2024 43 H o [ 5256 Sh P A 4 March 2024
BRE B3I ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 32 No. 3

AR Rt eSO, A5 B A RS ST 3B B 0 ) B K U A £ S (], SIS a4, 2024, 32
(3): 275-285.

SHI Y J, YANG C G, QIAO W B, et al. Establishment and evaluation of a rat model of heart failure with a preserved ejection fraction
induced by combined factors [ J]. Acta Lab Anim Sci Sin, 2024, 32(3) . 275-285.

Doi; 10. 3969/]. issn. 1005-4847. 2024. 03. 001

245 P ZE 75 i o RO B 0 ) s i R A Y
iE A SS i)
FEL AR FXM KAR W EE

(1. HPEPEREEBGE P SEER OIS B, JL 10009152, R B i IR R B 2= 078 vholy , b st 100091)

[(WZE] BW BEIEGREE SIS O T 598 (HFpEFR) K BRSP4k LARAE , IR0 LR A2
SHGONIEE R AL, A% 8 K WKY KM 8 KA & M:m i E K (SHR) /E 5 B4, 4573
WAL B SR AE R, 32 HSHR KEE4 SHR + S 40 SHR + F 21 SHR + SF 40} SHR + & &4, W4 TRtk
et B R R -AR TR | R AR M LD A M s T A R IR B 2R 30 JH . AR AR U a0 /R E (HW/
BW) M4 (SBP ) B &F 5K JE (DBP ) 5 A7 #8 77 0 o B & 220 % (LV) 75K K 42 (LVIDd) | LV Hi 82 2
(LVAWd) LV J5EEJEE (LVPWd) LV § 1l /340 (LVEF) |58 25 &7 3 I 4] (IVRT) LV & 3K B PRI A W (i 3
BE(E)/ ZARIERIZ s B (e ) 5 B 8 B A 7 0 3 PRI et 4\ ) O 72 ( GLS) LB AR 38 ( GLSr) | 442 [l [ 4% ( GRS)
K NiASFR(GRSr) 48 1] AR (GCS) VAR 3R ( GCSr) 5 ML 244 H- il = Fg (TG) B HEEE (TC) R FEIEE
(LDL-C) FiZi#¥ (GLU) KAk I35 2 19 ( GSP) , ELISA %A i35 B HFI44AK (BNP) 145 Bk E 0 (Ang Il ) X
PFLBEBESE R 3(Gal-3) 5 L WUHEATIRAKG LI (HE ) S Masson 3 (0 5.0 LA S 27 44k, I3 1500 LR R A
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[ Abstract] Objective To evaluate the characteristics of a rat model of heart failure with a preserved ejection
fraction ( HFpEF ) induced by combined factors, and to investigate the correlation of myocardial strain parameters to
myocardial hypertrophy and fibrosis. Methods Eight WKY rats and eight spontaneously hypertensive rats( SHR ) served as
control groups and were fed normal feed until the end of the experiment. Thirty-two SHR rats were equally divided into SHR
+ S, SHR + F, SHR + SF, and SHR + Combined groups, and fed high-salt, high-fat, high-salt-fat, or high-salt-fat-sugar
feed, respectively, in combination with intraperitoneal injection of streptozotocin for 30 weeks. After modeling, the heart
weight/body weight(HW/BW ) ratio, systolic blood pressure (SBP), and diastolic blood pressure ( DBP ) were measured.
Echocardiography was performed to measure the left ventricular (LV) end-diastolic internal diameter( LVIDd) , LV anterior
wall thickness(LVAWd) , LV posterior wall thickness ( LVPWd), LV ejection fraction ( LVEF) , isovolumetric diastolic
time(IVRT) , and peak early diastolic passive filling velocity (E)/early diastolic mitral annular velocity (e’ ). Speckle
tracking echocardiography was conducted to determine the global longitudinal strain( GLS) and strain rate (GLSr) , global
radial strain ( GRS) and strain rate (GRSr), as well as the global circumferential strain ( GCS) and strain rate ( GCSr).
Serum was collected and analyzed for triglycerides( TG ) , total cholesterol (TC) , low-density lipoprotein cholesterol ( LDL-
C), glucose (GLU), and glycated serum protein ( GSP). ELISA were used to measure serum B-type brain natriuretic
peptide( BNP) , angiotensin Il ( Ang Il ), and galectin-3 ( Gal-3). Myocardial tissue was subjected to HE and Masson
staining for cardiomyocytes and myocardial fibrosis, and the cardiomyocyte cross-sectional area ( CSA)and collagen volume
fraction ( CVF ) were calculated. Additionally, the correlation of myocardial strain parameters to CSA and CVF was
analyzed. Results
SBP, DBP, serum indexes( TC, TG, LDL-C, GLU, GSP, BNP, AnglIl , and Gal-3) and echocardiographic parameters
(LVIDd, LVAWd, LVPWd, IVRT, and E/e’ ) were significantly up-regulated. Absolute values of speckle-tracking
echocardiographic parameters ( GLS, GLSr, GRS, GRSr, GCS, and GCSr)were decreased considerably. HE and Masson

Compared with the control group, in model groups, especially the SHR + combined group, HW/BW

staining of myocardial tissues suggested marked cardiomyocyte hypertrophy and fibrosis, and significant increases were
observed in CSA and CVF(P < 0.05). Correlation analysis showed that GLSr, GCS, and GCSr were strongly linked to
CSA, and GLS, GLSr, and GCSr were strongly linked to CVF(P < 0.01). Conclusions A rat model of HFpEF induced
by hypertension and dysregulation of glucolipid metabolism replicated the basic characteristics of HFpEF in terms of
etiology, clinical features, and myocardial pathological changes, and might be a reliable animal model of metabolic
syndrome-related HFpEF. Moreover, myocardial strain indices were closely related to myocardial hypertrophy and fibrosis
and might indirectly reflect subtle myocardial lesions and dysfunction.

[ Keywords]  heart failure with preserved ejection fraction; rat; myocardial strain; myocardial hypertrophy;
myocardial fibrosis
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1.3 SZitELSH

A F] SPSS 22. 0 B AF#ATSE A . A BcdiE
WUISEEE + bRifEZE (x = 5) P, dLE) e A A
RIT 20N, B I5 2 R T /N B 35 25 ek
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ARG  FHOC R B (r) IEAEARRIEAR G, T fE AR
TAAADC  r ZEXHE KT 0. 5 R W1 AE G [ 77 78 5 AH OC
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2 #R

2.1 HEARMOE/|EEMMERFR

5 WKY H I, ir it B 240 1) HW/BW | SBP
K DBP WETHE (P < 0.01) ;5 SHR 4 H#¢, SHR
+ F 24 % SHR + SF 41 HW/BW 1} i & TF i (P <
0.01) ,SHR + E A4 HW/BW & SBP {34k i &
THE (P < 0.05) ;3f H SHR + E& A& 454
Fhiashom FHABIRIZ] | 3R] SHR + & & 4100k
EIRBO MR B, Wk,

F® 1 BRI OEARE K IEREN (x +5, n = 8)
Table 1 HW/BW and blood pressure in model rats(x + s,n = 8)

2H 5 PN VNG W4 e/ mmHg #75k 5/ mmHg
Groups HW/BW SBP/mmHg SDP/mmHg
WKY 4
WKY group 3.09 = 0.29 125.63 + 11.02 79.00 = 10. 62
4
SHR & 3.32£0.23 199. 88 + 16. 16 144.25 + 27. 67
SHR group
SHR + S £ AA AA AA
SHR + S group 3.64 £ 0.29 204.38 + 6.76 153.75 + 24.97
SHR + F 24 AA AA AA
SHR + F group 3.85 + 0.62 208.13 + 14.58 155.63 + 10.76
SHR + SF 4

SHR + SF group
SHR + & &4l

3.91 = 0.0744*

4.35 + 0.5644 ™

212.50 + 14. 6144

219. 88 + 27.4044~

157.25 + 22.8044

163.25 + 25. 1444

SHR + Combined group

.5 WKY 4L, 44 P < 0.01;15 SHR 4HAHLL, P < 0.05, " P < 0.01, (FR/FER)
Note. Compared with WKY group, 44 P < 0.01. Compared with SHR group, * P < 0.05, ™ P < 0. 01. ('The same in the following figures and tables)

2.2 #REVKRAMTERRREER

5 WKY 4} SHR 4 L%, SHR + F 4/ TC .
TG & LDL-C BETFHE (P < 0.01) ;SHR + SF 4 %
SHR + B &4 TC TG LDL-C .GLU /X GSP & #

FHE (P < 0.05) , 3 H SHR + & & 4 M4 W45 br
A THAL B A ZH . I, SHR + B4
FE B H B 52 A0 5 IR ILRE R AE A B A AL, W
#*2,



Fp [ S2E B YA 2024 4F 3 A 32 555 3] Acta Lab Anim Sci Sin, March 2024, Vol. 32, No. 3 279

R2 PBORRUBEIRICHH O (2 £ 5,0 = 7)

Table 2 Glycolipid metabolism in model rats(x + s,n = 7)

451 =B/ (mmol/L) IR/ (mmol/L) IREFEEAREE 11/ (mmol/L)  HiZGHE/ (mmol/L) BEAL LT ZE 11/ ( wmol/L)
Groups TC/ ( mmol/L) TG/ (mmol/L) LDL-C/( mmol/L) GLU/ ( mmol/L) GSP/ ( pmol/L)
4]
WKY 0.89 £ 0.16 0.27 £ 0.03 0.29 + 0.08 3.30 + 0.60 157.55 + 13.45
WKY group
4
SHR # 0.89 + 0.17 0.34 + 0.06 0.29 + 0.07 4.22 + 0.58 163.91 + 10. 56
SHR group
4]
SHR + S 4 0.92 + 0.29 0.35+0.10 0.30 £ 0. 11 4.44 + 0. 81 164.67 £ 9.22
SHR + S group
4
SHR + 121 2.57 £ 0.2744% 1,21 £ 0. 1944 0.81 + 0.2544* 4.49 = 1.26 183.31 + 55.89
SHR + F group
SHR + SF 2

AA s AA s
SHR + SF group 2.11 £0.29 1.06 + 0.26
SHR + 5241

AA AA
SHR + Combined group 2.83£0.78 1.38 £ 0.25

1.05 = 0.2444 5.74 £ 2. 1744 186.11 + 18.714

1.18 + 0. 3444 ™ 8.37 + 1.2344™  377.15 £ 6.6144 ™

.5 WKY 4AHE, 2 P <0.05, (TR/ER)

Note. Compared with WKY group, AP < 0.05. (The same in the following figures and tables)

2.3 #HEKRAOAESHINT)EE

5 WKY #H I, SHR + S 4 i LVAWd , LVPWd
K IVRT B THE (P < 0.01) ,SHR + F 41 %% SHR +
SF 1) LVAWd .LVPWd . IVRT } E/e’ & T (P
<0.05), 5 WKY %0 % SHR #H It#¢ ,SHR + H&54
Y LVIDd .LVAWd .LVPWd . IVRT X E/e’ . T

(P <0.05) ,Jf HA&WdE bR o #om T H g A
., AN, ALY LVEF 65 WKY 20 % SHR 41
g, EGei2E R S, 5 SRR, AR 4] K R i
IMEURER AHAFAE AR IR BE Y LV B S AT 5k D) B e
fif, 3 H SHR + 2 AR F I B LV FEER
JE EPIRR NN R B SR D RIS AT . LI 1,36 3,

B BRSO RS A A e

Figure 1 Cardiac structure and function in model rats

&3 BEORRAOIELEFIFIIIRE (2 £ 5,0 = 8)

Table 3 Cardiac structure and function in model rats(x £ s,n = 8)

g1 VlINE ST S e 2 T BE JEN % 5 BE ZEO 2= B EARTIK
4/ mm 2%/ mm 2/ mm S/ °'[B]/ms e
e ENLEE JEEJE/ JE N/ 5B % il / E/e’
>Toups LVIDd/mm LVAWd/mm LVPWd/mm LVEF/% IVRT/ms
4]
WKY 4 6.58 + 0.54 1.72 £ 0.17 1.71 = 0. 11 76.72 + 4.40  23.35 £ 4.73 18.62 + 4.90
WKY group
4]
SHE 41 6.85 + 0.34 1.96 + 0.08 1.95 + 0. 10 78.86 £ 3.44  36.19 £ 3.96 20.73 + 3.16
SHR group
4]
SHR +‘S’H 6.84 + 0.45 2.03 £0.214% 2,06 + 0.26%4 76.90 = 9.80  37.38 + 4.7844  20.30 + 4.02
SHR + S group
SHR + F 4
& 6.88 + 0.36 1.91 £ 0.154 1.96 £ 0. 1944 74.85 + 8.36  38.49 £ 5.774%  23.68 + 5.704
SHR + F group
. s
SHR + SF 41 6.87 £ 0.29 1.96 + 0. 1444 1.94 £ 0.1144 75.35 £ 8.06 39.27 + 3.50%4%  23.86 + 4.65%

SHR + SF group

SHR + &4
SHR + Combined group

7.17 £ 0.444%% 214+ 0.0744* 2,20+ 0. 1244  77.79 £ 5.49  43.91 = 3.4844" 31,93 + 2. 8644 ™
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2.4 HEEKARHOIRE

5 WKY 2 I #, Br A BB 24H /9 GLS , GLSr,
GRS .GRSr.GCS & GCSr Fy4a XHE B & F (P <
0.05), 5 SHR 41 [k %, SHR + S 41 1y GCS K&
GCSr P4 Xt {H % TR (P < 0.01);SHR + F 4
) GRSr, GCS Mz GCSr #46 Xf i B & F (P <
0.01) ;SHR + SF 4119 GLS . GRSr . GCS Jz GCSr 4

YEEE T (P <0.01 5 0.05);SHR + &4
A GLS .GLSr .GRSr.GCS J GCSr W4 X . & T
FE(P < 0.01),JF H N BB H R T HAMB A,
T R, & BRI R FRAF AR LV O LR AR I
1B, ) H SHR + E-A4 2B 5o B0 LV 20
[ia) W A8 A2 i) o AR K ] ) R AR AR R ek R D
Kl2,%4,

B2 AR RO LR AR

Figure 2 Myocardial strain in model rats

T4 BEIREAONUNAE (x £5,n = 8)

Table 4 Myocardial strain in model rats(x = s,n = 8)

15 E N | ! e | SxJH 1) S i)
G ’ NAE/ % RIAEH/ (1/5) NEAE/ % RIAEE/ (1/5) NEAE/ % RZER/ (1/5)
Toups GLS/% GLSt/(1/s) GRS/% GRSt/ (1/s) GCS/% GCSt/(1/s)
4]
WKY 4 -22.59 + 4.31 ~7.73 £2.25 28.44 + 3.79 4.57 + 0.60 -35.06 + 2.92 -8.77 + -1.31
WKY group
SHR 41
-19.74 £ 2.40 —6.44 + 1.82 24.05+5.8 410+ 1.33 -28.54 + 3.41 -6.70 + 1. 13
SHR group
SHR + S 4 " "
. . il -16.82 £ 3.164%  —5.09 £ 1.674% 23.81 £4.52% 3.80+ 0.43%  -24.62 £ 1.7044™ -4.99 £ 0.5644
SHR + S group
SHR + F 4 y
A -16.99 + 2. 6244 —4.92 + 1.16%% 23.28 £3.60%  3.31 £ 0.3544% -23.99 £ 2.6644" —4.62 £ 0.8144*
SHR + F group
SHR + SF 4

_ A A
SHR + SF group 14.17 £ 2.43

SHR + E4&41

_ Ads
SHR + Combined group 12.58 = 3.13

-4.70 = 1.534% 22,17 £ 3.4744 3,27 + 0.7844" -22.72 £ 2. 7244

—3.32 £ 2.4044% 21.97 £ 2.9844 2,60 + 0.4044 " ~19.23 £ 2.5544

-4.25 + 0. 7344

-3.17 = 0.5144~

2.5 HEEKRAIME BNP,Ang I #1 Gal-3 7k F
5 WKY 48, B A BRI ZH i BNP  Ang 1T %
Gal-3 WEFHRE (P <0.05), 5 SHR 41 b%:,SHR +
F A4/ Gal-3 BEFHE (P < 0.01) ;SHR + SF 41 K&
SHR + E A4 Ang [l .BNP X Gal-3 B ETFE (P
< 0.05),3fH SHR + & &4l I Ft 3w T H A
RIH , AR A R4 R B | 25 BERU 2 A7 7RO JUIE R
KA (0 SHR + & A 2690 B R 0428 F2 B vl
RESE ™, WS,
2.6 HEEKBRHOABERFHWL
5 WKY J¢ SHR 4 3, HE Y €8 R |, 170 4%

ZHC LA 3 K S HE B ZE L, O HOAF A 4% 4 i i
11 ; Masson Y6 I 7R | AR 7Y 4% 2H 0 JILTR] B 43 5, Js JA
LAETURBI AN SHR + 245 240 L HAR B 1Y
PR SN B, RS BN, 5 WKY 4L
LT A AR ) CSA K CVF 48 F (P <
0.05), 5 SHR £ It%:, SHR + SF ZHf% CVF B i
WHI(P < 0.05) ;SHR + E 4411 CSA & CVF Bl i
BAN(P < 0.05),9F A LT #a s T H A BRI
ST 45 R F A | 25 BRI 20 A7 76O LA 3 R K20 WL
4k, 7 H SHR + B4 A BETE M &, W
K3,
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x5 BEIKEAYIMTE BNP Ang I 1 Gal-3 /K¥(x £ s,n = 7)
Table 5 Serum BNP, Angll and Gal-3 levels in model rats(x = s, n = 7)

51
Groups BNP/(ng/L) AngIl/(ng/L) Gal-3/(ng/L)
WKY 41
WKY group 11.59 = 0.79 68.30 = 13.48 6.29 + 0.15
4
~SHR A 15.22 +2.29 128.47 + 14.30 9.70 + 1. 11
SHR group
SHR + S 4 s s
SHR + S group 16.45 + 0. 65 136. 64 + 4. 84 10.45 + 1.31
SHE + I Al AL Aa AA o
SHR + F group 15.72 = 1. 19 128.72 = 13.05 10.91 + 2.27
SHR + SF 4

SHR + SF group
SHR + Z&4

17.08 + 1.3944*

154.55 + 4.8144

169.29 + 8. 2444

12.48 + 0. 8444

19.89 + 2. 6644

AA
SHR + Combined group 18.04 +2.04

T :ALCNUHE 468 52 Masson J ;B O LA M B A8 I 1 B 5 C . O UB AR5
B3 BRI BN E R4 (£ s,n = 8)
Note. A. HE staining and Masson staining of myocardium. B. Myocardial CSA. C. Myocardial CVF.
Figure 3 Myocardial hypertrophy and fibrosis in model rats(x + s,n = 8)

2.7 DALNTSE 5 CSA K& CVF #HX 4 PIAZE (P < 0.01) ;GLS \GLSr #il GCSr 5 CVF %4

TEAR VST 20T, GLS \GLSr \GRSr .GCS J  #HE, JLHE GLS 5 GLSr(P < 0.01) , 5K 6,18 4,
GCSr Y95 CSA J CVF UMK (P < 0.01) , 7EJ  BFFEEE SRR, O NN A S 80T BE 1] 42 000 LA
BEERT R Z G, GLSr (GCS M GCSr /398 5 CSA %% JEEi &4k,
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Fz6 LN AESES CSA K CVF #ietE

Table 6 Correlation of myocardial strain parameters with CSA and CVF

o JLZ A 1 T AR
CSA

JEE BB 5
CVF

Z8 Index

ESL ki

AR S

R R

Unadjusted variables

Adjusted variables

Unadjusted variables

PR RS

Adjusted variables

r P r P r P r P
¥ iy
éi’kprijsmx 0.75 < 0.001 0.47 0.001 0. 84 < 0.001 0.73 < 0.001
4 TR 32
ﬁ”%?g*? 0.71 < 0.001 0.50 < 0.001 0.85 < 0.001 0.75 < 0.001
FA iy
%‘Icrggjx -0. 44 0. 002 -0.22 0.133 -0.47 0. 001 -0.29 0. 051
%3 VTR 3%
%ﬁ[ﬁ”ﬂi? -0.62 < 0.001 -0.27 0.072 -0.67 < 0.001 -0. 44 0. 002
GRSr
& A
%Hggg@y‘ -0.86 < 0.001 0.68 < 0.001 0. 68 < 0.001 0.36 0. 120
éﬂg’;;‘? -0.82 < 0.001 0.59 < 0.001 0.78 < 0.001 0.62 < 0.001

FEA ~ Co e NIAR AR A 1) BEAE | 4 Jo] i 1 A8 =R A5 0 WLZM B A T T AR B RR SE AU 425 D ~ F o A ) AR | e fig 1 A8 3R ] i)

AR A UBE A B M B AR A I3 22

4 GLS.GCS K GCSr 5 CSA AHRAMEM GLS (GLSr & GCSr 5 CVF M1k
Note. A ~ C. Fitted lines of correlation between GLSr, GCS, and GCSr with CSA. D ~ F. Fitted lines of correlation between GLS, GLSr, and GCSr

Figure 4 Correlation of GLS, GCS, and GCSr with CSA and correlation of GLS, GLSr, and GCSr with CVF

with CVF.
3 it
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9a I R 2 B0 R0 B AR B 2R R AE e ad kAR
T i | TR LR I i S5 L 45 BN 05 S 1Y HFpEF I
PR B AESERE ST H T iZ 38 1, MARZAK %1
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JEIR 36 J&, 43 Sl HE 57 T 2 5l I AH ¢ HEpEF
KEAEAL, ZHANG %51 JE S Dahl #5808 K R 7E
HeRFm b 7 UG HBL T HFpEF AH 560 E 45 48
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VW EE ST MetS FHOC HFpEF KRR Jf & L3R
IR D 1 v o0 SO R AR 25 L, e R 2
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HFpEF 350 M 22 (1) 95 B A= BRAIL ] &2 2%, H:
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Bigh 1 2 R 120270 o T UL A O R X I,
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e Efx  AhF xR, THEW”
(1. BERAT ¥ Bric g B S mrs T, R 6100412, SIAT A= X4 =rh2 S5 550014)
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[ Abstract]  Objective To explore the potential regulatory mechanism of resistance exercise in senescence
accelerated-prone 8 mice ( SAMP8) by evaluating the effects of exercise on the expression of long non-coding RNA
(IncRNA) and mRNA in quadriceps muscles by RNA-sequencing (RNA-seq) technology. Methods Twenty-eight-week-
old male SAMPS8 mice were divided into a model group (M group) and resistance-exercise group (R group) (n = 6 mice
per group ). Another eight normally aging SAMR1 mice of the same age were used as the control group (C group). Mice in
R group received 8 weeks of increasing weight climbing exercise training. Relative grip strength was measured every week
and the rotarod test was performed every 2 weeks. Histological changes in the right quadriceps femoris were observed by
hematoxylin-eosin staining and the left quadriceps was used for RNA-seq. Differentially expressed IncRNA and mRNA were
screened and analyzed for enrichment by Gene Ontology ( GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG)
analyses. Finally, key differentially expressed genes were analyzed by quantitative reverse transcription-polymerase chain
reaction to verify the accuracy of the RNA-seq result. Results (1) Relative grip strength and rotarod test time were
significantly decreased in M group compared with C group (P < 0.01), but were significantly increased after 8 weeks of
Rgroup compared with M group (P < 0.01). (2)The cross-sectional area of the muscle fibers was significantly lower in M
group compared with C group, as shown by HE staining (P < 0.01), while the cross-sectional area of the muscle fibers
was significantly increased in the R group compared with M group (P < 0.01). (3) Differential expression analysis
identified 182 upregulated and 218 downregulated IncRNA, and 454 upregulated and 289 downregulated mRNA between M
group and R group. The KEGG pathways of IncRNA target genes that were differentially expressed between M group and R
group were significantly enriched in intestinal immune network for IgA production, nuclear factor-kappa B signaling
pathway, and inflammatory bowel disease. Conclusions (1) This study demonstrated that resistance exercise can improve
skeletal muscle function in SAMP8 mice with sarcopenia. We identified IncRNA and mRNA that were differentially
expressed as a result of resistance exercise, and which might be potential targets of sarcopenia therapy. (2)Furthermore,
analyzing the biological functions of the target genes of the differentially expressed IncRNA and mRNA may further our
understanding of the mechanism of resistance exercise for improving sarcopenia.
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long non-coding RNA; SAMP8; sarcopenia; transcriptome; resistance exercise
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T [ b 5t R BE A6 [ SCXK ((51)2021-0013), 3
Yy 35 A I 25 38 T BURR AR B 7 B 3l ) 52 3 rh oo
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Table 1 Effect of resistance exercise on relative grip strength

in mice(x £ s,n = 6)

Hsf 1]/ JA] CH4 M 4 R4

Time/weeks C group M group R group

28 21.61 £0.54 16.73 + 1.55™ 16.88 + 1.91™"

29 21.62 + 1.32 13.65 +2.60™ 16.54 + 0.88***
30 20.99 = 1.59 12.10 + 2.33"  15.31 £ 0.99™*
31 19.08 £ 0.31 11.82 + 1.44* 14.71 + 2.25™%
32 19.00 = 1.20 11.00 + 0.86™ 13.05 + 2.26 ™"
33 19.62 = 1.50 10.85 = 1.03™ 13.98 + 0.88 "
34 18.10 + 2.56  10.30 + 0.92™  13.40 + 1.57 "
35 17.12 + 1.01  10.40 + 1.48™ 13.75 + 0.96 ™*

FH C4UML, TP <0.05, " P <0.01;5 MAMIK, P <0.01,
CFER)

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

(X +s,n = 6)

Note. A. Relative grip strength of mice before resistance exercise. B. Relative grip strength of mice after resistance exercise.

Figure 1 Changes in relative grip strength of mice before and after resistance exercise(x + s,n = 6)
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TE < A Bz s/ UK RN B« SRz 3l 5 /D BUR e Rl it

B2 PrpHz s/ RN EGE (2 £ s,n = 6)

Note. A. Rotarod test of mice before resistance exercise. B. Rotarod test of mice after resistance exercise.

Figure 2 Changes in rotarod test of mice before and after resistance exercise(x + s,n = 6)

W AHE Je 0 B A 4Ep s m AU IR A,

B3 Pz e/ BLL gt domn BLUY A2 1L

Note. A. HE staining. B. Histogram of cross-sectional area of muscle fibers.

Figure 3 Changes in muscle fibers cross-sectional area of mice after resistance exercise
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A KL B A,
B4 725 IncRNA I ERIR A
Note. A. Volcano plot. B. Heatmap.
Figure 4 Volcano plot and heatmap of differentially IncRNA

A KL B R,
Bl 5 225 mRNA Kl & IR
Note. A. Volcano plot. B. Heatmap.
Figure 5 Volcano plot and heatmap of differentially mRNA
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B 6 25 IncRNA fRILHLEEN Y GO B R AR

Figure 6 GO enrichment histogram of candidate target genes of differential IncRNA

B7 25 mRNA [ GO B AEMRE
Figure 7 GO enrichment histogram of differential mRNA
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8 225 IncRNA fEZEHIIEIN ) KEGG & AUl
Figure 8 KEGG enrichment scatter plot of candidate target genes of differential IncRNA

9 %5 mRNA (1) KEGG & BT
Figure 9 KEGG enrichment scatter plot of differential mRNA
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[ Abstract)
offspring to interphotoreceptor retinoid-binding protein ( IRBP )-induced experimental autoimmune uveitis ( EAU ).
Methods

EAU were used to screen immune-associated differentially expressed genes in the eyes of the exposed offspring. Gene

Objective  To investigate the effect of embryonic inflammatory exposure on the response of mouse

RNA transcriptome sequencing data from eyeballs of C57BL/6] mouse offspring born to mothers with active

fragments overlapping in the two datasets were screened using Gene Ontology ( GO) and Kyoto Encyclopedia of Genes and
Genomes ( KEGG ) enrichment analyses to identify biological pathways associated with the gene fragments. Hub genes were
identified from these intersecting genes by protein-protein interaction network analysis. EAU models of maternal uveitis were
established by immunization with IRBP, ,, and expression levels of the pivotal genes in the offspring exposed to
inflammation by maternal uveitis were examined by fluorescence quantitative polymerase chain reaction. EAU severity, T
lymphocyte proliferation, and serum cytokines were detected to investigate the immune effect in offspring from mothers with
an active inflammation response to IRBP induction. Results  Microarray analysis identified 72 immune-related
differentially expressed genes in exposed samples compared with the findings in control samples. These genes were mainly
enriched in Toll-like receptor signaling, mitogen-activated protein kinase signaling, and B cell receptor signaling pathways.
Protein-protein interaction network interaction analysis screened out four hub genes, Psmc5, Psmc3, Psmd4, and Psmd8,
and mRNA levels of these four genes were increased in the adult offspring from mothers with active uveitis compared with
the findings in healthy offspring. In addition, the group induced with 150 g IRBP showed an increase in the severity of
clinical and pathological outcomes in offspring with EAU affected by active inflammation, compared with the healthy
offspring group( P = 0.0087, P = 0.0410). Meanwhile, T cell proliferation in the offspring was enhanced during the
inflammatory activity stage and secretion of the inflammatory cytokines interleukin (IL)-17 and IL-6 was increased (P =
0.0450, P = 0.0300). Conclusions Psmc5, Psmc3, Psmd4, and Psmd8 may be important genes exacerbating uveitis
in offspring of mothers with active uveitis, associated with increased T cell proliferation and production of IL-17 and IL-6.

[ Keywords ) experimental autoimmune uveitis; embryonic inflammatory exposure; offspring; pivotal gene;

inflammation severity
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C57BL/6J /N TR RNA %% 2 I F B v i 1k
S HRPEAH G I 22 5 AR TR B D il 3 B PR AAK (Gene
Ontology, GO ) & £ 43 H7 , HU R A 5 JE K 20 /1 F) 42
45 ( Kyoto Encyclopedia of Genes and Genomes,
KEGG) Fl 5 M Bt B /E M %% ( protein-protein
interaction networks,PP1) 2347, ik e = 5 1
G R 4 A LR R B M4 FE K Psme5,
Psme3 . Psmd4  Psmd8 , [l J5 iF 53¢ N\ 5138 3 28 G
R4 W #% )2 V. ( quantitative real-time PCR, qPCR) ,
RS 32 BR A 2 300 48 2 JE A8 52 il 118 1 AR B R Gk X
4 XA 2 R A2 i 5 U7E 150 pe/
200 L BRI B 7 AR B A A R I R
ANME N TL-17 (IL-6 350, ph b 5 s B 447 2 i ¢
AR A b A G g A 5 kDR N T s AR AR 32 A R
JREATC 75 e 1Y) A 7 S 8 7 e AR BE AT A A TR e
I PRI 2% 00 A PR AR AR
1 #RE5FE
L1 #H
L1 SE83hY

8 ~ 12 J& SPF % C57BL/6] /N 48 1 (Wi 27
HOMerE 21 R AKE Lk 25 ¢, 0 H B RERRA:
SEIG e [ SCXK (1) 2022-0010]) , 4Rl 38 T-E P
BB R S50 3l ) Hh oL BB A B &R 48 [ SYXK (i)
2022-0016] . SEHEhPI ] A R EMYOK , 4E5F 12
h/12 h BRESC B R RS 30% ~ 70% , i AR 45
TE 22 ~ 25 °C, AWFSE 0 A A% R4 i PR 12
FERAZBE I RAC P DL s W A W b 56 T
SRR 4R T 5 5, Zad R BE AR S B
FWFI A2 B St E (TACUC 2021064 ) .
L2 T2 5

IRBP, o ( LAQGAYRTAVDLESLASQLT, 3% ##
YR ARA R, HE) , ZERE R ( Mycobacterium
tuberculosis, TB, Sigma, ES ), 584 i KAk
(Freund’ s adjuvant complete, CFA , Sigma, 32[E) , H
H %35 2 ( Bordetella pertussis , PTX , List, 32 [& ) , MTT
(Solarbio, 1 [H ) , ELISA i 7] & ( mouse IL-17A/F
heterodimer DuoSet ELISA; mouse IL-6 quantikine
ELISA kit; mouse TNF-a DuoSet ELISA, R&D
systems, 32 [E ) , qPCR #H 5 ( RNA $#2 B0 ; 51
Yy 5 305 s i) & A DB IR AE IR A IR 2
Al ED o LS RBRKT B AL ( ER BT A
AR A A, B ED, XCH AR SR A RS

(Keeler, e [&) , bR ( Crystal , £ ) | BFIK Sy 45
AL ( Bio-Tek , [ ) , ¢ Y6 & i PCR ¥ ( Bio-Rad,
EH) BRSO T (Thermo, 2 )
1.2 A&
1.2.1 EAU B R gy

Jifs 3 B A EAU, BUE % T PBS W A
IRBP 5, o0 Z M5 % 2.5 mg/mL Z5#% # E 1)
SEIR AR 12 1 BRRA, o3k )E B
5150 pg N IRBP, 0 ZIKEY 200 wlL FLALF 5T
3 H 8 ~ 12 ik C57TBL/6) MERL, /0 4 R FIE
SFF /0N RS 0 VPR 0 0 R VR, e s e
1 g WH HZRER(BEARGEEH ,MG) , [A] B 7 1E
W ARIPE IRBP 5, ;0 MIEERHXTI(HG) . MG THuj
JE S 15 RIBIRIENG IR RIS B e 5 i B
R ME AR 3 ¢« 2 AT R BT, RN, DIR&HTE
G Ak B DU JIT 7 6] H % 1 i B 7 AR A R X B
SEEEAE 3 UK, WK H I ARG A N R A B
e, DRI E R 22 155 1 K, ABFSEEEAR EAU
XFFAREAU Gy AR Fn ™ F LR 2, 305 8 ~ 12
JAREEA EAU R AE T 2 710/ BRI B AR/
R RS 150 wg IRBP, o , 1% IRBP g, 0 FLILTE
TH 2.5 mg/mL G5B R Y 200 wL CFA
[Fi] ISP J Js v 2 0. 5 g PTX, 45 31 8 5 0% s i 7404
(EG) FIEERETIR41(CG) , TAC EAU BRI 525G
53, EIREG F1CG 463 R,
1.2.2  ImIR AL R A

FAVNRGRE G A5 8 ~ 9 FE il F 2T Fn
ARG AR A A AR iy s A0 HR VG I PRE IR, B I R 2 ~
3, BEA EAU /N TR 56 72 RO, Bt
JRES EG Fl CG /N BRUAE 0E = W 3 (e 5 1
27 d) FHEUR BRI LY, HRERALURCE T 4% 1% 2%
M EE 60 min J5 , FHRIE T 10% PR/ Sk
H I E 24 by B[S S IR ERDEA TR K A A i
A3 YR DL K IR R R - (hematoxylin and eosin,
HE) Y o, 2% B il e T g8, RANE LS ]
CASPT'™ 38 1 5 A TR BRLL S (0 S PR 43
1.2.3 T #kEL 40 e 5 5256

TARAPETFE 27 K, BUEG 1 CG /N EUY g A
NS BUN Iz A= S £F S = S LB N e sl E
Jii 5 35 4H Bfd ( antigen-presenting cells, APC) Fl T 4f
M, SRJG, 09 1 x 10° 4> APC 4EfEH1 4 x 10° 4
T 41 Jf i A 96 FL Ak, B ) bR AR R A
IRBP 5, 60 M58 42 15 35 3, (1R FR B VR 15 43 391y
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0.10.20 pg/mL,7E 37 °C 5% CO, HIFE 72 h, KR
JE A MTT, it 1176 356 S 92 46 U ASCAS ) 490 nm 4k
oD 1.

1.2.4  Z0fa A4

BEARGPE IS 72 d W HAM B il i3, {57 F mE
He E W [t ( enzyme linked immunosorbent assay,
ELISA) i35 &G I 240 i X 7 11-6 A 7=t | I Hi e
ANERUL T VR % IR Ak, B TR R 8 5 2R 27
KLEG FCG /N BB A0 & Il i i 57 FH A 43 A )
IL-17 IL-6 IS TNF-a B3R3K, AHHEAF 4 ELISA
For I A5 B 7™ A Hie BRI P 4R, KRB W ULT A
PR AR —PU KRR AR FEA T 40,
B ALY A/B BOFINE &I B A,
FlEFRAXKE I (450 nm F1 540 nm) .

1.2.5 7ot i RAWHHE RV (qPCR)

T OB R MK 4l B 3R Gk, 7 Applied
Biosystems Bio-rad CFX 96 Real-Time PCR il 4t
I, 2R qPCR(95 C 30 s FiAEM:,95 °C 15 s A8k,
60 °C 30 s B K/ IEfEE 40 NMEFF, N 65 ~ 95 C,
R 0.5 C,RE 1 IEOLIFE A BUEMINZ) .
D5 %t 4 ASFEHF Cel-miR-39-3P A5 4 i 3 [H] ik
17 3WEE, 5IFFE 1, RA 274
SE AR ek i

x1 PCREIY

Table 1 Primers used for gPCR
SIF5I(5°-3")

Primer sequence(5’-3")

F:ACACTCCAGCTGGGTCACCGGGTGTAAATC

EIE 2

Primer name

Cel-miR-39-3p R:CTCAACTGGTGTCGTGGAGTCGGCAA
TTCAGTTGAGCAAGCTGA
Panes F:GGTGCCAGACTCAACCTACGA
sme R:CAAACAGCTCCCTCACCATTC
Pane3 F.CCTGCCGTACCTTGTCTCCA
sme R:GCATCCACCAACCCAATCACT
Pendd F:CTCGGATGACGCCCTACTGA
sm R:GACGTCATAGTCATCCTCCTCCTT
F:CCTCAATCTCCTCTTCCTGCTAT
Psmd8

R:GCTTTCGGCAGGGATGTTC

1.2.6  RNA 5405

B ok 1A BB A Y BE AL E 500 pg
IRBP ¢, 0 #Y C57BL/6J /I BR A& 1 J5 0 IR 3k 41 21
RNA ll J¥* ( RNA-seq ) 45 £ FlH R % 1 12
DESeq2 ( version 1.32.0) #4572 08 CF | log2
(FC) | >2 H P < 0.05 A3 %% DEGs) , i
TR h 5 G e A O Y 22 S R T i — 20 0 Be A Sk
K4 GO A1 KEGG i i & 470 b, feJe 4T PPI

W26 B ARSI T, AL G FE KL ( DEGREE)  f5e K8 A1 e
4 ( maximum group centrality, MCC) #5448 73 1
(maximum neighborhood component, MNC) | i1 2% &
#5471 (edge penetration component, EPC) | 5z K20
4y 1 ) % B (density of maximum neighborhood
component, DMNC ) , fii | Cytohubba 3. 10. 1 &K {4 %}
PPI H 1 G BEEE PR R AT 23 A, AR A1 35 DR % 71 B8 A
AFELAE FH P00 248 5 2 4 X ] B A
1.3 SZitEHH

SHER 2 ~ 3 U AR UEEE i VR PR, AL
PEAGETT oM R T SPSS 17. 0, LA 1 + brifi
W2 (x + sx) WIBUE B, SCUR ARG BRAL /N B
Il R B2 20 20055 L ~F ¥ 43 38 . Mann-Whitney U £ 4%
o Kruskal-Wallis #: 52 E47 HUEZ, P < 0.05 R 2%
S B W

2 &R

2.1 BRERAXERERMNTGIE

T T ok HAERTUUE C57BL/6) /MR EAU
AR IR BR 5 S5 2 I 040 B 5 4 5 055 T A= 1
f R FACREA Z IR 22 S JE R 0T AR I A (A1) B A
2 )R AR T T AR, A 5 1 22 SR IR v 35k
VAR EIER, WE 1 s, 5 HG BEAK EE, XL
7 EAU FUIR BRAEAS v 3 508 1 1652 422 57 0t
P, HoH A dE 1108 A~ L L B A 544 A4S 0 2L
(B 1A) o S0 tHOC R LR AT 72 4~ (& 1B)
2.2 GO 1 KEGG BRE&ENF

XHER 72 A EFEN AT GO A1 KEGG i
R, N GO A BT R AR B A T AR
(biological process,BP)Z5 R /K , DEGs FE & T
i) O R (N Sl S S DR A S R AT S
7 A R R S O T (TR 2A) 5 RT3 N E SRR A AL 4y
(cellular component , CC) 4371l J& 2 F BEA | P K A
Ay W UKL B (E 2B) 5 4> F 31 fE ( molecular
function, MF ) 34T W7, 7 3 v & 4 (14 T 6 7 1l o
ff /R 520k Ak I 45 AL 4 i R R S ()
2C), X 12 A S RN AT T KEGG 38 i#%
BT, BERERY] XL Y 2 T Toll £
ZRME S MAPK {553 LA & B 40 32 145
S A A R ([ 2D)
2.3 PPI MEMRAEE D

ARG 58 5 e [R5 R 114 o A ) 23
FIF STRING 0482 F1 Cytoscape #%E T PPT 4%,
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TE: A 22 R R LR 200 . BIRED 2 R IRE R B 22 RARIA SN 5 G AR DG HE TR B 54 s DEGs : 28 53R IAHE IR IRGs : SRBEARGHE A

B1 BCE EAU FAUVNR2ER RIBHE P KL E LUK DEGs Hl IRGs SZ 4 HE
Note. A. Differentially expressed genes. Red. Up-regulated genes. Green. Down-regulated genes. B. Intersection of differentially expressed genes and
immune-related genes. DEGs. Differentially expressed genes. IRGs. Immune-related genes.

Figure 1 Volcano map of differentially expressed genes as well as DEGs and IRGs intersecting genes in the offspring of parental EAU

2 XK EAU TAUNRZE T RIB LN & 04T

Figure 2 Enrichment of differentially expressed genes in the offspring of parental EAU
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Figure 3 PPI of differentially expressed genes in the offspring of parental EAU
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WA AR EAU BIIGIREEIL ;D15 ~ D47 NHRREG REL(DIS  PESGHH 15 K) ;B BA EAU I 1L-6 AY3E3L; 5 HG ML, " P <

0.05, (THEIF)

B4 HAR EAU BYIGRE (n = 6) FIME T IL-6 ik (n = 3)

Note. A. Clinical manifestations of maternal EAU. D15 to D47 are the number of days after immunization (D15. Day 15 after immunization) .

B. Expression of IL-6 in serum of maternal EAU. Compared with HG, * P < 0.05. (The same in the following figures)

Figure 4 Clinical manifestations (n = 6) and serum expression of IL-6 in maternal EAU (n = 3)

{5 HG AL, ™ P < 0.01,
B 5 qPCR EIE RNA-seq Il 522 5 Rk N
T (n = 4)
Note. Compared with HG, ™ P < 0.01.
Figure 5 qPCR to verify RNA-seq sequencing differentially

expressed genes(n = 4)
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T A TAUNRAYIR R R B B TN RBYIRIRIEA> (n = 6) 5 C THUNREPRBEAA LRI D . TN AR EAZIETFIR (n (CG) in
(EG) = 6:10) ; Fifi AR IRAT e siiifi; 5 CC ML, "P < 0.05, (I
Bl 6 P 150 wg IRBP TAU/NEUAY EAU 44E [ i
Note. A. Clinical manifestations of offspring mice. B. Clinical scores of offspring mice (n = 6). C. Histopathological appearance of offspring mice.
D. Histopathological scores of offspring mice (n (CG) :n (EG) = 6:10). Pentagrams show retinal folding or damage. Compared with CG, *P <
0.05. (The same in the following figures)
Figure 6 Inflammation response of offspring mice immunized with 150 pg IRBP

5 CG ML, ¥ P < 0.001, ##p < 0.0001,

7 P 150 pg IRBP FAR/NREY T AMAEINEE (n = 3) 8 HBE 150 pg IRBP TR/ 4
Note. Compared with CG, **P < 0.001, P < 0.0001. A T35 (n = 3)
Figure 7 T-cells proliferation of offspring mice Figure 8 Expression of inflammatory cytokines in

immunized with 150 pg IRBP(n = 3) serum of 150 pg IRBP(n = 3)
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Establishment of the human a-synuclein nuclear localization
signal transgenic mice

WEI Mengchen, FAN Shengtao, WU Haiting, ZHANG Yiwei, WANG Ziou, HUANG Zhangqiong "

(Institute of Medical Biology, Chinese Academy of Medical Sciences and Peking Union
Medical College, Kunming 650118, China)
Corresponding author; HUANG Zhangqgiong. E-mail ; hzhq2013@ 163. com

[ Abstract] Objective To establish a human a-synuclein nuclear localization signal transgenic mouse model and
investigate the effects of a-synuclein nuclear localization on the behavior of mice. Methods Human a-synuclein nuclear
localization signal and EGFP lentiviral vectors were constructed. Transgenic mice were created with the microinjection
method. Using PCR and Western Blot method to identify the genotypes and protein expression of the transgenic founder
mice and their offsprings. The immunofluorescence was used to examine the localization of human a-synuclein in the mouse
brain tissue. The behavioral changes of the transgenic mice were evaluated by the open field test, rotarod test, and O maze
test. Results The hSNCA-NLS gene was successfully inserted into the mouse genome, the human a-syn was successfully
expressed, and the human a-syn has localized with the nuclear. Further studies found that human a-synuclein nuclear
localization signal transgenic mice had significant motor dysfunction, astrocyte proliferation and inflammatory response at 2
months of age and exhibited significant anxiety-like symptoms and reduced expression of the y-aminobutyric acid ( GABA)
gene at 9 months of age, which persisted until 12 months of age. Conclusions A human a-synuclein nuclear localization

signal transgenic mouse model has been successfully established. The mice exhibit significant motor dysfunction and
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anxiety-like symptoms. The successful establishment of this model provides a foundation for studying the role of a-syn

nuclear localization in Parkinson’s disease.
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G1101) .1 x PBS, (57'5:G4202) | FR{ A1 JI5 45 i B
W (585 G1128) W [ ZE4E /R A W BHH A BR A w5 B
FHRLRRIR S (525 : M2910) W [ 74 502 DL AE W Al
ABRAT ;TR SR (5245:32061) RN EE (5245
67-63-0) W4 B VG BB e A7 BR 2 7l 5594 K s
DR P (5. A-11001) Wy H 3£ H Invitrogen ;
Western Blot 800 nm T £ #p BLIR 26 _$1 (75,
926-32210) ,Western Blot 800 nm JT£L AN ii e 6 —
$1(926-32211) Western Blot 700 nm T 1 4 B 7¢
=41 (926-68070) 1 Western Blot 700 nm T £T 4}
IRTEE P (926-68071) ) H 25 [ Licor,

P it PCR A LV AE | 7% B3R Western
Blot HLUKAY ¥ [ 2% [ Bio-Rad; SMART /NSl 47 H
SR R G0 HIRYIER S ]

1.2 FHik
1201 18RRI i b B/ BRGREHE | S sl 9 &
A

WL 20 W B R 3R 35 18 9 B 24K pLV-hSNCA-
NLS F123 34K pLV-EGFP  f§i FHAY /& EFI1A JH3h T,
N SNCA 1] ¢cDNA SHRIEFEH, H = AP H ARG R
N AR KA BRI A 1. 37 x 10 TU/mL, LA
7 ~ 8 Jilt ICR MEPE/NEOMIBZE R, 7 ~ 8 JAlR N
C57BL/6] /N LA B, AEEHEDD . 55 1 RIE I TE
410 1IU PMSG,48 h J5 4 hCG, ¥ HHEII G 1Y
C57BL/6] MEtE/NR 5 CSTBL/6] MENE /N BUAZ R, UL
S i B9 48 v AR SZ RGO, TS hCG I 24 ~
25 h Ji7 , ¥ pLV-hSNCA-NLS Fl pLV-EGFP 75+ 35
P S B SZ RGO b S R SR JR T 37 °C 5% CO,
AR AR, HEZMIWA T £ 2-41
W, BEHEE) 0.5 dpe UBZE ICR B/ AR IR
R I 1) 552 T B B AR
1.2.2 HEIHFRM%EE

(1)PCR N 2%

PAFE B RS 55 AERNR L, R TR
FRZE PCR Western Blot Fllfe o Y 4 %8 S FHTE S Bl
AL NI o-syn LR/, S i R
R LIS PH 0 1, SLEHTH 75% 1%
MR BT T RER T, B2 0. 5 em BY BUR BB T-HC
319 100 WL JHARIE T R RE A T 55 CoOKiR L IR
15 min, ZJEHEME T 95 C 7J({§,W%%: 5 min &
Je ] _ESRFE S H A 100 WL 19 Stop Solution , I i€
BT, Bl 20 wL A9 PCR R % . ddH,0 8 uL, 514
RAY 1 wL, Mg 1 pL, PCR Master Mix 10 pL,

PCR W 80 &N 94 CEIGAEE 3 min, TGRS
BN 94 °C 30 5,60 C 30 5,72 °C 20 s,35 MEK)G
72 °C FE# 10 min,

&1 PCRIYIFSI
Table 1 PCR primer sequences
B 4 P E1L7]

Gene name Primer

F:5 -TGTGGCTGCTGCTGAGAAAACC-3’

R:5’ -TTCCTTCCTGTGGGGCTCCTTC-3’

F.5’-CCTCGTGACCACCCTGACCTAC-3’
R:5"-GATGTTGCCGTCCTCCTTGAAGTC-3’

SNCA

EGFP

(2) Western Blot

AHE/IN RS BUN BRI 1.5 mL /9 Ep &
OB Ep BT UKL, ZJE A RLERFN RIPA 2417
WRHEA TS S A 20 i B 1, RE RS 45 o)
FEARE T UK EEHFE 20 min, ZJ5 12 000 r/min 4 C
B0 10 min, B3 BCA A& ik &
W, HAWRES —HE R 3 peg/pl, ZJES x
SDS-PAGE & [ FAEZZ Pl & 10 min, f5H, AL
il SDS-PAGE Jit, 4,80 V HiJEHI 30 min J5Kf &
PEIZ 120 V 42201 60 min, 2 Ji F2 T HALE 4755
5% BSA Z=IREHA 60 min J5,4 CHUADTRIEE,
TBST PEAEEER 10 min, 3 3 ¥R, 2 J5 F Western Blot
RO R IEZEE P E M H 60 min, TBST P I 4F
X 10 min, 3£ 3 YK, Odyssey ZLAMEOCHE Rt E 1T
B,

(3) P

JE FHBRIBE DK /N RO BE R, SR 5 FH 4% 2 5%
X /INBR AR ATV, BB I 4 2 )5 4% 2 R H
P X 2 2 [ 7 48 h, LK AILBE K Ab B, A AL 35 1)
FREEHR 4 pm, YIFH R F 65 CHUAER R, H #1
Itk Ak, Z& 18K whvk , PBS 38230 5 min, EDTA 45
&2 WA B W AT LR AE . 25 min, BTIRIBE
SHUE Y R R =, 12 E E R B 60 min
J& AR —PL, 4 CR BT , 08 4515 ok
YIR B E TR, E S AR M, PBS ¥ 3
U BRR S min, J5 T INAR R 28 6 4T, DAPI 3 F )5
JH Pannoramic MIDI Y BE4] B =48 {0 S B R F
1.2.3 1T R%5E

(D)W 55

EEFEHT 2 d BREHEDR 1 ~ 2 min, 7E
TEECSEH Y K 4R 2 h /s RUBCE AR S50 X 4 P
/N B O BRI AR, Je T 75% S T SR g A
SR G FE A B R N 1 S8, 10 SR AT Bl W 1 G
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S OHW RS BE,T5% LR K 58 )5 1IE T
LRSEES ol SEge sh ) R 33 8 rh R AR B o S
6 Bl ) T T S A Y e DX, I S B EY
T AT AT R o B, B sl sk sh Y TEF
PR AITE 3N, SRR IR] A 5 min, A H /N FII 52 ER
Ja 1 75% CBEE T S50 A , f CBESE 25 K 5 IF IR
T H/NER AT

(2)0 KREF L

LB Bh i O 28 W FF RIS & T O 2
B IS RVES T AT S AT R e ik, B 3l
CSR B PERE R N B 3, SEBE SRR S min,

(3) ek e s

FEIEFSEERAT 1 h, B R/ NRIUIZE S min, i HGE
EAER A LA AU AR I B S Bl 5
min, {f 2 min A2 NEEZ 3, IGRHEE N 5 /min,
JN#E = 40 v/min, J5 3 min K 2] ¥ iz 5, B #
40 1/min, B/ FUSCE TE R AT b R S A i ok
B HU/NRT 560 E A3 B9 R], /N BUAR R 30 min J5
FRUCGHEA TN, 200 3 0, B 3 R BB A /N ER S
ARG LRI
1.2.4  SEEFDEE 7 PCR(gPCR)

AHE/IN BRUE BN BRI 2L T 1.5 mL /9 Ep 45
WK Ep B E TUK L, ZJEIMAREER R 1 mL TRIzol
BT SRBCA Zh  RNA, FROFBS 25 s, B T
K EEHE 10 min, ZJ5 T 4 °C 12 000 r/min Z.0> 2
min, HX 800 wL ¥ 2 H B4 ThIF A 200 pL
A5, 2=, 8 5 min J5 T 4 °C 12 000 t/min
B0 15 min, BLER 3 2, AL 400 WL
G EBR Ep &, ZJE A 600 pL FNEE, F
H TR A) 2R E 10 min J5 T4 °C 12 000 t/min
B0 10 min, BI7 & WL RNA YiiE, A 1 mL 75%H1

SR RNA VITE, Z 5 T 4 °C 12 000 v/min
0 2 min, EE IR, FL50VEH RNA UUTE, 5 1%
WAR 25 BT, 36 Ep B35 FTHF, T4 15 min
JG A 20 wL DEPC 7K FE 43, I RNA VB
AR F A RNA BE AR W B 4 — W R
1000 ng/wL, qPCR 51915 B UMK 2. FHii 5% s i3]
SR B UL AT 1 SR KL cDNA, 20 pL i 5%
FARZ K :RNA 5 ul Mix 4 pL.ddH,0 11 pL, 5%
SEAEFEE B K 25 °C 5 min JEH 42 °C 60 min .
1% 70 °C 15 min, A& qPCR 55 & vt
PEATHEOEE &,20 pL /) qPCR AR 54 : Mix 10
L, 5 ¥R AW 1 pL, cDNA 1 pL, ddH,0 8 plL,
qPCR /P IEE N 95 CHIAME 30 s, TEHRSECH 95
°C 55,60 C 305,95 C 15 5,35 PMEH G 60 C
1 min,95 C 15 s, o REKINAE 5, #1751
3T
1.3 ZFiTESR

FRA AT 2 UG S5 853 R H SMART V3.0 17
RGBT R G MR, SE R A s i Ge R
I + bRiE2E (2 £ s) K FEw, W H GraphPad
Prism 8. 0 FRA X EAEHATHE 50 Hr , 52 50 21 Fioxt IR
2[RI HE AR FHAE RO ¢ #5586, LA P < 0. 05 Fow
25 A BEME, ’E KM Adobe lustrator 2020 %X
A BAHE R

2 &R

2.1 WIFYERRIEFSHEUELER
W51 B9 hSNCA-NLS kL Fl EGFP %3 J5k:
PR AR A BR S B 2R 47 0 7L 2h ) 3k I 2 5k
18955 7 AR pLV-hSNCA-NLS #1235 8 /& pLV-EGFP
R R 2R | A 5 B R AR R 2 L 1

F2 qPCR 51T
Table 2 qPCR primer sequences

M2

Gene name

ist/iEiL)

Forward primer

TS

Reverse primer

GAPDH 57 -TTCAACGGCACAGTCAAGGC-3’
IL-1a 5’ -GTCGGGAGGAGACGACTCTAA-3’
IL-18 5’ -ATGCCACCTTTTGACAGTGAT-3’

IL-6 5’ -TAGTCCTTCCTACCCCAATTTCC-3’
IFN-y 57 -GAGGAACTGGCAAAAGGATGGTG-3’

NF-«kB 5’ -ACAACTATGAGATGAACTCCGGG-3’

NOS2 5’ -GACGAGACGGATAGGCAGAGATTG-3’

GABA 5’ -TTCAGTGGTTGTAGCAGAAGATGG-3’

5’ -GACTCCACGACATACTCAGCACCC-3’
5’ -GTTTCTGGCAACTCCTTCAGC-3’
5’ -ATGTGCTGCTGCGAGATTTG-3’
5’ -TTGGTCCTTAGCCACTCCTTC-3’
5’ -GCTGATGGCCTGATTGTCTTTC-3”
5’ -GATAGCAGTGGGCTGTCTCC-3’
5’ -AACTCTTCAAGCACCTCCAGGAAC-3’
5’ -TCAAGTGGAAGTGAGTCGTCATAAC-3’
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2.2 MNRIEHE ZRINESHRBELER

L HENR 60 H ARG AR 1560 4>, Hi
HESHIRRG 1200 4, LM T 40 HAZ R, 5 H B
30 MRS, X 40 HAZ R R, 29 HRZE R4
Hh72.50% A 132 AT, b 59 HBH M R,
32 M 27 M, BRI 44. 70% , 28T 10 4 line (H:
W EGFP ¥53ER L 5 4 line, AV a-syn FEFE R /)N
5 line) .
2.3 HERMTREERREMEALTELER

AT B e A R Q-syn B L TR /N BB HR Ay
ARSI S ERA A 14 d PR R T
U DNA %558, 28 1% Byt B WE B e f vk, 445 2R an 141
2A i, Xt BB UL EGFP L 3L /N RUFE 232 bp kb
— RSB SR SO A A S AR o-syn B SR A
/INEFE 232 bp 1290 bp 4bA W25 B SE 1 45417, L4
TS WAL B ARAT ; IESE 2 B 5 A B/ R
FERAH I URRELR, BT i — LRk AR
a-syn FE/NERUAR P 1 336 2 A HOA & B UM

1 : A EGFP 185575 A K3 ; B . hSNCA-NLS 125515 484K [#3%

OO HE LB B i 2H 2058 5 Western Blot £
T NIE a-syn 75/ B N 1 R IR IE B, 45 R &
NI a-syn 76/ R4S LU B4 RE ) 1z 33k,
& 2B 7R,

24 NE oesyn 5ERREZHIA THENHE
e

/NEURZHZIY] B 1 G e 28 S IR 45 2 W | 1R
WRIAINIE o-syn 5 20 A% A B ik A 3 5 A3 ( D
Kl3),

PCR FE:[H A % E4E . Western Blot 25 FH X E 45
SR 5 g A 45 SR 3 [m] 3% B 4 L TR /N B
=R,

2.5 BEAMANE a-syn HEERE/NRHMIEBNINEE
PEfS

P R B 15 AR E AR a-syn
INEUE SRR, 15 HOEGFP /)N L Bl ) I
AT AR 1.2.3.6.9.12 HSEE 703752
55 (E 4A) FIFERRSCE (] 4B) 45 R A& LS50 41/

B R AR

Note. A. EGFP lentiviral vector schematic. B. hSNCA-NLS lentiviral vector schematic.

Figure 1 Lentiviral vector schematic

TE:A:PCR %5 EGFP FIRERL IR a-syn FeIE /NGB LTSI TE52R 5 B : Western Blot 16l EGFP FI% 58 AL AR a-syn e ZE K /N

HALL R AR Q-syn Rk,

2 EGFP FZE AL ANVR o-syn T 3 IR/INERIE TR U S0 T Western Blot £ 11 %5 78 25 1

Note. A. Electrophoresis analysis of EGFP and nuclear localization of human a-synuclein transgenic mice with PCR. B. Western Blot analysis was

performed to detect the expression levels of human o-synuclein in various tissues of the transgenic mice.

Figure 2 Genotyping analysis and protein identification results of the EGFP and nuclear localization of human a-synuclein

transgenic mice
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TE A IR c-syn TEREM X AR IK o BLC\D(E 43 BIARERIEIR 38 5 P ARBEAZ, B LC.DE A JR AR 3 5 A7 ) 5 B2 AU au-syn
TEMLER (YL 15 C o N o-syn FEI E AL E A7 D e AU o-syn 7E PR ILE AT B AR o-syn ZEARIRRZ IS A7,

3 AR a-syn TEAANIN XY 2 AL AU
Note. A. Expression of human a-synuclein in the entire brain region,where B, C, D, E represent the olfactory bulb, hippocampus, midbrain, ventral
tegmental area respectively, picture B, C, D, E are partial enlarged co-localization view. B. Co-localization of human a-synuclein in the olfactory
bulb. C. Co-localization of human a-synuclein in the hippocampus. D. Co-localization of human a-synuclein in the midbrain. E. Co-localization of

human a-synuclein in the ventral tegmental area.

Figure 3 Localization of human a-synuclein in various brain regions

T2 AR EER s B EE 2R, &K 2.6 BEMAR aosyn EER/NRHMEERH
B E NN a-syn L RUNRR AR T 23 fER

RERR AR, I HLIX R AT o 0 50 — LR 2/ R 12 B2 A B 15 H AR 7 AR a-syn
A, N E NS4, 15 H O EGFP /N B ol IR
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TE AR B/ N RTEW 3% TR RS S B RS s B AN [ 4R I B/ TR R b LA J It )5 55 EGFP AL, ™ P < 0.05, ™ P<0.01,

P <0.001, (FEIRE

B4 BOEM A a-syn /DRIZSIIRE T BT (n = 15)
Note. A. Movement distance of mice at different age in the open field. B. Residence time of mice at different age on the rotating rod.

Compared with EGFP group, P < 0.05, ™ P<0.01, ™ P < 0.001. (The same in the following figures)

Figure 4 Tmpaired motor function in nuclear localization of human a-synuclein mice(n = 15)

41,50 0F 1.2.3.6.9 12 H B EHHEAT O 2K E 505,
RN 9 A IR B0 AR TEAERE AR A0t 2 M 22
SO H—HEEE] 12 AW, K S B,

TE AR BUINBAE O 2K TIPS B ]
B 5 BUEM A a-syn NI BUERIERER (n = 15)
Note. Residence time of mice at different age in the open area of the
O maze.

Figure 5 Anxiety-like symptoms in nuclear localization

of human a-synuclein mice(n = 15)

2.7 ZEAMANE a-syn HER/NBRHARP R E
T B T B PR 400 A 4 A N e IR T

WG 5E47 27 1) P 2L/ B 2L 4R R AT AR, A
AL E RN a-syn FeIE/INR T 2 A i 2B
S AR M S I SR 2T AR TR 1 3 1 ( GFAP) ikt
Trin B 2 e, HOk R B M 25 57— L &2
FNEL 12 AW, WK 6A Fras, Hi T TR Bk
NS a5 AT o G S e RS 1
T RYEAN RN 15 1 2k — 25 55k /) BRI 4 41
JE KA T JAE B, 45 R K AL E AN TR a-syn
PRI D/ UK ZH 23 b () JRAE N 118 2 H eI TH iR A

WS o B 22 S — E R 2/ R
12 A%, i 6B Frw,
2.8 ZEAMANIE a-syn HEE /MR GABA EE X
KD

A FAZE AR a-syn B LR /N BRAEAT Sy 2
R R EAE R, TR BRI T/NRIE SN T
v-25E T2 ( GABA) B 51 kA kil |, 2 B/ BRAA 9
GABA FER I FIR IR AE /N 9 H i il 23 g 2
PR HiX bl vk 22 72— Hirg 2l/h R 12 A
W, e 7 fR

3 i

UEAEAR a-syn TEAN A " A% € 3 0 G A R B
Z 2RI TG BB A Ul e B ol
a-syn B E AL 5 PD MG iRITHEBE A A X R
XA [ i R A A5, TR WEFE N 5 5 1t 14 5 15
A% E AL o-syn 5535 PR /N BROR 2% 1€ 9] 2575
AT, 5 8 T AR AR L S B/ LY
GO S T AL N TR o-syn B L R /N LB
# Z JE 3t PCR, Western Blot A1 ¢ Y 4% AR 56
UE TS ), 3N Z S WESE o-syn E AL
1 PD R & e B i/ AL BEE T —E 1)
WF5E LA

AT ] 1 AN H B a6 x5 Kk 17178
SR e RS /N BT 2 IR I L T B
Wiz sho)RERERS , JF HEFZEE] 12 Ay, X —451 5
ZHIRTWIEPE a-syn 7EL0HEAZ H AR B ] 30
BUZE 2 W4t Hh B3 sh o BE B A 2 SR — 3 i
I FRIR a-syn BYFEFEDR /N BRHEATAT S 2 A6 1Y
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WA AR BN GFAP K Z5 R (n = 6) 5B ASRIERY B/ R 2P S5 R TR ZE R (n = 3) .

Bl6 AU a-syn B2H AL T BRI BTN G A= FI A AE SN
Note. A. Result of GFAP in brain tissue of mice at different age(n = 6). B. Result of inflammatory factors in brain tissue of mice at
different age(n = 3).

Figure 6 Nuclear input of human a-synuclein triggers astrocyte proliferation and inflammatory response
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AR FEAR R BN BRI A2 GABA R 45
B7 -2 T mRNA KT (n = 3)
Note. Result of GABA in brain tissue of mice at different age.

Figure 7 Detection of y-aminobutyric acid mRNA levels(n = 3)

SEEER BN NT 14 A A A R IZ 3T BE
BREfg S 2 RS o-syn AH DGR FE /N B B
12 S I RE R A 5 (] 278 Fr AN R], (H 2, e 7 s
SIRE AR R AE a-syn AHOCHFEIE/NE 6 H #E
TR Sk SRS S R AR B, 78 A TR a-syn
JETHMARE AR5 25, g i AR a-syn 5535
P/INRTE 2 H #8 H BLZ 2 D) BERE A, iIX$27R a-syn
A 2 N/ B B2 sh T RE A, AT L e A
R &/ N RS 2 D) g B 45 7 T 19 F 58 . Western
Blot Z55%&M , 5 EGFP /NEAI L, GFAP TEAZ 2
NUR a-syn /N 2 H i 235 1R, Z A0 (B 58 IA
R, BT ST AT B /I B SR A 2 5 i 2 RORE S
PD 1) % R R s DIAH 20 F R R qPCR £
ARHGI T B UE A8 E T T-1o IL-18  INF-y  IL-6 ,
NF-«kB Fll NOS2 ByRIiEMG I, 45 R W, 7E GFAP &
TRKF T [R5 26 58 i PR 119 2% 25 7K - B
T XA E] A5 5 /0N Bz 3h T R R A B e
] A, 3R A% AL AT a-syn 5 S 0 i 48
RIAEATHES 5 /N2 sh D RE B i p , BLAR K5
maALHA T N oY, AR 7E 9 T IRET,
BN NTR a-syn 3L RN R L A2 IEREAT R,
J—HEHFFEEE 12 A, PCR 451 XKW 5524
Ff GABA FEINTE 9 H WA I 2 387K F e, X R
AINEI AR BT AP RE S GABA RN F L T IHA
K AR TR B — LA FEARIA

B, A AR o-syn ¥ AR 5 B 18 0% 7
FHARFGE T AVE a-syn B A5G LR B, &N
P a-syn TE/N R &SR 2 iz Rk, i 5 20
WAL RE 7, FEAT R 2 AR I rp 3 B Bk )42 B 3
FIE B A R AR R IR, DAY R 2 R AT 7 T AR 47 1
BT N PD RYAT M2 R, IR H B Bz B

DI RE B AT A [R]85 (R R AT, i DA 2 6 ] B A A
Al LAE I —Fp5E 5 PD A K42 3h D) RE B A5 %) 8
FIShIRERL . T a-syn AT LA I 2 Fag 18 K45 2
PEVE R, 3 B A 22 40 M 98 T AR BE | I a-syn 7E
MRz AR TR R e Sy T2 5 1 it
FITE Y, , 3 26 43~ M2 3l 1o o] AL i & HE 0 AE
A A A T 2P RS SE
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[ Abstract] Objective To establish an ideal modeling method for diarrhea predominant irritable bowel syndrome
(IBS-D) with anxiely and depression in rats, and to provide a basis for the clinical study of IBS-D. Methods 60 rats
were used in this study. (1) At first,20 rats were randomly divided into blank, 3% acetic acid enema, 4% acetic acid
enema, and 5% acetic acid enema groups. After the modeling and observation period, the diarrhea status and the degree of
colon injury caused by different modeling concentrations were observed by diarrhea related index and colon histopathology.
(2) After the optimal modeling concentration was assessed, 40 rats were randomly divided into control(a), acetic acid
enema(b) , acetic acid + binding(c) , and acetic acid + binding + tail clip(d) groups and correspondingly treated for 8
days. After the treatments, the general condition, diarrhea-related index, open field test ( OFT) score, and colonic
histopathology of rats were evaluated. Results (1) Compared with the blank group, the fecal trait score of 4% acetic acid
enema group was increased on days 1 to 3 after intervention (P < 0.001), and gradually decreased on days 4 to 7 after
intervention. After 1 week, there was no significant difference between the fecal trait score and that of the blank group (P
> 0.05). Body weight was lower (P < 0.01), fecal water content was higher (P < 0.001). Compared with blank group,
body weight of the 5% acetic acid enema group was decreased (P < 0.001) , the fecal trait score and diarrhea index were
increased (P < 0.01). No significant difference was found between 3% acetic acid enema and blank groups. The
pathological colon tissue showed that, compared with the blank group, the mucosal structure of the 4% acetic acid enema
group was complete with a small amount of inflammatory cell infiltration, and the pathological tissue score showed no
significant difference (P > 0.05) , whereas the 5% acetic acid enema had a medium to large amount of inflammatory cell
infiltration, and the pathological tissue score was increased (P < 0.01). (2) Compared with group a, group b had lower
body weight (P < 0.001), and higher fecal trait score, fecal water content and diarrhea index (P < 0.01). Compared
with a and b groups, the body weight of ¢ and d groups was lower (P < 0.001) , the fecal traits score, fecal water content,
and diarrhea index were increased (P < 0.01), and the colon running time was decreased (P < 0.01). Compared with
group ¢, Fecal water content in group D was higher (P < 0.001). In the OFT score, compared with a and b groups, the
OFT distance, standing times, and upright times in ¢ and d groups were lower (P < 0.05). Compared with ¢, the OFT
distance, standing times, and upright times in d group were lower (P < 0.05). The pathological tissue of colon showed
that the mucosal structure of the four groups was complete, and there were different degrees of inflammatory cell infiltration.
The pathological tissue scores of groups ¢ and d were higher than those of groups a and b (P < 0.05). Conclusions The
4% acetic acid concentration is appropriate for IBS-D modeling. After superposition and binding, the IBS-D diarrhea and
internal hypersensitivity characteristic state can be better simulated. After superposition of a tail clip, the IBS-D model of
liver stagnation and spleen deficiency can be established successfully.

[ Keywords]  diartheal predominant irritable bowel syndrome; 4% acetic acid enema; chronic bondage; tail-
clamping stress; molding
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5 FAMI, P <0.01, ™ P <0.001;5 3%MEMREAIL, P <0.05,"P <0.01,P < 0.001;5 4% ZRAEHAMIL <P

<0.05,%¢p < 0.001, (FEI[E)

1 BB AR ERIARTE MESE RIS B (2 £5,0 = 5)

Note. Compared with the blank group, ™ P < 0.01, ™ P < 0.001. Compared with the 3% acetic acid enema group, *P < 0.05, ¥P <

0.01, ™ pP < 0.001. Compared with the 4% acetic acid enema group, P < 0.05, P < 0.001. (The same in the following figures)

Figure 1 Stage( 1) comparison of body weight and fecal traits scores of rats in each group(x + s,n = 5)

5 4% LRMEHHALE P < 0.01, (FER)

B2 BrBe(1) AR RIS KR G (v 25,0 = 5)

Note. Compared with the 4% acetic acid enema group, ““P < 0.01. (The same in the following figures)

Figure 2 Stage( 1) comparison of fecal water content and diarrhea index of rats in each group(x + s,n = 5)
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T B O Sk FE L S AN HES ) XN s 48 37 3k < 1B B i s SR E T 3k - RANMIIR T
B3 BrEe(1) #U4imA s HE Qe R A LUR BT L (x £ 5,0 = 5)

Note. Blue arrow. Irregular arrangement of mucosal epithelial cells. Orange arrow. Interstitial edema. Black arrow. Inflammatory cell infiltration.

Figure 3 Stage( 1) HE staining and histopathologic score of colon tissues were compared among all groups(x + s,n = 5)

TE. 5 a UAHE, ®®P < 0.01,°®®P < 0.001;5 b 440, ™™™ p < 0.001, ( FEIME)
B4 HrBr2) FARREE FEHRITES K (x + 5,0 = 10)

Note. Compared with a group, ®*®P < 0.01, ®®®P < 0.001. Compared with b group, WEEp £ 0.001. (The same in the following figures)

Figure 4 Stage(2) comparison of body weight and fecal traits scores of rats in each group(x = s,n = 10)
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W5 a AL, ®P < 0.05; 5 b 414H1LL,™™P < 0.01; 5 c AL, 244 P < 0.001, (FE/ER)

B 5 HrB(2) AR BIE S KR IRTERE A5 s 5 ] AL (x £ 5,n = 10)
Note. Compared with a group, ®p<0.05. Compared with b group, EEp < 0.01. Compared with ¢ group, A44p £0.001. (The same in the following
figures and tables)

Figure 5 Stage(2) comparison of fecal water content, diarrhea index and colon running time of rats in each group(x + s,n = 10)

F1 BB Q)SAKXBY LB AFEPR LI (% £ s,n = 10)

Table 1 Stage(2) comparison of indexes in open field experiment of rats in each group(x + s,n = 10)

25 OFT BB/ cm OFT 22 X /4 OFT B3 IRE/ IR
Groups OFT total distance/cm OFT intersections/ pcs OFT upright times /times
p p prig]
afl a group 41.80 + 6.40 15.50 + 3.20 28.70 = 6.71
b 41 b group 32.80 + 5.80°® 8.50 = 2.12°® 23.70 + 4.54®®
c 4 c group 22.50 + 3.43°°H 7.20 + 1.98%°® 17.40 + 3. 16°°®
d 4 d group 16.50 + 4.55°°m4 4.50 + 2.91°°WA 11.40 + 3.30°°W4

V5 b A, ™P < 00555 ¢ ML, AP < 0.05, (FIE/ER)
Note. Compared with b group, ®p<0.05. Compared with ¢ group, P < 0.05. (The same in the following figures and tables)

TE Ok BRI K AR HES ) SR ;4 (L5 S . TR BTK i s B (3 % R A MO
6 BrBe(2) #ALEHAL HE Bt LA LYREIE I L (x £ 5,0 = 10)
Note. Blue arrow. Irregular arrangement of mucosal epithelial cells. Orange arrow. Interstitial edema. Black arrow. Inflammatory cell infiltration.

Figure 6 Stage(2)HE staining and histopathologic score of colon tissues were compared among all groups(x + s,n = 10)
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[ Abstract)

Objective To explore the otherness of orthotopic injection of cell suspensions and transplantation of

tumor tissue blocks to establish orthotopic implantation models of hepatocellular carcinoma in mice, and to provide a

technical reference for the establishment of an orthotopic implantation model. Methods

Healthy KM mice were divided

into four groups: group A, direct injection of H22 cells; group B, direct injection of H22 ascitic cells; group C,

transplantation of tissues; and group D, direct injection of saline. Activity and weight changes were observed regularly in

each group and survival times were recorded. Liver tumor formation, tumor size, abdominal organ adhesion degree, and

metastasis were observed in all groups. B-ultrasound imaging was performed, concentrations of alpha fetoprotein ( AFP)

and abnormal prothrombin (DCP) were detected, and liver histopathological changes were detected by hematoxylin and

eosin staining. Results Mice molding operation time in groups A, B, and C were(3.36 + 0.44)min, (3.30 + 0.41)

min, and(5. 68 + 0. 65) min, respectively. After modeling for 25 days, the rates of model formation in groups A, B, and

C were all 100.0%. Severe abdominal adhesions occurred in 40. 0% of mice in group A and 60. 0% in group B, but in no
mice in group C or D. Ascites occurred in 40. 0%, 100. 0%, and 0. 0% and abdominal wall tumors in 30. 0%, 60. 0%,

and 0. 0% of mice in groups A, B, and C, respectively, while 40. 0% of mice in group B also had liver metastasis. B-

ultrasound imaging, detection of serum AFP and DCP levels, and histopathological result showed smooth liver margins,

uneven echo and slightly lower echo mass, maintained high AFP and DCP secretion, and large numbers of inflammatory

cells and tumor cells in mice in groups A, B, and C. Conclusions At day 25, all three methods can thus be used to

establish orthotopic transplantation models of HCC. Among these, inj ection of cell suspensions demonstrated the advantage

of simplicity in operation and the presence of multiple metastatic nodules within the liver, compared to transplantation of

tumor tissue. Conversely, transplantation of tumor tissue showed the advantage of causing less impact on the abdomen and

other organs when compared to inj ection of cell suspensions.
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Figure 1 Body weight change of mice in each group
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Figure 2 Survival rate of mice in each group
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R1 FA/DRIEERGESEHRILE (0 = 10,%)

Table 1 Comparison of abdominal adhesion grade among the four groups(n = 10,%)

B! 0% I % 4 m# Vg
Groups Grade 0 Grade | Grade I Grade Il Grade IV
A4
0(0.0%) 0(0.0%) 6(60.0%) 3(30.0%) 1(10.0%)
Group A
B4
0(0.0%) 0(0.0%) 4(40.0%) 4(40.0%) 2(20.0%)
Group B
c4
0(0.0%) 3(30.0%) 7(70.0%) 0(0.0%) 0(0.0%)
Group C
D
10(100. 0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)

Group D

2.6 /INERBTAE S PO AR X 22 % BT 50 B 9E A 9R 1B O
FEFP G5 25 RIS A/ NI TR AT
RO 0L, A 41.B 4. C 4/ BUSURE R
100. 0% , 41E 3A fIizs 4 AUIFRAN A K25
A AR ERBOEH PR a8 A
FUO s B 2R AR 52 A 6 FLIE A, I HL A it o 3
K508 A5 C 4983 TR DA X B 0], 22 1 F A
[ D 2R BIGIE , RR, IF R o S8R B,
3B ~ 3D fian, A 4/ B IR OE 2 E
(1.3985 + 0.0652) g &g V- ¥4 5 2 4 (0. 1505 +
0.0241) g JFFEHCHN 5. 3751% + 0.2998% ;B £/
OB 2 T (1.9601 = 0. 0950) g e “F-
HHH(0.8652 = 0.0112) g JHF54H 8.5530% =+

0. 4860% 5 C ZH /I L) BT &R 2 5 5 (1. 6045 +
0.1123) g -3 dE 54 (0. 4591 + 0.1276) g ST
SH0HN 8. 1617% = 0.7594% ; D 20 /N B4 T35 F- 1
FHA(1.2722 + 0.0365) g JFHEEHN 5. 1181% =+
0.1125%, A4l B4 .C45 D /NEFEEA L
HAEBZEMZF(P <0.05);A 4 B4 . C4HuE
MEFEADENEEF(P<0.05);B4 CHED
/NS B H , AR B 22 5% (P < 0.01) .
g 2 FEFIGRT B0, A 2/ B BRI 7K (40. 0% )
FIERESRE (30. 0% ) ;B 41/ EEE 7K (100. 0% ) FI
JEBEI (60. 0% ) ;C Ll/NER ML LIRS, A 4,
B 21 A] BEAF7E i 723 210 At DA 332 S5 L Vi T P 1 00 BT
FHHUIS AR T 1k 1, T 5 38 e 7 100 1 K T Bl

T AU NBURF RO 20Tk MBI 1T 5 B A L/ N BUR 5L C 45 4L/ UM Tk D A5 41N BURFFR 8 5 A dARLE PP < 0.05,%P

< 0.01;5 B4, **P < 0.01,

3 IR ik R 1 B

Note. A. Liver orthotopic tumor in each group. Red arrows. Cancer nodules. B. Liver weight of mice in each group. C. Tumor weight of mice in

each group. D. Liver index of mice in each group. Compared with group A, *P < 0.05, #¥P < 0.01. Compared with group B, *P < 0.01.

Figure 3 Tumor formation by different molding methods
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BESRRAE . A 41 B 2/ B e BIF N 240 i o
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22F S
w2 AA/PRIEREL B (0 = 10,%)
Table 2 Comparison of tumor status of mice in each

group(n = 10,%)

R L

LR R
il Occurrence Incidence of . URLCSS .
. Liver metastasis
Groups rate of abdominal ot
ascites wall tumor rate
A
4(40.0% ) 3(30.0%) 0(0.0%)
Group A
B 4
. 10(100. 0% ) 6(60.0%) 4(40.0%)
Group B
CH4
0(0.0%) 0(0.0%) 0(0.0%)
Group C

2.7 /IRAF B BRI

WK 4 pros, D 4/ BUF R TG, AR 58
OB INER, M FEEH5) ;A 44 B 4.C 4/
U Z B A0, R Il 38 5), FIF R &
R EI A, X A 20 B 41 .C 4/ Rt A7 i,
¥ 0 /0N BRUHE 8 T DL b g 28597, 2 SR A R o
BT, 456 B MRS R DL R KR A ) 52
TIAE BT, 3 FhbE 5Ty AT RS AR

TE ALk BERUMR ST
4 AU B R E
Note. Red arrows. Suspected cancer nodules.

Figure 4 Ultrasound imaging of mice in each group

2.8 INRINGE AFP.DCP iR EHI L

W 3 iR, MG AFP DCP 7K V-7 i i #5210
NP R R, A 4 B 4 C A/ UM T AY
AFP DCP ¥#KRFEES D 4VNEAHL R ZE = (P < 0.01),

A2 B4 C /NI E By AFP MR EE 5352 D 44
JNEUAY 13.97.18.60 14, 41 1%, A 40 B 4 .C ZH /MR
L35 ) DCP R EE 73 5102 D /Ry 5. 79 8. 38,
6.06 15, A ZH.C M2/ AFP DCP i
EI T B FEZE S (P > 0.05) , B 4/
AFP DCP W EE T A4 C4, HEAF B EMELER
(P<0.01),
£33 HA/NRIMTE AFP DCP KF(x +s,n = 5)
Table 3 Comparison of tumor status of mice in

each group(x £ s,n = 5)

ALl AFP/ L DCP/ L
Groups (pg/L) (ng/mL)
A4 '
A 136.566 + 13.726%¢** 83.061 = 15.0004%**
Group A
B¢
. i 181.842 + 16.575%*  120. 168 + 24.460**
Group B
C4 & &
o 140. 836 + 3.595%%*®  86.824 + 15.630%%¢*
Group C
D
9.774 £ 1.767 14.338 + 3.632
Group D

2.9 /IMRIFALREBRES

WE 5 iR, D 41/ BRI LL P9 T 2546 1E %
JHF A AAZ SE 4 I A0 M HE 51 5 55 40 i 25 €6 1 5, G
R AE B AR AE AR S, A 4H B 2H CH 3 A
INEUFFALZU 5 BT O, B A iR S 45 7. £
WY ZEBDE s AL IE 2 RN TR HESTAS L,
TR R ke P9 A DX AT UL R R IRBE L, L
SR BRI 45 2 5 AT IR AR WSS R B AR 4
AR 3 Ay A R

ES5 HA/DRITHSUY HE 6
Figure 5 HE staining of liver tissues of mice

in each group
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[ Abstract] Objective To investigate the protective effect of Guanxinning ( GXN) tablet on dilated cardiomyopathy
(DCM) , and to explore its effect and mechanism in pyroptosis of cardiomyocytes via the NLRP3/ASC/ Caspase-1 pathway.
Methods Rats were divided into GXN low-dose, GXN high-dose, digoxin, model control, and normal control groups.
The DCM model was induced by multiple intraperitoneal injections of 17.5 mg/kg doxorubicin (DOX). The drug was
administered at the same time as the model was established for 10 weeks. After the last administration, echocardiography
was used to assess cardiac function indexes. After sacrificing the rats, serum was collected to measure IL-1 and IL-18
levels. RT-PCR was used to detect mRNA expression of NLRP3, ASC, Caspase-1, NF-kB, TXNIP, IL-1B, and IL-18.
Immunohistochemistry and immunofluorescence staining and Western Blot were used to assess NLRP3, ASC, Caspase-1,
IL-1B, and IL-18, GSDMD and GSDMD-NT protein, and TUNEL staining result. Changes in the microstructure of
cardiomyocytes were observed by transmission electron microscopy. Results
IVSs, 1VSd, LVPWs, FS, SV, EF, and HR of the model control group were significantly reduced, LVIDs, ESV, and
serum IL-1B and IL-18 were significantly increased, NLRP3, ASC, Caspase-1, NF-«kB, TXNIP, IL-1B and IL-18 mRNA
expression was significantly increased, and NLRP3, ASC, Caspase-1, IL-1f, IL-18 and GSDMD-NT protein expression

Compared with the normal control group,

and the TUNEL staining area were increased significantly, and the microstructure of cardiomyocytes changed significantly.
Compared with the model control group, GXN significantly increased IVSs, SV, FS, EF, and HR, significantly reduced
LVIDs, ESV, and the serum levels of IL-1B and IL-18, and reduced NLRP3, ASC, Caspase-1, NF-kB, TXNIP, IL-18,
and IL-18 mRNA expression, NLRP3, ASC, Caspase-1, IL-13, IL-18 and GSDMD-NT protein expression, and the
TUNEL staining area. Additionally, the microstructure was improved significantly. Conclusions  GXN alleviates
cardiomyocyte pyroptosis in rats with DCM by inhibiting the NLRP3/ASC/Caspase-1 pathway.

[ Keywords] Guanxinning tablet; dilated cardiomyopathy; cardiomyocyte pyroptosis; NLRP3; Caspase-1
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Figure 1 General condition of rats at 10 weeks
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S IEF X RN, " P < 0.05, ™ P < 0. 01; SR BELMLL,"P < 0.05,"P < 0.01, (FEIF)
3 GXN X DCM K BUEE .0 8l B AR H5E
Note. Compared with normal control group, * P < 0.05, ** P < 0.01. Compared with model control group, *P < 0.05, P < 0.01. (The

same in the following figures)

Figure 3 Effect of GXN on echocardiogram indexes in rats with DCM
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B4 GXN X} DCM KM iE IL-18 F1 1L-18 By
Figure 4 Effect of GXN on serum IL-1@ and IL-18 in rats with DCM

5 GXN XF DOM A BUL LA S0 1 A 5 1 B

Figure 5 Effect of GXN on pyrogenic gene expression in myocardial tissue in rats with DCM
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A ASC e DY 2 ; B ; Caspase-1 Fl TUNEL S ez Jeje
Bl6 ity lsl
Note. A. Immunostaining of ASC. B. Immunostaining of Caspase-1 and TUNEL.

Figure 6 Immunostaining figure

7 ASC . Caspase-1 Fl1 TUNEL DGR E AT
Figure 7 Fluorescence analysis of ASC, Caspase-1 and TUNEL
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B8 NLRP3.IL-1p I IL-18 G e 41k de (0 K2 A3 A7
Figure 8 Immunohistochemical staining and analysis of NLRP3 | IL-1$ and IL-18

B9 GSDMD Hl GSDMD-NT & [1 45 FIAH RS A5 i
Figure 9 Protein bands and relative protein content of GSDMD and GSDMD-NT

10 CoJULEH 5 5 HL B3 1T (23 000 x )

Figure 10 Cardiomyocyte transmission electron microscopy (23 000 X )
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[ Abstract] Objective The existing dyeing methods of myocardial fibrosis were optimized to make up for the
problems of missing and misreading of collagen fibers in the quantitative analysis of the current common dyeing methods of

myocardial fibers, and to provide a reference for the semi-quantitative and diagnosis of myocardial fibrosis.
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Methods Paraffin sections of cardiac tissue were prepared using a transgenic mouse model of cardiomyopathy with a
specific laboratory-constructed ¢TnT"'*'Y gene mutation. Four staining method were performed for comparative observations ;
Masson’ s trichrome( Masson) staining, picrosirius red ( PSR) staining, van Gieson ( VG) staining, and Sirius red/fast
green(SR/FG) staining. Tmage J 2. 1. 0 software was used to quantitatively compare the areas of collagen fibers. SR/FG
was optimized from three aspects: dye concentration, staining time, and acid solution prestaining, and the quantitative
analysis of collagen fibers was then verified. Results The collagen fiber distribution was observed by the four staining
method, among which SR/FG was notable. It involved prestaining with a 0. 1% Sirius red-picric acid acidic solution for 5
min, adjusting the concentration of the dye solution to 0. 1% Sirius red-picric acid and 0. 04% fast green mixture, and
incubating the sections in the mixed staining solution for 1 h. This method exhibited the lowest incidence of missed readings
and loss in determining the proportion of collagen fibers. Conclusions Compared with other traditional collagen fiber
staining method, the optimized SR/FG technique described in this paper produces bright coloring of collagen fibers and
myocardial tissue, obvious color contrast, and high stability, convenience, and speed. It is suitable for subsequent
quantitative analysis and determination of the collagen fiber proportion.

[ Keywords]

myocardial fibrosis; special staining; sirius red/fast green staining; quantitative analysis
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Figure 1 Horizontal comparison scheme of the traditional myocardial collagen special staining method
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Note. Display is the left ventricular region of the mouse myocardium.

Figure 3 Screenshot of four myocardial collagen stained sections(n = 3)
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Figure 4 Comparison of the staining effects of the three SR/FG stainings(n = 3)
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Note. Magnified area of the slice is the left ventricular region of mouse myocardium.

Figure 5 Comparison of the staining effects of the five SR/FG stainings(n = 3)
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Figure 6 Comparison of the proportion of collagen area in
five traditional myocardial collagen special staining

methods and the optimized SR/FG method(n = 3)
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Establishment and evaluation of a canine vertebral augmentation
puncture model under fluoroscopic guidance
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[ Abstract] Objective To establish a fluoroscopic percutaneous vertebral augmentation model in dogs by measuring
and analyzing canine spinal anatomy. We also assessed the effectiveness and safety of this modeling method by postoperative
radiological analysis. Methods Morphological measurements were taken in six dogs, aged approximately 12 ~ 24 months,
and the following parameters of the lumbar vertebrae were determined: height of the L1 ~ L7 vertebrae, width of the
vertebral base, distance from the upper edge of the intervertebral disc to the narrowest part of the vertebra, distance from
the vertical line of the spinous process to the upper edge of the intervertebral disc, and vertical distance from the midpoint

of the transverse process to the lower edge of the intervertebral disc. These measurements were obtained to clarify the
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anatomical characteristics of the canine vertebrae and determine the optimal location, direction, and depth for bone-cement
injection. A percutaneous vertebral augmentation model was subsequently established in the 14, L5, and L6 vertebrae of
six healthy Beagle dogs, weighing 20 ~ 25 kg. The dogs were euthanized 4 weeks post-surgery and examined
radiologically. Primary observations included the surgical duration, postoperative distribution of the implanted bone
cement, and integrity of the vertebral canal and anterior edge of the vertebrae. Results Anatomical observation of the
canine vertebrae revealed that the vertebral height increased gradually from L1 ~ L5 and then decreased from LS ~ L7.
The width of the vertebral base increased consistently from L1 ~ L7. The distance from the vertical line of the spinous
process to the upper edge of the intervertebral disc showed an increasing trend from L1 ~ L7 (1.9 ~ 4.0 mm). The
distance between the midpoint of the base of the transverse process and the lower edge of the intervertebral disc increased
gradually from L1 ~ L5 (4.7 ~ 6.9 mm). There was no significant difference in the distance between the midpoint of the
base of the transverse process and the lower edge of the intervertebral disc in the 14, LS5, and L6 segments among the dogs
(P = 0.925). The midpoint of the root of the transverse process of the spine was taken as the puncture point, and the
insertion direction and horizontal plane were at an angle of 20° ~ 30°, with a head tilt of 5° ~ 15° and a puncture depth
of 1.2 ~ 1.5 cm. If the puncture was directed towards the caudal side of the vertebra, the angle of the needle tail was 30°
~ 35°, with a penetration depth of 1.5 ~ 1.8 ¢m. This technique allowed the successful construction of a canine vertebral
puncture surgical model. A total of 15 canine vertebral puncture surgical models were successfully created, with an average
surgery time of 22.7 + 4.6 min (15 ~ 30 min) per vertebral segment. During surgery, one vertebral segment experienced
spinal cord injury result ing in paralysis of the hind limbs and bowel and bladder incontinence. Two vertebral cortical bones
fractured, but there were no deaths due to anesthesia or infection. Four weeks post-surgery, micro-computed tomography-
based three-dimensional reconstructions consistently showed bone cement distributed within the trabecular bone of the
canine vertebrae, with newly formed bone tissue enveloping the implanted material. There was no leakage, and no
complications such as damage to the vertebral canal or the anterior wall of the vertebrae. Conclusions A safe and reliable
canine vertebral augmentation puncture model can be successfully established based on the anatomy of the canine lumbar
vertebrae (14 ~ L6) and using the midpoint of the base of the transverse process as a bony landmark.

[ Keywords]  vertebral augmentation; vertebral body puncture; animal model; transverse process of the spine;
puncture approach

Conflicts of Interest: The authors declare no conflict of interest.

2% M HEAR BB R ( percutaneous vertebroplasty ,
) RAEFAR 5 2 DR K PE A B TE AN B TR

RESI5R o, PRI, AR SCOGF HEAS R A B0 A 1) 2 e o
o tila  RREN ST T B RAMER BT A 5 R

BRI G 583 1140 A A PN 1 — i B A BB 2R il i
HOKVERITE A ST T HE PG BV 25 B, DLsR Ak
AR 2 1 7 1 AT ME A i 3 380 B Bsf 1 9 s 3 i IR 1Y
E i, BAT ST 7 8 i e ol o P AT T S
KIEFEEAR 2 KA B H EENIEER H BE ( polymethyl
methacrylate, PMMA ) & 7K Y& 1 B iR 55 & /K I
(calcium phosphate cement, CPC) , #X 1 PMMA ‘&
IKYSAFAE G Z HU RGP AU BEBRFE R Ak
FRATPAPRFEME S B CPC 7 ML ME: fE A0 B 5
P TTHAFAEBRIE Y U X L b | — S
RUE K RHERFFE S, N B UE Al A RE BT RO 4 4
PE IS S0 S PR A R A ) S I AT I DG T
—NAEE AR E G EG Sh R RL, A B TR A
IR MR K L B SEmb 9 A AR oA RpE
TR R J5Fe e PT 5 (R AY (K AN [m] A rh 22
SN TR Oy R SR TN, B AR AT 22

B, LA RG2S 08
1 #MR5T*

1.1 ##
1.1.1 ZERsh¥y

WM AERE 12 ~ 24 AR HAE R 6 H(MhE
20 ~ 25 kg, MEHESS 3 H) WL T 1l A8 KA A= 5K
565592 2 A FRZS H) [ SCXK (77)2022-0005 ) , 48 X £k
A A HE R A 0 58 K Pk BT R K S22 R, 5l i)
FET A8 R AR A 25 55 2] A BR S | [ SYXK
(7)2023-0014] , MR, BNIREE 16 C W
60% ~ 90% ,12 h YEIR/12 h JoG IR IREE 14 F i
BRI 1R RET 12 h 25 6 h 28K, FAREM
AT E R S R, ARSI TR s R A AR
S S22 A BR s W) sh ) SR vh oG 58 U 28 0 A
HE(TACUC20200601)



Fp [ S2E B YA 2024 4F 3 A 32 555 3] Acta Lab Anim Sci Sin, March 2024, Vol. 32, No. 3 357

112 EZEH SR

PIRTR I I 5 7K U8 ( Tecres /A #, B RH]) , T
ZIHLEL (Medtronic 23 A, 32 E) |, B /KRR (i
AR TRHE R A BR A A .
1.2 Ak
1.2.1 ELSh g

FRARLEE R 1) R AR fige 351, = 4 o £ 2 ) aF
Mo WEER L2 ~ L7 HEAR B K/ SO A8 5, IH9A
Lo HERE MERIFLZ B FR . 4T Micro-CT, W%
A TR E A B R ERR R (B 1) .
1.2.2 PRI B A 2 RS 750 A Ny

FESEAT LS KB A 28 TR B, 4% 3508 T F
ARATEEE 12 h BEK 6 h MUERVERLER , e R i e
bk IR S A E AT 5% %80 4 mg/kg iR
i, FAR DI E LA RIS T . R EF DR & L1,
R 5 54 53 S0 AT AR RMSE B 22 AT 5 v 1R, AR
WFSERIH 6 HILAR R 14 ~ L6 Mk, i i J5 4MilA
FEHEATZE R

PL L6 ZEfil A, 2 il T DR IE 7 e 2 L6
MEAIEAS K/, DL L6 g8 FLIE A 2 i I ik
Trbric, ML F 6 E L6 i 28 HR 0 17 I 2% V% T ME 14
A7 B % R 1 B, PR B AR 28 o oS00
5IEA 7 AT BB R AL, A 6 AR A R AT AR
it, RAFEMY FHAE & b, 5 B0 28 6, AR I
WA EE S 10 em 24478025 200, fil il 81 B4
SR IE . AT DR OIEMIA AR ISR SR A
ZERIREE . SO RS 11 54 T) 2 mm 2k
PIET B e e o IR AR B R T

ZE PR IR DV SR B BT, FRIRAT DR GEMIAL
BTN A S B IE AT IO K 2R AT A B
TEUREE (1.5 em) , WU 2R B0 DZE IS S48
HUE G, A DU BE 58 5 A B 2F WA A
TEGI A N TAEEE I A S BB 2 mm, ff
T T AR BB A AR N IEITY 86, &SRB
R 1.3 ~ 1.7 em, FRRIRA DURESEENE: | B KTk
FUFIE ) 50 3 1R A 0F IS, B 5 7K e 5 78 & N AR 3K
L HE KU AR S A D SRR I T AR AT K
Pedes, HKIRE“higg RSN KK e H A%
2 TAFEEARAMER N, 218 HEA 0.5 mL B IKIE,
R JG T R I O FEAEE L, 8FF 5 ~ 10 min Ff
IKVE A, B BT A, 32 BOULEE B K Je o TG
BEEARUIH (K 2) .,
1.2.3 ARJFhbH

FARJG B Rk il 55 58, AR S5 B 20 I 46 % H
3d PiE R (HFHEZEMEK 800 000 H47) . RJFH
1 RERE 2K [ 2 REFFE K, WESLR
St E RS O, F AR D) G B, AR S Sl
O BET GO, B AR 3™ I KA (R
A8 T RORESE ) D 23 SOk ZE T AL SRR, ARy
FU A RAE AR B 25 50 ) B WL IR B0 J5 R TR 4% 2
SR FH A 40 0 9
1.2.4  FEIEIEIR

(1) FAREI] . FRIIF I 248 G o ie . (2) 1R
FHE I AT Micro-CT 138, /A i S B HE(R
WA B KIS AT RN MEAE SOMER AT 2% e
(3) AR5 2T H ™ E I AE

TE 1B 2. 7L 3 0 4 MERIAL 5 88 s RT3 W AR S (T R S M B 2
1 RAHEARAAR

Note. 1. Spinous process. 2. Mastoid. 3. Transverse process. 4. Intervertebral foramen. 5. Ilium. Black arrow indicates the posterior lateral

entry point used in this study for needle puncture.

Figure 1 Gross anatomy of a canine vertebra
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Note. a. Locating the intervertebral level, vertebral bone landmarks and puncture site under fluoroscopy. b. After disinfection and draping, needle

puncture is performed. c. Needle advancement through the vertebral cortical bone. d. Guidewire placement and confirmation of intact walls. e.

Midline, dilator opening of cancellous bone to a satisfactory depth. f. Lateral, dilator opening of cancellous bone. g. Guidewire re-confirmation of

intact walls. h. Midline, placement of catheter and gradual injection of polymethylmethacrylate bone cement while monitoring distribution and

preventing epidural spread. i. Midline, removal of catheter and observation of bone cement distribution. j. Lateral, observation of bone cement

distribution. White arrows. Bone cement.

Figure 2 Procedure of vertebroplasty in dogs
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Note. 1. Transverse process. 2. Intervertebral disc.

3. Mastoid. 4. L7 vertebral body. DI.

Vertebral body height. D2. Width of vertebral

body base. D3. Distance between the upper edge of intervertebral disc and the narrowest part of vertebral body. D4. Distance between the

upper edge of intervertebral disc and the midpoint of vertical line through transverse process.

D5. Vertical distance between midpoint of

transverse process base and lower edge of intervertebral disc. (The same in the following tables)

Figure 3 Anatomy of canine lumbar vertebrae

RS RIEHEN S E(x £ 5)

Table 1 Measurement parameters of the lumbar spine in beagle dogs(x + s)

i H Ttems LI 12 L3 14 L5 L6 L7

D1/mm 14.6 + 0.7 15.0 + 1.1 16.5 + 1.3 17.4 £ 1.2 17.7 + 1.5 158+ 1.5 11.6 + 1.2

D2/mm 16.2 £ 1.1 17.0+ 0.9 17.7 + 1.3 17.8 = 1.6 18.0 1.7 18.3+ 1.2 18.1 % 1.6

D3/mm 8.9+0.7 9.2+0.6 9.7 +0.9 9.4+0.8 9.8+0.8 8.1+0.7 5.8+0.8

D4/mm 1.9+0.3 1.7+0.3 1.9+0.3 2.5+0.2 2.3+£0.3 3.0+ 0.4 4.0+0.4

D5/mm 4.7+0.2 5.1+0.3 5.7+0.2 6.8+0.5 6.9+0.3 6.8+0.4 4.1+0.3
L JEAE

Note. L. Lumbar vertebrae.

W ra: IEA ;b BRI ¢ U7 s d o AR 1885852 058 ;3. FL5E ;4 MBI ;5 AR s 6. MEAR
B4 RHEAR Micro-CT %

Note. a. Midline. b. Cross section. c. Lateral. d. Sagittal plane. 1.

Spinal canal. 6. Lamina.

Transverse process. 2. Spinous process. 3. Mastoid. 4. Vertebral body. 5.

Figure 4 Micro-CT results of dog vertebral bodies
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B 5 PMMA {4f/5 Micro-CT 4553

Note. 1. Spinous process. 2. Transverse process. 3. Puncture path. 4. Spinal canal. 5. Vertebral body. Dashed line indicates the distribution of

bone cement within the vertebral body.

Figure 5 Micro-CT results after PMMA injection in dogs
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Therapeutic effects of Isaria felina combined with cyclophosphamide
in hepatoma H22 tumor-bearing mice
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[ Abstract] Objective To investigate the therapeutic effects of Isaria felina derived from Cordyceps sinensis

combined with cyclophosphamide ( CTX) in hepatoma H22 tumor-bearing mice. Methods An H22 tumor-bearing mouse
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model was established and mice were divided randomly into a normal control group (NC group, distilled water), model
control group (MC group, distilled water) , positive control group ( CTX group, 25 mg/kg) , Isaria felina group (IF group,
400 mg/kg) , and combined administration group (IF + CTX group, IF 400 mg/kg + CTX 25 mg/kg), with 5 mice in
each group. Distilled water and IF were administered by gavage, and CTX was administered by intraperitoneal injection.
The administration cycle was 10 days. At the end of the experiment, the mean tumor volume and weight, tumor inhibition
rate, q value, and immune organ index were calculated, and routine blood indexes and cytokine levels were determined.
Histopathological changes in tumor tissues were observed by HE staining. Results The tumor volume and mass were
significantly lower in mice in each treatment group compared with those in mice in the MC group (P < 0.05). The tumor
inhibition rates in the CTX, IF, and IF + CTX groups were 49. 3%, 34.2%, and 72. 8%, respectively, and the q value
was 1.09. The numbers of white blood cells, Lymph, and platelets were significantly higher in the IF + CTX group than in
the CTX group (P < 0.05). The spleen index was significantly higher in the MC group compared with that in the NC
group, and significantly lower in the IF + CTX group compared with that in the MC group (P < 0.05). Serum interferon-
v levels were significantly lower in the MC group than in the NC group, and were significantly higher in the IF and IF +
CTX groups compared with those in the MC and CTX groups (P < 0.05). Pathologically, tumor cells in the MC group
grew well and were numerous and closely arranged, while cells in the CTX, IF, and IF + CTX groups were arranged
loosely, with focal necrosis and nuclear pyknosis of necrotic cells in many places. Conclusions The combination of IF
and CTX has an additive anti-tumor effect on H22 tumor-bearing mice, which can alleviate immunosuppression and have an
immunomodulatory function.

Isaria felina; H22 tumor-bearing mice; combined administration; immunomodulation
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Table 1 Effects of IF combined with CTX on growth of tumor in H22 tumor-bearing mice

2177 Jit g AR B/ mm®
Groups Tumor volume/mm?®
MC 4H

MC group 1179. 19 + 146.94
CTX 41 «
CTX group 515.31 + 67.37
IF 4 "
s il 528.79 + 73.78
IF group
IF + CTX &1

* A
IF + CTX group 341.91 £ 42.91

TR g R/ %
Average tumor weight/g Tumor inhibition rate/%

0.98 + 0. 15 -

0.49 £0.15° 49.3

0.64 +0.17" 34.2

0.27 = 0.04" 72.8

.5 MC AL, “P < 0.05; 5 CTX 414l lL, 2P < 0.05, (TFEIE)

Note. Compared with the MC group, * P < 0.05. Compared with the CTX group, “P < 0.05. ( The same in the following figures)
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Figure 1 Effects of IF combined with CTX on blood cell numbers of H22 tumor-bearing mice
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B2 IF B CTX X H22 /N Bl e i B 15 R 2 )

Figure 2 Effects of IF combined with CTX on immune organ index in H22 tumor-bearing mice

3 IF B4 CTX X H22 fapsea /I BRI IR 20 e R 7 i 2 i

Figure 3 Effects of IF combined with CTX on serum cytokines in H22 tumor-bearing mice

B4 H22 /NRIEAIL HE D]

Figure 4 HE stained sections of tumor tissues from H22 tumor-bearing mice
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Ski-overexpression on acetic acid-induced writhing mice
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[ Abstract] Objective To study the anti-inflammatory and analgesic effects of Ski protein overexpression on writing
in mice induced by acetic acid. Methods Eight-week-old male ICR mice were administered 0. 7% acetic acid solution
(0.1 ml/10 g) to induce a writhing reaction. The mice were divided into sham, acetic acid, acetic acid + ibuprofen,

acetic acid + ad-EGFP, acetic acid + ad-ski-1, acetic acid + ad-ski-2, and acetic acid + sulfasalazine groups (n = 10

[BETUR [ R MHTE () BHIF QU (CYB23292) | B 242 IR RS20 55 A A VR T AR X R (XZ-2019-505-021)

Funded by the Postgraduate ( Doctor) Research Innovation Project of Chongqing( CYB23292) , Key Supporters of the Excellent Talent Pool of the
Army Medical University ( XZ-2019-505-021).

[EF R ]8R, 5 Wk WF0 07 1) B R B Y I R 55 25l 2 05350 S5 1R K . Email :2528359578@ qq. com

BEEE DT 8, Wt WA S0, R AT, W57 1 B RN, JEHAER SR, Email: 1388386917@ 163. com



[ S IR S 2 F AR 2024 4E 3 A 55 32 555 3 M Acta Lab Anim Sci Sin, March 2024, Vol. 32, No. 3

mice per group). The time to the first appearance of twisting and the number of twists within 15 min were recorded. Small
intestine tissues were removed to identify the effect of adenovirus transfection and to detect protein expression levels of pro-
inflammatory factors and pain biomarkers and protein expression of nuclear factor ( NF)-«kB p65 and its binding with Ski
protein. Results Ski protein was successfully overexpressed in small intestine after intraperitoneal injection of Ad-ski
adenovirus. Overexpressed Ski protein delayed the start and decreased the frequency of writhing, comparable to ibuprofen
(P > 0.05). Groups in which ski protein was overexpressed showed significantly inhibited protein expression of pro-
inflammatory factors and pain biomarkers compared with the acetic acid group (P < 0.05). Moreover, NF-kB p65 formed
complexes with Ski. Conclusions Overexpression of Ski protein has anti-inflammatory and analgesic effects on acetic acid-
induced inflammatory pain by inhibiting the expression of inflammatory factors and pain biomarkers, via regulation of the
NF-kB signaling pathway.

[ Keywords] Ski; writhing test; IL-18; TNF-a; nerve growth factor; tyrosine protein kinase A; mice
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PR J2 — 15 92 bR B0 78 20 2L 05 HE DG 1A
TR B R 4 1 AR I S L Y 2021 4
COHEN 4524 9% 98 43 hy 45 F M0 (nociceptive
pain, NCEP ) | #1 22 9% PR P4 9 8 ( neuropathic pain,
NPAP) J 45 3 7] #3M9/ ( nociplastic pain, NPLP)
3FpEAY, Hrh NCEP (WAILHIAR IS T 4h i pf 22, 5
i NCEP (5 2 BB FE AL 8L . Rtk
PR J& NCEP HY—Fh A48 R A AR MR R I
VIR T 8 T T | A R M R R AR A A 1 AR
P

SNSRI IR I TR W 2 B X 4 B T
B, I RIGTT 25902k FAE & 7K 5T R 24 ( nonsteroidal
anti inflammatory drugs, NSAIDs) | B Jit 2k [ fig 01 B
Ry A5 AR IR A ARV 2 A2 )
B R B A 4 K T (nerve growth
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JiggE PR BE [ F--a ( tumor necrosis factor-ac, TNF-at) |
NGF % 2 R 25 11 #4 i A (tyrosine protein kinase A,
TrkA ) 1[5 55 28 35k K AH 56 Ik ( caleitonin gene related
peptide, CGRP ) J& JF & #7 B4 45 9§ 24 ) 1) H 2L
LY

B 3L A Ski 25 H ( celluar sloan-kettering
institute , c-Ski ) 4& 55 255 FE A (virus sloan-kettering
institute , v-ski) B9 21 ftd N [R IR0 25 3 (B FR c-ski
5y c-Ski, 1M AR ski 8% Ski) . Ski /E M #FHE T, AT
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TRFRT A 25 B 23l (AMUWEC2018 1430)
112 FEEGR 50

Ski 1 2 5 ( Ski-overexpressing ) H 41 It Ji B
Adeno-MCMVSKI-3Flag-P2A-EGFP ( ad-Ski) #I = H
Xof B 20 15 75 Adeno-MCSV-3Flag-P2A-EGFP (ad-
EGFP) 14 F FIOCAMIHOA (i) A7 BRZY A A % 0%
(ibuprofen, #f F143%¢ , B BRVG R 25 =T ) , A 5
23 JFORE ((ad-EGFP ) MR ski JFORE (ad-ski) 1 H
MR (i) AR A B2 (500 mL, 75 %
KIE 25 A5G RHA R 2 5] ), M0 & i e itk i
(sulfasalazine , NF-xB #1512 | | g =4 254 bR
AT AEBIER K (100 mLL, 0.9 g G4k sk, 101 BHE
2l ety A PR A F) D), BT TNF-a $T 4K ( Cell
Signalling N, EE), R IL-18 ¥t & ( Cell
Signalling /A A, & ) , %Pt NGF HT{&K ( Abcam 24
A, L), Bt Ski HTi (Santa Cruz 23 7], 366 |, 4
Pt Flag PLi& ( Abcam 23 H], FEFEHE ) , bl TrkA T
& ( Abcam 72y F], H [E & U#E ), SR BT CGRP i ik
(Abcam 23 A, HE FH#E ), BT NF-kB p65 P ik
(Abcam 2~ Al HE W) , YT p-NF-kB p65 HLik
(Cell Signaling Technology 73w, H [ &5 ) | S ¥t
p-IkBa HT4K (Cell Signaling Technology 23, 3E [ ) |
P IkBa PLAA (Cell Signaling Technology 23 H , 3¢
) , it IgG-HRP HiiA (Sigma 24+, KH) , L i
IgG-HRP #7T {& ( Sigma 24w, & H), % % B il
( Western Blot) SZ 5 2 4t Al ] ( Bio-Rad A H], 3¢
[E) , Western Blot Ji& ¥ & Y61 7 & ( Bio-Rad 22 H],
KR, TR CHIRFLIY  ARBLEE 28T A

W) .
1.2 A&
1.2.1 Ad-Ski B9k 34 afifb Fini Y

¥ N ski ¢DNA ( GenBank % F 5 NM _
003036. 3) f. & B B s #E MAR h 20 FEAE ARG
5 293 (HEK293) 4 ffd 1 4" 3% |t Vivapure Adeno
PACK 20 ( Sartorius ) 4fifk, 3412 % SCHk ") fr i ik
S, RIBRF UL BN G )7, H ad-EGFP 5 ad-
ski 7% 9% ICR /N /N 4121 48 b s, EAT LA
1.2.2  FERREEHIARS S

(1) SZH 541 ICR /N FAE T A (sham) 41
BEW2 (acetic acid) ZH | i /2 ( acetic acid) + A7 %25
(ibuprofen ) ZH SR (aacetic acid) + R 75 %S JHURL
(ad-EGFP)#1(2 x 10° IU) MR (acetic acid) +

i 7 ski JOKE (ad-ski)-1 ZH (1 x 10° 1U) . /it /iR
(acetic acid) + JRJREE ski JFi ki (ad-ski)-2 4 (2 x
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(sulfasalazine) 2, H4 10 H, & IL-18 . TNF-a ,
NGF . TrkA ,CGRP .p-NF-kB p65( p-p65) .NF-kB p65
(p65) .p-IkBa Fl IkBaw 5553 F £ W 2# 46 b, B 4L
5 Hah¥se il

(2) WALBRA2H 1CR /N : FH 1. 5% 3G B HE 244
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/INER 100 mg/kg AR e ML VEE 15 | LA 45 28/
FUEETEA 0.1 mL/10 g AEFRERIK

(3)0. 7% I BERRYA W 45 AL B 45 i 30 min,
B i 10% s iz (12 # R 7K ) 10 mL, BT 4 °Cvkok
B fE4 CMFE 15 min 5, B 10% BERE 450 pL
P 1 0. 7% M R v W (AR BEER 7K ) 5 mL, T T
4 CUOKETTE4 CIEF 12 min J5, 0. 7% B2
V5 mL A 37 COK P IE 3 min J5 372 B
i,

(4) FARBIRY ] 28 . 441 ICR /MR (BRIFAR 4L
AN 5 2 R IALBE 30 min f5 ,/NRFZ 0. 1 mL/10 g A9
PR, 25T I8 BV S BLEC 1Y 0. 7% B TR A W, =il
TRFFIE(25 = 1)C L, 7EME & (24 C) B, WEHF
TSR /N BUER 1 U A S B VAR 4, RD B g SR
15 min N B FHAR B, — W58 88 LA S0 1Y
WESICR /NEU U ER P I, KT 5 05 Rk
BB AL AR T A R, AT AC R e A AR RN 1 TR (I
1), 15 min J5 /NS AR AL, HUE WAk Rl i 2 21,
K Ski Flag-Ski . IL-18 .\ TNF-a \NGF . TrkA .CGRP |
NF-kB p65 ( p-p65) . p-NF-kB 65 ( p65) . p-IkBa FlI
IkBa S HE AFRIE . WELTF 10 5%/ IN UL A4 S 1 i, R
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AR B IEIR N M C L 8T 5 5 Bisk ; D R EE .

B AR R e LA S

Note. A. Before twisting. B. Depressed abdomen. C. Trunk and hind limbs stretched. D. High hips.

Figure 1 Writhing response induced by acetic acid

gel electrophoresis, PAGE ) , H, % 3] B W L M
(PVDF) & ( Millipore ) I, - FHH8 % B PUIARERM . $T
RAEEATR . (1) fRPT TNF-a FLi& (1 : 1000), (2)
Bt IL-1B HLAR (1 : 1000) , (3) %dit NGF Hifk (1 :
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Bt IkBa HAK (1 1000) , (12) /N BT B-actin LAk
(1:10000), —HIEF LA, H PBS(0.01 mol/L,
pH = 7.2) Vel MG , 5 —BUAH R 9 R o 421k
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SCIERPIRI, HBOLTE X RO R 1, TEREAHEM,
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1.2.4 HPEEUIRE

BER + ARIRaF ski ORL-2 2 B9/ 4 80 FE TP
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OV, P R RIRA T AU ) ), R IR 1 A O B
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HEATEEE 10 pg B (1gG  Ski 5% p65S ik ) H5HEH
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PR RLARYITE 4 CEE R, 1P 24/ k%
MR 4 IREBRARZE G 8, SDS-PAGE J&, ¥
BETLVE B 1 2 3] PVDF B2 |, 37 /1] Ski 8 NF-
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s AL & E(ECL) BUAIXT PVDF Bt f7 o] #i4k, H
1.3 FitFESHR

JITA Mk ST SE G B B0 35 LS + ARiE2E (&
+ 5) P, A fe bR EE 2 F SPSS 15. 0 Je it A7 1E
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P < 0.05 WHEA G2 L, A s i A B
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TAEFE 8 (LabWorks 4. 6) #4704,

2 &R
2.1 FERREST ad-ski BRIFEXT /NG Ski EAH

Al

Ji5 165 1 5t ad-ski A1 ad-EGFP J5, 5 it R 20 [t
B OBER + BN T ski BRI Ski B KIS E B
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2.2 Ski &BAX/NRAA K R BB R0
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JEIRL 2 % 10° TU 1Y ad-ski J5 , 7N UL S A sk 2
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N LR TL-18 . TNF-ae NGF TrkA F1 CGRP 1435
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S AR W0bR A W ) A A 38 5 bR v 2 W A i OF
AHERIER
2.4 Ski EAX NF-kB 5518 B
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WAL 2 5 |, 43 9 1gG L Ski 8% NF-kB p65 Hifk
PEAT TS DUIE N, Ski 15 NF-kB p65 & A 454
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T :A /MY Ski F1 Flag-Ski ) Western Blot Z54%; B /M Ski Fl Flag-Ski I35 407 ; Kol 8 b5 (1 A4 Y6 2% BE (A 285 B-actin NS R I

T B IE ; SEEERALAHLE, ™ P < 0.01, (TER)

2 JRIREEREYL IS /M Ski Ml Flag-Ski YK (% = 5)

Note. A. Western Blot results of Ski and Flag-Ski in small intestine. B. Expression of Ski and Flag-Ski in small intestine. Integral optical density

value of each detection index was corrected by the integral optical density value of the B-actin reference protein. Compared with acetic acid group, ™ P

< 0.01. (The same in the following figures)

Figure 2 Expression of Ski and Flag-Ski in small intestine after adenovirus transfection(x + s)

AR AR 2R B . & A SR 2 BRI SESIRALMLEL, " P < 0.05, (FEIE)
B3 Ski A IS % EE BRSS9 TCR /NRHL IR S AR AR B A2 (2 = s,n = 10)

Note. A. Twisting frequency of each group. B. Latency of writhing reaction in each group. Compared with acetic acid group, “ P < 0.05. ( The

same in the following figures)

Figure 3 Effect of Ski and ibuprofen on writhing response of ICR mice induced by acetic acid(x + s,n = 10)

3 it

0 3 TR TR 5 < 14 L A S I sl g A JR P 6
PR A2z Al IR L 5 e
VETTAE T Bl 52 Wi 2 Bl s AN ORI Bl , sk 7 R P
LR RERL RSN A7 0 O BE R AR AR . A
TR, LA R A B i o S R U 25 PRAN

MR B L s, e i)l T O IR JRR T R
2517 RAMEPRR MO EUR R A R YER T (TL-1B
TNF-a) J90 0 4= W) 5 i) (NGF \ TrkA F1 CGRP)
GERIEA T, A M 0T LA 3 BTG A i R 32
SIS NGF 1641833473 I B9 o B0 & 75
EEBMEF T 5 TrkA %555 S5 F 52 AR g 452
BUR AL [ RS CGRP A6,
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AN IL-18 ) Western Blot Z55 50415 B: /M TNF-u 8 1) Western Blot 45 #0875 C. /N NGF, TrkA Hl CGRP 111
Western Blot é’t%;D;/]\HZJ NGF %5 11 Western Blot 4% ﬁ’*ﬁ’, E./M% TrkA 8 11 B Western Blot gﬂ:%%*ﬁ, F./’N CGRP & 1Y
Western Blot 25584347, AR bRINE /TG B BE(H LI B-actin W 1 AU L 2 BE(E AR IE , BE BRI —
B4 IR YR 1/ NS TL-18 \TNF-a [NGF \ TrkA il CGRP #1033k (x £ s,n = 5)

Note. A. Western Blot analysis of IL-13 protein in small intestine. B. Western Blot analysis of TNF-a protein in small intestine. C. Western
Blot of NGF \TrkA and CGRP protein in small intestine. D. Western Blot analysis of NGF protein in small intestine. E. Western Blot analysis
of TrkA protein in small intestine. F. Western Blot analysis of CGRP protein in small intestine. The integral optical density value of each
detection index was corrected by the integral optical density value of the B-actin reference protein, normalized by acetic acid.

Figure 4 Expression of IL-18,TNF-a,NGF, TrkA and CGRP protein in small intestine after adenovirus (x = s,n = 5)
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T A/ p65 HEH B Western Blot 2587047, Sl bR A BB FE LS W SHEARICIE s B BRIR + IR EE Ski BUsi2H-2 41/ M 21 U8 #
W] Ski PUARHEAT S PEDTIE SN S5 R ; C . B + A5 Ski BURIZH -2 2N R BT p65 PUIAHEST S BETTE Sy 45 21
B 5 IREERMNa UG pos EHFRIE KIS Sk AL S (x £5,n = 5)

Note. A. Western Blot analysis of NF-kB p65( p65) protein in small intestine. Integrated optical density value of the detection index is corrected by
the internal reference index. B. Immunoprecipitation reaction was performed using Ski antibody on small intestinal tissue lysate from the acetic acid +
ad-ski-2 group. C. Immunoprecipitation reaction was performed using NF-kB p65(p65) antibody on small intestinal tissue lysate from the acetic acid
+ ad-ski-2 group.

Figure 5 Expression of p65 protein and its binding to Ski protein after adenovirus transfection into

small intestine tissue(x * s,n = 5)

WA /N p-p65 Fl p65 Y Western Blot 455 HI3H7 ;B /M p-IkBa Fil IxBa 2 H Y Western Blot 25 5 F14047 ; C. /M TL-18 Fl TNF-a
H Y Western Blot 25 R FI AT ; B AR INFE B A9 TS0 00 28 BEAE WL B-actin INSFE bR IR 0B BE(H AL IE

B6 =4H/NE/NHHEL p-p65.p65 .p-IkBa IkBa IL-18 Fl TNF-o FHFAHIFRIE (2 £s,n = 5)
Note. A. Western Blot analysis of p-p65 and p65 protein of small intestine. B. Western Blot analysis of p-IkBa and IkBo proteins in small
intestine. C. Western Blot analysis of IL-18 and TNF-a proteins in small intestine. Integrated optical density value of the detection index is corrected
by the internal reference index.

Figure 6 Expression of p-p65, p65, p-IkBa, IkBa, IL-1B8 and TNF-« in small intestine tissue(x + s,n = 5)
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AMFFE T SR I 7 AL 28 ICR /)N BUE I
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1B TNF-o 5548 PR A 00 A9 B ik, T 388 4o 185 o 9 i Jek
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Ski HLA A% A A0 R 3 A XU A
H, B AE 5 00 RRE N A B VIR, H
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A SD K FREAR T BE 40 i e M S, H NF-xB
MR A FROR B A Tk As ) ARSLgh g
LR Ski 2R A0 NF-xB 38 % 0948 500 Uik e
M oE 99 ] NF-«B i %  ME A — 3%, TR T
p-p65. p65 .p-IkBa IkBa IL-1B Fl TNF-o £ [ i) 3
ik, NBUA G5 S Sk (30 61 9 P -7 AR A=
Yibr S E F Rk, 5 Ski #H1#% NF-kB 19155
WAL BHAS NF-xB B3 i Ha 56,

1tk Ski B FIMPTR AR SCRE XEK,
P Ski s N R T, 25 W s VR H O T R
Ski P FHAAEAT 254, {0 Ski VEMIRIT RMIK T
(e 254, F T I R T E— 0198 . LR Ski
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RAAR IR (A W 25 9 (NGF Tk A il CGRP) 25 [
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PRI JE 175 S 3L IR R MCF-7 40 j 5= 2 4/E
N H AL
FAE L HE AR EHP, FEE KM, FE R
(1. WWERPBEZ RS, T 2503552, IWREZFFHABE, 35 250098)

[WBE] HE W5 EBIE (olaparib) V3 ZLIR S MCF-7 40 A8 5 3 16 FI (1% 32 B0 5 HAR 56 43 F K 7 L
Ml ik FIHZE A HT (real-time cell analysis, RTCA ) 4 7R 52 B 8 25K 0 e 34 58 FPeiE 75 16 4 5 I FH 5 =& 40
e B-2F AL H T ( senescence-associated B-galactosidase , SA-B-gal ) e (0,39 N EFH AN I 7 16 M, 8t qPCR 20 # R
FiH et 3 #AH A p16 . .p21 .C/EBP [ [ ( C/EBP homologous protein, CHOP) | 43/ & (interleukin, IL) -
6 11-8  Z1- ¥ B 5L S W 4 il 5710 -1 ( plasminogen activator inhibitor 1, PAI-1) R B A1 5K 71 85 H [R1 IR 4 ( phosphatase
and tensin homolog deleted on chromosome 10, PTEN) \p27 A% %] B 21 Bd 98 2 [F] ( retinoblastoma gene, RB1) \Ki67 Fl
E2F1 IR B4 Western Blot 43 M7 BLALIA J& X 58 AU 11 p21  yH2AX B KA K 45 581 3
(insulin-like growth factor binding protein 3, IGFBP3) .cyclin D1 .pRB Fl Ki67 RikRUsZM ,, L8R Bhilfge fess il
FLARE MCF-7 40 MU 34 58 | 308 0715 5 MCF-7 40 i 09 % 2 ; R hrifh e £ 96 h /Y9 MCF-7 4 frf pl6,p21,p27.,
CHOP IL-6 IL-8 \PAI-1 PTEN 1 RB1 Ay 5EF kK F B3 LR (P < 0.01) ,Ki67 Al E2F1 3L R R XK B ET
PH(P < 0.01) ;MCF-7 4 ffdrf p21 yH2AX 1 IGFBP3 & KK - B EF & (P < 0.01,P < 0.01,P < 0.05),
eyclin D1 .pRB F1 Ki67 25 1A A K B ERRIL(P < 0.05,P < 0.01,P < 0.05) ., Z&it  HPIAJE AE % o i
B BRI S A e 2 7 A HU LR MCF-T7 4R AR
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Effect and mechanism of olaparib on senescence of MCF-7
breast cancer cells

WANG Dawei', GUO Jing', BIAN Jichun', WANG Shasha®, LU Meichao®, ZHANG Daizhou"?, JIA Yuping'?>"*

(1. Shandong University of Traditional Chinese Medicine, Jinan 250355, China; 2. Shandong Academy of
Pharmaceutical Sciences, Jinan 250098, China)
Corresponding author: JIA Yuping. E-mail: jiayupingygs@ 163. com

[ Abstract] Objective To study the cellular senescence and molecular mechanism of olaparib in MCF-7 breast
cancer cells. Methods The effects of olaparib on the proliferation and migration of MCF-7 cells were detected dynamically
by real-time cell analysis ( RTCA) technology. The effects of olaparib on the Senescence was detected by using the

senescence-associated B-galactosidase (SA-B-gal). Quantitative polymerase chain reaction was used to analyze the effects
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of olaparib on the expression levels of genes encoding the senescence-associated factors pl6, p21, C/EBP homologous
protein, interleukin ( I )-6, IL.-8, plasminogen activator inhibitor 1, phosphatase and tensin homolog deleted on
chromosome 10, p27, retinoblastoma gene, Ki67, and E2F1. The effects of olaparib on the expression levels of the
senescence-associated proteins p21, YH2AX, pRB, cyclin D1, insulin-like growth factor binding protein 3, and Ki67 were
analyzed by Western Blot. Results Olaparib inhibited the proliferation and migration and induced the senescence of MCF-
7 cells. Long-term (96 h) treatment with olaparib significantly up-regulated the gene expression levels of p16, p21, p27,
C/EBP homologous protein, [L-6, IL-8, plasminogen activator inhibitor 1, phosphatase and tensin homolog deleted on
chromosome 10, and retinoblastoma protein (P < 0.01) and significantly down-regulated the gene expression levels of Ki67
and E2F1 (P < 0.01) in MCF-7 cells. Olaparib significantly increased protein expression levels of p21, yH2AX, and
insulin-like growth factor binding protein 3 in MCF-7 cells (P < 0.01, P < 0.01, P < 0.05) and significantly decreased
cyclin D1, pRB, and Ki67 levels (P < 0.05, P < 0.01, P <0.05). Conclusions

migration and induce senescence in MCF-7 breast cancer cells.

Olaparib can inhibit proliferation and

[ Keywords)

olaparib; breast cancer; senescence
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FLIR I R L PR B W R A W R, 2 S B
PEIET R AN Z —, BRI #REERS
fitf (poly ( ADP-ribose) polymerases, PARPs) J& E. A
Z I HelEn) KK, 75 DNA 5 R EZAE A,
BARIIAJE & —Fh /Ny IR PARP Rl 5]t 2 55
—A R ot JR A2 A7 ] ( progression-free survival
PFS) P8 T HR ST 1536 97 FL IR 9 25 A (breast cancer
gene , BRCA) %77 1Y) PARP 115, 2018 4F 4% 25 =
B2 i B BiLUS) (Food and Drug Administration
FDA) fEHEH] TR 7 H 32 i3 B MR A b e 25 W)
WBNAYT 9 BRCAL/2 RAEMAIER B ERINT %
& 2 (‘human epidermal growth factor receptor 2,
HER2) RH P 2 B 1 L i 9 ( metastatic breast cancer,
MBC) (B #2022 4E 4 FDA R 24 & 4 21 =)
( European Medicines Agency , EMA) #lt i H TiaY7 %
szid JR iR 97 R B AL 97 (9 BRCAL/2 278 A
HER2 B fe L sL B s

BRI JE A2 HE 1] 90 ] DNA 852 i PARP (1]
By, r BH Ak R 40 B R HT PARP B & 4 4
DNA, {23 DNA XUHE Wr 8¢, DT 20 983 41 it 19 5t
7=, 53 ANSRL I e AR AT 5 bR 4 i g
IV 2R R R 5L 11 (solute carrier family 7
member 11,SLC7A11) MifE#f BRCA HF 4= %Y Bl 519
AP ERIE T

20 R 5 A e e A o) b R A AR R AOAE
F 0 AN 1 SRR AR R 1 B A B 2 e
M oB-F FL ME B ( senescence-associated -
galactosidase , SA-B-gal ) 1 1 1% K H AT AR
BT IR JE 75 T L g 40 S B AH G AT ST AR GE
AR SC 3 %k B A JE U5 5 TR R A0 s 3 Y T

T, b — 20 B B0 JE T8 A 5 LR A0 L
ZHUFLI I B AR AL, o LR 936 97 32 146
0SB

1 #MR57AE

1.1 ##
L1 4k

FLIRIE MCF-7 40l [ bRk B i 4 4,
DMEM 15 7 3655 9% (& 10% 06 2F L35, 1 x H %/
HERE R PR ,7E 5% C0,,37 CHRIFTRiFZ
X RIS TS
112 EEH S5

HHIMHJE (olaparib) ) B MCE /A ] ; Senescence
B-Galactosidase Staining Kit Il H CST /A ) ; DMEM
W A BB ZELE IR A MR AT BRZA ] 5 i A 1l v 1 H
WITLRALAE W BB B A7 FRA W) 5 JR 25 1 i -EDTA
THALH (AT B AL) 7 6 55 SR AW (100 x ) Al
Tris 1 F Jb 50 % 36 £ B A R A 7] ; SPARKeasy
Improved Tissue/Cell RNA Kit, SPARKscript I RT
Plus Kit ( With gDNA FEraser) #1 2 x SYBR Green
qPCR Mix (With ROX) I { 1A ERHEA Y H RS
BRAE, SI¥ A T A TR (i) B A R
A G Pt Kie7 Pt H Abcam A ) P p21 .
vH2AX IGFBP3 ., cyclin D1, pRB,GAPDH 45 Al 1L
PRSI ZH0) WA CST AF,

3111 Bk X A A B 20 I 15 R A (Thermo
Fisher Scientific, 3% ) , SpectraMax i3 %I Z I RE B bR
¥ ( Molecular Devices, 52 ) ,xCELLigence RTCA DP
Instrument ( Agilent, 3¢ [€ ) , QuantStudio 1 3£} 2¢ 6
& PCR & 4t ( Thermo Fisher Scientific, 3¢ [# ),
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BDS200 A5 A 4 5 fUBE ((HE PR B AR H AR A
FREAEA T, HE) |, TW-1032 B H B DML (2 8GE
AN S A B AT, P E ), SW-CJ-2FXS #Y i i5r
TAEG (RN s A RAE hE) .
1.2 Fi&
1.2.1  RTCA FZ A 2 408 58 1 14

] E-Plate Kl AR A 50 L i F%3E, SR 57K
A xCELLigence RTCA DP Instrument AT LA
T B ) MCF-7 20 it FH JRe il i 1k s 1148
FiERRAEAL 2 x 10" cells JIA | E-Plate #IAR H, %
MR E 30 min, R J5 it A xCELLigence RTCA DP
Instrument H1 | 7E 37 °C ,5% CO, i F5 h R R
B E-Plate #5040 A 20 wmol/L A BFLBAJE | il
M gs b EFRFER 5 min R 1 S, WEEA
[F) B[] 2590 X%6F MCF-7 4 a3 8 i 52 ], S50 25 1 s
FRAFTE L 1 A 34 5 R 4%
1.2.2  RTCA £ARM E PTG M

] CIM-Plate 16 WAk 1 AIA 30 pL Joif i§ 55
Fidk BT 37 °C,5% CO, FFH4 8 1 h, B
BUE K IR MCF-7 203 FH R G A0 5 115, #e e g
FL 1 x 10" cells I AN TALBEAF Y CIM-Plate 16 47
HEJRACE 30 min J5, ITA 20 pmol/L 1) BL A0
Je  SRIG A RTCA X ash , e REFET , B 5 min

S 1Y, S S 2 AG I AR BT A 1 O
1.2.3  SA-B-gal YL o0 2 175 T 40 M 2 6 Pk

MCF-7 4iHfi ] DMEM 3% 77 5 85 57 28 0 A4 1K
WIEH AL 5 x 107 cells T A F] 96 fLAH & T
37 °C,5% CO, Y374 i i 3R ad 8, SR 5 A 20
pmol/ L (4 BAIF JE , T[] 15 37 A vh 2215 5% 96 h,
fE 48 h W 1 K, SR J5 B #§ Senescence B-
Galactosidase Staining Kit ViR T Y
1.2.4 qPCR 2R ik

MCF-7 # i ] DMEM B 37 56 15 57 2 0 B K
W5, 4% B AL 2 x 10°cells Jn 3] 6 FLAR & T
37°C, 5% CO, i FAaHHF &, K5 A
20 pmol/L 1y BLFLIAJEAEH] 96 h, B BATERT HRAL,
W 4E 41 i #% B8 SPARKeasy Improved Tissue/Cell
RNA Kit #8747 RNA 25, 3% 18 SPARKscript
I RT Plus Kit ( With gDNA Eraser) ¢ B 45 il %
cDNA SR J5 FHSE I 28 2 5 PCR R 44T qPCR K
W55 0K 1, 973 ¥ R . Hold Stage:
Stepl: + 1.6 C/s—94 C (2 min) ; PCR Stage (40
cycles) :Stepl: + 1.6 C/s—94 C (10 s) ;Step2: —
1.6 C/s—60 C (30 s) ;Melt Curve Stage: Stepl: +
1.6 C/s—95 C (15 s) ;Step2:-1.6 C/s—60 C (1
min) ;Step3: + 0.15 C/s—95C(1s),

®1 5IWF5

Table 1 Primers sequence

TUWEBIM(5-3")

Reverse primer(5’=3")

FEF 2 LS5 -3")
Gene name Forward primer(5°=3")
plé CTACTGAGGAGCCAGCGTCTAGG
p21 CTGGAGACTCTCAGGGTCGAA
CHOP CAGAACCAGCAGAGGTCACA
IL-6 CCCCTGACCCAACCACAAAT
IL-8 GGTGCAGTTTTGCCAAGGAG
PAI-1 ACCGCAACGTGGTTTTCTCA
PTEN TTTGAAGACCATAACCCACCAC
p27 CCGGTGGACCACGAAGAGT
RB1 CTCTCGTCAGGCTTGAGTTTG
Ki67 ACGCCTGGTTACTATCAAAAGG
E2F1 CATCCCAGGAGGTCACTTCTG
GAPDH AGCCACATCGCTCAGACAC

AGAGTGGCGGGGTCGGCGCAGTT
CCAGGACTGCAGGCTTCCT
GCTGTGCCACTTTCCTTTC
GCCCAGTGGACAGGTTTCTG
TTCCTTGGGGTCCAGACAGA
TTGAATCCCATAGCTGCTTGAAT
ATTACACCAGTTCGTCCCTTTC
GCTCGCCTCTTCCATGTCTC
GACATCTCATCTAGGTCAACTGC
CAGACCCATTTACTTGTGTTGGA
GACAACAGCGGTTCTTGCTC
GCCCAATACGACCAAATCC

1.2.5 Western Blot M5EE I F+ik

MCF-7 Zi s F§ DMEM $% 3% B 85 3% 2 00 50k K
W5 FRBRAEAL 2 x 10° cells iMAZ] 6 fLA & T
37 C,5% CO, A 577 b 1%, SR 5 A 20
wmol/L I BF7 A JEAE R 96 h, B BATERTIRFL, Ui s
AR U ()5 #54T SDS-PAGE HLIK , SR 5/ Ep T
PVDF Ji&, =0 F & 2 h J5 20 B A —$t p21(1 -
1000) . yH2AX (1 : 1000) . IGFBP3 (1 : 1000) .

eyclin D1 (1 : 1000) ,pRB (1 : 1000) . Ki67 (1 :
5000) 1 GAPDH( 1 = 1000) #1705 & 2%, 28 )5 H
(1 :2000) B F , H ECL & g kel H ) & 1A
ik,
1.3 ZITESH

i st 5 E A AR H RTCA software pro 2. 8. 0
A5 HT, SA-B-gal PHPE 2 Image J 2. 14. 0 # 44
8T, qPCR 204 HH QuantStudio Design & Analysis
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software 1.5.1 43 #T, Western Blot %5 % H Image J
2. 14.0 A0, THEBORILF I E AR (& =
)RR, LA P < 0.05 £z AAT w3,

2 #HR

2.1 BEMHBXT MCF-7 40 Rt 58 i 22 0

RTCA F A I BRI JE X MCF-7 21 i3 5 1)
SERFE A WA 1 BT, AL AE A E-
Plate F IR T, 403 56 TC I I 22 Ak ; 40 i34 5E 18 h
Ja ARG 20 pmol/L (I BAFIAJE , X BRLH I A
SRR 85 55 3 5 i A S i SIS % 120 h,
T2 J5 ¥ b — Be s 18] 25 15 5 248 B i) 1 5 I 1]
RN ALY 48 h 5, 24595 24 M 3 7 g 400 )
VERTZEE N, 2 5255 25 i, 5 0 BRZEAR L, BLhE
ELJE 2 40 B ) 2 5 i 0 W I AT

Bl 1 MCF-7 47 SR e A S A [ s ] fr) 4 5 2
Figure 1 Proliferation curve of MCF-7 cells at different

time after olaparib treatment

2.2 BaHiMAE Xt MCF-7 20T # B 2200

FIFH RTCA B ARMFFE T BALNAJEXT MCF-7 2
LTS B SE I S AR FE e, 5 SR AR 2 Frs . B
JEAER MCF-7 45 , 40t A8 AKX 4L %
FAE 15 h ZJ5 % 300 B R, 10 B4 AT R
Bif 5 Fof ) ) S SR T G T, i 5 SR SR, BB e
REREAMTT] MCF-7 4 r3E 4% , BB 25 e ] /) 2E < X
MRS A AR o

2 SRR AR IS [E] I TR] XS MCF-7 20 3T 1 52
Figure 2 Effect of olaparib on the migration of
MCEF-7 cells at different time points

2.3 HEHHRHES MCF-7 =

SA-B-gal Y& 45 H 7R, 20 wmol/L BHL A JE
YEH MCF-7 400 96 h & , 5 BV BRALAH e, B4
AL JE 2 0 TR SR RS K At A% 3 K HR ARAS I
W], 2 gk AR F 6T AR, LI 3A, X R4 SA-B-
gal YL BHTER A 10. 7% ,20 wmol/L BF7 A J& 4L

1A MCF-7 40/ifs SA-B-gal 44 {f; B SA-B-gal FHMER/MT; SXHRAAM L, ** P < 0.001,
B3 HAHEES MCF-7 4152

Note. A. SA-B-gal staining on MCF-7 cells. B. Analysis of SA-B-gal positive rate. Compared with control group, ™ P < 0.001.

Figure 3 Effect of Olaparib on the senescence of MCF-7 cells
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ZH SA-B-gal JL L BHM RN 65. 3% , UWIKI 3B, ZZ53R

LA 20 pumol/L (1 BALIAJEAE F MCF-7 41 Jifl 96 h

RENS B 515 S MCF-7 i % (P < 0.001)

2.4 BEHHRB I MCF-7 41 e % FE Rk IS0
qPCR #5045 B A0 4 W1, pl6., p21 ., p27,

CHOP IL-6 .IL-8 \PAI-1 PTEN F1 RBI {3 K21k

JKS-BA S 3 R T R R R X 3R IR A R

W SRHRAML, P <0.01, (FEM)

JKF-(P < 0.01) ;Ki67 I E2F1 5 K 3 4 7K F- B i
TR T B AL AR X 0 e PR ) R OKE (P <
0.01) , IXZERRIIEBIMAENEH MCF-7 4 )5 £
T B KEFEER pl16 . p21 . p27 .CHOP 11-611L-8
PAI-1.PTEN F1 RB1 95 ik, FEAK 1 40 3 5 1%
PEFEARZ R Ki67 F RN 40IE A AR SC 3 K E2F1
ek, ML E MCF-7 40 R 5%

B4 qPCR AT F5k

Note. Compared with control group, ™ P < 0.01. (The same in the following figures)

Figure 4 qPCR analysis of different gene expression

2.5 BEiIARX MCF-7 HE B RIEHZMN
Western Blot #2541l 5 fros , BpLA e 40
[ p21 . yH2AX 1 IGFBP3 25 4 3535 B & 7t &, A%
KRB EHTREA(P < 0.01;P < 0.01;P <
0.05) ;cyclin D1 . pRB F1 Ki67 & 11 % ik B B &AL,

AR IA B E LT X R4 (P < 0.05;P < 0.01;
P < 0.05), Z&RRVIEAEVE N MCF-7 400
J& LT p21 .yH2AX il IGFBP3 & [ 19363k, [l if
T cyclin D1, pRB 1 Ki67 & BB mfESE MCF-
7 ML IR BN H] MCF-7 40 A= K BFERT,

AR A RIBE O B A A AR R BT S RRAMLL, P < 0.05,
5 Western Blot Kl AR &E H 2 R H 0

Note. A. Expression of different proteins. B. Protein relative expression analysis. Compared with control group, * P < 0. 05.

Figure 5 Western Blot detection of different protein expression

3 it

PARP il 37 LR e 2 1 5 i aove B
AV ARA I A PR L s T35 7 PR | O &

FEAL AP 175 T R 400 R T R Y
USRI Z — AR ST 5T T BALIA JE 175 5L
240 M 2 A FH B G T BE B0 1 FHBIL R, Al PR LR
T RGBT SR, B 1o 37 5 PR 40
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5 FT oR Pe A  E A 7 L R YR T

ARSCHIFH RTCA HAMESE T BHn e /8 FH 7L
95 MCF-7 20 J5 Xt 40 i 38 5 R 8 114 55 1 3h 25155
Ol 25 SRR B BRI JE HLAT 0] MCF-7 41 i 3 5 Fn
TEREVER , J BE T 8] (4 AS i 2 i b o, ARl e 2
L IEH 96 h A A AL JE 155 S MCF-7 20 il 5%
EAE A e ]

Ui HA AR R AL L Ko B 40 i )]
Y152 5 S AH O 4 Wb 32 A ( senescence-associated
secretory phenotype , SASP ) %5 - ZAEAE S | SA-B-gal
SR RN 2 A R 2 b & 2 —, SA-
B-gal B A7 T 4 JfL i g4, IEH 40 pH = 4
B HAG S R TE M T R 2 A, pH = 6 G 1
ook, HAEANMEp K R R AK , 0w 7
20 SA-B-gal Yo FHMEE A 4N 78 PR .
AR SA-B-gal Yb o245 5 3 B B 00 e Ab B 40 A
96 h JERENS B35 S FLIRE MCF-7 40 &,

BERTIR ) BE A% 30 b JRE 40 B 9 (Y PARP, fifi 55
PARP %1 DNA B R xRk R B EEM , I
23R A ML TR e LB S B B 32450 DNA A
T2, Ziffd DNA XUEKIZL )G , 418 H2AX 156 139
P22 B R 23 R A W IR AR AB MR 1L yH2AX, J& DNA
XU W48 1 b s 0 SE R 9T SR ST e
YER G FLI MDA-MB-231 40t th yH2AX (335
R ETHEY, CHOP 4 S 4 [ R 17 38 R 41
W EEA R CHOP By kK L Then
ARSCWFFE v, LR R JE AR 7L BR 98 MCF-7 41 i J5
YH2AX 85 FHRIBK 1, CHOP K& H Rk K
V- R, B R BB R A2 E T DNA 1 XUE Wi
24,383 CHOP A3 P 5 I 37 985 R4 Ak 1 98k 12
75 MCF-7 iR %,

FEANAE S R v A0 R A 2R T (eycelins ) K
T4 B 72 43 S S84 TG X 7 %) 4T R 300 v i
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[ Abstract]  The construction of experimental animal models plays an important supporting role in research into the
mechanisms of action of Chinese medicines. There have been increasing reports of the construction and evaluation of animal
models of spleen deficiency; however, the construction method have involved different standards and there has been
insufficient objectification of the evaluation indexes. In this review, we summarize the construction and evaluation method of
animal models of spleen deficiency from the aspects of animal selection, model establishment, macroscopic
characterization, behavioral experiments, and objective indexes of spleen deficiency, with a view to providing theoretical
guidance for the construction of experimental animal models of spleen deficiency and references for the selection of animal
model platforms for spleen deficiency.
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Table 1 Commonly used experimental animal species for the spleen deficiency syndrome model
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BEb S 1990 g INRSR
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s - BE 1 £ Fignt
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Table 2 Commonly used spleen deficiency syndrome model scoring methods

PO HRIE K

Scoring criteria and marks

0 73 AR RO A DCPE WK J07% S8 ; 260 52 IRAE A Y ; ST e 1 ; TR
EH o 145 R BRI N AR R 8 UK T ) e 5 2 22 SR A IR ; 1R 2 1 R %
0 ~ 10 g IR TFIEO ~ 2°C . 2 70 IR BWER A B IOEE  Webk i 7 W . T K s 34
EIEFRA  IRTE T4 R 10 ~ 20 g ALRFH T2 ~ 5 C,

0 points: Body hair soft, smooth and shiny; swimming endurance activity agile; feces in hard
oval shape; body weight slowly increasing; anal temperature normal. 1 points; Body hair was
fluffy and dull and mildly yellowed ; swimming endurance decreased; feces were soft and oval ;
body weight decreased by an average of 0 ~ 10 g; anal temperature decreased by an average of
0 ~ 2 C. 2 points; Body hair was dull and yellow without luster; swimming endurance
decreased significantly; feces were loose; body weight decreased by 10 ~ 20 g on average;
anal temperature decreased by 2 ~ 5 °C on average.

14 s/ D 3L 5 DK IR g 25 A AN R | B SR T TR TROK e b s IR R R, 2
3 ARG AR5 mX I 1R] LR85 AT O T, (8 0 M08 5 Tk i 0 R R

1 points: Curling up and moving less in piles; arching back and squinting lethargy and
shriveling of hair; eating and drinking less; decrease in anal temperature. 2 points: Slow or
declining body weight gain, year-over-year dissipation of soul; lack of anal cleansing, loose,
loose stools; decreased swimming endurance.

E ARG PRUUAR SRS YA B R IEFLHE IR A U AR R A R B
o HA I 1 WURYE 2 WA B R,

Primary symptoms: depressed spirit, tiredness and laziness. Secondary symptoms: poor
appetite and dullness, fear of cold, abdominal distension, loose stools, thin body with
scorched hair or loss of body hair. If one of the primary symptoms and two or more of the
secondary symptoms are present, the modeling is successful.

HEMERE 2 I8 B EALME 0 RIS EBUKAESEE R DR R TR,
Depressed, tired and lethargic, eyes closed, like to pile up, dull, diarrhoea or even watery
faeces, loose hair and less luster, weight loss.

07y : T, 2 7 R BEury . BRE i ol (i AR IR )  HEME 1T 00 (R PRR VS
TR MRS OB ) 5 R MG SR 00 IR 3l B2 ORISR I R R B0 ) s S MB %, 4 4 P
AR T by 6 43 TEREOEE () b AL PRAEAR : 0 17 M TE B T 23 B2y 0.9 .18

0 points; None. 2 points: Mild alterations: ingestion ( amount of food, appetite, rate of
eating) ; defecation ( stool consistency, area of diarrhea, frequency of diarrhea); mental
activity (activity level, stimulus response, mental condition) ; appearance of hair. 4 points;
moderate alterations; same as above. 6 points: Severe alteration: same as above. Other
clinical symptoms: 0, 9, 18 and 27 points were assigned according to the condition from none

EE TS, R URE SRS B hr RRARBUIT S AR 1, R E R B
A 35 W AR R

Primary symptoms; loose diarrhea; reduced diet. Secondary symptoms: body fatigue, pulling

liEa Ay W)
Author Year Animal
Ve A K
1066] B
LING J Y, et al 2024 Rat
g 2 1) 2023 PN
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the main symptoms and two of the secondary symptoms are met, it can be diagnosed as spleen
deficiency and dampness disease.
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[ Abstract]  Anger is a negative emotion that can have many effects on the body. The brain regions associated with

the production of anger are mainly related to the central gray matter, amygdala, and hypothalamus. There has recently been

a gradual increase in research into relevant animal models and the mechanisms of anger. Most studies of anger models have

focused on the mid-suture dorsal nucleus, hypothalamus, and hippocampal regions, and related neurotransmitter studies

have mainly been related to GABA expression and monoamine neurotransmitter content. This review summarizes the neural

mechanisms of anger in the brain based on animal models related to anger, with the aim of providing a reference for the

study of angry emotions.
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SRR AV O A% 3 ik 2 Se B B R B
i, P ) BT PRI e i ) A 28 R-1 5248, Y
MNF e il 45 S5 380 v g IR B 19 4% 20 1R e £F 4k v fifi
SR N-FE-D-K [ & B B2 52 & ( N-methyl-D-
aspartic acid receptor, NMDA ) 2447 M M7 7= A B 1 P
P, Gy AT B Xt r SR R 5 ) 1 A8 R i A7 4
R LIS PR LR AR Sy i3 BT, LA T v e IR
JBTH NMDA G5 v g i BT 1 A8 S, Ay A A%
ARG E IR Ay 328 J5, VR FH v s R B i) . By 32 445
988 A e e BRSBTS B N, AN A AT A
JEA X B A0 TE 44 5t 5 185 485 s 78 A A DG IR
FU ) H PR B e R LK P A S
A3 DI AT 7 AR S S

HIAR e B S 4 PR A o, 2 5
N ER =251V S T 131 I A SR W XE T b
Wity wAR I B AT 3 A P A X A
M, FFAMIU X 322 5N HFEAT DB, I A
DX ) = 2 55 UG I T e 155 JRH G I P A i
U Bz 2 (ventromedial prefrontal cortex, vimPFC ) J&
A Sl T % THI A 2 DG FH 3 6% 2% 5 i
RIS vmPFC A T B8 1% 45 1Y P A1 45 7] [ AT
RAGLERFIE . BE ) vnPRC 12 216 3 5 20 15
A 5 vmPMC I Y 7 iy v 85 ] 42
YRR TR FEAE T A, il L e Je)
PETERGTR I e b vh A BB R

3 AR K RIS B

3.1 EIEIX 5-# 8 B ( S5-hydroxytryptamine, 5-
HT) 7k K& 45 1#% 5-HT .GABA Ri%

JiZH 28 5-HT 7] 2 500 i 2, IF XA
SR BGEA A B H R S-HT & —Fh g
PR 25 ) SRS e 2 BT, AT S 5 45 A
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HISAT N BT ) R EARAEAE TP A TS R Y 58 fik
FEUL NS 5 B P o s AT A R
BV DIRE S S B0t BT N S TN
Ay T R (y-aminobutyric acid,
GABA) & AR 41 28 28 4 v d5c B B2 11 0 4 2 b 83
JRY AT R W AR R B T e, 25 T
27075 GABA Vi B T i T SR A R I T v
LIt B A ML R 0 . 5-HT 5 GABA 2
() 5L AH EL R T VR T, S-HT Al il 43 2 B8 f1 GABA
B> AR AR AR R R TR I g #
BT 5-HT Retgokiny 5-HT 23/ 5-HT
VR A, 2 2T SR 5 B ATHUIX 1Y 5-HT /K V75 &
FREAL ATBIX 5-HT WREEREAR, P79 % GABA &
B E T, P& GABA B BIZ IR 1 Biik
( GABA type B receptor subunit 1, GABABR1) ik i,
FTHE L R/INAEET AR A BB TR e L2 ) 4 ]
(4 IF HLE W28 3 K BURTA% X 5-HT & & 2%
I 1E 5 KB o S I A h 48 15 4% S5-HT
RERPIZE 05 GABABRI f3L3&3k , W2 5] GABABR1
WURLA T F S-HT UKL A4 28 fil 155 1, 3803 vh 48 75 1%
GABABRI FFR PR32 1 HiAi X 5-HT 7 & W 3% PERE
5% 4 il b 5595 8% GABABRI H5 S ME 32 4K, 1 4 X
5-HT &) & v
3.2 HEEXWMZERS TEM

T R A AN 2 A A A B o e R A% 3
AR TRIHS 43, T E 0 A4 T 205 T 1 2% 1 4 B A% 3k
FETAS A LAY A R A ) 3 B2 5 R B iR I e
5-F2 (a1 2C (5-hydroxytryptamine 2C,5-HT2C) \5-%%
A% 3B ( 5-hydroxytryptamine 3B, 5-HT3B) . GABAB
HISZ1A 2( GABA B receptor 2, GABABR2) ik S
XS M 5-HT 5 5-HT3 2R 45 & 55
M2 ICH Y 2L PE RO SR AT 5-HT3 2R A
Sl 8 5 B it GABA Al £ B 1% ( dopamine,
DA) 061 Ay A ) g sy RSO B, R I
ki T TWIX R ot X K JiH 5-HTR3B mRNA A
SRR 3R S8 T R R AR A - A I 3 A
S-HT Sl TR, BPO5 A5 [FFEILER B 1otk
KEUEAL S Bl 5-HT3BR mRNA F15Z K 4 %
IRHREA R R

5-HTR2C /& 5-HT ZZ &1 —A~ W8, 32501
FEFARMZE R G0, 76 F B0 SORAAR 80 Bz 5 i
I A AZSENT DA B kb Az AT i A
TG SRR A0SR R R K U

R gL E] R ki 5-HTR2C mRNA M H A7 A
IR TR AR M 1 R A% K R AR A
R IR, T X RZ Jo RN X Rz 5 5-HTR2C mRNA K&
HZhEARKEB D E TS, #E4EN s
gh L 5 s 2 AR [R], - HLOW 2R 31 T X R i 41X
F T KX 5-HTR2C mRNA K HSZ (R [ ik
TE 0 3 O (E oo N ey ST 2 (3O 0 S R/
KBRS A 57 W5 2], T B i GABABR2
mRNA K HZRE A FE TR, B E mRNA &
HZREARBEE BT,

T Fo I P B 28 e 2 3 5 9 AR A, 1R T
PSR S] NE A DA i 1 FE, 5-HT flE LR R
(E) JCRH I o0 As s B b 2038 5 =) 3, 4-— F2 3k
A LMR (3, 4-dihydroxyphenyl , DOPAC) | 5-F2 15| Wk 2,
PR I s O S T R, 3-H AR B4R R N
BRI i O I AR SR T FE TR R R
BT Bl o E2 3] NE & & B 30 T R 20 J7
TR B2, T Fefii DA 7 & B FF, N i 5-HT 7% &
Ak, BT IR BRI AR ISR ik
DA NE & [FF,5-HT & R, fERlT g 5|
PR R BB AR i NE S-HT &8 & g %
JTRIX B oG ¥ 5y DA S MR O i DA
R LT X TR TR FE R DX A 58 A A
2 M BIAR S A 25 38, X6 B Ll o 45505 9k, 9 0 AS [
(A 235 SR ] BB A 1) i AR BRI P A G
3.3 HEHELXHERRESIRMRE

T 22 2] RIC L ) S S R i DX, 1 5155 2
IRE B LG Mg F 56 . AR R B, AT
BCEARRAMETR, 2010 5 0 A2 g B 55 [0 B 1
At M N A K R F (vascular endothelial
growth factor, VEGF ) 175 5 18 # Z2 JR 38CFE N 3850k o7 Ho
ECHEAET ) SUN S50 75 15 4% 107 38 A RS 7RY e
RIL UG E AR CA3 X% VEGFR2 FHA: 41 i %k
F/D 7R R VEGF mRNA k8 R,

X R 28358 S5 Sk KRG 19 35 Sh B AR 1R S FE
WU R A G 5 WG h A 2 L, R
T3 S SRS A 2 AR AT G, o gl 4T
FERUR K BB R o g 211 T X DA (19 & i N RE,
W45 R BTSRRI AL X S-HT i1
7Y DOPAC & = IR A7 76 B T, [) i il - 2H 21
NE .5-HT .DA . DOPAC ¥ [ FF, EARBE WL
FIER SN K B &b 5-HTR2C mRNA F14E %
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e
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G T oA T DX, 52 0 15 2 B A R IX

ﬁﬁm FEPLBY BB 7T v, A8 250 G 8 4 2 AL il
MR FE S 5-HT 24K F1 GABA 21Kk M 2z
P23 A 5 e AH G, FE AT AR X 5-HT % & 1

GABABRI 2R3k 5 W 0T 48 0 & A, 6 BB vh
B 2k M &k i & 5-HTR3B., 5-HTR2C A
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1.4 HERERE

JUE Y A= 55 48 A B8, 0 | KL 1A T RE
Bt DR G B ik DRSS A 5 ok 42 o BR IR R 3k | 5
e /N SRS UL 25 i, O A A T 5 PR 2 1l /N BRUR
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TP L] RUAE T /0N B2 B/ N 1 9 9 S I
AHN 5190 % BB A AL AR 1 B2k 2 T B0
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KM 1 ( dynamin-related proteinl 1, DRP1) J& [A XX
RS B JHE B JUL55 L B LT 2% B i b

AR DBl /0 B A= 4 B RE BN | PR g
L REIFA
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Table 1 Modeling methods and characteristics of sarcopenia

AT s PEH A R S 3CHk
Modeling method Dominance Deficiency Applicable Reference
W B KA FEIS AT, B T FEETERAE , By AT
25 W B e - Short time-consuming, There are complications, [20-22]
AR R g p
Drug injection rametasone simple operation easy to death
model D FLH FEMHSE, i Wit [24-26]
D-galactose Short time-consuming, simple operation Novel, less reported
N YR FERTIE S
. Gene knock-out & L Technical sophistication [43-45]
B R time-consuming 24
Transgenic model e KA Veteran form
RS RN FE A A [47-48]
. . High success rate, short . L
Gene overexpression . . Technical sophistication
time-consuming
e L%, 5 [y N -
bR BIER, 5 AR R LA [28-29]
Natural agi High success rate, similar Hich ti )
atural agme to the human body 1811 time €08
B -
Aging model PR % AR IR 3t 3t A A
Rapid aging model Short time-consuming Model construction is complex
ORI HETRAT B i 4 FEOF KA HE R 22 [33-34]
High fat diet Low cost, simple operation Lead to complications Obesity
A R I, ML 7 MESE G , S Rk e
Overati Modeling time is short, Difficult and susceptible Nervous [37-38]
peration success rate is high to infection absence type
JULP 2 i T B I FEITL, 2RI L
Muscle atrophy o le‘ b wnloadi Short time-consuming, Need Ffﬁ fL . . [39-40]
model indlimb unloading low cost eed professional equipment, s iy
FEmE 2T Lost-use type
P 2 R, BT A = N
7 Short time-consuming, el [41]

Fixed joints

low cost

Need professional equipment
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IV ARE T A2 (g B A B 2 R L Joe DA R T
BOR) T A A ] R F Al A 5k

2 MADERBEEM TR

R B L SIS A SE IR T ST A o — 20 e i
/N BRI R 1R B AR I, 2 i 2R F 5
GRS AT TS, AT e S 3L i 5
AR AR 22, L 2% e SR I BIF S

TER T AARRFE R, BT AR /IS BRRSE R E AT DA 2 5
B o B — 2, LANE Y i PR 2 B0 JULIY
JEE TR B DR AT REAE H R/ BUIL
AE A PEAN R R UL DI RE B M 4 3 A5
6], FEM WU IR sl B9 S 2 LA, 6 T B L
RIFSE 2 BOHMERA LY AR 8 il 75 HRE R
I FEEE F AL B B LA AR /N BRL D i A
PEHIBRIE WO T 58, W3k 2,

&2 RNk
Table 2 Mice muscle strength evaluation method
WUPFJr 2 HUE=E =02 e gy 275 SR
Evaluation method Indicators of measurement Dominance Deficiency References
N U ) ] A RN K 1] o
A ety gty T AR NG .
Grab force meter Forelimb grip, limb grip ple, convenie Need to be trained
quick, clear indicators
APk = A .m ,% fig s S g
MRS ey PBAOD 0D B e, A WHABEI A
uscular X Limbs grip, endurance, . . . [54-55]
strength Grid test suspension ability Simple, low price Test time is long
R fi ; S /NRAE T, MLV R PR XE
. y fRT B A, A% IR S ,
F g‘,?ddl’ﬂ?_ﬂ]j( . M w}mmﬁjj Simple, convenient Ccause death of mice, [56]
oreed swimming usewiar endurance and cheap difficulty in obtaining blood
AL BHEUSEE  HAR, N R - Do L e g
i Sl S SRS SRR, R
A HE . Fast speed and high High radiation dose [57-58]
Computed Skeletal muscle thickness, Gpatil; | re%olutiong hi:h equipment mgl’
tomography area, index, CT value i B : .
JULPA Jo A AL X HHLL B LT R o A A K RE TS, TR, AR IR B B B, BORMEE =
Muscle Dual energy X-ray Skeletal muscle mass High precision, short time, Equipment is expensive, [59-60]
mass absorptiometry and mass index low radiation technical difficulty is high
N . [ o WER B &, JoAm ST, e 4t o .
LN T T S N FEIH 1 A S
Magnetic resonance Skeletal muscle area, . = L. Takes a long time, the [61]
imaging mass, fat content High accuracy, no radiation, equipment cost is high
° ’ high soft tissue resolution.
s Ay BRAETRTE 7 IRE,
o LI s bRt TN .
fati ryt N Stride speed, endurance Operation is simple, convenient Need to be trained
WL TR atigue fester and quick, the index is clear
Muscle BRI B, (T8
function L i 73 , 2L TR TREE, FE bR A B I
Treadmill Endurance, running Operation is simple, N n:]”t_b] t‘//'\ d [63]
readmt distance, speed convenient and quick to ced fo be frame
use, clear indicators
2.1 ANE B8 12 mm {48k 22 W P ) 48 B R 22 19, TSR/ )

JULPA F7 R 2 AR AL E T A2 7 2019 4F
LT T WLAE R RE SC, K5 LA 8 B D LA i
W EZIEM bR L TR /N BUNL Y T
Ik A MEN AT S 5%, EAT T 8907 A I
ASCI 7 2 600 O A L P T g e
D7 AT IR YK SR 2 SR A /D AT A
TE NI T 1 8 /I BROBCE T/ AT AR L, 7KF
I JE Pl R, IAE 3 R O 3 (B slidR KA TIE 3%
NERAIRS 32 e 5 3k 4 S 0 2 i FBCAT 0 55 1 A
T30 AR I B 2L BRI T A ]

FEAR L2 145 B Bt ] > SR G Al 8 32 T i
ANERE LA T 745 D SR T 7 i e itk S 6 A
TEH /NS Y HCE Tk A 5 s Y
JC I K T e 0 S LRk A R0 R (A
EW TR AR AL/ 5S8RSR H N iR
IR BARAE T B B 2 UM AT S8
3k A b /D B 1) 1 44 B A8 4 7 52 PR
AR W HRRR A B R A2
2.2 ARE

H A A BE X 28 W Y% ( dual energy X-ray
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absorptiometry, DXA ) | 3+ 5 AL W7 J2 49 4 ( computed
tomography, CT ). # 3% 4k ( magnetic resonance
imaging, MRL) , AT F TPl WL SR DXA S R A
R A2 BT 3K 31X 2852 0 2 7 J7 12 R At 3
FF/NR'®', VAN DER HEYDEN %7 B 57 %
CT B AT HEALSE AT LAESS 0900 2 /)N B LY
P ik, PASETTO 45 B 58 th il i R I CT 4
s LA & R R 7k T2 TN BUDLA & A
M5E . DXA 0] IR TR A5 44 I /N B LA
s SN RS NN NS R B S
B, DU ) 0T MIRT 00 5 /) R s 2 3 5 TG ) Y
J7 AT W 20 B A, AT LLAE SR A4 00 5 L
WY i CT 5 MIR #] DL 1 | Sk i b
R R LS AR 0 s A B . AR
[6] /N B T LA s ik 2 104 5 =0 LI JB e R AT
g
2.3 HLAZhEE

W E AT 4 36 m (A4 s ) AT A
AN ILR B RE T AT AR FH /IS BRUEG #2008 97 13
/IN B D MILTRT 0 /N B R 20 38, /) B 20 S 6
/N E T AL E, 5 2 min #5010 0.2 m/s
R B2 2/ BT L P 52 B I 10 s 30 SR 20 )
I ANEE 07 e e o 57 (SR 3 o W /) BRUAE AL
4 R R R s N AR S KR
WA AZEARRARE b WL DO RE , 22 ATk I 4t/
B2 A RE 0 AL T A Al LA iE /N B
JULA T REAS I J5 12

3 INGEE5RE

WL /I BRUASE 28 1 4 57 6 T i 5 LD 7 A=
PR A B R S, LA /D B A )
SR TR S A R DAY 7 )L
ZARRR ISR LB, 7B SR T OR B E
TE AR vk BRI N ) S A T A Y T
FIFRE, BT B PEAN bR ofE = 2EMNNLA ) & i
iae 3 Moy k., BRI R A — 2 i,
B WU RE A AL 3697 7 SATIAF AR IR A, DA ok
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