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[ Abstract] Objective To establish models of an alcoholic fatty liver induced by a alcohol liquid diet and alcohol
combined with a high fat diet in C57BL/6] mice in a short time and assess a more efficient model of an alcoholic fatty liver

in mice by biochemical and histopathological method. Methods Twenty-four healthy male C57BL/6J mice acclimated for 2
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weeks were randomly divided into four groups (n = 6) : maintenance diet group, liquid diet control group, alcohol liquid
feed group and high fat diet group. Daily feed consumption and body weight were recorded. On day 16, the animals were
sacrificed and serum transaminase activity, serum lipids, and blood glucose were measured. Paraffin-embedded sections
and frozen sections of the liver were prepared and stained with HE and oil red O, respectively. Results Compared with the
other three groups, the body weight of mice in alcohol liquid feed group showed a significant downward trend and the growth
rate was negative. The caloric intake of high fat diet group was significantly lower than that of the other three groups. The
liver weight and liver weight index of the liquid diet control group, alcohol liquid diet group and high fat diet group were
significantly lower than those of the maintenance diet group. The biochemical results showed that the levels of ALT, AST
and TC in the alcohol liquid diet group were significantly higher than those in the maintenance diet group, and the blood
glucose level was higher than that in the maintenance diet group. ALT, AST, TC and blood glucose in the alcohol liquid
diet group were also higher than those in the liquid diet control group. Serum TC in the high fat diet group was significantly
higher than that in the maintenance diet group, and AST and blood glucose were higher than those in the maintenance diet
group. The blood glucose of high fat diet group was significantly higher than that of liquid diet control group. Pathological
staining results showed that there was a large amount of lipid deposition in the liver of mice in the alcohol liquid diet group,
followed by the high fat diet group. Conclusions The short-term Gao-Binge model and alcohol plus high fat diet model can
successfully induce the corresponding biochemical and pathological characteristics of AFL in C57BL/6] mice, and the
corresponding pathological indexes of Gao-Binge model group are more significant than the latter, which is suitable for the
establishment of acute AFL model.

alcoholic liver disease; alcoholic fatty liver disease; Gao-Binge model; alcoholic liver model
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Figure 2 Changes and growth rate of body weight in mice
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Note. A ~ D. Correspond to the average daily food intake of mice in the four groups of maintenance diet group, liquid diet control group, alcohol liquid

diet group and high fat diet group, respectively. E. The average daily feed calorie intake of the four groups of mice.

Figure 3 Average food intake and caloric intake of mice in each group
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Figure 4 Mouse liver weight and liver weight index of mice
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Mechanism of Shenshuai recipe in PINK1/Parkin-mediated mitochondrial
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[ Abstract] Objective To investigate the role of the PINK1/Parkin mitochondrial autophagy pathway in myocardial
injury of chronic kidney disease, and the mechanism of Shenshuai recipe in the treatment of 5/6 nephrectomy CKD

myocardial injury in rats. Methods Overall, 48 nephrectomized rats were randomly divided into six groups: sham
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operated, model, benazepril, and low, medium, and high dose Shenshuai recipe groups. Rats were treated for 2 weeks and
then sacrificed. Heart tissue was collected, stained with HE, and observed under a light microscope. Autophagosomes and
autophagic lysosomes were observed by transmission electron microscopy. PINK1, Parkin, P62, and LC3B mRNA levels
were measured by RT-PCR. PINK1, Parkin, P62, and LC3B protein levels in nephrectomized rats were measured by
Western Blot. Results Compared with the sham-operated group, CK-MB and hs-¢Tnl were significantly increased in the
model group (P < 0.01). Compared with the model group, benazepril group, low, medium, and high dose Shenshuai
recipe groups were significantly decreased (P < 0.05). Compared with the sham operated group, myocardial tissue in the
model group after nephrectomy was obviously disordered and displayed interstitial hyperplasia, vascular wall thickening,
and glassy changes. There were no obvious abnormalities in Benazepril and low, medium, and high dose Shenshuai Recipe
groups. Compared with the model group, the numbers of autophagosomes and autophagic lysosomes were increased
significantly in low, middle, and high dose Shenshuai recipe groups(P < 0.01). Compared with the sham operated group,
PINK1, Parkin, P62, and LC3B mRNA levels were significantly decreased in the model group( P < 0. 05). Compared with
the model group, PINK1, Parkin, P62, and LC3B mRNA levels were significantly increased in benazepril and high,
medium, and low dose Shenshuai recipe groups (P < 0.05). Compared with the sham operated group, PINKI, Parkin,
P62, and LC3B protein levels were significantly decreased in the model group (P < 0.01). Compared with the model
group, PINK1, Parkin, P62, and LC3B protein levels were significantly increased in Benazepril and low-, medium-, and
high-dose Shenshuai recipe groups (P < 0.01). Conclusions The PINK1/Parkin mitochondrial autophagy pathway in
myocardial cells of rats with myocardial injury caused by 5/6 nephrectomy was inhibited. Shenshuai recipe enhanced
mitochondrial autophagy by activating the PINK1/Parkin mitochondrial autophagy pathway, and played a protective role in
myocardial cells. Among the groups, the highest dose of Shenshuai recipe had the most significant effects on mitochondrial
autophagy intensity.

[ Keywords] PINK1/Parkin; mitochondrial autophagy; Shenshuai recipe; CKD myocardial injury
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FHH Tmage J #4417 BGCR A FE &3 HT . s
P& . PINKI ( A11435 ABclonal ) ; Parkin ( A0968
ABclonal ) ; LC3B ( A19665 ABclonal ) ; P62 ( A19700
ABclonal)
1.3 SitEHH

K SPSS 19. 0 Ge i34 47 805 43 A, 1 i
PORILLE YA + FRifis (x = s) FR, PRALIA] LR
FH ¢ K3, 22 40 1) e e R B R 28 7 22 53 Hr, 4AL 18] PR
Wi ELBER F SNK-g /56, DL P < 0. 05 A E R B %
PEI-3'S

2 FR

2.1 &AKXRMPF CK-MB_ hs-cTnl It RIEE
K EE B
N 1 fs, BEIZH CK-MB il hs-cTnl ¥
PR AR, $ 7n B A 40 L SZ 45 B I, o A8
1,5/6 B UK U ST LUK Az LT , 28 DUTIR %
FIRTE R AG h E R AT e, TRl 41 CK-MB
Fl hs-cTnl ¥4 1 F %, 3878 A B A4F .0 LR 3
YEH,
2.2 BARBONESEMFRETLER
2.2.1 HARBONAL HE Yt FAs {2
WK1 PR ARFARLLOAEE LU0 AR O U
KU AN IEELE A 5 T , o0 E Koo Jis A DL B b SR o0
WLEF 25 (A I45] 40 Af 53 FiE 28 B AT — 3, O LA

R AAKRUMTE CK-MB FI hs-cTnl A{XFF35 1
A (EUME ,x £ s,n = 8)
Table 1 Comparison of the relative expression of CK-MB and

hs-¢Tnl in serum of rats in each group(Ratio, x £5, n = 8)

2] 5
4151 CK-MB hs-cTnl
Groups
I N
fiF AL 1.00 + 0.05 1.03 £ 0.09
Sham operated group
Hm g - -
Model group 216 0.33 130 =001
LI ]
DLAR EI.jFJ/ﬂ 114 + 0. 05" 1.15 + 0.24%
Benazepril group
=54
iR B L 11 + 0.03" 1.19 + 0. 13#
Low dose group
HH4
R 1.24 + 0. 14% 1.31 £ 0.07*
Medium dose group
e
3 kAL 114 0. 15" 1.31 = 0. 15*

High dose group

T : CK-MB Fl hs-cTnl fAR XS k0 45 20 S0 ME -5 T AR A9 LA
SEFARLAME, ™ P < 0.01, SHEMAMIL,"P < 0.05,"P <
0.01, (‘FRE/FER)

Note. The relative expression of CK-MB and hs-cTnl is the ratio of each
group’ s value to the sham operated group. Compared with the sham
operated group, ** P < 0.01. Compared with the model group, *P <
0.05, #P < 0.01. (The same in the following figures and tables)

MRS SO A, BT AR ] ) BT oK DL S, oK 00 I b
R FRPE RS A2 K RO R 200 I O L
LU A28 ) 5 WA , o B 0o A DL B S 5 o
WUEF 4L (B 355] A o P 4 Sk 2500 (R A
), O LA R AR S0 3 A W AR ] JE) BT R UL S
B 5 Je 0 R R A s B A AR M (SR k) .
S BFARGIAHEL , DTS5 ) 20 A0 B 3 4K v e )
S LR O LA 2 HE A R e Z5L O LA 4k )
BEUR 3G v , 2R B RH 2 0 LS BEAR Ak, 5 R 4]
AHEL, DUIR-EFZH A 2 05 1% b i R s 0 LA
AU BUE R S SN
2.2.2  HARBONUBREE | FWE/IMA K [ wgs
[AUNEER R TS

i 2 FEk 2 FoR RO LA U s
FREATE &, AT WAL AR IS HES B 5% B4 £, Al
U, W/ MR (R i Sk ) DA I AR (i (BB 3K )
PR ZH B LR A i S R 5 2 1 A
W, SATZOIR SR A S IR 2R 5 DU 5 1) 28
B IE e H OR  2H  T IER A
Mk /INMAC R s Tl AR 0 it RS2 ) s /MR A
WA B AR BB T AR 4 T2 5 45 7 DUIR I ) S
I L A Ak B AT UL N R RN
MR S B RS (P < 0.01) HENE 07 @ )
RPNV [ 0 il 5 3 s B g,
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Figure 1 Pathological changes of myocardial morphology and structure of rats in each group after HE staining

T : FUBE RO BRI BB e T 7
2 AUUR A B O WU RS B
Note. The data of magnification and intercept length of the electron microscope are at the bottom of the picture.

Figure 2 Ultrastructural pathological changes of myocardium in rats of each group
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H e AR 2 WINPT W RS ) KR Y 2
(B T DUIRE 12
F2 AR W/ IMAHT [ WA AR
HE (A4 ,x £5,n = 8)
Table 2 Comparison of the number of autophagic bodies and
autophagiclysosomes of rats in each group(Individual,

xxs,n=38)

415 F /A BN
Groups Autophagosome Autophagolysosome
1 - Q
. AL 13.00 = 1.00 2.00 = 1.00
Sham operated group
pemgy )
Model group 9.67 = 1.52 1.67 = 0.58
01 8 3t 1) &
VU E'.*J/E 22.67 + 2.51% 12.00 = 3.00%
Benazepril group
=4
el A 14.00 + 2.65%  10.00 = 2.00%
Low dose group
=4
"T'”Jg;,ﬂ 24.33 + 1.53% 16.67 = 1.53%
Medium dose group
e ) 2

31.00 = 1.00% 16.33 = 2. 52%

High dose group

TSR TFAREMLIL, " P <0.05, (M)
Note. Compared with the sham operated group, * P < 0.05. (The same
in the following tables)

2.3 HZFHKXROAAZLR PINKL, Parkin, P62,
LC3B mRNA 13} RiX £/ LI

m=k 3 Frow, 51 F AR A R, B A4
PINK1 , Parkin . P62 | LC3B f}) mRNA AH X 3 15 & i
S RRAG AR 2 L, DUIS S ) 2H RN B O IR
e A 2 A A A I e i, 3R WA AR A () B A
H S22 T, 20 T, B WD) ae W A5 2
T, Hrp2i G B 45 41 PINKI , Parkin, P62
LC3B mRNA AHXf ik, Horh s il i 4 i R aA i 3
hnfs AW
2.4 HAHAKXKRBROAASLR PINKI, Parkin, LC3B,
P62 EAEMNRIZEM LI

mk 4 FE 3 s, 5T AR, RARLH
PINK1 ,Parkin , P62 LC3B {1 75 4 A1 X} % A5 2 I
RAARG AR ZH AR L, DUJIR S 1) 2H A 3 (R b
FIE A 1Y R 3k 5 W] TR, R W o 5 AT AR 5
5/6 'BUIRERALARA [ 0, WK &, &
BARMARIL S I WEXE SR B 2, 5 qPCR 453
—3,

®3 BUAKRRCNLAL PINKL Parkin LC3B P62 mRNA A ik LA (LM, % £ s,n = 8)
Table 3 Comparison of the relative expression of PINK1, Parkin, LC3B and P62 mRNA in myocardial tissue of rats in each

group( Ratio, x £5, n = 8)

H 5
:ﬂﬁj PINKI Parkin LC3B P62
Groups
1 \Q
. BT A 0.89 +0.18 0.99 + 0.12 0.94 + 0.55 0.78 £ 0.55
Sham operated group
I 4
A 0.60 + 0.09 " 0.14 +0.10™ 0.22 +0.08" 0.14 +0.06"
Model group
LR 1] 4
VTR EI.EJ E 1.35 = 0. 18" 3.15 = 2.21*% 1.23 = 0.49* 1.33 = 0.85%
Benazepril group
1] 4
fFesml 4 1.19 = 0. 30* 1.45 = 0.35" 0.39 = 0. 08" 3.27 = 1. 65"
Low dose group
F=4
AL 1.26 + 0. 10" 1.08 & 0.26" 0.95 = 0. 60" 2.78 = 1.44"
Medium dose group
=% i he
P 1.61 = 0.26" 3.39 = 2.31" 0.97 = 0. 42" 1.74 = 0.48%

High dose group

x4 FBAKREONILHL PINKL Parkin LC3B P62 & AN FEA B L (M ,2 + s,n = 8)

Table 4 Comparison of the relative expression of PINK1, Parkin, LC3B and P62 proteins in myocardial tissue of rats in

each group(Ratio, x £ s, n = 8)

2H 5
ikl PINKI Parkin LC3B P62
Groups
1 > i
M FAAL 0.60 = 0.16 0.56 + 0.05 0.52 + 0.09 0.77 £ 0.12
Sham operated group
B 0.34 £ 0.06™ 0.40 + 0.04™ 0.37 + 0.03™ 0.42 +0.05™
Model group
I TR 2 o
VU E'.*J/E 0.58 + 0. 06™ 1.13 + 0. 16" 0.56 + 0.05* 0.65 = 0. 06"
Benazepril group
FH 4
) e 0.56 + 0.04" 0.86 = 0. 08" 0.72 £ 0.03* 0.82 = 0.08"
Low dose group
2
.EP”JI il 0.55 + 0.04% 0.54 + 0. 06" 0.51 = 0.02% 0.73 = 0. 06"
Medium dose group
[=%iilh=e
Fl A 0.74 = 0.04% 0.78 = 0. 14" 0.81 = 0.08" 0.58 = 0. 04"

High dose group
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TE:AARTARE B AT C. DR FI 20 D ARF 520 B P
L F R AL
B3 OB RR AR EY Western Blot ]
Note. A. Sham operated group; B. Model group; C. Benazepril group;
D. Low dose group; E. Medium dose group; F. High dose group.
Figure 3 Western Blot of mitophagy markers in

myocardial tissues
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[ Abstract] Objective To establish a humanized mouse model of depression by fecal bacteria transplantation and
evaluate the model. Methods The feces of depressed and healthy people in the climacteric period were transplanted into
simulated sterile mice. Sixty C57BL/6 mice were divided into blank group, depressed fecal bacteria transplantation ( FMT-
P) and healthy fecal bacteria transplantation (FMT-H) a groups. The blank group (20 mice) was only fed an ordinary diet.
The FMT-P group (20 mice) was pretreated with an antibiotic cocktail, and then the model was established by fecal
bacteria transplantation in the depressed population. The FMT-H group (20 mice) was administered the antibiotic cocktail,

and then the model was established by fecal bacteria transplantation in the healthy population. Each group was continuously
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fed for 28 days. The general conditions and behavioral tests of mice were observed by tail suspension and new environment

feeding tests, the serum levels dopamine (DA) , norepinephrine ( NE) , 5-hydroxytryptamine (5-HT) , and y-aminobutyric

acid (GABA) were determined by ELISA, and colon histopathology was observed by HE staining. Results Compared with

the blank control group, the body mass of the FMT-P group was increased slowly, the time of depression was significantly

prolonged, the feeding time was significantly decreased, and there were depression symptoms such as decreased activity,

disheveled and yellow hair, shedding fur easy to fall off, and mental fatigue. The serum levels of GABA, 5-HT, and DA in

FMT-P group the group were significantly lower than those in the blank control group. Microscopically, colonic tissue was

disordered, glands enlarged glands were increased, and local inflammatory cells had infiltrated. Conclusions  The

combination of antibiotic cocktail therapy and fecal bacteria transplantation establishes a humanized mouse model of

depression.
fecal bacteria transplantation;
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model evaluation
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Figure 1 Spearman correlation heat map of different species and clinical symptom phenotypic scores
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experiment of mice(n = 20)
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Figure 6 Pathological section of mouse colon( HE staining)
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chronic heart failure model

DU Bingyu', YIN Yanyan', YUE Zhaodi', CHANG Wanpeng', KAN Mengfan', YU Shaohong™"

(1. College of Rehabilitation Medicine, Shandong University of Traditional Chinese Medicine, Jinan 250355, China.
2. College of Medicine, Shandong University of Traditional Chinese Medicine, Jinan 250355. 3. the Second
Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan 250001 )
Corresponding author: YU Shaohong. E-mail: sutcm2006@ 163.com

[ Abstract] Objective Current research and treatments for the pathogenesis of chronic heart failure ( CHF) are
limited. In order to better study its pathogenesis, this paper optimized the preparation method of isoproterenol (ISO)-
induced chronic heart failure rat model. Methods SD male rats were divided into 4 groups, and rats in model A were
injected with 1SO 5 mg/ (kg-d) continuously for 10 days; rats in model B were injected with ISO 2.5 mg/(kg-d) on the
first 3 days and 5 mg/(kg-d) on the last 9 days; rats in model C were given 15 mg/kg of pentobarbital sodium on day 1
and ISO 1. 25 mg/kg on day 2 and 3, and 2.5 mg/(kg-d) on day 2 and 3, and 5 mg/(kg-d) on the last 9 days, with
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30 min interval between 2 injections per day from day 2. The control group was given equal amounts of saline. The

successful establishment of the model was verified by echocardiography, pathology testing and fluorescence quantitative

PCR. Results Mortality rates were 80% , 60% , and 40% in model groups A, B, and C, respectively. Compared with the

control group, the left ventricular short axis shortening and ejection fraction were significantly lower in model group C (P <

0.001). Rats in group C had disturbed myocardial cell arrangement, significantly increased collagen type I and I

expression (P < 0.05), and significantly upregulated expression levels of fibrosis indexes COL1A1, COL3A1, FN1 and
ACTA2 mRNA (P < 0.05), while the levels of serum N-terminal pro-B type natriuretic peptide ( NT-pro BNP) and

triglycerides were significantly increased (P < 0.05). Conclusions

Injecting anesthetics to keep the rats in a semi-

conscious state, increasing the daily injection dose and decreasing the single injection dose in a gradient can reduce the

mortality rate, which can provide a new idea and a new approach for establishing a CHF rat model.
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natriuretic peptide, NT-pro BNP ) Fi*) il B 6 32 I {6
5% ( enzyme-linked immunosorbent assay , ELISA ) 25
& (ml-E2785, FilE K AW R AR A A,
SYBR® Green Pro Taq HS T % qPCR i 7 &
(AG11701, iR SCRHm A= YR A BR A A ) o

Vevo3100 /) 3 ¥ #8 75 X ( VisualSonics, Jill &
K),CFX 96 Real-Time System ( Bio-Rad, f2[H ) , i
e (PR~ 752 .
1.2 A&
1.2.1 ZhdEt o

4 1S0 H 0. 9% Hy A= #EER K FLHI A 1. 25 mg/mL
B SR, R A K B A B ) s V5 1S0 4T CHF A
A28 SD A K RUIE I R MR R 2 8] B BE ML 4
H AU IEFRIRYA (n = 6) RS AHERK 10 d;
R A H(n = 10) JEEES 1SO 5 mg/ (kg-d) %
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B-actin 5’ -TGCTATGTTGCCCTAGACTTCG-3’ 5’ -GTTGGCATAGAGGTCTTTACGG-3’
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Figure 1 Representative echocardiographic images of each group of rats

F2 HAELIEIEFRLE (R £ 5,n = 6)

Table 2 Comparison of echocardiographic indices(x + s,n = 6)

2H 5
C:f):is LVEF (%) LVFS(%) LVESD (mm) LVEDD( mm) LVESV(pL) LVEDV (L)
IR
88.79 + 1.56 60.94 + 2.23 2.34£0.14 5.97 +0.09 20.22 + 2.98 178.70 + 5. 89
Control group
i C 4 v " : .
72.43 £ 3,69  44.21 £ 3.59™ 3.90 + 0.37" 6.97 £ 0.44" 75.77 + 15.22™ 267.00 £ 35.59°"
Model group C
TE: SRR, " P < 0.05, P < 0.01, ™ P < 0.001, (&)

sk

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

2.3.2 Masson et gt R

X B2 K FRC WILEH SR e HEZFR I, T B 78 C
AR B LA A 5 B2 IR BT e I 2T A UL 3 BR 1Y
L WIABMIHES AN B ZE L, 5 X7 BRALAH b A C 21
JhE S AT 4 i N (P < 0.0001) (LKl 2B,2C)

T A AURNE HE e @R B AUEME Masson R @R C R E H TR

B2 JiHd

Note. A. Representative HE stained images. B. Representative Masson

2.3.3 AR ARSI 45 R

T T g JE A 1 R 32 2 1 7 O LT 4 A 20
R AR AU B, 50 BRAE AR [, R C A
COL1 ,COL3 I Fibronectin BH 2 35 7 4 i 35 4% fin
(P <0.001,P < 0.0001)( WK 3),

GRERT; SXFIRAMIEL, P < 0.0001, (FER)
4k

stained images. C. The quantitative analysis of collagen deposition.

gl

Compared with the control group, *** P < 0.0001. ( The same in the following figures)

Figure 2 Pathological

histological changes
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7 :A:COLI ,COL3 Fll Fibronectin 2t {C 3 [& 14 ;B COLI ,COL3 FI Fibronectin FH4:3 35 1) & &7
B3 KR LA Ggse ARG

Note. A. Representative images of COL1, COL3 and Fibronectin staining. B. The quantitative analysis of COL1, COL3 and Fibronectin

postive expression.

Figure 3 Immunohistochemical detection of rat myocardial tissue

2.4 DEFRERHLE

S BRLE AN L, B C 40 I R
K(P<0.05) (WK 4),
2.5 [0 NT-pro BNP F0Hih =Eg/k £k
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ZREHIAKE B ETE (P < 0.01,P < 0.05) (K 4),

ml

2.6 F 4L 35 4R COL1A1, COL3A1, FN1 #1
ACTA2 ) mRNA RikKkFIL

5XxF A A, SR C 40T 4k 1k 1R b
COLIAI(P < 0.05) .COL3A1(P < 0.05) .FNI(P <
0.001) Al ACTA2(P < 0.0001) i mRNA ik &
FLWM(ES) .,

4 ODNEFTEFEEL MLTE NT-pro BNP FIILTE H ik = B /K 1284k

Figure 4 Changes in cardiac mass index, serum NT-pro BNP and serum triglyceride levels
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B 5 COL1A1,COL3A1.FN1 1 ACTA2 mRNA Fik/KEAE{k
Figure 5 Changes in COL1A1, COL3A1, FNI and ACTA2

mRNA expression levels
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LEAPEM , ALFE BRI SARAE PR 4) R ST RAR A T I KA 4L O-[ gk g | i i A 5T i 1L-6 1
TNF-o 257K LR AR 2% I3 B IR (CORT) (2 (T) 8 Ak Wik AL (SOD) (TN & (MDA ) kK-,
58 TCM + MODEL 45 7E H B AE 5 S ARAE PRy AR 24 PESy KAAWEZ PR3 Mankin $E43 519 IL-6  TNF-a
FIRKT M TRAS A AT A I 0 (PV) AT 20 i SR A 8 4 (RCAT) (Ui MDA J5 T, ¥ 8 & SHAM 41
H1 MODEL 41 (P < 0.05) ;5 MODEL 41 H. %%, TCM + MODEL 2l Ifil.7& CORT.T.SOD B B &% (P < 0.05) , T ML i&
IL-6 TNF-o SR 225 (P > 0.05) ., it RAAE B, HE4 LA BramE & 1Y 5 IE &7 X
R FE NG PR, BT AR A LA R RS BT LR A KOA JRIIESS AL S ik — 25 1 J o 2 2550 R A
FIHEIE IS IR R SR L S 06 JEm

[ R8BI BGRB8 WIES &
[hEH3ES] Q95-33 [ XEFRiIZE] A [XEHS] 1005-4847 (2023) 05-0590-08

Establishment and evaluation of a combination of disease and

syndrome model of knee osteoarthritis based on the
pathogenesis theory of “Deficiency, Stasis, and Toxicity”
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[ Abstract]  Objective To explore a modeling method of the combination of disease and syndrome of knee
osteoarthritis KOA based on the pathogenesis theory of “Deficiency, Stasis and Toxicity” in (KOA). Methods Overall,
24 New Zealand white rabbits were randomly divided into a SHAM group (n = 8), MODEL group (n = 8), and TCM +
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MODEL group (n = 8). The SHAM group was fed normally. The MODEL group was established by plaster fixation. In the
TCM + MODEL group, we hydrocortisone gavage and TCM etiological factors (wind, cold, and wet) were combined based
on plaster fixation. After 6 weeks of modeling, each group was comprehensively evaluated, including the TCM syndrome
and sign score, knee imaging, articular surface gross observation, Saffron O-solid green staining, blood and articular fluid
IL-6 and TNF-« levels, hemorheology, and serum CORT, T, SOD, and MDA levels. Results The TCM symptom and
sign score, imaging score, gross observation score, Mankin score, levels of IL-6 and TNF-a in joint fluid, hemorheology
indexes (PV and RCAI) , and serum MDA in the TCM + MODEL group were significantly higher than those in SHAM and
MODEL groups (P < 0.05). Compared with the MODEL group, serum CORT, T, and SOD were significantly decreased in
the TCM + MODEL group (P < 0.05), while serum IL-6 and TNF-a were not significantly different (P > 0.05).
Conclusions By plaster fixation combined with the model of kidney deficiency syndrome gavage with hydrocortisone and
etiological treatment with traditional Chinese medicine, including wind, cold, and wet, we reproduced the combination of
disease and syndrome model of KOA with the characteristics of “Deficiency, Stasis and Toxicity”, which provides an
experimental basis for further research on syndrome differentiation and treatment of KOA by traditional Chinese medicine.
[ Keywords] osteoarthritis; Deficiency; Stasis; Toxicity; combination of disease and syndrome
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EE 75 28 (knee osteoarthritis , KOA ) & P &
POE MR N B R R PE R 1A R R R D
AEREPE DG P , R IR b e DL 5Cy RIE =X
FEFRIEH . KOA J& P B« JFHIE” fulk 41 1A
ZAIRE L, BRAEAEAR T KOA“ i % 58 A LA
AU IERLC S B EE I IR AR T DA
JIL BT AR R A0, O T AR LI R SR A
RS B PR SO < 5 B 5 M 5%
ML PR RIS PR ESORE " 5 B2 BRIV IR XL 9 55 Sh 35
228, A L RAUAR TE AR, N3 RIAE WA Z A
B A AE, B RO, Hoh kR O R R AR
A JEBLGPRR IR LS, BT A BUR Z AR, UK
ke | = TR HLS

B RLZ IR ATT I KOA 5 EGHL 251 B iA
AT B Ry T2, HarH TR =
Z5IRYT KOA (BB K 2 02 B — 1) s B A= PHLASE
Y TR v I i Y TE 4G 5 B R Y i LD
P ABFFETE  JE RS R R LS IR = h R
MR GR35, B e v, 458 40T i
HEE M B I 2 T, 5 5 B R
AT A 0% RS i TIE 245 5 B AR | I PSS R E A 7 25
BV BRI A A SR R A 1 KOA il 845
LA R BERERE | it — 2P 4T KOA P Bk
BRI 5 S U Jti i £ (1 52 40 A

1 #R57E%

1.1 ##
1.1.1 SEEEhY

24 H3 1 i 0 2 TP 2L R e, IR

2.5 ~ 3.0 kg, W T 1 Fg K1 A= W) B A BR 2 W
[ SCXK(#)2020-0005] , BRFEMESE, % A I E 22
~ 26°C , FHRHEE 45% ~ 60% 1537 T W 2y
Kergh s ipun [ SYXK () 2019-0009] . % 6F
FITRAE W™ B2y Rz LR 2 51 25 I
A T M S0 (202006190001 )
1.2 EEEF S5

IL-6 ELISA &7 & ( £k D14, SBJ-T0196) , TNF-
o ELISA i 5 & ( £ U1 {m, SBJ-T0289 ), B Jii i
(CORT) iR & ( =7, MZ095945) , % ( T) i 57 &
( =47 ,MZ095981) , H E ALY AL (SOD ) 37 &
(AR SK046-2) , N i (MDA ) 357 & (8K
i, LM-0X8006) , &5 =\ /& 3 ¥ R B0 AL (A7, K
W), 4 A= sh Yl A HL(LEICA, 8 E) , & H 3 A
TR B AR A (R A, Jb ), B8 A 25 W s
(Olympus, HA) |
1.2 A%
1.2.1  shord S s+

24 PTG 24 K i BB 215530 3 4.
TEH % IR (SHAM ) 4 . KOA #%% ( MODEL) 241 . KOA
FRELE A (TCM + MODEL) 41, /41 8 H, 3 1
PEMESE 1 RS I IRE AL BE . SHAM 21 . IF % MR
MODEL £ . R B 8 [ 2 2 & i 4R 0Gm 4
FIeMGE T E AN RIERIE T 1 em 2B I
1 em &b, FHAF NHT 0] )5 8 e o O 28 I B H
T RE I 1 O T 00 B, A AR A I R
B 11 5 v, W [ %E 5 30 min P 4 4 A O
K LSRR, A, W ST RO b A0 5 4 e 5
B, deJe , FH ANk 22 76 R T B R 5G4y ik 1y
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B INEATIRAL, AT Ik A s Y . B H KA
A FE BN, ESEMEE 6 J&, TCM + MODEL 4 ;
£ MODEL ZH A0 3 7 2 iy JE il 1, 958 & AL AT 1Y
PATE B R R XL JE TR TR, SeARE R 22
ST 5 2 ) v B BE K I B 1k, 9T S B ik
ST A S, R A U AR S 1 B o i R
BB B PR R, AR5k A
BN A B EE 1 EJE, VAT R 10 meg/ke,
RR VIR, ES 10 dHEE , PR nT ARATE B 451
Jo BT 2 REEA B KIER =M%, A mih
SR B R PR 28, R H b A )P WS 25
T ) B AL 1) A BB I DG 5 8% 4°C VKoK 24 10 mLL,

it =y &8 Bz B AR , P TR B R XU AT Y 10
em AEPKTF (1200 r/min, %y 5 min) ,iE2E 25 d, DL
A TERLE A 6 JH .
1.2.2 St I RUARGE IS
AR SRS R R R BA .
JNH E S S ASEN ., RG24 2510 IR 18 5
JECOU (3T ) )1 vl B R TIPS i 12 W
PR, IS R AR S D ik s A N 04 3 4 bk
FARNEPE o3 5 R AT VEAN , WA 1, Horh P4 ok
MRS B R N F4 s 2 2 4, 468 #E
201 45 AT UCHERLELA R R BT B R IE
(FET=

N0

R WA HARGEIT 0B R
Table 1 Animal behavior and physical rating scale

PP vED

i H Scoring criterion
Ttems 0% 153 24¢ 34¢
0 point 1 point 2 points 3 points
Hr R e IR B 182 )RR i
Mental state Lively and active and ack of flexibility Lethargy and unresponsive Energielos and somnolence
TN . . . ; B R Bz N Tehg i
. 2% B el NS EY. 25 e a6 . s g T <1

ey ORREBRTERRI LSRG BROLE RE LT A, B R AL

Skin and hair

Tight and the hair is

clean and smooth

Slightly loose and hair
less luster

Loose and the hair on
the back is dry and dull

No fat under the skin,
and the hair fallen off

W ¥opk T NI S B
Body mass Grow equally No significant increased Shrinking, rather than growing Severe weight loss
W AHEIEH T 13 s 172 ENN
Foraging Normal A third of the reduction in intake Reducing intake by half Don’ t want to eat
NG EEpints Tl P Mt
Onyx Glossy Lackluster Stasis purple Withered
KfE KAET e RAEREFATE REARIE KAETGWE
Excrement Dry and forming Soft and shape Unformed Sloppy
GiE % IR LR JRBE
Tongue Normal Pale tongue Dark-purple tongue Petechia
JE A FARTE] iR [iFaN Ui
Lip Ruddy Pale Dull-red Stasis purple
Hi
I % # w5
Arch shoulder and N Exist Shaki ticeabl
shrink back one Xis aking noticeably

1.2.3 QBRI
WSS R KT 25 T 3% U e =l kAT
LSRR IDKORR I 5, 400 b T 46 £ IR, £ FH 10 42 45 Sl
FE BB AT R IE A T X &R R
(digital radiography, DR) , SLE B 5 7 52 i = A8 4k
FERSHOALE T 142 kV,250 mA,32 ms 1 80 cm
e B fERE X 245 Rl Kellgren-Lawrence ( KL) 43
Pk R AT AR TP RARMEW T .0 9. o AR
(EHR) 5 T2 RMeEse; 19 B a% HRE K

ST E B 5 2 : 4 [ Bt vy B2 A 5 IV 4 4 )
BB AR R T B A,
1.2.4  SCATHCE RIAWEE

WEFENG TR G 4, 5800 1 88 019 i, WA K
%ﬁj{ﬁi‘%{ﬂ,, FHAKIE Pelletier TF 47 b5 i 9 47 7F
(R £ 4 i VIS P S e T S URE = U
153 RS , A /N2 BB PR 2 0. G
TR B, BB BRAR R IR BB RS2 B 253 40 G T
B I, R GER I RIZ ;4 70 B0l T B8R,
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1.2.5 R HCE IR g

B W OB BT 10% P W 1 5E , i
B s YR /LD O-[F S s, 6B R W
5 IS %M K Mankin 75 BLPE4r E 4702 PR
SIFRUEANT « (1) BB S5 4 Ot g R B
FUNZLBE PR IA R T2 R BRIR IR A 5 2 LB
ILSAL)ZE R R Is Kt 0.1.2.3.4.5 49
(2) BRCH A0 M B AR B R RS 2 K
SRR B B BT 0.1.2.3 43
(3)F et Juta b % YR RGR Yt i
R Gu e RO | Y a5 T R IR 0.1.2,
3.4 00 (4) MR EE WL ZEML e T
AR ALK 0.1.2 51
1.2.6 LG KOCH W IL-6 FI TNF-o &

SR BT R 25 2 0 B 42928 W B ( ELISA)
HEATASIN , 422 FE S AH 5 384
1.2.7 IfiiiE CORT.T fiil]

SRS B A B I Y v R
(CORT) \Z2[ (T) Ay it , Fe v B B 4AE
1.2.8 LR AE2F A

ZUDBERIN S mL, & FHFREE T 5, 5 T4
2l [V VR IR AR A A I A 5 H A LR
3 T L3¢ 26 (plasma viscosity, PV) | 4 [MAK VI %
& (whole blood low shear viscosity, WBLSV ) FIZI4H
Mo R EEFE N (red cell assembling index, RCAI) ,
1.2.9 Ifi% SOD MDA #&:3]

SR HH 43 6 6 BE 0 5 il v R 481k 9 I Ak i
(SOD) N[ (MDA) 1) & £, 44 BEULBH 3854
1.3 FitFELH

fifi FH SPSS 22. 0 3R AF 347 8048 73 b, TR %
BERHIFIIE + FRUEZE (2 £ 5) Ron 0 R IEDS
PERIT 2255 PERG 06, 2 41 L3R BRI R 5 22 4
M, B Geit 24 3 U A LSD- sk E AT 2 3%
WK HIESEAL ;L P < 0.05 W EFEES
HeEE X,

2 #HR

2.1 1T ARMEIEES L5

SHAM ZHGuf ol R 47, B i R, B R BU%, T
AR TH B @I 525, MODEL 20 % 76 K
MRS 22, Bz R RRE R R AR, R
H BG4, TCM + MODEL 4 # e 4y T &4k
FTRIRA G T LD BURSE s 2 4E HLE 0 v SEE

AR B2 ARSI, B R ERLICCEE, B V%, 5 W
AN [ AR B A o % 5%, JTC R At s S5 R, L (%]
1, @EMLEH S, MODEL 41/l MODEL + TCM ZH#)
iR SARAETES B 5 25 T SHAM 40 F1 MODEL 4H.( P
<0.05),WE2, UM ZHE(Hsh + 254 +
MFE AR ) B8 T kEiE, Sk i
TR B T IR AT A B

B1 A4k

Figure 1 General state of rabbits in each group

2.2 #ERXT DR FWE

1L 6 J8J5 , SHAM ZH 4 X e /RO T5 Tl s
A7, KA, MODEL 4 565 R BRAS AT A5 4%, WA fik
BHILM, TCM + MODEL £H 565 [8] i I B A8 45, 56
AL, KB FOE A, UL 24, KL P44 5
7,5 SHAM 20 LA, PR RS2 OG0 A8 2R A8 W] ik
JnE (P < 0.05), H TCM + MODEL 4 [t MODEL 41
PP, E R HASIARE (P < 0.05) , 1K 2,
2.3 XTEXEWRE

SHAM 41 3¢5 638, (3 s, IR 0,
MODEL ZH 5¢ 5 T JCO6 e, SR (6, 3 53 3CH 3
BESZ, TCM + MODEL 41 i ik 8, kA,
T B WA T W, K R B A, WL E 2B,
Pelletier PE4345 3R B~ , 5 SHAM 4H HL 5, WAL R 240
PO BERE (P < 0.05), H TCM + MODEL #H B
25T MODEL 4{(P < 0.05) , L& 2,
2.4 XTHRBAELAREFNE

SHAM ZH 8 PR BT (5] BCs 24
WO IE R HES B ST, S5 2 R W, MODEL 41
BB TEE R, 2 THT AT A6 AN T LB, 6 ot e £ il
AR A A R R I R 2 TR 2 A Al i HE S O
#8535, TCM + MODEL 418 248, 4i fifg 40 3 it
F ALY T IO 22 8UK 40 Y S HES)
AL, WA 3, Mankin PF4R45 R IR, 5 SHAM 411
B, WA Y Mankin PE43 BB T (P < 0.05)
H TCM + MODEL 4 & T MODEL 2H (P < 0.05) , W
#2, BRZHERE GERIIESINE T
PEMEIAFRRE
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2 EMUEREESETY DR AR AR 45 5
Figure 2 DR and gross observation results of rabbits’ knee

after model establishment

2.5 MFERXTEIL-6,TNF-a 2 £

5 SHAM 41 Hesr , WA 7R 24 1375 A& 19 9 1L-6
TNF-a &8 FH 8 (P < 0.05) ; 5 MODEL 4H %%,
TCM + MODEL 45959 IL-6 [ TNF-o 75 2 B & THs

(P <0.05), Ml 1L-6 TNF-o &5 & W] B 22 &
(P>0.05), %3, #RZHELSEBTIE
JIER G N RAE S
2.6 % CORT.T &=

5 SHAM 4 [t %8, MODEL 4 1.3 CORT . T &
HIEWH B 2R (P > 0.05), TCM + MODEL 4 IfiL i
ACTH.T B BFEML(P < 0.05), L% 4, R
ZIRNERE A SR T AT 5| B i B 1 ) ot il
) A4 L PR - = T R
2.7 MERTZEER

5 SHAM 4 #1 MODEL 41 Ft%, TCM + MODEL
24 PV RCAL W B Fm (P < 0.05), W3k 4, 4R
HWHEGZNERE G ERG, L s Bin
PATE P B RRCAE
2.8 [i%F SOD MDA &8

5 SHAM £ Al MODEL #H [t %, TCM + MODEL
ZHIMLTE SOD PR (P < 0.05) , IfiliE MDA (P <
0.05), 3k 4, #RZHNELE G BRI EA G A
AR GBI 7/E i1

B3 HE J @S 4 R o1 HoE i B AL 1k

Figure 3 Pathological changes of the articular cartilage in rabbit in each group observed hematoxylin-eosin staining

K2 HBHRPEILRE KL Pelletier fl Mankin B/ (x + 5,43 ,n = 8)

Table 2 TCM syndrome score, KL, Pelletier, and Mankin score in different groups of rabbits(x + s,score,n = 8)

415 R IEAE T KL 43 %% Pelletier ¥4 Mankin 343
Groups TCM syndrome score KL grade Pelletier score Mankin score
S:i‘ﬁ“ifip 1,25+ 0.71 0.87 £ 0.46 1.00 + 0.38 1.75 £ 0.70
thggl}ngfip 7.88 + 0.99" 2.00 +0.75" 2.00 +0.75° 6.50 = 0.75°
TCM + MODEL 41 15.63 + 1.41°% 3.00 +0.75°* 3.25+0.71°* 9.13+0.83°*

TCM + MODEL group

1 TCM: P E 24 ; KL : Kellgren-Lawrence ; .5 SHAM £ Fb4Z, * P < 0.05;5 MODEL #H H4,#P < 0.05, ( F#[HE)
Note. TCM. Traditional Chinese medicine. KL. Kellgren-Lawrence. Compared with the SHAM group, * P < 0.05. Compared with the MODEL group,

#P < 0.05. (The same in the following tables)
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K3 AHRIMTE XTI IL-6 TNF-a Fi (x + s,pg/mL, n = 8)
Table 3 T11-6 and TNF-« in serum and synovial fluid in different groups of rabbits(x + s, pg/mL,n = 8)

15 M7 Serum SN Synovial fluid
Groups IL-6 TNF-a IL-6 TNF-«
giiﬁl\iiﬂup 68.82 = 5.15 25.92 +2.39 65.19 = 3.69 26.35 = 3.16
MI\(/;(];]}?FLéiip 87.38 +4.36" 47.50 + 4.04 87.92 +£3.04" 47.79 + 3.98"
Lt 89.38 + 5.23" 49.13 £ 4.40" 93.03 = 3.44**% 52.80 = 6.43*%

TCM + MODEL group

F4 HA%IME T CORT.T PV WBLSV RCAI,SOD MDA % (x +s,n = 8)
Table 4 CORT, T, PV, WBLSV, RCAI, SOD and MDA in serum in different groups of rabbits(x = s,n = 8)

il

G CORT(pg/dl) T(pg/L) PV(mPa.s) WBLSV(mPa.S) RCAI(%) SOD(ng/mL)  MDA(ng/mL)
roups
4
SHAM & 53.40 £ 7.66  7.40 = 2.55 1.48 £ 0.24 17.37+1.16 4.84 +0.42 16.18 +0.53 2.72 £ 0.62
SHAM group
MODEL 4 . . N
A 48.85 + 11.08 6.73 +2.42 1.78 £ 0.45" 22.09 £ 1.26" 7.11 £0.43" 14.90 £ 0.55" 13.69 = 1.19"

MODEL group

TCM + MODEL 4
TCM + MODEL group

9.19 + 6.13*%2.53 + 1.61** 1.93 +0.47*% 22.35 + 1.18* 7.87 +0.52"% 10.75 + 0.97"% 19.56 + 1.88**

TE:T: S0 PV MK BEEE ; WBLSV . 2 IR DI BHEE ; RCAT: ZL NI SR B2 4540, SOD B AL Y B AL ; MDA . Y %%
Note. T. Testosterone. PV. Plasma viscosity. WBLSV. Whole blood low shear viscosity. RCAI. Red cell assembling index. SOD. Superoxide dismutase.

MDA. Malondialdehyde.

3 g

1&gt B AR B2 I R AT 5 R B, 5 i 2
KOA EEARHL . (RICESEY) I .« B A A
KB R, R XUIEWR R Z8 2, (AR, )
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J& 28 250 2 B C TR T KB FE R B
FL R BT 5 T RN AR R B R O #
KOA B3 I = M Ma 1R %, R = A
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PR T R, 2R LA N R 5 T IR
KOA HA VIl 47 (9 IS AR
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PRI BT KOA RS & S AR R 1 4
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WLPRAE B T v BRI o, A4S 25T R A
T [T T A S PR TP SRR 5G9 ol B B fi
11871973 NS = 19 TTEE T (1R S W i SOl o
RIS A R B R A, RIVZE P 15 0 i 15 0 ity I
XA 45 ST R P B 5L 2 #Aek i ST W AL 8
JiL i P TR e ) 2 L R B R A R R R
ST MY | K Hulth 3 257 B G AR,
M AR+ 1+ 17 A TR R B AT
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BB O B B AE A%, E AT PG B B A5 A T
DA R 3 AU ] 2 Ak R R 2 AT S
HE77 M, #EA —E AR

ABIFSER AT 18158 vk, 45 2T Bka e
SR JE i N 2 N R E 5 T UL KOA
TRUELS SRR I DL HE MU IE i Ay FE Al 45
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BRARS RARULEE i BRI R | L 3 A 2 40
PR RS 4 2y TR R A T 0P, o, 52
FIZH Hb g, PR 0 21 S i) KOA “ Jg A5 80 (6 AH 56 35
bR, A% 27 RAKMER HE Y I3 Ko 5w
IL-6 Al TNF-o 55, ¥ e 24 78 3, B2 AR 4
(1) A A R A Pl 1 A T R, 1P R
R BET SRR R INE T e IR AR RIS, AR AR
HOULEE 3 52 SR AH sh ) s B RS PR S B, B
o N L AN AN S N = Ty 3 e
BB R IRSIE A IE A R B, AN, 7R B S B 4]
w2 B R I A4 S5 R Al ) T e i - R Al
e BLEEEL, WM o CORT | T 45380 2% 110 & %
RCES IS IR S B 2 TR A I 98 37 AR = 1 b T
i, AR INTRAL TRl R R BPIRAS ROR AR 5
B A0 M EE PR T A0 SOD & R AR, MDA &
FE

TEABIFGE R, A B 18] 2 32 R0 K50 S B4 W Bz o ik
R T VB B 2R R 2R T R BT A
B KOA Bl A7 36 R & R4 KRB
UESE A AT 55 09 BH R s A5 vk IR, O 1 il 2 Al
IS5 T 00 v s R L A PR 3R 6 K i il 3
KL IZAT AN, D8 | T8 B 8 R 11 g 2 56
filt, Be A 5 H 257 SRR G5 & B W30 4°C VKoK, B
BT RS AT T, e i 3 2 R A AR AR K
T HLA FEAE I AN IER AL, B I B H T
Py (R IR S A A R 55 T i T 4 S G 3 AR
2, Ho— VB B G A B UE R R
TAEAE I E B ) KOA BERILRY || FEH R &2
T Rz oA R vk T ST AR L T P R o A
RUAR B 78 AR HP AR T op B2 “TE” [ RFAIE , 1A
FEIMFIE I, A8 [ 2 0075 5 R 1 KOA BEAY
FESIIRAE 22 0 B M 0 U 22 2 8 A K D 1T 34 4
A MR R PE bR U, 78 H R A BLRI AT BE 2 06T K
B ASHUARAR | I 2 AT A i B 8, 25 A o B
PR AILEE IR 5 H = i 25 5 8 19 & R T JE Wi i) o =
CUET AL R PR BT R B AR T BE R
KOA &t B v AR (s B ) , B8 2 R I LA
FEAE — P BDR S, 3 F 1 aA A A55 8L o oy 4t 57
AR UEZS A RN B A KOA “ " BLRY 1 4% 09
PRAR AL, [F] B 340 & B0 1 R 8 | B A v B IR AR R
ik, R, 1% 8 A G B AR B B S E
oA a5, 3 HLAT FR AR AR X T B, ] S R AR A R A
U AL A

25 Lk 78 KOA“ M 5% 55" L ERIE Y 48
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Establishment of a miniature pig model of myocardial fibrosis
induced by iron overload
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[ Abstract ] Objective  To establish an animal model of myocardial fibrosis induced by iron overload.
Methods Eighteen Bama minipigs were randomly divided into an experimental group (n = 15) or control group (n =
3). An iron dextran solution was intramuscularly injected every seven days. The first dose was 400 mg/kg, and the other
doses were 200 mg/kg. The control group was injected with the same volume of normal saline. One to two Bama minipigs
were randomly euthanized 6 days after injection of iron. Cardiac tissue sections were used for myocardial collagen volume
fraction (CVF), semiquantitative myocardial iron, cardiac iron concentration ( CIC) measurements. Results ~With the

increase in the number of injections, CIC in the experimental group showed an upward trend, and the proportions of

[EE£TE ] EK A RFEIES (81641066,81760305) , [ K A A BIHAL -4 51 B (202210598039,202210598041) , 6 5 T 2 b
YR B 95 9 T A S 2 T O ( GIWIWDP202208 , GIWIWDP202209) , I PB4 30 & QT35 B ( YCSW2022203) ,

Funded by National Natura Science Foundation of China (81641066, 81760305), National College Students’ Innovation and Entrepreneurship

Program ( 202210598039, 202210598041 ), Open Project of NHC Key Laboratory of Thalassemia Medicine ( GJWJWDP202208,

GJWJWDP202209) , Innovation Project of Guangxi Graduate Education ( YCSW2022203).

[MEBEB A CTITHI(1997—) 35 et L0 5E A, DFFE 07 18] « MU Bk TP 1R . Email :353909595@ qq.com

[EBEEE]ZM1977—) B FATER, 4 W57 10 MR AR 212 . Email : doublep@ 126.com



P E S2EEh AR 2023 4F 5 H A 31 555 5 Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5 599

myocardial collagen fibers and iron particles were increased. The total amount of injected iron was highly correlated to CIC,
myocardial iron, and CVF (r = 0.957, r = 0.971, r = 0.957, P < 0.001). CIC was highly correlated to CVF (r =
0.924, P < 0.001), and myocardial iron was highly correlated to CIC and CVF (r = 0.973, P < 0.001; r = 0.944, P

< 0.001). Conclusions A miniature pig model of myocardial fibrosis was established by intramuscular injection of 400

mg/kg iron dextran as the first dose and 200 mg/kg iron dextran as the other doses. More iron particles deposited in the

myocardium led to more severe myocardial fibrosis.
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A E e, SRR YL (A ( x 400)

Figure 2 Prussian blue staining and Sirius red staining of myocardial tissue of Bama miniature pigs( X 400)
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Figure 3  Scatter plot of CIC, CVF, Prussian blue and total injected iron of Bama miniature pigs
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Table 1 Comparison of CIC, myocardial iron semi quantitative and CVF determination between the experimental group and

the control group

L MERRHR BE (mg/g TH)

Cardiac iron concentration

DL E B

JBe AR T E

I £ 351 sardial iron semi quantitative se
X)L,%}( f\ﬁﬁ/ (me/g dry weight) Myocardial iron semi quantitative Collagen volume fraction
Observation WA (n = 15) MB(n = 3)  LRU(n=15)  MHU(n=3)  LRU(n=15)  MEL(n = 3)
item/values Experimental Control group Experimental Control group Experimental Control group
group (n = 15) (n =3) group (n = 15) (n =3) group (n = 15) (n =3)
AL Median 1. 660 0.260 0.0186 0 0. 1466 0.1115
KA Maximum 2.900 0.280 0. 0342 0 0.2770 0. 1121
£2/IMH Minimum 0.510 0.240 0.0019 0 0.1017 0. 1089
A -2. 666 -2.671 -1.955
P < 0.05 < 0.05 0.051(=0.05)
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WLET AL )RR E A 15y, B8 28 5 1E 6 BE 2 H e ok I
W 22 5, Pl = STV T I A5 AR N 2 &
gt OV BARRT AL SR S T RCHGA B 2 R
af RPIR SIS0 WLET 4 Ak, AT G830 B R 5
A BEME IR B, W] D Rk B0k ORI
R A R A B Wi A AR R R A S
( non-transferrin-bound iron, NTBI) {} #{, NTBI ;&—
FIRTEE A e B 20 I 2 VE R ) BT, etk G L4
Ji, S0 LY AT AR RSP 3 B e AR AR 1 &
Tk B R A TTRAAE , 38 B LA 4E1L
3.3 BES/NERGKERBONAENNRIERE

DL HTET X2 3 28 5 By O WLEF 4 Ak 3 1 Y
iR/ UL, BRI PR A sk e CIC AT Al
BTGB O LA b Y 4L S PR 24 A AT
HORHIME CVE 727, Moekad 2% B LT 4
b7 H AR B R 0 I 5 CIC, CVF #E47 R M, CIC
D5 25 R 7R B A T SR 500 O B0 22, S5 36 241 1Y)
TS B EIN 2 CIC SRR B A IEsE T
AL R i B R TR T O L, Rt
L ARSI LD T SR R0 00 O s, AT N O AL
BRIk, SEgR R R v WS FC I A ) S 0 R
AR AT RE S O LA A 0T i 3

e g O LA 20 BRY) R R BE
TSR TR S 38 A, o0 JULE 2% € JB0RE 5 0 JULRR BB
FA) TR AR R g 4 o, L TR 22 AR T A e ] o, 2D
AL, 5 RE A R et 3 R s A
e Jensen S5 DA JE] B K I S A T I A R R
140 mg/kg SFHIRAETTET ] 13 A~ H 19 13 H kil 4%
INBLRE BT )0 WL & g U] e 45 2R BOR
—2,

KRG DN SR B Y] B BoR |, W&
TS RRFR £ AR R, I s £ A o0 WL T T FRGE
s
3.4 HEH O ENLREITRY

FEST R B S CIC LD NLEREE B (CVF Z )
JEMIE (r = 0.957, r = 0.971, r = 0.957,P <
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0. 001 ) , £ 75~ 38 =5 LA 3 S5 45 700 1 73 T DA 3 it B
T/ NRURE O IE Rt 28 KO LEF 44k, CIC 5 CVF
ZIAIE A SE (r = 0.924,P < 0.001) , BaWA.CoEER
U= L TN | 4 B Ay Y5 s N[ K el o
CIC Z [l A (r = 0.973,P < 0.001) , Y=L
B Co A ded A8 T i, g i e e v 2k UK 5 T AR
PEF R LB, O NLER A E /S CVEF Z 18]
S (r = 0.944,P < 0.001) , 156 W00 LA At 10] 5% 4
ERIBR DU Z | D LA LR AR

FEGIT e e rh  SE 8 40 S5 % IRAL CVF (1Y
ST X BT R B0 P AR K] R A
H: (1) MR Z 8] CVF {EAFAE 25, 3570 %) BE 2]
/NBURERY CVF (B R 5 (2) FE 3 A0 117 40 i e v Al
O3 SRR O WL AR B i, S B S 4 5 0 R
4 CVF HZE A,

25 A L PN T SRR AR AT DA 0 LA
R, RS RO LA R e B, PR S S R
SR BRI B AR SR T ) 5, A R A BB Ay ™ 1 Ak
T BRSO WLEF AR AR 5T A 2 2 A4, J5 24 it
— PR R S AR ) N 3 S R R R L
(X4 Aot 28 RO LT Ak ™ T RR B A5
3.5 BEIHRIHBONFELIMERNE X

B 5 T a A B 6P RS % RN 5 Rl
HRESE AR EFEF2AMER™ ) EWA
AL TRRAS S BPIR A BRAS AR R W] BE 23 & e N Bk
i, W I AL RE

Bad a2 B EORIE RO WL dE AL, kg pE O L
LT YA AR T 40 i A0 3 5 ) A 2 A L T
O LGSR T A B A 3 s A 61 0 IE D R TR Ot
EOEMERPEXEE JFEEENA R
Sh)ar, FEWFAR SRR R, TR 4R v SR e fE % B
A YRR DT T 0 LA 2L, 8 R 1 0 LA e 2
JEARUA &, 7m0t 2% 5.0 WLEF 4 Ak 78 st () I 3
A3, DML ER IR G TS 4, X 5 CIC,
CVF B9 A ah Al — 2, B0 LA 4 AL AN 52 Bkt
FOFEE R W, 6 7 k0 W e gk ief () sg ), PR U
R A D DIREER Z AT, A O LA 1T I
A REERIATT , Bl /D B 28 0 A B R S i ]
BT | SE 2% 0 WLET 44k, DA 52 B0 3 g 1Y
WL SRR AT A I B A IR YT
WG WA HEALER HE A LA ST T

H I, L P9 B0 WL 42 ( endomyocardial biopsy,
EMB) 2120 WA 4E ALY « S br it (B I A5 4

DPERS A AR S B A AR Z2 RO & 0E , HIA
ACREXS /N RO LA TR A TR R A 25 2 77 A
SRARIR 22D R s BB AT DL R AR 2 K
A F B /N B T kAR R RGO L T R
R H L MRL 47 5] 93 B8 2 Tk A7
iff 2 A A M), DT R SR A K A 7 IR R TG
BIVE O HLEF AL A E B PGP —Fh 2 T H
Zx E IR i E UL T S R O 400 me/
kg, T LR 1N 200 me/ke (9 BEMEIT 2%, 1 15 %
AT LR ST 4k et 200 LET 4 b B /N R A
AU Ak 28 B O AILET 4 A 5395 17 4 9 BIL I
WA G AR T,
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[#ZE] B# @ FshhkS 4% (TAC) RHE _LRE (1S0) 7S & A &M % (SHR) 3 Ff ok Boo LA
K (cardiac hypertrophy, CH) %], &AL AR 5 R OO WU kA 22 50 FiE sEBEMENE SD 1 SHR KR
(X HRZH 2 WKY) 37 3 R, TAC 5 FHE - IR F AR (n = 5) FI TAC 4 (n = 14) ,TAC 44T TAC FR,
BFARAIATERFAREAE, ARJF1RFE 5 150 155 FALBL - R IEE XA (n = S)FISO 4 (n = 11),1S0 4 H
BT 2 58S 1S0 5 me/ (kg-d) , 18 X MR 21 3 43 45 A AR UK, 5 H 2 WK, 742 10 d; SHR S HBLEL4
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(WGA) R B (0, JE4 7.0 WU SAL T , 0t 25 SR i DR O 40 B I3 B, DA SE Rt 5% /8 £ PCR BEM P 45 5%, 45
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BEMERI(P < 0.01), TAC 1 SHR BEAI K 50 L LU B35 5 AR 1) B0 1 [ 41 4k, 1SO R BLCo LA
ZUR KIARE E YRR B2 4E 4k, TAC F1SO 2H K BlO LR R T AR 34 1 M3 n (P < 0.05) ,SHR KR TC i #FE22
5t, TAC.ISO SHR R 720l 345 175,568 Fl 279 4~22 Rk ILH , [ MER S iE AH 515 53 #% 1 PI3K/AKT
TRPEAE 3 PRI [R5 4 2 RN FA T[S SR JAK/STAT 554558 I ) 2 AT R e St B 4 | SR 58 8 &
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[ Abstract] Objective To compare the pathological characteristics and transcriptome differences among three rat

models of myocardial hypertrophy ( CH) induced by transverse aortic constriction ( TAC), isoproterenol (ISO), and
spontaneous hypertension (SHR). Methods Male SD and SHR rats ( control group: WKY) were used to establish three
models. For the TAC experiment, SD rats were divided into a sham group (n = 5) and TAC group (n = 14). Rats in the
TAC group underwent TAC surgery and the sham group underwent a sham operation. Each group of rats were fed for 5 weeks
after the operation. For the ISO experiment, SD rats were randomly divided into a control group (C) (n = 5) and ISO
group (n = 11). Rats in the ISO group received multiple subcutaneous injections of 5 mg/(kg+d) ISO on the back of the
neck, whereas the control group was injected with the same dose of saline twice daily for 10 days. For the spontaneous
hypertension-mediated CH experiment, SHR rats were considered as the model group (n = 5) and WKY rats as the control
group (n = 5). All rats were normally fed to 16 weeks of age. Echocardiography was performed and plasma ANP levels
were measured to determine whether the CH rat model was established successfully. Then, survival rates, blood pressure,
hemodynamics, and the cardiac mass index were calculated. Heart tissues were stained with HE, Masson, and wheat germ
agglutinin ( WGA ). Transcriptome sequencing was performed in myocardial tissue to screen differentially expressed genes
and analyze their pathways. The sequencing result were verified by quantitative real-time PCR ( qRT-PCR ). Results
Plasma ANP in each model group was significantly higher than that in the control group (P < 0.05). IVSd, IVSs,
LVPWd, and LVPWs in TAC and ISO model rats and LVSd in SHR rats were significantly increased (P < 0.05), while
LVIDd and LVIDs were significantly decreased (P < 0.05) compared with those in the control group. The survival rates of
model rats in each group were 100% for SHR, 81. 82% for ISO, and 35.71% for TAC. Compared with control groups, the
blood pressure of model rats in TAC and ISO groups was significantly decreased (P < 0.05), whereas that of the SHR
group was significantly increased (P < 0.01). HW/BW and LVW/BW ratios in each model group were increased
significantly (P < 0.05). Hemodynamics showed that HR, LVESP, LVEDP, and dP/dimax were significantly decreased
in model rats of TAC and ISO groups (P < 0.01), whereas all indexes in SHR rats were significantly increased (P <
0.01). The myocardial tissue of TAC and SHR model rats showed a heterogeneous network of reactive interstitial fibrosis,
whereas ISO rat myocardial tissues had a large area of repaired interstitial fibrosis. The cross-sectional area of the
myocardium in TAC and ISO groups was increased significantly (P < 0.05) , but there was no significant difference in SHR
rat. In total, 175, 568, and 279 differentially expressed genes were identified by transcriptome sequencing in TAC, 1SO,
and SHR models, respectively. Autophagosome, cancer-related signaling pathway, and PI3K/AKT pathway were co-
enriched in the three model groups, while drug response, relaxin signaling, and JAK/STAT signaling pathways were only
enriched in TAC, ISO, and SHR model groups. qRT-PCR result were consistent with the transcriptome sequencing data.
Conclusions CH was successfully established in TAC- and ISO-treated rats and spontaneously hypertensive rats. The
survival rate, blood pressure, hemodynamics, degree of myocardial hypertrophy, histopathological characteristics, and gene
expression profiles in CH model rats were influenced by various induced factors.
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LILAE K (cardiac hypertrophy , CH) S0 XS 5

S B0 A B — PR ROV, SR DR Kb 32 45 Y
OIRE , I A R I 2> 1 A AR B Bl 78 Sy A ]
W R B, B BLL BT CH 2R
o MBI B O ) i AL T/ 25 L (H
Y4 A RBANH CH BRI7 Ik, @ ST AU 8
YIRS IR ARG CH A bLf AT AR, i
Ak, ZFh CH B S BER gk 3 (A8
RREAY 2 [] (8 S A M JF A W, PR T 0 12 e
5% CH AR K L], I 1 B G S ] o, ) 5
FRAFE A R B 16 O B YR T R A

B S B ORISR A

ARSI ST T H AT AT/ 3 A CH
KB AR, £ 3 Kk 5 45 % KR ( transverse aortic
constriction, TAC) . 5% N '& I lt & (isoproterenol ,
1SO) %5 & Al A & % & 1l & K B ( spontaneous
hypertension rat, SHR) , #i i b ZFp CH £ &L, 7
B[Rl B PR 3 A 7 1Y K B CH S AL 139 K 0 e i
HE— 2R AV SR DN P AR 537 3 i CH K RS A
O Z mRNA ik 22 57 40 sk 3Rk iy 2tk
TR, BER AHER YT CH AR bR £ i 52 104K 45 , o
NANTE] CH Sl Rl i 1o 4R Ao A8
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1 #R5F=E
1.1 ##
1.1.1 2R3y

35 H'8 ~ 10 JH#® SPF Zifitt SD KL, 190 ~
250 g, H TR 3 ve SC 50 sh A PR 28 ml R HE[ SCXK
(71)2022-0004) . 11 J&# SPF 2% SHR KRl 5 H,
WKY K5 2,200 ~ 240 g, fidb 5t 4 F4E
SEG B ) B R AR 2 F R R [ SCXK (&) 2021 -
0006] . THFEIRES RS EE¥E I 7E 22°C , I AR 4k
AL 2°C  AHXEEE TE E , 6 IR 12 h B A ]
FE T W VL R 2 K2 3l W S0 B b0 [ SYXK
(#7)2021-0012]) , S50 28 W7 VL B2 25 K 2= sl W) 4
548 B A 2% 3 2L HE (TACUC-20190826-02)
A shy £ N R 55 1 R S AT
L2 EZEF SR

1SO T-¥5 (SIGMA , 15627-5G ) ; 5 % k% ( 7745 F
A M) H AR A BRI ] ,20190902) , ANP K57 A
(FE R HE A ) TR A BR A R, HB0) 5 & hirdH
( v 1 28 4 A A 2 1 R A BR 22 7], 20130609 ) ,
Masson E@ﬁ%@(&lﬁ%ﬂﬁ( B DR AV AR A R
N, 20181026 ) ; WGA ¢ {4 ¥ ( Thermo Fisher,
W11261) ;RNAiso Plus & RNA $EHURAF] £ ( TaKaRa
S H), AJI1051A ); mRNA ¥ # 3 X 5 &
( PrimeScript™ RT Master Mix ) ( TaKaRa 2\ ],
AJ60588A | AIG1952A ) ; % Ot 5& 5 i ] & ( SYBR
Premix Taq™ II ) ( TaKaRa 7 &}, AJ613332A;
AJ20706A) .

Vevo2100 /J\@j%ﬁﬁ??Z{%%%( Visual Sonics,
IR s B RT3 ( BUY) (Jbnt BRpE R L
ARA R FE], ) ; Frescol7 6 X% % B O AL
(Thermo Fisher 23 F], 35 ) ; ALC-NIBP (8 i& ) Jo
IR ZE I A (1 BURBHRE A W B A R A
A, HE) ;HM340E B4R 7] 7 #L  HistoStar 4141
HHL( Thermo Fisher 23 &), & [# ) ; Nana Zoomer £ F
PI R H 5525 (2. ORS, AN A F], H A) ; StepOne
Plus SERT2¢ 6 & PCR L (ABI A H], 3£ H) ; PTC-
200 % PCR 1% ( Bio-Rad 23], H)

1.2 A&
1.2.1 %57 TAC FirY

ek SPF 2% SD KBl 19 H 3 W PR 5% 1
Jo  FRAREBERL - A R TR (5 H) A TAC 44
(14 H) . TAC M35 SClk 4 38 BEAT T AR B4,

AT 7 22, 4 R B S UG R A7 PR I, B IS LA 47
BRI, 25 bR O BUI 78 6 A #R R B BR, KBS
MES AR B T T M )5 2 s B B 3 ks, 1
3-0 FAEL LR EAIK S IR EE, K HME 0.9 mm /Y
“LPIB AN E TSk D AL, 5L R 2
P SCPAI M T AR BRAS G L E3h kS LA
S, HARBRAES R TAC 4, B A KREARIE 3 d Wi%
SIS HE R 100 000 U, RJ5HFE 5 JH,
1.2.2 #7180 KRl

HEPE SPF 2 SD KB 16 H 3 W P 4] 9% 1 ]
Ja AR EERERLIM N - IE R IRAL (5 H) #1180 41
(11 H), IS0 AHBH AL T 2 fOES 4 = N H
EBRE 5 me/ (kged) O TEH X B 5 45 kA 2
oK, BH 2 K, EZE 10 d,
1.2.3  #57 SHR BEARY

11 JH % WKY F1 SHR KB, 3 W P 4] 9% 1 )4
Ja ,or¢ 9 WKY 41(5 H) Fl SHR 4 (5 H), 1IEH
TR s A,
1.2.4 REUMIK ANP & 5E

F AR BRAEALBERT 2 d A0 BUiLS 250 B2
FEFH 1] ELISA 3280550 &4 I K B i o HE A K
(atrium natriuretic peptide, ANP) & &
1.2.5  RRUC IR AL 2 7 2 D0

KEHIFR L, 1. 5% 5 BbE IR G AR5 TR
J& 8T Vevo2100 #7518 22 Ge #EAT O JIE i 7 )
RS K M AL 0 sk Ar 3 R KR 19 25 [H]
F% B B (left ventricular end-diastolic interventricular
septal thickness, IVSd) | = & &F 7K K ] N 72 (left
ventricular end-diastolic diameter, LVIDd) | 2 & J5 B
EF 5k R WIJE L (left ventricular end-diastolic posterior
wall thickness, LVPWd) | 7 % Wi 4 & 3] 25 (6] by J52
(left ventricular end-systolic interventricular septal
thickness , IVSs) | 72 % W 45 K 4% (left ventricular
end-systolic diameter, LVIDs) | Z& & Ji5 BE W46 AR HH &
Jics ( left
thickness, LVPWs ) | & 8 fij I} & ( cardiac output,
CO) ., 4 1ML 43 %X ( ejection fraction, EF ) I & 4l 2%
(fraction shortening , FS) 253845 .

KB 5 20% S hi3H BRI (5 mg/kg) Ji5 [
FE SR IT R S0 il AR S B DR
Az A1 SR AN 4 K B0 %8 (heart rate, HR) (/2
ZE Y 45 K HE (left ventricular end-systolic pressure,
LVESP) ZEE &7k K JE (left ventricular end diastolic

vebtricular  end-systolic  posterior  wall
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pressure, LVEDP ) | 72 .0 % fix KUK 46 R (left
ventricular pressure maximal rate of rise, + dp/
dimax ) . 78 0> B % K &F 5k 3 &R (left ventricular
pressure maximal rate of fall, —dp/dtmax ) f}AE4k
1.2.6 U IO A i

LEE SV N R A T D S N (DAY
& A REE AT RN R, A HOREIE 5K,
DIASE T 5 mmHg 22 5 193406, 720 ) il A6
108 K BU4A R (systolic blood pressure, SBP) & 5K
J% ( diastolic blood pressure, DBP ), TAC Z R J5
5 JH, 1SO FEHEM 10 d J& (SHR f 5% 5 & J5 50 il ik
A 1l )
1.2.7 o JJE 5 500 i A ZH 21 B~ LR

AEFER BT FICH O I, 25 BRI R 4 O B
15 (heart weight, HW) , XA O ZE )G, FREUAE L=
B9 1 (left ventricular weight, LVW ) Jf-11 8¢ 2 4
0> % H 55 (right ventricular weight, RVW, RVW =
HW-LVW) 420 Bt 15 80 (HW/BW) | 760 28 it ik
EE(LVW/BW) A OFEFEEE(RVW/BW)

R BAR O ARER I, 109 Hh i WY [ 5 )5, 28
K E IR I A D) B i HE 3 66
Masson Je {8, WGA Jea a2 AR 1k
1.2.8  Fesg N Ko sHr

i} TRIzol IEARBOR FLC LU RNA R
LHAR 2100 R W) 53 B A ( Agilent, 3¢ ) A

NanoDrop 2000 ( Thermo Scientific, 3¢ [ ) £ ] f $2
RNA WihE, FRREm BUR S A% IS, 70 R e 3
ARE) RNA FE AR A, M oDNA U 3C%,
ffi F Nlumina Hiseq 4000 M 5%~ 5 #5417 /& 38 12
P PR O XU 2 % 150 bp (PE150) , SCIEH
AR e A AN 51 AR W B B A R
eI o

FIHT Hisat ZRAFA5 DU 7 B 8E Lo X T2 75 JE A 4
b U Hex 4 SRR 2H B e s A R T M
AN i 1R B T 005 Fr BEER (fragments per
kilobase of exon model of million mapped reads,
FPKM ) oK J& 5 G 114k P ZE A R AR AS h i 38 F
KM edgeR BAFHEAT 22 S B I K 20y, T 1 I A
N2 AER(fold change, FC) = 2.0 H. P-value <
0.05, FIHZEFAAA (gene ontology , GO ) FI AL %k
RN A 2 B4 5 (kyoto encyclopedia of genes
and genomes , KEGG ) B4 2 X i & ) 14) 25 5 Fe ik
PIHETT GO 1 KEGG 3l % & 550 #7
1.2.9 qRT-PCR %:iE

FH TRIzol 124 B 4% Xof HEZH FH A Y 2 R Kl JUL
L1 RNA, W5 RNA 415 Rk B 3 % 5ok
¢DNA, il StepOne Plus 520 %€ % 5 & PCR A FEAT
qRT-PCR ¥ 3, JEDRI AR X 33k iR H 27 ki)
5. PCR WP H Y E TAY TR Big) AR
AFEIBIIFE L A5 FFIILE 1,

%1 qRT-PCR W5I4F51
Table 1 Primer sequences for gqRT-PCR

D SN AR FI¥IFI(5-3")

Gene 1D Gene name Primer sequence(5’ =3

24383 GAPDH F:GGCACAGTCAAGGCTGAGAATG ;R ; ATGGTGGTGAAGACGCCAGTA
25728 Apoe F:AGACAAACTAAGATCGTGAGACTGG ;R : AGCAATGGGACCAACAGCAG
24482 Igf1 F:TACCTGGCACTCTGCTTGCT; R : ATAGCCTGTGGGCTTGTTGAAG
56817 Kenip2 F:CTCGGTGACAATTCGCTCCC; R : TCCTCTACGCTGTCTGGGTC
24602 NPPa F:TGGGGAAGTCAACCCGTCTCAG ;R; GCGAGCAGAGCCCTCAGTTTG
25105 NPPb F:GATCTCCAGAAGGTGCTGCC ;R ; GCAGCTTCTGCATCGTGGA
29437 Actal F:GCTATTCAGGCGGTGCTGTCTC ;R : GGCGTGTGGCAGGGCATAAC
114851 Cdknla F.TCCTGGTGATGTCCGACCTGTTC; R : GCGGCTCAACTGCTCACTGTC
25317 Fefl F:GACAGGAGCGACCAGCACATTC; R : TGCGAGCCGTATAAAAGCCCTTC
29237 Penk1 F.CAACTCCTCCGACCTGCTGAAAG ;R : CCATACCTCTTGCTCGTGCTGTC
25211 Lyz2 F.CCTCCTGCTCTCTGCCTCTGTC ;R : TCTGCCAGGCTGACTCCATAGTAG
266766 Rcanl F:CACGCAGCGACAGACACCAC; R : TCCTCCTCTTCCTCCTCCTCCTC

100188937 CoxTc F:CGTCGCAGCCACTATGAGGA ;R : AGGAGCAGCAAATCCAGATCCA

25661 Fnl F:AGGCACAAGGTCCGAGAAGAGG ;R :CATGAGTCATCCGTAGGCTGGTTC
362429 Mfap5 F.CTTGTCGTGGCACTCAGCATCC; R : ATGTCTCGGGTACGTCATCTCCTC
84032 Col3al F:AGTCGGAGGAATGGGTGGCTATC; R : CAGGAGATCCAGGATGTCCAGAGG
292949 Perp F:AGCGGCTCCTACGACGATGG ;R : GGCGAAGAACGAGAGGATGAAGC
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1.3 SitESH

AT BRI EE = PREZE (2 + 5) FoR 2R
M ZDaeBdE KL 53 BT/ Graphpad Prism 8 #EAT
Geit a3 A, 45 R oK Mann-Whitney 3F 5 46 56725 46
5y, Z 4 IA) L AR A B AR J7 22 20 M ((one-way
ANOVA) 447 %R ] Log-rank test K56 Hu 0% B2
SRR R bR 22 ¢, B S A B AR R o e TR
M) A% = T2 ( https ://www. omicstudio. en/
index) ,P < 0.05 AERAGITEERE L,

2 #HR

2.1 FiEXR

S kB, ATl CH ALK BRUAF 16 SR AN [,
TAC#H AR M ARG KRBT, IEEE R
35.71% , 5 F AR, 7706 R W F HEREAR (P <
0.05), Z5 R & 1A Fr /R, 1SO 4 17 3 & A
81.82% , SIE W X HMAAM L LR EMZES (P >

L SIRFARMHIL, " P <0.05, (FE/ZER)

0.05) ,Z5R WK 1B Fron, 16 A H SHR KR
AR TR ITCAET

TAC 417 37 13 2 v 38 43 oK BRI i A E s & A
T MRS B W R AR, 150 BALEE Ny b # o
LH|, K RAEES 1S0 J5 R BN 16 shigi 2> ik
KRN, F S AL I S W, IR A B sh Y AE
TG 15 ~ 35 min WA AFEIE,
2.2 I3 ANP 8=

W 2 s, 500 SR TR T 5 X 2
WKY ZHAH [, TAC 41 . 1SO 4H F1 SHR £H K B ifi 3¢
ANP F# R EFE (P < 0.05),
2.3 BEOHETL

FE 3 A LRI A TAC 411 1SO 41 KRR TVSd |
IVSs .LVPWd 1 LVPWs 5T A 4 FNIE & %F B4
YR FEWIM(P <0.05,P <0.01) ;5 WKY A,
SHR KF LVSd & JE (P < 0.01) , 1 LVIDd £
LVIDs S E &K (P < 0.05,P < 0.01) , L3 2,

B 1 TAC FIISO FH SR A R EFINL (x £ 5,0 = 5)

Note. Compared with sham group, * P < 0.05. (The same in the following figures and tables)

Figure 1 Survival rate of TAC and ISO induced model rats(x + s,n = 5)

T SIRTFARLMIL, ™ P < 0.01; SIEF XA, ¥ P < 0.01;5 WKY 41411k, 4P < 0.05, (FEI/ZER)
B2 A4IKBULEE ANP(x +5s,n = 5)
Note. Compared with sham group, ** P < 0.01. Compared with C group, *P < 0.01. Compared with WKY group, P < 0.05 ( The same

in the following figures and tables)

Figure 2 Plasma ANP of rats in each group(x + s,n = 5)
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F2 HKAKRBRLEOCEBHESEINE(F £s,n=5~9)

Table 2 Changes of ultrasonic indexes of left ventricle of rats in each group(x £ s,n = 5 ~ 9)

TEEFFHRA AEWEAAN  EEEER

LEWLRAR  AEEGEEET AEEJREE

am EMEEE  EWEREE NG WP RRBURE SORBRE Ao I
Groups (mm) (mm) (mm) (mm) (mm) (mm) EF(%) TTS(%)
IVSd( mm) IVSs(mm) LVIDd( mm) LVIDs( mm) LVPWd(mm) LVPWs(mm)
1 - Q
oA 1.68 + 0. 11 2.96 = 0.31 7.61 £0.52  4.35+0.61 2.34+0.33  3.60 £0.41 76.30 + 8.33 47.29 + 8.25
Sham group
4
TAC Al 2.66 +0.16™ 4.09 £ 0.46™ 7.07 +0.29 3.36 = 0.59 301 £ 0.26 4.50 + 0.40™ 84.04 +4.19 54.81 +4.96
TAC group
1EH X IR
C group 1.81 + 0. 11 3.27+£0.30  6.93+0.27 3.48 £ 0.31 2.05+0.25 3.45+0.20 81.20+4.09 51.36 +4.51
4]
180 41 2.83+0.27% 4.13 £ 0.36% 6.60 £ 0.47 3.52 + 0.47 2.65 + 0.30% 3.83 +0.34% 80.31 £4.70 50.55 + 4.90
ISO group
4
WKY 4L 1.62 + 0.23 2.94 £ 0.59 7.03 £ 0.49 4.08 £ 0.70 2.08 £ 0.28 312+ 0.43  74.43 £ 8.07 45.14 + 7.41
WKY group
4]
SHR 2 2.31 +0.23% 3,20+ 0.36 5.86 + 0.74% 3,53 +0.74% 2.68 + 0.61 3.65 +0.51 76.88 = 6.60 46.90 = 6.30
SHR group

W SIEREXAM L, P < 0.05;5 WKY A, %P < 0.01, (FE/ZRF)

Note. Compared with C group,

2.4 EzhkiE

25 2R UM A 2 25 R A 3 o, SRR
H I, TAC B2 K B SBP i F K (P < 0.05),
DBP fi Mg HEFIFARE(P>0.05), 5
IEH T BRZ EE ,1SO 41K R SBP \DBP #415 E F#AIL (P
<0.01,P<0.05), 5 WKY #1t,SHR £ K § SBP
F1 DBP ¥ 5 25 (P < 0.01)
2.5 DEEEESH

mnz 3 frow, o0l 5 F AR IE# X AR
WKY ZHAH He3E, TAC 4 . 1SO 411 SHR £ K B HW/
BW . LVW/BW L AE 4 & F 3K (P < 0.05,P <
0.01) , 1 ISO 2H K KL RVW/BW {4 K (P
<0.01),
2.6 IMiFzhHZE

FHRBULTREN 24 R I 4, 5 5 1RT

#P < 0.05. Compared with WKY group,¥¢P < 0.01. (The same in the following figures and tables)

ARLHFNE 8 X AR L, TAC 411 1SO 44 K KL HR |
LVEDP . + dP/dimax L)}z ISO #1 fil TAC 4] -dP/
dimax 4 FPEFEK (P < 0.05) , 15 WKY Z0H]
I, SHR 20 K K. HR.LVESP. + dP/dimax . —dP/
dtmax Fl MSHR 2H LVEDP ¥ i ZPER
2.7 EDERBHLPFENE

XA R R T O N BEY) R 2 B (16l 4) HE
Pe 5 R BR BTF AR IEF XA A WKY 4K
BRLC T A5 TE 7, O U200 JH HE 5 5 5%, 440 i 1) B ¥
Wi, TAC 20 . 1SO £H 1 SHR 2H K B0 L4 e HE 1) 25
AL, O ULET 4 07 B 1A 38 )R, 5 M AL 75 45 R —
. Masson YL 2h g R | AR ZH m] WA 0
YA BAEE AR A J2: , TAC 2T SHR 2K Fts
WU ZUET 2 fb S AN 550 1 IR 0 A7, S 30 0 2 S i
PEIR]REF4EAL 1 1SO 21 R BLO P9 A R i AC7E BE

B3 HARKUMIEZE(x 5,0 =5 ~9)

Figure 3 Blood pressure change of rats in each group(x £ s,n = 5 ~ 9)
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®3 FARBAEECOEERESHEM(x £5,n = 5~ 9)
Table 3 Change of body weight and heart weight parameters in each group(x £s,n = 5 ~ 9)

205 T (g) OTE/ETE (mg/g) fel BT /KT (mg/g) A0 i/ AR (mg/g)
Groups Body weight(g) HW/BW (mg/g) LVW/BW (mg/g) RVW/BW (mg/g)
3 4
[RFARAL 459.40 + 22.21 2.62 +0.13 2.16 £ 0. 11 0.46 = 0.02
Sham group
4
TAC & 449.25 +9.22 3.07+0. 127 2.64 £ 0.09" 0.43 £ 0.03
TAC group
= iR 4
IER XA 281.40 = 5.02 2.95 +0.05 2.04 £ 0.04 0.55 + 0.01
C group
SO £
150 4 266.80 + 1.85 4.25 + 0. 08" 3.49 = 0.08" 0.77 + 0.01*
ISO group
4
WKY 4 307.40 £ 7.53 2.90 = 0.05 2.41 = 0.06 0.49 + 0.01
WKY group
S 4
SHR 2L 286.40 + 3.91%¢ 3.37 = 0.04%¢ 2.84 + 0.04%¢ 0.53 = 0.0l
SHR group

FOR M ZRARIRFE | 52 BRAE &1 [a) o 41 4 fb 4 a5
I SR FARH GEH X R4 A WKY 4HAH H, TAC
2 ISO ZH Il SHR 2H K B WILZH 20 Jie Ji 4 4k A T FR

o PEREIN(P < 0.05,P < 0.01),

1K EO WL HE Y850 Masson G4 4,

Figure 4 HE staining and Masson staining of myocardial tissue of rats in each group

WGA Yt g8 110 LAN o B 3 1 AL g SRl 5
FiR , ST ARG RN IE % % BRZHAH G, TAC 2H 1 1SO
ZH K BRO UL 20 i R AR e AR R R (P <

0.01), 1M SHR 21 K B0 L0 B AH 58 T WKY 2H K
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R4 SUARMLLEY)

e fb(x £s,n =5 ~9)

Table 4 Changes of left ventricular function of rats in each model(x £ s,n = 5 ~ 9)

G130 L3 bpm) RN E ] PN ]S VURES IN Lo E EORET
(;rou . HR(b ljn) K (mmHg) A& (mmHg) W 45 33 % (mmHg/ s ) 7K (mmHg/s)
p P LVESP (mmHg) LVEDP ( mmHg) + dP/dtmax( mmHg/s) —dP/dtmax( mmHg/s)
5] &
BT ALL 434.20 £ 2. 13 194. 50 + 6. 00 22.00 + 0.69 10 293. 74 + 445.02 5993.91 + 16. 89
Sham group
TAC 4 - o w
. 334.20 + 3.98 175.30 £ 2. 15 14.83 + 1.07 9144. 87 + 222.35 6741.25 + 624.59
TAC group
YT IR
I—ng:l;lgﬂ 429.83 £ 7.52 164.42 + 5.38 7.49 £ 0.75 6842.79 + 309. 83 4972.00 + 215.74
10 41 # ## :m i o
. 324.00 + 9. 88 132.23 + 4.44 3.94 + 0. 18 4195. 11 = 217.89 3653.95 + 205. 87
ISO group
WKY 41
270.40 = 21. 06 119.23 + 4.38 12.68 + 0. 81 5555.89 = 118.31 4504.28 + 163. 54
WKY group
SHR 41 && && && && &&
412.60 = 6.37 191.75 £ 0. 80 19.26 = 0.52 13 102. 66 + 110. 10 7768. 69 + 168. 08
SHR group
5 FAREOCHAL WOA Je(n
Figure 5 WGA staining of myocardial tissue of rats in each group
UIRTE 3 3 o AR 279 A (172 4 13, 107 AT 22538

2.8 HEEZER mRNA HiFIE

SRFARE | IEH X IRALM WKY 44 L, TAC
24 IS0 41AN SHR 41 K B0 e Hh 43 ) 4 2 175 A4~
(106 4~ 9,69 4~ T ) 568 4~ (408 4~ L1, 160

6

IKFEH (DEGs) ., #5454 DEGs #£4T Venn 4347, &
B Postn \Plcl2 , Ltbp2 . Tnc . Ncam] | Fibin LEFLHTE 3
A CH B & p 2y [R] sk 98, M0 Sertad2 | Vps37b F
Dede5 FFEHAPERT T (E 6)

A LB 25 5 IR FE Y Venn [EIFIHE]

Figure 6 Venn plots and heat maps of common DEGs in each model
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2.9 GO #1 KEGG & #f

B A B DEGs 4238 GO 1 KEGG B
JEHATE 5T, GO 4rHr iR, TAC Bifl DEGs &
BRSO | A A R A T Y A 1) 9
5 ATUBBUR R B P9 TR T 480 AL | 4 Jif 40 36 5 DNA
GG SR A IE R R (B TA) . 1SO R
A DEGs 3= %5 8 78 S0F S I | I i 2F 4 240 21

Toll FEAZAAF 530 I | [ W | 0 R 20 ML 0 e i 2k
H =Ry, LA R 4 % 42 (181 7B) . SHR #%
R DEGs 3 ZE7E 4 i AR T 95 A 22 53 4 20 M S
W1 G1/S BE45 45 A0 0T R 420 s 7 7 R4 B R
PRI T A5 5 30 5 AR SR DNA 25 /N
W EEE(E70),

2 KEGG 12 & 45317, TAC F5 DEGs £ %

T AT ARYL vs TAC 45 B IEH X HRAL vs 1S0 41; C:WKY 4] vs SHR 4,
7 SR IE R RIAFEIE GO FAELR
Note. A. Sham group vs TAC group. B. C group vs ISO group. C. WKY group vs HR group.

Figure 7 GO enrichment results of DEGs in each model
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HAHETEAME L ZE PASO XHAMNEY AR, A WA
A {5 5 i sk R (HIF-1 155 F1 PI3K-Akt 15555
(K 8A) , 1SO #i%l DEGs 5 #F M AR Ak %&b
BB AR B T N S R 2 AR S R (R

% PI3K-Akt 155 Fl Toll £ 52 K155 45 I A ¢
(K1 8B), SHR #i% DEGs F 55 4 7F [ Wik JAK-
STAT {55 JEE {5 5 5 s 25 96 Toll B2 K A5 5
PI3K-Akt 1554538 % (&1 8C) .

A ARFARLL vs TAC 4 ;B IEF 4 R4 vs 1SO 4. C. WKY £ vs SHR 41,
B8 £UIBim2s R R kI F Y Top 20 KEGG &4
Note. A. Sham group vs TAC group. B. C group vs ISO group. C. WKY group vs HR group.
Figure 8 Top 20 KEGG enrichment pathway of DEGs model

2.10 qRT-PCR I§iF

TS UE W e 2 SR i A] M R AL A R A
DEGs HiEH 2t 15 4> mRNAs #47 qRT-PCR KilF,
ZEANE 9 i, B TAC 4 Fgfl BH F k25 1k
REEEA(P > 0.05) , 5 PLE R A—504h, H
AL E T S 50 R AR —E

3 iTig

TEARBESE S T 3 Bl H AT FHEC N 12 1Y
CH R BB, TAC I1SO 1 SHR, 3 1 b & R [ A
TR ) BRASRAE 22 55 ) S B 3 oA 76 3 g 1y 6 B A o

W ANP & Th R, O MRS AE EORL O S BE R
BN K e EEFAR DI RERRAS , Hor 180 BRI R
B, O LA 2L B2 A 45 Al 7 3 il CH 52
RUFRAFAEAN [R)RR BE ()00 LA e 25 4 AL FLC WLEE 44
SR, 3 Flt CH AR K BTG RS [R) , 2 200 B2 4
TEBAETE —E 22 5, Fe /& TAC 211 SHR 41K i
O UL B P [ S £F 44k, 17 10 20k U2 B
SEVEN] BT 4T 4E 4k, 76 TAC . ISO F1 SHR = Fft 85 %1
o Ay BT3RS 175 568 Fil 279 N E R AR,
3 Pivhs RN 2 S 3R A JE R T B 4R 1 KEGG T8 i A7 7E 4t
PEHA R R A FARGFE a0, FF Wik 6 A AH 5
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B9 255 mRNA ] qRT-PCR HHiE45 5
Figure 9 ¢RT-PCR validation results of DEGs

5 R PISK/ AKT {5538 62 3 ARk ]
R A% M TAC LAY BE & 45 P450 XF SRR 4 ot (i 4K
RN HIF-1 {55538 #% | 1SO 6 80 0] & 4 21 b oth 2 %2
PAF 530 B% | Toll #5215 538 3% FN 241 i &R B 431
SHR B AL B A 5] Toll BEZ RS 518 i, i 4k
F|T JAK/STAT {5 53@ 1% .

I 2 A LR o 25 A | 32 400 o 2 T 400 L 25 S
FEAFORAEF: A BRENARMETHLHT O
FER BRI O T, B P9I A58 A AR ) 4 AR
b, O LATH ke 5 S 0 LA AR 1 e K S T
x5 R AN A AS T BE A, 2ok (RS B AL R
AT WL REZERL AR K e fF 98 3k 5K
W2 E5EES 59 AR, 2 PI3BK/AKT
YRR B F AR DG AR 5 B, 5.0 UIE R & 4
RIRFZHED O 2 A OIS S A v
TEEE s AL, R B AR A v R R R Bh ., AWEIE &
L, W (AR F1 PIBK/AKT {55 38 %76 ik
3 FBEAYR BRLO LR B 0 2 AR U] TAC 4

1SO 11 SHR K FLOWUE R & 45 PI3K/AKT 3 %
PR L2 B B A O, X RN BE 7R B 5 45 SR A
LR RIS S R UL, PIBK/AKT 155 &
HiAF T A WEAE A [F) B R 55 190 LIS K & 0 1
e B R SE, $E16) PIBK/AKT 155 &K HiE S
1) BEAR A AT BE LA A U (B IR T O ILIE K
YR

AR VF 2 I R BRI R, O 3 AT RE IS in T
S IXUSE | 1717 988 JE S5 Ao F [R) A 185 M0 % A SR B T
%“‘Hﬂ o IR KB, TAC FARF[ER Postn T
E N R A K AR S — S0,
TEABFSE T, K TAC ISO #1 SHR =F CH #H 5
Y WL Postn 6351 ' 2% A, I I A A5
53 % W AR X 2D IR SO AR B
it ARG

WFSE LRI, FA 5 2R 32 AR5 5 7E 10 BRI g
FEFUOE . PATHER 50 i S R4 E AR G, O
RAFYUAT P b SR LA s R £k
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AL 1SO 5 B0 LA BRI 7110 SR A it
RIAYT RIFE AT LA 1S0 15 51 CH FLO JILEF 4
R WA TR, A5k 3 IR YT T DL 4 SHR
RO T A AL B 8 s (X TAC 5
SO ED RERE R TT O R Y S AR g 45
BEAR 2, YHETA S R F T RO UL KRB
B i R 58 A A, AN 45 R 4R 78, 10 AR Tt
FNER ZARME 5 5.0 NIER X R ATRENL T SHR
BERIFT TAC FEHD

RAEATIIR AU IERI & R DG HE IR 32 . Toll 4%
SEARJE TR PN Z A4 38 5 P00 It A= 4 S
RIS AR S5 A O 3 TR 5 A AR R E R
IO, FERLA G P15 h R AR BRI . Toll £ 32
1N 4 (toll-like receptor 4, TLR4) VE R —Fh BB 4 IE
PAT PR WA TR i 22 W R £ 2 2R 1 A N TR PR T
PR, JF 16 AL e 5% 7 18 5 1 «B (nuclear
factor kappa-light-chain-enhancer of activated B cells,
NF-kB) %, e 25 A 5 B 7 i Bl ™ . DARERR
FUUESE, TLRA A A7 G- 1 A SR 75 S0 LA
KEGFEM 2 BB 5 & B, M TLR4 REHE AL
RERE ISR 150 75 T 1 R BlC WL AR IR 2o 14 2y
fE, AT AR SHR K B AILER 38 A K2 ax
5 1SO Al SHR 45 4 v 22 BB 45 R L AHAT . JAK-
STAT {55 J2& 1815 20 M JEE S I 1Y) 73 — G B iR AR
STAT 2 JAK 1 EAZIEY, T2 508 BLEUE 5 MBI
L FI AN AZ P, O H. STAT 2 A A I8 15 15 2 RAE
DRISEER R IA . Fu 5717 18 JH I Y HEdE SHR
RFG LSS 2ILE A AB R ALY JAK2 A1 STAT3
FORIE . S ANRITSE R B JAK/STAT {5 578
J8 F B k47 K 180 1755 19 R RO I ZH 2 b )R
WAm 7 BAAARBES T JAK/STAT 15 52 SHR
R BB R e S P T A B, {EL T RE AN SRS 1% A
255 JAK/STAT i B AT 5 10 22 5 3 15 2 R A 0 42
Z ., ARG WM, A4 RA SR ETFE CH
J AR BT B2 ) 0 S 9F 9 T, 558 8 5 e i 3
BE A B 1 I 1

25 LR AN | i3 3 2 O LI
RALSE LU AR SR TG R 5 7 T PF A 1
TAC IS0 75 T Ml F APk LKL 3 A CH A AL ]
o BRRFE AR 19 25 S, D30 o 5 it 28000 e 20 B W fy
TR RS0 CH &9 SE R =ik i 3t
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[ Abstract] Objective To compare three kinds of yang-deficiency STC rat models by a combination of disease and
syndrome evaluation to provide an ideal experimental animal model for TCM prevention and treatment of this disease.
Methods  Sixty-four SD rats were divided into blank and model groups. The rats were treated with loperamide
hydrochloride combined with 0°C ice water by gavage (M-1 group), loperamide hydrochloride combined with dahuang
decoction (M-2 group) , and white vinegar and 0°C ice water by gavage alternately + loperamide hydrochloride by gavage
(M-3 group) (16 rats in each group) to establish the three yang-deficiency slow transit constipation rat models. The blank
group (n = 16) was administered the same volume of distilled water by gavage. Model groups were established by the
corresponding method. The general condition of rats was observed during modeling. Rectal temperature, food intake,
voluntary activity, stool Bristol score, and water content were measured at fixed times every week. After establishing the
model, the discharge time of the first black stool and the intestinal propulsion rate were measured. Rat colon pathological
changes were observed by HE staining. Colon mucous changes were assessed by PAS staining. Colon 5-HT, VIP, and SP
were analyzed by ELISA and IHC. Results Blank group rats before and after building without exception. After modeling,
rats in each model group showed listlessness, lethargy, and crouching. Some rats died during modeling. Mortality was in the
order of M-3 group > M-2 group > M-1 group. Compared with the blank group, the anal temperature, food intake, and
voluntary activity of each model group showed a downward trend during modeling. The model groups were compared with the
blank group as follows: M-1 group: building 3 weeks of food intake, autonomous activity was obviously decreased (P <
0.01), building 4 weeks of rectal temperature and fecal water content were significantly decreased (P < 0.01), building
5 weeks of Bristol stool scale was significantly decreased (P < 0.01). M-2 Group: building 3 weeks of rectal temperature,
food intake, and autonomous activity were significantly decreased (P < 0.01), building 6 weeks of the Bristol stool scale
and fecal water content were significantly decreased (P < 0.01). M-3 Group: building 1 week of autonomous activity was
decreased significantly (P < 0.01), building 2 weeks of food intake significantly decreased (P < 0.01), building 4 weeks
of rectal temperature, Bristol stool scale, and fecal water content were significantly decreased (P < 0.01). HE staining
showed no obvious pathological changes in the colon of rats in each group after modeling. PAS staining showed that the
mucus layer thickness in the colon of rats in each model group was significantly reduced (M-3 < M-1 < M-2). Compared
with the blank group, the first black stool excretion time in the model groups was increased, and the intestinal propulsion
rate, and 5-HT and SP in the colon were significantly decreased (P < 0.01). VIP in the colon of M-1 group was
significantly increased (P < 0.01). Conclusions The STC model of yang-deficiency can be established by the three
modeling method. The rat model established by intragastric administration of loperamide hydrochloride combined with 0°C
ice water has the advantages of low mortality, good safety, stable yang-deficiency syndrome, obvious changes in stool
characteristics, and significant pathological changes in intestinal motility. It is an ideal model to study the STC pathogenesis
of yang-deficiency and the effect of traditional Chinese medicines.

[ Keywords ] yang-deficiency slow transit constipation; rat model; disease combined traditional Chinese
medicine evidence
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Table 1 Evaluation criteria for collecting rat signs of yang-deficiency syndrome

Il R B PNERITE SN RN T8 AR
Clinical manifestations Rat signs Evaluation index
RIES E PN KT JIT il e
Fear cold and like warm Body temperature of rats Anal temperature

N Ak gk 22 el AR
Bloating and tolerance Eating state Food intake
fithtea FRas 23 i H:iEghi

Mental burnout

Mental state and exercise conditions

Voluntary exercise

1.2.3  RE MO IET- R

TR RIS R RS o TS O, iC SR A R
FUGESN I R B RN SE FLME R B R
JTCHH B3 €075 132 55 AL B P o R 30 S R RRE T4,
1.2.4  REACEE

T A ) g ] [ S B T SR FH R T 3R S0
FA K B 0 5%, 45 A KRB, 575 .
FLHETE DUPEA 75 B R A B R PE,
1.2.5 RESFERENE

T A ) g ] [ S B T) A SRy A W 0 A R
HEE ITESHARRAFYERE, iFH LT,
KE 24 h i = (BEHINE AR 24 h 55
AERHE ) /R 5 R TR R B A B gh 27
FKI
1.2.6 KEAFEESHENE

TSI (] 4 J] [ 2 B[] 13,00 #4704 55 5
DI SE 25 2H R B A 205 g, S0 3 7 5 I A s )
FE 65 dB LI, Wit Ik 4 N T IR B R 2R
B W k% 100 em x 100 em x 40 em, IE FJ5
2 m AbJCE B F R Sk A AT S R A S
KK R E T M G B 5 min, LIS IR S K
RGO B 3 b e, I S IR, A R BRI B
2% 5 min, &R KRICRAKFEa G5 4565
FE AR T SIS T R R COR i R = 17
R, MREEH G OB s G AR | 18 S AR
RIG, FE T —A"
1.2.7  Z&fEA BITFEHIR (Bristol stool scale) P43

T AR [1) g S 31 ) L% 2 K BRS04
AR FRUESEAT Bristol PF43: 1 43« 40 BB e 116
52 40 WK R H ;3 43 B IR, (HL 3 i A 24

B84 o7 DR I B, D6 SRS ) B IR
356 45 SR JIEORE  WPRIE 7 55 KRE,
e
1.2.8  FfEE /KR
TS0 6] A i) [ 7 1) T) IS 2H R B 24 h il
SRR HARE, Jo A TR AR BT 5 PR T
THRZE B KR (SN -5 T8 ) /28 &
x 100%™,
1.2.9 BB RS HE HS I E] 4G
RS AR HLE R 4 HORR, 20 5 H
EIRE SRR (B H 2 mL) , ie P A 1 B ) 2
L FEASEHE R F ISF 1] 3 55 DA HE s i ) R
R L 0] 51— B0 B A KO 1 IS
1.2.10  Jis ffe kA
BRI T AL R A5 B AR ALK 12 h,
BEALIESRE 4 RRBRMEBEESK (B H 2 mL),2 h
J5 2R 209 5 17 3H JRR 1, It 2540 HE A B, T8k A 1)
B il B RGO S R 1) 2 1] 3 A B A
e b e FE 0 PR RS (R T B S5 7 HE R O ) BE
B e R ] B E AR x
100% " HHH A HEBER
1.2.11 HE Ze@ L5 i BAE 1k
TEAREE SR R HT 209 S5 $H JFR IR B, M S 4k
SUJE A I AT A B B A D 7 s &
IKGIANE G 8, F oK ik, R R 2 B2 501k 5 ~
10 s, FRAKMYEIE A 50°C 7K ol 55 ikt 7K
PWOREE , B I EE o 1k B R IK PR S A
85% M) L5 YLt 3 ~ 5 min; KPE3 ~ 5 s, BHJE
S A, W A WY b M R B, R
3DHISTECH ( Hungary ) A 7= Pannoramic 250 %5



622 [ S B AR 2023 45 5 A4 31 %45 5 W] Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5

DI O VIR AT EHGCR 4R SR 72
1.2.12  PAS Be (S AE IR W2 1k
ATIED) R B 2R UK IR A SR K Bk A 2R 1R K
Ve A SRV, 84K 5 min IIAT KI5, =
£ 10 ~ 20 min; 2% RG], KM 10 ming A
HARRYAA, Y% 1 ~ 2 min; HERF LB
2 ~ 5s, JKUE; H Scott #EAL IR HE , 7KV 3 min; 1%
GO, I 2RE U], PR B, R
FHZE 5 33 Sk 48 P R 23 ) A2 77 1) BA210Digital
Bt = H R BB RGN U) v AT R GR &
WL E
1.2.13  ELISA {EAG %5/ 5-HT \VIP |SP %3k
TERELE IR SR 209 55 R 30 BRI B, 5 6 25
AR, MATTT B2 3 em Ab ] EBTERZ) 3 em 45
WALHE B 5% BA 2545, 57 BT 0. 9% S AL s
VR S22 o B 73485 o 20 2R AR B &, BR
R BRI, FL B AR L 1:90mA PBS, {fi JHZH 21
WAL AT 2R U500 S MRAE 7250 v/ min 254
B0 10 min BCETEWAF I, R ELISA 546 I
ML &5 W 5-%% 4 % (5-hydroxy-tryptamine , 5-HT) |
P Y5t (substance P, SP) L% 1% 4 1% K ( vasoactive
intestinal peptide, VIP) SH,
1.2.14 G dd sl 4 5-HT \VIP SP K3k
AT F O 2K DD R IR AR IR EE 52 v
W (pH = 6.0), BB b i KOMFA 10 min, 45 8
min, FE KT 10 min; ¥ #1 )5, PBS ¥ 3 Ik, &
K 5 min EATPUSMES . BHIK N IR A AL Y S
HEAT LI £ 5 I —$t ,4°C 1 1% ; PBS WPk 5 i
TPt DAB 0 BC T 6 A9 DAB (W, i i F)
HA b BRSO, SRR T R Ay, By
FRE ZRIBK R i 20k B 6 B A i )5
WO MK E T 75% 85% 95% Jo/K LB, K
HAr BRI 10 min, TP PEA BT Al AR AR
RGN R AT EUGCR AR Bk DT RS T 100 A5 1
W AARAL L, 115350 >R 4 200 475 K 400 A . K]
% 4] Halo %4k 73 B 2 58 1T 5545 5 P45 BH 2 i
B (% DAB positive tissue ) o
L3 SHitEST
S EII M + PRUE2E (x £ 5) Fon il
FH SPSS 21. 0 #4744 73 A7, K FH Graphpad
prism 8. 0 KA, & AR BN E T 257
BT, W LUK 5 22 55 R FH LSD ¥ A, Jr 2 A 57 H
Tamhane’ s Hﬁiﬁ‘f,P <0.05 NESBAGIT¥E X,

2 #R

2.1 BAKRR—MBERILE

BEAY N ], 25 AR BTG 8l B s g
HIURA ) B AOGHEE AR IR OK 5
K/MEIE R, FA ST 545 FH B A STC B ALZH K
SR BLIE Bk > | S IR 9% NH 5 58 5 5 I 40
BRAT M LT AR S 98 5 TR b i 3R
M, ERREISZH R B AT, Hrh L M-3 4R
FRAET iR, M-1 A KRFS TR R (WL 2)

x2 FUHKEITFE(n = 16)

Table 2 Mortality for each group of rats(n = 16)
4159 FET B FET-H

Groups Number of deaths Mortality rate
ledl' lg fi . 3 19%
MM2 ngi ) 4 25%
M“giiﬂu » 8 50%

2.2 BEAKXRIRTH

TR A (AT IR JE A ARk, 525 A
bl , 53t 455 4 7 1 455 0 ) AT I T Ui S 0 T Rk
M-1HEERLS 4 R GRS N (P <
0.05) ,M-2 HAEIERLHE 3 JATF R ALIR W] W R R (P
< 0.01) ,M-3 ZH7E A 2R 4 J& JF b AL IR WY 2
(P<0.01), B4R 1,

T SR AHLE, " P <0.05," P <0.01, (FE/ER)
1 HHKBIEEE (5 £5,n = 8)
Note. Compared with the blank group, “P < 0.05, ™ P < 0.01.
(The same in the following figures and tables)
Figure 1 Comparison of rectal temperature of rats in

each group(x £ s,n = 8)

2.3 KXRHRETW
RN, 2 AR MR R g, 5
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2 HAM L, S 4 B i R R B g, Hodh
M-1 20 M-2 HAEE R 3 R W B EIR (P <
0.01) ,M-3 A /EREREE 2 Jil BE i W B AR (P <
0.01) , BRI 2,

2 KARBRHAEREIEK(x+s,n = 8)
Figure 2 Comparison of food intake of rats in each

group(x £ s,n = 8)

2.4 KRBFEHEBRLE

R ], 25 14K R A 3248 3 R 0 i AR
fb, SaHAMIL, S ER4 A Fizshw R0 TR
A Hod M-1 4] M-2 7SR 3 R A Fissh &
WAL (P < 0.01) ,M-3 HIEERAS 1 A A Fis
P BIEK(P < 0.01) , B4R LK 3,

B3 AR A EEIE I (2 £ 5,0 = 8)
Figure 3 Comparison of autonomous activity of rats in

each group(x = s,n = 8)

2.5 FBHEFEES BT ( Bristol stool scale)
oL
Bristol P53 F F 1Al 17 18 1E 48 1 8] R AR W58
MIZEREPEAR | EREIHIIA) 25 2 K BRZEAE Bristol 114370
W1 284k, M-1 4R FZEAE Bristol 143 R BTG
TR M-2 20 M-3 20 K 3% Bristol PE4r4
WRREGEH, 52 A4, M-1 4 M-2 4 K R3%

fifl Bristol PFAMEREAER 2 A = (P < 0.01) ,M-
1 4 M-3 2H KBRS (H Bristol PEAMFEERLEE 5 FH W i
FEAIR(P < 0.01) ,M-2 4K FREEE Bristol P47 1 58
55 6 I RFEAIR(P < 0.01) (WA 4)

B4 SHKRBBEHURITE LR (2 £ 5,0 = 8)
Figure 4 Comparison of Bristol stool scale of rats in

each group(x = s,n = 8)

2.6 BSHAREERSKERTNH

AR ] 23 11 4 R BRZS (2500 5 /KR T i
Ak M-1 41 M-2 K FREE SRk R 2 BT & G
TR M-3 R B KR IR R
HARPAA R, M-1 HEER 1 ~ 2 JAZ & KR
IR THE (P < 0.05,P < 0.01) , {E3E#155 4 W
TRE(P < 0.01) ;M2 ZH7ERRE 1 ~ 4 JHZE0H &K
HKIE(P <0.01,P <0.01,P < 0.05), {fEXE R4
6 B TR (P < 0.01) ; M-3 2H K B &k %
FERERLES 2 FRA SRR (P < 0.01) (LI S)

BS5 HHKBBEGTKELL (x +s,n = 8)
Figure 5 Comparison of fecal moisture content of rats in

each group(x £ s,n = 8)

2.7 BEAXRERREHHEE FEEEEN
525 FAAA L, AR 2% 38 1 2 R Uk JR A 41
HE BN (P < 0.01) , 525 H4IMTEL, A
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Je A5 SRR R Sl i a4 R TR AR (P < 0..01)
(WK 6),
2.8 BAEKXRFEMRELTL

HE Je 2521 BoR | k5, 25 A 4R A 4l
LRI BT = R BRI Z S5 M B e 5 5 3
HRSR T B A B2 AR L B REAR L e A R S E
RIS B, AR 2 K A DL G i b
I R A L i | R M T A= AR M TR B B [ A
JZE SR AR T 1 B AR A0 i 0 2D 25 B MO
90% K &5 i A DLW S BESAZ (WL 7))
2.9 BAXREMHBBREEETN

il PAS Jeta B iERE , 5 HAMILL, %%
B R RUZ R R W b, 25 3 BA G B X

(P<0.01) (WK 8.K9),
2.10 &BAKXRLER 5-HT VIP . SP EETL

ELISA Rl 25 5 o | 525 FA e, i 45
BRI KBS 5-HT  SP #k )& I B F& AKX, VIP ¥ &
R Fm, 2R B A REMEP <0.01) , HA Ll M-1
4 5-HT . SP W FZ A, VIP W e (WL 3) .
2.11 HAKREF S-HT VIP . SP RizT

G AR &5 R B, 55 A4l L, 45 88t
HR S5 5-HT SP R ILREL, BAGIH#E
(P <0.05), 5FA4HML, M-1 A KRIBiE
VIP EA R E A, BAGITEE L (P <
0.05) ,M-2 41 M-3 A KFHIE VIP HA LKL T,
EARAGEIFEL(P > 0.05) (1L%k 4,18 10),

B 6 HHAKBMMEN ALK (% +5,n = 8)

Figure 6 Comparison of intestinal motility of rats in each group(x = s,n = 8)

B7 SABHKEE HE 6

Figure 7 HE staining of colon of rats in each group

R3 BHKELEW S-HT VIP SP & (x £s,n = 8)
Table 3 Contents of 5-HT, VIP and SP in colon of rats in each group(x + s,n = 8)

205 Groups 5-HT(ng/mL) VIP( pg/mL) SP(ng/ml)
25 441 Blank group 3.62 £0.18 6.73 £ 1.07 9.12 + 0.86
M-1 2 M-1 group 1.22 £ 0.31* 15.15 £ 1.24™ 5.37 £ 0.49™
M-2 2 M-2 group 1.54 + 0.25™ 8.47 £ 0.98* 6.02 + 0.68"
M-3 41 M-3 group 1.38 £ 0.13™ 7.33 £ 1.12* 5.88+0.49™
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B8 HAHAKBMEMHLFHBIZEEDZI(x £5,n = 8) 9 KUIKEEE PAS Hefa
Figure 8 Changes of mucus layer thickness in colon Figure 9 PAS staining was performed in part of the

tissue of rats in each group(x + s,n = 8) colon of rats in each group

10 HHKRELM 5-HT SP Al VIP £ik
Figure 10 Expression of 5-HT, SP and VIP in colon of rats in each group
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®4 BUKML S-HT SP VIP Fik(x 5,0 = 4)
Table 4 Expression of 5-HT, SP and VIP in colon of rats in

each group(x £ s, n = 4)

20 51 FHPETE A 5 EE (% ) DAB positive tissue( % )
Groups 5-HT VIP SP
2314
=R4 7.74 = 0.87 4.86 = 0.58 4.39 = 1.40

Blank group
M-1 24 " . «
5.38 = 0.65 9.05 + 4.09 2.42 £ 0.41°
M-1 group
M-2 4 .
il 5.96 £ 1.21"  5.86 = 1.63 2.54 £0.40"
M-2 group
M-3 4 .
34 5.21 £ 1.39"  5.29 = 1.31 2.33 £0.98™
M-3 group
A \A
3 iFig

STC J2 1 45 FhIE #5 5 N 5 35028 W 3h 01 0l 55,
P2 TE 45 B v A% i D 1T 51 7 A I 6 B X
STC J& F B2 Al Ju k|, I R b PH 7 S 5 L
WERY . A IS A AE 2 F B EE A STC sh Al i
HEAL O AR AT M UE 45 A 3 AR R o £
JE, Dhrp B 24 B o0 SR R AR s 2% 1 5 0 2 A
BRI b BB R B e T ORI R
P UE” (1 PR R B T sh i 1= DUk
I EEF AR ARSI T BERERY 3 AR IR )
IR A R FE R B/ 25 W5 ER RV IR T e &2 1l
PHHE 7 STC R BB, R RV R T M2 I IR L%
FPURETS 259, 2 w-Bl v 32 AR 4 3% s 390, aTBHAE 2
e AEL B AR T 370 it 2 P Rl , AT 4900 4 i 3 7K 43 4
V2% fig T s 2 I K P 25 A s ) Y AR R
R T RRAT A IR PR STC 5 1 A4 B B4 45, T
SRR S YA & HOETA N STC 557 i £ 24
Pyt AR AR FHER BRI IR T Wi A [RIB, 45 41
SrERA ANR A FE IR B RE | S S STC (% FH
FEUERY I R 5T 22 B PH B IE STC &% £ th T 55
FAER TR, ok BE A I FE B 254, R S i
TG/ SR H PSS I N 2, T EUEE B A
FE5 , BH U iz 1 2k F il B, B FE N &5 N g,
FEHEE R R ZE K, T A, L B2 T T £ B
W Rt T 0y | B FEEE A T BO AT, AT
PRk KRR RREA ) ARSI M-1 4R AR R
TEUR T BEIE A 0°C vKOKVE 15 s  M-2 4R FH R R %
WR T IR B R BOK FORHE B3k M-3 4R AR S
OC VKK HE Y + ERMRVE IR T e B0k, &5 Al ik
BER [ AI7E 45 d, £ 6 PHIEE RS STC (995 PR ML 22 i
PRFFE, SCBRE5 R WoR T IG 25 AT 4R BUE 3h
Ban R A 7, B R GE B ATRLH: ik

BPOKIEFR /M E & T 45 318 A5 2 KRR 7 2 5
JE YIRS P 2R BE Bl TCH 5 55 | 5 i i AR
IR, LTI TR R R A
TGSk D, A5 A B BE R UE I R 2 B, [ i 4%
R ZH R B H B e s D Ao L B [D 184 i 3 4
AT R S S KR R, 5 S
SR —ET R 3 ARy S RE S Rl & i
HEFY STC K U

ARSI AR IE L R R R B, AR 3 RO vA Y AR
B i BH R 7Y STC R BB TRY | {HL7E v B 2 A 1 iE
i BRI VY 25 2 i M B RS a) B R g vk B —E
ES TREEREN M-1 40 M2 HAE3 ~ 4
PRPF R IEE R B, M-3 47655 1 8 B S BLBH K 0 e
F HA Tissh RS 3 ~ 4 HA/NEETE, #2
7R M-3 41 PH R U fi % 80 8BRS fa) B | (L E e e BUR
FaaE ., M-1 41 M-2 20 FH 5 Uk B A H) B T M-3
A ARTEfE R PR, JE I Bk B, FEVE B AE R
ML M-1 HRBRAEERS 1 ~ 2 JHZE{E Bristol 71
G GEAEE KRB TS SRS 4 JE 2 KR
B TR, 5E 5 2808 Bristol PRI B A M-2 41K
FRAETERES 1 ~ 2 JE 2848 Bristol PF43 W 8 IH i, 78
WA 1 ~ 4 R EZEE SRR BT, 725 6
JEZEAE Bristol P43 F1 1 /KR B WL FR AR, DL LS5
AR M-1 M2 4K ROK RS R HER 5 T
ok ATAE Rt THE B 0°C KK FT K B K B &
|, e R AL A p M-1 AR TR M-
22, M-3 2H KRR 3 A T I 28 T T ) W el A 2
AR TR AR M-1 20 —30, s 6 Ji 25 b Bl K R
TR 2Rl A A B R i A R R I
%, FErf DL M-1 41K B R RS HE s B ) B K
TEHEDER AR, HAL, LB B R AE 3 Pk 4
JrF ,M-3 R BRAE T e m, HIkCh M-2 41,38
TR M-1 41, X P61 R RS & B M-3 41
FET K SR AS [ 2 B A i T Bk <L o i o
MBS T M-1 41 M-2 ZHAET- K B HY B 5 o L
KB, VU LS5 T 3 Ry s, DLER R v
WR T R 0°C VIOKHE S (M-1 21 ) 2 1 <7 1Y) B R 2
STC K EURBALELATSET 1A%, B FHR IR RO R E
1 A B S () 5 T LS5 i o g e R B
PP A o

A WFFE R STC B A 45 iz 7 o M 0 &4 44 el
ARUSOT B3 iz i RE T R | 45 B A i s T A
FL B R A, M A B M B e 2 S
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T LA Rl 5T, A6 R 9 R 8 ) b & AR
F,40 5-HT  VIP SP 45 5-HT HAG #3558 %iE sh
1 1 BB AN o M R DI RE , BF9E B STC K fLAS
5-HT ZERFEAR™, SP & Ml (0 2% 45 M b 485
JoT, AW L A2 2 i 3 0 sl B 1, F 9
/N STC HB ML SP & AR VIP & T kB
2 ST 2 — , A BT 57 W WL 8018 25 1 32 sl 1) 4R
R0 JE T v b e B, L R K S 45 B
FEAMK, BT ER STC K VIP F£ikThE™
ARSI A2 R B I HE G4 8 8 30, #5 1A
2 K A5 W oA DL B 8 5 B R A, 5 A I AR A R —
B R 3 Al AR R RUAE B 1 R TP
Y, (AXTEE7 PAS Yett B, 454 K BRUBH 2
JEL O S b HE AR R M-3 < M-1 < M2, fH =
BG4 5, 256 A R R 5 KR 38
FEPRPEAT 45 5 $E7R 3 P il ARy 32 Y i 3 K R
S 7 0 A T R AV T BRI, AR S
Y5 HE— 2% 4% i AL K R4S W 5-HT , VIP  SP 6
KB, 4 AL S-HT  SP 234 I W FR A, HE P Ak vk
K M-3 < M-1 < M-2, &4l VIP Fik AT+,
AL M-1 AT & B, R AR g2 B
X, $ER 3 AT I REAEAS (IR BE L 3 R RS
W16 2l Bt (9 BEAR AL, (H DA R PRV R T R &
0°C VK/KHE 'S (M-1 41) P g (Y BH B Y STC K B4
¥ 58Iy 3 A% i W A ) o B Ak Ay 2

ZE TR A 98 79 TR 45 A VR 7 2k B SR
e XEFE 3 FRPHEE AL STC K BR 0 A5 Qa4 7 % H i
5%, R LLER BRI R T Be kA 0°C VKK H (M-1
20 ) R EENT B R BB LA JE TR AIK R e PR T,
PH RS, Kl MR ok AR BR 2 | B 3 8 ) B A
S BRAR AR 0 25 A DL A5, TAE Ry BH K Y STC &2 S ALl
RAH I BE 24 25 W e F S SR A58 i BRARURSE Y
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SE SF 5 A A I AT AT X /0 B Lewis il
R AR A E 5T
WA HREC AE KA, ERE
(1. T BERL KRS ERE A FE 050000;2. VAL FRIIZAE MR A BRAE A ZE 050000)

(FZE] B 85I E A0 R0 C B AT AT BT /N B Lewis Jitis 200 B 0% 300988 1 T, 0 B G FH 25 B4R HTAIL
W, Ak @S/NRE T M Lewis JATEART 43 %t BEZH R STHG2H | 20 51 28T 98 790 w8 2 3k 8 A A1 5 R 7T 7T 6t , 370
/)N BRI /N RS S R 8 A0 R T R ] ke /0 R R A 4 3 A 9% A Ak X S 0 BE A 1 AR Ak 3E 5T
Western Blot %46 COX-2 ,Bid ,Caspase-9 %R I IRIAKT-, HR ZEREA N HI AT AT 5% /N B Lewis fifidg B
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Anti-tumor effects of celecoxib and pentoxifylline on Lewis lung
carcinoma in mice

GUO Moran'* , JIA Xiaogiong®, DU Juan®, ZHANG Shaoran' , GONG Jiayu®

(1. the Second Hospital of Hebei Medical University, Shijiazhuang 050000, China.
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[ Abstract] Objective To study the anti-tumor effects and mechanisms of celecoxib and pentoxifylline on Lewis lung
carcinoma (LLC) in mice. Methods Mouse tumor models were established by subcutaneously injecting cultured LLC cells,
which were divided into two groups. The control group was administered solvent, and the experimental group was administered
celecoxib and pentoxifylline. The tumor size and volume were measured twice a week to observe the tumor inhibitory effect of
celecoxib and pentoxifylline. Pathological changes were observed by immunohistochemistry, and the expression levels of COX-
2, Bid and Caspase-9 proteins were measured by Western Blot. Results Celecoxib and pentoxifylline had an inhibitory effect
on LLC in mice. The median survival of the experimental group was higher than that of the control group, which was related to
inhibition of angiogenesis and induction of LLC cell apoptosis. Conclusions Combined celecoxib and pentoxifylline inhibited
LLC growth in mice by suppressing angiogenesis and inducing tumor cell apoptosis.

[ Keywords] celecoxib; pentoxifylline; Lewis lung carcinoma cells; anti-tumor effect
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2.1 /IERAHEE LLC A RKRESREF

FIFH 7 b S0 W2 4 i 2E RS LLC 4 il

B AT WLASELI Z2 98 | 2% R BE AR I, 48 BT i
2 ERIERE PR (K 1),

B 1 Jte BB A KRS

Figure 1 Light microscope observation of cell growth state

2.2 Celecoxib #1 PTX BX & {F FREAFIELE LLC A
B E K

WERRT 1, /N BOGSE I A MRS B
U B R LA RN R | BE R
W o ER /N IRAT SR 22 | B B R FOEE P
AR I8 A RE IR, I 3 /0N BRI AR B A R, R BAT
BIAE B IRIHE SIS,

TE: AR ABUEIL B3 4RI

FEARAE 2 J] S I A bR AR AR A T o A, A
ZH IR R 130 ~ 140 mm® |, X6 BEZH 1 52 56 26 4y
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2 WM KON HRARR 2RI A R 2, 4
2514 d B, S50 RE AL R e, S 56 2H B S/ X R
(K 2), Celecoxib 1 PTX kA fifi H ik i 43 R4 4E
2z LLC M AR,

B 2 Celecoxib 1 PTX ikl /N LLC B i A= <

Note. A. Tumor volume changes. B. The largest tumors in three groups.

Figure 2 Treatment of Celecoxib and PTX inhibit LLC tumor growth in mice
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2.3 Celecoxib #1 PTX B & A BE B AN E K
LLC Ty /R E 7758

Xof B 2H RN S5 20 ) LLC g 98 /N R A A7 0 b 45
Gt B/ B o K AR A E] 20 mm 5% H [ 4R
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JiRg B A K AR LG il /N B AR A7

3 Celecoxib Fl PTX #EK: LLC farf8 /ISR o3 A 73]
Figure 3 Treatment of celecoxib and PTX prolong median

survival in LLC tumor-bearing mice
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ZIICAE, 3 RARE D o 7 B FUE S S 50 2 i
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2.5 Western Blot i%# il Bid, Caspase-9, COX-2
FRix

Gz 40 B 8 T AH ¢ B Bid M2 Caspase-9 13
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PTX B FH 24 38 2o 41 1 0 12 8 1 28 3k B ofil i od
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B4 XFPRL S ) HE Jefh

Figure 4 HE staining of control and experimental groups

.5 PBS MHEL, * P < 0.05,

B 5 Celecoxib Al PTX BA i HIfE#E T Lewis filifiE 40 i g8 -

Note. Compared with PBS, * P < 0.05,

Figure 5 Combination of Celecoxib and PTX promotes LLC cell apoptosis
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2.6 Celecoxib #1 PTX Bx & & BN HI 7 By o 1
i=3:05:95

N IR ICY) CD34 K5l T Celecoxib A1 PTX
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. Celecoxib H1 PTX XF LLC fai98d /> KU 145 (191K
B PRIEA

B 6 xR FMSZIGA WM EFRICY) CD34 Wzl b

Figure 6 Immunohistochemical staining of the vascular marker CD34 in the control and experimental groups
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Effects of combined creatine phosphate sodium and trimetazidine on
echocardiography and cardiac serology-related indexes in rats
with alcoholic cardiomyopathy

LI Xiaodong, LI Jinguo™, YOU Sujun

(Cardiac Ultrasound Room, Union Hospital Affiliated to Fujian Medical University, Fuzhou 350001, China)
Corresponding author: LI Jinguo. E-mail: Ixy1990@ 163.com

[ Abstract] Objective To investigate the effect of combined sodium creatine phosphate and trimetazidine on
echocardiography and cardiac serology in rats with alcoholic cardiomyopathy. Methods A rat model of alcoholic
cardiomyopathy was established by chronic alcohol gavage. After successful modeling, rats were randomly divided into
creatine phosphate (CPS) , trimetazidine (TMZ) , creatine phosphate + trimetazidine ( CPS + TMZ) group, normal saline
group (NS), and alcohol (AL) groups. The study was conducted for 8 weeks. Echocardiography was used to measure left
ventricular end-diastolic diameter( LVEDd) , ventricular septal end-diastolic thickness (IVSDd) , left ventricular posterior

wall end-diastolic thickness(LVPWDd) , and left ventricular ejection fraction( EF). Serum creatine kinase CK-MB, high-
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sensitivity troponin I ( Hs-Tnl) , lactate dehydrogenase (LDH) , and amino-terminal brain natriuretic peptide ( Nt-proBNP)
(1) Compared with AL and NS groups, LVEDd was decreased, EF was increased, and CK-
MB, Hs-Tnl, and LDH were decreased in CPS and TMZ groups. (2) Compared with CPS and TMZ groups, LVEDd was
decreased, EF was increased, and CK-MB, Hs-Tnl, LDH, and Nt-proBNP were decreased in the CPS + TMZ group. (3)

There was no statistical difference in each index between CPS and TMZ groups. Conclusions Both creatine phosphate and

were also measured. Results

trimetazidine have a therapeutic effect on alcoholic cardiomyopathy, and their combined effect is better than that of either

alone.

[ Keywords] alcoholic  cardiomyopathy;

serological indicators
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[ SYXK( [#])2022-0001] . ASL40 A #2E ) 40
M R BL K S0 5 sh W 45 BR8P 5L & AL
(FIMU IACUC 2021-0491) ,
112 FEEH SR

TS B R LR B (A= 7= T 58 Mg 1147 J1 245
AR F], eSS [ 25 E 5 H20053430, ALK »
0.5 g/30) s I EAMhmE (A=) 5 RE4EHEZ oA
BN b ESCS . B 25 1E S H201000770, B4 : 20
mg/ F) ;60°40 B3 F M Sk (AR R bt
BT HEHESCS  SC110015010349 , MK .5 L) 5
S/ N CK-MB ik (4] % INVUTROGEN 23
H), it 5. CK1553093086 ) ; ELISA i 7 & (4 72T
K. LIV EAE YR A R A A 5 F15213 (rat
CK-MB) . #t 5 F15151 ( rat NT-proBNP) . 4t 5.
F16113(rat LDH) ) ; Hs-Tnl #3350 (4577 %,
ABBOTT 2w, 416542237 M200) ; #8712 Wi {X ( GE
VIVID-7 DIMENSION ) ; H 3l 43 7 A% ( 36 & 0 K%
ABBOTT AXSYM SYSTEM) ;4> H g4 4643 4% ( H
37 7170A AY) 5 35 5 FL4SE ( PHILIPS EM208 ) 4%
1.2 FHik
1201 TR MEO WL R BRUBSRY il 25 K s 43 4L

ACM K SRS il A 2 B SR A 48 0 B 7
3, BIR FH 0 A R ke S Ry 1 s o
BEAYZH K L B P 2 B | S LR A B ARG,
7L Bl 48 bR A2 % AT 5K R I AR (left ventricular
end-diastolic diameter, LVEDd) B} i 38 K | 220> % 5t
M43 %% (ejection fraction, EF ) B B Y8R | 1My Co JUE I 775
“F38 Fr A 3 WL R B [A] T (serum creatine
kinase, CK-MB ) . EENEEA 1 ( high-sensitivity
troponin 1, Hs-Tnl ) | % F& K ¥ Jisi 84 JR BK ( amino-
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terminal brain natriuretic peptide, Nt-proBNP ) | F fig
i & B ( lactate dehydrogenase, LDH) 3 B & T /&5
P T B 7 UL TR ik o i S At 19 X R B UL 5 I
TRAP e B B A7) B3 A e i — 2D WF T, SR T Tk 44
o2 BRI GE B 20 me/ (kg - d) AR LI 49 ot
B LR I B A B 1 DR T, S 1 3RS B4
(SIS RICR AR SR T 30 me/ (kg - d) MO REIR LR
B LA LA () 50) 2 60 i SE A R E AT W5, BEAL Bk
HH AR 60 HIBHE O WU R B, o HEREAL
JRBERRNURR 1 2H (CPS 2H) (i SE MR (TMZ 4H) |
BERRNLER AN + HhSEfthR 4] (CPS + TMZ 2H) EFEE:
JKZL (NS 4) KRS (AL 41) 3t 5 4 F 4145 12
H, Hrf CPS AP R 8N 30 mg/ (kg-d) I8
TEST + 30 mg/ (kg-d) B4 HERKHE S s TMZ 4H T
S PEER 7K 30 me/ (kg d) HEEVEST + 30 mg/ (kg
-d) LML ETHE E ; CPS + TMZ 41T ® AR LER 8 30
mg/ (kg-d) I BEEST + 30 mg/ (kg-d) 1 25 fth W
B NS 47455 A LR K 30 mg/ (kg-d) I i 5
+ 30 mg/ (kg-d) EBAHEKES AL H T4 B4
PHERIK 30 mg/ (kg d) HEHETEST + 30 mg/(kg-d)
509 RGHE L E OO RER 10, 3L 8 JH
1.2.2  EP S WG R R U P O 3 R bR

I FH GE VIVID-7 DIMENSION # 7 2 Wi 4% , fic
£ 108 Bl 7 Rk K RS BRI B 11,5
MHz, #3200 cm/s, RIRIER 2
2.5 em, R ROE M 3% 50 HEZ 4 (0. 15 mL/
100 g) JEIETEST . KB ARBARS G, B i i wif
6 SR JE S0 E TE IR N PR b AP EM i R
I AT 3004 A, RSk TR IS BERES R S TR
SR P 1 20 G A S e 3 Y Y R L A S
87 T I 1 A 2 e Lk LK P DD T et D B
iZ MO R AR R [E) R AT gk R R
(ventricular septal end-diastolic thickness,IVSDd) .22
= A BERT 5K K W JE B (left ventricular posterior wall
end-diastolic thickness, LVPWDd) . Z2 = &F ik K A N
£ LVEDd  Ze. 2 SF L3 20 BF 5500, AT
OB B 3 220 3 A 5 IO 1E
1.2.3 Bkt Kl ke

A R BURR A, 282 2 S BRI 8 mL i & T4t
BEE P AL AL, ek 2 2500 o/ min, B0
SERUR IR, T R ST 10% KC
(977 AR SE R BUR , S7 BIV T i B R B I, Tk
RO NI O LA 2 T 5 [ Wb, RN

1 mm X 1 mm X 1 mm,ﬁﬁj{?’{ 4°C E’\J%fﬁﬂlﬂﬁﬂﬁbb
IELHZUHH 10% 45 78 Sy MR P A TR AT
12,4 OFEITE A8 hn R

(1) FIE S P2 W B S VA4S R B CK-MB N T-
proBNP .LDH FEIK K

BEBHRRMERY, & FT=RTS ~ 10
min 8 H AR WS 20 min J5 188 56 48 TH EL
RS, A L HFOIAAS [V BE AR i 5O L, BF
AFLMAMLE 10 pL, 285 IAFR AT B 40 pl;
BRZS FAFLAN, bR ff FLARE AR FL A5 I ACAS [v] B4 462 0
PUIA 100 L, FH 35 A B8 38 43 S 0 AL, 37°C 7K i 5 Ui
H 60 min, FF R, WAKLAA T, BEFLINA TR
W, FE 1 min J5 B AVERWR, A VMR S R, A
Y 100 L, 37°C#EEIEE 15 min, f 5 A LR
W 100 pL 7F 15 min P RE £5FL R AE, DL IR A6
K EL CK-MB NT-proBNP . LDH f 357K F

(2) fb22 R GIEAR IR B Hs-Tnl FRIA7KF

P A 4 A sh k2 K6 B b ik 47
FEALAR IR, B 200 pL KRR FEAS A = BOULES 2R
e RAEASHE S, 54T 10 min AOTR AT, SR 5K
TRAEAG HE S AR AL 40 L 433 AR S48 S L
PEAFRG IS R . PR 200 L TR A0 A REAS ik 3] 5
HOULES 10 6 RN TR MR BE AR HE S N, R R
TRATATE 10 min, PEELZ T FFLAD BE AR50 45, B
K EUMIEFRA LLAEFL 40 wL 2 i 8 A 24 13500 L
1A, BRI 96 wL ik 2L 1,
AR 120 pL PRGBS F% ARl 2 3 v o
Je A VLRSS & A H 8 1T S8 IR R shil
i, Rl R BRUM I AR AR 1 Hs-Tnl Fik7KF-,
1.2.5 O NUHZUE S Bk A

Sl bR A AE 3% 1 -1, 5% £ B W EE-0. 1
mol/ L B TR 2% ik 15 A1) ] 2 Y [ 42 120 min, 28
TH VR IS TE 195 R - 1. 5% VA% 5 AL A it 1 1Y
] R W AR SE [ 2 90 min, 2 it 3B VR BE ) 2B E
WK AL BLS | IR 48 i 618 A 1551 ] 7 ki 21
e, HH A AL R 2 70 om, BV L) 1 mm®
KNV R, B Ja 2 T SUR AT i IR A e ()
FH PHILIPS EM208 7135 5 HL B2 E 47 00 4 R
1.3 FiITES

N FH SPSS 22. 0 GEiHR A BE AT 5E 1 H2F
SAHTALER BT A BE Y E O IE + bRiEXE (&
s) KFIR A AL LR B 2 2200, R
LSD #i55, P < 0.05 NERHRITHEX,
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2 FR

2.1 FAAAXRSKREAKXRBE O3 E RO
mEFZiEIRL R

RERYZH K B 5 25 1 A R By 8 A5 .0 3 BT A
AL, BEALZH LVEDd 325 A3 R (P < 0.05),

IVSDd .LVPWDd f EF 325 HZHW/N(P < 0.05)
BEAYZH 5 25 7 21K BURY O JE AH O 2B AL 48 b A L,
CK-MB Hs-TnI ,Nt-proBNP .LDH #45 HH#K (P <
0.05), Hro HBIRIA K A B st
FETRL) 8.5 % (6/71) , K KB 4 HFE T H B
HEANRE 2 APk (F£1,5R82),

F1 FEAHARRSHEMAR RS OB EIER L (2 £ 5,n = 8)

Table 1 Comparison of echocardiographic indexes of rats in blank group and model group(x + s,n = 8)

251 ZE B FPIRAIINAE (mm) FEFREF KRR (mm) 205 5 BEET SRR BE (mm) SFiM 53 E (%)

Groups LVEDd( mm) 1VSDd ( mm) LVPWDd( mm) EF(%)

2< 14

2 AL 6.15 + 0.24 1.67 £ 0.03 1.65 = 0.04 82.74 £ 3.53
Blank group

es 71 4]

i 7.49 £ 0.31° 1.40 £ 0.03" 1.41 £0.05" 60.46 + 7.14"
Model group

WS AM LR, " P <0.05, (FHEM)

Note. Compared with blank group, *P < 0.05. (The same in the following tables)

F2 ARSI B OIE LTS F AR LA (2 £ 5,n = 8)

Table 2 Comparison of cardiac serological indexes between rats in blank group and rats in model group(x + s,n = 8)

ikl JULRR R ) T8 (ne/L) RIS 1(ng/L) SEAEA IR I (ng/L) FLAR b (ng/L)
Groups CK-MB( png/L) Hs-Tnl( ng/L) Nt-proBNP (ng/L) LDH(ng/L)
= FAl 112.37 £ 15.23 20. 14 £ 6.21 100. 42 + 22.74 134.74 + 23.33
Blank group

TR L

Model group 508.59 + 59. 84

83.67 + 18.86"

394.26 £ 59.26" 483.92 + 54.50*

2.2 EHFXWAKXRWESOIHEIERILE
KRR BB S L B AR bR e, 5 AL 4
AHEE, NS 41 CPS 4. TMZ 41 2 CPS + TMZ 41 1
LVEDd #38/N (P < 0.05) ,IVSDd .LVPWDd X EF
PR (P < 0.05) ;5 NS 4L AL, CPS 41 . TMZ 4
M CPS + TMZ #H /) LVEDd ¥3/N(P < 0.05) ,EF

IR (P < 0.05) ;5 CPS 4 A kL, CPS + TMZ 41
B LVEDd Jgi/N(P < 0.05) ,EF #5 K (P < 0.05) ; 5
TMZ 24 A1 tt, CPS + TMZ 2 %) LVEDd ¥/ (P <
0.05) ,EF #K(P < 0.05) , H i AL 41 3 HKRFE
St R PR S R ORI AE T (R 3) , & KR
M AU RO B BB AN B 1 R

R3 AUARRAGR AL EIEIR LR (2 + 5)

Table 3 Comparison of echocardiographic indexes of rats in each group(x + s)

21 5] n LEEFFHRAMNE (mm)  FE[EFREF KK BIER (mm) 722 5 BERT IR A AR (mm) S 1073 EL (%)
Groups LVEDd( mm) 1VSDd( mm) LVPWDd( mm) EF(%)
4
AL 9 8.17 + 0.51 1.35 + 0.09 1.34 + 0.10 49.50 + 6.95
AL group
NS 4 " 4 " #
12 7.50 + 0.25 1.61 + 0. 10 1.62 + 0.07 67.41 £ 5.43
NS group
4
CPS 41 12 7.29 + 0.31%4 1.55 + 0. 12* 1.58 + 0. 12* 72.43 + 5.37*
CPS group
TMZ 4
- il 12 7.30 = 0.36*2 1.58 + 0.07* 1.58 + 0.08* 73.13 + 4.79*4
TMZ group
b 4
CPS+TMZ 2 12 6.85 + 0.30"°4° 1.61 = 0.09* 1.60 = 0.08* 79.11 + 4. 42#0A0

CPS + TMZ group

T AL 41IA,#P < 0.05; 15 NS 4L IL4E, 2 P < 0.05; 5 CPS AL ILHE, 4 P < 0.05; 15 TMZ A LLE:, O P < 0.05, (TR
Note. Compared with AL group, *P < 0. 05. Compared with NS group, P < 0. 05. Compared with CPS group, 4 P < 0. 05. Compared with TMZ group,

OP < 0.05. (The same in the following tables)

2.3 HBRWHKRHE O EFEIRER
A SRR B0 BIE L3 AR AR LA, 5 AL 4

FHEE,NS 2H .CPS 4H \TMZ 20 % CPS + TMZ #H /Y CK-
MB  Hs-Tnl Nt-proBNP & LDH ¥Ji8/N(P < 0.05) ;
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B1 AHKR M BGEA.OZE

Figure 1 Comparison of M-mode echocardiographic images of rats in each group

5 NS 4Lk, CPS 4 . TMZ 2H ) CPS + TMZ ZH 1Y
CK-MB , Hs-Tnl , Nt-proBNP &% LDH ¥JU§ /) (P <
0.05) ;5 CPS HAH I, TMZ #H % CPS + TMZ 1 HY
CK-MB Hs-Tnl } LDH ¥/ (P < 0.05),CPS +
TMZ 211 Nt-proBNP J8/N(P < 0.05) ;5 TMZ 4141
b, CPS + TMZ 21 fY CK-MB  Hs-Tnl , Nt-proBNP J%
LDH #38i/N(P < 0.05) (£ 4)
2.4 FAKXRROAESBIEMNILE

AL ZH R BRC LA B SRR /NS — | ik, /T

WASIREAR (—) , G5 AN T8 5 0 SR AR Ui 5 it
Wil (=) WLEFHEAK B, HEFI KL, L E W (A);
NS ZH R BRCo UL AH A 2 hr 1R i ik 35 B d | A5 A8 0], 2k
KRS HES R 2500, WL 4 HES) R B 55 fE AR R
VR 2L, TMZ 2H J2 CPS 20 K B JULZ At 8 b A4 2
T, R AR g HE S 25 AL, LA 2 HE ) ke 5%
CPS + TMZ 20K Bt WLAH B e ki AR K /NI 57, 25
FRESERE SRR UG B I ( + ), LEF 4 HES Bt
F(#) (K2),

B2 AAURRGO LB L

Figure 2 Comparison of myocardial electron microscope in each group of rats
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R4 FAIEAIRRAOIEM AR L (x £ 5)

Table 4 Comparison of cardiac serological indexes of rats in each experimental group(x + s)

2057 ; VLR PRt IR) T B (e/L) NS E A [(ng/L) TR I ki 4 PR K (ng/ L) LR M i (ng/L)
Groups ) CK-MB( pg/L) Hs-Tnl(ng/L) Nt-proBNP (ng/L) LDH(ng/L)
AL 4
9 744.74 = 86. 82 223.40 + 44.21 504.92 + 54.86 724.80 + 77.79
AL group
NS 4 u M u y
12 412.14 + 61.43 55.64 + 16.31 261. 64 + 51.31 377.43 + 57.91
NS group
b 4
CPS A 12 279.58 + 63.35%* 34.94 + 12.33%2 191. 88 + 50. 174 278.25 + 68.57%4
CPS group
TMZ 4
- i 12 309. 62 + 52.06*4 39.88 + 11.93*4 239.32 + 67.40* 261.79 + 45.51*4
TMZ group
CPS+TMZ 4

#AAO
CPS + TMZ group 12 150. 65 + 38.25

22.73 + 8.85%004A

126. 06 + 44.07%2 A0 184. 19 + 56. 19%2 A0

3 g

ACM H35 5300 6 W s R IR ), R R B i
TS SRS LR EE L R
S 1A AT A I b U 2T RS v v O, A e
BN RALAD 28 RGP0 (0T e v - B2 R
REFAAE) FFRILAE . K ImAT 25 3 v i Zeob
TRESFIEIR O LA I 2 387 LER R 1 S5 L8l 2R
TIRE S S8 B 28 S A A5 U | 1T 5 00 ik i
ARTNBEIGE , BRI A, RS P2 Ak AR B 2
W2 FHOO WA 5 M 7 o, 518 A R
EW RS F K I RE BB T 2 s N 2 e AR
PGB HL R SR A 40 LA B A TE 5 S RED™ |, i 48
PR BRT RE I B ER SALEY , H AR ST 32 ik A
Sh B 2RI T R TR R R b R T
SRR R0 AR T RS o8 S BObL A = A R b
IR SR KR S | W € A R = [ <
5108 Bk K2k 1 M R, i B 1k B i
W, TR BOR A SR A A A R R
B RS 00 LA B A3 47 | 240 M S 285 4 e 3K | 4t
PR B i B A ok R T BE S L WLET 4 45 4
TR e B 2 B HES AL AR, R R
AR LA AE K 2O SR O L s
VoA A RAAE T NS 41 T R TR X L4
JL R PR AR TR SR RS B 1Y AL 41T 5
AR O 3 P 8 bR DL LT 2 8 AR A TR
A U E ST P DRIV AR X A 4 O LSS R T
PRl TR INE €

RS PO WL % & 00 LI i i 420, U ST I
0 WL & 5 AT W 5 v, 1 CK-MB | LDH | Hs-
Tl 25314 0 LR , 7T RAAVE R =2 e LA 43
f A4k 45 4R, CK-MB LDH  Hs-Tnl 452 .0 JJL4H M BT

SRERRIEN 2 50 UK I RE R TR L R
T HEBR B —F5 A 14 18 FH A T R 0 O R &5 SR 1 5
W), AR FE X0 AL 3 AR RIGE A A, AR UEXT Lo AL
P 2 W A 1

G2 2R ity ki £ K FT AR ( Nt-proBNP ) 55 il £} ik
(BNP) 242 WA 1 TR - B4 DAy O o 3 8 11 6 B 45
Bio 0ol R 7 07 g 58 25 k07 4 1B O LA
JLFF 1 5 B 498 BRI 442 25 11 ( pre-proBNP) 425 &
S A KT A B ( proBNP ) | i proBNP 38 35t P 1] it
H AL , 24 T AE W15 PE 1Y NT-proBNP LU KA A
WIiEER) BNPYS ) B ACM F #5514 hn &, L
SO 3 A7 A 00 B8 2 25 070 s 23 B 22 B, NT-
proBNP J& BNP 1) & il Z 34 i, A1 NT-proBNP
K5 BNP 0] LIRS ACM fR 350 J) 3 v 1) ™
LR, i NT-proBNP 5 BNP #H [, Hif NT-
proBNP EL& B K ()2 e i Y o O T RE S8
if, NT-proBNP J 5 Lt BNP BB i HLA B 41 Fa
FEME R s e , ARG 12 H NT-proBNP AT
fli ACM KB IETRE

FEARSZIG Y I EAR A ACM AT K B R 7
L EhE $5 45 LVEDd W & 3 K, TVSDd . LVPWDd &
EF BB RS, 56 ACM 2L T 9 5k 0 L 11
MR 200 O B AL 3 2% AR DG F5 AR CK-MB | Hs-
TNI Nt-proBNP . LDH 318 & 7t 25 2 W] ACM K Fl.e»
JULAH 5455 K o 1 358 B AR AE

ACM 35 90 JULAH < Bsf i) Bk ot 5 S8 25 5
FHOOWLRE 1A B A 2, DT IR 10 JUL 4 i )
Hy, g R EF O S, Wik, 4.0 L5840
(A BE 2 (L0 BE I S A0 0 L Bl iy Sl S AR 2 300
SO LA AR 1 5 A4, DA 00 JUE ) B A5 30 AR 47 b ol 3
H A6 AR _E #8940 k0 LR AR 5 25 32 A
KRG Mg R Q10 M 4EE & ¢ 2R Hidhh
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F At H T Im R T ka0 ) s B A O U e
MFEEY), BA RIFRIT L, AR EN, TMZ
HHI AR B O T BERE NS 41 K AL 20 B ok 3% |, 220
RN AR IA 45 /)N ELC U $8 B 2 5 H Al i 2
W IESE T SEMERTENRYT ACM st R rh BAA —E
TR, g 2 — R ST AR W, R T 3
T2 T o R R ) e A v R Y S
FELSE A AT S N A= 5 3 25 i DT T 2 A s o 2
FEIN ] h B Il 28 24 Ay T BV B 0 B AR, 39 i xf
AR R A 2, o8 O WLRE & 4L 5 5 38 B8 iR g
T A B B , D2 2 A4 16 P T i, ke O s 240 i PN
WEi e, 455 IR Na-K 2 DhREIE 7, A% 37 40 it 1
B SR B & T T RE s AS LA it i 3 b 5 AT 4 4l
LA 480 Bl SR 77 2R O 38 5 R AR AE AT
) 210 R T A B D AR A I IR B LA 7 A %o
o U200 A P 2 %) 48 477, DA T 8 8] AT 98 0 5 1 S
1B ZARAN A VE o 25 L Tads , il 25 fth e e X
ACM (1.0 LR i R 285 B0 T BB 5 ke B AR 47 (3R
SPAER BT DL 3P0 LD g AN 52 i il 9 3
2 HAR A B A R PE A

TR LIRS N A P — il oAy O S 7 (1R 7 i
T, L 1] o =B MR S AR e i, i =
WRBR AR 2 AR N BT AT 2H SR 20 i A A 36 3 B
RERFIO R U5 . ACM A8 350 UL 40 i f5fe 4 I
20 B A R A A T AR AR A A O LR TR )
Jor =W I 5 1 R B s/ T 1R JULR F 9 /
IREER KRR Z T =W R R 1 i s /KO | X i itk —
L FECCNUBE B =, O WL T RE A5, e 2438
BOC IR TR BE A N, BRI LR B4R o i 101 2%
EATIR YT 0 18 1 254, AN H g sk B2 2 LA
WERR LR (1) 7K -, X0 LAR i 2L 8 35 1 PR B A
A, i B2 R BB & A AR AR g
CPS H R MLINRES NS 2H Ko AL 2H W5 20 K fLAH
He A LA B I o3, 200 2 I N AR B B 46 /)N )
I CPS A RO I LT “F FE AR 48 NS 21 2 AL 2H ]
R, UL B R AILRR B ] LA ACM K RO
e, HAEF B AILTR] 32 2202 DA R il e UL IR 0 mT R 4
O LA RELARE, 980 /0 JIL 200 433 47 , R AR KRR B s />
St LT ASE B B P e it S 17, I AT L0 LAt AR
e BRI ILAR i KSR A 5 TR] B, e R JUL AR 38 g
W IR 0 /N AR ) 5 A  hn PR I Y I B, AR
LA PR B , DT A4 O PO L AR 5 e 4h
IR WLIRIA AT 325 1 2 5100 L4 Ftd A 200 J B8 A, L

F g 4503 B0 WL AR AL 10 6 U2 200 i K i 5 4
TR AR BB RO LA PR A
i 56 A 1 5 B TR JUL TR 90 X2 B T i 4 2 A g
22850 WL 20 L X T A 2 0 WL S 1) — YR 9T 1
L RTIAWEIERY CPS 415 TMZ 2 2Z [R] A4 7.0 3l
PG b LU B AR DG A= Al 48 119 22 5 2 TE W 8 42 i
2R U TR IR TR PO LR Y o R ]
REAFAEAUA ST RL, (H J2 iy 74 52 30 FH 24 1 1] £ BR
i, B I JCVE TS TR R i 56 Ak gk 15 Wl R LR
BRI 1RO WU B R B o SX RN 25 W) IR 7
ROR BB — 3 b H 2k — 005
MTEIR & ith 26 Al 188 5 0 W2 UL IRR B R 36 7 10 A
PECWUR I AR RIS 4L CPS + TMZ 4.0 M6k
B Fe v m RIS CPS 41 ) TMZ 20 ek | HLCGEAH
KM AR PR B EE CPS 41 K TMZ 41I4AIG , 16 BBk
B 1t 2 b 1 55 1l 1R UL TR M XT38 A 0 UL FR YR T
A BERIZCR, B 25 PG 67 SCRIE T 31X
PP 21 St fet P i PR AT BB AE T3 PR RD 24 4 ]
RAEOMEE R ASERE B4 O WLan i 2 ik pe &
P WL REREAR ST, DL A js O LA B 1) 1 5
FE ; 11T LI BB RS O FIL 1% 48 i, P i JHE PN 3 58 1Y)
g, W0 SAE PR B b O LA L A
25 E TR S i S A g 5 wE IR LR B RE W
DSCEPAR P O L K B 750 30 BT 50 JUE 1AL 77 25
BhR , B B 097 80, T HL Y AU T i 36 A gk
BT R LR B B, S e R B3 7 RS 0 L
o P A — A 10 R g LR G A ) X Y e G
i 5 Bt — 2 A G 5E
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it 2, MR B AN 75 SD R R B X9 & J5 HIF-1a ,OPN
IL-1B8 . TNF-a ,\MMP-13 HI NGF #E HZFR 1A M= X
R BNE rEE, B

(1. BEEEERY: (S =ZFEERY) F—MEER SR, HK  400038;
2. FRM K2 E— M E E BB R FBM 450042)

[{BE] HH HiTHZERE4 (monosodium iodoacetate, MIA ) 55 SD K BRI &35 & (knee osteoarthritis,
KOA) J& HIF-1ec ,OPN \IL-18  TNF-a \ MMP-13 F1 NGF ZE H A K& L, Ak R SD K (4 Ak ,80 ~ 120 g)
BRFERT A BEHLIY J TR (Sham ) ZHFIRETL (KOA) £, 45 0 K, K BTG I LU 2 A R e , B TR0 2 28 45 T o6 7 i
TR ) A TS A 2 mg MIA 2 BREEK 50 wL, Sham 20 K 4T 50 pL KA FE K, SD KRB B T4 0,
3.7.10 14 KB A G AR 07 B B8 1 )5 , R ZE SR A0, YT BURCE Ao BRI 2, W, AR TR T
AR H BRI ZH 1 IR ZH 20 | 25 J 2T ERE T 41 Jif ( fibroblast-like synoviocytes , FLS) A% 400 JE 176 YL J5 | SR FH L ZE K A
AbPR FLS, i Western Blot £ Il ##t 42,155 F [ F-1a ( hypoxia inducible factor-la, HIF-1a) i #5 2 F ( osteopontin,
OPN) .4/ %-1B (interleukin-1B , IL-18) IR IRFE H F--a (tumor necrosis factor-a, TNF-o) 34 i 25 1 - 13
(matrix metalloproteinase-13, MMP-13) FIfi£5 4 4K K F (nerve growth factor, NGF) A E L, &R SKRFARYA
FoAse, R U S s e A MIA 3 d J5 , HIF-1a ,OPN IL-1B il TNF-o 2 IR BT, AW, KEB
WA AE MIA GRS S 7 RFIE 14 X WERTRFARA, MIA HA KBRS 3 K, KERA G B
HAE LA 262 LR, BB R TFEARA, RAH 0.2% 1 B JE R L2, BB 5% T FLS JFACANM,
H FERARKIAEAIL KBRS FLS T T , B BEAL T2 R A 431 NGF Il MMP-13 BRI K5, &8 HIF-l1a,
OPN IL-1B \ TNF-a \MMP-13 1 NGF & [ 7E 18 B A AE | 5RCH Wi B B e I RD G 1 PR 25 I e 5 B2 VE ), BE 2
AT xﬁfir“ﬂw%nﬁﬂﬁ%' A AR R 2 R TR 170 B L 0 R B A OA BEUR 254 B A s
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Expression and significance of HIF-1a, OPN, IL-13, TNF-a, MMP-13,
and NGF proteins after MIA-induced KOA in SD rats
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[ Abstract] Objective To investigate the expression and significance of hypoxia-inducible factor-la ( HIF-1at) ,
OPN, IL-1B, TNF-a, MMP-13, and NGF proteins in SD rats with knee osteoarthritis KOA induced by monosodium
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iodoacetate(MIA ). Methods SD rats (4 weeks old, 80 ~ 120 g) were randomly divided into sham operation ( Sham)
and model (KOA) groups. On day O, the rats were anesthetized with sodium pentobarbital, and 50 pI of normal saline
containing 2 mg of MIA was injected into the joint cavity of the KOA group through the infrapatellar ligament of the right
knee. In the sham group, 50 L sterile saline was injected into the knee joint cavity. SD rats were euthanized by overdosed
anesthesia on days 0, 3, 7, 10, and 14 after measuring the diameter of the right knee joint and the weight-bearing capacity.
Cartilage and synovial tissue were collected. Synovial tissues were primary cultured, and the purity and activity of fibroblast-
like synoviocytes (FLSs) were assessed, and FLSs were treated with dexamethasone. Western Blot was used to detect HIF-
lae, osteopontin (OPN) , interleukin-13 (IL-18), tumor necrosis factor-a (TNF-a) , matrix metalloproteinase-13 ( MMP-
13), and nerve growth factor (NGF) proteins. Results Compared with the Sham group, HIF-la, OPN, IL-1B, and
TNF-a expression was increased at 3 days after injection of MIA into the knee cavity and showed an increasing trend. The
transverse diameter of the knee cavity in the MIA group was significantly larger than that in the Sham group on days 7 and
14 after palpation. On day 3 after injection of MIA into the knee cavity of rats, the weight bearing capacity of the right hind
limb continued to be < 26% , which was significantly lower compared with the Sham group. Primary FLSs were successfully
isolated by 0.2% type 1 collagenase digestion. After treatment of FLSs from KOA rats with dexamethasone, secretion of
HIF-1a,
OPN, IL-1B, TNF-a, MMP-13, and NGF play major roles in cartilage and synovial inflammation, cartilage degradation,

proinflammatory factors and expression of MMP-13 and NGF proteins were decreased significantly. Conclusions

matrix destruction, and joint pain. They are important targets for joint pain management, regulation of inflammatory
responses, and inhibition of cartilage degradation and matrix destruction, and the development of novel OA analgesics.

[ Keywords ]

osteoarthritis; monosodium iodoacetate; pain; osteopontin; proinflammatory factor; nerve growth
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‘B 7 R (osteoarthritis , OA ) F2& IIfi IR # UL AY
ARV ST IR TR, R B W B A
XA FEA R 65 H L B BT R A
509 H)EAF N BATAT RAEFISCTT D) RETE R AF OA
FEARDT ) e R OA BUE I EVRIEIR  7EIR)T
I SRR S R BT R 25 (NSATDs ) iR Jof 28 (1 e 4 7
WA AP AE . NSAIDs R RV Z , il 5]
B, B 597 Mo s aE L O IS R
7T O PR R B OA AT UM AT RVER
ELls A7 280 U0, B3 A 4, 23 i 5G9 5108
R ME G 7 i e 259 A RIVE K
YIRS S REER /N ER Y, BET, X OA
VIR B 059 BRAIL TR 1 A EL D BHAT T OA AHOGK
S A AR B T A ST

AW SR K H M 2 8 5 8 ( monosodium
iodoacetate, MIA ) %5 5 SD K U B 215 & (knee
osteoarthritis , KOA ) , i 3 & ] MIA 7 A B 5 15 i
J50.3.7.10,14 d 196k 4 %5 7 K F-1a (hypoxia
HIF-la ), & # & A
(osteopontin, OPN) | [ 4 il 4 Z-1B ( interleukin-
1B8,1L-1B) Wi ¥fE IR 3L A F - ( tumor necrosis factor-
o, TNF-a) Fll it 2 A= K K F ( nerve growth factor,
NGF) # H #3k, [[l B, 4440 JFAR 55 55 1E 5 K BRI
MIA 755 KOA K BB G 57 19 JBE 4 2L 21 4 3

inducible factor-1a,

2 fifd ( fibroblast-like synoviocytes, FLS) , >i FH }h 2€
KA (dexamethasone , DEX ) 4b P/ FLS, £ IL-1B .
TNF-a, % i 4 B & H -13 ( matrix
metalloproteinase-13, MMP-13) fll NGF & H & ik A8
o T8I BT MIA A [ B 5G9 B | T B AR Sh
FLS 43 WA FURE T3040 A PR AR 4 R B 28 A1 O
TRUTH S OA SCHT PR 18 70 s BRAIL I , S BIF 58
A1 OA R 259 $ (it S g AR 9

1 #MR57AE

1.1 ##
1.1.1 SEEEh

50 H 4 JE# SPF 2% SD Mk KB, A5 80 ~
120 g, W A i 2 2 B2 DR 2 (v B B R ) DR I o BT
HNRHIFSE i 5256 3l [ SCXK (42) 2017-0025] .
SEHGHT 1, FoROGE K R AT, IR 20 ~ 26°C AT
MERE 42% ~ 62% 1% NI N PR, R R AT DARE 2 A
BFIROK , $ BR GB14925-2010 FRifEFHAT 5250 3h iy
IR, B W iR SR A Bl 45 25 s K B R
B2t B s 1B 2 56 2 [ SYXK ((42) 2017-0058]
AHIEGE el R B T A R T 2 7 A e RS [ [ S T
AR B 52 56 S 4 b B A AR i 0E AT, A Bl
IRy 34 28 i 2 2 s K 2 S I B W 4 e o 55 B
JadttiE (AMUWEC20181430)
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MIA ( Sigma 2~ ], £ ), Z 7a b Rbr HIF-1a
(Abcam 24w, v [E W), 5w BE /N BLPT OPN
(Invitrogen Ltd, 32 [ ), Bl 3T IL-18 HT & ( Cell
Signaling,%) ,ﬁ'jﬁ TNF-a EI’ITAZ'K( Cell Signaling,%
), fra kSt NGF (Abcam A #, P EFUE) , e
Pt vimentin ( Abcam 23 &), 1 [E F#% ) , fa i PCNA
(Abcam 2\ A, E AU ) , H58 BE/D BRBT B-actin
(Sigma /A 7], ), Pi e 1gG-HRP HLIA ( Sigma 23
Al &), Pt B TgG-HRP Fiik (Sigma 23 7], EH ),
Western Blot S256 2 4t FliR | ( Bio-Rad A H], £ H) ,
Western Blot JIEE#) & GRF & ( Bio-Rad 247, £ 1) .
1.2 FHik
1.2.1 KOA A5 FN L5 4340

FEREBENL > P4 . TR (Sham) 4l (n =
25) MEBI(KOA)H (n = 25) , AL R BRI
UOE A A5 I MIA (2 mg/knee ) i5 5 KOA 5
R BRI 0 K, KR B B A RR
e, BT 20 B 2 A I OGBS I
B 2 mg MIA A HERK 50 pL, FARHE KA T
50 pL KA # K, SD KB435 55 0 (1A
MIA BABER KIS 1 h M) 3.7.10,14 KN & A7 %
ST AR I £ FE BB T ), R A AR BB, U ELAK
BR324t T - 80°C VKA, FH T E A
FEIRKM A5 BEAEELE S HSD KR,
1.2.2 Kl EAES

ARSI A AL, BFE OA KE A E M
PRI E AR AR FETEST MIA JSAY5E 0.3.7.10
F 14 K2R AR RE DN 1A (2 [ 34 A e R4S 8% 2
) S R 8 A, PEAL SD K BUA R B
W, AR R E R T b, T RO
TER(%) = (HENER/ (LREER + 45
JEE ) ) x 100% .,
1.2.3 AR 5

KT HARR AR AL, & i OA KRG I ik A
FATAE AR BR O R R ST I A
MIA J& 7655 0.3 710 Fl 14 Kb R 4
JRRARE ) LA, ARG AT Y2 I 1 2 il 90° I Ay
EZ KRR RS, RO 3 UOF i
HE™
1.2.4 W REALZUA RIS B | T A M ) S A G 3
Kol g 5 R A e

WFFE S0, v BB A M mT DA R OA 301+ Tl

AT FLS R ARAIZ R R R A ", ik, AR
5T He REBNAE" RIBR 35 11 B 57 1 SE 58y 25 m
DA 35 3547 0 TS A0 ) SR AR 5 %, A B A
MIA sl AEHERK 14 d J5 9 SD K BRI ARl 2k 7 )5
fRFLS Bi g%, FELBUNE . SD K BBLRREE)S , K
HZWAE 75% LB #EATICHE AL EE 10 ~ 20 min, 78
TEH A THL SD KRR MY, a5 B
PBS “FIILE T & TAEG T, /- AL, #5r
BRI EIHESR 1 mm X 1 mm X 1 mm FJHUIR,
2 10 mL JCR B 04, R IKH B0 B IO
0.2% T ZUJie JF it o B A 20, #E A5 & 25 em® B
FHME,H0.2% 1 BREMER 22 ~ 3 mL, i124%5%
SIS, R I AL S ) 4y A, 37°C, 5%
CO, LI IELHE 4 ~ 6 h, FiIELH U8 i i &2
R, 10% FBS Z 1k AL, B AR E B0, 35 LW,
AR FRERERRGE 1 WG, B E 25 om’® K4
B, SR FRILERE 2 ~ 3 mL, R R
R, (T B AR R 51 0 A . 37°C,5% CO, B
FRAARG IR UG B AL 20, B KOS A0 L o s 1 5L, 265 2
K] AR AR 2 ~ 3 d 33 1 vk, T IS4
SRR S % B 4 B S 1A 5 0 e TR L (IR 2 A SD
BRI B £ 4 Vb 5S40 B ¢ JRE A5 AU £ 37 I R
TEAHTY
1.2.5 KA RR FLS f 1 ZE AN b BE

TS AE AT OA LB R PR (b i 2
FOE HORBFGERHASL FLS $E4 740 R R M E T
T S8R MR, RSB T 98% 1 IR AR
SD K5 KOA I FLS , #5 41 M B0 3 2= A2 T 4 x
10*, FHZRAL 0. 2 mL 50 2 18 1 /NE (Millicell®
EZISLIDE) , £ 38 12 ~ 24 h, 3L/4% 3 41. MIA - Fil
DEX- MIA +F1 DEX- MIA +HI DEX + ,%40 5 1L,
fiff DEX &HEEH 10 wmol/L, TERGFEA ISR 24 h
J& R R (0. 25% ) TH4k FLS 2 ~ 5 min, Z1E7H
R 10% M6 20 103 |, W AE 4 i, It F-80°C , ¢ H
R ARV Sy alll 8
1.2.6 HEEBRELE 0T

R SCHRA T (14 25 1 0 B b A A7 ik b AT
FELE T DR A E B AR, R
Jei, 8 b T FE AR R 4 (sodium dodecyl sulfate,
SDS) -5 TN J Bk iz BE B HE 3K ( polyacrylamide gel
electrophoresis , PAGE ) X &8 FIFE S b A T HL UK 05,
FH 568 21 Al IR 2T 4E 2 (nitrocellulose, NC) I I, 4R
J5 K NC S R8I —Hife 4C T F . O£ %
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BEfHr HIF-1a (1:1000) ; @ 555 B /N B BT OPN
(1:1000) ; @ZFEFEGRPL IL-1B(1:1000) ; DL T
PEGRBL TNF-a(1:1000) ; &£ FLFEGbT MMP-13 4T
& (1:1000) ; @ FCRERPT NGF HT1AK (1:1000) 5
@ FERE/ NPT B-actin(1:10000) . FJ, FH TPBS
e NC B, IF 5 A X R SRR o A Ak
(horseradish peroxidase, HRP ) 45 & ) — HT — i 0%
H.o MAEY & ICIAFIN NC BT A #L 1k, Il
FHEUG 53 B AR J3 43 A B0 30 [R5 3 ask ) a5 g >
it P B-actin 35 H LUSGTIE H A9 8 15T i 1 AR
feRLAE
1.3 FitFESH

A B A EHE R B + ARifE2E (x £ 5)
FOR, A 18 bR EUE Je HEAT IE S A0 A VEAS AR A IE
AT T ¢ 4G 30 43 B 1B T R 2 A 7Y

Mz 25 1 B 5, B ER T 2208 (ANOVA)
TEMTF— AR MR B, P < 0.05
HZEEFBAGIFE X,

2 4R

2.1 MIA FAKREXT,HIF-1a 1 OPN & H
SRFARA L, KBS ERFE A MIA 3 d

S B A M A IR ZH 4 HIF-1o0 AT OPN 2B & 05

AW IS (E 1) .

2.2 MIAFEANKRBEXT,IL-1B #1 TNF-a & H
SRFARA R, MIA AT 3 Kk, 5

B 20 BRI BEZH 2T 1L-18 A TNF-o S22 3 i 3k (I

K 2A,2B)

T A SD KBS WAL ZTrh HIF-o FI OPN 5 134351 Western Blot; B:SD ¢ BB 45 #cB 4141 HIF-1a F OPN (085 1363
) Western Blot; K841 A L2 BE (A 25 W SRR GIE G  IRTFARAIE—; SIRFRAAMHLL, P < 0.01, ( FEH)
B 1 MIA X REESES o HIF-1o Fl OPN RS2 (2 = s,n = 5)

Note. A. Western Blot assay of the protein expression of HIF-1aw and OPN in the synovial tissue of SD rat knee joints. B. Western Blot assay of

the protein expression of HIF-lao and OPN in SD rat knee cartilage tissue. The integrated optical density value of the detection index is

corrected by the internal reference index, normalized by sham. Compared with sham group, ™ P < 0.01. ( The same in the following figures)

Figure 1 Effects of MIA on HIF-la and OPN in rat knee joints(x + s,n = 5)
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A SD KBS IF LY

IL-1B F1 TNF-o %5 1 7351 Western Blot; B SD & U 56 35 80 2141 TL-1B8 Ml TNF-a 75 14 35 HY Western
Blot; Kl 46 b5 B FR 53 0 25 BEE 2o NSRRI EJa , ITFAR A A —,

B2 MIA SR EUESES  IL-1B FIl TNF-o BUSEIA (% £ s,n = 5)

Note. A. Western Blot analysis of the protein expression of IL-1B and TNF-« in the synovial tissue of SD rat knee joint. B. Western Blot analysis of

the protein expression of IL-1f and TNF-a in SD rat knee cartilage tissue. The integrated optical density value of the detection index is corrected by

the internal reference index, normalized by sham.

Figure 2 Effect of MIA on IL-1B and TNF-« in rat knee joint(x £ s,n = 5)

2.3 MIAMKBRERBRXTHENAREAEN
¥ % NGF EBEXTiBEFREhHRE
EBFARM e, KEA BT, £ MIA i
BUF M5 3 RIFWGRMAK, 25 7 X)a, ik & .
W, SEOE CTRERS  7E MIA SRS 055 7 K 46 10
KA 14 REE S TRTFARA(EIZA), MIA FEA
KERBEE T 3 RilL, KA B 8 i s
FE26% VLT, BEMTIFARL (K 3B), it
T RE I RIS AR R DU DAL, B MIA A K
BB AT 3 Kk, K BB SC T AT A BH 2
KT NGF (8 K, kS5 RF R4 g,
MIA AR BUBE T4 3 Kk, W (& 3C) Ak

B (F 3D) 24U NGF Bk hn, 1B
NGF 3, S5¥ LR mY
2.4 SD ARBRAMMNERIEFRERE FLS M4
EFNIE I Bk

AYESH SD KRR B4 6 K, 5L
YRS IR T0% ~ 80% , 4 D It ¥ AR 1 {H 7E
WLEE A B, AT A D B TR TR | TR 4 i (
4A) . AEAEARESE 3 AR (5 12 ~ 14 R) , dHifUE
BIA L RHRIE, AL F rf e 4i ik K R 47 (B
4B) . ANAFESS 8 AR S22, i A0 ML A el AE
WIBA > | 22 03 R (5 T, 40 ) B 6 K, A e A
ZSUIRICEAL (K 4C) , RIEDO A2 UL 56 3
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TE A FHIERR R RO A G BB 1) B 5 B MIA RS 5 K BUA 5 B TR LE 9728 48 5 C: Western Blot 37 SD K Bl OG5 1 i 41 41
NGF [ [15215 ;D : Western Blot 4347 NGF 7£ SD K BRUKMOCT RB LU i 2 1 R385 s K R AR 10 A4 628 BE I 500 N SRR IE ) | I

FARAT—; SRFRHAAMIL, *P < 0.05, ™ P <0.01, ( FER)

B3 MIA X KRB B4R R AT RE ) A NGF B2 (2 + s,n = 5)

Note. A. The transverse diameter of the right knee joint was measured with a vernier caliper. B. Changes in the weight-bearing ratio of left and right

hindlimbs of rats after MIA injection. C. Western Blot assay to analyze the protein expression of NGF in the synovial tissue of SD rat knee joints. D.

Western Blot assay to analyze the protein expression of NGF in SD rat knee cartilage tissue. The integrated optical density value of the detection index

is corrected by the internal reference index, normalized by sham. Compared with sham group, * P < 0.05, ™ P < 0.01. ( The same in the following

figures)

Figure 3 Effects of MIA on the transverse diameter of the knee joint, weight-bearing capacity of hind limbs and NGF

inrats (x £s,n = 5)

AR S0 M 25 R0, 52 4R 0 | HC A4 B A AL T 40 i
Hge HOE AR S B9 BE 5 FLS 5 5 8 A B 8 A
( Vimentin ) 1) FHPE S (58 11 98% (K] 4D ~ 4F),
LR B TR A AR AR A FLS, EdU 3458 5256
N T A FLS ZHMUATS A S FE RE T (K] 4G ~ 4M)
%3 ~ 8 AR FLS My34 5 4L AZ PR ( proliferating cell
nuclear antigen , PCNA ) % [11#Y Western Blot &, 5
4 ~ 7T FLS 1) PCNA B RIA 55 3 AEF AW
% (K 4N,40), [AEFES 8 A PCNA 4 R 3A K

H5% 318 PCNA AWM R IAAFIERFE LR (K
4N,40), DL ER. 5 3 RB5 7 IR IR0
FLS 7] LIRS 52 bkt
2.5 HhEERMIPE OA KRS FLS BIR 14 R Mz
SEFARL HE, MIA FEA X EIFEST KOA B
S JEARE S 19 FLS fiE & H 7 IL-18 .\ TNF-a \NGF
A MMP-13 £ 13235 LE, (i ZE R A8 X KOA
KEMASS FLS T 15, KA A2 R 519 20 W . NGF
FI MMP-13 F R RIE (KL S)



P E SR S AR 2023 4E 5 HAE 31 B S Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5 649

TE A B IR 6 KAE 1 WALAXHT ; B, A M 57 258 3 A0, C. I RA MU 7R 2250 8 A, D ~ Fo IS M B 57 258 3 kAT iop
BT IEE ;G ~ M5B 7 AR AN EdU BE 58 5250 s N 5 BEAL VR SRR 77 AT AR 1 2 (58 3 ~ 8 AR) sl aE i bt It i
F1 Western Blot £ ; O . U1 IRZE VR AU AN D s B A N A B REER P AR 35 ks LRSI R T 220047, F (6 05, = 45.936,P < 0.001, 5%
3fRAIREAR L, A S 8 AU ML A A A A BT R SRS W R
B4 OA KRBT FLS YJEUCH IR 2R FIE e

Note. A. Before the first passage on the 6th day of synovial cell cultur. B. Synovial cells cultured to the third generation. C. Synovial cells cultured to
the 8th generation. D ~ F. Synovial cells were cultured to the third generation for vimentin fluorescence chemical identification. G ~ M. Seventh
generation synovial cell EAU proliferation experiment. N. Western Blot results of PCNA protein of ST and primary cultured FLS (3™ ~ 8™ generation) .

0. The relative content of PCNA protein in ST and cells of each generation. Single factor analysis of variance between groups, F (¢ ,5) = 45.936, P
< 0.001. Compared with the third generation cells, only the eighth generation cells had significantly decreased PCNA protein expression.

Figure 4 Primary culture, purity and proliferation of knee joint FLS of OA rats

3 i )15 OPN 2K [ A9 a5 T s T A SRR
A T TL-18 F TNF-o' ') fi H 4335 A1

TEADEFE T, SD KEUBICT ETEA 2 mg MIA BB, WER A IL-18 F1 TNF-a, B ffi NGF

Jei BN T R A0 ) AR I A e AR, R BRPIBERS B, ek e i T L FE R,
RAEMEE WA, FEHIF-1le EAFEE L BST SD KBAKIRER N, £ R SD KRk
JH L JETT AL #E OPN JHim, OPN J2H K35 &bk A MIAJG, A5 3 T, G K, 11 d R PRI



650 [ S B AR 2023 45 5 A4 31 %45 5 W] Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5

A SD KBRS IFME FLS W IL-18 FR 135355 B SD KBS IFHE FLS 1 TNF-o 2 14835 ;C.SD KOG I IE FLS Hh NGF A #

3%;D:SD KT W FLS H MMP-13 EH ik,

E5 Western Blot Kl {A5h FLS 4il it DEX B it 4 H 1 \MMP-13 FI NGF EF1KIA (% £ 5,n = 5)
Note. A. IL-1B protein expression in joint synovial FLS of SD rats. B. TNF-a protein expression in the synovial FLS of SD rats. C. NGF protein

expression in the synovial FLS of SD rats. D. MMP-13 protein expression in the synovial FLS of SD rats.

Figure 5 Western Blot was used to detect the expression of proinflammatory factors, MMP-13 and NGF protein in FLS cells

after DEX intervention(x + s,n = 5)

26% VAT, WM ARAEBIA R A OA F 10 05 T 2L 1) e
fIELRY A AHFFEAMEAS I T MIA 5549 KOA K
BRGNS 28U 4 PR P 2k,
Kl T MIA 75 59 KOA K BURE 17 £ A 1 ik 26 21
TRANFEARES 52 19 FLS Y42 & I F . MMP-13 FiI
NGF W H £k, 45 R B /R 1L-18 . TNF-a, MMP-
13 FI NGF [ AR IA T IS &, 4 DEXIRYT ), i
ET,

WA T AR (BRI BESE ) |, WS K B
R 5 FERE T AR AR T2 DO R A MIA KR
ST TN A O % DR A G 1 2K Bl 0 SR ) i st
Ja R Z M E LY X MIA 38 0A KR
HEAT 14 d BYRRESZE, WAER S MIA 75K BUBSCTY
%3 K, UERR ) NI, S Mk, & B AR R
RATREFIR . MIA 5 SR 250 M 0A BILIE
WV £ 92 T R T B 2 R A AR AIE s MIA 5 5219 OA, iff
— 35 2 J W) e T R P R IR R O L A

A EE, AR R HRRA

OA J&—Flh AR B IR R0 A6 M AR AiF B 42 5%
FRATHEBR RO DL ARCR R R R
Jk, L OPN trl"> . OPN BEJ&—Fh4nfiu st £ )
REE TR 111", SO — s e 1 4 4 X 7
FE OA AT W TR K T B AL 40 (i 3 1k 7K - 384
WL IEE S OA By AR R IEA N 0A 6
TR R R A B A, BAS 1E OPN 2R iR
ik EAFIRAE R F B, OPN n LIS 2 Fl e
R (40 IL-1B F1 TNF-o ) Fl#a 1k IH 1 19 2 3k
OPN X ¥ A5 5 A R R4 AT R X {2
Je M IL-18 1 TNF-o 1] L] 3 NGF B&jil, i NGF
Al LAY TNF-o BB, OA B T
OPN IL-1B . TNF-a 1 NGF il 3z 43 7 906, A H.AE
A H R 1R, P — % B 4 T BEAL
il , FHOCT BAE R TR, LMK AT,
VAR NGF 3 i &7 A 498 6 i 28 U | R A
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SRR G R BE (MR RE I TRE) o

OPN A fiEiF OA #CH 4 B34 5, (H X 7F — & 2
BE FRACEAVESG A, HIGEFRE S OA Bl iR AE |
B M R LR AR OETS S [ 2 R OPN
shRNA 70 OA B #CH 41 i 3% 58, — 2 097 1
U R T IL-18 Hl TNF-o J2 5] 0 0G5 46
PRI F B A  IL-18 AT COX-2iNOS % 7™
A SO RAE R AR T RIE TR BRI
ARG E A A, R A R BOR T | R A R 4R
Py R D YE R Y X MIA 5 S0 OA H—&
PBUR B R AR, i B & 7 KB E e Ty, X Al
RE S AR S A O, PEARE , NGF 3 i 3 47
IR AZ i WO PR RN A TE R Rl 2 R K, R
U RO RRE, HET, B 280 AJR{E NGF B
SEREPTR E ST G R IR, FH FRIrH e R
(osteoarthritis , OA ) I/ S # 28 95 B M 95 0 S5 182 1
YRR, {H NGF B 5w B BT R (6] 4 ; fulranumab |
tanezumab 4§ ) , PRI A7 7E S50 35 50 19 350403 1R T E XL
AT & 2R R0

TS NGF B8 AT OA BY—MRAE ) R
WFSEXT KOA K BT BRI AR 85 7= AR 51 FLS #4743
THEEKI, 45 R NGF 3k 2 7H, i B
HHICHEA TIL-18 [ TNF-o A1 MMP-13 25 44 Tt Tt
BB S IL-18 . TNF-a, MMP-13 FI NGF 7E
OA M5 PR BRI & A vh R ¥R 5 BRI, X
Y6 [L-18 \ TNF-o F1 MMP-13 & [ 76 98 I 7 2F | 33
TR BRI CE T 3R EOCE 4 M T R
Rz 12320 IL-18 H1 TNF-o i3 ShCE Bl , MMP-
13 FAERE MR BT, IL-18 Al TNF-o B3 HI3%
FLS Bt NGF, HE 1 NGF 75 S bt i 48 A8 K Rs i
o S ARURE ) PR A AT R s 4
DEX il 484bH i TL-18 \TNF-o \MMP-13 £ NGF 1)
BEARB O UE 0 5 X BRI OA 6777 B i
o R R 2 U E A R, XA FLS
S IR B A

Zi ik, OA 194t s I+ ( HIF-1ae, OPN | IL-
1B .TNF-o \MMP-13 I NGF) , 7 ¥ B 48 5 4K B [
fitp 2 5 SO A VR R OG0 9 A5 TR EE AR
HAE A RBCT FA B shRNA A B Bt 14 H T
STV B R S RE S 1R T R R B A AN
FRREIRE XA A R ST T I
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HIV 3 A5 B 7 55 it i A7F 52 v 1) 1o
EAY RS AW EEH L R B FE G

(1. BHERRFEESGEEEYZ R 650500;2. BB ERR S50 B Bk 5 A M
SR B 65050033, FER DR HKBAKIGE S8 =E R 650500)

[FEZE] B, 38 5WH ROZE %8 B 75 % (human immunodeficiency virus, HIV ) B i 397 [a] #5145 37 56
T, TR HIV AR & N B 2 —  HFEAE T AN HIV B b i 4 2R GE i 3 3 /K Am e Hiv
AH I 22\ S A5 ( HIV-associated neurocognitive disorders, HAND) AR B, R CEBENH T HRTHE HAY
HIV B ARSI andE N RS Wb 283 AL s, 20 A 7 HOR BRI AN DL 3, T3 HIV B Al
SR YIS RIZE B i R 9T R B DR EAT T 25

[8iR] A GAEpammsE; Bl B AR KIS YR HIV YA S mi v 25 Sl R s FIV/ Z A8 B
YL eIy

[HFEH2ES] Q95-33 [ EtERIRAE) A [XEHS] 1005-4847 (2023) 05-0653-07

Application of a HIV animal model in drug abuse research
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[ Abstract] The comorbidity of drug abuse and human immunodeficiency virus (HIV) infection has attracted much
attention. Drug abuse is a promoter of HIV transmission. It also aggravates the viral load in the central nervous system and
accelerates the progression of HIV-associated neurocognitive disorders. This article focuses on the commonly used animal
models related to HIV infection, such as non-human primates, rodents, and felines, analyzes their limitations and
advantages, and summarizes the latest research progress of animal models related to HIV infection in drug abuse.
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1401k, REREYA 38 TT NG N G e e s
W5 B (human immunodeficiency virus, HIV) , JIFHX
79 (acquired immunodeficiency syndrome, AIDS) k%
N EBRAIE T AR HIV 7RG A
FRAXFH 22 22 4t ( central nervous system , CNS) |, HiAS By
Ao BB LM ZIT, M2 HIV AHOCE A,
Tat ,Gp120 Nef I Vpr 2 145 | sl i 2 0454 Fi1 2
BE, & HIV AR OC #it 28 A J1 B % ( HIV-associated
neurocognitive disorders, HAND) 2l HE JPUii G o
i BEST 7% (anti-retroviral therapies, ART) VG YT (1115
HIV &Y% % (people with HIV , PWH) f4 4 77 i [7] 4E
KA AF a3 58 1 ART 76 K 235 %
FAXTEAR , 23 PWH 34K 1 88 HAND™ | 55 4h 4R
P A E SO R B e TS R N R
G HIV A AT REVESEANTE ST 8 i B9 BLRY 35 %, 3
SEAENFTE K B, A £ 7 O 2 i A PWH
SERFNTBE B A T3 45 0, JF HLRTH B HIV 7
PWH G 185 25 28 i 7K SF-FIL A AE PR - B BE A
TN PWH #9 HAND S it (H sty
J& , BRI T3 il 5 I HIV S BB AL )
R BT Hik = A R0y T8, L, HIV AHE
SRS & A B T 20 TR HIV &G 5T
B A AR R AL 4T, AR SCEE X HIV
YA LR L DL R AR BE A T A Y
WA T TR ERIR LIS HIV B Ge 5 1 25 il i ]
TS 2%

1 HIV shi&E B R & 57

1.1 HIV #HxIEANRKEZWIER Y E T

1983 4F, fEE e 3 T 5 PWH AHLAY
PULEPERRYS W 5% & AR 3 7 356 9 A 1R P 91
K IAEINEE N A 2 Bl Wy 485 77 190 4 A 25 9 928 R s
5 B ('simian immunodeficiency virus, SIV) 5 HIV #%
TRGER HAT — & B9 R PR, [l HIV-1 Y5 S 2R 2
PR SIVepz FEFAE SRR SIVgor, 1l HIV-2 J&
H ARV BB A B SIVsmm, FIGA K, AR HIV
E IR FAEEAE AR KRRy STV [0 A2 25
PIFERR S BE B AT, AR KIS Yt bl Fx N
“SIV RKERME 17 AR SIV Jm i -FE AR K2k
T 3= sh W b [ 328 Ak w38 a3 38 e K G 8 S g D
il 4= By GG, (LA IR Y STV [HARH BE ATDS
FHSCLEA TR RE i, (B BE 28 STV 95 8 Ak &) B e W
Bt ——re e A i R AR, R TE B IR

e B MR EE O SRE CD4T T I
P B ILAE (i IO 1 B 2 AR [ A7 6 8 S T LA S
T 5 ) e i SR (A TR Ene 2R
ANFRILA K SIV k= HIV 1 Vpu £, R 5k SIV 1
2250k, LA SIVmac239 fg g A A 28, il B N TR T
Beft HIV-1 HCBe2 B9 Rev Tat Env VA X Vpu FeH 5
SIV HEATHENE L # i L CCRS Al CXCR4 3t
Z AR N HE B % R B A % B ( simian-human
immunodeficiency virus, SHIV) 8] . SHIV %% 738 1
FRIVK TS | 5 B T 3 A I R e A
BRI 5 HLV BB R

SIV SHIV i 1o 1 A 7 s e i L2 240 A 5 A%
20 %5 15 11 i 5% B ( blood-brain barrier, BBB) , — H.
HEATR , 9023 8 /)N 152 5 240 Jf v ik A7 52 o] 3k S 4
Wl SO R RE AR . J3 Ab, i 22 BT /N e o 4 i
2| E X S B, TS BORl 28 T AR e, IR AR
150 d Pt 3 A i DAy Ak S 2 Bk A 9 25 Ml 2R ( simian
immunodeficiency virus encephalitis, SIVE) ') | — T
FEXF A SIVE B 0 0F 5% 6 BT, B (1 e i
IR/ 200 L 1 A LA B v o B R, T | R A
BT IR 5 Ah, TR R B B, B
HH R T B 2985 A LA Y TA RN ) R B A LA
e ey Ry ARER O

BTAEAR KW IA 5 KA B st 1%
WyJ5t o BILA AR 1 DA R I R 4 A (R i B 5
JE& HIV RIS AR HIV BT A 5 A ]
BACHYVERT, LAzt B B 5 B il 7T LA S 30 AR
WS = B R ST ek, SR, A 2 5y
Yy HAT ARG R BE 7, 3 (5515 3l ) 48 31 o A T
R A, SR IR AR B ARk i g =
MELLIR B i 78 LR, OF HEh W MR 2 7 A
Jote LA DL 55 R 3R 45 B s W TR 4 2R
AN, LLAE N RA S ¥ S B 58 % 4, A7 78 552 56 S 1
KBz ATEHE M A & AR A
1.2 HIV #8XIEM B e & 5L

VTR AR L ﬁ%( feline immunodeficiency virus,
FIV) J&—Fhidi 5 st s 2 BHE g 25 , H 32215 T80
B, FIV i BUR AL & BER A7 Sz, Horh
A 3 NI EHE (open reading frame , ORF) 5%
BEAY I S s A SE AU S A G, 43 3
Gag .Pol ! Env , A4 3 i8I ORFs 5988 3L K 1Y
FRik BHIARK, 5330 Vif,Orf-A Fl Rev' ™, FIV 5
CD4" T ik UL 46 g 2 0 ) CD134 2 2R I 57t 1k 46
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A [13]
]

o XA EAE S SU B A4 A1, 9k
J& Env RS V3 A 2R 1 53521k CXCR4 B
WA WAL, BT FIV 515 T8I & 2R BlS
A HE A TG 40 M A7 e 3k, FIV YA
3T BB S — B BN S BRI RE L ]
254 ~ 8 JA, 7E UL W R B P i R R A R
CD4" T kL 40 M 2 w3 i, A£ A FIV 58 RNA
FBE 1 2 2838 5 28 B B oy Jo i R B 0, R4
IR SR P CD4*/CD8™ T itk [ 41 it Lt
(HEE, R B 235 FIV BUAR , e il 3% Ho 7 52 51
T, PCR AN SR B 5 55 = [y BOOh 4k K P 2k
W1, SR BRI PE O s R ML S PR R & 1 B
SR W 3 B A5 45 — R 5 1) Ho 4 R B A L 2 1
JERGe

2 IRYL ) B - B AR IR T FIV G5 1 k4 A
() BBB L/l ifi i 6 W 5 B itk A CNS, 5| ke KM 45
FARITBEAY T2 2, 40 afi 455 & P61 7K £ 40 i 00 1 e
£ 60 118 9 AR S AL /DN G 5 A4 R O I 44 i )
AL A B Aot AR YE T3 A1, 28 20 it A4 12 i AN G
PESH O 2 B CNS TIRE R, s i LR 1
ZIMaz shAT R O T RS I 5 & LA ) T AR
WISEC Sy 1E T L B S S AR | A 28 A 5 B AT
RSN SN IZ sh Ty BE B SR

SO FIV/ ZAG S s L 2 e — SR & A 551
A PE A LR A AR R 8 d sh i AL, HJ
PRANARAE B BN i 2 | i SR AR 2 1
FTWE5E HIV-1 R AL B30 5% 500 2 25 9 i o
BRI, BRI Z A6, FIV/ F A sh A b v ] T
PRE A T BRI K 1 77, X6 T b FIV /9 &2 1l
MU A S et HIV BF 58 10 FIV Z A6 sh a5 5 A
BEEE S, LR, FIV/Z A sh B Rb A [ &R
FRYE.CD134 J& FIV F 2 Z55 320K NN FIV fE
S RYY T 20 AT S MR A, PR, FIV 5 HIV (SIV
(R 2 A AN TR 4, R I HTV R S A8 R 3 4 7 e
HIV IR BT A R AT BB 27 BB
1.3 HIV B RERERE YRR EL
1.3. 1 HIV 25585 3 PR i 35 PR K R 1Y) a7

HIV 42955 57 F PR 35 PR K RSBk HIV-1 7%
FERIR B, 3222 eH AT 2 0RL ( pNLS-3) b B R i
ik, BIHIER Gag T Pol KEDH | itk HIV-1 5L
KA E A AL Yotk (02 AR NS SR BB 2 5 Eno
Tat Rev  Vif Vpr Nef Fl Vpu KK gy 4h HIV-1
e R DR R BN  2 H B0™ B 1 S E e AN is Wk

PN E TH | R TR0 A | e R 3 o 0 55 3 45 AR
w2 B E 2 R G RE RS FERINIA
RS AT I RE RS AT R ST RE AR
1.3.2  HIV 8 RN BRI ST

HIV Tat %505 /N RS AL (% 8 57 5 vk 222 AR
T DU A 2R R A R TR SRR R Gk A ] Tar FER R
K, B, M TRE-Ta86 3L /NI GFAP-riTA
EEIER/INE, PR P AP G L RN BB AT 43 ), 1T
A A TRE-Tar 86 Fl GFAP-riTA FER /ML, X
Tt TR /)N R 3 AR PN 2 75 7 7 DU B 2R R e S Pk
PEPIG P Tat AR R RE"  HUKRZES
1) HIV Tat FEEPR/NR PSR FIRE WK,
R LTI O A LA RO RN AR SR AT O B
A TR AR 7R R A om0 S P A S A4 e 4
Az MR TOIM S B pa D A T AR T LA R s T A
LT A5 AR S5 e 2 LA AR A

HIV gp120 %A/ AR AL JE 7R GFAP J7 3l 1
B R WG A HIV Eno JE, JETDE B HIV gpl120 5%
FEPRUINEL . gp120 88 AR % HE DR/ B T e )23 L i
BR A 0SS KR Y 1 BTR DL A S R I
RN AR S R X e ik de i 0, AR gpl20 B
FR/NFUN IS gp120 A, HIRN S HAND H#
AR 2 BREF AR, 3 ) I A AR A BRI iz )2
rh 2 H I S i e 2K IR 58 %5 BE [ ATR | /0N IR Joit 4 i 3k
B Ak R M B S 0 40 i 4G A= DA % b 48 T AE
TP FESA SR T T, 6 I AR R R B b
VKHURE ARG, 25 ()2 o) 32 4t f IR AEAT S A2 ik
FASEAT MR | I L E A B S 6 G 0 28] A 7R R A
Ty CAS DX 8 A Asf 7 34 5 250 07 1) 0 3 s
REAL

SRINT, H TR WA B4 HIV IR 3h 1 A4
SRIEMG S , 2 KRB IR RN B 5 T 3 | B
J1  H AR WE LT 5 R R TR
ARNE VAT A G AR B A, A5 R T 4 5 5 DR 7R 9 0 i
JE AL B 55 R BT R 2 0 I T S RS FH
I LN S R R R 28 HIV 20 LT 25903677 .
P 917 47 AL T R0 928 1 AT K 5 O T R T LA LA
BB TAE B T W6 4 28 30 5 AN Fh e FA-ik
ZIRFTER K E Y 2E 25 5, S BOR B AL Lk 58 42
S HIV JEk Y B2 26 4 Z i bR dn b e AR DG i 12
HAND 4§, [A]H, 2T 55— B8 21 (A g 1 Sh A
RIFFAEDURR I 22 AR AR AL, B H BB 2 AT E 1 &
R RRER B2 25 A RIS 1 5 1R i s 28
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RUORL, A3 T A R R 2H 4 A P A e
T A FA DY PRI 5 28 50 M) i AR S Rk 1Y B
FEFEIN/INRL, Pl i 2% 52 | [l 52 25 07 5S04 RE AR A
it B ZZHEIE DN /IN B, [ s 3t A0 TR R 2 7 EEAE 9 K
RN W W AT R SR AR, ARGE A
SCHR AR SCESS 1T HIV ARG 3l W08 B A8 8 07 7%
DLt s LS FE P AER (WL 1) .

2 HIV#YERNESHREAHRH

By N A
2.1 HIVHEXEAZKEIYERESHYEAWN
KK A

XFT PWH SR, 2 il AT e 2338 im PWH figi
N HIV fG R ED, Inb HIV 59506 78 R DL K S8 25 0%
FHOCFE TS5 KU, 1T H R UL B 4 2238l R
O ST R E N e L

FENDME S 25 1 STV SR sl A 110 vh 028 51 5k
AR T R .CD4™ 1 CD8™ T 2§t iy /b FET- %
e TR) A a5 R0 A A P A I B STV e T 3k
RGN AR R LG 25 1 STV BRI R A
N, Acharya 251> % BURRIGE M B2 25 9 STV 6 75 2% &
S R R [ s WS 2 CNS Hh/IN e I3 4 it 5 o 14 &2
DL S SIV 8 280 54 = o F ] DL RS E AT L) v
I SIV e 52 L sh ) Rl b s B 8, i dbh, g
MEFT SIV A8 Y [R] b 98 Bk SCHR 4 v 28 fi /N 14 1)
HSPAS [ R A K, 8 il MA T BE B %, i
TN HAND SEALE B — A 520, 5 ik
AL BRZE B SIV 4L HE , 18 MR E 4G 24 1 STV
YL AR L B2 BhH RBAT 45 W R, B 3
AT A B iR, B 3 2K 79 % ( methamphetamine
METH) [FIRES B8 STV JBEYe 4 Rk A A ik v S 24795
B K, (HR 2 078 3R Hp T 249 2 2R K
-, Najera 257 F— 2 & Bl METH 45 25 )5 2% 1 3%
BB H CCRS 32 1A iy 3k & 2, 3X nl fE 2
ToRAt By v s B 2 KO- R IR N Be Ak, 7E SIV
LSS METH AT 34 70 B 2 B 5T 240 i 19 1115 3%
AR, FEE S T 40 sk B 49 i, 1 i o 2 A 11
P g e HmeE METH A, o] -F KR &
PO R B fii A R, I 2% R STV B 7 28 K R
Weed 258 1 % BUAH RO B 5T 45 51, vl & R AL B
FEAIG N STV B 5 B b 5 A P 7263k 7K -
B B B T ) RE I I AT AR AT 5% 1, 3 3¢ BH 1]
RIS STV JEGL T BN HIBAT R

2.2 HIVHEXEMIMRBAESRIERARTH
R FA

FUHAREFE Hh e B G A e Ak B AT L E % R
FIV &G A0 B RE E J |, O FLYE FIV RGO
I 5 ARG T ) 5 2 AR AT [ R 22 3R 9k L 485 e
KA BRI E] 2003 4F, Barr 2512 DUSYL FIV 1)
T XS G, e ke S e i J & 3 il LA 4
PU FIV 755 50 ki 1T 5 155 2 Hi o7 1 FR 0 4 K 1) 1
FH X R BIAE FIV/ Z s pisi il vl BA (40 4
. SHEAE, METH 28 vl 391 CNS *F 9 FIV
WA R, PR, METH 425 )5, K
SURAR A Z2 21 ( dopamine , DA ) F1 2 B i i 32 R
(dopamine transporter, DAT) [ & & I 3 9 /) | [] i
5-HIAA/5-HT LR 52380, itk vl U, METH 4 JF
FIV AN % 20725 e 22 358 i v 3 Rt 22 3288 I e S 1
B R A 2 i B S 0 i T 6375 fl
PREER Y R RLR AT METH i A% K i
# T FIV 5% CNS YJReREfE i B [Rli FIV 7] 3
Y METH (22 PEAE A
2.3 HIV XS EFERNYEBES Ml
R AR A

B il 2 IR HTV B X 28 2R g4 E AR
F 0T ST R REA B A LA e A2 2 4, i
HAND 115 1% 25 &, B 2 il HIV B /835 1 3t
T=, HIV AHCHE RS 5 LRI S & Tz B H T HIV
AHSEAR NI T RE S AT AARGT . TE B4R HEYE ¢p120
BEIED/NELE g S METH 25 25 )5 /1N KUY ik
PR A R R Gt R M A BE VR B K R TR B
S ECE B ANE B 0RO N 1 H i T AR PR, B
A BRBE Y BT R BT, HIV Tat 535 /) U
I CAT DX HE R 28 50 W) 9 it ek /0 HL L AR
GETETE Bl TN 22 45 S A AR 40, B IR i ok v
R ATEEE] HIV Tat %3 KN RE 25 A2 37
P, [l A il el gk kiR Y BFAE R, T
PR % @R 1t BT HIV Tat %% 56 K/ BRI A DAT, 1
M5 DA FRHIERRS , inse DA H A it &5
PEAER, SEUNR U BUR BC A s

Bt 2 A1, 2 E TR EME METH , 1] R R 45 24,
HIV AH G 15 257 3 R 3 2 7 A= R 82 AT R 3500
VER, B AR BN B 06 sh3 i, B2 AT R
Apl1634735] Al | Soontornniyomkij 250 JE S5 T
R4 METH J& , HIV gp120 %53 RN BUIK P9 < 225
BN B A B S 3 A e MR A 2 4 2 T ST
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R HIV SRR AR T ik DB R R LB i ARE AR

Table 1 Construction method, advantages, limitations and clinical symptoms of HIV animal models

R LyE HE T ik PEBrE JriFRTE I PRAEAR 22 3k
Species of infection Construction method Advantages Limitations Clinical symptoms References
AR L
B WA AR e
SIV infects PIor i ok SEH YR > A
Non- - Isolated from P25 S BB A
AR human no'n-human iﬁg@ﬁ%;&%ﬁ% R —_—
aom primates e K L 2 s
Kok primates ?ﬁiﬂ}\f A9 The number of AE MG BEBRFEIG RN 42
SIL7) ) LL SIVmac239 & 5 4 I?iIi% experimental animals is ~ Lymphadenopathy,  high (8]
Non- SHIV Jg i A A A HIV-L () Close lu. the small, the individual viremia, simian
human {\ PR S S Rev Tat \Env LAJ% Vpu  Pathophysiology variation is large, the immunodeficiency
primates Y A of humans experimental cost is  virus encephalitis
SHIV  infects - SIVmac239 virus was high, and the ethical
Non- used as skeleton to review  of  animals
human insert Rev, Tat, Env is strict
primates and Vpu genes of
HIV-1
e — 18 5k
i HIV B4
ORI K7/ - )
S A AV R g AR EL S
oy = o e ppe EREARNICE N N
HZ ZARAE A RESE 4 S PR M 2 R
st R e oy BELAEAIDS o g R
Y N _ 3k naturally The target receptors of Fover peripheral (14
Felines Isolated from Felines oceurring cross- - FIV-infected cells are lymph;ldennpathy chronic
species  HIV  different, which . ’ .
infection in  cannot completely slom.atllls o dermatitis,
animals, the simulate human AIDS respiratory dlseas'e, central
number of nervous system disease
experimental
animals is large
JUHE M 4 R LD RE I
ik G B BB | AN 35 B
IR 3 B R
HIV-1 3% MBE Gag F1 Pol 3 Tofle ettt Joak BLALl  PIBEIR AR
PN i pNLS-3 saffk gy fam g HIV 975 73 42 1l Severe neurological
HIV-1 - pNLS-3  clones with T ¥ % R Non-infectious, it is  dysfunction, L16]
transgenic deletion of Gag and 5 R B unable to simulate immunodeficiency, opaque
rats Pol genes Wi, R T HIV replication cataracts, wasting, skin
2 AR B le‘smrm , respiratory
SE R AL disorders
Wige and nephropathy
TR ZRFERS  Stong s epn REIRE Y R It
— s TRE-Tor 86 1 fecundity, easy  SURHER, BERI i sy i iz
S HIV Tat  GFAP-nTA 3 [H fy feeding, clear RS g O A A AR T
o TSN | tiology and  VEIFERELL ) 3y
odent /NER Mice containing TRE- (slymploms . 0}{ fe(:iftance ilseasi: Developmental retardation , [18]
HIV Tat Tat 86 and GFAP-rtTA 1sease, whic T . ” hunchback, tremor,
HIV f5HFEEA transgenic  genes were constructed i; condu:}ive to :Zta}i)ol E) gtz.a?plalsztehj ataxia, slow cognition and
FEFEIR/INE, mice based on the the mechanism ) K movement , seizures ,
Transgenic tetracycline research of cfiused b.y multiple premature  death,  and
mice with regulatory system specific  genes viral proteins cognitive impairment
HIV viral iy 40120 in
PrOlins g L[ CRAP B TIOT e
ML e A HIV Eno 50 progression
HIV The HIV Env gene was (21]
epl20 inserted downstream of
transgenic  the GFAP promoter
mice

HIV-1 %5 38 R KBB4 0L B 2% |, Vigorito 2516
UERH T M MELE HIV-1 5% 3L KK Bl CPP 256 v Y 4

SR, FLGE TR AR SC 012 28 /0 AT RF4E 344 d
Zhu 23 SE 3 HIV Tat 55 525 /NEUAT R R 45 25
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BT LA A )

Y25 B O 2 . ARl B A SCik, AR S
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S (R 2) .

F 2 HIV S E R R 5 I 55 i R

JSEH AN [ L R AT

BZET HIV

Table 2 Application, differences, advantages and disadvantages of HIV animal models in drug abuse research
plk7LeEd IO NG Mot s 275 3CHk
Animal models Application Differences Advantages and disadvantages References
s BB N HIV L5 15
. R . e Y3 IR I ELRAE
W e DT GRCRIARBRIE R st sty g L BRI
Sk A QT I S IR 5T BRI B 48 Ak K LA T e
KBl . 7 Advantages: It is  the closest
. @ Researches of learning, F&fi, - i [11,23,28]
HIV-associated - . . . . pathological characterization of human 23
memory, and cognitive disorders Cocaine does not increase viral . . .
nonhuman A R . HIV infection with drug abuse.
. (DResearches of viral infection and ~ load  levels  or  cognitive . - . .
primate models L . L . C e Disadvantages: The experimental period
replication mechanism impairment after SIV infection. . R Lo
is long and the individual variation is
large.
s WLy HIV ERSSA J-8 il
~ LRSS
N i = RIS Y FIV (9 KA 2 A o = .
HIV A % 3 2) e I Y R R L B
Pyl Pz LT e e ° . Advantages: It can provide theoretical [11,29-30]
. . Morphine has a neuroprotective . . . . e
HIV-associated Researches of nerve injury Co . . support for HIV infection combined with
. effect in domestic cats infected
feline models ith FIV drug abuse.
b ’ Disadvantages: The target receptors of
FIV infected cells are different.
Mori 75 HIV IG5 7725 A M DFE
O GEIAN BRI L B 22 DA BB R A B
QTS iR
(OHIV HIZEA 8 H RO B e al R RS RN HIV A S O T3 Sl 4 9F HIV i
HIV A0 SC G 15 28 PO KGR RELTEN B2 ) 0 e iE R KA R LHIIESE
FEFE B AR @ Researches  of learning,, RN RS Advantages: The most widely used and
HIV-associated memory, and cognitive disorder s Morphine and cocaine can  mature animal model has been used in ~ [32733.36]
rodent  transgenic ~ (2Researches of drug addiction aggravate learning, memory and  the study of HIV infection combined

animal models

® Researches of the
specific pathological
HIV -associated

mechanisms  of

viral proteins

cognitive impairment in HIV-
related transgenic rodents.

with drug abuse.
Disadvantages: It cannot be used to
study the mechanism of HIV infection
and replication in drug abuse patients

with HIV infection.

3 NG

//www.unaids.org/en.

et al. New

(2]
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TR TR TAE X HIV G 9 2% a2 09 80%

[3]
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(R, A I K 4k SR 0 98 I 2 3
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Genetically engineered mouse models of colorectal cancer
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[ Abstract]  Colorectal cancer has the second highest incidence in China. The pathogenesis of colorectal cancer is
complex, and prevention and treatment require improvement. To reveal the tumorigenesis mechanism of colorectal cancer, a
preclinical animal model should be established. Compared with carcinogenic induction and xenograft models, the genetically
engineered animal model is a powerful experimental tool to simulate the genetic mutations of colorectal cancer patients.

Min/+ .
""" mice, the most representative spontaneous colorectal cancer model, researchers have been

Since establishment of Apc
attempting to establish genetically engineered mouse models of colorectal cancer with high clinical similarity. In this review,
we discuss the role of Apc gene mutations in tumorigenesis of colorectal cancer, and focus on the characteristics of mouse
colorectal cancer models established by various combinations of genetic mutations in terms of pathological morphology,
invasion, and metastasis. This will provide a reference for colorectal cancer research to select ideal experimental models.

[ Keywords] colorectal cancer; mouse model; genetic mutation; invasiveness; clinical similarity
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CRC WAL & G BUE 5 S B, R A%
PRSI L ] TR A ) B 75 B A R
i 1 48 A 18 & BE (azoxymethane , AOM ) B 7 28 4l
AR EM ( dextran sulfate sodium, DSS) 254k 271755 5 7|
W RE o e 1T A e A W i, I 1
Frenis S fERRHE K, A F %R AE Y, 5
bR AR AR TR 2 FH e A4 it s 5 A8 8 R R i g 4
YT B T B0CE TR S A i 5 I R | R R
U R R RS AR T SR b A KA B E A VR
GPNRIT R (HJR B = I e A TR 1 b 8 A
BERUR 28 1 B8 25 A A6 B A B AR Wl A2 X T ) 2%
P ARRAAEXEBE R, Ml DLW I g AE 1 38 A R
= 22 DL S BE W F oY, 3 IR T R AR AR 3 o
IARA YA INFIE R T A2 R LR AL rp, I H
AR AL R AR = R T 4 s R A
DLAGFE R 28 A | X AP R F T 56 N #E CRC BB R
JErh DI RERT ST .

Bifi g X CRC & AEALHI TR T ff , AR N 19 3
PR TR 2 A A5 8 g g O 285 R0 43 A 7 55 i R AR
B HIR LBk B . R, BT CRISPR-Cas9 4%
ARAW G 7635, Hil 25 5L K TR S A A 1 A
R R 4R 5, NI #ES) T CRC SE [ TR gl e
BRI TR ST . AR SCER G PRI 45 R e IR 98 A8 A 25
EL R A A R v AR T, i ASOC T AS [R) J PA 2
AR AR LAY CRC FERR TR/ UYL R 45
Ji i WA T PR A AR P S0 T HL

1 BEFApc BERFERTHWERERTIRE
IV R

Ape FERNL T 5 S QAR 2 X 2747 2 50
L g — P 2 D RE AR 1, T RE 2 5 40 FRORS B A
¥ (G5S MOE AR MY Ak B 524
iR HiE 80% i) CRC RILH Ape FAE, Ape 58
S TE IR R T 5 0 S B BBl A B, PR S B
FRRALD . APC J& WNT & 42 1 5 2 67 915 B 7
J& Axin-APC BRI G W) 00— A48 4, A i
WNT 2§ [3-catenin 1 25 A 2% i , HRES
Y T Ape 9878 2 1% T A7 A2 Bk B, W 5 & Y B-
catenin 23 FERTEANML BT N I 5 1o BN A0 i A%, #2 4
TR, 330 Mye FF 2 AL R30S

Moser %57 1990 4F & B A8 7] N-Z, 3£-N- il
FEHK ( N-ethyl-N-nitrosourea , ENU) 1] L1755/ B Ape
FEPITE 850 i A B A & tE s 7% | B TTG 5728 1

LR BT TAG, &K HAE DI GE , X Fl Ape™™* /)N
15 JEIS e A B b R S 2 R MR, 2878
FHEARARIIAGE LB BN, 30 4K, Ap™
NP2 AT A AE T | M 3 g e A ) R PR )
REM AN VA T 7 AE 9T (H2 5 N2 Ape JERI R
A S B e R B X, 26 Ape FE R 2878
FEE AL IAIRAL , IF B AT e R R = g
IR HRENMhERNEZMENR,
I.,1997 4E | Shibata %8 52T Cre-loxP H4H 22458, 1
Ape FEH 13 F1 14 5 & T HOEE A loxP i 4, I
W5 TS 5 78 S 431 FE R (Ape580S ) 51 A /N LR & v
FAIEE Ape™ ™ /INEL, PR % 5 Cre ( AXCANCre ) 328
BG5S ARSI AR 1 IR Ape BRI
INREAAE 4 AN R AERYE . B HIE T Ape 2
PG R 5 505 S AL A b e Y R v 3 A e bk A
b, ZBAIHLEE T Ape 564 RER (IR IR BOE I, IF
W Ape RiGFr R IEMS | 2R Hg L k2 G
V225 s S Cre (10 Villin-Cre ) 85 FH M 5:45
Fin R G 3 R DT AR 0E &85 B MR R R A, SE T
Ape™™ * IINER IR A A SR R 22 SR R A A T
it Ape™™ /1N BRUEL TR A IR R B B AR AL 11 R R
WF5E H AT 2 308K Ape™™ /N BB A Ak 245 S,
AOM \DSS s HAb R A, B2k ST LAy hn i
A5 PR 0 A R [ i 4 e Pyl R st ] O B
BRAAL2A A 250, i 1 T 2 HoAlh Ape S50 3L
BT AR AL ALFE Ape™?T /N, AE W T AN
it Ape FEIR 1309 b5 R AE AR APC 2 1
SEATENR M ELHE Ape™™ ™ /N FRUE PR B I T R, R
R BRNER HEHEL L2 EFTF AR
JiRgeE , B th 5L T S A 3 AN A oA AN T Y
Fovss AR Y X g AR ) I — AME AR Y
BilFJ2 Ape' ™, HAE 15 SN F N LU ST ) 47
RS, FEUHM T 1638 4b %1% 1N A4 4 1
BTG BT, B SR/ N BRI B e 5 A
(< 10), B IABE, (HU2 AT B bl 2 R, BRTR,
T 2 A R i R R e ELEENBR 14 54
BT Ape™™Y /N B R o3 A 5 78 ATV A
A WUARZE  BOFEE RS AN 4 i et er s
2 BE Apc ERARTHERTEZE/N
RAREY
2.1 Kras RTHEXFhER

Kras 2 FT A7 0% 8 vh fie i 58 A8 1) s 2 TR 22
—, 1E CRC %% 19l ', Kras 28 78 1 BB 9 R 24 Ky



662 [ S B AR 2023 45 5 A4 31 %45 5 W] Acta Lab Anim Sci Sin, May 2023, Vol. 31, No. 5

409%'" , —H K& Kras 2878, GTP 4 /K i 9 0% 3R
Hl/ S A BRAC IR I, SR Kras DAITGPERIRES LR,
A BT R 530 B RS B, DA 2 22 PR 4
Mg, BEHF Kras 2878 B 45 T IR 5 3 10 16
BIPIRAS IR o AN B A B B RN 4 25 AR AT
RARK

AhCre Apc™* Kras™ ™ /N BUIE W Ape &2 J5
Kras (V12) (03805 3 B0 & AR 3800, 2 140 &
WL Kras(V12) B8N T M3 g i) % 4 9
KWW T Ape £ KRG B IR B HETY, Kas®
Ape' V7 INEUR rIgE Z2 R PR RN 10 £ Fifoyeg 1 5 B
PRI, T BUR R RT3 ) 3 48 = I
IR AT KRR T AEFR IR Kras (G12D) 1)
/N 2 BR Ink4a/Arf B VillinCre Kras®*"" Inkda/
Arf” AT B Ik 3 IRLE 12 JARELL 76% MR F 507
FVER R, OB S Ay T AE il 5 A 2K Kras %
A 1 TR i 9gE AR AR AE AN T3k i 45 B b, 2018
4, Sakai 25 S KGHEE T M b R A0 b G R 0 25
FEOR B 275 (Ape Kras  Tgfbr2  Trp53  Fbaw7 ) A ]
AN EFBERS Ape™™'® Kras® 40 -4 386 1 i 1 b 33
122 B, Ape™™® Kras®” Fbxw7 ™™ /7N B 8 43 A1
BN, XEegE AR | Kras 16 AL FbxwT W3R
(LA R T 5 R - ) 5% Ak b, 3 i 1 by
A I Hk B T 512 7888 J1 TG, Ape® " Kras ™"
Tafor2” AL R AR | X L 25 R B, Wnt
PTG Kras 005 AT AKT 282801 TGFB A R
BRI OHE .,
2.2 p53 RETHEXTPIER

p53 J&— OB By iR i 3 ], CRC Y p53
GRAR AR 34% W3 St 45 o I 988 1 459 1) 31 Uiy 245
E IR R BFSEIEA , p53 28 AR 7 iR B 1
T v 1) 98 — i B Ak P R G B VE . RS TR S AL 1Y
P53 FATEWE CRC B A4 17 h ol 25 1
AR BE SR B R TUG . pS3 &
A5 55T i 2 B e IR LR A O, O S i CRC B9
IR LR I AR A S AR S

I, Ape RAR 5 44 pS3 miBR A4S A Y
Ape"™ p5377 /N B H M A8 R 1 b R AT 8
2017 4, Nakayama 25> JIEBH p53 (1955 — A% AL 2
(AR AR pS3™70 i 3t A2 2% 1 P g e A TS ol 3K A5
{272 DA 755 T A 83 1) v e | 5 o v LD
LA BCR I N, pS3 LG FBXW7T 2 £k
N, 2 W AEA T NI AE R FoawT 5878 T4

PSR F A FBXWT 2R [ 14 e 2 2 400 i 40 i 73 2 |
R L e A B RGN TN N e o A ] e R @
MARMEAE ™ A AN A BFSE BN FhvwT mRNA 1E
S5 H T ERIA W RRAR, SR L R 4 Z A8
FEZ1 3 20% 1) CRC B34 (n = 130) ¥ Fbaw7 $5
DURCE %, I W 3 45 58 5 i J AR 562 B 18 A AR
FbxwT7 BFEFL, FoxwT B LRAZ P CRC B
FHHRAE A FhawT 9800k e g AR 235
W3 R &t B Fhaaw7 ™ p537  /NERAT 5 R
FEB Ve AR 78 T RN G RS M IR R (R 4 R
JIE) 20 Trim67 8K 2 80% 1) 4% 1. M 9 b 2 WL 38t
OBk, DB S WS R RIS, Wang 2577 JIE 5L
Trim67 HA I8 9 i K B DI g, TRIM67 RE % 11l
il 2 B A A I, IR S 0 ps3 iR T 4N
FELPR T, G I A 3 Ape™™ /N BB 485 1 W e 98 ok
Az, I 9a 22 o A R e T
2.3 Pi3kca/Pten REXER

AR ML LA 3-1 % ( phosphoinositide 3-kinase
PI3K) i f#% 32 202 38 o B A5 W UL B4, 5-— 0 1R
( phosphatidylinositol 4 ,5-bisphosphate , PIP2) 1k 4y
WENRMENLEE-3, 4, 5-— W52 ( phosphatidylinositol-( 3,
4,5) -trisphosphate , PIP3) B IR fL Wi IS BENLEE, & 5
YN H3EEE A3 AL FNAF 3G () 7, PIK3CA H1 PTEN J&
T I G BRE®  Pik3ca P 4 HS PI3K pl10
AL IS, & 1Y 28 W\ R 15 2 80U PIBK 55
I BIFTHLE ) Pik3ca FEFTE 10% ~ 20% (1
CRC fiigd v & AR 975 | 5 Pik3ca BF A= 15U i B3 A
Eb, Pik3ca 2878 iR £ 35 I 45 B Ji pe S PR BT T S 0
', PTEN J&—Fhii i3 s # R ik PIP3 1 fil it 15
1t AKT, LAFEHT PI3K/AKT 58 B 0w iR s , vl LABS 11
FEHNHAARFE, 7E CRC 1, Pren FEH Kk A 45 Fp S5
LN FEK, R I A o R A, R e A Y

FERUAR SN G 1 Bz 4 B R AR S 1Y Pren %
RAEFE W IS b B 0 IE & 25 ¥ stk i, 2%
1Mi, 7E Ape B =Z W FERE I | Pren W25 4% 0] LLIE 123 34 fin
Akt PR35 AR 0 iz & A=, DTS S5O0 9 1 e
JBPY D Pren R M Kras B T% S 3 VillinCreER' -
Apc"” Pren™ Kras""* /NI I Bz Ra A ZE AL DL S 1 A
PERA SETE % B AN BB JC AR Sl D bR 9 A0 5L A Al
Y TRAEFAE AL RS e 1 & J2 2 Leystra %5113
it FC PIK3ca™ /NEIEM PI3K & A LE/N RiE 5
PERGPEIE S0 238 5 250 1 R 40 H 398 28 g 0] e
TE /N 378 it RV 25 P 149 L Bz 40 B w3 3k A v T
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PI3K 4/)N RUTE 25 i vh bl i i b A 28 PR Midea , O T 9™
BRI o 2 BRI AR 3L &5 B . Apd™ Pik3ca™*™ /NER,
Apcﬂ/ﬂKrasmz')/+Pik3ca1']10* B AR AT 24 200 d s
i IeE I/ JE PRI i 78 A R Dy i P i , RS
T RERG E 8 I, X 2/ N B b 809% 114 i jg A2 = 11
PERRIE , Ve 22 i A AR DR — 0 20 S £ 321 [ A5 L
RO, BRI i R T A% B8 IS 3 B ik
S ELZE RITE P9 R e R Mg hE Y
2.4 Smad/Tgfbor REE X YEE

TEIE 5 4 i b, % 4k A2 4 -8 ( transforming
growth factor-beta, TGF-B) {5 5 il i i 51 , TGF-B 1
BRI 224K (TGFBR1 , TGFBR2) LA i 46 57 14 1)
JiEH) SMAD 1, RERS 2 dE 40 oA JA T, i) 20
JRIAR IE B G TE , B B S D, 83 % 4 45 i g
EAA A TCF-B 5 Z 1B BRI AL, A A
Ape YN, Smad2™ " Ape AT INRUE A FEBUR: K
INERZH LU A 25 5 X U E AR L £ A
18¢21 I, Smad2 Z2 &P B R A R LIGIEZE B R
AR R SR Ape™™ ™ Smad3™ 80 £ E LM
PR KA B RZEPE IR K A, R AL E L 58 e
@ﬁﬁ%% q:ﬂsﬂ 5 Apc+ /1638N Smad4” /E6sad /J\ LE'LLHq:' Eg g
BAEREIN, R R T, I )Tz 5 5L A
WETE RGBT 42 28 40 5 R M AR N B R
Oshima 45" JIF SE7E 5 RE A58 vl il 1= i P2k
1 TGFB 15 5 1% 5 & LA 5| & = 1 P I o, Ape™™™
Tgfbor2*™C /INGRR R HL AT R R 3590 1) Jt o, i 55 2
(¥ Ape™ ™ /NBAL LA AR ZR PE IR . D3 5h, TGEF-B
ZARIIE B Kras 238 W) LSL-Kras®™” Tgfor2™* /)x
BRI 1 B-catenin JE AP R A2 5 5/ BU b
ﬁgmm 5 Tgfbr2E2ﬂx/E2ﬂx Villin-Cre Apc1638N/J\ UL K
¥ B 2 T BRI Tt Ape 287851 A 1 1t i
TGRS
2.5 HEMEXHMKE

R R 22 AT 5 UE B, 1 R ) 3 Tk A ) o) 24
EAIER 0 R R R A AT S AR B
FEEED TR N B S A RS AR R G5 B e &
it R, RS EWE R R, AR E
( Fusobacterium nucleatum , F. nucleatum ) W) 3 & 12
o, FAR F. nucleatum 1 Ape™™* /N BRI LA 3 {4
PRSI W5 A O 0 J Rt e B | AR T 0o B 2
(R A RN (22 R S R R A
i L = A ) ( Porphyromonas gingivalis, P.
gingivalis) W F-BER e, O H-5 45 1 e 58 iy SV

IS AHE B P.gingivalis 51 Ape™™* /N F AR AT
DAFH S5 g 52108 ) B 20 M, B0 NLRP3 A0E /MA
FEP AR R AR BT, 380 1 45 i g 1) A VR B,
XL/ IR R TR HS BT v 1) 22 M 4 g e R AR R Y
BEE R

3 HEXRBMERIENREE

3.1 Braf T HXohYER

MAPK ZHK 52 1 2 N 298 240 LA % A% 1 Rkt
4R IT N 25 P B ik 4210 BRAT & T4
HME ST MAPK/ERK & 48 T el , 3 [N 28 4
A S B0 Y 3 O O AR A 8, T e 3
W& AR 2013 4 Rad Y e d T
VillinCre Braf™""*""* /NG, K JB B A A Fr s i) 4 5
PERR AR L AR, S BUNG IR
S AR 8 L s s Mg b RE K A A 17 3 0
Ja XAy S m A p53 F pl6e 2k T, 56% W Vil-Cre
BrafV637E/+p53LSLfR172H/+/J\ EﬁTIE 10 - 20 );] ﬁ%\%% ,Ecljﬁ‘-zi
SERIEE L Vil-Cre Braf™ " NI 5.2 4%, %
5 % 8 B R EB Ok 0 g5 R IR 8 B, Vil-Cre
Braf™"" o p 16" [R)RE N T R 2 3R i A R 1)
e
3.2 REHEXNYER

PR JAE TE JL AR IR IE 19 %2 A5 RO A 3 i v
AR, miRNA 0] LA 5 908 IR A K/,
miRNA 1 ()£ 5 PE miR-146a 5 CRC ) 5 BAEH
K8 miR-146a™" /NRZET AOM 1 DSS i G145
ELA M B B 2 RFR R e 45 i v 1) S g AE
A5 5 3 . N-myc F % 9 15 3 B 2 ( Nemye
downstream-regulated gene 2, NDRG2) J&—F 87 19 fif
SR P JE DR | A8 R 22 ol 28 F T PR £ 346 43
TR AR RS 5 & FEAE B b R A s S v e B )
Ndrg2*™ /INEUR B Wi H B R, AT
DSS 5 AOM Ab 3, fi 37 2 AE 40 fd i1 , #a ik X A1
YRR 7 2R3k DA SR 2 B 1 IR T IR R 1
FRPRE R 2 22 0 R 1 398 i 23 i a5 v, DA T £ st %
B RN I RANSCIP R R, ik T2k 4
( chemokine ( c-x-¢ motif) receptor 4, CXCR4)J&T G
T IR Z MO 05 , AR A CXCL12, il DL 196
JERERS , CXCRA™ ™ /NI A AOM/DSS Ab B3 5 4%
TN 1 A0 L PR | 47 55 G % 10 48 40 2 a3E b Rz [
7o i e A4S I Wnt/B-catenin 8 15 2k 1 5% CRC
HEE
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4 WHit5RE

BEFE R HE DR 27 B0 AR | IR BRS 22 va BE B T Y
SR SR B B cA 5T, AR LR TR A R
I 96 20 A% R ASE 5, B PR T e s ] LB - e
FOUR IR 200 0 B JBOR B 058 2 8 22 1) 1) 3l 25 AH FL AT
PABIRT T B B, B 5 2 N DD BE AT 9, BT
Ape TAZ/IN LTRSS BV i E 52 v B S i WL, (HZ

FAERI LD PRINRIR Ry =, O ELAr A 8 AN
A RLE W, 3% 5K Ape 2SI IR B33 AN,
T340 TE Braf 28753 T8 i H g R K 5 AR # 2 11)
JINBRAT DA A A 28 P o v 1 s IR 25 B R L (R
SR U TR R H A (R 1) o T4, 2R
T % TR TR AR O K | R ip /N BRI A 0k — 28 i 2878
SRR ) i 1k 2, DU/ BRUPT BB 4 R R B 3l A8
CRC Wi

R S EEEEN TR R

Table 1 Genetically engineered mouse models of colorectal cancer

A R[] FRAE AT 225 3CHk
Model Disease time Characteristics Survival time Reference
15 MR, 22 PR A IR PR AR R 8, R A /e /N 22 kA
ApcMin/* 15 K The model was mature with multiple polyposis adenoma, which was not At around (9]
weeks highly malignant and mainly distributed in the small intestine 22 weeks
A A TR, M 2> (< 10) WEARWTC, I ELI & 2108 2R
R SR i e
Apc 038N 20 J# H s embryos of this del are lethal P ; S 324 [14]
pe omozygous embryos of this model are lethal. It have few tumors ( <
20 weeks . . . 32 weeks
10), a long latency period, and develop adenocarcinoma with
submucosal invasion
L UM LE AR, R TR IR AR ATEAE UL ARG 15
Ape"* pS3/ %0 d This mice has d tive ti local invasion, t invasi 1224 (18]
pc"™ p Within 90 days is mice has dense connective tissue, local invasion, tumor invasion
into the underlying musculature
N KREBO RN, LB A R ARG HE , Bk = O R
HRE7d e
AhCre 7 days after TR 99 d (28]
Apc"™* Pren " . dy G Most of them are invasive adenocarcinomas caused by severely dysplastic
mduetion adenomas. Malignant invasion of the submucosa is obvious
7 8090 Y[R S 4R T PR M, JFG v 1 22 fi g S i 28 [T AT L2 2 00, R
Apc"
P e SR U RS O LA R £ o791 200 d
'z 3‘ ‘k " it 80% of tumors in these mice were invasive adenocarcinomas, many of The median [31]
pi;12D/+ C wee ds al. e which extended beyond the muscularis propria to involve the serosa. survival time was
I.(ms s fe mduction There were few retroperitoneal para-aortic lymph nodes and 200 d
Pik3ca ” liver metastases
Ape M 60 d iJeA 52 2% S R 5 S E AR IL P 1044 (34]
Smad3™~ The tumor invades through the submucosa into the local muscle 10 months
T i R 3 - T S b o P A et s HEL 7 N o -
s FEABUMMA LT A BRI, S MR SR BUN 7 4 I
3 % BEGTSR , SRR LE T A5 M 5 AR T A 1 A R R A 5
Ao /1638 Trans model as U ANy ) The survival time
" pd4 T Ebsad ) Iv /3 " The trans model tumors were mainly villous or tubular villous adenomas,  of trans model was [35]
oma earti‘c?sC.‘ with more severe dysplasia and malignancy, which mainly distributed in 7 months. The
mUz lb-,t lﬁb the duodenum. The cis-type model had obvious anemia and splenomegaly  survival time in cis
mode? o e with more tumors, and shorter survival model was 5 weeks
earliest 3 weeks
KRE TN, RKEY 15% 97N BRUTE DX gk EEL 5 sl v 24 o s W 2 JELL I
LSL-Kras®'?" 22 JAA B AR More thanA [37]
Tgfbr2Ek0 Within 22 weeks ~ Most of them were adenocarcinomas. Approximately 15% of mice develop ” i N
significant metastatic lesions in regional lymph nodes or lungs weeks
S oy IR, CLAESS R RO PR 11 Vi
SLVEXTE/+ Serrated adenomas are predominant, including crypt elongation and
Braf™Si-Ve37E 10 months . . o 2 years
serrated eosinophil adenoma epithelium ’
Vil-Cre g TP 25% MR C SR BRI LS eREb
V63TE/+ 10 ~ 20 ~H . " . . 2 4
Bra 10 ~ 20 th Serrated tumors are predominant. Twenty-five percent of the mice had 2 vears [43]
pS3LSLRITA MOMRS  cancer that had metastasized to the local lymph nodes, pancreas or lung years
Vil-Cre 10 ~ 20 1A BRI IRT | 129% (/N B D B RS P e 4
Braf™S-Ve37E - ! This is a model of a serrated tumor. Metastatic tumors developed in 12% 2
s is E e . static s developed in 12%
10 ~ 20 months 2 years

p 1 6[nk4a *

of the mice
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gZR1
R KGR ] FHIE A1 275 R
Model Disease time Characteristics Survival time Reference
Kras JiG &0 1 B8 09 2 06 1, B P i 3508, ok R B R 28
| W
A716 G120
Ape™" Kras Kras activation increases tumor diversity. The number of polyps increased 160 d
significantly and no invasive tumor was found
A Reas®0 e A BRI I T BRI K o
Fbxw7™~ 13 ~ 16 weeks Epithelial-mesenchymal transition occurs and accelerates tumor growth [49]
F3k oSMA. 1 HILBLET 4t 200 Jf 50 1, b 20/ 0 R P I 5 14 4
A CA716 Kras®12P E%ﬁgﬁ‘@f‘k%‘g%
4 The number of aSMA expressing myofibroblasts increased. The incidence 100 d

Tefbr2™~

and diversity of lymphatic infiltration and liver metastasis were

significantly higher

SN BRIRARIL )  aok AR v  BEe 1Y) J AE E Je R
TRBIIAYT ROR T EA A SE IR AE HOR . 45 B
LR T Bl A5 R R 7 e R 2 U MR A%
2R, B AT B W) S i % i R A
KN FREAT S U 25 7 e 00 L) o s g PR ERE | 3
PR EE 2290 TR B0 ) S 9 N [R] 28 S5 7 AN R E
ToEIEAT S AW o /Iy B 8858 AR BRI T
SRR B S AL, EOULHE T R AR A O, HL 2
BRAERERE P2 5 0 /N B AR R R, Ll BoR
XERER R . /NS WG IR 15 ( Magnetic Resonance
Imaging, MRI) £ AR 38 ] T #0414
ToB Sy ShAS AT bR A RO AN O
TEh YR A R I R AP A D MRT HA

S5 B R A 5 AN B AR S B Ak
Y uids AR A Z R I R R SR T4 2R AR
SCHE SRR S AR A 45 g h A A [) ik
PR 578 2 5 ) At R 1 /) BRURE B8 A i BT 285 R
R HARRZE R, REUFRENTR 4SS B
AR GG AL HE R AT AN [R] 20 5, B0 o B PR 8 28
SAEE R AGE E A W22 4 s A 1] 4
I AAHALE , 15 T 22 B PR 9 722 /)N BB A B PR 52 72
PSRRI AN , 7 ME BE s O B2 T i, AT BR 1 1
i B 2 RN L sh BRI R e . &5 b ik
A A Y S AT TR 8 — | JMfv IR A 5 45 s PR A6 5 A
oL, i /N 5 5 4 ), B R BP0 45 B Y
BEHUATY IR 2 T Al B 2 T B R B M
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Mitochondrial DNA editing technologies and their
applications in biomedicine
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2. Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences, Guangzhou 510530)
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[ Abstract ] Mitochondria possess their own genome to maintain mitochondrial functions. Modification of
mitochondrial DNA ( mtDNA ) provides important insights into gene functions, disease mechanisms, and therapeutics.
However, the available tools for mtDNA editing are relatively limited because of the nature of the unique environment where
mtDNA resides and the mechanism of DNA damage repair in mitochondria. With the rapid progress of nuclease and base-
editing technologies in recent years, mitochondrially targeted nuclease tools and base editors have been developed,
providing powerful tools for mtDNA editing. In this review, we summarize the recent progress of a series of tools developed
for targeted editing of animal mtDNA and their applications in biomedicine, focusing on DACBE ( DddA-derived cytosine
base editor) , and provide a brief outlook on the existing problems and application prospects of mtDNA editing to provide a
useful reference for the development of novel tools for mitochondrial genome editing and their wider applications in basic
research, disease modeling, and clinical therapeutics.
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ATHE I mtDNA SEAERAR AR D | 37 2 36 B\ Lok
REE AR 1 R
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SRR A R P B A A0 B A A — B
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16. 6 kb, BT & (4 37 LA, 13 AN E i 5t
PRI RERS 2 i I W 5 52 B W Y 13 A 2 IRk, o) A%
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PR, 10 L PR 2 b7 A 1) 4 A B 1R 1L (oxidative
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i, TR AL . (1) ZORiR IR B T 57 2R
T LI 5iR 25 68 A5, BEL A A0 U A% IR i A 4 s 1R ik
J5T 0 b AT RTAZ R 43 #E A Lok A 1) 5 iz AL ] i
ANTERE (SN AZ TR M LA A 28008 3k B SR AR
X5 H T W 5 RNA (guide RNA, gRNA) K
CRISPR/Cas % 4t JC 1% S B X mtDNA 1 A &4 4
BT (2) kiR B DNA #1453 16 2 WL S 40 i A%
WAFTERR 22 5, HE DABg IS VI 5 18 5 3 % oy 2, 1

DNA ¥ W2 ( double-strand break , DSB) 1& 42 45 H
IR, R B R 5 mDNA &4 DSB J& , etk fk
4 mtDNA 3—~{bi 6] TRl PR it i fih & DSB &
O3 %, s AR BT mtDNA 1) 2 845 R 5 76 41 i
R FEAAHT T 5 (3) 4 P A R i b i
LALIRPY DNA 2 248 DB AR, X0 S a5 %50
MBS A XE BE RN 5 (4) iR ER LIRS R IR
1% 7 A 336 3 AR LA AR S AL A0, ' — Jy T
SR I 1A 0 i K DA 4 R R e R AR A B TRE i 2
Y H FLEAEME LU T miDNA 45 sh W38, o
— 5 T BORAS E A R R FE I TG H AR
mtDNA 2 A7 7E AL A 7 i A E A R AR ek

LR DNA 13k SeURePE BT, 330 H AT 2 1
HT4iMIA% DNA JafB it T HECRmS DL 8 T
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B R A SR AR S 1 B ) R G AT R R0E
I 780 A LR 1 453 1 18 S AL, LA 52 B0
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LRI DNA B2 48 DURHIE 1 A miDNA
BFAE R miDNA EAF A S B B4R 1T ELAORL A N
() mtDNA # DUECZ 2R ania s UL, 4% iR il
A ) Y1) 58 A4 ol B AR R miDNA S 2CH By Sk
Bfiee , 5% Ay mtDNA B BV 3E o 52 i AT 850 #h e, A
RS A RG2S maDNA. He 1, By 5
P54 (heteroplasmy shifting) 7, 38 &b X Fh 7 =, Af
VAR A R W92 mtDNA AORE ) St I L, 4%
R it 26 11 R I — B 4 bz AR HEE 0] 45 5 K ( mitochondbrial
targeting signal , MTS ) [ 31 , 0] DL fsf Ho 4k A 855 iz 2|
LRR N AR DR, RS it ish 1% Y 1) R,

B, B W M A% BR N W) B ( restriction
endonuclease, RE ) m{ I # £ R B ( homing
endonuclease/meganuclease ) #% M & H T mtDNA #
4] #] (40 MitoRE 1 mitoARCUS) , 5 4R H 45 5 1
Bt AR RS /IS, (H R AT g v 22, AR A2
BRUY S ON AR ) 5 T SRR R R
AMEY TR DNA 19 4 3, B80T K H T mtDNA
i, BN, ZFN F1 TALEN 25408 (1 R Gl it %
T MTS J7 51, AT LA [a) 2 KA D) ) mtDNA | 73551 8
fir 44 MitoZFN"2' H1 MitoTALEN"! | 75 21 7K - 7]
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mtDNA ARESPEINBR (B 1), SRR X T H,
25N RS AR B ) 23 T 2828 mtDNA 1)
A A R ROk AR S RGBT A Y
E R RE, ML= T, CRISPR/Cas &4 T 1E
gRNA X DL 3% ) Gk AR 1 Jmy BRM: , BAR o A3 AH G
iz, 2 B #r M JC ik S B X miDNA 1 A 3L

. A MitoZFN 7R & Bl ; B MitoTALEN 7R B & 5 C . $E [ 2 1R N TAZ R A 5 287

gnig >,

RiRRBGA S miDNA F P s, B sl T
Xt mtDNA () B 50 ) g, T N T AZ R G AT LA
XFASTRN A miDNA #8057 o5, 474 S 4 90 1) b 1),
WITRIN ARG, 3R 1025 T 2110 2R 2ok
& DNA %% T HAYRFE

A% miDNA TH B, 52 B PR A4 40, 8 (0 19 3R R R HF AR

A0 miDNA , £L €0 [ F R /R 948 miDNA s MTS : ZOREARHE [ (755 Ik ZF B4R 8 1T TALE : PSR B0 X7 REAS00 40 3 mDNA - ZORi A DNA,
1 SRR ZRAR I TR R AR AR A R AL miDNA R

Note. A. Schematic diagram of MitoZFN. B. Schematic diagram of MitoTALEN. C. Mitochondrially targeted artificial nucleases mediate the

elimination of mutant mtDNA, resulting heteroplasmy shifting. Blue circles indicate wild-type mtDNA and red circles indicate mutant mtDNA ,

respectively. MTS. Mitochondrial targeting signal. ZF. Zinc finger protein. TALE. Transcription activator-like effector. mtDNA. Mitochondrial DNA.

Figure 1 Mitochondrially targeted artificial nucleases mediate the elimination of mutant mtDNA

2.2 40k DNA BERIEBERSE

R/ S mtDNA Fid , 32245 S ME T BR
FA A mtDNA , HTCIEAE mtDNA 5] AHT 1Y 4y
FESRAR N0 3 2 4 A M ML AR E T — AN A T
B, David R. Liu HIBAYE CRISPR/Cas F 4t 24l I
T 49 0 38 B 2 4 2% ( eytosine base editor ) i
W25 il Ak 2 %8 2% ( adenine base editor) , 42 {5 Bf
CRISPR/Cas R 45 [0 17) DI RE , 515 M v wie ot 2 iy
ol R M4y 58 T T A2 0 1) D B i S 2R A M 2, 5K
PR S R AR T (B A b TR CRISPR/
Cas RG0S FIFAE T Zbi A SE R 4], AR
ZHT Yang 251" 223 A ] ZF B¢ TALE % DNA 254
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B KL i e, HL 2 B RCRAUA 2. 5%, 3% AR W] g2 A
SR I e M AR T 54 DNA T ZF Fl TALE
A S5 DNA BEST, U 1 0k AR B T (36 1ot A
FHRYPARE DNA PRBE, [RIIL, B AR B 2 8 R A %
DNA FifH i FHE 2B % )12, (AR K — Bt i)
HRi = R mIDNA Bl L S B g

B F] 2020 4E, David R. Liu A BAFISVE % FH
— 41 ( Burkholderia cenocepacia ) > 15 ) JiE 1 B it

W DAdA,, 5 TALE B, A5 T8 BB 4 4 2
DACBE ( DddA-derived cytosine base editor) , A] L) 5
BT miDNA f =2 g >, X 2 mtDNA i 55 45038
B —A AR HE . DAdA,, BT WUEE DNA i
I (e N | IS S R O oS
R TETE T2 ( DAdA, N 1 DddA, -C) , 5
M5 —4% TALE @4, 24—XF TALE [R]A#0 ) L 41
HIABIT AL, 73240 DAdA,,-N/C BT LA B 2 2 1
LA i W e ) S SRR, SEBXHRA 5 € 3 T
BlES R (€ 2) . DACBE 740l /K- B0 AR 5 5
PR ARER RIOR , 25 B NG MTS J 51 §IE 1] £ 4r
ARSI miDNA (58 3E 25 %8 . DACBE (1) A
DIk, B mtDNA St 748 ) T 5 ff
PR RGE 7 miDNA IS (1) .

& DACBE 7E &304 5 mtDNA Bl L &4k i
SRATIRE, A [ DUk, #F 52 5 s AR L 5 F+ %%
FEI T — RN TAE, fE gm0 v] g I 204
Rt AR S A R R R S R A5 T T A RS T
i
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£ :A:DACBE /R 3l ;B: DACBE A 3 88 A7 i Bl 5 C B T G 45 7 28 1] MTS : SRR HE 15 15 5 K TALE ; % 5% 800 X B 208 905
mtDNA : 2R Ki44 DNA ; UGL FR WS BEMIEET BRI ) 2 11 ; DA A, - DddA i S A1 4
2 SRR LS 4% DICBE

Note. A. Schematic diagram of DdCBE. B. Schematic diagram illustrating C-to-T base editing mediated by DdCBE at the target. MTS.

Mitochondrial targeting signal. TALE. Transcription activator-like effector. mtDNA. Mitochondrial DNA. UGI. Uracil glycosidase inhibitor.

DddA,,;. Splited DddA deaminase half.

Figure 2 Mitochondrial base editor DACBE

XFTC J7 8 () 4f 4, 97 8 T DACBE #9 #1U [] vig
FlY . Lee 257 38 i B A% i 1 {5 5 A0 B A
MitoTALEN , 32 %5 T DACBE Y58 5L 2 B 20K . 1M
Wei %52 & BUAE IR ZKF 9 mDNA Fifid, A2 8
20 B0 O SRR I U 5 mRNA (9 i B8R B B 8 T
WRLEI A F WIS, 5346, Lim 257 F1 Willis 2
4 DACBE H1(Y TALE 45t ZF T RS 2 A i 22 24 B
7% ZFD( zinc finger deaminase ) 1 ZF-DACBE , [F]AE AT
DA S0 12 00 110 T 56 i i, PG AR RS | /N R
WA Shik ;M H ZF 5 TALE AL, 76 N i Fl
C 54 A KRB R 45 F3k, DAdA 7] DLRl& 3] ZF 1)
AT — 3, G0 T 2% Al R 5 ZF 1 o A Z5 4
WLz AR AR AR 2R AL, WA R B T A e R
PEFEIR T N P A, S T A RO
DACBE 51, Mok 2577 % DddA #E47T & FE IR R AL,
PATT MM FFER 2K DAdA 2R (T 2
LA TALE @ Bl & #EThBE, T s s A T
Hif& DACBE fi4< ( mDACBE) . {HE{A& DACBE HY %
BRORAT — B R B AR, 5 5 1 S 75 PR AR AR AT Fr i
—H 5T,

DACBE XBESZH C 2] T(B G 2 A) i Bl 5 2
B N B — Cho %' 7E DACBE & %t fi 3
fili I, 3 0 2R 35 DAdA I 35 10 51 A R 04 i 4 i
TadA-8e , BLIIAHHE T — FR 5B A9 mtDNA i, 5 4 45
2% TALED ( TALE-linked deaminase ), TALED ff§ )
P %) DAAA FTFF DNA XUE , 45 TadA-8e 7] LLX}
g DNA I IR RS R A7 B 2, NI A RLSE B T A
) G(EL T #] C) MBRFESEE, 4 mtDNA B3 G 45 42
BETBIA 1 T JR AR S X — IR R,

Sk 2 3 [N g B T B AR B A T,
DACBE 456 & gt 5 25 1) 15 S M AT R G2 o0 S5 0k
X TFHESERK PN HEXEE, BR
DACBE 2% F14 JI8 880 G 5 7% P 5K, (L FH B 2 i)
R 5 e & B, DACBE AS{E AT i a2 67 44 35 R 441
A0 2 e, b T 8 7 A A e R AL 1 I o e TR I
AR A 3R g 2 g T 82 & DACBE 1Y F &
PE2287300 i %tF DACBE £7 4E A9 4 #5625 (40 ZFD |
mDACBE F1 TALED ) , 45 S5 4t 34 75 B 47 3 R
GERYTEAL P2 Be Ak, HAT A miDNA B 32 25 45
A ATAE E b B 35 R T 190 ik 35, 5 45 41 i 86 114) 55 00
HRONL, I HAEA ASOE R A5 S RE b g i X ™

SN T AR S A R R Stk

3 KA DNA RETIEEEYESR
FR Ay Rz A

20 i 9 27 mtDNA 5T — 2 He il (M) ,
Al SRR T BE | 5 202 P SRR AH JC B0
I, X mtDNA ST G B, AN E AT DABLHUAE B 0 BUs
GEAR | FH LIRS g8 6 305 1) 3l ) B TR A0F 5 95 9 ML EE ( I
F2) ;WEE M TIHBR sk 4 1IE 848 mtDNA |, 523
FEPRNAYY B9 H AR, mtDNA ZfE T 578 A4 ¥ = 24 450
AP B N TS R ) 2R A N T A TR
T H. (40 MitoZFN F1 MitoTALEN ) DA K B 35 2 % T
H.(4n DACBE) M8k % )5 , B H TR IR sh L &
AZEH) mtDNA iR FEHUE miDNA B 3 g 5 4%
REfSA R A B o278 | il ad 2 R R mg AT Ak 5 ek
T, W EMESh T2,
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F 1 FZRZLARE DNA Sl T HAHE S455
Table 1 Summary of mtDNA editing technologies

Yt T H. FEHMH Iy Re¢ AR IR
Editing tools Major components Size Programmability Editing effect
MitoRE! 5 MTS + RE 5

MitoARCUS 3!
MitoRE or
MitoARCUS

MitoZFN! 1)

MTS + H 5% 1R

MTS + RE or MTS + Small ( Homodimer or monomer)

meganuclease

MTS + ZF + Fokl

(TR — B AR E B g )

R (BOEHERE R, RIS I 32 BR)
Difficult (Engineering is challenging,

mitDNA H 547 B

limited targeting scope)

AR (5 2R 1A GiERON
Relatively large ( Heterodimer) Relatively easy
KA RIK) 5 ( RIGELF)
Large (Heterodimer) Easy (High flexibility)
RO R 5 ( RIS )

Large ( Heterodimer)

AT K (S BR{A)

Easy (High flexibility)

iERON

MitTALEN ) MTS + TALE +
FokI
MTS + TALE +
~[20]
DACBE DddA + UGI
ZFD[ ) 5
e MTS + ZF +
- - DddA + UGI

ZFD or ZF-DdCBE

Relatively large (Heterodimer)

Relatively easy

Elimination of specific mtDNA

mtDNA ¢ 5P B
Elimination of specific mtDNA
mtDNA £ 5P R
Elimination of specific mtDNA
mtDNA 5 5878 (C-to-T)
mtDNA point mutation ( C-to-T)

mtDNA 51525 (C-to-T)
mtDNA point mutation ( C-to-T)

TALED!2") MTS + TALE + R R AR ERAE) i (RIGPEL) mtDNA 5548 (A-to-G)
DddA + TadA8e Large ( Heterodimer or monomer) Easy (High flexibility) mtDNA point mutation ( A-to-G)
F2 FIHZORA DNA Sl T BN 1 S PRl
Table 2 Animal models generated by mtDNA editing tools
Y B i TR ey SR VNS PSS 275 SR
Animals Target sites Editing tools Strategies Human diseases References
SR . Cof01S MitoRE H:BH 3235 mitoXhol Leigh ZEAHF MELAS [32]
Fruit fly Lo Expression of mitoXhol in germline Leigh syndrome and MELAS
K BB - FARILAS MioPal RIS -
Large mtDNA deletions Expression of MitoPstI in muscle Mitochondrial myopathy
MT-Nd5C12180 DACBE R Py S A S Leigh £3 & 1iE \MELAS .LHON [22,34]
) ’ Microinjection of embryos Leigh syndrome, MELAS, LHON
MT-Ned162820A DACBE AR Ao 5 Leigh ZEAHE LHON IR (35]
Microinjection of embryos Leigh syndrome, LHON, myopathy
/N MT-TrmkCTIE DACBE IS AR A Leigh 2551k . LHON Ly (35]
Mouse i : Microinjection of embryos Leigh syndrome, LHON, myopathy
95T6A/C AAV ik AR
A3 G95T6A/GISTTA [36]
MT-Nd3 DACBE AAV delivery Unknown
MT-Trk 7148 ZF-DACBE AAV % LRI P 55 A5 [25]
m AAV delivery Mitochondrial myopathy and retinopathy
: AAV ik
N1 G3177A DdC [25]
MT-Nd1 ZF-DdCBE AAV delivery LHON
MT-TrneCM40%* DACBE W B AN [37]
K Bl Microinjection of embryos Mitochondrial myopathy
Rat UT-TrmkST55A DACEE R S MERRF /L JL#5i | Leigh £5 A 1iF -
! Microinjection of embryos MERRF, cardiomyopathy, Leigh syndrome
mi-nd 12474 DACBE i LHON (28]
B Microinjection of embryos
Zebrafish 56160 DACBE il TA D Ca T Leigh Zi &1l \MELAS [38]

Microinjection of embryos

Leigh syndrome, MELAS

TE : MELAS ; 20 A i UL 1 25 FLIAR LILAE R ZE AR B A s LHON ; Leber 35t A2 MR 2205678 ; MERRF : JULR: 200 1 R £ 2T 4405
Note. MELAS. Mitochondrial encephalopathy with lactic acidosis and stroke-like episodes. LHON. Leber Hereditary Optic Neuropathy. MERRF. Myoclonic

epilepsy and ragged red fibers.

3.1 BEEHENZERERARKNR

% R Pt kL 1) o fip A

ed S mtDNA 28 S (1 356 VG T 4 4L T — R 5ok
B0 SRR m.8993T> G 2875 5 LA ki kNG

AHSE (T NARP A1 MILS Z551F ) |, 0 22320 I BR
HE NI MitoRE-Smal 8, MitoRE-Xmal 7F &5 4 1%
B AR I 4 28 A0 A Hh AR S P T BR 28 28 mtDNA |, #
$T Ay A Bayona-Bafaluy %514 2% 42,

5 mtDNA 5285 v
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4 MitoRE T/ BUBUAR 7K A9 miDNA S5 i P 7%
e AR T LA 05 o0 A B 7E B BRA T A
FAEE R, JETIH SRR 1) MiteARCUS -5,
REAZ I T— 2 A E AL ol | B 2 T/ U
WA BRI tRNA 2845 (m.5024C>T) Ay HE ] 7
BRCY . MitoARCUS /RS BATE X A e ek S 1k
FESEPIRYT S N o B DR TN TR il A
1% L2011 B EANE R T v & (A 5 A2 M | D A
BB N T A% W2 ( 40 MitoZFN 1 MitoTALEN) |
WFSE B AR SP 35 57 1 N2 20 Jf v e oy 52 80 7 48 1)
TR Z R H WL 20K 2278 mtDNA , 24§ mtDNA kK
Fr BRI AR R B R 7E— N5 miDNA
FORRAE (m.5024C>T) /N FRAE AL 1 1] R AR ¢
R %F (adeno-associated virus, AAV) j# 1% MitoZFN 1,
MitoTALEN | 175 Jig 1A 6 00 I 0B 8 WL 45 22 b 21 41
A REAR T 28728 mtDNA 7K 7 11 42 8 1 85 4 Y
mtDNA I i, 1T — & B8 B B T 4R K
Ijjﬁg[létflﬂ .

TXUEHE AR MBS 57 1 N 25 2% 28 4 i s /)N BB AR
IS, B AIE 52T H08 ] SR 1R 119 4% R il T 2L
FEREG T N TR AR, (0 B T AL IR B A
S miDNA ZR AR T mDNA A9 5 MR 25 i
AT A A s A R A R i =, R GBI SR LA ST
XU O TR A8 AT T 9120 0 AIE, Rk iL A
EEEANNRZEN
3.2 mtDNA WEHEH RN A

mtDNA B85 G 6 7 R BE 98 15 5 40 5 0 i 7= A
B miDNA 2875 g HE miDNA A BRI AL T4
T E T RISRAN Y R SRR S = IR (% 2)
Lee %51 S5 ] FHHE ) R4 ) DACBE B 35 4
i, A m.12918G>A SRS /N R AY B2 MT-
ND5 FER— A B R (m. 13513G>A) LR AR
5 Leigh Z8 & fiE \MELAS 1 LHON 5 & 1iF 55 £ Fj g
TRAASE, HARFTRASHY FO AR /N U R W HE A= i 3
A R I T B DR A i A 1) R e [
% mtDNA 748 LR ARG , A 1 5 220 5%, (H A% B
5 E UEM T FIH DACBE RERAS TR FR1S miDNA %
AL SRR S DACBE B 1 B 5 fa Fi ok BL4%
HAA TR 30 40 59 mtDNA 2 5, i S A5 400 1 M 56
mtDNA ZE7EJ A [ — SERFAEPE I R A7 5
SEZERESE T miDNA g T BRI | =k
P miDNA S8 A8 LR AR Sl R AL XA i) 25
MELLSZERAY, H%E, Silva-Pinheiro %' 2£F DACBE

RYGAHE T —A 0855 G 5 45 SCIF (MitoKO) |, HiAT LA
R 1] R 5 /0N BT R 5 PR A ) 4 2 1 S IR
W R I SRR 58 2R AR Ty BE A A 2 miDNA 3% R G 7%
FRRD B Al T O — 00 AE R R 5, f
DACBE Y Cre/loxP Z 4 tH 25 &, A8 1% 55 80 K B
mtDNA Zifith 25 11 A9 S PR

[ A, mtDNA B J 4 5 T HAE mtDNA 58745 5
I IR B B A T R N T R, RAAH T
AR B = H TR ARGE 322 A DACBE
WP A= B miDNA 77 A € AR i dE 2 1E 20w
mtDNA 28748 (HE A MR 45 RGBSR 5
P 3106 SR I S5 7 THT X BB R ok 11 i PR YA Y IO A 4R
HEER B R AN, Silva-Pinheiro 257 2% 5 Fi FH
AAV #3% DACBE, 78 BUAFE R A /N A 4 52380 10
WERIFEMR mtDNA Fak , H AR I R0 4300
ik 209%F1 30% , 1 EL4E K DACBE B9 1 H i (] BE 0%
PR 0] g 50K, DACBE W8 T A2k #%
fE A IR R BRI 3 A5 ARG miDNA A28, (H AR
JVJiey [) 40 86 20K 6 22 S/ 0 K (N m. 37336 A B 7E
2.77% ~ 58.97% . [8]) , 1M GO 24 A 1 5 mRNA (F§
B8 AN M) Mg R R E R T A T ME
ST SRR VER I, AT DL AR I G T
F14) 2t RO B 3 28R R a6 G s | VS IS 8 R s
RORVEAL LS — b G S5, b, 7
20 B RN i 7K S AT 5E 25 SR R, 3K 28 miDNA. Bigi J
O T LA A b7 AR R PR 4 0 A2 5 PR 4 KO 1Y
AR 220 R I PR R v 9 A AU, R
KT B RGN PEAL T T — e AR SR, i
s B 2 DAdA B2 LR FME R 35K DddA 1)
T2 [ Bk 5 DACBE (1) 37 40 Jifd 5 o7 2170 ]
DI B AIE DACBE F BTGP | Sy sk 4 T 2 A LA
TRIT I BEE T JE Al
4 RE

KLU, o 2 A 32 R 4 1) 2 4 4 oy IR
B2 A ROR W, BE 2 I AR ok i DR g A B R 1 G
KJE, 2R miDNA e T g A28 7 % (3 B Aok
Ui, o g T L K o] 52 80 i) 35 PR 4t i 2 R0 38 2 AR
HBR, BRREEA S A mDNA i T4 55 0 6 5 4 4
2 0Y mtDNA G SR S AR hy
mtDNA P i) 40 B2 A1E T A ROR MG, (EAREEN
J&,CRISPR/Cas % 4t L) H & 51 | 2 7% Al i 80 55 A0
B TE 20 M A% i R g b N R B )iz AHE RiYE
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DU T miDNA i, it e gRNA XE D)3 16 3] 28k
A PN B R 35 0] B, {fF CRISPR/Cas R GEHEA SN T
mtDNA 4, %% S 2 A 5 25 #HE s VR T, (45
ZMIRR SR,

i R T HARBR S, 7T A mtDNA 5878 sl A
RIFA S B = ) LA T AR DS s WL 5 R
JPITEERIT & . DL DACBE MACE AR SL g i 2% | 7]
PAES 5 miDNA 2878 | BB AE A 340 TR 2R 2L
Tk miDNA ZE748 | DT AG EAH C BB (H
HATC AR mtDNA 28745 8 Py A 8 A AT /0 B L
(FR2) , AR AH BRI 2 A FERN, 1SN, T
LR BB IRL N , BRAT 1 B Py s AU AE A% A
FEHZE4E miIDNA () Ll ml G = AR KA 5, R 8UR
ARATE AR ) X A A 3] — 3, B Hm

mtDNA Z378 AH JC 4R AR B g% H 1T v S A 2R
J7F-BL, mtDNA Zidh T HA 2O RO IE AT 1Y
FIES o AHH T g B A0% | G 28 A WS TR B A AN
55 W RN A5 D7 T M AR AR 2 A8 2 8 FtE— 25
ez, [, BT mtDNA B9 2285 DUARAE AR ME S
100% 1) %€ 7% mtDNA 14 R 80 21 1E, 3% 88 1Y %8 48
mtDNA A BERC AR . WK miDNA 45 5K 5 46
FLARACH AR AT BEAE G AN FH o 5 A ] T R A1
5% BH 278 mtDNA %338 21 J5 A AU
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[ Abstract] The golden hamster has been used as an animal model to study human diseases for more than 60 years,
such as COVID-19 and metabolic diseases, and for safety evaluation of vaccines and therapeutic drugs. In accordance with
the regulations of the WTO, golden hamsters used for vaccine production and verification must have a microbe control grade
of specific pathogen free, but conventional animals are commonly used domestically. Therefore, it is imperative to improve
the microbial grade of golden hamsters through sterile Cesarean section. In this review, we broadly discuss the applications
of golden hamsters in the study of COVID-19 and metabolic diseases, and the research progress of sterile Cesarean section.
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4 75 Hb B ( Golden hamster ; Mesocricetus auratus )
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SEIE I SPF ZHE 28 0 TR 2 4 v S Rl R R A i
Flreggilk A AT R . AS SO & o 3t SR A2 42
FEE S B8O S LK B S AR S AR i Ae R
PEATERA O e R O A AP 2%

1 SEMBEYFHEME

WEPE 4 W B 8 ~ 10 JE I B 3k 31 A B
IR E R 90 ~ 100 ¢ PERH 4 ~
5d, IR RGN, RIERLRTE 4 ~ 12 h,
I3 A4 BB IERTEI (293 h) BESI (212 h) 3
THIE (294 h) FShERI (2976 h) P 4B
TEER Y BUFE, ERE 15 ~ 17 d(CFH
16 d) , JEUEIR I e i B FLARSC 5 sh Y, B4R ]
=7~ 8,6 ~ 8 K ahffr AR L2 ~ 3 ¢,
WARAERKEEWR,3 ~ 4 d BRIFHR BRI, IF
BRI 4 HISTFRKGE 12 Bl e 541 30
7,14 HIRHR, — g — b RILTHE,
FLI 19 ~ 21 d, B HIAR Lk Hg ik 2] 4 K %
Pras (5 JE) 5 IRE I Kzl e |

2 EHEMRAEAZRKRBRRRFEINA

2.1 FERhREHR

o v SR A 5 9 B 1 0 T BLAEL /N Bl g A
R, BFRERW], — 28 N R A 19 7 ] DU 42
i BRI 51 2 AL A o B R AR AR IR
(SARS-CoV-2) J&ill i 5 A JliF 40 fl i) ACE2 Z &
G IR . SRR R 5 A
AR A58 22 &I LTI | G e N LA % R 8 154 96 B
AR A, LA L /)N B FEARL Y SARS-CoV-2 Bl ) 15
RIS 5 /NEL ACE2 M HE, SARS-CoV-2 [ spike &
5 4 5 b B ACE2 14 B/ FH 3545 44, Chan
U R4 H RS AN ACE2 = BEAIL, AE A
I EAA 3 ~ 4 ANAE, Tmai 25 X — 1A T
SARS-CoV-2 43 B MR AE 42 0 b 5L 19 &2 il e ) ALk
JBIL, & B8 SARS-CoV-2 43 B Ak 78 4 2 b BT 0
AR, S PR TR T i ™ 1 i S s L A
£j SARS-CoV-2 B N MliFR IR YL Re 1A A, 4
B UYL SARS-CoV-2 Ji& il i 5 ih AP A 7= A
FEXFBES 19 SARS-CoV-2 F- B YLt 2R I /E
Sia 25T WF9Y & B SARS-CoV-2 1 L IE i 1A e 7
& W R 2 AL 3%, X6 F 58 SARS-CoV-2 [ 1%
o AR EEE Y,

SARS-CoV-2 J&Y FH BRMFAER I , 3845 5 7 fF

RAACTEREAR O f 3 B R R 3 R T A RN
HENINGERT, S5 T XEAERN L4 KR,
Tang 252 BF9E & 30, SARS-CoV-2 J&% Yt % 7 18 T4 ¥
K W E AR 25 AR R R A TR B RRAIR, AR B
39 BRI B 1A ) o 4 B ) A A 45 5 M EE
VIS, BEAh, WFFT N B3 i b X B i s 7 S
H ST BE 1 W T8 R A 23 MRS
COVID-19 ¥ %% B9 ™ T 2 B i % A0 & Chan
ST S B4 5 b USRI SARS-CoV-2 J& , B Jif
A ARRAE SN TR AT B N, Xt
WF5E 25 5 2 BH B T8 T 1 2 A5 1T BB 5 0% e s 1 SRR L
RAIRMAFE 1 4 o b AT B R F 5% 3 e 2 Rk e
55 1 TR A DG Y RGPS
2.2 REPEER

PRI 2 48 7 2 08 | 2 1 5 B s o A AR N
TR S8 B I — 2P . 4 v b BUE B 4 ]
VEBh ik ok e B AL B 95 A S B R . 1987 4, Nistor
U 2 AT 4 R T PR (39% MIFL [ )
2 1M 75 JH [ B2 AT LDL ¥ % & LDL/HDL HC{E 3%
B, 10 AN A S 4 v i S AR 7 s R AR TR A 0T
FURIRIE , 5 ARG RIS, A" e
O e A M ] ke A 4 i L B0 ok ok AR R Ak A R
I AR BT RIS B A & A 2L, A
FEAR I 22 3 R AR 0 25 6L K A AN Ak 0L 3 i
B, v i GRS b 1 2 Sl A BT R A
INT. BCARZE A FIE A FHAENE B AR g A S Bl
TS, R H o0 BEAR A TTRD R PR 7 3h 4 B AL 2K i
ZEEIOT ) P 4 v e BRBS I A I R KT RNTIRA PR
R | AR AT Ik 80% , H IR 5 A2 .

ARG o e B & B 5 M T T A G 18
MRRATHEEG 2 —"7" i R T 2 RO
K25k RERE A i 0F e, 0 B35 5 0 [ i A
H = ER A AR TMAO R Rk 7,
TS 6] 0 R R A Ak T et 38 T LA 3 3ok 20 Jk o
RERE LR A ARG R 28 (AE e | T RO PR | IR 55 ) ]
FER R S Jik N PR R A 09 & AR N 2 P Qin AR
S B T1RUBH RIS £ 25 I 30 A R o, — ST A i
BRI T R R AN B W D, 2% R B0 B AR RN,
2018 4 Koh %' 421 1 Wk IR £ i i B P 79
i WK i o A v, T LA B AT T e, 5% W {5 3 [,
D IR R S AR A BRI R AR S,
A PRI 1 &

e S YN P T Ub Ok N ISR, [ S AW R 2
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TR AL RS P C R T P, i R
AAREAEE (B E AT, B BE S04 /L
15 SPF Zh e , A UL JC TR < Bl AU A SCHGE . SEPn
B 2208w 4, S EURTE iR SR i AR
JEHLSEN TR A R A ER PE R AT S T A
9, R IO TR 4 B SRR AR, A BRI TR 9y ]
FEPEMRIAR A bl A R K

3 SEMBREWRNE
b S G 4 ) RO — 28

RT3k o L Aol 2R P A8 B A v
b, TR B TR (T E R AR ) R84
BV, H R b 57 Al sh A R FL e T
3.1 AL

N TR aod #5 1= FARPARAT SRR, A
THLBELESA ERBIEATHTRER, A
L T ARSI 3% T R 2%, HE FL R BT (L
1), BV SR , S Y R SRR
EATBR i 2 1 B AR 7 TR, 7 5 1 i

F1 ANTHFLE D
Table 1 Artificial feeding
Tk TAEMZ BILE (D) HOARAME
Method Work content Survivalrate of weaning pups( % ) Technical difficulties
43;24h’tﬂﬂ535~6¥51h 5 702
Feed 5 ~ 6 times every 24 : e v
HRAE S - 4 Pihilio
K ‘,':[ f— it I_’\ I e P,
GRS Stimulate defecation 3 ~ 4 times a day 40. 0[24 DAD:‘/\ \“E' fjmjjgﬂ y
Gavage SO R L LA : amage esophageal mucosa
. L Entered the trachea or pierced the
Make different specifications of gavage needles h by mistak
FE AT H i AT 3 65. 0[] esophagus by mistake
Preparation of artificial milk with different age
HF24h RS ~ 6K 0l2¢)
Feed 5 ~ 6 times every 24 h e Lo L I A
R S - 4 SR &
; . e . Ao RN TELRE A
7 I8 Stimulate defecation 3 ~ 4 times a day 025 [
Suckin AR F B AT Sk Easily inhaled gas causes flatulence
Pucking P C Difficult to control the flow rate and
Make artificial nipples for mice of different age intake of artificial milk
HEFEIJZ:IE] Bﬂ'{z\}\J_iL 67. 0126] intake of artificial mi

Preparation of artificial milk for mice of different

3.2 KREEK
PRFLEH IR Rl i F B ™ T AR PAHAF B,
TR A5 G e iR SR A T AUFLIA L, 2 R b AL A

S AV L S (T E L e I VR EE A I
A 77 A T A AR FL, AR FL AR g, i L
AT B A T FL (R 2) .

&2 [FAMCILE L
Table 2 Homologous feeding

. AL LAY AL (%
R FeALER (oL s A RIE(%)
. Number of pups been Survival number of Survival rate of
Donor mice Fostermothers . . .
fostered weaning pups weaning pups( % )
SR & ¥R ”
{ H [27]
Golden hamster Golden hamster 473 252 3
ICR /M, ICR /MR (28]
ICR mice ICR mice 140 120 85
KM /MR KM /ML 00
KM mice KM mice 509 460 %0
K] £ 8§
PAP FE /N ICR /M 66 60 950307
PAP transgenic mice ICR mice
AD BN PD FeH /N 317
L L 75 55 73
AD transgenic mice PD transgenic mice
C56BL/6 /MR ICR /MR 0]
C56BL/6 mice ICR mice 2 56 m
istz Fi i i .
Wls-tar KR Wls-tar KR 158 125 7913
Wistar rat Wistar rat
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Sy R AL i e ] 4 9 e B A, ) i g ) Xt AL e e B A AL AR
i A, T SPF g ot A TIREL,  BAFREELAR T TG HUER T A EC T A
FHEN TR T AR, SRR e R AT 18 ~ 21 d AP RURGZE T e T B
MESMIAR) SPF 24w i RAE M AAFLRER, R FEad [ 5E & JE I E] 9 UL A BURTBE iR B B
PR AFL T 2 R TEE NS I SPF & i, VLA 40 W0 AR B I ) 0T 9 A RS it AR L A5 7
Tl BRI , B A6 R AR TR 40% LA by fEOR 3k A P S G O S R0 LS00 A I T 22 4 /)
DA ST T T s B LR A ol 22 55, S 2 e v S A AL A B LR . AEZR D5 T

TEBA GO0 R A ACTL B B, Bl DLiE 5 BUgHikrb i T ICR ARFL B RV AL/ FLit ),
FARFL, TRBEFE A FR AR SRR W ANRETR AR I BT BV FL Y 5 5K 5 SD R R
BFFAEDS RAESE AR S AR ALEAT  REER FLE R E R HIETR AT SD K B
WS (W 3) o N SE TN B m SO sh Y 3L, SRR AR 25 S O 4 446 i LB 20K LR A
i WO A7 IR RREL A 2 B BeitAT:1 ~ 5 H

W 3 AT L ICR /N R e PR B AR 55 FLIT AR/, il ICR #E R
TR 5 T 848 oA W FLRE R M RE R FLi6 ~ 15 HilS A RUZEHH K R FLit k& K, ih
W] P g A S AR, TR S A ALz B SD #FR#EATARFL

®3 AR FAILERL

Table 3 Heterogeneous feeding in different animals

- ) ! /D\* B 1% HZ R (%
ML EE B, AR, [ 2T {L\J?L/ % lHST’LK( b)
. Number of pups Survival number of Survival rate of
Donor mice Fostermothers . .
been fostered weaning pups weaning pups( % )
A L ICR /M .
Chinese hamster ICR mice 104 36 3
KT R ICR /M -
Meriones unguiculatus ICR mice 212 124 8
1’ Vil B3 K [
_ kﬂwﬁ ICR /J\fﬂ 43 46 95(37]
Meriones unguiculatus ICR mice
A PG H R ICR /MR 58]
Brandt’ s voles ICR mice 38 6 15
KR ICR /MU SD B -
Microtus fortis ICR mice and SD rats 186 125 67
3.3 HIMRERNEMEER AR PAF R AR BT L kel T

Do B e AREL AR B BT R W 2 I A A B IR AT, SUE B A o A e 1]
AR Bt X B R N REIE S TAE BERA RS, SRR LRI S
FLIF ] BORTT L AL A A S i AR FL L Rk Wk 2 ik 2 R SR O ik, 2R

DR N R AT WA 7 TR AL, BT 1 SR 0 W Aok [ e
3.3.1 BERAERE (1) T [T 5 JE I 8], 42 e 51 1 1 3k

IR 2™ REPR A AN B A IR f8 A7 SClE, I A I 5% 52 HE N 1], KR 3 S8 E I (8] 45 5
R IEE R, PR b Rk PR 2= 2 ~ 3 16, MEORMI (LR 4) B 0= WITE
A RS L AL T S I RO B B (2) WESE Al 2 Bl 7™ I 3 5 0 i
B, AR AR AT DUIE i iR BB Rl AR AR R WU KA, SRR SR B R R R,
o AFLEERE B R TR R 1 ~ 2.d,  JEEWA 6 S, B ER R AU R

PURIEAR FLAE BB A4 0k, R L & HAREE AT o APBHE LT I R A Ik, A b
3.3.2  rURsHE] AR K WY,
I 7= B e AR AT A R T K H 18 K A B I A B (3) iz ik . 5 IR, 24 IR AT S AKX TR 40—

W, R PR A O IR R, e AT RO T BOR BUIR AT S B A BN RIDRE 0 ; i e L
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Table 4 Gestation period of rodents

o JEIRII(d) SEEAEYRIN (d)
Animal Gestation Mean gestation
fma period(d) period(d)
N
Mouse 19 ~ 21 20
N 19 ~ 23 22
Rat
Golden hamster 15~ 17 16
o] 4 B
Chinese hamster 19~ 21 20
YD B
. KRB fﬁ 24 ~ 26 25
Merionesunguiculatus
A [CH R
Brandt’ s voles 2-~23 2
AT R 20 ~ 21 20

Microtus fortis

B A BRI L3k S5 LD 6 O e T R b i LI
fl BRI BT FIRE

(4)Z BR[AIIY . [ st 00 5 i 178 2 R B0 B st
i oAb 2 BRI 536 1
3.3.3 AFRAyEEE AL

HIE P FARERG, AR, F AR R
TEHME AT B, AR ZLEE B 3848 IRV kL5 70
SRR E AR ELEE RUR & N T AREL, R 1 ~
2 HORAF, WS E A7 BUE S A A I A a3l
W, B RFLBE R Z AR EL, BUE v 72 BR Fr  2B 4T

B RS R R AL, 8GR 2B AR AN T B
BN R A TR HRE . BUHE L AR PE A BT
WA BRAT . FVE TR B AR AT A T4
i B HIAE 3 min P 5E AR, BE e B AR T e 4,
FEIAFA G R B, SAE S KT, AR
HP T B I R R R TR T B R,
BAE 36 ~ 38CHALEPHEAT , BRI AN, IR FF I 5T
FHB AR

4 i

15 2R

W AR ARk (4 A, B AL Y SE 30 3h )
BESCER A R AER P | AT SRR SCRE N R . B R
BIRE TN T B B AR5 A
HLI BERT AR ST 25 W) PP A 45 A, HL i R 58 4x ik
BISLH YR EAL , 7 — 5 R JE D AFAE BRI , 520
TR AR A SR, 5l 2 s R, 7 5
SZRND T L I T 20 I 25 DA i JBE 2% 9 B 25 42 5
RIS T2 T 5% < 1 M St 2 52 39 22 2% LSO 1A 1

SR RFERT T 2R IR A FIAIL 65 993 75 S5 S A4
AR, 3K S i A AN (S5 T 4 5 b BRCIE o 1Y %
BE A7 I ™ S e S ) A RN AT R A
APIAET, T3S g R AT, 5 R A P
EORERII S W =¥ (7197 Fuala o[ B | DS RE X7/ RE A 065 2N
T R ARG R TO TR G 4 kb SRR R LT 2
BHIF TAE A 3T K R X — 5 58 55 50 3l ) ¢
U5, AN B4 5 TR RSB 2 —
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Reflections and suggestions on the ethics and welfare of
laboratory animals in China
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[ Abstract]  Laboratory animals, as substitutes for suffering, have made important contributions to the development
of medical life sciences for humans. Although various initiatives and regulations of the welfare and ethics of laboratory
animals are continually being proposed and applied worldwide, because the demand and use of laboratory animals have been
continuously increasing, the contradictions and controversy of laboratory animal welfare and ethics have become more
prominent. Laboratory animal welfare ethics in our country were carried out relatively late. Therefore, the development of
these ethics is necessary and urgent. At present, the laws and regulations of our country should be improved by referring to
international standards and requirements, and combining them with our culture and current situation. Accelerating
promotion of welfare ethics certification and evaluation starting from the laboratory animal industry, improving ethical review
and evaluation, realizing the supervision of the whole process gradually, promoting the work responsibilities and status of
veterinarians, and strengthening the education and awareness of practitioners will implement practical benefits for the
welfare and rights of laboratory animals.
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Indicators to be considered for inclusion in welfare assessment tool generation for mice"

9]

Table 1
ES EizE
Consideration Indicator
T A2 2 1 ARAT R T B A B A
Environment allows physical performance of important natural behaviors
PR T A R A R 2

Environment

SR B R BN Y — R
General animal-based indicators of stress,
illness, pain or discomfort

PR BB R AR FDIR S48 A
Animal-based indicators of neutral or
positive welfare states

R AE BRI AR R A
Indicators for assessing welfare

in specific contexts

Provision of appropriate housing and husbandry
A REASFI T Sl W A 1) 67 T PR AR
Presence of negative environmental features that might impair welfare

BT FAROK 2 Bl AR
Altered food and water intake

TR
Weight change
BRI YE
Altered posture
Bl
Altered grooming behavior
FEBARDL B B U AR
Coat condition, damage to the fur or skin
M 7HAE
Chromodacryorrhea
SEHZIRAT
Abnormal repetitive behaviors
FEAZAT A BT B K O
Altered social behavior or activity levels
N IR | e e i
Partially closed, sunken, or dull eyes
5 NERE T RUE
Altered interactions with humans
A BB E
Aliered physiological parameters
RFEIRAL Sy 20 kHz
20 kHz vocalization

FEE B ST
Fecal corticosterone
WRITH
Exploratory behavior
T
Grooming
BT
Play

RFEAHLH 50 kHz
50 kHz vocalizations
AR EEAT Ry B A 43
Nest building and time to integrate into nest test ( TINT test) and nesting consolidation test scoring
TSR AR
Facial grimace scale
LA PIRITAY
Composite pain score
FZ 55
Burrowing task
BB
Gait score
AT A

Cornering behavior
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Figure 1 Five domains model of assessments of animal welfare
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Application of brain organoids in the study of traumatic brain injury
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[ Abstract]  Traumatic brain injury (TBI) is the destruction of normal brain functions and/or pathological injury of
brain tissue caused by external force. Because of the irreversible loss of functional neurons and nerve tissue damage, the
central nervous system has difficulty repairing and regenerating after trauma, and the prognosis of TBI patients has serious
sequelae. The existing TBI models cannot represent the characteristics of the human brain. Although many preclinical
studies of TBI therapy have been successful, few have led to clinical translation. As a self-assembled 3D tissue with a
collection of stem cells and organ-specific cell types, brain organoids simulate the structure and function of the natural brain
to a certain extent. They effectively resolve the limitations of tissue acquisition in the human central nervous system and the
mismatch of biological characteristics between humans and animals in TBI research. Therefore, in this review, we

summarize the generation, characteristics, and application of brain organoids as TBI models and focus on the research
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progress of brain organoids simulated in vitro and chimeric animal models with TBI based on human pluripotent stem cells to

provide new ideas for the application of brain organoids in the research and treatment of TBI injuries.
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