) /N
F1 C57BL/6] (B6) /N2 5 T AH 7] 75 5 A5 A i R 81

THOLEARK2ES, D2 /N R EE T 52 (TR A 4
FFEF (12 ~ 16 kHz,90 ~ 120 dB) , JL -4 #B/N
B2 — R AV SRR, WUW R AR R BN
TEET A% M0 3505 02 MR 28 Pk il 4 Fn 4 S LY o PR
25 R LSRN Ik WA I S N BGE R 2 R
FET 5 58 AP PRI B, T A% [ A 4% 1 7 K
() B6 /NG 5 230, BIF 5% N 530K 3 Ff e 7 2
51 R A48 AGS, St ot & B D2 /IR
1) AGS KAEZAF RS, FL R i 3238 H 7E 3 R A2
A dne iy, FL I 5 A 1 195 K 0 3 R A, 3 7 A ] S
PR R AE S 2 B RR N Sy Jlek . 7E D2 /VER
Hh SN RO S B S LT KSR R
i D2 /NERBR TV S B s R R A R B A R

R1 ZHN AGS SRR SCEOR RN M R EH

Table 1 Pathogenic genes and their expressed proteins associated with polygenic AGS animal models

(LES HEH RIKEH 22 3CHik
Strain Gene Expressed protein References
DBA/2J /MR Keni10 Kird. 1 #7153l i -
DBA/2] mice = Kir4. 1 potassium channel
Jamsl1 B[] 98 B 3l 3 HCN2
Black Swiss /MR Voltage-gated ion channel subunit HCN2 [28-31]
Black Swiss mice Gipc3 Gipe3 EH
Gipc3 protein
S P 5 AL i ) s
Genetically epilepsy-prone rat
Ter PRI RER s
Krushinsky-Molodkina & f Transthyretin, transport protein [36-38]
Krushinsky-Molodkina rat Msh3 DNA &l s 5
DNA mismatch repair
Vlgrl R G Bk 1
Very large G-protein coupled receptor 1
Chrna4 T . 5t AL 32 1
Nicotinic acetylcholine receptor
Grin2a SR 2 R 5k
Glutamate receptor subunit
Wistar Audiogenic K Ff, Grin2b B E R Z AR [39-42]
Wistar Audiogenic rat Glutamate receptor subunit
Keng3 G MEZS S TBLE]
Voltage-gated potassium channel
Egr3 R AR SN 5
Early growth response protein, transcription factor
Tir HHORIREREN HiEEn
Transthyretin, transport protein
Ash14 B AR VR T IR A0 R A 14
Ankyrin repeat and SOCS box containing 14
Msh3 DNA HiffE 5
DNA mismatch repair
B PPV IR 0 B Arhgef38 oy, o BERICRITRCSIATE 38
Genetic Audiogenic Seizure o guanine nucle(lllde exchange factor 38 [43-45]
Egrl BWARK RN EA 1
Hamster from Salamanca . T
Early growth response protein, transcription factor 1
Egr2 R K R 2
Early growth response protein, transcription factor 2
Egr3 AR N 3

Early growth response protein, transcription factor 3
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HAWT BB AR ARSI BE R L 7R 3 i
I L BT O R R, 7R 3O R 2R ) e 4r ik
R SR S B

HETIFFE BT D2 /N U %4 s LI T g 5 HY
ARIRBR | Re AR Bl 220 BT | R RN 3515 A OC
Fo ORI R A L3 Y b X Bl 28 R eGP
R AT S R AR AT 3 R R
(1) B6 /N, [ D2 /INERUA i 37 FIR R B R K ak
it 3= 09T 117 S = ) O s = 1 DA NS 0
R Jki H RS R GML 2870 1 BiS 2  tAH X B &y, X
Fbf 28795 H IR 12 5 2 i A 2 N 70 2 — RO RE I
BN 7K F- 18 T v ] g e I H S o3 R K 1
HAX P28 R GE Y A P, X AT RE 2 D2 /I BUTE AR N
AFIR IR By B 5 v i SRR 22— — AR
FERIN,TER A HHR 2R 25 9 s R A
(5 AR ERS , D2 /)N BRI S 8 1 35 AR i
B6 /N BRUTE MR R I 3R T, 0 ) SR U A B
R

T A2 4y B Al A 170 32 B R R UL, BEAE I 1
1, A BRI A 22 R et A U5 AT 1 B 718 i ik
KAEEHT D2 /N TR R — 5 A8 1 B v AT R 43
B e 3 A PR R TR 1 S, S B Ml BB 2 25
Pl /L, 2 B R TR P A R BE T AR I, LR
Al RESs PRI RE R At 25 A8 2 R A ] WO 35 8L, P 20T i
GER TE] Bt B TR, S BOR KA

LA PEFNAN R 2236 BT 2R 498 5 o 2 D2 /)
Bl AGS f9— AN HL ' W50 B 2o fs e
J§ 2 4 S BB N-FF JE-D-K & & R ( N-methyl-D-
aspartic acid, NMDA ) 5| 2 24 & 5 $5 470577 o] LA 78 By
AGS A % 45 T NMDA 321 I SCHEE
ATRASE M AGS 1 & AR 5 il 5 P i S AR it vk
AR ZRFEHUR BA BURRAE Y BT sT
FW] D2 /N B 26 A P P 2255 IO 2R G SR U
YERIRIN Z — TEAIHIPE R 2208 B R Geh, y-2 5
TR (y-aminobutyric acid, GABA ) F¥AE FH % S 08 55
2 UG A R AE 7 30 d (9 D2 AN KU A
Hi GABA BB I GABA AZ 1R E5 & v 45 i 4 B
B /0 TR  B6 /MR, 3278 D2 /) B RS 0 i 1 o 22
BRGNS TR AE

D2 /)N R A2 P S ( sudden unexpected death
in epilepsy, SUDEP ) %%, SUDEP J& 4§ /) Fl 4 5 P
WU ERZE 5 B AR 22 5 DRI 0% B R e i T 2 A 1Y)
TRBEAEARL O A B9 3 WY BEL BT R 43t T L 9 i

D2 /U FE 8 3 W] BE S50 K VR, kil 25
TR B B J T 2 30 o 40 S P = 3 7 400 )
R

D2 /N A A2 Z2 AN, H AT
BRI T 4.7 12 S Y@K 1 Asp2  Asp3 .
Aspl 7 55 OO By 1A OGP BT 4
SN 12 YA AL PR BT S B A A
PEA A L AN, T L SR E ik W
KCNJ10 H&[H 4 % ¥ 51) 1) 28 46 3 2 D2 /) Bl Kiird. 1
B A ) R R K A RO I 3 D2 /)
B T I SR 4 L P ) K 1 8008 3 2 375 1 AT
AR FHRICZ 3 P KCNT10 3 R Bl A Ry S
D2 /)N B A A B — D EUR HE A
1.2 Black Swiss /MR

Black Swiss /N AGS K IRHRIE2 ~ 3 JEIIEH i
o, FEAR SRS K TZ T T R, 6 i 2 5 A AR
EATAT 5T & W Black Swiss /MR 10 5 e 4 4k F 1Y
Jams1 FEH R B o BRI AGS, B F Bt 1) S IX 5
H5AZEYK 19p13.3 FAY—4 X — 2, % AN
Fr BEE IR SR ARE P 5 SO0 T 4R Pk
AP Jamsl FER R BHAL T 128 L, Ho
Hen2 J& K 25 At B, R[] 458 B 3 1 0 Hen2, VR
] Hen B 1838 5% 5 W00 A A A 5, B
Hen2 LR T BE % AGS & AE, (A5 Bk — 25
FEUESE  BRILZ A1, 7E Black Swiss /NP i & 3
AW Gipe3 ( GIPC PDZ domain containing family
member 3 Gene, & GIPC PDZ B8 K Gl it 3) 2
IS Gipe3 H 178 W ot 76 40 i 448 00 3 i vh
B CHEE Y IR E R ST 2 ~ 3 FRM
Black Swiss /)N R T 75 5 7428 1540 1 450K, 2 1T -5 3
AGS 1) Sy IS (R EARBL] M ARV R
1.3 BEEWERSEKR

A% PRI 2 I K L ( genetically epilepsy-prone
rat, GEPRs) 3% i GEPR-3 Fll GEPR-9 W~ & 21
B, EATRA S AE 100 dB 10 kHz 235 19 75 35 3 54
TR AZVETY . GEPRs A9 3 BLHRAF 2 i 2038 I fiE
Rk A, B X H 1 LR K (noradrenaline,
NA) . 5-F2 {0 % ( 5-hydroxytryptamine , 5-HT ) | GABA
85, DR PLZ NA 2 05 &) Bk s
iMli GEPRs R4 XA NA He B A F 1 4 KR
X T RE S U A& IR R 2 — . R B i (inferior
colliculus,IC) J& GRPRs AGS EAEM CHEEAL, 5T
ZEHUIWT GEPRs XU 1C Ff AT LARH 1k AGS #Y %
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4 iX AT HES GEPRs IC H GABA Yl 4 855
FECHAL T 575 AR AR VI IC )5 23 BH 1k 5
WA AT A Y BRI R &
T Y BRI L 4R AGS KAk
1.4 Krushinsky-Molodkina X &

Krushinsky-Molodkina( KM) K H 1 H &Ik
WL AGS,3 HIkZ 5, AGS BARAE S FaE ., ik
P KM K ETE 1 W6, 20 i S0 15 8 1 i % 8
ib i A R BE A 208 TR O I, X AR 2
BT R G S A BE S U M 2T B Y R F N
NFHKM KR AGS BEMIEHEZ— b, o
FER I KM R B 5k B IR 22, Wl fig 2§ 3L
AGS BAEMFE Z 7 EistfL 5, A4 KM K
B AGS AIREMY AL AL 45 2 5 5 TR IR R 1 3Kk
PAEEIY T ZED, DA K2 ST DNA B2 R G0 — A2
TRy Msh3 BEPR, KT, 3 86 e AT 5 ik — 2D
HESZ
1.5 Wistar ITiEMEXR

Wistar W7 ¥ #£ K B ( Wistar audiogenic rat,
WAR) 2 Wistar K REELEATAE R, HAT, HF
FERIMAE WAR 18 5t GABA (410 i 4 I FAIR, X
ATREJE S8 WAR 19 AGS R ARJRINZ 1 A
W98 R BUAE ST R KO AR B BRI B B R )
WAR K PN R BT 7K SF- R B i 1 X6 B, PRt
BOK WAR 15 S 8- sh e Al o 8 B
I A Y 4 E VR A A A 0 R TR (E R RS e
W —Lenf e A RE A AU G Vlgrl | Chrna4 | Grin2a
Grin2b Keng3  Egr3 VIR T FEH X bR K2 5
BT S E R AR
1.6 BFEH S FEEEITRERRER

BEHL 2 R s 4% P W U M U B B ( Genetic

Audiogenic Seizure Hamster from Salamanca, GASH-

Sal) S W1 B A0 B M LK 0 s i g s 8 | 4
WIS 22 1 9 0 T AGS S Bl . BF 5% & BE,
GASH-Sal ) GABA RER G, H IS KA B
SINFX PRI RERE AT . BLAh, GASH-Sal K £ 4~ X
B KCC2 R HRIBIKFBAIR , KCC2 8 1 4 Wi /b
SEALPY CL MR BE T, 20 i A TR AR AR
DL MR RGN, TS & AGS'™ . FE it 4% Jr i,
LOPEZ-LOPEZ %' % il GASH-Sal "1 Egrl . Egr2
il Egr3 B 5 AGS B UIAHG, b, S 3 4
S50 A A A B B, 435 D Asb14 | Msh3 FI
Arhgef38 , i3 415 PR ELAAR IR 4200 & AR R L i A
T R — SRR

2 BER AGS Fsh 5

BT B4R IR AGS L, kB AEEL
o B DL 3 Aok 5 DR R I SR et 2 A 9 iE, BRIV 7 AR
P EAIE AGS SRR (W3R 2) . LA #8orhi
BT BRE IR AGS 0 ) 1 A B T 0 o AL B0 Ak
AT BB AR HILT
2.1 Frings /N

Frings /> Bl W) 18 i e 6 14 & Fh M 1 E Ak
AN BRAF T AE Frings /N, 02T 13 S
PR RN MASST &A= T A A& SRR, MASST X
FRAFERA G 2 FECSZ K 1 (very large G protein-
coupled receptor 1,Vlgrl) , g EHE T G &
FIEIR ARSI 1 — B, ZERRIIG Th X 28 R e v
FEFR AT PR HEN, VLGR1 K 1 I ik A5
O & AE S S BERY U240 06 1 Vigrl
BN R BER T HA AGS, 38 HAA W 4
RO, GRS L AGS B Ik 5 T Iy A, B 5E
HINH AGS Ty EAEREAR 5 W g BE T A % U
R,

R2 AN AGS S BURISCEUN S N KRR A

Table 2 Pathogenic genes and their expressed proteins associated with single-gene AGS animal models.

(ES 5 RixEHA 253k
Strain Gene Expressed protein References
Frings /]N B, Vierl K G EAMBAZE [46-50]
Frings mice ° Very large G-protein coupled receptor 1
Lgil SRR . AR TR R 1 s
Lgil gene knockout mice & Leucine gich glioma inactivated 1
Frl 3B /1 B . Wtk X 9 91 {6 F 2 F1 .
Fmrl gene knockout mice Fragile X mental retardation protein
S A AT K _ WA -
Lethal dwarfism with epilepsy rat Domain-containing oxidoreductase
Gabib2 AR /ML _— VU TR HK B2 AR -

Gabrh2 gene knockout mice

B2-subunit of the y-aminobutyric acid receptor
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2.2 Lgil EEFKR/NR

& e Z@ PRI R R 8 1 (leucine-rich glioma-
inactivated protein 1,Lgil) JB2—Fr b H , B LES
F 4B E W 22 .23 (ADAM22  ADAM23) AL i,
Lgil 52 fil5 B ADAM22 1% filt /i Bl ADAM23 &5
BT oo B B3 S B4 TR 2 K
( a-amino-3-hydroxy-5-methyl-4-isox-azolepropionic acid
receptor, AMPAR ) F1 8l 2§ 38 1& % M, 2 5 5 fil T
PR IR AT R B, A Leil SRR
U, T Lail 8 F o0 WA A A5, 9 T ORI K
HzE5253)  SE—JB I IE Lail JEBIXT AGS HYSE
WPV, T Lgil HERER N, 2 A T/
B(Lgil" ™) o S IE SR AGS itk 4G+
(Lgil™™) /NEUBR e Z A ik B B & P 56 1)
L
2.3 Fmrl EFERKR/NR

Fmrl JER Gt X 2 KR 8 A (fragile X
mental retardation protein, FMRP) ,fE-& RNA 2445
1, Fmrl 7] LU 455 R B mRNA JE %
S YORE 42 ) 0 45 IR IR K B TE N —
FRIYVEEA AR, B2 XAE SR EA AR
SR o B AR S ik T SR A2 T S O
B F AR LA K AGS SFJAE" o 7F Fmrl J P
BRI BT AGS i BT AR IR AR DG, o
Wil BLAE 22 H W, Bl S 0 A BE AR % 1 K R
BT, Ford FEP AR A HETE /N 10 ~ 12 JA#
F, I AGS, B PAIT I, AGS KR FRET
AWFFERET, Fmrl P a5/ SOOI 4 A 2 i 12%
AR T A RS2 R i M GABA,, Z K55
RAFRZERDS
2.4 EIRPEORRAE A ER KRR

BOEME AR FAE LI K R (lethal dwarfism with
epilepsy rat, LDE ) B A RIGAE 77 5 FE T BfEPE 1
DIREIIR DL & AGS S, SUZUKI 45 jif i [n]
SN AT 10 J7 1 L0 e A S LT 19 5 G
AR ER—A DX I XS A S WW I Ak ie
Jiifif (WW domain-containing oxidoreductase , Wwox )
BN IEM ARG TIZ 58, Wwox 8 2 —Fi b
TR, EA ) o AR R L IS 2 it
FEN GUHEST. Wwox ik R 578 /)N BRUASEAY | I A7
AGS A R RG] AR
2.5 Gabrb2 EEERR /MR

v-Z I TR A BUZ 1K B2 WA (GABA, receptor

B2 subunit gene, Gabrb2 ) 3 [A] i 55 /)N BB 70 2 Y B0
i) SEEE N INE 25 R L T IR S e R =N TR ek V4
SRIEHT AGS AFRAE , LI 748 2 30 GABA il
PR IS | 36 TS SO & AR

3 ZitERE

AR SN 22 5 PR B DR AL A XY )z g
1) AGS SRR AR RE s AR AL e B0 2
BT T AT, 7 AGS B iR
B P T 3 i ORI B Tl F 2 A &R
gt R H L E ML — 1 22 5 (B HAR B e
TENRGEN) 7E FEOPR MG RGN LI
RETIREZE L, HET 51 & S5 O H e ae | £ 4
S0 A TR A 28 50 4 B IR P AR E M O R IR T
) BT TE .

HLE AGS BB R KR AL BT e
Bk DBA/2) 7N A AL N ) K B AR A7 7E
PRI BT GABA (IR 8 559 SF I 4, HEHR X
S R (14 3 4y 455 70 56 UE TR — W50 & B T
HULIR T, AN, K45 AGS BRI st 1 1 9
TR 3 R O R T 5 AGS By 29878 R 4R 3 T
I, TRV A 0 9 N 289000 A 28 AR BRIt T S
%, SR, TR AGS sh S RIAEAT 5 4R 4 AH ¢
FIWT J30 %, He AGS Gy B e 2B T F1 i Ak i & A=
MIFEAE . ERT M JCEA— AGS Sh R B e g f ke
JITA AT RE B A LA, PR e ELA — 2 Ry BR A

TG Bl B T 55 A — A~ B R A T
AEDs, I AEDs 177 &I 1E H 2 f 3t A& H T 7
7 R B ), PR, BIF R AL AEDs &G
B, R AGS ShYBBIAELE I A OC 5 B 058
JEL R R B A A g 45 1) L, 55 1k 2 SR A g B
TOT A ST Y Sh YOI AR A FE, R R B, g
T L BRAERE 35 G iz Mn] 8RR AR
BEAL, Sl AR v I RO 1) 22 4 O 0 3k 7
] AEDs 4241 7T P 5,
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[ Abstract] Duchenne muscular dystrophy (DMD) is a lethal, progressive, X-linked recessive hereditary muscle
disease caused by a mutation in the gene encoding dystrophin. Currently, no cure for DMD is available, and clinical
research is progressing slowly. The establishment of animal models is becoming increasingly important for experimental
research on DMD. Following the research findings that mdx mice have the same pathogenesis as DMD patients, this model
is widely used in the study of DMD pathogenesis and drug development. Mitochondrial injury is one of the most important
pathological mechanisms of DMD, and mitochondrial protection is a potential therapeutic strategy for DMD, and thus it is
significant to study mitochondrial injury in mdx mice. This article reviews the progress of research into mitochondrial injury
in DMD model mdx mice in recent years to provide a reference for related experiments.
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WLEF 4 P AFAE S5 R BA IZRRL AR . R b, Lo AR &
P 1 2 AT BE A DMD YR IS AR
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R E RN R 22— 2 S50 DMD - 8% UL 25 45
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LRI A ER A ) A AT A ) R A R B
FESR 3 BT, 0 A0 M A A A 3 B 4R R R 4
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(A b R 2 2 e B R o R AL R AL
(oxidative phosphorylation, OXPHOS ) B¢ i S < & h
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BE R, WL JR 2R 4k 8] 28 kL {K (intermyofibrillar
mitochondria , IFM ) I LI T 2867 /A ( subsarcolemmal
mitochondria,SSM) , IFM v FHEVT 1 7 (19 LR £F 4
() BT, 2 PAE 200 J e &4 e s O DR BB 40 ATP Wi i 17K
HR AT ZRLAAR, SSMA: T WL J7, o i i LS &
R 10% ~ 15%") . PERCIVAL %7 i 53 & BE
mdx /NALA T SSM O BEEREAIR T 39% , i & Bk T
PUVLE S B A B = 330 mdx /) BB % L ZoR:
TRHY ATP 5 RE JT BEAIK . GomriA i S AL w12 1k &
Gith 4 PR EERE S S (28 1-IV) Fl ATP &
B G (AW ) HLRL, BEfS Uh R 5% 78 At
SLOATP 72 A Jir b 575 (4 5T 6 B . GAGLIANONE
A RS 12 R A mdx /DN BRUULIA) 20 P s
iz ATP FFAYFek , K BLE f# L ( extensor digitorum
longus , EDL) H R /K BE 1 AQIH 55 . KUZNETSOV
LV R B mdx /N BRUBE DU Sk LT A IR W 1
LRI PERRAIR T 29 50% . [RIEE, 2 54 %
SRR BE LAY LR 38 N, 40 CHEN 485 iF
FEHGE DMD B H 5 WLEORL R ) B8 AN B & 1R 151 1Y
RAAR 2 2 FR T A2 S ) 1) B A 58 PR 1 7 Sk s /b
WL BRI ATP iR L R TS fikRE &, 7T I
AR AU AR R B S e UL IR i i 4, 42
78 DMD & F mdx /NS B ZESE TS5
AR RE A E A
2.2.2 ZOhifk Ca®

LA 5 ) ( sarco endoplamic reticulum, SR/ER)
AT A BT &, SR AL 4E Y i 45, O S 4ok
TRFN Ca® RSB YIARSCY -85 LAY I D e
GBI Ca RUEMF S RS SR/ER TEALLF
eI Z M4, AWTTEIN N, Ca® i & 2 A 5
PR, ELATZ0 LA M9l i I8 | 3k o 30 2 Al 4 Bk oy
Ca® EREL, H AT $OR 2 BT GRS 15 1)
VR 7E DMD H, Ca® B 28 5| e 2Rk 1A 451 45 Fn
2kr R i P #% e L ( mitochondrial permeability
transition pore, mPTP ) JT7if b &) | [] i AL 40 At A
20 B REEAN RS T 5 | A 40 L 24 0 i AR o -5 350
B s iy Ca® " W BESG N, BULZE S R AR Bk =
5 A X 9 3 o M0 AE SR/ZER Gk A4 A B A AN
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(AR, R W] Ca® " I BR BE T BEAIK, 5 LA
LRI S (9 AL I 1245 5, KUZNETSOV 250
WFFE N B UL UL 2E 4 2 B R B = Bcfy Rl e
EHTNE4E Ca® B i, XF mdx /N U 5T
FEHH NOX, BYH s 2 st 7= A 15 PE 4 (reactive
oxygen species, ROS) , filt & Ca’* 38 32 3 8 7% 18 18
HEA FEERLR Ca® "M A ROS 1™ A [F] T3
LA43 . 7E DMD &35 B ZE 4R LA & B Park 14
JEN it Y PLA2GO #H Rk 1k, it — T A 8,
PLA2G6 & (38 1 15 fL 25 L 9\ Ca® " 3 18 ( store-
operated calcium channels, SOC) , 3 Ca "IN L
MMM Ca®" i R — L FH DMD &4, M
il Park14 B:H R IXGEWE 0T mdx /N EUILAIH Ca®*
i BEPII, AT RESRIAYT DMD 259 i 07
2.2.3 LR ILIIN

FEAR M S H G SR Py VR T AR R 3R JE R T R
AR ROS KB ROS (19 BT 1 3 504
PR B X — i Ry A O B, JlAR
H P SR A 40 i AR L AR A S Y K
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AUEIER  JE B B mPTP JF 1 781X —id 2 % 4 &
SR PRI R ) LR AR TR S . XA
PR3 L 1 3 5 R R A 1 JIEE B 8 3 A (inner
membrane anion channel, IMAC) , A] W2 67 AR TE )85
ROS = A KAE TARHZAIEN . Ca® AT AES:
BEINZALIR ROS HY A2 %, [a] AN SF- i ) ROS 42
- B —FhF% S kB (nuclear factor kappa-B, NF-
kB) B BE T A, NF-kB 75 77 A R JJLEF 2 v 5 i
FEAE, 0T il & DL BB s A e A2, DA
Ca® "] | SEUAb I W A i S5 I 2 (A AE B2 4 1 AH
HAEM AL A 5 DMD (995 BLBERE . 18 M R R
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B, DT 58 JRCAE 1 2R A P 638 it | 20 415 200 JH PN B 58
RS, SRR 2 B M T, 75 (B UL
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YT HE MG . VALLADARES 45 852 % 3, F Wi AR
B MME M FEEN 1 #48 3 1T ( microtubule-
associated protein 1 light chain 3 I ,LC3 II ) #1#%fL
1 p62 7E mdx /MK PRI, KANG %17 52
B 1 % B0 K mdx /s BRGC I R ZRi AR
Wi T ST A /0N R, 0 AL O LR 2ok A
H WD REA & TR SR AR . B AR 45 R o
mdx /]NEUE B ITULET 4ERFE RT3 Bt SOk 1A 25 )
SEH AR W, TRIM72 38 3o 412 30 2ok A 1 15
22 mdx /NEU LN RIE IRAE A fER—Fp
FIRALE W, 06 mdx /N BUARSZR AL [ I, AT 3
FIPRSE LA 2 R RIS I A7 06 3R 00 9 s £k
BRI A WEXTF DMD HA W AEIRYT I A

3 4HiE

BT, S Z AN SRR 2 e L2 46 3
itz (e R Z — ABLRARB 7] i8S 52 E DMD
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W Ca® AR AS AL I ZORL AR [ ) L 23 R
DMD AHOCHEPR R I KRGA . R, 2RI AT fE
1RYT DMD Ay H 220 5 AR OR 77 2 2 R B oY 2
BRLRARBAG S DMD KIRHLH Z Bl B .

£ % X Bk (References)

[ 1] DUAN D, GOEMANS N, TAKEDA S, et al.
Nat Rev Dis Primers, 2021, 7

Duchenne
muscular dystrophy [ J ].
(1) 13.

[2] SHAH M N A, YOKOTA T. Cardiac therapies for Duchenne
muscular dystrophy [ J]. Ther Adv Neurol Disord, 2023,
16 17562864231182934.

[ 3] BROOMFIELD J, HILL M, GUGLIERI M, et al. Life

expectancy in Duchenne muscular dystrophy:

Neurology, 2021, 97

reproduced
individual patient data meta-analysis [ J].
(23): €2304-€2314.

[4] mz%lE, KTis, T, . G5 AR 75 -& ik e

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Ji BT Duchenne BUJLE = AN B9 ROWEE [J].
R, 2022, 41(3) : 19-23.
YU X E, YUY Y, WANG C, et al. Clinical effect of Jiawei

LRIP IR

Guilu Erxian glue combined with prednisone in treatment of
Duchenne muscular dystrophy [ J]. J Anhui Univ Chin Med,
2022, 41(3): 19-23.

MCGREEVY J W, HAKIM C H, MCINTOSH M A, et al.
Animal models of Duchenne muscular dystrophy: from basic
mechanisms to gene therapy [ J]. Dis Model Mech, 2015, 8
(3): 195-213.

ZAYNITDINOVA M I, LAVROV A V, SMIRNIKHINA S A.
Animal models for researching approaches to therapy of Duchenne
muscular dystrophy [ J]. Transgenic Res, 2021, 30(6): 709
-725.

BULFIELD G, SILLER W G, WIGHT P A, et al. X
chromosome-linked muscular dystrophy ( mdx) in the mouse
[J]. Proc Natl Acad Sci U S A, 1984, 81(4) . 1189-1192.
SICINSKI P, GENG Y, RYDER-COOK A S, et al. The
molecular basis of muscular dystrophy in the mdx mouse: a point
mutation [ J]. Science, 1989, 244(4912) . 1578-1580.
WAHLGREN L, KROKSMARK A K, TULINIUS M, et al. One
in five patients with Duchenne muscular dystrophy dies from other
causes than cardiac or respiratory failure [ J]. Eur J Epidemiol,
2022, 37(2) . 147-156.

VEZRIE , 22 A %2, DU, 4. Duchenne TUHLE F2A R/
PR S M T AR5 dystrophin (254K [J]. HESLER
ShW2El, 2014, 22(6) ; 81-84, 11.

PANG R Q, LI Z A, RUAN G P, et al. Identification of the
method of establishment of a DKO mouse model of Duchenne
muscular dystrophy and regeneration of dystrophin expression in
vivo after stem cell transplantation [ J]. Acta Lab Anim Sci Sin,
2014, 22(6) : 81-84, 11.

YUCEL N, CHANG A C, DAY J W, et al. Humanizing the mdx
mouse model of DMD the long and the short of it [ J]. NPJ
Regen Med, 2018, 3. 4.

CARNWATH J W, SHOTTON D M. Muscular dystrophy in the
mdx mouse: histopathology of the soleus and extensor digitorum
longus muscles [ J]. J Neurol Sci, 1987, 80(1): 39-54.
MASSOPUST R T, LEE Y I, PRITCHARD A L, et al. Lifetime
analysis of mdx skeletal muscle reveals a progressive pathology
that leads to myofiber loss [ J]. Sci Rep, 2020, 10(1) ; 17248.
PERCIVAL J] M, WHITEHEAD N P, ADAMS M E, et al.
Sildenafil reduces respiratory muscle weakness and fibrosis in the
mdx mouse model of Duchenne muscular dystrophy [ J]. J
Pathol, 2012, 228(1): 77-87.

LEE J, MYRIE N O, JEONG G J, et al. In vivo shear wave
elasticity imaging for assessment of diaphragm function in
muscular dystrophy [ J]. Acta Biomater, 2023, 168 277-285.
SHIRAKAWA T, IKUSHIMA A, MARUYAMA N, et al. A
sandwich ELISA kit reveals marked elevation of titin N-terminal
fragment levels in the urine of mdx mice [ J]. Anim Model Exp

Med, 2022, 5(1): 48-55.



o [ S B Bh 2 2024 4F 6 A5 32 55 6 Hl] Acta Lab Anim Sci Sin, June 2024, Vol. 32, No. 6

797

[17]

[18]

[19]

[20]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

WA AR, 2=, . LI T MyoD Fl myogenin
FEARTA A i DMD AL mdx /DB RRIE [T]. P E S5 2
YAk, 2006, 14(3) ; 183185, 153.

ZENG Y, ZHANG C, LI C M, et al. Expression of myogenic
regulatory factors MyoD and myogenin in DMD mouse model mdx
mice at different age [ J]. Acta Lab Anim Sci Sin, 2006, 14
(3): 183-185, 153.

ROSENBERG A S, PUIG M, NAGARAJU K, et al. Immune-
mediated pathology in Duchenne muscular dystrophy [ J]. Seci
Transl Med, 2015, 7(299) . 299rv4.

HUDGSON P, PEARCE G W, WALTON J N. Pre-clinical
muscular dystrophy: histopathological changes observed on
muscle biopsy [J]. Brain, 1967, 90(3) : 565-576.
LEDUC-GAUDET J P, HUSSAIN S N A, BARREIRO E, et al.
Mitochondrial dynamics and mitophagy in skeletal muscle health
and aging [J]. Int J Mol Sci, 2021, 22(15) ; 8179.

b—, SRE, #EAEPT, 4. mTOR ¥ H WEFE Duchenne L
B RIENL 4R E PSR (1], S aRmEE,
2023, 31(4): 240-244.

BU Y, ZHANG H Q, HAN J Z, et al
autophagy in muscle fiber damage in Duchenne muscular
dystrophy [J]. J Brain Nerv Dis, 2023, 31(4) . 240-244.
DUBININ M V, TALANOV E Y, TENKOV K S,

mTOR regulates

et al.
Transport of Ca®* and Ca” *-dependent permeability transition in
heart mitochondria in the early stages of Duchenne muscular
dystrophy [ J]. Biochim Biophys Acta Bioenerg, 2020, 1861
(10) : 148250.

MOORE T M, LIN A J, STRUMWASSER A R, et al
Mitochondrial dysfunction is an early consequence of partial or
complete dystrophin loss in mdx mice [J]. Front Physiol, 2020,
11: 690.

WATKINS S C, CULLEN M J. A qualitative and quantitative
study of the ultrastructure of regenerating muscle fibres in
Duchenne muscular dystrophy and polymyositis [ J]. J Neurol
Seci, 1987, 82(1/2/3): 181-192.

JIA X, WANG Q, JI J, et al. Mitochondrial transplantation
ameliorates hippocampal damage following status epilepticus [ J].
Anim Model Exp Med, 2023, 6(1) . 41-50.

HOPPELER H, FLUCK M. Plasticity of skeletal muscle
mitochondria ; structure and function [ J]. Med Sci Sports Exerc,
2003, 35(1): 95-104.

PERCIVAL J M, SIEGEL M P, KNOWELS G, et al. Defects in
mitochondrial localization and ATP synthesis in the mdx mouse
model of Duchenne muscular dystrophy are not alleviated by
PDES inhibition [ J]. Hum Mol Genet, 2013, 22(1): 153
-167.

GAGLIANONE R B, SANTOS A T, BLOISE F F, et al
Reduced mitochondrial respiration and increased calcium deposits
in the EDL muscle, from 12-week-old
dystrophic mdx mice [J]. Sci Rep, 2019, 9(1) : 1986.
KUZNETSOV A V, WINKLER K, WIEDEMANN F R, et al.

Impaired mitochondrial oxidative phosphorylation in skeletal

but not in soleus,

[30]

[31]

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

muscle of the dystrophin-deficient mdx mouse [ J]. Mol Cell
Biochem, 1998, 183(1/2) : 87-96.

CHEN Y W, ZHAO P, BORUP R, et al. Expression profiling in
the muscular dystrophies; identification of novel aspects of
molecular pathophysiology [ J]. J Cell Biol, 2000, 151(6) .
1321-1336.

PAULY M, ANGEBAULT-PROUTEAU C, DRIDI H, et al. ER
stress disturbs SR/ER-mitochondria Ca®* transfer; Implications
in Duchenne muscular dystrophy [ J]. Biochim Biophys Acta Mol
Basis Dis, 2017, 1863(9) : 2229-2239.

KRIEGER C, DUCHEN M R. Mitochondria, Ca’* and
neurodegenerative disease [ J]. Eur J Pharmacol, 2002, 447(2/
3). 177-188.

XA, ZEE N, DMD 4 WUBRE S A5 AL B A8 52 R 9T 1Y
FEEtRE [1]. hEIEBERAGE, 2022, 32(6) : 93-99.
ZHAO Z P, LI S G. Research progress on the mechanism of
sarcolemma damage and repair treatment of Duchenne muscular
dystrophy [J]. Chin J Comp Med, 2022, 32(6): 93-99.
BERTORINI T E, CORNELIO F, BHATTACHARYA S K, et
al. Calcium and magnesium content in fetuses at risk and
prenecrotic Duchenne muscular dystrophy [ J ]. Neurology,
1984, 34(11) : 1436-1440.

HUGHES M C, RAMOS S V, TURNBULL P C, et al. Early
myopathy in Duchenne muscular dystrophy is associated with
elevated mitochondrial H, O, emission during impaired oxidative
phosphorylation [J]. J Cachexia Sarcopenia Muscle, 2019, 10
(3): 643-661.

BOITTIN F X, PETERMANN O, HIRN C, et al. Ca’*-
independent phospholipase A2 enhances store-operated Ca”*
entry in dystrophic skeletal muscle fibers [ J]. J Cell Sci, 2006,
119(18) ; 3733-3742.

ISMAIL H M, DORCHIES O M, PEROZZO R, et al. Inhibition
of iPLA2 B and of stretch-activated channels by doxorubicin alters
dystrophic muscle function [ J]. Br J Pharmacol, 2013, 169
(7): 1537-1550.

ZOROV D B, JUHASZOVA M, SOLLOTT S J. Mitochondrial
reactive oxygen species ( ROS) and ROS-induced ROS release
[J]. Physiol Rev, 2014, 94(3) . 909-950.

CAPOGROSSO R F, COZZOLI A, MANTUANO P, et al.
Assessment of resveratrol, apocynin and taurine on mechanical-
metabolic uncoupling and oxidative stress in a mouse model of
Duchenne muscular dystrophy: a comparison with the gold
standard, a-methyl prednisolone [ J]. Pharmacol Res, 2016,
106 101-113.

TERRILL J] R, RADLEY-CRABB H G, IWASAKI T, et al.
Oxidative stress and pathology in muscular dystrophies: focus on
protein thiol oxidation and dysferlinopathies [ J]. FEBS J, 2013,
280(17) : 4149-4164.

DISATNIK M H, DHAWAN J, YU Y, et al. Evidence of
oxidative stress in mdx mouse muscle; studies of the pre-necrotic

state [ J]. J Neurol Sci, 1998, 161(1) . 77-84.
GROUNDS M D, TERRILL J R, AL-MSHHDANI B A, et al.



798 P E SCES SR 2024 4E 6 A4 32 555 6 ] Acta Lab Anim Sci Sin, June 2024, Vol. 32, No. 6

Biomarkers for Duchenne muscular dystrophy: myonecrosis, function in skeletal muscle fibers of dystrophic mice [ J].
inflammation and oxidative stress [ J]. Dis Model Mech, 2020, Biochim Biophys Acta Mol Basis Dis, 2018, 1864 (11). 3685
13(2) : dmm043638. -3695.

[43] LEMASTERS J J. Selective mitochondrial autophagy, or [47] KANG C, BADR M A, KYRYCHENKO V, et al. Deficit in
mitophagy, as a targeted defense against oxidative stress, PINK1/PARKIN-mediated mitochondrial autophagy at late stages
mitochondrial dysfunction, and aging [ J]. Rejuvenation Res, of dystrophic cardiomyopathy [ J]. Cardiovasc Res, 2018, 114
2005, 8(1): 3-5. (1):90-102.

[44] FIACCO E, CASTAGNETTI F, BIANCONI V, et al. Autophagy [48] WU M, LI H, HE J, et al. TRIM72 alleviates muscle
regulates satellite cell ability to regenerate normal and dystrophic inflammation in mdx mice via promoting mitophagy-mediated
muscles [ J]. Cell Death Differ, 2016, 23(11) : 1839-1849. NLRP3 inflammasome inactivation [ J]. Oxid Med Cell Longev,

[45] PAULY M, DAUSSIN F, BURELLE Y, et al. AMPK activation 2023, 2023 8408574.
stimulates autophagy and ameliorates muscular dystrophy in the [49] LUAN P, D’ AMICO D, ANDREUX P A, et al. Urolithin A
mdx mouse diaphragm [J]. Am J Pathol, 2012, 181(2) : 583— improves muscle function by inducing mitophagy in muscular
592. dystrophy [J]. Sci Transl Med, 2021, 13(588) : eabb0319.

[46] VALLADARES D, UTRERAS-MENDOZA Y, CAMPOS C, el
al. IP; receptor blockade restores autophagy and mitochondrial [KFsEHHEI] 2023-12-08

(PEIEREFHEEYRY

E NS CN 11-4822/R - [EFrF)5 ISSN 1671-7856 st 82-917

— FENE

AT B E S s AE 2 5 rh [ R SR A B R 2 SIS s A 58 B A i e B v s deE R T (A
) o AERE A FELE 5 AR S fd B VTR DG 1Y SE 90 3 ) 5 s ) S 50 45 LR A B2 4% 40 S B, A3
I:KBEI: AR, # Eu%@%iﬂ%ﬁ%& RS AR BRI BOR 5O A A
RN ESMAR R 2GR H SRR ARSI 5E  SCF R 2 WS R e e S B, A A
E I AR

AR 22 AR P25 G PR B PR T R B b RS SC S TR ) (b E R AZ O ) |
(P SCRZGO I TIEE HOSE ) | SCAE R 2 3R SCHRERE i (CMCC) | v A W B 2 30 R 808 T 4 0000 T
MR
ZHBREXREIFEEM

SCHm NS EEHA QN BA R SE R 18 S TR, ORI IT &R SO IORS 25, A s A5 ME R, IR
I, I FIE BT, SR IE SCFEURE 5000 FAEA

Behm Pk ; hitp - // zgsydw. enjournals. com/ zghjyxzz/ch/index. aspx
LIS NP i



2024 46 H o [ 5256 Sh P A 4 June 2024
BRE B ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 32 No. 6

X R T 3242 A TRREPUBR G WA IR RIS B R [T, PSR s adie, 2024, 32(6) : 799-818.

LIU X W, TANG Z N, PENG D D, et al. Use of ferrets in nonclinical studies of anti-infective drugs [ J]. Acta Lab Anim Sci Sin,
2024, 32(6) . 799-818.

Doi: 10. 3969/]. issn. 1005-4847. 2024. 06. 013

SR AE HUREGE 25 W AR I PRAJE 5 b 18 L H]

AFER'? T YA M EE

(1. PR Il BE R R A2, 7 51008052, WIF BRI 25 MHF T ho A BR A F &
B S B TR A R R, KV 410329)

(HWE] S THURG YN B 3TE T I o (U2 1k ) RB N 2818 238 17 1 4 A7 Ik
JeRMERE , B3RS G ARIEIR 5 A AL, BRSSO 52 259 AT A ol 2 T AR (H
O TS IS — € 1 Sy BRAA: , P RE -5 55 50 ol 2R 17 11 552 50 3 9 ) 3 AR D ) sl SR b o, 50 =2 A S 1 140 2 W
R S R R A DG, A SO S5 5 A e i A R ) A s A T 2 DRI BT T AR B SL 25 W 5 vh Y
N7 1), B FEAR S 5RAE  SE 50 s A AL

[X88IR] T30 HrR 259 bt ; SCnsh )

[HE>ES] Q95-33 [ 3CEfFREE] A [XEHS] 1005-4847 (2024) 06-0799-20

Use of ferrets in nonclinical studies of anti-infective drugs
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[ Abstract]  Ferrets offer an advantage in nonclinical studies of anti-infective drugs because of their ability to be
infected with and spread pathogenic microorganisms, especially viral strains, without the need for host adaptation.
Additionally, the clinical symptoms exhibited by infected ferrets are very similar to those of humans. Although ferrets play
a very important role in the research and development of antiviral drugs, the scope of their application remains limited. This
may be related to the lack of corresponding national standards for laboratory animal feeding and application of ferrets as well
as the lack of specific diagnostic and detection reagents. This paper summarizes the characteristics of ferrets as infectious
disease models with a summary and analysis of the application direction of ferrets in anti-infective drug research. Our aim is
to promote further standardization of the use of ferrets.
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ARHIBET- R 5L (AT 5R B YR AR - 0] 43 51 908
LB T Z AR PR I RAE AR (AR MR w15
I | S5 AT SN, FE T A5 ) A vl 28 AR e 308 745 7
JEE (G 0 S e V) I R T R ) A A
HEIR B 25 W) regkirona 78 AT S MBI 5 1 B b 3k FH
T hACE2 /NE & B 50 L TE I EA T 245 50F 5%
25 IR | regkirona fE 0. & FEAK /N BRI 2210 7,
T T SR R YR AR R (1) I PRAE R (WK S i 1 )
Yol S ) A A AR Y A S R e R T
A 35 AN ) ol o R 4 A AR (14 A I B S 78w
ANEREE L 1 05290 JL 2 46 A 1 A8 Ak (s 5 T

BE R ), HLR G AR AL T B AR R TR IR E
(), 25 3R IR AR U] ] ] IR 2% 50 JL -~ 48 b F1
S A RAEAR , ELIER G 0L m (] A G 45 - i
A (S Y MRS ) T PR (AR ) o 5 5H R
FAL R 5 Y B A 5 T A B R TR Il PR R
B, DR CAE A 700 55 25 P AH O 25 R0t BAT ]
R E L5
3.2 SRBJFEMEYHERBXE

AWFFE R, 530 15 X 35 50 1 R e B AR I
RS B KIM 52 (o R 00, BT A AR BL
LR AL SARs-Cov-2 HEFETHH( > 3 %) K
LS B e ) B A e R I I R B DA
SRR il A B DL R R AR (5 < 6
AWESHA 1 ~ 2 ZWEFESHMLL) .
PRINCE %' TAYLOR %" Fl SUFFIN %" 1y
e , WEWG B A LS5 75 (respiratory syncytial virus,
RSV) 75 Fr A 47 i BE A 55 50 S Jls 20 b 349 v 2
R T S ) AELLE i v B 75 A2 ) ORI BR T2l i 5
30, #2278 RSV X T30 iR hete 5 A AR LAY
AEHRAR OGN . PARK A5 R B, & FA P i/ s 2
ZEAE KW 5 ( severe fever with thrombocytopenia
syndrome phlebovirus, SFTSV ) X} 55 57 (1) & 4 H A H
RARRHHE  F R AT (2 %) A R E
falli RAEIRFISE T 3, HR IR AU TR RN =
BTG B N, TR Ys SFTSV W E4FEFSR (24 %)
ST B W R O T A, AT FE R Lk R 4
I G S, I e B HE ™ A L /DN AR AL | A
TR > R B SE TR 3%, 2T B
TR AR I AR I AR I 1Y R R
EOR G R B AR RO B S5 > WAFES
3> Wb EsR, H B v 25 S5 a] BE 5 A [A)4F 11
B AR E R IR R A H 2 AR R R AR B A
B0 A7 108 22 S A7 O, L B T I AL E AR TSR A o
2,6-MEWR SZ A KV B 1y, LA R R #5750t
1 -2, 3-MR IR R A2 1A D) B2 A AR PE B R &
SRV SR sh Yyt BAR G HIAF i 246 6 A ik LA
BRI 25 Fof s 25 A SR A ) A 0 AR P A A
DR AE HEA TP 75 245 W) B BIF I, 7 AR 415 245 ) 114 3
FNEE (B4 A NECEAE N ) PR 65 18 AR 1 B
BT
3.3 ERBRFEEREVEHEEES

20 TR 0 i 0 B PR R T R RE R A Y
200 T 1 U R A A R B L /N B A A A IS o E
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R ARTSR B R A 1 R AL R e (JCH 2
PRI ELER I ) DU 2 SR A Y B
— T LR 9 A 1 T g 5 7R R
TR JEv R A R0 S I PRI AR 72 R
3 S A P B R A O, R B i €
TRAGHR . GUPTA 45 WIS s, U N
(> 5 x 10° CFU) S5 AT A 3R 7 F Py iy

LS RSPy i A= Ak NS A BL A 2ot B I
PRAE PR AT BRRRAE, BB m R ( > 5 x 107
CFU) MEFRTE 2 ~ 4 JAW 8™ F e R (R FE R
3K 30% , SRR LT AR i S EH
PAT A v 2 Ml 3% ) 1 45 A 9 R A IS R P 4% ol o g
FEAR 255 B AR W R R RN P R T L
BWEL,

*1

AR U I AR W 5 B0 RO LA

Table 1 Comparison of the reactivity of ferrets infected with pathogenic microorganisms

N Gt

TR IAE IR B2 5 AR AL

HoAt S Jm AL A T FE 15 0

27 ik
Pathogenic Route of Symptoms after infection and Research on other animal
. . . . AP . References
microorganism infection their similarity to humans species models
BALB/c /I L, A BRI XS K
B Mo /N BT W AR T AR, i
2, UM 3 7R AT 1R AL T LB
B R BLULT- I R AE AR, AN 3 &
PEATAE AR ST s XX N S 2 AN
T &/ TG I PRAE 5 AR L, G5 P R R R RS2 W S 5 B R AR
B IR TGS B SN JET R TEEMFIRGE  CAERRRE T IR S A3 H
R i/ 2 W/ AU REH, BB R AR R RS
EOR B R HEE A TR BRI Y 1 e Sh W R R BALB/c¢ mice, hamsters, guinea
S RE S B A Clinical symptoms after infection are similar to  pigs,  chickens, dogs,  pigs,
Influenza A virus/  Intranasal/ those of humans, including fever, weight loss, monkeys. Mice ( body weight loss, [36-45]
influenza B viruses/ intratracheal decreased activity, nasal discharge, cough, and  pneumonia and murine lung adapted
avian influenza instillation/ death. Virus has obvious replication in the strains can cause death), hamsters,
viruses intragastric/ respiratory tract, and there is interpopulation  guinea pigs have almost no clinical
direct contact/ transmission of infection, which is the preferred  symptoms and are not suitable for
aerosol contact animal species for influenza virus infection transmission studies. Chickens are
not sensitive to human viruses. Dogs
are not the natural host of influenza
virus and have no ability to transmit.
Pigs and monkeys are more suitable ,
but the cost is high
TG S e R R (A AR T ) LB
FEAEILYE 40 f B 7 (IL-1a  IL-1B  INF-r | INF-
B) HARAL , 77 b HE 1] Fe 4, A G B o B0
RESZ ] 5 AF W TG, {ELLE i #1302 52 1 155 L
o SRR R ORI OC (M — B9 5 AL S A BALB/c /NRL KREL BRI AE AR B
IR ) RN
I % 3 B 2 ST . . ; .
. There were no obvious clinical symptoms (or only ~ BALB/c mice, rats, chimpanzees, |3 46-45)
Respiratory Intranasal/ . . . . . ’
L . mild temperature increase ), but there were cotton mice, cattle, guinea pigs,
syncytial virus intratracheal . .
instillati changes in serum cytokines (IL-la, IL-1B, INF-  hamsters, monkeys
Hmstifation o, INF-B), and there was interpopulation
transmission. Viral replication in the nasal cavity
is independent of age, but in the lungs is
inversely associated with age ( the only animal
species similar to humans)
Hidn/
I A J S AT RS R )
i ORI (8 TR A UR R FLIEEERNAE ) o bt N AR5 500 R
Y T T RSN et et
Nk:-3: 31 $iE ) ARG I 5 L, A& R S s B o ?
S A After infection, there were fever, acute o0 . .
SARS ( SARS-Cov/ . . X L. hACE2 transgenic mice, non- [18-20,49-51]
Intranasal/ bronchitis, and inter-population transmissible . . . T
SARS-Cov-2) . e . .. R transgenic mice ( adeno-associated
intratracheal infection. Clinical symptoms ( fever, respiratory . . .
R . . .. . . virus transfected with hACE2 ),
instillation/ inflammation ), transmissible infection were
. . .. . . hamsters, monkeys
intragastric/ similar to humans, so it was a suitable

direct contact/
aerosol contact

animal species
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gZx1
G YRR YL JE BYREIR K5 N B AE (Bl HALSh AR BT R TG O P
Pathogenic Route of Symptoms after infection and Research on other animal =
. . . . AP . References
microorganism infection their similarity to humans species models
SR 5 TC G RAEAR  AEAFAERG B S R FIBT BALB/c /ML AR B KB & B I
i i 5 2 o W=t PUEES 1S
Human o There are no clinical symptoms after infection, ~BALB/c¢ mice, cotton mice, guinea [52-54]
. Intranasal . N .. . . . o
metapneumovirus but viral replication and neutralizing antibody pigs, hamsters, African green
production are present monkeys
IRZIRRE(MV) - B ILRAEA S B 1OV @ A ]
DA Z AR (RS ) ;
RIFPIGTE (CDV) - oy B S T WL R 3 % B RE IR /DS B (T i A A B
Wi, W g M2 REE SR, FLERY S RO PR AR R FOBR AR, P g A
e T T mmeyee AEAR S AL, (LG22 BT B, ol e S, T AT 3 ) (R )
R o S Bl AN m AR B e 23 N1
FORURTE) i P 5 . . . S
. . Measles virus (MV) . Conventional route is not  Transgenic mice, monkeys ( New
Measles virus/ canine  Intranasal/ . : .. . [55-59]
. . . susceptible, ICV route can show neurotoxicity =~ World monkeys, squirrel monkeys, 27
distemper virus  intratracheal A . . . .
. . R ('meningitis) ; Canine distemper virus (CDV) :  macaques, crab-eating monkeys) , of
(alternative virus) instillation/ : . . .
. . susceptible, fever, cough, rash, pneumonia, which macaques and rhesus monkeys
intracranial .. . . ..
neurotoxicity can be seen after infection, clinical —are the closest to humans of all
symptoms after infection are similar to humans, animals (including ferrets)
but the lesions are more serious and the disease
progresses faster, not the best animal species
Z it/
N 5/ TR S A R A5 A 1ML A7 P B 200 e R R A
v P ML Y FRSRBURLIR B R MR i M A b, N ZRIME ARSI R A
RS/ 55 X (9 N SMRIEAR UL 4 148 5 W AT G 5 i R % R EE Y
KB I B 3 2 Post-infection symptoms include swelling and wall P4/ )
>IN Transplacental/ degeneration of cerebral vascular endothelial In mice, protein capsid or antigen ~ [2!-60-6]
Rubella virus . . . . .
intracranial cells, accumulation of granular eosinophile complex were wused to evaluate
instillation/ fragments in the vascular lumen, and vascular immunogenicity and candidate
intranasal/ abnormalities similar to those seen in rubella  vaccines
subcutaneous/ infected human embryos
intraperitoneal
FoATHEATAE LIE N, T A E 2 B L= ], B
YR RER S NAR WAL, G4 PR B R, &
PR i B RERS H Al A | b
RLANNEIG 2 /MRS SRR SN 2
22N A @ LETS Wy FET (PR AL T RS TN kW& : :
= FOEEN Sy S v BALB/c /M., C57BL/6 /N i, ICR
NV N TY SE AR (e HE 61 R8T 3 e 4 o /i PR
%,/ bR ; INEL, 4 S B IR LR, R )
FHRTE AR R fiE) e Ay g o
[EE= e o e " . . . A 5}‘,/\%13@%1&4719 ﬂinﬁﬁj
ENGHE L) LD No host adaptation is required, the virus . .
L . BALB/¢ mice, C57BL/6 mice, ICR [64-68]
Filovirus ( Ebola  Intranasal/ replicates throughout the body, and the symptoms . . .
. . . . . .. mice, golden hamsters, guinea pigs,
virus, Marburg virus, intratracheal after infection are very similar to those of humans,
. L . . . . monkeys, except monkeys, all
Sudan virus, instillation/ including weight loss, fever, rash, bleeding, . .
. . . . . . require host adaptation
Bundibugyo  virus, intramascular clotting disorders, lymphocytopenia,
Reston virus) neutrophilia, thrombocytopenia, inflammation,
multiple organ failure, and death (mortality after
infection is higher than in humans). It is a very
suitable animal species ( especially for the
characteristics of no host adaptation)
JERY S5 HA 5 AR IR PRAE R , (45 PR R
S, A IS il PRI 03 | i (MR BEE | ; o
5 Sl W M JRARE SRS LRI D) 0 o g g A st
WA T ) SErs ez b b R IR Bk
S5t T A OG5 Py e OC LSS e ] 5
T 5/ ;jjﬁf%ﬁ'}ﬁ P ’ traN )7 S i = S O N R TP
ﬁf%*%%ﬂl/ Clinical symptoms similar to humans after SRR IR
Je A B i . . . . . Mice, hamsters, pigs, African green [69-75]
. . infection,  including  weight loss, fever, .
Nipah virus Intranasal/ monkeys, marmosets, mice nervous

direct contact/
aerosol contact

encephalitis, lung, spleen, and liver damage,
bleeding ( subcutaneous of orbital, face, and
neck , lung, spleen, death,
neurological ~ damage  ( sequelae:  tremor,
epilepsy, cerebral palsy, etc. ), preferred animal

brain, etc. ),

species

system can not be infected with the

virus, based on economic and

clinical consistency, hamstersand

ferrets are ideal animal models
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Hepatitis E virus .
P Direct contact

and clinical symptoms to humans, it is the most
suitable animal species. Post-infection clinical

symptoms  include elevated aminotransferase

(ALT, AST), acute liver injury, and virus
detection in blood and stool

human hepatocytes) , monkeys, and
ordinary mice were insensitive to

HEV and unsuitable

gZx1
G YRR YL JE BYREIR K5 N B AE (Bl HALSh AR BT R TG O P
Pathogenic Route of Symptoms after infection and Research on other animal =
. . . . AP . References
microorganism infection their similarity to humans species models
SRR JE AL 2 G PRAE IR, AT 45 1A IR T v
(AT 40 °C) |, oA WL HA I ARER , -2 52 1
B AR, B U 2Dtk sl R A 5 25
(S AR R I PR B bR A 52 ) , 3T
PR FEAE B 2H 2159 39 rp oA A D) 280355 o 255
# RNA, AP Re e TS Blk JF =4 75 BALB/c /ML KB BT A . dRcf:
JE — B 4 I T (INF-y, IL-2, 106 IL-  Shy Al e il U5 2 ~ 4
- 10) RSB IR J 5L B 1 R AR
- /:;é'{[)iﬁ{ﬂf/ Only mild clinical symptoms are seen after {HTC KB 2 R GEREIR
AT PN BR 2956 5 LR infection, which may include an increase in body ~BALB/c mice, guinea pigs, rhesus
Mumps virus %ntranasal/ temperature ( not exceeding 40 “C), no other monkeys. Best animal model is the (76-78]
intratracheal . . . . . .
L clinical symptoms, self-limited viral replication,  rhesus monkey, which presents with
instillation . . . . ..
little or no detectable virus in nasal wash typical clinical symptoms of mumps 2
( associated with clinical isolates of different ~ 4 weeks after infection. But no
subtypes), and no live virus or viral RNA fever or neurological symptoms.
detected in oral swabs, urine, feces, or tissue
homogenates. It  produces specific  serum
antibodies and  produces infection-consistent
cytokines ( INF-y, IL-2, IL-6, IL-10), which
are not suitable animal species
PRAE A A WA M R A s PRAE AR s A
- R R RS 5 L o
ﬁ%?ﬁﬁ‘ﬁi/ @Jﬁ?%ﬁiﬂff@%}ﬁ 24 ~ 72 h WE1EZY {J\El?k,4Fy’l'|ﬁﬁfx?‘ﬁﬂihﬂi?§':%€ﬁ7§@
- i BT B 1 S ) GJ5 I PRATAR , 2 8506 A
B R B Adult ferret; No fever, weight loss and other Mice, African green monkeys and
Parainfluenza virus Intranasal/ clinical symptoms; Neutralizing antibodies were  youn ferrets resent  clinical [79-84]
intratracheal ympLoms; anang ant . youns L .
S produced, and virus replication existed in both  symptoms after infection, are suitable
instillation / .
direct contact upper and lower respiratory tract models
Juvenile ferret: can cause death within 24 ~ 72 h
after infection, is a more suitable animal species
FAES AT R IR RAT AR, B P9 2 5 pAy g
eJ5 R EERE T 2 20 A R 2% RE &, He A
M R R A . SRS B A A
A I B A B s RV AR R
LRGP RN ZAE L5 AP L/ 6l
JEIRTE ST, AR B R RNA IUAE, N BALB/c /M B, R, ik, BUR L £
PR EE RNA 2800 FN 28 9 L 20U IR g . Bl KB 5 B B AR AR G,
ARG Yz — AN IS I B T A LA
B/ RS There are clinical symptoms similar to human Uiy S
A PIR T Intranasal/ infection.  After intradermal or intranasal BALB/c¢ mice, rats, monkeys,
Rift Valley fever virus  subcutaneous infection, the virus can be widely distributed in ~ Syrian hamsters. Pathogenesis of rats [85-88]
all major organs, with the highest viral load in the is related to the route of infection,
spleen and brain. Ferrets with infection develop  the lethality of mice after infection is
high fever, weight loss, lymphocyopenia and low  stronger, and the hamster is easy to
albumin blood, central nervous system disease,  induce hepatitis
manifested by seizures, ataxia, and/or hind leg
weakness. Histopathological evidence of transient
viral RNA emia, high viral RNA load in the
brain, and encephalitis. Is one of the suitable
model animals
SEA LR RE S ) | S S0 M ARAE
R EEAES YRR, BRI RAER D R B E /N B (kS T A2
TEFE M (ALT AST) JHis, SR80, 0 JR) A7 sl /N LY HEV 298
AN L2 w4 I B 7 R AR
i Y A g With similar viral replication, immune response Immunodeficient mice ( chimeric
R fi [89-92]
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Pathogenic Route of Symptoms after infection and Research on other animal =
. . . . AP . References
microorganism infection their mmllanty to humans species models
55 HEBL AR R R AR | G 5 S A% 4 XU
TR A RCAE R L4 A U T R TR AR
R TRALAY IR ZF e, i 7 g, O 1] % KRR /NEURIR B (AT T B AR IR AE,
BTG R e, RS E TREAE S EEWMMRD) REL R (R
PRERYARTRY, REIEAT RN ] A BRI, W EURR) Ik (A58 UK 5
T/ SEAE R A B SR S UHAE TR AL S A
G ET%T%%EP/ Sympto'mé of. infectior'l, ' immune response and /EZE) RS .
Mycobacterium S fih transmission risk are similar to those of humans. ~ Mice and rats ( no caseous necrosis [93-102]
'ycobac . . . . .
wiberculosis Intranasal/ Clinical symptoms after infection include elevated and no latency ), guinea pigs,
direct contact/ body temperature, weight loss, granuloma at the rabbits ( specific highly virulent
aerosol contact vaccination site, lung infection, and distribution  strains ), monkeys ( prone to large
of infection to major organs, and humoral outbreaks, with the advantage of
immunity. Advantage is that it can establish the inducing relapse through
model of latent infection and carry out the study of  immunosuppression) , cattle
transmissible infection between populations, so it
is a very suitable animal species
TSR ESRIBHEAT I A R IR T £, EREM T
TR T A 5, BES e RAE A PR (AR R Z B R,
. EPRTFIREAT RS , BB MR B C57BL/6 fieft) KRB (FEniHifi o
e | TIRBERT I AR (B SURMBUE s Z BRI E M) KR S R
Z AR 3 i, o Sl v Bl
R WEE Ferrets are the natural host of ferret Helicobocton — Mice ( there were differences among
o . . pyloni(HP) , which mainly colonizes the proximal  different strains, C57BL/6 was the [103-110]
Helicobocton pyloni Intragastric . . .
duodenum and gastric antrum, and can induce best), rats (early damage of gastric
chronic inflammation and ulcers. After infection mucosa to increase colonization ),
with Helicobacter ferret, symptoms similar to guinea pigs, Mongolian gerbils,
human infection with HP can be formed, but the pigs, cats, among which Mongolian
histopathological ~changes lack multinucleate  gerbils were the best
cell infiltration
T FUH T -5 2 | 200 B R4 N 5 A K
HRAE AL, SR I REAE AR ) AT 16 48, 090 18
97 TR SR AR N T 2 BEBR B IR Y R, 5 A
I PRI — B, RS LR R A2 /B, B OLREBIT IE 240 1 - 75 3t R
YfhE =z — Gt AMABOR M , T T
WA bR i £ F‘anatior{ f)f };lacterila—\{irtu? co—i?feltl(:tiov, ‘ba.tcter}ia %%E‘fo‘%ﬁ‘ﬁ e i
Streptococcus Intranasal can increase the ‘co ()nllzatl()n ot the virus 1n-l e ice, (‘)\A"ever, only t! e 11} 1vidua!l [24,111-114]
. mucosa, after infection can be transmitted pathogenicity of bacteria-virus co-
pneumoniae . . Lo . . - .
between the population, respiratory virus infection  infection could be studied, and the
can increase the infection and transmission of  transmissibility of pathogenic
Streptococcus pneumoniae, consistent with human  microorganisms could not be studied
clinical manifestations, is one of the appropriate
animal  species to study  co-infection
and transmission
SR 5 T LA T 3 Sl i i S B
Jiige BT AR B G i, HLS AR E
A SRR G 8 ST, L 2 R BT ) B4, BE T
A s B  — . -
i B Amft[; ' ﬂirslf:ci?:] ﬂﬁﬁif body temperature LN m‘j ﬁﬂ% JLT Bk 408
GG ARG PO After infection, _increased body lemperature, gy e s
Staphylococcus aureus niranasa cereased activity,  alveolar - parenc ymdto.u s Mice, rats, rabbits, etc, almost all
pneumonia, death, tissue and organ bacterial . . .
load, and similar to humans with a more similar experimental animals can be infected
immune response, but more intense response,
higher mortality, is one of the suitable
animal species
I3 S G M 25 1 5 MRS | PR DR B AE ,
PR AR /N RS , 3 S AT i/ AR
HAREMES W, WIMMEIR R MEMAR R MG /B B SR AN TR 1 107 2 T
KIAFF# 0157:H7  Direct HAHEM G O
Escherichia coli  contact/ Enteric infectious colitis, diarrhea, hemolytic ~ Mice, rats, monkeys, etc. different [122-126]
0157.H7 intragastric uremia, hematuria, secondary glomerular injury, serotypes of  bacteria  affected

accompanied in some animals, thrombocytopenia.
Hus syndrome and secondary renal injury are
similar to those in humans

the infection
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4 BIRETBRGYITM IR A

15 20 {40 30 ARAUHAR A BT 31 0 N0 2o
BEMIRIR G R Z S5, Ak T 4 & IR ASEALL 22 i A 2K
I I O R g ) 5 i 2 AR 41 WP R 3 5 L 27
(respiratory syncytial virus, RSV) B #EREE (PIV)
FIP=E SRR IR 235 A (SARS) el R 7555, I H
R Ik, 5550 © 9 T A28/ 30 4 5 i sk 2 ) ek
YLy Z2 P I SE ARG B Bl A 0 114 8005 1k
RIRPLEE 55 5 A ) B9 A% B A SO BUR BE 24
VIR JEM PR AR A e T
FE-AE I IR A I PR A B ) ( European Medicines
Agency, EMA) AR A U S S SR
7R i B DR AP T VP S Y B R SR S
FHTIHHAATIE I R PEAN IE BT i BT 25 9
FEA2= 2 | AR RN T R, b AkeE 2y
YLDt B 75 25 ) A e Mo B8 o 3 A4S M2
3 T LA AR g R I A R
155 24 500 RNA SR A Tl A 3R] e
3CL 2 P A E -1 2R
85 A A 22 H A i 35 Ak 2 25 W Ak T I R T B
G RBFFE BB 7 A il 0 A i ik s
P (1gG ik ) , 5 v 32 2 LA It B2 v (L 46 AU
& LR E TR S, A4 arepanrix  fluenz
H5N1-medimmune | focetria, pandemrix, prepandrix
pumarix , It A A B 66 B B vaxzevria 55, I
S LA RIFR 25 O B Rt fe e T R
A5 NARRIR R I S0, 55 50 S e 4 25 B2 5
b e xd &, #EA1TE Wl &R g8 AR R I
MOS8 ),

5 ERNREFNHHRER

AT AN (U P 2R G G R
I ) PR L] 2 AR v T DA B I 4 A AL
AT E LA KR v 11 i PR AT B, AEL B X g i A
YL I T A ML W ST AT e G, T g 2 28 5
PAR R A
51 ERMNAERMNKER

AT R N BEFE R sy, T30 H oA 32 2
IO T SRR 5 o A LRI P S 7R 8y ) | 3ok 2% 14
P R S O R R 0] (B S BEBTLAR o0 T 1R AT
S5 1t R 180N, G G e~ S Al BF 5 1Y
PE . (HRE B RS, T30 L A A (6L

TR G TP B2 RG4S ) BN R LR IETE B
WA, B AnAE BT A B, 5550 A TSR AT I
MRERTE £ B LA SR TR 98
o A B N FC RS 5 A R ME R I It 5 40
TETH A ZR Gepi ST D8 A7 BRI IT K =3 1
AN, TIRIRE ) Bds s L, WRE /R 2 5 I,
S FRAR QI S AR A ] S 5 A A ] 4
PRI AR AR, 2 A5 Ik 78 & 7 Y BAE S
210 I AR A 0 P 9 LR PR S
AR IT K, e RS 5 A 2 ML e B 0
5.2 WERMEBEERES THERD

KT H AL (5 B2 545 B T A
PR T RAE G 8 SN 1 R AL A4 R,
Wz X H A A5G g% B A B T 40 52 14
A G R TE P 3 R R AR B T R AR 33
G 22 A L SV FF A 1 4 R 0 L PR 7 B e R AR 1 7
A A2 PR X Se R RR A TR S SR AE S L
W T #E R, 2018 AE AR E T
HAIABNER A 1K (major histocompatibility complex ,
MHC) P71, 2021 4F JIANG 451 Ui 1 2
PCR XS0 B A2 AR SEA TN e, 58 i T 550
2T T IAR 1 fl 45 , 2018 4F LIU %51 003 st 2
A PCR ISR T/ CXCRS Al PD-1 H
SEREDUA . X SEAIT Y R T £ E 55 30 B AR
TF R AN FRAE S B W5 O o i AR R
5.3 XNERBRERSINGE T HRRD

A0 1k, XS AR RS R DI RE T iR
b BIINEEFEE B4 E R AR E 2R N B s )
Y 4 AN [\) 32 284 39 4 58 3K B8 1 G (immunoglobulin
G,lIgG) TEM BRI S E ) T 3 FEAY 1gG, X 2
ANEFEN T REWAFTE Z TP LAY 1G, {H 2] H A
1k WP EAAE S SRR NS E ) 1 7 1gG AL, H X
Fe S22 FEME R T BERFIE £L 01 3O B9 &5
3 1gG Fl Fe Z RIS BTN DI RE (nHTik
W AL A0 M A 5 1 4l M 5 PE VR (antibody-
dependent cell-mediated cytotoxicity, ADCC) ) H. A5 [
YRR sesh, HETS ek NESE B 4l 7 e i
BATEREGAR , FE— 2D BRI T 55 50 X It R 7 45 s i
TRBUIFEEE IR B A SC o', A, THR b=
Tk (i SR 0 B e AL 5T e AR
JI i B SR 5 2 B 1O ) R 20 i PR B e A Y
U FE AR T 7 108 5 5 S X L) A S8 SR
8 LA e T AR 0747 SR A A A i 3
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Table 2 Summary of marketed anti-infective drugs or candidates based on ferret studies

AR/ PEHILE
ZAR i 5 A BIIRIR BBt EE Y ‘
SARY AT Ml Fi R meme WETEB q%uEJFiFH}J['Iﬂ B it
Drug name/ Mechanism and . Route of Research Application
. Indication .. . Lo References
name of characteristics administration phase direction of ferret
the subject of action
M2 BT i y R
4N g S 5 Bt/ 2508
Ariirl?tja}izne biL ) BLIT DL 7 I H Of?ge Mﬁljk}iam::}dzjizn?cs/ -
. M2 ion channel Anti-influenza A virus infection Oral ’ P odynames
hydrochloride blocker market pharmacokinetics
M2 BT E N e g g
LW Z M ; o N L 3 B 28l 12
s B A A U Ll s g
imantadine . L L . On the Main pharmacodynamics/
R M2 ion channel Anti-influenza A virus infection Oral L
hydrochloride blocker market pharmacokinetics
R 1 ) 2 R T N g m
S ; k Rk 251 E2
i i R U wo A ERERE
.. - L L . On the Main pharmacodynamics/
Oseltamivir Neuraminidase Anti-influenza A virus infection Oral Lo
hosphate inhibitor market pharmacokinetics
p
M2 IR y NI
SN o e 3 b . N St 25 sh f124
WK il R Ik L ARl sRSnE
.. - L A On the Main pharmacodynamics/ ‘
Peramivir Neuraminidase Anti-influenza A virus infection Intravenous -
inhibitor market pharmacokinetics
P22 IR e 2 b
S ol N Ny R J: ks 2, % L,
HIBKE L O TR WA e AR
.. - L L . . On the  Main pharmacodynamics/
Zanamivir Neuraminidase Anti-influenza A virus infection Inhalation L
inhibitor market pharmacokinetics
2 AR F
T S T BT A R R wA Ll At -
Laninamivir Neuraminidase Anti-influenza A virus infection Inhalation i Main pharmacodynamics
inhibitor market
L F TR R 2 PR % R Al 2 P I R i
= SRR YL AT S PR A R L Y T A VA ‘
mis  min o SRR AR o B it "
. . . Influenza A and B and other acute respiratory On the . . (132]
Arbidol Hemagglutinin . . Lo Oral Main pharmacodynamics
inhibit viral infections; Combination therapy for market
tnbriors recurrent herpes infection
RNA 215 fiff i
TS [T LT A R o oW It -
Favipiravir RNA polymerase Anti-influenza A virus infection Oral Main pharmacodynamics
inhibitors market
ey RNA B4 N NI
B b £ o b AR s
TE 375 SR T IR gL r
. ! Y . . 2
: L LT R AR i .
Baloxavir L - . On the Main pharmacodynamics/ :
B RNA polymerase Anti-influenza A virus infection Oral 0
Marboxil inhibitors market pharmacokinetics
RNA R & e . NP
ST s o 5 Rt/ 2511 S
s BRI R o b SRS S
Molnupiravir ~ RNA polymerase Anti-SARS-Cov-2 infection Oral ) P OCymAmes
inhibitors market pharmacokinetics
ERUAI AT RNA HA 1 L
sk i) LA R R o oW AT (i)
Deuremidevir ~ RNA polymerase Anti-SARS-Cov-2 infection Oral Main pharmacodynamics
Hydrobromide inhibitors market
RNA B4 R
B ey B IR DR S BTN IN T R O F ik On the AR [136]
Remdesivir ~ RNA polymerase  Anti-ebola virus/SARS-Cov-2 infection Oral market Main pharmacodynamics
inhibitors ’
RNA R4l o .
RS2 JRR ] 52 JRR e 2 Rl 1
S S 3 Y 3 T 4
A Bt H R AL R 8 I e T =1 (59791 1§:4] i
ZSP1273 g Anti-influenza A and avian influenza Clinical . . [137]
RNA polymerase L . Oral Main pharmacodynamics
virus infection phase Ill

inhibitors
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AR/ YEFIRL
ZAR N 35 a Wi B E5A Y
ZIRY A %ﬂ%)ﬁ\ SE R HEGIRA WFFEHT B EEi E’Jﬁjﬁsffﬁl S 3t
Drug name/ Mechanism and L Route of Research Application
. .. Indication S Lo . References
name of characteristics administration phase direction of ferret
the subject of action
RNA B4
& SR A o BT R =) S TS A .
4’ -Fluorouridine  RNA polymerase Anti-influenza virus/ SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
inhibitors
Rt RNA £ /il
Bt bl PUBT B TP T R H ik I PR i AR [130]
Emtricitabine  RNA polymerase Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
Tenofovir inhibitors
RNA 57
CS-621763 e Bl U AL e ik i PR T AR [136]
7 RNA polymerase Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
inhibitors
3CL E i
&4 3t TR SR S B i big 135
W v 4 ELIE BB B IR 7 Y M ik On the AR [135]
Paxlovid 3C-like protease Anti-SARS-Cov-2 infection Oral ) Main pharmacodynamics
inhibito markel
3CL 2 AR
GC376 il 51 U AL AR R H ik I A iy A [140]
3C-like protease Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
inhibito
HAEAH-1
AN,
YR Y
- IIf5 PRAE IR T 250 T R T SR A1 1) i 2 4% A - N
gz ORIEIR o HUORTEACR AR R R B L b .
. Interleukin-1 Anti-SARS-Cov-2 infection, inhibit On the . .
Anakinra . . . Subcutaneous Main pharmacodynamics
receplor antagonist lung inflammation market
to improve clinical
symptoms after
infection
TR P2 A Ve WA Al 551 s 53 o N
o EROEAME I BRI AS £2A8 R e e
¥ ilifate quine inhill))itogry Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
SEHT A . - N s N
sy A LA R R ST At -
Azathioprine inhibitozl Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
FEFER XPO1 55 BB B IR 7 R M ik i PR T AR [143]
Selinexor XPOL1 inhibitor Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
OL-1 and GBI BB R IR T Y M ik i PR T AR [144]
OL-2 Immunomodulator Anti-SARS-Cov-2 infection Oral Prelinical ~ Main pharmacodynamics
W 4 2 Pt "
- s e I bR 10§ N
st (A A R e MR okt s
Neuraminidase Anti-influenza virus infection Oral Main pharmacodynamics
(fusion protein) phase 1T
HA FEF¥iz
., . 7 . ; I R I} .
wogry PR A e AN ikt -
. . HA protein .. o . Clinical . .
Nitazoxanide Anti-influenza virus infection Oral Main pharmacodynamics
transport phase Il
inhibitors
RNA R4l
ey Bl . . - Lo (G
wggy LA R i b RERCEESE
s RNA . L S . On the Safety (safety
Exviera Anti-hepatitis C virus infection Oral
polymerase market pharmacology )

inhibitors
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gZx2
AR/ YEFIRL
ZIRY A I R S mYEE WPREE EpaliiIvas b ) St
Drug name/ Mechanism and Indicati Route of Research Application l:f
name of characteristics ndeation administration phase direction of ferret clerences
the subject of action
NS3/4A HEH
. e i LA (LA
MRS RO B b REROGEEAD e
Viekirax NS3/4A protease Anti-hepatitis C virus infection Oral il i
inhibitors market pharmacology )
HINT ) 5
KIGPETE e . isi) N
Arepantix Monovalent YU R Y JULPA 23 On the ARE [ 148]
P . Anti-influenza virus infection Intramuscular Main pharmacodynamics
inactivated market
vaccine for HINI
=g BN A (24
EEET J—— -, LA 2, R
Fluenz Trivalent | LOVBYIERESS . On the Main pharmacodynamics/ [149]
A Anti-influenza virus infection Intranasal
recombinant market  safety (safety pharmacology,
protein vaccine repeated dose toxicity )
Pa i 4 AR/ 24V (4
EOEH —— . b 250, A2
Fluenz tetra Quadrivalent | PLOVBVIERESS . On the Main pharmacodynamics/ [150]
. Anti-influenza virus infection Intranasal
recombinant market safety (safety pharmacology,
protein vaccine repeated dose toxicity )
H5NI1 1 2 . e
T AR (%%
Pandemic Monovalent PUI RS B R =0 s 20, B 25E)
influenza vaccine . ’ .. T . . On the  Main pharmacodynamics/ (1st)
. live attenuated Anti-influenza virus infection Intranasal . .
H5N1 Medimmune accine of market  safety (safety pharmacology,
Vd;f;;el © repeated dose toxicity )
HA 1 NA 19
XS ] o e e o S} N
PR o B R A st C A .
. . Anti-influenza virus infection Intramuscular Main pharmacodynamics
trivalent split market
vaccine
HINT B 54y
KIGPEH b
HINI #£ Monovalent T TR e R JIINARERT) On the AR [153]
Pandemrix inactivated Anti-influenza virus infection Intramuscular ark t Main pharmacodynamics
vaccine farke
for HINI
H5N1 [ Ly
KAGPEH i
Pumarix Monovalent BU R BRI WU S On the AR [154]
inactivated Anti-influenza virus infection Intramuscular Main pharmacodynamics
. market
vaccine
for HSN1
H5NT f9 54y
KIGSE i
Prepandrix Monovalent P& s 7 R N RER ) On the AR [155]
P inactivated Anti-avian influenza virus infection Intramuscular K l Main pharmacodynamics
marke
vaccine arke
for H5N1
R H M
ERdik St Lt
Vaxzevria Monovalent BT SR B R WU 5 OnA the AR [156]
’ recombinant Anti-SARS-Cov-2 infection Intramuscular K t Main pharmacodynamics
markel

protein vaccine
of spike protein
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gZx2
AR/ YEFIRL
Zik i S B R Ein= EFH
ZIRY A *ﬂﬁh& S HEGIRA WFFEHT B a%uﬂ’]ﬁﬁﬂfﬁﬂ S ik
Drug name/ Mechanism and L Route of Research Application
. .. Indication S Lo . References
name of characteristics administration phase direction of ferret
the subject of action
L 5 R AT R ()
REHM
i Lo o e ZIRZES 1 e L RPN - N
spMy,  LRAERD BB TR Wk W it o
. Monoclonal . e On the . . LR
Regdanvimah . Anti-SARS-Cov-2 infection Intravenous Main pharmacodynamics
antibody ( receptor market
binding domain
of spike protein)
HERETIA
(MEEREN) PR TR L s R 11353 "~
MEDI8852 Monoclonal Anti-influenza virus infection kLA Clinical . GE . [158-159]
. e Intravenous Main pharmacodynamics
antibody oral administration phase 1l
hemagglutinin )
He T ;
TR A g , . 5 . . N
Oarz) R LA R R BUESE D At (o)
Laennec Anti-SARS-Cov-2 infection Intravenous  Prelinical ~ Main pharmacodynamics
enhancement

(placenta)

A EOCE R BT TG 9 2, W7 (L REE i (7]
Hell 5t G e He R 3235 (U0 RT-PCR % 41 43 By U 5%
R TR A 51 ) e 25 ¢ 5 50 %0 o DA 1) B 58
HLl

6 BEERE

20 HE22 00 LK, 50— E R DT S 7
WEEH S B Bl B AT T NS 2, TR B
FE RIS T 0 2 PR H £ U,
ZHPR I CAnan i | B ) Rl 2ol AR
SRS 0 TR ML TR S 0 ) e A S P 8 T R, (ELIA
IG5 i RCAE IR 15 6 AR LT ELREAE A
R Z T HEA IS ML R | R 5 50 40y 2 B S0
JER A DG AT S B A — e MR AL, st
A IR PR A R A R A AL 2 P SRR RIS (] 4 o i
o IR IR N J1 2 LA R A A ] S 75 5 T
RGO ATk TR R T B A R R e g
T R L 285 W) F 5 14 T AT BoAT it — 28 0T
BT E R A 18] DR R S A a0 (B g ST
SIPIAE) W Z 0 TSR I M o i 15
J7 1) LB T EORALE] A& R TR BT
I PR AT PP, 35820 88 Ko JEUA TR I 14 S e =7 L
HIHETE . AR , TS0 AR B R T ARbR e S 5
Sy, 4 JCAH G B 1R bR, Ltk — 20" RN I 32
FIR TR S s A 0T e AN S8 sh W AL
6.1 SRHKBIMLTHE

FHRIFARTRIE A7 L gh Wy, 75 F [ B3 i g o
B, 21 2R g I AFRE G, B R SR it | 8%

J i A W AAR A R A A O RIS DA B ik — 2
1K) B0y S 06 358V I Y R IO 114 75 5 500 17 45 A B
Z . BEHTA 55 AU E P A A T A S
Mo bR ENTT VTR A A B9 DB32/T 2731—
2015¢ S FHE SR ) A0 46 3 30, PR kit (56 1
o) JECAERE (S 2 ) s AL S R A AR
Al (56 3 #43)  WIRE A A T DB43/T 2288—
2022 S50 T SH A ) 2 2R B8 M BT Y , ol (it
SHAE S AL 7 R s RN S 6 8 O TS 2, (H
Ty bR AETE 22 (14 2 S e S 56 T 3l 40 ) i O R e R R
b DS AR BT R o R R A AN A
TEPE A5 T 3 A 5 R A I S B R 6 v S
55, A REHETH b ol b 45 2 B N 2 I BR 24 1 | 7T HE
FABURAE ™ T I 50 B R AR, 7 %
DI 5 ANJ7 T (1) S50 B 5k AE sl it 5 v, 0k
T H b0 A48 iR B L KR R R TR
G E (A A X S 2 8 T T 5 B YL AR A 5
WL DA R i g 1AL — A5 A A ol A g A T
HZE, DLl L IEAR BRI oK 5 (2) 553 19 254X
BB P, B BB OR R R R 09 SE I 2 A R ) A
S FEEYIEY RO AR E SRS ST
SR A B 0 R R 0 0 L 2 R R 1 A ERLAy
M AR B — A B R A 2R R Y
L3S Z B, LA AR R B2 A 5T B 75 2R 5 (3) ELA
A AR HEGE FH T8 M 550, AR5 T SPF %y
5,5 T IR 22 Ao B i A W 1 5 SR,
—IF & SPF HESR, LAk /D [ % 9 X 52 56 45 SR
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6.2 SRMEATISRE

LRTEN 52 2 Fh N B GPE P 1 A s BIL il
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