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[ Abstract] Objective The serum metabolic characteristics of a tree shrew model of HINT influenza virus infection
were studied by UPLC-Q/TOF-MS. Methods The HIN1 virus nasal drip method was used to prepare the tree shrew
model. Then, the viral load and antibody hemostatic titer were measured. Pathological examination of the lung tissue was
performed, and tree shrew serum samples were collected for untargeted metabolomics research. Results  From day 3 to 7 of

model preparation, the body temperature and viral load in the infected tree shrews peaked. Multivariate statistical analysis
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found 24 differential ions in the serum of tree shrews infected with the HIN1 virus, which led to metabolic disorders such as

phosphatidylcholine metabolism, sphingolipid metabolism, and arachidonic acid metabolism. Conclusions

This study

defined for the first time the metabolic characteristics of HIN1 virus-infected tree shrews, and provided evidence that the

disordered metabolism in this animal model was related to inflammation.
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group and model group before and after modeling
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Figure 2 Statistical analysis of body temperature of control

group and model group before and after modeling
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Figure 3 General observation of lung tissue in the tree shrew
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Figure 4 Lung histopathological observation of the tree shrew
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Note. A. Determination of viral load in throat swabs. B. Determination of serum viral load. C. Determination of viral load in lung tissue. D.

Determination of antibody serum inhibitory titer.

Figure 5 Viral load and serum antibody detection
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B 6 A O ARt i 4 QAR S &

Figure 6 Tree shrew influenza model serum metabolism fingerprint
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Note. A.PCA 3D plot in positive ion mode. B. PCA 3D plot in negative ion mode. C. S-plot in positive ion mode. D. S-plot in negative
ion mode.

Figure 7 Multivariate statistical analysis of tree shrew serum in the blank group and model group on day 7
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Table 2 Identification results of serum biomarkers in tree shrew influenza virus model
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Note. | . Compared with the control group, the normalized abundance of the model group was down-regulated. 1. Compared with the stomach-good

group, the normalized abundance of the model group was up-regulated.
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Figure 8 Metabolism pathway analysis of potential biomarkers in serum of tree shrew influenza model
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[ Abstract)

transplanted tumor of Lewis lung cancer in mice. Methods Twenty-four C57BL/6] Nifdc mice were randomly divided into

Objective To investigate the effect of different concentrations of Matrigel on ectopic subcutaneous
a Lung cancer group, 50% Matrigel group, 75% Matrigel group, and 100% Matrigel group, with six mice in each group.
Lewis lung cancer cells (LL/2) were mixed with 0%, 50% , 75% and 100% Matrigel at a volume ratio of 1 : 1. The mice
were injected subcutaneously under the armpit of the right forelimb. The weight, diet and volume of drinking water of mice
in each group were measured every day. The tumor formation time, tumor formation rate and tumor size were observed. The
long diameter and short diameter of the tumor were measured every day after the formation of the tumor, and the change in
tumor volume was calculated. The animals were terminated on 15 days after tumor inoculation, the tumor tissue was
removed and weighed, and the pathological changes of the tumor tissue were detected by HE staining. Results Compared
with the Lung cancer group, the weight of the 75% Matrigel group increased significantly from the second day of modeling
(P<0.050r P <0.01). The weight of mice in the 100% Matrigel group increased significantly from the 10th day of
modeling (P < 0.05 or P < 0.01). The average diet of mice in each group decreased eight days after modeling, and the
volume of drinking water showed an upward trend. The tumor formation rate in each group was 100%. Mice with Matrigel
had earlier tumor formation time, faster tumor growth rate, and a larger tumor than those without. Among them, the 75%
Matrigel group had the fastest tumor volume growth and the greatest tumor weight, (1358.88 + 388.14) mg, compared
with the Lung cancer group (P < 0.05). The tumor volume growth and tumor weight in the 100% Matrigel group were the
second greatest, and the tumor weight was (1142.37 + 423.08) mg, which was significantly different from that in the
Lung cancer group (P < 0.05). The tumor volume growth and tumor weight in the 50% Matrigel group were the smallest,
(808. 83 + 393.41) mg. The result of HE staining show that, compared with the Lung cancer group, the tumor cells with
Matrigel group had vigorous growth, a clear outline, large nuclear volume, and significantly more vascular components in
the stroma of the tumor tissue. Conclusions Matrigel can stabilize the tumor formation rate, accelerate tumor growth, and
increase the tumor formation volume. Under the condition with 75% Matrigel, the tumor growth was the fastest, the tumor
volume was the largest, and the tumor was uniform.

[ Keywords] Lewis lung cancer; tumor; concentration of Matrigel ; mice
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R ( H A AR i dk X 24t ) 5 TC20 28 A 114K
1% ( Z€[H Bio-Rad /A7) ; TDZ5-WS EE FH B .OAL (18
BF FLRHE A BR A ] ) s MP10001 % B F K- ( | ifg
ZE FAET-RLEA A BR A 7] ) s TC25H6 Al 3738 <,
G IVC (I3 T IR B L #5 lA FR 23 7] s RS501E 7
SNPIRR BERL (RN T B IR A8 A A B A R A A 5
250 pL AR ( L RS TRARAR) ; BY
SRR B (TR PR ARA A RAF]) .

1.2 FHik
1.2.1 Matrigel &5 (1) 53 2%& J Ab BE

—20°C PRAFIM BE T RS kv 25 1 B F 4°C VKA
W b E T EeE N, s
FIOFERT A9 1.5 mL EP 4 1 mL A8 3k #6474
%6, B EP A HTARBUN 1 mL, 5336 5K
BT -20C KA RAE . B IRSCIHT, B o0 B VR AE 1Y)
Matrigel 57 e N =20°C VKA B, VK 451 T & T
ACIKFERRTR . FRotamiAb)e  JE T IR 825055
1.2.2 7 Lewis filiffa Ay

R ML A 2R3k 90% L) |, W 1H 40 i 5 37
B FH PBS ZE MR PE 138, N 1 mL 0. 25% RGN 1k
1 min ZE47, AT, 6l BSR40 M B . 1095 +/min 2
L 4 min J5, 3% DI, DA R BREL K B AN UTTE
AT A 277 T A B K, I R 17 40 Bt 5,
S HESCHERTY D7 IR AT R R B A 4 x 107
cells/mL FY4H LB, %5 /0., H pH=7.4 1Y) PBS i
BO e MR LB , 2 B BC R By 50% \75%
H1 1009 HJE TS W, ¥ L3R 4 % 107 cells/mL %
JE 20 MR, 5 Matrigel R BIR AR AR 1 - 1
B2, #5045 1 mL IR B W, T SPF R SLH = 4%
A B E B vk it AT, 6N BRI AT N I JRR
P K S SR R IER S R 4 SRR A A 3, /N B
JRIRE S, % LA i B s, 9 75% £ BT
B, 1 250 WL JC P R i AR R I I R TR R,
HEEEH 100w, B AR H/NERIE STy 2 x 10° S TE 40
JiL, FA A T AR R T A ST BIA KRB B R
TN B TESTSE R AR A, G118 AT
1.2.3 Y —lE ol

BRI /N AR IRE OK & e — A
fiE A5G [ =306 2l SNSRI BN L B BB
DL FORG PR S 4
L.2.4 iR R R Al

WS I8 T2 A D0, SE AR Y B , R R Ui
FrAe ROSEERIN B N M e KK AR a(mm) A AR b
(mm) , AR AR AR V(') = 172
ab® T A /N R R AR
1.2.5 g0

WA 14 d 2505, S8 RIBOR R 40 IO AR
LA 25 21 /N RS A (Y L f
1.2.6  HE Y&kl e 4l 205 A8 15 il

SEALH B R 41 40, ST RN DI IR 2 5 mm JE B
(RPIRE R TN 4% 22 38 F RS 0 [, o L 45
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WAL VIR S pm, WL HE e, B O R R, T
e i flse SR R L BUEES
1.3 SitESH

iz 11 SPSS 21. 0 Bk Geit o by, & 2 A i
TE AT AT T IR AR YRR 35 T 7 22 347, IE 501 4K
PELIEIE + FrifE2E (x = s) Foon , ZHBAR R H
BRI E T 500, LA P < 0.05 FmE R EA
Gt E X,

2 HHE

2.1 BBAMERKER

Lewis fili &7 20 B T (50 & s T WLER, df e
FON o N S 2 1 I = S 0 B N 2 g i |
BEMIE IMNE B, KA —  HEFUAHI, A K

RS RLF,
2.2 —fRERKENER
2.2.1 —f&IRAE

WRET 7 d, /NI IR LF 3, B2 B G O
R MRS B, @88 d 5, BEE MR K,
o/ N AT BN IR 22 KB R, B2 B AR LR,
TR, 75 % ST e 4L RN 1009 3 5 i 4170 PR
TAVRFUEE K I TS AN 9 = TS5
2.2.2 AHE

a2 /N R B R B8 s, 5
fifes AR EL , AR REE 2 TR, 75% 6 o e 4 /)N BRU Ak
FRETE(P <0.058 P <0.01); A&E#E 10
KL, 100% 5T e 4 /N FRARE B 8 B FH(P < 0.05
P < 0.01) ;509%%E 5 e 41/ R AR FE A B i 25 57
(P>0.05), #&4/NMEEALBEEILE 1,

S MIL, P <0.05," P <0.01, (FEI/ER)
E1 S4/hRmikEZEES (s £5,n = 6)
Note. Compared with lung cancer group, * P < 0.05, ™ P < 0.01.

(The same in the following figures and tables)

Figure 1 Weight change trend of mice in each group(x +s, n = 6)

2.2.3 VPHHRESE

BT 7 d, /NREFH HIRE B R57E 3 ¢ &2
A RS 8 K, /NP AR BT 7 d A BT
RARS , 55 M8 2E M EL , 45 3 e 41/ BR324 B AR
AR, ANECF H IR R ILE 2,

B2 A4/ R R
Figure 2 Change trend of average daily diet of mice in

each group

2.2.4 FYHIHYOKHE

F /N H oK R SVA R E a5
i ZEAH B, 45 5 5 e 4 /N BT 351 H koK & TG BH I
25, /N H oK R ILE 3,

3 HA/PNRMTHHOK R
Figure 3 Change trend of average daily water consumption of

mice in each group

2.3 PhEIEN R
2.3.1  BUBRRNMREIEE

5t 2R L VR T S5 B S 2 Y /0N B ORE
F o TS LH /IS BT R P s A 26 6 K | il
/N TR RN IR A LSS 7 K, e 45 R R A ik A2 3]
JR BRI SR , Bl 7 ] 174 J2E 4 e e i 1
IR RN 100% , 55 1l 98 20 AH L, 75% 3 5 e 4 Al
100% 5[5 5 41 16 g T ARSI KON S8 5], 4%
EEAN A AN S
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4 AU/ R T B

Figure 4 Tumor formation of mice in each group

2.3.2  JRiARR

550t ZEUR B VS I S o e 2 1 /N R A
HEE R, 2 b B2 6 K, 50% K& 5T i 4 |
75% 5B 100% K5 5T i 2H T4 b A 4or nl WL /o
5 7 R 2 /0N BT A O PRI AT i B AR
G, H2 R R A A 8 Rk, 5 il g 4 AH e,
75% 3 J5T JE 21 R 1009% 55 J5 fise 41 e g 4484 e A4 FR
W (P < 0.05,P < 0.01) ; [ 42 F0 g 20 B 255
10 ~ 13 K, 5l AR HE , 509% i J5 fiss 45 i Jed 7R A
BRI (P < 0.05,P < 0.01), 441/ B8 ik
BU R A5 5,

B 5 24/ A B AR LA
Figure 5 Comparison of tumor volume of mice in

each group

2.3.3 MR

55 i daE 2 A EE S 0 35 5 2L %) /)N R e
YA B, Horp, 75% 3 5 R A o T i K,
100% 3£ IR 2, 50% F Jii i 4 $5e /)N 5 5 i 9 2L

AH Y, 75 % F I S 2H R 100 9% 5k J5i e 2H i 2 45k
HAEBEMLERF(P <0.05), 75%5LF 4 /N LY

i ge 7 S 2R A /0N ARG T M 2 150 D O R B G ik
JBEN B U ) — P f A5 AL/ UM AR
W1,
F1 F4UNRME ERIES R (x £ 5,0 = 6)
Table 1 Tumor weight measurement results of mice in
each group(x £ s, n = 6)

BHAL(CV = % £5)

5 E
4L Lk B (mg) Discrete coefficient
Groups Tumor weight( mg) (CV = 5 +5)
i Y
s AL 621.82 + 181.19 0.29
Lung cancer group
50% 554
50% Matrigel group 808. 83 + 393.41 0. 48
75%FE 5 fE 20
75% Matrigel group 1358.88 + 388. 14 0.28
%I I T4 «
10072 G 4L 1142.37 + 423.08~ 0.37

100% Matrigel group

2.4 MEALAREZHREL

JiiEg 41 21 U] - HE Mﬁwﬂm Ity 98 2EL 1) e 92 248
MIEARASTEIN , Z2 52 B R SO 152 | 4 B A% /N AS
— ARG BIE A 55 509% FE TR 4H L 75% FE IR
2H 1009 L 5 2 41 19 g2 490 B 5 7 375 b A AR R A
KA, 2 200 IR 50, 20 M A HE % Fifi
o B TR T BE 3 R I geg 2H 2 1) 5 v o A8 G 43 B
Ei‘£,éﬁﬂ’@lﬁﬂ7ﬁ HARH AU, 25 2H /)N B R 20

ZURIYI 45 R ILE 6,

7/

6 AL/ BB AR AU BRI (HE e ()
Figure 6 Tumor histopathological sections of mice in

each group( HE staining)

3 it
it SRR S N ST 5 i 14 B 2 B,

01
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A I Y SRR it 1Y) A LR AL 2 W A
K25y e B oy B A L, 1% U A i
HAFAR] /N R AR =25y [ R R
oMt MBS o BOAR P IR A A 2
iR 5 22 1 iR A Y 8 AR 3l ) B AL ST
SRR R R LA, S0 B2 R RS AT IR L
VEfTH H 5 T U S O, M B ik B9tz
KMo ABAAFAE— 5 0 Jmy BR A, S0 B2 T B A 0t 5
TR SN B Y R R B, T v IR M 2
L F AR A0 15 35 25 A 2 AN BRUVR PR PR 58 1 A 3 6 1
TS B0 U 2 B s K/ AT E A Rl TR,
Q] S ST 2 L DA S0 855 3 B4 P A A R e O
Tt o JICIR 38 B e A I 18— 1P e i A 3 i A A
TP R AR i A T R

ARk , Matrigel B3z o A /N B P i
TR WS B, Matrigel 7] LASE 3 4 At 531k, $2
o IR A B ot 4 R ) Matrigel J2: /N B
JifrgEg v AR IBCE 1Y R PRI I, A 22 b A AR
PR, A R T e 240 L TE 30 0 4 oA 1) PR 3 L [
it Matrigel 764 3 A R T 2 sk BE 25 B 1k, A7 B T
i JEE 200 R B T e — [ o7 ', f s S A 1Y
TR ELAT R A B 5 A | 0 2 A R
FEAEAE R, X 4 v JI09R 38 4 J F80RA I ) % A ik i
AR KA BRI ARSI R, S N3k
RS /N B — AR AE IR B TR R S AN R
XA S AT BE S T R AR B K R
1 L35 5 1 B 53 22 SR R T /N R, ARG 28 A P&

JAE Matrigel N 12, 8 H N FH #0386 B B
A, Matrigel H H R EA IR UERR B Matrigel
(%E{ﬁgﬁilﬂ :8 ~ 12 mg/ml) I e JE Matrigel
(FE R F. 18 ~ 22 mg/mL) W, A o 7l
Matrigel FllFJ5 S V8 T WA, 2 Pk B8 bR a7, Rk Js
ARV A RSORG AR o X T /0 BUA A 1) iR 552 6, 7 3
FE VR B Matrigel , 5 25 1 BE AN AU fn g A9 A 4
R BE DRI S5 1) 200 0 ) 7 5 P9 11 e 7
H R BERY Matrigel 7548 I A7 76— %E B9 1]
ARG BNk 22, HLAE ) 5 181 BUBE , 25 T S 45 AF
Wk — B BRI XE, X T Matrigel 55 5 A9 07 FH ¢
J& , SCHRTT v 22 LUKE o s I b e 2 5 40 B T 4 TR
SERBUL - DRRRRTT R AR 1 v v A R
TR ARG, Rk — BT

$& 2 Matrigel N H] ) e A BE DLk — 2D % 3%
HE T R B PLH X IS S S50 A B B S B RR At 1Y

A HAHEEE X, ARECA MR L,
H pH=7.4 ) PBS FC'E T 50% .75% .100% 3 Fhifk
JEE R TTIE , FHRr A () o B2 10 366 I 5 4 M A VR 4
JRAFARR 1« 1 RS e HRAE H 100 L 45 /NS .
PRI [ FE 1) Matrigel X /)N B Lewis filifig 5 057 K2
TSI I s e, 25 R R 75 % R EE Y B
JE 2L /)N BRI g A FRUE K e I, IR e K, HOB IR
D] KINKE S 5 1009 Ve B 1 35 I e 201 o9 4 R 4
IR B R IR 225 50% W 5 118 56 Jo JiG 20 e 7 KRR
Kt , IR /N, 220 75% W B A 3 I e S /s B
BT W A A )38 VR BE A5, T R S AR IO
FHF/INREE T AR AT () 7 $2 e 555
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% Western Blot 3B 25 i 41419 TLR4 \NOD2 3R RIEE H KL, R S5 AAM R, BRI KR
45 M 4% 7™ 8, #0145 T4 W W (P < 0.01) , TLR4 \NOD2 mRNA fIE HRE B E T & (P < 0.01,P <
0.05) ; GBI AR L3, KR ITH KRB PGA —EBRENKE , SGIF 0 B EFERIN(P < 0.01,P <
0.05) ,TLR4 .NOD2 mRNA I 13RiE B EFEL(P < 0.01,P < 0.05) . &5 PUAIL AT LI o $2 i R Bl
GEETRE , W0 A 18 R AE R, 3K FVRYT UC I E /Y,

[XER] DU BB RS I R Toll BEZAR 4 1T ERES & S RALZHIRE 1 2

[HE5%ES] Q95-33 [CERHRIEAEE) A [XEHES] 1005-4847 (2022) 05-0613-06

Effect of Sishen pills on the expression of TLR4 and NOD2 in a rat colon
with ulcerative colitis
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[ Abstract]  Objective To observe the expression of Toll-like receptor 4 ( TLR4) and nucleotide binding
oligomerization domain protein 2 ( NOD2) in the colon of a ulcerative colitis (UC) rat model, and to explore the
therapeutic mechanism of Sishen pills in the treatment of UC from the perspective of repairing the intestinal mucosal barrier.
Methods A UC rat model was prepared by administration of a trinitrobenzenesulfonic acid/ethanol solution enema. Forty
rats were randomly divided into four groups, a blank group, model group, salazopyrimidine group(0.36 ¢/ (kg+d) ), and
Sishen pills group(5 g/ (kg+d)) The mRNA and protein expressions of TLR4 and NOD2 in colon tissue were detected by
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HE staining, RT-qPCR, SP immunohistochemistry and Western Blot. Results

Compared with the blank group, the

colonic mucosal injury score of the model group was significantly greater (P < 0.01), and the expressions of TLR4, NOD2

mRNA and protein were significantly greater (P < 0.01, P < 0.05); Compared with the model group, the scores of

colonic mucosal injury in each treatment group were significantly less (P < 0.01, P < 0.05), and the expressions of

TLR4, NOD2 mRNA and protein were significantly less (P < 0.01, P < 0.05). Conclusions Sishen pills can improve

the immune function of rats and inhibit intestinal inflammatory reactions for UC treatment.
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AL 5 4 9 A 20140502, 1412001, 20140812,
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(LR FER A BRA ], it 1431401) ; DAB
ARG &SP RN & (TS A EAR A
FRN A 45 K156921A (15155A06) 2%

iMark JiEFR{X .S1000™ % PCR X BRI AR
FLUKASCHRL R | L UK A ( 92 18 Bio-Rad /A F) ;7500 5K
If5E B PCR Y (26 H ABI A H]) 3 XS-212-202 X H
WA ( H AR AR R RE.OHL(H E
1 RIS AR A H]) &5

1.2 Ak
1.2.1 R e

# 40 H SPF %% Wistar K BN 4 4 .
PORIZE PUZG2H DU LAl Bl 10 H KRR R
1 J8JG , BR2s LAo=K R (TNBS) / £ B
VSV 7 (100 mg/kg) T892 1 A 45 I F AL i 45 UC
KRR
1.2.2 i 58

B A RS KRB R R BB %t
B 7S YRR IR 21 D A AR A B R K M
R NE AL ] SASP ¥ 0.36 o/ (kg d) BEH A
57 2 DU RAL 5 o/ (keg-d) BEE VAYY . T
21 d, RITESHE S kin X A5 a2 s .
1.2.3 RIS K ER S IR B3 St A i 04

HE K AL S5 B I s 2238 43, Ve i Je LSRR
SR R B 43 1 0, 372 % Wallace & Keenan #5
ST (R 1)
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K1 HHIEBIOIE R

Table 1 Colonic mucosal injury score

BB Bigid
Damage condition Score
et 04
No damage Score 0
JRIHRFE I JE 14+
Local congestion without ulcer Score 1
1 Ak 097 AP 5T i sl i BE Y 2%
1 ulcer without hyperemia or intestinal wall thickening Score 2
1 RE 95 T RAE 3%
1 ulcer with inflammation Score 3
> 2 Wb e 44
> 2 ulcers with inflammation Score 4

> 2 WG A/ BRAE > 1 em 55

> 2 ulcers and/or inflammation > 1 cm

1.2.4 HE B (a5 K R 5 e B 412 4k
FHIIARZ LT et ge o K S5 I 20 2085
JHCE TR AR T ISR K B 45 s B~ IO IR 411 R
3R
1.2.5 RT-qPCR 3K K B 45 7 41 41 TLR4 |
NOD2 mRNA Ak
] TRIzol ¥ HU RNA J5 , 3% 18 Go Taq 2-Step
RT-qPCR System 1250 & Ui B P AT HAE , Wi %k 5% hy
cDNA, iz H PCR (GHFATH 4%, HAAREC & L 4] 44 1
Reverse Transcription System {8 & Uil E T, R
ACH TS IE R (1 A X 35 &, TLR4 (NOD2 5| )15
B2,

Score 5

®2 5IWER

Table 2 Information of primers

519 JFA(5°—3) K (bp)
Primers Sequences (5’ —3) Size(bp)
NS F:GGACCTGACTGACTACCTACTGAA a
B-actin R:CTTAATGTCACGCACGATTTCC
Toll FEZ 14 4 F.TGGCATCATCT TCATTGTCC o
Toll4 R :CAGAGCATTGTCCTCCCACT
HATIRES S AR
N F.GTTCTGATGGGGGTCAGTGG
feasHRE T 2 ’ 58
NOD2 R :GACGGCCTTAGAGGGTAAGC
1.2.6  SP SRR Ab i K B 25 I 2 41U TLR4
NOD2 #H H KA

BV F TN — W 28 B B b i s Kk Ak, K
TG PR AL Y Bl 5 A TP R AE &2, T 0 3F P
TE Y LU M3 A Y BE B IR R S B g, i A —PiE
TLR4(1 : 200),NOD2 (1 : 400) , FH-i A= 9 & %
ICIEHT R/ /N Tk B3 fin B A 12 4% 25 O 1

R LAEW , feJ5 DAB 8 K4y iKW & R o i
HAP SRR,
1.2.7 Western Blot £l TLR4 NOD2 & 3k
HEAHREUS , HUK I A B P S, A — e
TLR4 (1 : 500), NOD2 (1 : 2000), B-actin
(1:1000),37°CH#%F 30 min, 4°C 7% A 3t
(1:5000), BEEHITHT,
1.3 SitESH
SEHCR AT SPSS 19. 0 3RAAL B 2 LISF- 24 {E
+ BRfEZE (v £ 5) 3B, ZULRELECR R R 7
ZoHT,P < 0.05 FoRd R L BA W25

2 #HR

2.1 KREHHERGER

7S AR B I R OGOk DL ST AL | 35% 7 25
0 5 BT 20 R B 45 i ml LA [] 762 88 Kt 7 1, R
3] LK M B8 A2 5% 975 , Mg B 394 R 5 M SRURHE g 1 W 2
2GR RS i T A7 AN Rl AR BE RO, B2 FE ik
i, BEATCBERE K W5t 07 1T, BT A 45 i 2 U 4 0
O AL TR (P < 0.01) , 4910 R0k g v 1 4
I DUAL 2 45 fig 20 245475 PP o 5 1 2 W) I R
(P<0.05,P<0.01)(Lz3),

&3 RUIERBU A NIRIE D (2 £ 5,0 = 10)
Table 3 Symptom score and macroscopic colon score of each

group(x £ s,n = 10)

45 I (g/kg) LIRS G143
Groups Dose (g/kg) Colonic mucosal injury score
ZS
- 0.00 0.30 = 0.48

Blank group
BRI
0.00 2.50 £ 1.08"
Model group 50+ 1.08
M B w2
0.36 .50 £ 0.85%
SASP group 150+ 0.85
PO LA
5.00 1.30 = 0.95

Sishen pills group

VB 52 AL, S P < 0.01; SEURAUMLL, * P < 0.01, 515U
WERELALMTEL, A P < 0.05, (TF[)

Note. Compared with the blank group, “P < 0.01. Compared with the

model group, * P < 0.01. Compared with the SASP group, % P < 0. 05.
(The same in the following tables)

2.2 ABREMRERSEUR

25 R B 5 T 285 P 8 4 3 WA e 5 B R 24
L5 AR BRI, T DL R R W 2R 3R T OB
A 1977 5 MG g W 2 R O o AL 45 B R 0% 2D
VRO TE 45 4, 98 1 200 0 122 11 17 0 A 00 2 i
] UL Ji BESE R K P ZF AR A AR (IR 1)
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B 1 SR RS IR 572 1k

Figure 1 Pathological changes of colon in each group

2.3 X ARREHAEL TLR4 NOD2 mRNA BIF50E
FERIZH KBRS I 41 2 TLR4 (NOD2 mRNA #
KK A AR TP < 0.01) 5 MU i ws
WE 2 R DU P ALZE 45 7 20 21 rf TLR4 \NOD2 mRNA 3
IR IR AR 2 B B R#AIR (P < 0.05,P < 0.01) (I
#4).
2.4 WKRREREL TLR4 NOD2 EHEAMLH
=AU
TLR4 1 NOD2 7E%5 A H AR IR  FEF Y
AR E R L2 EA R DRI B 2 23097
Joi , FR I BT, BRI S 4120 TLR4 NOD2

FEHFRBKFES HAH BT (P < 0.05) ; AU
iz 2H AT i ALZH 45 i 21 21 Hh TLR4 \NOD2 2
FIRAP AR I 2 R R (P < 0.05,P < 0.01)
(WK 2,%5),
2.5 WUCKREFALR TLR4 5 NOD2 EH %
KRR

52 P e, BRI K [R5 4 40 TLR4 |
NOD2 kK- & ETFF (P < 0.01) ; ZU6 i
W IE 2 R DU A AL K B S5 A 41 21 TLR4 \NOD2 2R
R KA TR A B (2 R (P < 0.01) (WL 3,
#6).

F4 BUKELEHAL D TLR4 NOD2 mRNA fY3£i5 (% + s,n = 10)
Table 4 Expression of TLR4 and NOD2 mRNA in colon tissue of rats in each group(x + s,n = 10)

415 FE (g/ke) Toll #EZZ 1k 4 AT BRES & S R BR A 2
Groups Dose( g/kg) TLR4 NOD2
23 141 Blank group 0.00 1.00 = 0.00 1.00 = 0.00
FERIZ] Model group 0.00 1.69 = 0.13% 1.55 £ 0.21%
MR # w52 SASP group 0.36 1.24 + 0.994 1.37 + 0.804
DU AL Sishen pills group 5.00 1.33 £ 0.28" 1.21 +0.62°

B2 HAKRREHALF TLR4 NOD2 HHRIFRIA

Figure 2 Expression of TLR4 and NOD2 protein in colon tissue of rats in each group
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®5 BUKELHALH TLR4 NOD2 1R IE(x + s,n = 10)
Table 5 Expression of TLR4 and NOD2 protein in colon tissue of rats in each group(x £ s,n = 10)

iRl M (g/kg) Toll FE3Z 1k 4 B RAS & 5 RS R 1 2
Groups Dose (g/kg) TLR4 NOD2
23 440 Blank group 0.00 0.315 = 0.039 0.291 = 0. 006
FERIZH Model group 0. 00 0.344 = 0.010° 0.411 = 0.005°
MR W EL SASP group 0.36 0.324 + 0.0304 0.311 + 0.003%
Ut ALLH Sishen pills group 5.00 0.310 = 0.006 " 0.370 = 0.010 "

®6 HUKMLEHALIh TLR4 NOD2 A RARM KL R (% 5,0 = 10)
Table 6 Relative expression of TLR4 and NOD2 proteins in colon of rats in each group(x + s,n = 10)

) M (g/kg) Toll #3214 4 BAFRRES A S B AL R A 2
Groups Dose(g/kg) TLR4 NOD2
25 14 Blank group 0. 00 0.459 + 0.079 0.643 + 0.237
FLIFIZH Model group 0.00 0.920 = 0.032° 1.045 = 0. 186
M #E e mE L SASP group 0.36 0.808 = 0.0774 0.859 + 0.1074
DU HLLH Sishen pills group 5.00 0.751 + 0.049 " 0.825 + 0.029"

4 e & B TLRA FAFFE , I UF BH LA ek 4 7 18
W 07 A E R

NOD2 1k — 7l 41 g P A X L0 32 44, 3l it 5
HELR MDP ARZE G, B 716 T R 4 i . 4
M RIS IEEE LR, NOD2 i@ id NF-kB
{55380 B CS HET UE AY £5 S EE A T, AT A S AL
R AT S A7 W5 s NOD2 78 L5103
KA DIRE 7 1 A % VIR 2R, #78 NOD2 1] fig ik
AHEAWNER™, 54, 55 83, NOD2

B3 KEZEmAL T TLR4 NOD2 % (42 ik Hi ik FEPR AR 0] LU B0 18 B B 22 461, (145 1 1 % 1 RE

Figure 3 Electrophoresis of TLR4 NOD2 protein ) B {EE’ JlEBWEBE AT S B RIE
expression in rat colon }im[ 15-16] 5

PRI, Toll BEAZ 1A NOD #5321 Sk It 3 [ 45

3 ifig SR, W SR I 0 1 TR DR T, A S8 S PP A

UC BT Bk S ftng, Zop ke 0o S RO RBISEER o, BURALT
AR PR 2 5 o, AT R g, e T NOD2 A AT A S8 D H LT R
W5 R 2 TR SIS, DL UG st ) NOD2 PR REI, S U Lo PLEE
I TN B S By T o e SR IRE, B SR S, K U R

vy \j: I NV } ¢
S I B UC L, o VGRS,
DU P RS TR T KM SRR R K 2 % X B(References)
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3T SN I 95 CarSperl 1 RGN R R 3T 28 &
52 JUEH U 0 e S R 9 e Ak
KE IR RN B, R B E AR

(1. BREE AanRla &, ILpg B 03300152, sl K2 shiRbedoR2=p, B 650201;
3. nr R E R 2B R 650212)

[#Z] HM CatSperl AHEFHEMHENE Ca™ MIEE A, 7ok FAE R Z Rl B HA BEEH, A
W B FEAHT CatSperl FEPIAENRANAIIRE I 38 Z (BMI) IR IFEREK P A RAAE ST E B Thie, A%
BUSAE BML A K AL T s 2 )T 5 2R RT-PCR BiARFERE CarSperl BY5ERE SIS IF 55 5387 CatSperl HYIF 1 45
MIFRAE K AR 5 AR P A 1 R S 4 D e B M 8 CarSperl B9 IncRNA FI miRNA P84 2% | IF7E4T GO Thfig B,
258 RNA-seq s CatSperl LR RS- 28 26 35 & F1SF 35 TPM {E 43501 8 2817. 5 F1 33. 6, CatSperl CDS X 4K H
2166 bp( GenBank % 5% %5 . OK042306) , 4t 721 PR IERR, %A 233 MR IEMR IR LA NG Ton_trans PR 5FE5F9 I L)
L5505 T A AR DG IR PRy B TRARHE S5 44 . CatSper]l 85115 10 DM MEVEE PEA CHE FUSUAAAEAR ILAE T, U H 5%
FIEHL 5L CatSper2-4 £ H HAFH A B %, CatSperl FEH3Z 10 4~ miRNAs 30 A8, 4354 16 4~ F1 14 4~ IncRNAs
5 CatSperl sa P25 G ssc-miR-1343 Fl ssc-miR-744, GO B K I CarSperl FLHTE S T IhAE (MF) A Y)2F i3 2
(BP) ZHMLE A (CC) S M EA EEIIRE, &it AWRME T CaSperl 78 BMI S23Lr ) FRE  FER 4> T 45
FRRAE RN R 3R IR S 2%, IR AIFY CatSperl SR FE BMI NS T & A4 OKG T 3K B8 FI 0014 S g 5 2 B2 A6 W) 2 i B v W)
THREZEE T HEAl

[REIF]  MAMBIE LA FR ; I Tl AR 1 e S A I 0 1 A 0 e s 4

[FESES] 095-33 [ XHEKIRIREE] A [XEHS] 1005-4847 (2022) 05-0619-10

Transcriptional regulation characteristics of CatSperl in testis of Banna
mini-pig inbred line based on transcriptome sequencing

ZHANG Xia"*, WANG Pei**, LIU Zhipeng®, HUO Hailong® , DAI Hongmei’, ZHAO Xiao’ , HUO Jinlong®*

(1. Department of Life Science, Lyuliang University, Lvliang 033001, China. 2. College of Animal Science and Technology,
Yunnan Agricultural University, Kunming 650201. 3. Yunnan Vocational and Technical College of Agriculture, Kunming 650212)
Corresponding author: HUO Jinlong. E-mail: jinlonghuo973@ 163. com

[ Abstract] Objective CatSperl is a sperm-specific voltage-gated Ca®* channel protein that plays an essential role
in spermatogenesis and fertilization. We analyzed the expression regulation pattern, sequence characteristics, and potential

biological function of CatSperl gene of Banna mini-pig inbred (BMI) line. Methods The testes of adult BMI boars were
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used for RNA sequencing ( RNA-seq), and the complete coding sequence of CatSperl was cloned using reverse-
transcription polymerase chain reaction. The sequence, structural characteristics, and interacting proteins of CatSperl were
analyzed. The IncRNA and miRNA regulatory network of CatSperl was constructed, and gene ontology function annotations
were carried out using RNA-seq data. Results The average expression level and transcripts per million of CatSperl
obtained by RNA-seq was 2817. 5 and 33. 6, respectively. The full-length coding sequence of CatSperl was 2166 bp
(GenBank accession number; OK042306) , encoding 721 amino acids. CatSperl protein contained an Ton_trans conserved
domain of 233 amino acid residues and a conserved transmembrane helix structure related to spermatogenesis. CatSperl
protein interacted with 10 proteins related to male reproduction, especially CatSper2-4 of the CatSper family. Ten miRNAs
regulated CatSperl gene by a targeted mode, and 16 and 14 IncRNAs completed with CatSperl for binding to ssc-miR-1343
and ssc-miR-744, respectively. The gene ontology annotation result indicated that the CatSperl gene plays important roles
in molecular functions, biological processes, and cellular components. Conclusions This study reported the expression

CatSperl in BMI testis, the molecular structure characteristics and expression regulatory network. The fundings will lay

groundwork for further research of CatSperl function in important biological processes such as spermatogenesis, sperm

capacitation and acrosome reaction in BMI line.
[ Keywords ]

RNA-seq; spermatogenesis; transcriptional regulation

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

TEMFLEN R VF 2 AR ) et ft b B 7l e H
AEERINRE, KA REL S (55, ik BAT &34
Ca’ WW2EM5 5 15 b Heeis 19 240 B o sl e v 2
YL pH {E LS5 AL AR AR T B . T4
LY pH Fl Ca® Ve BE W] I 154 115 ) sk fetk gk
REANTRAC S 0L, %0 5 7 31 32K O - DA R 32 05 i =2
Ked CatSper Z K5 1 F5f € 09 HL B 1148
Ca™ JIH , % 0 B BE BN U, ol R 1
FEAE T ARG 2 0 E A0 M i ST B rh e i
Ca” ANE T, IS S HA MR i )5 0 3 i 2 R
AR AL R I R ST N SFe 42 T KG F 1 3% 00 A
TR, 27/ CatSper 18 18 L HE B A6, D) IR -2
KERE 1K ™ R CatSper HKIEM T 4 AL A
(CatSperl-4) Fl 6 4~% B WV %& ( CatSperf . y.8.&.
F1EFCABY) 7', CatSper 5 i 51 1 )7 5] [i] — M 78
BN T B AR T 22% ~ 27% Z [
TE/NEHT, CatSper] (2.3 31 4 BYERK & S EOK 11
N FEEEREEATY AP XK
P BRI T Ca® T HE 1T 52 e
RS H9E g G BE TG AL B RE AN TOUAR B2 B, e 28 5 Wi
HEVER AT RE SN Jh AN, Bl Bh 3 CatSperB .y
8. & WHELE 1 ANBS I v BoRn 1 /> R 40 it 1 45 44
3%, 5 CatSperl-4 M HEAERIE lifs e & &K, 164G
T A G RS2 RG i AR s AL BOR HE E E A

CatSperl ( Cation channel sperm-associated protein

D) SEBYEAT W E Z AR S 2 — | R ROKF 78

Banna mini-pig inbred line ( BMI); cation channel sperm-associated protein 1 ( CatSperl ) ;

FIENAERARA T S B B R R
CatrSperl FEPR Y /IN B, O 1 A0 #1625 il 72 12 A
SRR 232 B 0, OR 5z ShRE ) I e
B A TCAORF 2R i EL AR S R
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P BEAT T B 0 8 A 2H R, B M R Y 2k T g
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CatSperl 235 K F5 K VESIAE TE ™ 0 &% L Ui,
CatSperl FEDRIAE T & 0 1 2 00 H B, AR R AR R
FH RNA-Seq AR R 9F 534G 00 RIZ 490 B 280 44 30 58 &R
LAY CarSperl FEHAYFIE ! R 52 AT
YEHI B IncRNA F1 miRNA , I F1] 1 22 31 RNA L[
CatSperl HEPH % P S RFAE AT REFEAT 2047, fe
18 5 R K 5 20 BT 4R A4 CarSperl F1 IncRNA |
miRNA P45 25 LU R BT CatSperl 645 iR 4A
TR T 58 FKG 1 HE S A2 KG 3 R Y 1 HIL ) 25
SE HEAilh
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1.1 ##
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F o BTSN R E EA & 12 A R
BUAEAKE 4 3k >k A B IERR [ SCXK () 2021-
0008], 1 #& T = m K Mk K 2% [ SYXK (1) 2021-
0019] A 35 ~ 40 kg, LIRS ASH 4 12 h, 54
IR 16 ~ 25°C W 60% ~ 70% ., 2L
LVRE S, A 5T AH 5 1) 3l ) B B3N S 56 AR P 3
FERE AT A N RS AN E Bl 2 AR R O 8 A5 5K
WaE SR L) ([2006]398 5) , & A F
LM R A SR 2 B 23t (2021-1X-001)
112 EZHAH 5

RNAiso Plus (9108) J2 i i 1 £ (6110A) |
Premix Taq™ version 2.0 ( RO04Q) ¥ H K i
TaKaRa, & i@ &= U 4 & Tlumina 2% & B
Hiseq2000 “F- &; PCR ¥ & Eppendorf 2 #] [y
Mastercycler proS,
1.2 FHik
1.2.1 RNA-seq M7 K B s

PEH 52 L 41 21 RNA, 5% 5% ¢DNA, 2R H
RNA-seq Illumina Hiseq 2000 V- {5 #E4 7% s 44077,
FIH Fastp FpE ) 5 G Hod 047 B s 0 F a0, 4%
SRR S L P A & N IR T 10% 1751
SR A BIE YT A IR BT i A
1.2.2 JFHIHxf

i ] bowtie2-2. 1. 0 ot T BB i 8 4 i %k
it 5 3 A R B PR A7 X, 25 B3 EU G 3 A B 1R
IFS) (N AVFEETC) IOk B R T A8 T T 5 22
et 54T
1.2.3 SR 7 50 e

M ¥ Ensembl %4 CatSperl 201 % 5% &K
( ENSSSCT00000014164. 3) 511 CatSperl &K 514
F,R, .F,R,(# 1), L2 HL cDNA A#iH#E 3 PCR §”
By PR IR K iS5, VAR R 25
wL: Premix Taq'™ version 2.0 12.5 wL, 10 wmol/L
CatSper1-1/2 & "FilE51¥14% 1 pL,25 ng/pL cDNA

R1 CatSperl ZFHF|HF B

Table 1 Primer information of Catsperl gene

HZFK g14(5°-3") 7“4 (bp)
Name Primer sequence (5’ =3") Product (bp)

oy FrGTCTITIGGGCCCCCGTCTT 13
atspert= R, : TCGCCCCGGATCTCGACCT

Corsourty P2 COCAGACCTCCAGCAAAGTCCA 1304
PSR, TGCAGGCCCAACGATCTTTCC

1 pL, H,0 9.5 pL; PCR #J¥:95C 5 min; 95°C
30 5,55C 45 5,72°C 80 5,35 IMEH;72°C 5 min,
1.2.4 CatSperl HIfie/Hr

FIH Lasergene 7. 1 MM 7 1Y Catsperl 731 ;
535 ProtParam 2% . SOPMA | ProtScale Fil Prosite
X} CatSperl 5 [ 513 5 19 45 44 #E 47 35000 53 4 5
String A7 8 F HAEM 28 7047
1.2.5  CatSperl # GO HJfE{EREF miRNA IncRNA
R X 45 g At

FIH Uniprot #£47 GO ( Gene Ontology ) 1 B ; #
HE A1 RNA-seq 0457517 miRNA Fl IncRNA
F35 5041 ; FIH miRanda 3. 3 Fil RNAhybrid 2. 1. 2 4k
PEXHEAE RO JEE Catsperl 1 miRNA Fl IncRNA #E47
38T ; FH Cytoscape 3. 8. 2 AT/ 4% K12 .
L3 HHESN

M Ensembl P35 T 5% 2 % ZL A 4 (Sus scrofa
11, 1) FIE RS (gif 11.1) , J STAR-2. 5. 22" %k
PR 2% FE A index , IR L BRAZME AT 51 1)
B S22 FHA X, H featureCounts-2. 0. 1
AT R salmon-1. 5. 1 34" 43 BB A BEA
b A B R R R A iR TPM (EAR IE R IA i

2 HR

2.1 CatSperl ERHHERARIEER

RNA-seq 3815 CatSperl JER -3 FRIB &N
2817. 5, Hi#s 57K ENSSSCT00000014164. 3 7E 4 4~
FEA TR B2 TPM {8 33. 6.
2.2 CatSperl EEARIEBRLENER

FIH F /R, F/R, 515 B 3 CarSperl %
A, A3 04845 1313 bp 11324 bp KB (& 1A)
A A R P 0 P - B 42, 3R A5 CatSperl JEH 2K
CDS J¥51 2166 bp, B 1% Genbank TAYE ( Accession
No. OK042306) , 4% 721 N 5L (K 1B) . FHorr,
384 ~ 617 AA &b Ton_trans fRESTFEEFBE (& 1B,
F1C),
2.3 CatSperl BEFBLEHER

CatSper1 FEH E L T ¥4 (Sscrofall. 1) 2 5 4L {h
1A 6312906 ~ 6321690 bp {1 &, A 12 440+ F1
L AWET (B 2) , B0 S A4 GT-AG 3E0
2.4 CatSperl EHRF I R EHQHH

J# CatSperl 14Tt 41. 19 x 10°, 53+ F 3
C 1506 Hy775 N7 545 S0 , S5 HL A 6. 89, TF H, i 5k Ak il 171
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HL T R I A 26, G E R o TR E R B i o
Wi GE 4% 4 40 A 293 54 Fl 29 N LR 1

393 Fl 234 FFEFRAL 43 B BA Fe R /K1E 3. 489 Fl
I/ NE KA -3. 600, N 3 H1 C UidhI SRk .

1 : A CatSperl 3£ RT-PCR 724 ; M : DL2000 DNA 7+ F AR ; CatSperl-1: F, /R 1) PCR 4 ; CatSper1-2.F,/R, 1
PCR ¥ ;B CatSperl 1K 4751 Je Z LML T51) BT RZR L 1R B 5 BT R ZR - AR SF 45 #43 Ton_trans (384-617

Fr AR 5+ 7

SRR T s B AT AR R — AT R AR R LR T A1 ; C : CatSper] 2 1 AR SF A543

Bl 1 CatSperl JEH L5
Note. A. RT-PCR product of CatSperl. M. DL2000 DNA Marker. CatSperl-1, PCR product of F,/R;. CatSperl-2, PCR

product of F,/R,. B. Coding sequence and corresponding amino acid sequence of CatSperl gene. Double underline, start

codon. Single underline, conserved domain lon_trans (384-617AA). Asterisk, stop codon; Letters in upper line and lower

line are nucleotides and amino acids, respectively. C. Conserved domain of CatSperl.

Figure 1 Gene structure of CatSperl

2.5 CatSperl EBEEM %

PPI 8 H B AEM 4550 &, BMI CatSperl #
F5H A 10 ASE B A M AEMCR, 1
CatSper2 | CatSperB ., CatSperG , CatSperd . HSP70. 2 |
CKAP2  CatSperD .KCNU1 ,HSPA2 F1 CATSPER3, J
H 5 CatSper2 | CatSper3 F1 CatSperd 25 [ #H H.1E F
RN R (E3)

2.6 HIRIBIELSH

BMI CatSperl BA7 6 ~85 IR e 4544 , 73 il o2
T 386 ~ 408 AA 418 ~ 440 AA 452 ~ 471 AA,
521 ~ 543 AA 555 ~ 577 AA F1587 ~ 609 AA i}
B, Bk BLAST 345 AR/ BABY CatSperl R
RIERRIT I, X 45 1 & iz 3 e AN rp By

T2 AR IR, A5 I IR e S5 K, 4 A T
443 ~ 465 AA 486 ~ 508 AA 583 ~ 605 AA 612
~ 629 AA 644 ~ 666 AA i, fE/NE P EA
686 MR IR, A T A B MR E 45 A8, 4y S A T
347 ~ 369 AA 390 ~ 412 AA 422 ~ 444 AA 465
~ 484 AA 489 ~ 511 AA 518 ~ 535 AA 550 ~
572 AA(E 4A) . BMI, A /)N B BS JEE 0B e 235 4 4
JEAY RN 224 AA 224 AA F1226 AA,JFHK R
FARSF, HL 3 5083 AR PR 5F , 1009% [W] 5 1) 2 3%
R 5 LR (E14B)
2.7 BMI CatSperl B GO T & 708 7£ B9 miRNA
F1 IncRNA F$= M 2&

D2 16153 A1 & B, WA TR M 3l 28 3 CatSper]
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2 CatSperl ZENFLEARE AL .mRNA JFFIHIEE R AR T 45 A4 18

Figure 2 Chromosome location, mRNA sequence of CatSperl and its conserved protein domain

TE 2R B VR I A B, R 2 (5 B
B 3 ¥ CatSperl 5 HHAEM 4%

Note. Line. The confidence of interactions among proteins, and
more lines indicates higher confidence.

Figure 3 Interacting network of pig CatSperl protein

ZH| 10 4~ 7E 1) miRNAs ( ssc-miR-24-1-5p | ssc-
miR-24-3p  ssc-miR-378 | ssc-miR-423-3p  ssc-miR-24-
2-5p. ssc-miR-193a-5p, ssc-miR-331-5p, ssc-miR-
1343 ssc-miR-744 Fl ssc-miR-378b-3p ) #1 [] ¥ 45,
£ 16 > IncRNAs 5 CatSperl 35 F P45 A ssc-miR-
1343 4 14 > IncRNAs 5 CatSperl 350 VE45 4 ssc-
miR-744 4 3 > IncRNAs 5 CaiSperl 55+ PE 454

ssc-miR—24-3p,ﬁ 2 > IncRNAs 5 CatSperl =ik
254 sse-miR-423-3p, A 1 > IncRNAs 5 CatSperl 35
4 45 & ssc-miR-378b-3p, A1 1 4~ IncRNAs 5
CatSperl oi 4 1 45 & ssc-miR-193a-5p, A 1 1>
IncRNAs 5 CatSperl 3a4 1455 ssc-miR-378
WX CatSperl WHIBEIEREE R KM E S
154~ GO ¥ 43 F T i€ ( molecular function, MF) 5
T, FEEPS R 145 Ca™ 3 38 175 PE S 3005 PH 25
T E S 3 S GO 7EAE W) 47 3T A& (biological
process, BP) , EEP S HEEAE 16 0 KT &4 8
BT 2 549 Bis 3 A BRI R RS
Ca™ B5 6L 55 12 % 9 > GO; 76 240 i i 53 ( cellular
components, CC) , FE ¥ N GCatSper B A1 5 |

MR 2H 2 3 4> GO(E S)
3 itig

AHIFGE 38 2 W4 TR ST 28 AR S AL S
¥, 3575 T CarSperl FERFESZ AL Ay R K=, IFH T
RT-PCR 5l T3, PHEZ 5345 2 166 bp &K
CDS J¥41, it 721 4~ AA, 431509 CDS J¥41 5
FEHER 4 (Sserofal 1. 1) FuXF, & B CatSperl J& K
T2 SYefafk 6 312 906 ~ 6 321 1690 bp Z ], Ay
2 AN TR L AN T, A BT X
K 9 NSRRI FEATOTSE, KL CatSperl B
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T2 A CatSperl HYEE BTIZHELS 4 ; B : CatSper] (185 IR ELE A AERE AN BUR IO PESTE, 20 (2R 45 BE T, B (4 4% MBS P, S B 4 4%
YU SD s R4« P S5 s B2 o5 K R B 3 2 RE M 100% .50% F1 25%
Bl 4 BMI AFI/NE CatSperl Y5 IEIEHESS M B s

Note. A. Transmembrane helix structure of CatSperl. B. Conservation of transmembrane helix structure of CatSperl in BMI, human and mouse. Red

line. transmembrane. Blue line. Inside of the cell membrane. Purple line. Outside of the cell membrane. Substitutions. White background.

Deletions. Dots. Gray. Yellow and blue background. Homologies of 100% , 50% and 25%, respectively.

Figure 4 Transmembrane helix structure of CatSperland its conservation in BMI, human and mouse

B 5 BMI CatSperl i) GO FHERFITETEN miRNA F1 IncRNA 545 9 £%
Figure 5 GO annotation of BMI CatSperl and potential miRNA and IncRNA regulatory network

RIS 1 ZE T8 38 R T L R R S AR
SRS T I8 SR Se S RE 11 0 XHIRE 4= Mg =2 4F
5381 % BR, CarSperl & RIFEJ&E - 0956 5 Ah B+
FEHI AR 720 BT i & PR, CarSperl 3£
1 1.7 #19 WEF XEPAETE 4 4> SNP, 4352 7
FAHNETF 1 TE 89 bp ALY G1547A ;6 FAMNE T 2

i 126 bp AbHY G224 1A ;7 FAMNE T 7 R 43 bp
Qb By C4675T, LA B A T4 F 9 R i 206 bp Ab iy
G5270A"" BB R £ A M A A Bk
(INDELs) J2& H A o7 3 R 21 A8 S5 ) f 22 i, BT
EEM CatSperl £ ) c. 539-540insT I c. 948-
949insATGGC 4> 3 BUR ith 58 A8 RN 2K 11 2 A% 1 $2E A1,
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HEHALKFHEARF LD, B, CaSperl FEH K
151893316 Z A1 5 5 P45 A M 559 4 14 B 35 M
KB AN ST CatSepr1 H5 D HA S % i 51 A%
R T 518 S O 2 i oe FLUE 31

FFFE I CatSperl BY N i X 4 B 7] A Ay
TGS bRz — ) AR5 & B CatSperl 1)
N 3 S R 0 S K M LR , 1T 5 oAt % S sl K 41
TFIE R S el AR AT, TS CatSperl 2 1T 1944
ZIFUBIIE R B R T (K & 2, B CatSperl
N i) B 2 35 2 1) e AiE 5 0KS T8 sl A o, HAE SR
393 AA AR KIETKIE 3. 489,55 234 AA AbA /NG
IKAE-3. 600, 5 [l W2 JifE 45 44 & CatSperl ZKJEK 1) &
BURFE , CatSperl 7E BMI AUFIZIN 34 HLA 5 502 i
ZER Ay AT 223 AA (386 ~ 609 AA) 223 AA
(443 ~ 666 AA) F1225 AA(347 ~ 572 AA) i &, )\
25 AR DX 3 T 2 35 TR [ 05 A ok ., 2% 5 PR 1 i i
WRBE 25 AL Sl e BE AR ST, RETEANS T iz s e v R 5
BAEH, WIS R I CatSperl FEN Y S 35 1751
AR PE I SRY 1Y 4 MRS YRS AL, UL
W% FE IR (4 55 oK 52 SRY T85> CatSperl 7
VAT R RS A R ) R K e B
R N R (106 = WA 7 A R Al R
CatSper FEF I3k 25 32 BN SRR 28 52 ), 40 158 iR
BRI R 2 T BUN ARG /N B9 1R 17 PE 45 0
KB T B, BT 2450 A AU 3 28 45 & AT
RES AR Ca™ B E I, X 45 38 18 7= A= 5 ), 5 5K
CatSper1 FE DR 3 35 1 WA, DA T 5% i A v &5 0277
v TSI AN £33 S LA 2 2 FORS 280, i 45 1%
PR /N T CarSperl JER 1380 Ha Ly
SFHK TSR A K R R e
SE CarSperl FERFE T I, W] B % 5L A
TEMERIR 42 kG 116 1 BCEAS IS UL A e T
K0T R AEE T CatSper i@ IE M/ BAE T 19
Sz BTtk g AR R BE A2 R 75 5 Y
TR SN, 7E% S0 2 8 /N BRI 52 4L, CatSperl 3
R RFEAR . AS ARSI CatSperl
(1) mRNA 7K IR K P 2 35 35 0, DT S0 £
i BT o i B AR AN BURS T
FEbEF= A ARSI Y A e 2 /N BRI Ca™
e B BEAK, TS 20 CatSperl H) mRNA 7K F %
iKY Vitamin E 1A BE P B AT 42 /25 B4 /D B
CatSperl MRk [FRRIZIE R A F kK
Al 22z 2 A B B, IR IR R R S LT

RERY EE L) K TR ZAE RE ) 50 TR IE B
B PEFTEMIE R Z BRI REY], R
HAREWAR HT CarSperl HEPH 9 3RB N I8, NTT52 00 T
NERS TR RS T Y G BTEER M CatSper] HE K
eIk KSR ER Bk K BRUAAS S8 S
ZERY LA I CarSper] FelR k4 HA A FI 0 |

CatSperl-4 J& CatSper ZWE I 4 B 01, 76 HEPE
FYEIT I AR EEAEM . 4 TTLUR %
FIGEHT 4 A B 2 18] AR B A T O %, B
FEIE RN EREZ A KL HAEH., CaSperG &
CatSper ZZ IR I AH G 2R 11, BAT — 1> 5 IR MR e 445 4+
A A S L P R IA T B TRE 1 /Y 2 2350
4%, %5 CatSperl Btk | CatSperG & 11123 4H W 2 2=
IihE, 1B K* 3l 8 W K K& Ul ( potassium channel
subfamily ul,KCNU1) & KR 7] DLIE 8 & 45 H 2
BECY . A BF 9% #£ W, CatSperG il CatSperB
(CatSper ) RETS A £ 1E % 9 A= BT RE , R Z I F
CatSperl 8 H, 7EA [ & B By B AR /N B4 4L
r , CatSperB /Elfﬂ—:%jbqjﬁljj,ﬂ?fﬂ:ﬁ/]\%*%##
PR O ROR A 2 | TR BE A0 I FORS 1 40 i b 3R
ik,iX 5 CatSpersl-4 & —2 ¥ . KCNUI {7 T4
THYMEE AL, 2 A DT AR AR A S AR A 1) 3222 K3l
I8, BESL R IEAS B sh M RE AN TOUA S iy, ik 1T 52
makREE B P KCNUL (SLO3) 28748 J5 , RS -4 Jifs
e BE TG A28 1E 5 FT 68 23 A TOUA SR, (EAS i S
P I 5505 15 85 PR B8 20 1 U 1) R 200 i 119
FEAI 2 — K" KCNUT 38 35 763X Fi i3 8 $1 58
WHREEEIAEM, MRBERERN, &SN
TAMUIEZIR I & AR S8 Ak, X o8 Ap mT g 25 B 1k
R F 20 MURG B 7E BRI - I 2R E .
Kl 4 W LAFE H KCNUL #1525 CatSperl/2/3 HHHAE
PS5, Ul B e B 3 M O T k4 AR R
CatSperD Hh%h— P E L £L 5 J5E 7 3 CatSperd , % I
HEJE CatSper ZK IG5 B 51 2 — , WERMEVE /N B Y
CatSperD B, 2 T B0 FHEE R4 Ca® il
HTCTE I AT A BTG 3, HET R BN E Y 1
X R AT fE S CatSperd AU GRS LI K CatSperD 7E
KT AU A i BB A B2k CatSper ZRE 1 3F 1Y
FLAH BB BA B R B LM, T BE A 45 B X K R
Ca™ 18 18 A 8 5 8 71 3 e 156 B CatSperd X
CatSper ZX R IEH DI REM A5 2 CHERIME
HSP70-2 J2& W FL 3010 i A 56 4 R A 240 i 2H 2 ey
WL 5 Ff 70 x 10° BURIEH I (HSP70) Sy —Fh



626 of E SIS 2E R 2022 4E 9 A5 30 %45 5 ] Acta Lab Anim Sci Sin, September 2022, Vol. 30, No. 5

ERREN I E AR M B S 5
EAWMIE A, I B Sk - 2, # 3
27~ , CatSperB , CatSperD Fl CatSperG 1% it 2 [B] #4145
MEAER, HiX =4 W5 CatSper KW 4 4~ &
BN O B A AR A, ik — 2 U IR R
B Z RIAFEE I OC &, B R B B il R A 1k
KAEIRE, HSP70.2 J& HSP70 ZETENE T K tE it
PR IR R 51 22—, F2 AR /N BURS B 41 i R 2k 300
g2k B Y, HSPA2 (BUIR B 1T A2) 2
HSP70 ZIGAENG T R A B 3B 00 5 — i, 1%
EHSH T HAE KT IREM AT S E, e 4G
Tk BE FORS B R S A B b k¥ B AR Y
HSPA2 (33K 505 i B FUE A8 B EAHOC, HAEn]
BHMAPRREEES T AT A HSPA2 &
H S5 HE 4000 DNA A28 RN 112 B%
AHIE, BT L HSPA2 Al 8% fff 1 A 56 — > oo U8 26 1 1
167, W& 3 Htn] LI i HSPA2 Fil HSP70. 2 &
F AR AR A B % Ui — 5 TERs 1 A i
il Re A BRI VE . A 2257 24 A, CKAP2
(ANMEE 2R AH SC B 1 2) 15 25 A R 27 R AR 0 A5 AR
5, IHITHA S J5 1, I 76 M 55 40 224 303 1) DA A7 vl
KOZE AR FIEH A 2 Hil i E X E
TS AT D R 4R B IS, CKAP2 7E 4 i 1Y)
AR WA o S, 5 G2 MY ok
A,

ARG LI CatSperl 32 %) 10 STEAE ) miRNA
A0 IE] PR 45 . sse-miR-1343 Fil ssc-miR-744 H Ai & #%
T2 WFSE (3T ssc-miR-1343 Fl ssc-miR-744 [
Y1, A FHE R BRI, & P ssc-miR-1343 1] L ]
WS Pak4 FEIH  ssc-miR-744 A] #0 a5 Elk1 % 5%
) BANE RGE N miR-744 7] D12 505
20 184 A AN 4 A R 0T p21 T Ak R
(PAK) 22 % R/ 5 B IR W £ 25 5 ML & | 40
HfLiz 2 L B 40 B e A A5 AR 0 R J& Rho %
GTP B EZRN M Z —, Pakd J2& PAK JHH 1) 5L
BB Cded2 MM Y BAZR ST
IR Z SR B A AU = 1) DNA 2567
G, Elk1 % 5% 7 BA AR 2546 05 =X, IR uE R %
e ST DR o s o A M RS e R R R EE Y
X R L IR AR 1 v g T 3H % 4 NF-kB 38 i P
miRNA [BFFE & 3R, A8 L Ag B (1 4 ssc-miR-24-1-5p
FE A TR miR-24-2-5p A L@ o A S 19
EZH2 (zeste [RlVE 4 2 B9 41 858 1) #57, dE

SR PCSEAT 3 DR {2 1k i 371 g 933 40 it iy 484 i
miRNA 7] 7E 5% 55 7K 7 I8 775 995 JRL A4 A A 3 9 48 BLAE
FH L WE 5T 2 B miR-24-3p AT V8 45 1ML 21 2 i 48 -1
(HO-1) (9335, 13 &35 miR-24-3p AJFEfIE HO-1 (1)
mRNA FIEE 5 35, I AB B (0 4% B0 5 07 IR 25
A HE(PRRSV ) S i B &2 ) o T WFFE G A TR
AEB B LA R B IE 0L, 3843 miRNA A 14
KIN,ssc-miR-378 7EH B WL A B 3k, HoE ik
WA TE R B ssc-miR-378 =2 F T WA B A% 5 i
P& miRNA,JF S 5 B8 E . miR-378 7] fig
WIS A EE A 2(BMP2) M2z 2455 1k
B 1 (MAPKL) RIATT LA A 5%, IF 5 5 41
BEFEAAAAE  25 B miRNA AU AR 748 it
(D Qs TS IR o 2t e i U s 1 R |
T FLAR g LA K i 9 B i 45 T L R 5 o AR
F. IncRNA 7ER M5 AN AT S LM
LIRS L S N i 7 QR o e e e e L LU % D =Wy A I
K4 IncRNA 7 5 —Fhsk Z F RNA 45 & & A
(RBP) FHEAE FI R & #5 HAE BRI 6E ; [ A, RBP 1
Refg 4 & B AR RNASY . ARF5E LW 16 4
IncRNAs 5 CatSperl 3 4+ PE45 45 ssc-miR-1343, 14
> IncRNAs 5 CatSperl 5 G+ 14 45 & ssc-miR-744,
IncRNA it i 2, iIX UL Y] IncRNA A EE %, M
GO MK , N & o T UIRE A W2 FE o & 2
MBSy, 2 AR 1 4% B R S 0RE A B R A OG,
H5 CatSperl FF 25 D) RE B 5% AH G, Wk 1%
T KT RAE 5B FiG8 DL R T4 Ca™ 38 15
PESE UL CarSperl FEF7E BMI K 7 & A8 F 2 A i
TR L EE AR,

25 F R A5 RNA-seq AN F A
IR T AN A RS2 LT CarSperl FEH Y
Tkt K15 T CatSperl ZEHF 2K CDS; 04T 1%
FE S5 H | E IR 7 5 AR 1 W 3 T B 1 BLAE
PPT %% 1 RE T3 A 2 T 3 P 5 miRNA Fl
IncRNA JHERI2% 45 R n] AW FE CatSperl K&
PTE BMI S & A8 o R 0 T e 4R (AR B0 9 ), T
AR5 At 2L B RS T kA R OGS IR BIF 5
PR
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[ Abstract] Objective The level of skeletal muscle glucose metabolism is an important factor affecting aerobic
exercise capacity, and is regulated by the biological clock. Chrono is a newly discovered circadian clock gene. It isinvolved
in the feedback inhibition of transcription of the core circadian clock transcription factor BMALI to its downstream circadian

clock target genes, and is considered a transcription repressor of BMALL. Studies have shown that BMALL is involved in
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the regulation of skeletal muscle glucose metabolism. However, CHRONO is a transcription inhibitor of BMALI, and the
effect of the CHRONO-BMALI pathway on exercise capacity and glucose tolerance is currently unknown. Therefore, this
study employed skeletal muscle-specific Chrono overexpression mice and wild-type mice to explore the effect of the
CHRONO-BMALI1 pathway on glucose tolerance and exercise capacity. Our findings provide a theoretical basis for
elucidating new mechanisms affecting skeletal muscle health. Methods In total, 20 healthy 8-week-old C57BL/6N wild-
type (WT) mice and 20 skeletal muscle-specific Chrono overexpression ( Chrono-TG) mice (50:50, male; female) were
used in this study. Body weight and food intake were recorded. The body composition test, autonomous activity test,
incremental load exercise ability test, glucose tolerance test, and grip test were performed. Skeletal muscle was weighed
and the mRNA expression levels of the Chrono, Myhcl, Myhclla, Myhcllb, Myhcllx, and Pdhal genes were detected by
(1) Compared with WT

mice, the autonomous mobility and exercise ability of Chrono-TG mice were obviously reduced (P < 0.05 or P < 0.01) ;

Real-time PCR. The content of muscle glycogen was detected using an appropriate kit. Results

(2) Compared with WT mice, the weights of the gastrocnemius, quadriceps, soleus, extensor digitorum longus, and tibial
anterior muscles of TG mice were significantly increased (P < 0.01), while the weights of the gastrocnemius and
quadriceps femoris of female TG mice were lower than for male TG mice (P < 0.01); (3) Compared with WT mice, the
strength of the front paw of male TG mice was significantly reduced (P < 0.05) , and MyhcIls mRNA expression in skeletal
muscle was also decreased or showed a downward trend. The forepaw grip and Myhclls mRNA expression in female TG mice
were clearly higher than in male TG mice (P < 0.05 or P < 0.01) ; (4) Compared with WT mice, the blood glucose value
and the area under the curve at each point in the glucose tolerance test of the TG mice were increased (P < 0.01), while
female TG mice showed lower levels than male TG mice (P < 0.01); (5) Compared with WT mice, the content of muscle
glycogen in TG mice was increased (P < 0.05) , and the expression of Pdhal mRNA was decreased or showed a decreasing
trend, while the muscle glycogen content and Pdhal mRNA expression in female TG mice were significantly higher than in
male TG mice (P < 0.05 or P < 0.01). Conclusions

autonomic mobility, impair glucose tolerance, and affect the aerobic exercise capacity of mice.

Overexpression of the Chrono gene in skeletal muscle can reduce

[ Keywords)

Chrono ; skeletal muscle; exercise capacity; glucose tolerance
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network oscillator, W FX Gm129 | Ciart . Clorf51 %) J&
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XS 5B aNUE Y s, o] B8 0 08 3T B i U
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BRI ¥, CHRONO-BMALIL il B 2 75 23 % h
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fiif et LIz Sl e 7 R0 5 M, Sk B 0 50 R i A 5 e
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20 H 8 JH#% SPF 2% C57BL/6N B4 Fl ( Wild
Type, WT) , Hrifetd 10 H MK (22.65 + 0.21) g,
MEPE 10 H K (18.41 + 0.13) g, 20 H 8 F#&
SPF 2% B 8% WL 5 M Chrono 13 3 35 B ( Chrono-
TG) , H btk 10 B {AHE (23.16 + 0.37) g, #EPE
10 HfKH (18.69 + 0.29) g, WT Bl It 5t 4 A1)
RS B Y AR A RS AR AR [ SCXK (50) 2016-
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0006] , Chrono-TG R I3 5%l C57BL/6N R, 3§
v AE YR RS FRIAE o [ B 2R 2 e s 2 51
B ST oERT 7 5 2 F [ SCXK (311)2019-0011]

A 7N B 5% R A T AR ¥ 7 Jb s IR K2
5 [ SYXK ( 57) 2021-0053 ) 58 i, Zh¥ b 35 N
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JEIE ~ 12 h G JE ) (700 JF,19:00 3¢) , fAFERK
FH I G W5 V7 28 sh W b it A 35 i R sl ]
LA oK e, AR SdU iR E Kz sk
SESLI AR I B S UE (HEHES . 2021042A)
112 B2 5

I3 1 5 Z 457 & (GEL2579-B, 42 Bk,
Aemt)  BEIE S BRI R £ ( BCO345 , 3K, T E
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& (FSQ101, Toyobo, H %) , SYBR Green Realtime
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SN B3 43 M A (Echo-MRI, 3£ ) , /Nl
HEW % 25 (RN — R, h D,
14 ( Columbus Instruments, 32 [E) | /NI 7038 4%
(At AR QIR , i ) | AR A AR AR (=
P GA-6, )  HZR W EE Y ( Next Advance, FE[FH ) |
PRI 5 O BL ( Eppendorf, s ), W Ay EOE E T
( NanoDrop 2000, Thermo Fisher Scientific, 3¢ [&] ),
PCR #"34{% ( A300, LongGene , FEIFLI ) , 960 5E
PCR 1Y ( ABI7500, 3¢ [H ) ,
1.2 Ak
12,1 RHE $REmic sk S AR oI

FERIE & 41/ R R R E g, R
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1.2.2 HEGESHHENL

FKH/NECA 28 S 50 7 R G0 skl SR 2k
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1.2.3 Iz ShRe il

34 G nf 32 A 13K 2 I Burch 4517 A 1
FEIIHT TR, BRI 1. B A +5° 9%, L 10
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Figure 1 Exercise capacity test program
1.2.4 7k

ST 3 d AT 1, E I 3k /)
SR LR TR A IR AT, 33 i /N U L ks
B EHA SIOMUR R AT, IR UE/ N B AT TR +F
LLRRE MR DT C S N RS R T B B4R ) R K (E
IRSSI
1.2.5 M B 8 2 A it 000 3

SRAE/NRURFR KL, /D RE AR SR IR ST
F14) XA (L

) 24 BT 135056 ( glucose tolerance test, GTT) ;
NEEEE 8 h e AR YRR E i o E B T 1 g/ke 1A
H R AR (100 mg/mL) o G/ LR IDROR
R B 7K -, 0 s N FE ST AT (0 min) RE ST 15,
30,45 .60 .90 F 120 min 7 /A [f] 5 04 UBHE .

TH5 I BE il 28 F 1 FR (area under the curve,
AUC) = (0 min IMBHE +15 min MBEE) x15/2+(15
min [ILPHE +30 min MAFHE) X15/2+(30 min ILFHE
+45 min IiUBEE ) x15/2+(45 min UBH{E +60 min Ifil
BHAE ) x15/2+ (60 min [MAFE{E+90 min MLFHE ) x30/
2+(90 min MPEHE+120 min MBHE) %3072,
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WA /I BRUHR IE J5 3 DK it 3= 761 45 1l 23, I s i 35
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1.2.9 SERFZEGE & PCR

PEEUHERA WL RNA, &0 H B 3£ Chrono | AL
BREE H EHBE 1 8 (Myhel) WLER & H 5 a HY
(Myhella) WUEREE B AE 1b 8 ( Myhellb) WLER R
HESE Ix B (Myhellx) P58 PR B S8 Ela M2 SRA
(Pdhal) fAEXT2RIK, BRI Z 18S Al Chrono 41, H:
451 W ¢ 5 i Primerbank ( https://pga. mgh.
harvard. edu/primerbank/index. html) [ 5 28 1] 3545 |
W3 1, 1 Thermo Fisher Scientific A%, B 50 mg
HERBWLLHZA A 800 wL T4 A RNAiso Plus #E4T
HAFEE 4°C |11 304 r/min B5.0 10 min J5HE T,
S o AR, B 2 TE K A 5 T B 43 B RNA,
4°C ,11 304 r/min B.0> 20 min J5 H 75% £ BEBE G
RNA,SRJG AT T, TR 77, 15 215 RNA $EHUR
DU ZE T $2 RNA YR BE I 4, 2 ) iE AT 300 55 538, I g
2444 65°C ,5 min;37°C , 15 min;98°C ,5 min, MIA
TSI AA 2 FIVRE N 1 5 | 0 4047 S e 5 Ol 7 it PCR £
W, A AR S R S & CT i, H
FbA CT yEXF B 58 B ) 3k A7 AR i, 2 5K
W B =278

&1 5IWER
Table 1 Information of primers
319 FFF1(5"—3") [ (bp)
Primers Sequences (5’ —3") Size(bp)

F.:ACTGTCAACACTAAGAGGGTCA
Myhcl 114
R:TTGGATGATTTGATCTTCCAGGG

F.:AAGTGACTGTGAAAACAGAAGCA
Myhclla 222
R:GCAGCCATTTGTAAGGGTTGAC

F:TTGAAAAGACGAAGCAGCGAC
Myhellh 190
R:AGAGAGCGGGACTCCTTCTG

F:GCGAATCGAGGCTCAGAACAA
Myhellx 138
R:GTAGTTCCGCCTTCGGTCTTG

F:GAAATGTGACCTTCATCGGCT
Pdhal 123
R:TGATCCGCCTTTAGCTCCATC

1.3 Sit=ESH

FH SPSS B4R 47 5 1 Se vt Ak 2 25 2 F P
VIE + PRuEiR2E( & + sx) TR, RIS A ¢ 45
o XEIEEAT 04 , P < 0. 05 Fl1 P < 0. 01 235t
HA BEWAEAER B &2

2 #R

2.1 FHHNMNBAREEHLR Chrono mRNA Fi%k

1 TG B, 8BS 85 L Chrono mRNA ik i
Fen R 65.36% ;5 WT UL, FUkfE M BT Co U
FIE H Chrono mRNA KW 5, Chrono-TG HfE &,

DEFVE H Chrono mRNA A48 WT g B89
2.6 ffF1 2. 07 %, TG MEELEF 1 Chrono mRNA ik
WT B A9 3. 98 %, 1M TG FUHE L ( gastrocnemius )
(%) Chrono mRNA FIR IR H 1B s T WT 5L, HERR
15 49. 88 %5 MERLET 99. 45 %5 (K 2) .

SRR, " P < 0.05;5 WT BUHE,*P < 0.05,
#p<0.01, (FEIR)

B 2 ANFEHZ Chrono mRNA ik
Note. Compared with the corresponding male mice, “P < 0.05.
Compared with WT, *P < 0.05, P < 0.01. (The same in the following
fingures )

Figure 2 Chrono mRNA expression in different tissues

2.2 BHNNRGEBRERERSTH

TE Chrono-TG FR H, M B /&K & M (18.69 =
0.29) g 4K % (21.00 + 0.35) g, HE B 1A & N
(23.16 + 0.37) g Wi 2 (25.46 = 0.39) g, 1
TR P R A R R A B E TR (P < 0.01),
TG MERAES 1.2 M E RV B I THER (P <
0.05) , VARG H 43 Lo R84 8 F 43 Lo U JC W 4 AR 4k 5
76 WT B B BUAE M (18.41 £ 0. 13) g K =
(21.49 = 0.21) g, HERUM A (22.65 + 0.21) g ¥ K
2(26.62 = 0.25) ¢, M FUARTE 2 B EMCTHER (P
< 0.01), HMERTES 2.3 .4 5 PR =Y BEMK
FHER (P < 0.05 8, P <0.01), Chrono-TG /i A
AL 4.5 A0 910 (25.09 = 0.36) g Fl(25.46 =+
0.39)g, WI M KT AESS 4.5 N (26,13 =
0.30)g F1(26. 62 + 0.25) g, fEXPIJH TG M A E
W AR T WT H#ERR (P < 0.05) (K13)
2.3 BHEMRBFFEDITH

Kl 4A FTLUE R, TG Rl R A ER 5T 3 A
oM (20628.91 = 2 108.31) m, i KL H R 405 3h
SR (25 323,53 + 2772, 84) m, MEMETF TC I i 2%
5, WT BB 32 5% 50 76 2 S0 8 (30017, 26 +
1913.43)m, M LM (35920. 16 + 1131.04) m, MEPE
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AR R E S THME(P <0.05);TC RS WT R o MERZERIE(19:00 ~ 7.00) B & = THER (P <
FHLC, ME B ELR A BRI Sh MR B ERRIE(P 0.05 5 P < 0.01) ;TG B5 WT BUHLL, #E 1 F7E
<0.01), K 4B %78, 76 TG B HuE UMM RAE R sh B B (P < 0.05 5L P <
2R 24 h NG E R EZ/, 7E WT B 0.01),

T SR MERA L, ™ P <0.01, (FEIH)
3 R $REE LR
Note. Compared with the corresponding male mice, ™ P < 0.01. (The same in the following fingures)

Figure 3 Changes of body weight, food intake and body composition

TE:ADBUE BB S a B A/ N A5G 50 TG 3 i, 2. TG MERLS WT HERUMI L b WT MERLS WT 4B TG MERLS WT M AR,

4 AEWEZ
Note. A. Total amount of autonomous activity. B. Average amount of voluntary activity per hour. a. Represents the comparison between TG male mice
and WT male mice. b. Represents the comparison between WT female mice and WT male mice, and TG female mice and WT female mice.

Figure 4 Change of autonomous activity
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2.4 FHNRBEEZEHENTH

M5 H1LHE TG B b BRFEA 738 3G 1 1y 22 )
YR IB B ] SN (43,76 + 1.57) min, iz ShEE 254
(1218.81 + 77.53) m, M Fliz s [A] 4 (44.17 +
1. 14) min, iz s #E B4 (1233.35 + 57.90) m, M 2

Z A TG B A2 Ak WT I Bz Bl i [E) R (51,34 +
1.35) min, BHE 4 (1608. 34 + 75.22) m, WT M filiz
S IE] Ay (48.78 + 1.81) min, B B5 Ay (1480. 42 +
96.47)m, 5 WT §lt, TG FBUHME i Bz i a] Fn
PR B FRE(P < 0.058, P < 0.01),

5 GBI G 2 )35 42 S )z S B AR AL

Figure 5 Changes of time and distance of incremental load to exhaustion

2.5 HENREAEENE FE|OBEMERBRERR
Exi

nE 6A B, #E TG B, i BRAESS 30,45 .60
90,120 min MY IMUCHE A 2 EARTHER (P < 0.01) ,WT
L, M BRLZE S5 0.30.45 .60 .90, 120 min FY Ifi B {#
M BAR T HERL(P < 0.05 8, P < 0.01) ;TG §l5 WT
FUM FE , JCME e BRLZE S5 15.30.45 .60 .90, 120 min
X 6 A A] 5 A IBEE AR 0 2 T (P < 0,05 3 P
<0.01), K 6B s, TG I GTT Hi£k F i 2
(AUC) M (1161.82 = 25.56), TG M L AUC N
(1028.58 + 18.30), WT i . AUC 4 (1004. 68 =
20.25) ,WT ML AUC J9(897. 64 + 22.34) , 7E TG
LR WT BLrb, B BL AUC 1 8 R T HER (P <
0.01),TG 5 WT BUAHLL, FobE MR AUC 35 3
TR (P < 0.01), & 6C A1 6D n] LA H, TG Kl
I FRARAR A ifi 4l (6. 58 = 0.25) mmol/L, Ifi 3% Ji
BEWE R (9.79 + 0.17) mIU/L, b BAEES £ b
H9(6.91 £ 0.12) mmol/L, B2 4 (9.69 + 0.18)
mlU/L, M2 (BTGB 2 25 5%, WT BRUP e AR ZE &
MBEH (6.22 + 0.13) mmol/L, i A% T 1 B Y
(6.93 + 0.24) mmol/L(P < 0.05) .
26 SEHMRMA EHRINEERMAH LR
mRNA RiZTK

K 7A R AE TG B, i BT AR 5 K
(2.40 = 0. 11) ,AHXPFIIE(2.09 = 0.07) , B & &
T Bl R KA (2.04 = 0.08) FISEIME (1.75 =

0.06) (P <0.058; P <0.01);5 WT i 5N J1 &
KAE(2.35 = 0.10) ,"FHI{E (2. 04 + 0.08) FH L, TG
T BRIy Foe KABFIF-$4 08 5 2 AR (P < 0.05 3 P
<0.01), E 7B i, TG W KLUHE R AL A A% DY Sk
JILAA RS B HE A (5.93 + 0.08) F1(7.93 = 0.11), i
FALT TG MERLA (6.44 = 0.08) FI(8.41 + 0.10)
(P <0.01),WT E i B JHE i LA 0 =k LA
XFE A (5.40 = 0.08) F1(7.38 £ 0.10) , B FA
T WT HERAY(5.72 £ 0.06) F1(7.76 + 0.09) (P <
0.01);TG 5 WT L, Fofe M MBI, L 3 4
WL R AL B2 15 w5 AL R B D Sk AL A A X B R
M M(P < 0.058, P <0.01), K 7C 17D &
7N, TG ERLH 0 U RIRRE BB A8 WL Myhel B mRNA 3
IKTCHA B ARk ME B Myhella Myhellb F1 Myhellx 1)
mRNA RENW 2 FHER (P < 0.05), 5331 &
0.54.0.38 1 0.33 £%, WT B+ 8 B Myhella 1)
mRNA 38 8% & FHER 0.41 f%(P < 0.01) ;TG
Bl WT B, FobE B Myhella F1 Myhellb 7 mRNA
Feik BFE A 32. 35%H1 29. 41% (P < 0.05 8 P <
0.01) , 8 Bl Myhclla mRNA 2235 W B8 /0 26.39%
(P<0.05),
2.7 HBHNRAMERESEF S8R S
(Pdhal) mRNA RiETT{L

HIE 8A 1 & i, TG M B LM B & & A
(0.0120 = 0.0009) mg, TG i B 4 (0.0092 =
0.0002) mg, WT i 5L AL BE I & & & (0.0099 +
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B 6 R RS MmO R AL

Figure 6 Changes of glucose tolerance, non-fasting blood glucose and plasma insulin concentration

TE: GAS: A UL SOL: He H UL ; EDL : AEAS AL TA A2 T UL ; QUA L JBEPH Sk L
7 AT BRI B R JULEF4ESE R mRNA k8 1k
Note. GAS. Gastrocnemius. SOL. Soleus. EDL. Extensor digitorum longus. TA. Tibialis anterior. QUA. Quadriceps.

Figure 7 Changes of strength of front paw, muscle weight and muscle fiber type mRNA expression
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8 WUt o A L PN Ml R S mRNA Kk 18 £k

Figure 8 Changes of muscle glycogen content and skeletal muscle pyruvate dehydrogenase mRNA expression

0.0005) mg, WT /f LU >4 (0. 0080 + 0.0005) mg,
FE TG AT WT B, o BB Jt & i 2 B b 5 1
HERL(P < 0.05 8% P < 0.01) ;TG §l5 WT AL,
O LB S R B WL (P < 0.05), A
8B W~ , TG L H M LA A% L Pdhal mRNA K3k
FLZTHER 0.57 15 (P < 0.05) ;TG fl5 WT KU
L, HE B 8% L Pdhal mRNA 33k B 3% B I
32.04% (P < 0.01) ,

3 itig

Chrono JE3T - R AE W FL sh W o & BB A
BhELP] ) Chrono T S0 /N BUS R A R
W5 FBH , Chrono J& BMALL BY#E LA | Chrono it
) CHRONO Z& 4 ] LA N I PE BMALL #1454, JOf
AEAMH BMAL1-CLOCK Xt HoA: W 0 L R i 5 3% 3%
PEHO A, CHRONO 25 4 #iA M J2& BMALL fy
BESEI I T, CHRONO-BMALL 18 Bt 2 i 45 2
YR L
3.1 BB Chrono 3 RZEI/NRBEEFETHE
E3:0EA )

AR FEITIL AR LR 48 B AT Chrono mRNA
FER ORI, K BLAE O WE B AU A Chrono mRNA
(22355 WT EAH b i A r £ = (R RS 803 /D i B
JANLH Chrono mRNA ) £ 35 & F WT R4 50 ~
100 £, R I T BRI 25 FIIZ R
SR BN SME Chrono 1 363K L,

ZF G B B LR S Chrono-TG R T H I
TS AR, A B R0 RSl
BUIZ S, & IAE 3 d A Bt E 5L TG BUETS
i FEALT WT B, Wi 7E 24 h /9B 58 B,
7:00 ~ 19:00 AR B, i&sh &, 7 19:00 ~
7:00 RIEER I, TG BLIG sh & W BAK T WT i, TG

FROH e BT 3 2 RS IR0 76 o 0 G W 2%
S, RABENL Chrono 32 235 7T 2 FEAK /N B
TG S SRR R I O A 25 5
3.2 BEA Chrono T RIEINNREE BERME
FX 53 B9 22

KBTI T B8N Chrono 1 323K % /N B AR
AR AR B A5 T, K B A R R AR
4y BTG B WT RG22 5, 1M {4 58 76 4R 92 4
4.5 JEH L TG M B WAKT WT MRS, X n]
5 TG M B & R A WARA ¢, S B8O AE R
F BEAR T WT A B, M7 A7) 5% J5 300 o Bk 7 22
SN, peAh, WA ERAE S AR IR0 R E AR
A BRI A ) 2 R BV R A R ) AR T A
R, PR i B R A T R, T A L A
HHOHTENZS ., LI EEW, 58I Chrono 13
TR/ RARE SEE SRR A,
3.3 BEAN Chrono T FRIEIT/INRIZFNEE 1. M H
FRANSF 48 2 2 My M

W R I, OB FE R Bmall B93R3K 0] 52
WAL RIE ZHRE T . Bmall D &4 RS [R5 % g
FRAH L, L R R AT T 742 30 0 B 1) 09 4 38 n, e 1
MITEASAE 2 B LS S Bmall 3 [N R ER RS
I o} B R L, 30 5 003K e 1) 32 3 B 8 iz Bl et
B0 T 2 SR A WS R, Bmall JEH
Hizghie I R AZAAK, H RN Bnall 55
1L IR/ BRUFE IR AT 3% 14 B far 32 B0 BE 1 IR I 152
BRI M KRR SR RO 2R,

CHRONO 1> BMALL A4 %% s i I 7, Hoxt
E SRS R B S B, PR, AR 5 R
RN S Chrono 1 K UM WT B, #4785
T3 971 fof 2 78 A2 S RE IR, TG fiz 3h = 118
(A (DA 25 35 B AT WT L, TG Bl 1 £ far iz
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ShE ) i iz s AE o bk 22 . R I E S L
Chrono 333235 i ZEREAR/ N A 0z shiE

AW Eh LR Bmall 38 0 5200 B 8% L E B % L
YA, Bmall RS /NERNLIA D) F B, R
YUWLLZ (B IRES #4 H BR300 ™ 5 i L 1A
FGRAET ) ARE SRR A S A B LR S
Bmall wlR/INRL, ¥R IE 5 1 B DB S I
T, TR B AL PR Bk s A 384, LT A 8 A v AR
W B K, H LR Ty & A B B B, D ILEF 4 L )
Uﬁwﬂ&mo

1M Chrono F&[R 22X 585 L™ A 52 0 g2
H AT AT 28, DRI AR B 58 X5 /0N BUE % ULAE G 48
FRyEATRIIN, &30 TG BRILHE 4 LA HE R WL, Lt H
oL B AR L RS i LR B P Sk UL A A X B
HRHA . T WT R, i JULAF R i 0 39 B0 s 2 il
255, WT HEEUAT TG Mt LAY HEZ L5 B 7 Sk TLRR X6
HERP WM T A AR, ok, XN BT AT
Jrmia R, TG e R AU 88T WT #E R, W
Fofuobfi BRLIE) TG B o 25 ) T MEE TG BRI I e 25 K
FHEME TG B, TG B U BB WU X 8 A K, 3
HAT A/ HLJE PR o] 68 -5 % LET 4 25 AU 1 ek
A O, AL S B ] B9 IR D) B8 22 5 R L
SRR AT G X /DN BRUME i LT 4 28 Rk A 7
mRNA FRkill & 2, 18 WLEF 4 R Myhel BUTE TG B
AWT BRI TR A (HAR LA 4ERD Myhell #Y
()2 S H L B ., TG B B Myhclla F1 Myhellb
RUNLET 2 363k AR T WT HERRL, TG ME S 3 Fb 11 A
LEF 2 (e ik ¥ 85 F TG MRS, 3X 7T RE S 15 B TG 1
U e WT it BRI TG M S48 22 i S A
3.4 B Chrono & FRiIEZ/INRIEM = . ALVER
FnE 88 AL W BR BR B S &8 ( Pdhal ) mRNA 3R i% 8
=21

B A= Wb 3L Bmall Bl 52T 5 3552
BN TIRE 4 M S0 R W, UER Bmall JEIA
S35 C2C12 20 ML R 5 05 5 3@ B VR T, 7 AR 1]
BRBRS RIS SRR, B AL Bmall
TS AR T S 2R RO QAR DG B mRNA %
IR R B LI I AV FH 98 553, i 20 1 1 s R
D FURE R d KPR R S L Bmall 3
TR 2 P A 2 T W R 38 35 I /N BB B L iR R
g

AAFGE K& I, CHRONO fE & BMALL [ 5% S 4
HIHF, 5 BMALL A [R] s 25 5% /)N BB fiif & 7K F 7=

A W, TG B B 0 AR A K il 28T 1 AL AR
B BT WT B, IF BAE WT BRI TG BUP AR P
FE B 0 A S 2 S DO ) A e ot R ot
ST THRR 0 I A B 7 A i R S R AR AR
M7 1E , TG B WT BAH IS5, W TG
W ERUVLBE DR A e 2B R = T WT BR, R AU TR
KEF RO, M TG b 5 R B i & B Pdhal
mRNA B35 B E KT WT 1 B, 79 R R i 206 S
PR E A = BRERIG IR 55 H ki D R
WA E AL RS2 B, D340, PR B LB
JEYE A B T 4% A R B B, Pdhal mRNA [ 3635
5 T R A T R A X T RE ) BB
i s BRI 25 S R N 2 — 0 DA g SRR
HENL Chrono 11 F&350] S80I RS JFHERR, B 45 WL
Pdhal mRNA FKIRW/D | BH 55

BHENL Chrono 1 FKIE W /N B FIE S0 PE,
S EOE I 5 FRAL, I A EaE e T .
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Study on myocardial protective effect of honokiol in mice after acute
myocardial infarction
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Corresponding author; DUAN Weixun. E-mail: duanweixun@ 126. com

[ Abstract]  Objective To investigate the myocardial protective effect and possible regulatory mechanism of
Honokiol (HKL) on Acute Myocardial Infarction ( AMI) in vivo. Methods Eighty male C57BL/6] mice were randomly
divided into the following groups: Sham ( Sham) group, Myocardial Infarction model and Vehicle (MI + V) group,
Myocardial Infarction model and HKL treatment ( MI + HKL) group, Myocardial Infarction model, HKL treatment and
Sirtuin-1( SIRT1) inhibitor (selisistat, EX527) (MI + HKL + EX) group, with twenty mice in each group. The mortality

of the mice during modeling stage was recorded after the operation. The echocardiogram and serum samples of the mice
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were gathered on the 28th day after the operation. The inflammatory indexes in the serum were detected by enzyme linked

immunosorbent assay ( ELISA). Besides, dihydroethidium staining( DHE ) was utilized to display the intensity of reactive

oxygen species in myocardial tissue. Apoptosis ratio was evaluated by detection of terminal-deoxynucleoitidyl transferase

mediated nick end labeling ( TUNEL) and the expression of other target molecules was detected by Western Blot. Results

Compared with the model group, the heart function of MI mice treated with oral HKL was significantly improved, the levels

of inflammatory factors in serum were decreased. Additionally, cardiomyocyte apoptosis rate and reactive oxygen species in

myocardial tissue were reduced. Simultaneously, the expression of SIRT1 was significantly up-regulated while the

expression of Ac-Foxol protein was down-regulated, which were reversed by SIRT1 inhibitor ( EX527) (P < 0.05).

Conclusions

Oral HKL attenuate myocardial damage induced by myocardial infarction and significantly improve

myocardial function, which may be regulated by the SIRT1/Ac-Foxol signal.
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2 M0 LA BE ((acute myocardial infarction,
AMI) S0 7 36 vl i Hi B R 22— TE R BRI Rl A
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VeI A 32 561, A0 Tsai 26 LB, 245K UER Tk i
55 HKL, AT 5 25 BRI Co LR Il 5 26 28 OB 2R 1
ARG RIS GRS ], Pillai 451 JRIESE HKL A
AXCRT LG o B SRR D i % 22 2 L B G 1 Y 0
kM A AT LA R DRy 2 5 0 LA R I N 1Y
A, HR Wang 257 Zhang 251 B4 % P HKL
308 9 2 R P ULt /P9 3 4, AT, HAE
AN BRI IR T ROR O BLR 4 AL
Tl W I SE o ASWEFERE PR HKL X 2k OB
SO LA 0 0 52 e B2 FCRT e R ML, S HKL
ARl PR 245 A (A 4R — R R BIE AR .

1 #MRI5AZE

1.1 ##}
1.1.1 SE8shY

8 JEIS SPF 2 ik C57BL/6J /N, 80 H, A
20 ~ 25 g, A 25 4B R 2E S S s ot [ SCXK

myocardial infarction; honokiol ; myocardial apoptosis; silencing information regulatory protein 1

(B)2019-001 ], /N B BR 25 ZE 42 15 K 2 S 5 s 4
OEFR[ SYXK(BR)2019-001] 4513731 1a] B4 /1N B
HHERE, 12 h fEHROLI R 24 ~ 26°C, R
50% ~ 60%, FrARAEAF G S R E KPR
Sy SRR B A ER (IACUC-20190115)
112 EZEHFI S5

FUEEAM Y ( 25 [F Sigma-Aldrich A &, 462 4 1%
Y, 4% = 98% ,#it'5 . H4914) s I 2 e 22l (b e
REEARAF, FE, 5. 57-33-0) ; SIRT1 11 il
#) EX527( & [ Sigma-Aldrich 23 7], #t 5 : E7034) ;
SIRT1 ( GR3392540-1) | Bel-2 ( GR3390921-1) — $i
(£ Abcam /A A ) ; Bax (£ [E CST 2~ d], 4t 5.
12). GAPDH ( ¢ H Proteintech 72 &), it 5.
00081503 ) , Ac-Foxol ( 3¢ [H Santa Cruz A &), it 5.
F1714) B A LY R bR 09 1 EPi e 1gC Z 9t
(hA24eH, T E L #ES . 200830803) ; BCA 75 1 E &
WA & (F B Thermo Fisher 72~ wl, it 7.
VK314219) ; TUNEL i 7 & ( 7 [E Roche 2\ A, it
5:49330900 ) ; DAPT 443k ( 36 [E Sigma-Aldrich 2>
A, 15 . D9542) ;TL-B TL-6  TNF-o K5 & ( 38
Thermo Fisher 2% 7], #t 5435~ ; SEEUZ9PLRK |
KZ9XUYNEYN ,3B164BNQLX ) ; Vevo3100 /Nah 4 i
7Y ( Visual-Sonics 23 Al , I K) ; FV10-ASW 30t
FEIR A B 5388 ( Olympus A A, HAS) ; Western &6
HBAH £ 58 ( Bio-Rad A H] 22 H) .
1.2 Ak
1.2.1 SRR Esr

N B WU AL AR Y 2 B8 2E [ Thomas Jefferson
KW Gao Erhe ﬁf;ﬁ*@%,ﬁ%ﬂgﬁffé%ﬁﬁifﬁk“ﬂ ,
SEFLIRE K AE TR S, 25 LT 50 WL it A8 1 HL O
LS 7R ST (18 FCERE B R ), B8 pl ) R 5K
98% ) |,
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1.2.2 SEge s e m 2577 X

180 HU/NEBEHL /N 1L 4 41, F4 20 2, |/
Sham £ MI + V 41 MI + HKL 44 MI + HKL + EX
H, WWITHAAT O T ARAT 1 FIJFIR B IR HKL(5
mg/ (kg + d) ,J&T < 1% DMSO Ry&lid K ) | ik
7R 2H B2z i v 790 2k AR FIKL Ah B s T 5 BxS27 1
30,45 d 1R (5 mg/ (kg - d) ,I&T < 1% DMSO
M TCH A BEER K ) ST 6 IR, HKL 43 25 5 5 5 R
SCik
1.2.3 O EDIRER I

B H/NRATE DA JG 25 28 K, 5 B/ B A
B, BRLHBEHLIC S HUH 5 U0 R/ B4 L
THERAIN & b /NSl e SOR 5 —4E A O
SNEMG, IT TR A58 A I Y 2 28 558 1 53 4 (Left
ventricular ejection fraction, LVEF) 5 27 %5 J& il 45 4
K (left ventricular fractional shortening, LVFS) Z£.0>3f]
REFE PR .
1.2.4 I3 HRAEHF TL-18 \IL-6 \ TNF-o FAG

AP AN /N B D REFS 150 7 S o0 R /) Bl
IERE T/Nh Y HEAE & b, SUAIH 25, IR B 539 15 31
R FP 2 5 1 51 0 B 8 S 3 bk, 5 W S AR I,
#iE 30 min J5 B0 UCE [JZ 03, Z 18 ELISA K
AR U U A5 IR A6 I A% 21 M v P IL-18 (1L-6

TNF-a &5,
1.2.5 U LSS PS5 A plg e ki)

INEMI AR5 56 28 K, SR A 58 IR J5 U /) B
O HUS AT B PBS BRI G , 16 W A ek
BUR, VKGRI A3 AR 3 E I DI 5 pm R JEE
A |, SR, I DHE A1 DAPT et xd 21410 K
TG BT T HH I R, 5 Image-Pro Plus
BRI 5 B ) £ B
1.2.6 ONLIZHZ TUNEL Al

JNERMI R 55 28 K, SR A 58 1L S HUR /R
OE B S MR 4% 2 W BE, A S5V
7 H, ¥ TUNEL & MY a0 3R YL (0, S8 N H#IE
R SRE G R4 O WA T2, LISk i T
IMEA B T OB R AL T3

1.2.7 LA Z SIRTL, Ac-Foxol (Bax  Bel-2 25
FRINAI

INEMI ARG 57 28 K, SR B IS BCT 7N Bty
JUF, S 2 A L URR B, A6 T4 PBS BT AR, B0
5 min, ZEBE LT, K R AR AR A S A O A T A

LS SRIGTE 4°C 5% T 7857 24 20 min, P LA
12 000 r/min 5% B0 20 min, K BCA A0 F
TP R R, A LIS L 4 B S E A
TR (5 ) IRA TG Z U A8, -80°C 7K
FARAE TR Sl OB Uk oy B ), IR FE ik
W E AR S PVDF K L 5% A5 4= 153 14 5, U1
B, F 4°C 2 F & — i, B B L O ¢ SIRTIL
Ac-Foxol . Bax., Bel-2 ¥4 1 : 1000, GAPDH ¥
1 : 5000, 7 37, TBST ¥ 3 YK, &K 10 min, 53
SN 12 5000 HRP ARic i) — 40 (L 25t U L 2E90
B, EIRIFE 2 h, TBST Pl 3 ¥k, K 10 min, f#
FH ECL k22 KOG A TR i 5 , R Bio-Rad 8
M ARG HATIAIEFIIFF Image Lab 24407 & 1 A9
AR IR
1.3 Zit=ah

SEEEHE FH GraphPad Prism 8. 0 oit2#4k F it
TEHT A A IES A T PORHOSE YA + bRl
Z(x £ s) T, ZHZ M HLEHE T One-ANOVA
ST TS, P < 0.05 £xBA B EN
25,

2 4R

2.1 /NEMIJF28 d £FHRK HKL 33 MI /MR
IhBERI 2N

INEAT MI FARJF, W5 28 d A5 L, Sham
HICAET/NE, MI + V 40 MI + HKL 44 MI + HKL
+ EX AT, 3 A2 M FHES, AR
Sham ZHAAFRIA B FRE(P < 0.01) , W& 1A, /)b
ML JE 56 28 K03l 45 R /R, 5 Sham
HAH L, ML + V2 /N BLG D g 0 4 2 i
(P <0.01);5 MI + V4, Ok HKL G975 O
IREN] WAS S Bk3% (P < 0.01) , 1M SIRTI 31415
EX527 J& W& M T HKL 8.0 B fE ok 3 AF
(P <0.05) (WK 1B, 1C, K 1D)
2.2 HAR HKL &7 B&{% MI /MR i 2 iE B F
7K

/N BT RGN 45 51 s, MI AR 5 /N BUALTE R
SEAISEH T IL-1B \IL-6 \TNF-o 75 %% Sham 2H . 3%
THE (P < 0.01),5 MI+V 41 He%s, O IR HKL 697
JEMTE R RIEMCH FERNEETRE(P <
0.01) , TN SIRT1 #HIF EX527 J& , 4 5E /K - X
HME(P <0.05)(WFE1),
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T AN MG 28 d WAEFIINZ 0 = 20; B &4/ CEIE C. AT S MM E(LVEF) B8 ,n = 5;D: A F 45508 (LVFS) 8¢
P& ,n = 5, 15 Sham 44 ,*P < 0.01,"P < 0.05;5 MI + V 41 H#,"P < 0.01;45 MI + HKL 4110#,°P < 0.05, (FE/%MR)

E1 SA/PBEFELOYIREE
Note. A. Survival curve of mice in each group within 28 days after MI, n = 20. B. Representative images of Echocardiogram of each group of mice.
C. Statistics chart of left ventricular ejection fraction, n = 5. D. Statistics chart of left ventricular shortening fraction. Compared with the Sham group,
P <0.01, "P < 0.05. Compared with the MI + V group, "P < 0.01. Compared with the MI + HKL group, °P < 0.05, n = 5. ( The same in the
following figures and tables)

Figure 1 Comparison of the survival and cardiac function of mice among different groups

R FISANE T OAE/N BN BT RAE TR0 (pg/mL,x + s,n = 5)

Table 1 Effect of honokiol on serum inflammatory factors in mice with myocardial infarction(pg/mL, x £s, n = 5)

251 M ZE-18 HANEAN % -6 Jilibb7 7 PSR
Groups IL-1B 1L-6 TNF-a
4
 Sham £ 1.69 = 0.08 1.82 = 0.74 16.20 + 5.42
Sham group
MI + V 41 . . .
MI + V group 9.66 + 1.47 8.95 = 1. 64 109. 80 + 17.27
MI + HKL 41 ) ) )
MI + HKL group 3.35 + 0. 63 4.24 + 1.61 33.86 + 11.30
MI + HKL + EX £ . ‘
A 5.40 + 1. 06° 6.62 + 2. 80" 46.28 + 14.34°

MI + HKL + EX group

2.3 OBk HKL i&f73t MUNRAOMMARSLEE  nE(P <0.01),5 MI+V 4 HE, F Ik HKL 697
A0 BILZH RER T 7K SE R B0 Ja R EUGE T ML /NGO LA SV AR SRR T oK

DN 2L DHE 1 TUNEL A 25 R s, 5 F(P < 0.01), 1 fm SIRTL #i55] EX527 J&5 , X ff
Sham 4 Lb#E,MI + V A A AL EAIH T SR EH R 8E5 (P < 0.05) (WK 2),
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VE A A A/NELOIALZY DHE A TUNEL B (2558 ; B 45 241/ R LA SVR AL B OK P SE I8 5 C 2 45 41N RUD WU /KPS L
B2 SAUNELO VAR TR Y T

Note. A. Representative images of apoptotic cardiomyocytes and ROS levels. B. DHE intensity. C. Cell apoptosis presented as the apoptotic index.

Figure 2 Comparison of myocardial oxidative stress and apoptosis indexes among different groups

2.4 Ok HKL &7 MI/MROALALATHEx
E AR SIRT1/Ac-Foxol 15 =& A 2200

5 Sham ZHAHCEE , MI + V I T A EHE 1 Bax
F1SIRT1 {5538 % T 8L 1 Ac-Foxol A9 3%
HM(P < 0.01), LT 1 Bel-2 Fl SIRT1 {55
(FIE KT BERAR (P < 0.01) ;10 H IR HKL 3677
Ja vl 2 22 A ML JE O L 4D, Bax 1 Ac-Foxol 1Y
FikE MI+V A B K (P < 0.01), Bel-2 Al
SIRT1 Y 23K K B B T+ (P < 0.01) ;A
SIRT1 #fil57) EX527 J5 , i e 8 4 FH S 1 A ik 555
(P<0.05) (WHE 3),

3 e

ASBIFFEAE 1 X S P A/ B TR ) S 3 4F 5
KB BARTARAL, DAL S/ R 28 d N AEAER
W TR, O D RE W S AR 22 5 11 i AR AN B 7 i)
L 35 ks O N BB T RE, O 35 A/ B
T TP ARAE P 12K F, AR A7 A s (H G A e 2%
St o MURANE A —Bh i 25 0F v IR 22 4 i L
[0 250, 760 ML UK BE S A 7% 22 B VR,

QNI AL A0 ) S K LA A 30 A ILAE JRE
DARARIP LA E 17T A REEAN B
2T 08 A 22 A WO i dfe 1 98 3 4475 B9 BF 5 v
BB, Zhang Y BF ST R B, RSN B AT LA
R PR s DR B WL gt PR 3 460 403 0 00 I
DIRERRERT , (E AR S O IS AN 44 R 47 B0 ik
SEATITFEARAE o DRIk, RIS AD 93 X 10 ) e Of 7
JIEI B B ASCR DT 58 AR IE A bl

PEARIE O AR — 2R 51 BEAE A A0 450 L 21
SAACRIEE I RAVEAR R 2 B O LA AT
M D RE AR 25 45, X 46 S 300 I BEE SR A
(AP 5335 " USSR 3 R AR VIS S
IS AT L3 o 9 R A [R5 7K - Rt o -4
FHXE D-2FZUb SO AME ] 518 22 A B 367 1
AMIFFEE AL 25 T O AN BRI AR AT R AR B A B, R T
AT LA SRR/ Bt JULEH ZU4EAR R OK F- 20
WL JA T, RIS T8 Bel-2 Rk i 8
BN, R T Bax Fk K 3K BRAR, R BTRIEAN
Py v e e AR AR /D B L 7 98 E DR 7K - 1 JUL 448 i
TR UEE DR /N ED I EE
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A OHUHLUPRIRE A 93K B, C,D, B SHHE SIRTI Ac-Foxol \Bax Bel-2 B H KB L SE 1,

B3 A4/NRO S R T DG E 13I8 & SIRT1/ Ac-Foxol {5 1 i 8 F1 Y 2R 4E 1K
Note. A. Representative protein images by Western Blot from different groups. B, C, D, E. Expression of SIRT1,Ac-Foxol, Bax Bcl-2.
Figure 3 Comparison of apoptosis and SIRT1/Ac-Foxol signal pathway-related proteins level in myocardial tissues among

different groups

SIRT1 & —Fh EZ A TANAZ P i 5 AW a4 20 A v | AR AP 1 3815 P T IR I 97K
g, @ X —Se B IR AR L U 25 SRR O IR 1 A A oA el L R - 3 A
M, 25 EEZMARMMMAF T B o 67 B4 DNUREFE S ISR B 15 e i s
ZUSTACH Y MAh, SCGE W SIRTL 7T SIRT1 {55 KRR M THIESE . AR it 4
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SRR N BRI s v B SIRT 31 57) X527, [R] i
S5 T RIEANS 1T IR 25 24, & BRI AP 50 e, A
aligh 252 O LA 2L AU L RO LA L 0 T K
A S 3, 0037 R AE PR A S 3 8, [ B R AR
W3 OB RE I AR 2% SIRT1 Fii#4> T Ac-Foxol 3
IR LEERG I, PR, 0 5T 2 BH RN JEL AR 1 X A /N
BRC D AE 1 LR 974 B 43 J2& 38 3 SIRT1/ Ac-Foxol
EREEER/ N (AL

25 TR 1 5 5 B RS AN B T 9 AR O fE
AN B WL 5, VS A B VR AL I T 6 2 38 2ok S
SIRT1/ Ac-Foxol 15538 #& #0 il .Co UL 20 B i T, {H FE
FLARB N UHLHIA A 2 — 2058, BRI, AR DRS00
S FEANE 72 PR 36 7 O WU A6 B2 4k 1T R iy B
WA
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[ Abstract]
synuclein A53T mice. Methods
model group (PD), model treatment group (PD + RES) , control group (WT) and control treatment group ( WT + RES).

Objective To illustrates the effect of resveratrol on motor dysfunction and peripheral immunity in «-

Eight-month-old A53T a-syn transgenic mice were randomly divided into four groups:

The treatment groups were given Resveratrol (RES) by gavage every 3 days for 11 months, while the control and model
groups were given an equal volume of normal saline. The motoric function of the animals was analyzed with a forelimb grip
strength test, Rotarod test, and Pole climbing test. The proportion of T lymphocyte subsets in different groups of mice was
detected by flow cytometry. IL-6, TNF-a, IL-18 and TGF-B in each group were detected by an ELISA kit. Results the
motor function scores in the PD group were worse than those in the WT group. Compared with the PD group, the motor
function score of the PD + RES group was significantly improved. The flow cytometry result showed that compared with the
WT group, the T lymphocyte ratio, CD4"T cell ratio, and CD4*/CD8" ratio were less in the PD group, while the CD8*T
cell ratio was not significantly different. After RES treatment, T lymphocytes, CD4 cells, and the CD4"/CD8" ratio were
significantly greater in the PD + RES group than the PD group. The ELISA result showed that compared with the WT
group, the IL-6 and IL-18 levels in the PD group were greater, the TGF-B level were less, and the TNF-« level showed no
significant statistical difference. After RES treatment, compared with the PD group, the IL-6 and IL-18 levels in the PD +

RES group were significantly less, while the TGF-B level was greater; however, the result showed no statistical difference.

647

Conclusions
neuroinflammation.
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W4 A% ( Parkinson’ s disease , PD ) PR A 2% B
JRIEL (paralysis agitans) , TEHH ZFE AP Lk, HH
N FERRAL AN, PD /9 &R R AW T,
PD 1Y 3225 BURFAE Ay v i R 5 A SCIR AR AL 22 L ke
(dopamine , DA) BEMZToib A TME 2R DU -5 A%
M (a-synuclein, a-Syn ) BYFL 2R IE IR [ AF fifi i 7Y
BERGE F MR WA S T RE R AR
KB, PD B Y ML KR R AR R T TL-6
(interleukin-6) \IL-18 Jh &, T & H F IL-10 [FAK,
Y PD A AR 2 RAE RN, PD B 4
JEIfLH CD3*T 4, CD4™ T 4 & Heysi /b, W] PD
BETAERPE T WML . Har, PD A
A 9 D DR B ML 1 AN BR B, ke = A5 AL IR YT O
BB B (resveratrol , RES ) 2 — 25 £ [a] Y
MRIRZBHRAEY, RAPLR ST T Praf
LA EE ) [FRE, RES JEULERME B R 24
1 (silence information regulator 1, SIRT1) A% 28 F4) J i
R, A AvAERY 7€ PD B E T, SIRTI [
PG PR A, v 5 T HARBIM & R IVRE T, 3L
MWARIERAES . WHFERW, RES 7EMA 4 A% 3h P
RIS LA 2R R Prap-SNCA-AS3T 45
FER/NEUR I SRR AL & AS3T AR SNCA JE
B PD BN, R 2EG 1/ N 8 H i ik

Resveratrol can reduce motor disorders, regulate peripheral immune function, and effectively reduce

resveratrol ; a-synuclein ( @-Syn) AS53T transgenic mice; Parkinson’s disease; motor dysfunction;

BT s sh e g2 A AR A Y AL
SRRIE RGO, S WF5E PD o ML 4 BRAE 4 /)N
B fF 55 & B RES XHZARL/N G2 3 A L)
fE AN 2 PEELG AU CE /R AT RES A9 1
AR FAMLE v AS B8, DRk, AR SE 56 LA RES ¥ B iR
J7 AS3T F 5L K/NRL 3 M BE9E RES XA AL/
FRAZ B fE T Ik EL 40 0B AN M ) 4 05 TR 152
S RES J697 PD R AESCIK R
1 MHREA=E
1.1 ##
1.1.1 ZEwsh¥y

12 2 SPF 2% 8 H & AS3T ¥4 K K BH A% /N Bl %
12 JRI B R R BAPE /N R, B, MR FE 20 ~ 30 g, A%
WFFERTH AS3T F5 5L /N U 20K 2 5K 4R 5 4%
S5 [ SCXK (%) 2019-0004 ) 84 | 76 38 PH i 45 —
N BB B % Ak s 2% vp ol sh 1 52 56 % [ SYXK (5K)
2022-0093 |9 FR F7 . B A IR I 3R 5%
FHXREE 40% ~ 60% , i FEFEHVaH 20 ~ 24C2Z
W, HEZE < 1°C, BYHA TR, 1 IRSC5 sh Pl
FHIEI (3R BRI 257 A8 £ S, A5 H sh)
SEE L AT — ANREBR SN ZE R &
F L (2021DW008)
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112 FEEGH 5

22 2 B (1602105-100MG, Sigma-Aldrich, 35
&) ;1L-6 ( MM-1011M2) \IL-18 ( MM-0169M1) ,TNF-
o ( MM-0132M2) J TGF-B ( MM-45041M2) ELISA iz
& (VLIRBE IO AT FRAF]) | B4R . APC-Cy7
anti-mouse , Percpey 5.5 anti-mouse CD3e, FITC anti-
mouse CD4, PE anti-mouse CD8a (BD, 3¢ E ), SYBR
Green PCR Mix( Promega, 32 [H) , 52560 BT FH 5 | 4 H i
e BT T E A TARA A EA () ,
Phospho-alpha-Synuclein ( S129 ) Antibody ( PPS091,
R&D SYSTEMS, € [# ), SpectraMax i3x [iff #x 1%
( Molecular Devices, 3¢ [# ) ; ABI 7500 PCR {¥ ( Life
technology , % [ ) ; BD FACS Ariall 32X 4H g 43 1%
(BD, 3E[E) s XR501 B/ STy 0 7 43¢ (L 985 ik
BARBRHA A ) s XR-6C B /)N U #5295 551X
(Ll fE B ARAR); A% —RER
1 em KJE 50 em (3K HDHLRS 19 AT

1.2 7k
1.2.1 SEsikit

8 H i SPF 9t AS3T S5 EL K FHME/NRL 12 H, Bl
WL P 4H, BSR40 (PD), B IR JF 4 (PD +
RES) ; PR R] 53 % JE R M/ N L 12 1 BEAIL 3 LR
2 XTI (WT) X BIRIT 4L (WT + RES) , 432540
3d#EH 1K RES(30 mg/kg) , & 11 A#E; % 1R
R B 3 d B SR A FUAE IR K, FEIRTT I
4 MIFEA(0,1,2.3 A) #f73 sh A7 bt ik
J7 2 U BN I R AT T 96 B 200 76 SRR A I v
SNE TR
1.2.2 ZOEE R PCR A SNCA LK Fik

/N R AR 2, /N 4] 41 DNA, #%
SYBR Green A7 & 1 A1 T4 4%, PCR /KR H 20
WL, S 451 :95°C 78 M 15 s,60°C 30 s,40 PMEHE
BRI 3 AR, 51PN R 1, FAE

&1 5L
Table 1 List of primers
FEH AT GIE/ =] JFH(5°—3")
Gene name Primer type Sequence (5’ —3)
i T A
5 3 Forward CACGTGGGCTCCAGCATT
Internal positive control TUE TCACCAGTCATTTCTGCCTTTG
Reverse
. L TGACGGGTGTGACAGCAGTAG
5 A% AR 1 BRI Forward
SNCA i CAGTGGCTGCTGCAATG
Reverse

/IR 5 PR AR 2 T o T T 2 g P 5 2 R R A
A BB EARFEEARR) 27 5 B M5 7
G BHEAT LB 2 . THE T 4%
HAZRUNSERNY —1k, ACt = Ctypyaem —
Clygsnpr s SR, B 15 T AE A 5 X0 BRBE AR LL A5
AACtH, AACE = ACty e p = ACtype s 3 A A T
RAFFHUAEA B RQ B (5ECE )= 2749,

1.2.3 G A P-a-Syn (S129) & FI1E/N B
S MIE A RSO

B/ R i ik 2 2, 49% 114 22 5 VPR [T 5 | A s
A5 wm BEED) A, SRR S 7 kA
HGZHZU P-a-Syn F RS R I, FHE G (0 0 4%
W, EOC R R R WA AL | B E
4 YR T T A 2S5 R B A Y D | S
VPR AR
1.2.4 /NEATREEDA

(1) TEFF 5256 - 1 55 /)y BTG AT THFR IE 2 4 i
M B H/NRE SR 3 WG BCF I, (2) Fete st
5 B /D BRUE THE R #43E (30 o/min, LLIE R /N ER 3
min W T OAPRE) AR L 105/ Bl v i i
ey SR B RN 3 G BCFIE, (3) 4N
JII 8 MUK/ IS BT I A 9 B,
4/ BUEDTTEALER I IS, DLA) 2] g ) fe
L, /N AR TG, 3 5% /08 BRURT T R, B HU/N B
HA 3K BCPFEE, (4) PIRHRESEER: BIRTE
/N BT IRAE 15 s 5 AR I B 5 10 ™ o 7 B
PV AT PR N 0 B 3 1H5. 0 = 5o B IR
TR, [ ANKTT 51 = WS ] SR o3 e S Y
Al /D 50952 = FEMLEHIRUT AR 73 1i) B # A
AR 2D 50% 53 = WSS IE] P I B e 4 1) 17 AR N
450 F 50%, P4y R 0.5 S JE IEHBUE , fEiELE 3 d
3 AN IS SIS O {H
1.2.5  AME LT 94 CL 40 e A G S A )

K Z Aht/ B v BEBTA (mADs ) B A i
APC-Cy7 anti-mouse CD45, Percpcy 5.5 anti-mouse
CD3,FITC anti-mouse CD4,PE anti-mouse CD8 FlIJt
B[RRI HE ZEHE 1 RES ¥R97 3 D H A, Bul =
EDTA $iE/NE b, #EAT BTG 5, PBS 15 1 9 I
J& AT ARSI T 1 x 107 A4, P
AR BD FACS Aria 1T 33040 i A 17K
I 0 Flow J #RAARTAS 25 Rtk 4T 53047
1.2.6 AN LIS JRAE A -5 Il

WAMNEILIG , 43 B3 1003 , —20°C PR A7, I 22 i 2
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fill TE27,2000 r/min %% 3 250> 20 min, B 5%
ELISA 12050 & 36 B 5 A7 482 /E . Al 1L-6, 1L-18 |
TNF-a } TGF-B ik,
1.3 FitFEHH

J5i FH SPSS 24. 0 Geit=f 3w Bt i A1 e 1
PRI S AR B Y E RN TH R EORSR
FBIE £ FRfEZE (v £ 5) FoR, L] LLBCR I ST
FEAS ¢ K23, P < 0.05 NEFAAGIHFHE L,

2 #ZR

2.1 MTAEHFEASIT HBER/NRLETE

HIGEHE PCR K AS3T %% £ 8 BH /N B AY
SNCA FE R B 45 R UNFE 2 Fr /R 5 538 2 AR 4G I /N
SR P-a-Syn(S129) 2 1Y Rk |, 45 1 5 4] 1R
AL, AS3T /MR P-a-Syn T IR X B EH L
(B 1), R A SIS I A/ BUSE IR 8 OF 45 &

TE AR P-a-Syn 2B FITE R INZL R a5

1 AS3T FRE/M RS E
Note. The protein levels of P-a-Syn in midbrain tissue was
detected using immunohistochemical.

Figure 1 Identification of a-synuclein A53T mice

2.2 RES X AS3ST #EE/PMRZENIERERH
A

RES {697 3 1A, SERIAR L BEALR T4
INERUEHT B K B E 4R (P < 0.01) (I 2A) ., 5
X HRZEH AR b, A5 A0 20 /D BROAT BRI B8 3 B/ (P <
0.05) ,RES JRY7 i, S AL A bb , BEARIIE 97 2 /N
BRI AT RSN (P < 0.05) (&12B) , [FiY, 5
X RRZE AR L R /)N R M S B 0 B A A (P <
0.05) ,RES Y7 i, SR AL e, A5 AL 36 57 4 /)N
LR SR W EIE K (P < 0.05) (181 2C) , 5Xf
HEAIAH L, X BEIE T AL IRFF B K, ) RN DL B
P BRI B A G2 B (K 2) .

[FEF, X /N B EE E A7 I 3, 2 3 RES X/ B
RHETC R E 25 (B 3A) 5 5X IR AR L, AL ZH /)y
FUE R 2 Ja R T R B AT, X R
IRAT MR /N USR5 UL 1 12 S B 5 A7 1 ; RES iR
I7 ), SRR A Eb, B AE YT AL/ U B AT o ek
(B 3B), 55X AT L, A7 4 /0 BR DY A4
BEHINREE T (P < 0.005) ; RES AT, S
AU AR LY BT 20 /D B B3 S5 3 3 D RE IE 47
BEBAR(P < 0.01) , 5%t AU L, X AT 4l
VU RS s S D BE P4 0 i M 25 5 (81 3C)

2.3 RES X AS3T HER/NRNE T HEH
B e L0 2% 2 e

TR TR S ARG L 4 Fos ke
MZE R R . 50 AL AR b, BT T 9k B2 40 e o
L AL, 2 R HA B EME(P < 0.001) ;2434
H RES #EBIRIT I, SHERIA A b, BRI IT AL T
R A S e, 2R EBEASITFE L (P <

T2 ASITHHEPI/NRL SNCA JEIN % SE
Table 2 SNCA gene identification in a-Synuclein A53T mice

WA HE(E Kl RQ {8 Kl (4 4 FEH A
Internal reference calibration value Detection of RQ values Animals tested Genotype
1.02 0.00 Py A %F BB Wild contrast BF A WT
0.97 1.00 245 %} 1B Hybrid control F4F Mu/WT
1.01 1.63 f. 1 Mouse 1 241 Mut/Mut
1.02 1.48 FL 2 Mouse 2 44 Mut/Mut
0.98 1.88 . 3 Mouse 3 4liAF Mut/Mut
0.99 1.57 il 4 Mouse 4 44T Mut/Mut
1.02 1.61 fL 5 Mouse 5 447 Mut/Mut
1.04 1.83 . 6 Mouse 6 4li4F Mut/Mut
0.98 1. 44 L 7 Mouse 7 44 F Mut/Mut
1.00 1.72 . 8 Mouse 8 a4 F Mut/Mut
0.99 1.83 FL 9 Mouse 9 44 Mut/Mut
0.96 1.96 il 10 Mouse 10 24+ Mut/Mut
1.01 1.74 FL 11 Mouse 11 44 F Mut/Mut
0.99 1.85 L 12 Mouse 12 447 Mut/Mut
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WAL EFTSEE B AT 5286 C St iy . SXIELIIL, "P < 0.05, * P < 0.01, ™ P < 0.005; SR L, *P < 0.05,"P < 0.01,

(CFER)

B2 RESAITE/NEAT A2 i 4
Note. A. Pole climbing test. B. Forelimb grip strength test. C. Rotarod test. Compared with WT group, “P < 0.05, ™ P < 0.01, ™ P
< 0.005. Compared with PD group, *P < 0.05, P < 0.01. (The same in the following figures)

Figure 2 Motoric function results of mice after RES treatment

T A RES X/NRURE R0 B T B BRI R 0 ~ 3;C/P IR R,
B 3 RESIHITE/DEURE Gz 3Ry

Note. A. Effect of RES on body weight of mice. B. The hindlimb clasping score was rated from 0 ~ 3 based on severity Representative images of

mouse littermates treated with RES or vehicle. C. Representative images of mouse littermates treated with RES or vehicle.

Figure 3 Body weight and motor function scores of mice after RES treatment

0.001) (Kl 5A) ., SXF AL AH L, BERIZH Th 40 B
(CD3*CD4") 5 I EHREAL, 2R B A G #E X
(P < 0.001); SEAIALAH L, BERIIG T 4 Th 40
(CD3*CD4") fi b3 i, 2 5 A A G2 X (P <
0. 005) (& 5C), SXF LI b, AR 2 Te 40 A
(CD3°CD8") Kb ZRABA G2 X H A

AL, BG4 Te M (CD37CD8Y) i Lb A E
AGTT 2 B (B 5B) . 5 X IRALH [, A 2]
CD4"/CD8" W AR, 255 BA G B L (P <
0.05) ; SHEAIHAH L, AL IR Y7 41 CD4"/CD8 " HUAH
B, ERARA5EE X (B 5D), 5XFEA
FHEE X BRI 4 T R EL 4 & EE L CD4™ T ik L 4
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Jf 5 b CD8™ T Ik EL 41 it 5 Lk &% CD4*/CD8” LU {E
ANEAGIHE (K S)
2.4 RES X} AS3T ¥ & F/)NR 50 & i i i 2 %iE F
FHIF NG

535 B AH E A Y 21 /)N BRI IS H TL-6 . 11-18
SEREEM, ERBAEGITFE X (P < 0.005,

TE: A X HRZE s B X HGAYT 2 C BRI ; D BEANRYT A

P<0.01);237™HRESH#EEIBIF G, SHEAH
AR EE BTG YT A /N BRI Y TL-6  TL-18 & i i 3
W, ZRFHASIEE X (P <0.001,P <
0.05) (Bl 6A,6B) , TEA LA ILIE TNF-a & & 22
FARAREME(E 6C) , 5xf AL, A
/NS TGF-B & & & /b, 2 5 ARG &

4 AS3T FFER/NRANAEI T K EL 43 CD4" T 4ilfd . CD8" T 4il ffd it i

Note. A. WT. B. WT + RES. C. PD. D. PD + RES.

Figure 4 Flow cytometry results of T lymphocyte, CD4"T cell and CD8'T cell
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TE SRR, 7 P < 0.001; SHIBILUAALL, ™ P < 0.005, " P < 0.001,
5 AS3T HEFEDR/IN U] 3 XA A (SO 45 2R
Note. Compared with WT group, “*** P < 0.001. Compared with PD group, " P < 0.005, **P < 0.001.

Figure 5 Flow cytometry results of peripheral blood of a-synuclein A53T mice

B 6 AS3T HH /N BRI T 9 4 PR -7zl 2%

Figure 6 Results of serum inflammatory factors in a-synuclein A53T mice

(P < 0.05) ; SR H, SRR YT A/ BV 3 i
HTGF-B & it [l F, 22 S N B A G ik 2 5 (K

6D) . X HRZAH L, X BRIG Y7 2H 1L-6 IL-18 \ TNF-« VEAESE J B BFSEIES: RES 7] LAY /b Bl 22 76 41
K TGF-B A RAGIHEE X (E6) LA T, A 0 22 g E & AT RES fEA
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SIRT1 JE A 005 391, ml G SR iR A Wi, 98 % DA
REMIZEITH a-Syn IRERYIIIE B, AP #2250, AT
Y38 PD ALK Rag shieas S ) AR5 R, RES
A% AS3T F5 5L /N BRTEHF B BEAG /DS BRL DU i 3
BB FINRETE S, B AS3T %% BL R /N B o R
KHTIIT T, BEWA I RES Y97 PD A AW 7,3
5o AMwiE—3%,

PD BB A AE e E IR S R, T bk L 4 A
SRR D REIR Y IR BT, 78 P
LRGP RE T K A0 A D B Y o b 22
RGE R SRV, 2 SO R R B (TL-18
TNF-o 55 ), 25022 1A 57 i 3 325 P, AT 78 rh A b 28
RGP A G A T R EL AT A, SIS Y T b 40
M2 it — 2388 2 P 2 ST I A, Jn s i 48 R
(R 2 20 IR e B, T B/ I T A0 B A T
J02 S5 240 B 23 R ik 1L-6  TNF-o 1 IL-1B 54 i K+,
BRMARIAE R KA, 2 DA REMZIT 5 LA
B Zeoe e g LR R S T g
[ ZE AL SN 28 RRE I &AL S PD i FEE J 1) 2 )y
I, WFgEdsd, PD B3 AR I CD3"T Ik & 4 i
di H CDA'T 40 5 be & CD4*/CD8* T 41 Jfd L 5
fi FFE T AR Lb 0 5 BRI TL-6 VR EZL M &
KER T2 5 RAE N, S 4 S0 R 5 RAE
M EEAREY 2 — , SHEEEREXT IRAR L, 78 PD K I
W TL-6 MR IR 2 TL-18 MM FI4M AN
EE RO, W25 CDATT 4 i (8 5 kit
T2 BTN 2 R F TNF-y B 77 Az K 45 G0 58 N B4R
FIP B BT R 0 TL-18 W] L5 /N i J5 40 L 5%
TRGE G, bR /DN Jig o 240 M A S8, TR A9 /0N Jse I 4
Pt — 2 B AR A R, SRR PR 1 S e A 2
RAEM KA, i PD kY R, BF 545
T — S50 R W E S TCR-, 2 HA
GoREPD I D RE A 40 B PR, AT DA o % 2 B4
THER , Z 5K RREn 2Z 3 # . TCF-B ] H¥#
T 48 5k B CD4* CD25* P85 P T 408 ( Treg) 4
JHL, 5300 TL-10 55310 i 14 40 A R 7 4 5 LA G 0% 3R
BEIRTAT 3K A Treg 4 At A& 45 S e M kI Zh g i)
Tigtez— 0 BRI, T 99k 40 0 A4 G g8 045 1
FRAE N F 58 B S 5 PD RNk,

AWFTE R B AS3T 5 3L PR /N B B AR /N U
Fo, T k4 M 5 B CD4' T 40 /5 [ . CD4*/CD8*
FO A2 W FRAG, BRI AS3T 55 3L RIS B A )%
DifeisaR F ey R . A WFFEIESE, bk E 40

i TR CDA™T 41 7 4 el A A 56 i
W] AS3T 6 3E /N CD4' T A T i S e ad AT
TESEH , CD4"/CD8" FUAE AT LAE] 3% S LA G 2R
A5, AS3T 4 3 1A/ L5 BF 2 /N BUMI LG CD4t/
CD8" HUfiE T [, U AS3T s 35 R /IN BT 7 S g
TS, AT, AS3T 5 3 PR /N B 5 B A 8N LA
Pe,TL-6 1118 3k 8 4 &, TGF-B RIBFEAT, —
DT BE , AS3T 45 58 R/ BUAEZERL A A 9 b 28 S e
BB 5 55— 7 T UG, Bt Jt 4 52 40 Bt Rt 4 2 A i
FEZ BN T T WR LA AR K2 CD4” T 40 B 3 4
S, RGP AFEZRTL . RES IRYTIR 2
ERNOT MR E 408 5 L, CDATT 40 Y L DL K
CD4*/CD8" LA ; W 3 FEAIK T 1L-6  IL-18 #4F A F
235, Bl RES 7] 238 AS3T 555 K/ R e e

RS

25 FFFIR , Prop-SNCA-AS53T 5 5L K /)N Bl AT #5411
45 A0 1838 70 /0 ] B e S w RS AR R 485 SRIE
SCRES ] i 2 HGE IR N R 1Y i2 3 D) RE RS 38
TV /NEANE T Ik B4 AR R E PR KR
f/NR SRR IE R . ABF5A RES 78 PD 1Y
I RN R L T S50 AR T .
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NERIMLTE H TG AT IL-10 97K TS5 Rev. 1 L AHAL, B35 i FXTHRZL(P < 0.01), (3) Western Blot Kzl 25 5 8w,
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Immune responses of BALB/c induced by Brucella melitensis outer
membrane protein OMP25
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[ Abstract] Objective The purpose of this study was to analyze the immune responses induced by Brucella
melitensis( B. melitensis) outer membrane protein OMP25. Methods The omp25 gene from B. melitensis 16M was amplified
by PCR. The fragment was cloned into pET-32a vector plasmid. The constructed recombinant plasmid pET32a-OMP25 was
transformed to E. coli BL21 (DE3) and was induced to express the fusion protein. Then the protein was purified using a
Ni** column purification kit. Mice were immunized with rOMP25 and current vaccine Rev. 1, and IFN-y, IL-2 in
splenocytes and IgG antibody and anti-inflammatory factor 1L-10 levels in the serum were detected by ELISA. The
reactionogenicity was detected by Western Blot. Results (1) The full length of the omp25 gene was 642 bp, encoding 214
amino acids. rOMP25 was approximately 40.8 X 10’ as measured by SDS-PAGE. There was a single band after
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purification. (2) The i-test method showed that mice were immunized with rOMP25 and Rev. 1, the levels of TFN-y and

IL-2 in splenocytes, IgG antibody and IL-10 levels in serum in the rOMP25 group were similar to those in the Rev. 1 group,

and significantly greater than those in the control (P < 0.01). (3) rOMP25 had good reactivity as observed in the Westem

Blot. These result confirmed that rOMP25 could induce the body to produce high levels of cellular and humoral immunity,

with good reactivity. Conclusions This study provides technical support for further study of the function of OMP2S5 protein

for B. melitensis related vaccine development.
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A5 TG TR G 2 PR AT 5 TG 5 R 19 Al o 1 N 3
I A2 R R EZE R T ERWAILTA
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MARER G & FHRE RN BRI R
HHERED ) Rev. | Rt 5 DA 412U A 5
YDA ALUNER T ERRE R . Rev. 1 A6
TR AR, B R E YD Rev. 1 Al ALK
R 1) G 28 IO 225, PR 2 B 2 A 5 TR TR A SRR e
RISy o AT — Se i S AR IR S W i TR
M2 W38 2 S ALK, B | e J) 0 8 B e
REAET) R, T B — R AT R RE Y

A VB E R 2 A T R R A
SRR AR RN, N AT R Y, AN A
AR IR R BT, OMP25 2 A1 &[G Y —
FhAMERR 11, 76 2 Fh A 45 [ B i R0 B bk v H A e
Psrdt, S E CH A IKREZS A, OMP25 J&
M R 72—, ATl TNF-o 7242, J& A
S REIBTEPUR ' T OMP25 76 Ai & R
JIH R S TG T 2RI & [ OMP25 1R
A7 6 DGR U SR 8 P e MR I AT AT, TR
R A R T B AL RO B, BN BEFE TR
RN, e sh P Ja NS00, I, W 21
PR R — A W T A T kS

AMFFE A T Ui 1 A7 - FC TR B A7 2 1 R 1 i
VPR, X AN R (1 OMP25 JE4T A% 23k, I 4 H:
VAL AR 1) G 88 SO AT ARSI, kg I B4 3 1
o BEHLI  0 BE B L RL 22 AR
1 MB5F*

1.1 ##
111 SR
15 H SPF 24t BALB/c /N, 6 JEilS IR 2

25 ~ 30 g, W TR R g s i [ SCXK (1)
2017-0001] , 1Al 3% F 7 Fr 36 22 A ) TR A BR S Al 8

Brucella melitensis; OMP2S5; immunity

Yys 2 [ SYXK (72) 2017-0006 ) o 4 35 5 1] 4% 41
/INEL L HIEROK ] W St 3 4 4 ) ) el T R 4 S 9 Bl
Py [ SCXK (1) 2017-0001 ] #2244, 4] 37 30055 . il
FEREHILE 22 ~ 25C 1R JE 50% ~ 60%, F sl td
(BRI . B8RRI A6 7
B S SR BEAF TR (2021-5)
112 EEH 5

T-Vector pMD 19 ( Simple ) # /& ( TaKaRa, H
A) 5 BRHil M N VI BamH 1( TaKaRa, H A% ) 5 FR il P
NI Sal 1(TaKaRa, H ) ; DNA Ligation Kit Ver.
2. 1(TaKaRa, H 7<) ; DNA Marker ( TaKaRa, HA%) ;
pET-32a EER N ( Promega,, XH),; & I Marker ( A
i ) ;2 X Taqg PCR Mastermix ( K AR A4 (LBl H7
(Em) AR, D) BOIRBEEERS DNA [
& bRz (deat) EYFRHCA R A F, HE)
e 2 B JBORE /MR R) B (R AR AR () AR
NFE] HFED) s KB FF R (E. coli) DHSa A1 BL21
(DE3) )32 5 40 M (b 5t 22U a A M H AR A R A
a), ED) s IPTG 35550 (VU ks 3 BLAE HE 27 (116 ) B2
SRR E, D) &P ai AR & (A s
LUEYRHE AR A E ) EJ R R (TR R
PERZ (L) A ARAFE, PE); JTEER
(ConA, IR EYIA FR AT ) s NC I (Jbat 23K
FRHEARA A, ) BRI E ALY G (HRP) bR
TCMIEPT R 1gG ( EarthOx , & [H] ) ; & [ (M
I OMP25) $# 5P TgG ELISA #1357 & (RD, 2%
=) 5 4 ff K ELISA A& X %) & (RD, L ) ;
RPMI 1640 4 I8 5 3% ¥ ( Gibeo 4y BHE A #], 38
) s G4 I3 ( Gibeo AEfrRHE AR, R E) ; — K
M HfLIE TR ( Gibeo A=firBHE AR K H) o

olE #% W A ( Eppendorf, £ [F ) ; PCR {¢ ( nexus
GSX1,Eppendorf, 5[] ) ; BEWE A% R 45 ( Gel Doc XR
+, Bio-Rad, 3¢ [E); & # & O #Hl ( MiniSpin,
Eppendorf, 72 [&] ) ; ¥ 5 25 .00 #L ( Centrifuge 5810R,
Eppendorf, f8[H ) ; /7304 KV (FA2204, [
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IXESA PR A A ) 5 B PAE TR R 5248 ( DNP-9052,
g A A BRA R, ) H R K (OLB-
2008, W, Hh ) 5 FLOKAY | L DK A A L
G (A AN —EYRHEARA A, R ; 515
2% (Big SHOT 111, Boekel Scientific, 35 [ ) ; 2k #) 4
4H(BIO II A, Telstar, FEHE) .
1.2 FHik
1.2.1 FAFRAMES %0

I Primer5. O F44F, iR P& GenBank % 5% (1) A
# QI 16M 1 omp25 £ K751 ( BMEL1249 ) % 11751
YI(F£ 1), UMEKE 16M RHH i, PCR ¥
1 omp25 BRI FH 3 B B R I PR VK T 4 3 7 )
EATR I, K B 14 7 g i AT LU sl AR ), ke R
pMD 19-T simple &4 , A% B 2H FokL, >R HIBR il 14
WY BamH 1/Sal 15 Bkt 47 B VIS 5 pET-32a
Ak A 4, 3545 pET OMP25-32a J5i ki, Jfi ki 48
BamH 1/Sal 1 WEGYI%EE J& , A GNP %08,
TS TERI TR ZE E. coli BL21 B2 2520, 345
TR

Rz1 omp25 HEK5HFF]
Table 1 Primers for the omp25

EIE/ BN

Primer names

SIFHI(5°-37)

Primer sequences (5°-3")

OMP25-N  GGATCCATGCGCACTCTTAAGTCTCTC ( BamH 1)
OMP25-C GTCGACTTAGAACTTGTAGCCGATGCC( Sal 1)
1.2.2 EHAFEHRIKSLML

B R RS IR E 0D 290 0.4 h, B 2 mL B
WG, TERIA TR I AZIEE 1 mol/L ) TPTG i
RS, S 2.4 F1 6 h B4 H 2 mL &k, #5
129 1) 28 VN s T i B8k 2 HL UK ( SDS-PAGE ) i il
OMP25 Kk oL, & Hal ol 8 [ ali b a0 & ik 17
alifb )5, FIH SDS-PAGE Hi JK 4 4l AL R R AG I
1.2.3 s/,

S8 6 SC Bk % BALB/c /)N BRBEAT fRgE
W 6 JE S MEYE BALB/c /NERBENL /> A 3 4, B4 S
Hoo 58 1 4R T 5 o 4 R FL 4K rOMP25 (7 50
g [ rOMP25) , 53 3 W, Bk mI R 2 8 55 2 41
o5 HEIETEST 1 x 10° CFU Y Rev. 1,55 3 4 IETE
5F 200 wL % PBS,

1.2.4 rOMP25 2 [ g/ UG 755 4i i 7 7K
430

SAJGE 6 ARSI, S HRA ek TR

435 NEL A0 M, 0 A0 A B K S, rOMP25

ConA ( FHYEXT B ) 5 RPMI 1640 40 il % 3% ¥ ( BA
X BR) S0/ B UMBLAH B , ) 4 B PRl TFN-y T TL-2
7K
1.2.5 M58

NG E R RUB R ML T4 2.4 .6.8 JA
KNSRI, > Mg, S A Sk,
FIFH/N BT TG 1 IL-10 ELISA #6337 &5 I &
/BRI P TG A TL-10 7KSF
1.2.6 Western Blot 734t

BSOS BT g 4k rOMP25 &
F, 747 SDS-PAGE HLIk, #F H i BER T U1, 200
mA HLRFERR 1 h, 5 mL 5% BRI B 1 h )5,
L tOMP25  Rev. 1 F1 PBS 44 /N A LI (1 -
300) A —Pt, LA HRP FRic LT 16 (1 2 2000)
NP, 4 Western Blot /1 rOMP25 B9 5w R
1.3 FitESH

A IR S 24 40 R 1k B S 3 (E = B
F(x +s5)Fm, VR OD,gx s Fom, H o
WGt BEME(P ) . SPSS 21. 0 HFX) 4
M 22 F AT T 25001, P < 0.05 #mEFH
A EE.

2 #HR

2.1 EARH(pET OMP25-2a) IHESLE

FIF PCR ¥ 38 omp25 LK 5, #5453 642 bp 1Y
SER R B, 5 U R/ (642 bp) AHAT (K 1), KB
omp25 FERTERG 18

11 : Lanes 1~2:0mp25 ) PCR ¥ ; Lane 3: F/]#£ %} i ; Lane M. DL2
000 DNA Marker,
Bl 1 omp25 P PCR P38
Note. Lanes 1~2. PCR products of omp25. Lane 3. Negative control.
Lane M. DL2 000 DNA Marker.
Figure 1 PCR amplification of omp25 gene
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Wi A0 Y 40 FORL pET OMP25-32a #E(7 BamH
1/Sal 1 WHFVIIG , Z I 45 55715, 5900 bp 1K) 2571 &
pET-32a,642 bp B 2547 & omp25 (FE 2) , 5#&AkH
B H By i BOi i R/ (642 bp) — 2, B2 R
FeER S GenBank AT &[G 16M B #K 1) omp25
FERFEHIRIENE S 100% , A & Al A4S e, 2B &
ZH kL pET OMP25-32a #HEIEHf .

¥ :Lanes 1 ~2;pET OMP25-32a Fif U145 % ; Lane 3 pET OMP25-
32a J§iki; Lane M:DL10000 DNA Marker,

B2 FHFR pET OMP25-32a % 5E
Note. Lanes 1 ~ 2. pET OMP25-32a digestion. Lane 3. pET
OMP25-32a plasmid. Lane M. DL10000 DNA Marker

Figure 2 Identification of pET OMP25-32a recombinant plasmid

2.2 rOMP25 fiRES 4k

B EA TR pET OMP25-32a 544k 2= K7 #1 5
BL21(DE3) #4735, FE W T M A IPTG J5 347
SDS-PAGE ¥l , rOMP25 7£(40. 8 x 10°) &b Hi 3 5
PR 100 T it (40. 8 x 10°) K/h—S & A 4%
H (K 3A) , 200 rOMP25 £iA1IEHG, H7E IPTG 55
6 h B ek w e

PRACHE P B B 0, 22 B 1 AR & i Ak S

T2 A TOMP25 fZ3A 50T ; Lane 1: K% S0 rOMP25 & FIRE 5
Lanes 2~4. 5 2.4 .6 h B tOMP25 & [4#F 5 ; Lane M. 2K [
Marker, B ;rOMP25 {J4fifk /3 #7; Lane M: % [1 Marker; Lane 1.
TOMP25 Y 2IALHAE i

B3 rOMP25 [k aifbmHr

Note. A. Expression analysis of rOMP25. Lane 1. Sample of
rOMP25 without induction. Lanes 2~4. Samples of rOMP25 induced
after 2, 4, 6 h. Lane M. Protein Marker. B. Purification analysis of
rOMP25. Lane M. Protein Marker. Lane 1. Samples of
rOMP25 purification

Figure 3 Expression and purification analysis of rOMP25

SDS-PAGE #4587, 7E 40.8 x 107 4b i BL iR
—HEH&(EI3B)

2.3 rOMP25 Al S 40/ 598 2

AT ORI rOMP25 i T Y A Y R RE S N,
rOMP25 Rev. 1 I PBS /N 6 JAl ) , b st /N B,
TC AR , 43 5 19 40 i, S0 G 40 B o TFN-y A1
IL-2 7K, e /s B B8 48 L rOMP25 |, ConA BY,

TE: A TFN-y [7KF s B TL-2 (97K 5 PBS 4UAHEL, ™ P < 0.01, (FREM)
B4 rOMP25 il Rev. 1 /MmN BRI AR HR TFN-y T TL-2 B89 K A6
Note. A. IFN-y levels. B. IL-2 levels. Compared with PBS group , ™ P < 0.01. (The same in the following figures)

Figure 4 Detection of [FN-y and IL-2 levels in splenocytes of the immunized mice by rOMP25 and Rev. 1
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RPMI 1640 47 Hill ¥, 45 1] ConA I i, %o 9%
rOMP25 /N B 40 M8 TFN-y 2% ik & & 873.68
pg/mL, 1L-2 (K HE N 655. 21 pg/mL, FikKF5
B PBS /N RIS A AE 7= A2 TFN-y F 1L-2 A 7K A
BI(P > 0.05) , % rOMP25 /)N s PBS /NER
TowEMZER (K 4) , HPE Rev. 1 /NI TFN-
v 1Y F ik &N 879.98 pg/mL, IL-2 ) F£ ik &N
761. 16 pg/mL, FREIKF-5 G PBS /) B4 ™
A TFN-y F1IL-2 B7KEARL(P > 0. 05) , %25 Rev.
1 /N gE PBS NRTE B E 25 (K 4) . M
RPMI 1640 Jl M5 4 A A, 4% 25 7 A6 1) 200 Jf PR 3¢
D 4) . 4 rOMP25 BT, Fass rOMP25 /)N
JL 2 i TFN -y ({36351 h 1655. 98 pg/mL, TL-2 5%
iKHE R 1108.79 pg/mL, ik KT 2 & T R
PBS /N B 40 MY 77 A2 TFN-y F IL-2 B9 KSF (P <
0.01) (Kl 4), %IZ Rev. 1 /NEUEZ0H IFN-y [ 3
IAHR O 1732.23 pg/mL, IL-2 By A& Hy 1215.15
pg/mL, FIRkKV B 355 T 5055 PBS /N UM 40 it
Az TFN-y FlIL-2 BY7KF-(P < 0.01) (&1 4) . KB/
FUORPE rOMP25 J5 , AT 75 S 40 i e 3% ) i
2.4 rOMP25 Al SR R IE K M

SRAE rOMP25  Rev. 1 Hl PBS /NS 19 i
T K L R 1gG K. &P rOMP25 Fil Rev. 1
By 7 A TG MK, A TC I E P22 =
(P> 0.05),IgG My7KFFE BN 4 6 Ji 33k i 1
(E'5), [HUEES PBS B/ Y 1eG B (A
5) o W rOMP25 A] 5 PR G e K

5 rOMP25 il Rev. 1 5/ MUF /MR
L3 1 1gG TR A 7K P
Figure 5 Detection of IgG antibody levels in serum of
immunized mice by rOMP25 and Rev. 1

2.5 rOMP25 A[H#I 5 9E & M

KA rOMP25 Rev. 1 Fi1 PBS /N fUS AS R B
(i) A5 B4 IV A 0 i 3 rh BT R R IL-10 A IKF-,
AP rOMP25 F1 Rev. 1 820 7 4= 1L-10 AY7KF-48
L ARRE fOMP25 /N AR E Rev. 1 /NG I 35 M

Z5(P>0.05) (K 6), HETFH PBS i/NE™
AR IL-10 BAKR (K 6) . FRHH rOMP25 J5 ] 1 il HL
B 9 AE SV,

6 rOMP25 Fil Rev. 1 G2/Milfa /N
ML TR AT TL-10 B 7K AG
Figure 6 Detection of anti-inflammatory factor IL-10 levels in

serum of immunized mice by rOMP25 and Rev. 1

2.6 rOMP25 B Bz R4 53t

TR xOMP25 HE Y O JE PR, DA
rOMP25 Rev. 1 Fl PBS HuE/N B L6 4 0 — e,
PL HRP ARic I FEP0 B G 1E R — i, #4T Western
Blot 43H7 . 455 7, rOMP25 H1 Rev. 1 %32 (1978 B
I RN, (H PBS e 1) /0N BRI T8 s 1 (K]
7) , 7B rOMP25 HAT RAF 4 S g S

7 :Lane 1; T rOMP25 %2 /N LML AY Western Blot 45 5% ; Lane 2
JHF Rev. 1 52/ BUMLIE 1Y) Western Blot 25 % ; Lane 3 JF PBS
PE/NERIMLIE 1) Western Blot 455 ; Lane M 25 [1 Marker,
B 7 Western Blot #zill] rOMP25 f J2 if J2 PE
Note. Lane 1. Western Blot using serum from rOMP25 immunized mice.
Lane 2. Western Blot using serum from Rev. | immunized mice. Lane 3.
Western Blot using serum from PBS immunized mice. Lane M. Protein
Marker.
Figure 7 The immunoreactivity of rOMP25
was detected by Western Blot
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M FESMEER A Z—, LI, OMP25 58 1
X, A A TG omp25 5878 Bk ZE HLA P 2 I 7
-7 FBT OMP25 4T IR X B B 1 1 B Bt
LI o R L S Al I S 2R T M
OMP25 7647 & [ 7 1 BAE R, LA & OMP25 1E
PER e PR A B AW R, R
OMP25 DNA £ %2 BALB/c /NRUG , ATAR /N KL
a2 LR G R AR 2R . WATFFE R, 4 Fl
e REMEL OMP25 Erélﬁsﬂ 7 BALB/c /MR
SRR T, P04 b TG R A e H Ik,
OMP25 I ) S BAA RE P A BE BT

R RN o e N e A < IS N e B
o PE T AT I G AR e

A 175 350 5 11%) 40 B e 928 B I 1) 28 1 ok 7T A R
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FELRL -, R K 5 s 200 A 80 b 2 B8 R o 4
PSR L2 8 T A K B, nl it
Th1 Z4F0 Th2 BIA0M 1k, 80k B 40 K et
fRp=rE 2 FEARIR I, RAVHEIT T 1OMP25 s
INEUR 5 LR 7= A B G 8 251 L. N B g
rOMP25 /s B A JC T 43 25 06 40 M, JF 76 4K 40
rOMP25 JI[L, AT 7 A2 85 K F- 19 TFN-y F1 IL-2, %@
] rOMP25 T35 S LA 77 Az i B %) 4 B 4 352 7
UEAN T [ B B e T ] MS(&@Eﬁfirﬁifi
BE R ARG KRB, /N R rOMP25
E,Fi?ﬁ%7k¥é@ IgG, HAE =55 6 Jilik 5]
UG F B rOMP25 RIS AR ™ A (A e 38 I
IL- IOIE*FF S g2 T AR 0 A0 T, e iR E B
LI FE A S A P A ARG R B, /N BR A
rOMP25 J5 , Al 72 AR 8 i KP4 TL-10, % B rOMP25
AT AL 5 5 N

Hl, e K2 MR E A T T IR A
B 7 fE Y, W OMP10M% . OMP19'* ¥ |
OMP28" . OMP25¢"™ L) K OMP317" 4 33 46 3)
BANTRR T A g R A, i B — s AR T
AAHFE K B rOMP25 ]/ Sy V53 928 1 fige 1B 40 i

R TF HE— 20 PPN L A (1 AR g

AN R IE I Lk T A& R MR &
OMP25 , /INE, rOMP25 G885 7= A 1 S e K - 55
H rOMP25 A S0E S, eAh ,xOMP25 BA R
U RN S PRI, A T BT R B D
e OMP25 J& IR A br it SR, b i —
SRS rOMP25 FAR- 3505
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[ Abstract]

study the mechanism of detoxification and protection of grub peptide extract on mice, which provided experimental evidence

Objective In this experiment, a mouse model of nephropathy induced by lead acetate was created to

for the prevention and treatment of lead-induced nephropathy. Methods Mice were randomly divided into a Control group,
Model group, Positive drug group, and Grub peptide groups. The Grub peptide groups were given different doses (80,
160, 320 mg/kg) of grub peptide. All mice, except the Control group, were injected intraperitoneally with 20 mg/kg lead
acetate every other day, for 15 consecutive days. The mice in the Control group and Model group were then fed normal
saline, while the mice in the Positive drug group were fed a dimercaptosuccinic acid ( DMSA 70 mg/kg) suspension. The
mice in the Grub peptide groups were fed different doses of grub peptide extract. The state of the kidney tissue was observed
by HE staining once a day for 15 days. The renal function indexes ( BUN, Cr), antioxidant enzyme levels (SOD, GSH-
Px), and peroxide (MDA) content in renal tissue were detected. RT-PCR and Western Blot techniques were used to
detect and analyze the gene and protein expression levels of phase I detoxification enzyme (NQO1) , an antioxidant enzyme
(HO-1), and a signaling molecule ( Nif2). Results The weight of mice in the Grub peptide groups was greater than those
in the Model group; however, they were less than those in the Control group, and the morphology of the kidney tissue was
significantly better. Compared with the control group, the morphology of the kidney tissue of mice in the Grub peptide
groups was significantly improved, the level of BUN and Cr in the serum was significantly less (P < 0.05), the level of
antioxidant enzymes ( SOD, GSH-Px) in renal tissue was significantly less (P < 0.05), and the content of MDA was
significantly less. The phase II detoxification enzyme gene (NQO1), antioxidant enzyme (HO-1), and signal molecule
(Nrf2) mRNA, and protein expression levels were significantly up-regulated (P < 0.01). Conclusions Grub peptides
can activate Nrf2-ARE signaling pathway to enhance antioxidant function and increase the gene expression of detoxification
enzymes in lead-poisoned mice. The protective detoxification effect can then be extracted.

[ Keywords] grub peptide; lead acetate; mice; nephrotoxicity; detoxification protection
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1 #MRIERE
1.1 ##
1.1.1 ZEE3h¥)

72 H 8 JE T I S KM /R AR 21 ~
26 g, W T v B 4255 R 2 B B L5 B W rh oo
[ SCXK(%2)2019-0002] , ] % T4t 50 4R 2 B S5 4 3
Y55 [ SYXK( 5)2021-0001] , iR 22 ~ 24°C B JF
fE5E B IR A, SEg e /N ROE R LIR
Ko ARSI A A YA G b AR 2 B 2 s 2 B
S AR EOR (BUA2021042)
1.2 FEEH SR

e H K I 5 1k W) B ( glutathione peroxidase,
GSH-Px) L & Z % ( blood urea nitrogen, BUN) | #8
EAL W) 57 A B ( superoxide dismutase, SOD ) | AL i
(creatinine , Cr) . FI N [ ( malondialdehyde , MDA )
R0 H e R R A BRA | (55 43 5
4 : A005-1-2 .CO13-1-1 ,A001-3-2 ,CO11-2-1 . A003-1-
2) s & IR IGAR & A Jb i R E R A RA
A (535 : BC3710) ; BCA #& (R L7 & ECL 1k
2 RGN G [ 2 KAV EAR N 7 (55451
4. P0012., PO0ISS ) ; f i NQOI1, HO-1, Nrf2,
GAPDH $i/A&F HRP Fric il 2Edi e 1eG W A A6 51l
AR HAA R ] (525505124 : bs-2184R | bs-
273397R, bs-1074R | bs-0755R ., bs-40295G-HRP ) ;
HiFi-MMLV ¢DNA Kit 14 F 5 A8 550 A4 PR A B
A (525 CWO744M ) s BEFR S (Pb) \ “Hi AT —
M2 (DMSA) g 3 46 3 2 8 8l B HA IR A 7] (525
39K :316512-25G \ R0O50651-25g) ; 5 i 2 Jik ( grub
polypeptide ) #£ B4 H A6 7UAR 24 g £ 1< 2 #5006 ==
[ SYXK( 5)2021-0001 ) il & ; Fr 45 51 4 A= T A4
AR i) et A PR A wlA B

UV-3 S4MAT UL A3 G BE (T 36 38 35 A R
Al ) I = B0 ML (Eppendorf 23 B ) 5 B AR IR VK
#i(SANYOO, H 7)) ; S1000 Theral Cycler #: & PCR
{8 ( Bio-Rad, 3£ ) ; CFX Connect 2¢ G i PCR £
M Z 55 (Bio-Rad , £ )
1.2 FHik
1.2.1 S 5/NRE e Al s

72 8 JHI T TGO KM N, BEAIL A R XE
WAZH MEAUZH | PH P 25 4 A ) 5] o 5F 0 R 2 (80,
160,320 mg/kg) . HEZH 12 BN, S E [ %
B oK, ke et g BT TR A BRUE

ST 20 me/kg A BHERIK , HAR A AL/ R BR K IR
J A 20 mg/kg BERRET 1 Uk, %42 15 d, R IEH
2H A2 /N FRORE Al A= BRER K, BRI 25 28/ R Al 70
mg/kg DMSA TR, W78 FR 2H 7 A AN [i) 7] ot i il G
FLEU) (80,160 320 mg/kg) , B R 1 RIELE 15 d,
1.2.2  [MESFEbnta i

SR AN BB R AR, ANERORIKZA 25 24 h
J&i , 4% St 38 RIS BRUR IR IIE R it 41 4 10 7 %
FHF & K6 1 R 2 %0 ( BUN) JILEF (Cr) B A AL
PIEALTE (SOD) 43 e H ikt &AL B ( GSH-Px ) |
PN FE (MDA ) 5 /N EREUHE B F AR B S5, B B R A7
PRI IEFREE . B 1 ¢ B4 9 mL A FEER K
THRE i, DFES 45 10% 15 41 250 38 W, B4 15
HAVRIRIRAE 5 ] A BB I3 R 4 =
(B ER//NUAE) X 100%
1.2.3 BRI

BUNRRAY B BT 4% 2 B B R 0 = 1 &
FE LIRS LY F HE Y0 )52 IS T Wige
LRI,
1.2.4 RT-PCR Kill/NGUE 20 20 10 AR A% 25 B L $0
NS e TS E Sy S

K TRIzol $2HUE 412 RNA IR J5 & %
S cDNA, L GAPDH A P& H RT-PCR {91,
SIFSN LR 1,

x1 51Tk
Table 1 Primer sequence
Gl EA S JPHl(5°-3")
Primers Primer sequence(5’ =3")
GADPH-F AGTCGGAGTCAACGGATTT
GADPH-R CGCTCCTGGAAGATAGTGAT
Nif2-F ATAGAGCAAGTTTGGGAAGA
Nif2-R TTCAGGGCTCGTGATTGT
HO-1-F GAATGAATGCCCTTGAGAT
HO-1-R GCATCCTGATTGTCCTCT
NQOI-F CCCGAGTGCTTTGTCTACGA
NQOI1-R GTCAGCCGCTTCAATCTTCT

1.2.5 Western Blot &l /)N BB 20 21 Hp 11 40 i 3%
itf B SE AL B SR o1 2R A KT

HURF V500 MR A R ABOT B0 (-4°C
12000 r/min, 30 min) ., BCA ¥l & FH;{QE, il 7%
10% FJZIE , #:47 SDS-PAGE f#i 85 1143 B , 4 5=
5% IR WK E A 1 h, FH TBST 28 wh i i Bk Ja A
NQO1 ,HO-1 Nrf2 K GADPH(1 : 1000) $i{& ,4°C vk
RO R 5 TBST S vhil i v , A HRP #1ic
IEPT A 1gG(1 = 1000) % H 2 h, TBST £ whil il
PRGN ECL &3, FH Bio-Rad REE W I/,
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1.3 SZitESH

FI A B 24 SPSS 19. 0 fil GraphPad Prism 9 %X
RGO H B R FFIE £ ARifE2E (& £ 5) F0R,
PR L Bs o K30 07125, P < 0.05 Sh 2= BA
BEME,P < 0.01 2T H W,

2 R

2.1 BHERKRENM XSRS B/ R IR SR
EERIM
PR WLEE | S92 56 409 9] X6 R /DS RS #0IR 25

RLGF BRI 5 5 R 2 /)N B 3R R O Jo B A 2
TAHLEL , 115 2 BE O HG 1 22 BE VB BE R BN R
B4 245 20 i A JER 2 /N B 3 B O 22 i G B | R
WIS, 56 1 AR & R E O] 25 5 5 2 2
JETF i 5 B 20 N BRI T X IR (P <
0.05) , BHAH: 24 25 st i ok 2 /] Bl A o 0 1 2 T
WHEMEZES R 3,45 A BERY A /N R E )
HICTX A (P < 0.01) , HPEZG A BrIE kA S
B 20 A L /IS B 5 B B RS K (P <
0.01,K 1),

SRR MIL, *P < 0.05, P <0.01; SHBAHMLIL,*P < 0.05, #P < 0.01, (FEIRF)
B 1 i BRSRER /N A R A S

Note. Compared with the control group, “P < 0.05, ™ P < 0.01. Compared with the model group, P < 0.05,"P < 0.01. (The same

in the following figures)

Figure 1 Effect of grub peptide extract on the body weight of the mice

2.2 BERKRERYNERSHENRBIEHN
=AU

FEALL /N B RO 3 TR R AL (P <
0.01) ; FHPEZY 4 /N BUE 45 B X B2 G W 2% M
2557 4R K AR IO 45 24 5 AR S 5 0 K 2
AINEUE RSB TR (P < 0.05) ;9 &
Rl /N TR S EMTRBA (P <
0.01,K2),
2.3 BHERREYABERSINREEALEN
A

PR ARSI LB TR 25, X R 2 /0N B 1 € 5 0k
21 HAYGE USRS, J P IR AT UL B AS 1k ; 48
TRV 70 B B0 (0 B A, A R BRSO 5 oA
JEl FEZH U™ BR3P 3) 5 BHAE 24 ZH R AS [) 591 5t
TR B SO S BEUGE . B4 R HE
et WA T IS, X 4L/ RUB NERIE S K
ANIEH 1 FUE M, G B 25 R 4 5 A A /N U
ANERZEGR i/ INE R O TR AR | N

B2 Wi BRI BB S e
Figure 2 Effect of grub peptide extract on

mouse kidney index
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B3 AWHRUE/NREHIE L

Figure 3 Morphological changes of the mice kidney tissue by the visual observation

B4 e RS IR /N U L 2 R B R

Figure 4 The effect of grub peptide extract on the structure of mouse kidney tissue

2.4 BERKERYERSHENRBINEN
=AU

it —25 T /N BB D RE SR R 6 A D
5 1 R 25 A& ( BUN) AL WLEF (Cr) F84528Fk 5 XF
HRALAH He , AL /N BV BUN A Cr KP4 B8 35 T
F(P<0.01);HMEZYH LR EHZES, SHER

AR EL, P25 /N BV BUN A Cr KR B 35 R
FE(P < 0.01) IR SRR TC i 5 1 25 57
ANV BUN SACRLZ O W 2 22 5,
FIE /NS Cr SRR 1 AR (P < 0.05) ;
B /N U BUN, Cr KB % PR (P <
0.01,K5),

B 5 SRR XN B D RERE R

Figure 5 Effects of grub peptide extract on renal function of the mice
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2.5 WFERIRENVIREEHRS/MREBHALAHn
SHER TSN RN

N AL B A AR K OF O A
B SRS |, 55X RZH AR L, BRI ZH GSH-Px ,SOD
I B ER T X IR (P < 0.01) 5 PHAE 24 21 At
K2 GSH-Px , SOD 7K - #4 5 B b 7t 4 %, b
I i K A ) R A 8, B 42U Y GSH-
Px SOD 7K -3 F iy, He v e 371 20 B A b i
GSH-Px .SOD /K V-3 hnf B3 (P < 0.05) , %l
A/NEUE AL N S (MDA) & 5 X5 B A
PG (P < 0.01) 5 B 25 2 B0 i 4 e
VRS R Wi Ik ZH MDA 2 5 48 A [ R B Y
K, It 5 05 0 O JBC 4 ) S R B, /D BV AL 4
H MDA 5 3 MR A, v e 39 o 41 5 A R 4 A

e B FFE(P < 0.01), 5% B4 1L G W 3%
PEZES(E6) .
2.6 BFEERKIZEVIX /RS AR P I BIESEE,
MEUBEREXES FERARENZM

it RT-PCR 4 AR 57 Nef2-ARE 15 53 #% 41
DRFE DRI OG5 73 56 R 2 35 /K F-, 50 R4 AH L
BEFRIZH /N ZH 20 NQOT i HO-1 i mRNA 263k
W EFEMR(P < 0.01) ; BAPEZ5 4 18 25 T A
(P < 0.05) ; I i fk 2 i 25 15 el oA 551 o 33 o B
mRNA k38N, 55X R e, AR 2 /) B
HLUF Nif2 43 F mRNA £k B 2 EFRIK(P <
0.01) ; S 4L H , 20 957 il ik 42 I Ak 2 )5 I L o
a2 Nef2 () mRNA ikt o F 25 5 1 e 57
2] mRNA R EWIN(P < 0.05,E 7).
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Figure 6 Effect of grub peptide extract on the antioxidant enzymes( GSH-Px,SOD) and peroxidation (MDA )in the kidney

tissue of mice with lead-induced nephrotoxicity
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Figure 7 Effect of grub peptide extract on the expression of phase Il detoxification enzymes, antioxidant enzymes and key

molecular genes in mouse kidney tissues
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Figure 8 Effect of grub peptide extract on the expression of phase Il detoxification enzymes, antioxidant enzymes and key

molecular proteins in mouse kidney tissues
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Protective effect of paeoniflorin on nerve injury in rats with acute cerebral
infarction by activating the LKB1/AMPK signaling pathway
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Chinese Medicine, Anyang 455000)
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[ Abstract] Objective To investigate the protective effect of paeoniflorin on nerve injury in rats with acute cerebral
infarction by activating the liver kinase Bl ( LKB1)/5’ -amp activated protein kinase ( AMPK) signaling pathway.

MethodsAn acute cerebral infarction model was established by occlusion of the middle cerebral artery in rats using sutures,
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and the rats were randomly divided into a Model group, Paeoniflorin (10 mg/kg) group, AMPK inhibitor Compound C
(CC) ( 0.2 mg/kg) group, and Paeoniflorin (10 mg/kg) + CC (0.2 mg/kg) group, with 12 animals per group. In
addition, 12 rats were separated from the common carotid artery and external carotid artery without the suture plug and used
as the Sham group. After group administration, a Morris water maze test was used to evaluate the cognitive function of the
rats. Triphenyltetrazolium chloride (TTC) staining was used to detect the cerebral infarction of rats in each group. TUNEL
staining was used to determine the hippocampal neuron apoptosis rate of rats in each group. Kits were used to measure the
levels of serum inflammatory factor inducible nitric oxide synthase (iNOS), interleukin-1B (IL-1B) levels, brain catalase
(CAT), reactive oxygen species (ROS) , and malondialdehyde (MDA) in the brain tissues of the rats. Western blotting
was used to detect the expression of apoptosis-related proteins B-cell lymphoma-2 ( Bcl-2), BCL2-associated X protein
(Bax), and LKB1/AMPK pathway related proteins ( p-LKB1/LKB1, p-LKB1/LKB1, p-AMPK/AMPK) in the brain
tissues. Results Compared with the Sham operation group, the number of times crossing the original platform, residence
time in the original platform quadrant, brain tissue CAT content, p-LKB1/LKB1, p-AMPK/AMPK, and Bel-2 expression
levels in the Model group were significantly less (P < 0.05), and the cerebral infarction area, hippocampal neuron
apoptosis rate, serum iNOS and IL-1@ levels, brain tissue ROS and MDA content, and Bax expression level were
significantly greater (P < 0.05). Compared with the Model group, the number of times crossing the original platform,
residence time in the original platform quadrant, brain tissue CAT content, p-LKB1/LKB1, p-AMPK/AMPK, and Bcl-2
expression levels in the Paeoniflorin group were significantly greater (P < 0.05) , the cerebral infarction area, hippocampal
neuron apoptosis rate, serum iNOS and IL-1f levels, brain tissue ROS and MDA contents, and Bax expression level were
significantly less (P < 0.05). CC can reverse the protective effect of paeoniflorin in a rat cerebral infarction.
ConclusionsPaeoniflorin may activate the LKB1/AMPK signal to prevent the occurrence and development of inflammation,
reduce the oxidative stress level, reduce brain tissue infarction and hippocampal neuronal apoptosis in rats, improve
cognitive function, and play a role in protecting nerves. CC can reduce the protective effect of paeoniflorin in a rat cerebral
infarction.

[ Keywords]  paconiflorin; liver kinase B1/5’-amp activated protein kinase; acute cerebral infarction; nerve
injury; protective effect
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T 18 [E Leica 2~ ], %5 EG1160, DMI3000B
CM3050S ; oy i £ T L HL PR A B R DK A T o
N—AEYFHCA R A, BLS DYCZ-20H, DYCZ-
40K 5 2 FEERE U AW F 22 [ Bio-Rad 24 H], 45
170-8200 %5,
1.2 FHik
1.2.1  ACI KRB 25 Mo o2l 24525
2 HE SR 45 ACT R BRASERIT ' R RS R 4K
JK 12 h, BB EST 45 mg/kg 30 L 240, 195 K Bk
R BE IR BRARZS 5 A Bih ) o, 3900 45 Bz T 7 Js VI o

FEIR LRI 4k 20 550880 ik | 151 3h ik 5 35004 3
Jik , W HLE B, A A G5 FLEAI Bl ka0 g, B A A
BB o S RSN B0 Kz o i, I B 43 S AL
2 mm RYFSNSIBRAL VR T 8 A TR Sk £ A | U 350
Sk 7 2 5 =k v R S 43 AR 2 16 mm A 1E,2 h
Je B e WA I, B 52 s A K L BE AL 4
BEARIZ AT 4L CC 41 AT + CC 41, T34l 12
HOOHC12 HOR RN A3 25 B8 3l ik | 340 3 ik 5
BN Bk, AfZets A IRTF AR,

AT CC AT 0. 9% EALENIAE TR, 3k
81 mg/mL AYAT 254 259", 0. 02 mg/mL AY CC
2 AT + CC IR BLLL 10 mL/kg I FOAY
ZYAF 2R 1 Uk, TR L 10 mL/kg
1 CC 25 R B # MK S T30 1 IR AT 25 AR
FRLL 10 mL/kg 73 B AT 25 1 245 W0 B K0 5 T 1
W, RS RL 10 mL/kg 555 19 0. 9% S AL 80 7A 4 K
FER KT ST 1 % CC 4R BLLL 10 mL/kg 74
[1°0. 9% FACEHTE W B R HE B T 10 1 Ik, [T LA 10
mL/kg M5 1) CC 259 & R R i ik 5 T3 11K,
L2525 14 d, RTFARYL GBI L A AH R o7 B 5 5
i 0. 9% FALENIE T
1.2.2 R BOA R T

YT ILE G 24 h, 38 5 Morris 7K 2K 7 5256
RN R BT ) 66 - K BRI S 7K (7K IR 22 em,
A 4 DMEFERZIR) BERA K, IGHIHKTEA
(M T4BRIEF 8 20 em) ,5 d JGRETE KRR
R~ 5 PR R 7K L BEAR A K e s 60 s
P32 S , 2B A5 30 4% 4K RS BT 65 B R
JESF- 5 G BR N 5= R i)
1.2.3 Kl oA B ARE A6 17 1 S b A Wi 4

Morris 7K 2K B SLE 45 00, LA 1.2 1 H g 5 i
JRRIARAC R, 19 2506 20 Ik Al i, #6070, B s,
HCE T EP b dHARIC  7E-80°C IR fF, &4
KEHEEE S 6 H Wk 54088 oK, Ul 715 2
JE R RBORR AR U] R B R A TTC #
Yot SR B FA R, ] Image pro XM HE1TEIE
30T T ISR TR AR (% ) = 4= IR AL TR ARV 42 g
R x 100% , K4 AR 6 HIR WL B
WK BT R 1.2 g 412, 37 s/ MR B IS i AGE
AR RIPA 240, 21550, LU BCA 357 &l
i B SRS R I A bR, 7E - 80°C i
e PN AR E T AN T A=l O S D & £ 5 X )
YR,
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1.2.4 Kl oK BRI S 2o T ol

e 1.2.3 TS g S8 B T S5 A8 Y i 20 4]
F AT KAk TUNEL 3, ik &8 B,
B WL SO, LA Image pro 3K 14H 3 #r K14, T
BT R (%)= WT-4EY S E x 100%,
AR ES I G Ul B 1548 S0 1T .

1.2.5 Ak BT iINOS 5 TL-18 /K3 i £H 21
CAT ROS 5 MDA &

B 1. 2.3 Jfin i 5 00 2 23 FRE AR, DAUK
KIS G R, AU 0. 15 mL, M E IfL 7 INOS 5
IL-1B8 /K 414 CAT .ROS 5 MDA & &, H{k$#:
YEZ R & Ui B 48 i1 T
1.2.6 Al oK B AH L M T8 1 5 LKB1L/AMPK
AR G R IA

B 1. 2.5 a4 i i 2H 20 8 1 RE SR, AR A
PR R S 5 RN L] 25 45 A A AR R AR
i PSR, R (B, 5 min) 20 wL #
AR, MR I LK R S o R 1 B
% PVDF i I, LA 3%4 13 H A FE s A & AR
B S 67 45, 20 ) LR JR Bel-2, Bax , p-LKB1, LKBI |
p-AMPK ,AMPK  B-actin —#LIF & \ TBST VM, — ¥t
R TBST Y b2k ek B g i, i H
Image pro B 437 88 145 MG K BEAE, 7108 4%
B AN R,

1.3 FitEHH

SEEEAE R ROR YR P M + bRifE
(% +5) 7, JH SPSS 24. 0 kG804, Z 4010 He
BATHR R Iy 22, A8 P ifE— 2 FL R FH SNK—¢
AT, P < 0.05, ®nER BHAGRITEE L,

2 HE

2.1 BAKXRINFIIEER DL R

ST AR L M L, R £ KBRS B EF B R
B SO 5 PR P 5E B s ) S S R AR (P < 0.05)
SRR AT25H + CC A B e, AT 25 41K B
5RO 5 B R 15 52 R P 45 B B [ 35 g 2 T
F (P <0.05),CC 41K RS MR- &5 B R &
SRR R IR B E R (P < 0.05) (WL 1)
2.2 BAXRBELFRLENLER

S TFARLLAR L, 45750 2H K BRI A A 1 A 2
FFE5(P < 0.05), SHEMA AZ5HF + cC H4 )
AH B, 747 24 1 20 R BN A A T AR A I R (P <
0.05) ; CC 41 K B A 451 48 T AR 4 B 3 T (P <
0.05) (WLE 1.%2),

R SAREE B G0 G
SRR LA (% + 5,0 = 12)
Table 1 Comparison of times of crossing the original
platform and residence time in the original platform quadrant of
rats in each group (x +s, n = 12)

B SR

ik R A»Z/—' ¥ Y T N
13 BT AU i o)
Tlimes of crossing the L
Groups iginal platform( n) Dwell time in quadrant
origmat platiormin of original platform(s)
1 - é
ﬂ&iﬁfﬂ 13.01 + 3.12 34.76 + 4.07
Sham operation group
714
A 6.28 + 0.54" 21.93 + 2.02°
Model group
ISELRE
NEE 8.26 = 1.22" 26.54 + 2.75"
Paeoniflorin group
4
ce A 1.02 £ 0. 11" 7.01 = 1.63"
CC group
R Vg
A + CC 4l 6.79 + 0.68 23.04 +2.28

Paeoniflorin + CC group

T SPARAME,*P < 0. 05; SHEA ML, P < 0. 05; 525253
+ CCHAMIL,°P < 0.05, (FZERE)

Note. Compared with sham operation group, “P < 0.05. Compared with

model group, "P < 0.05. Compared with paeoniflorin + CC group, °P <
0. 05. ( The same in the following tables)

1 TTC G (A6 2 4R BURAESE R B
Figure 1 TTC staining was used to detect the cerebral

infarction of rats in each group

2.3 BAXREIHITATERANER

BT ARG L, ALK BRI S pp 22 ii T
FREIFFE(P <0.05), HSHEAH ATZH + CC
AT HIAH LG, ATEG T 4R BRI S & oo TR
FREAR(P < 0.05) ;CC ALK R DIt TR
WBEFE (P <0.05) (WLE 2,323),
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B 2 TUNEL Je i 4% 20 K R RO S & el -1 o

Figure 2 TUNEL staining was used to detect the apoptosis of hippocampal neurons in each group

F2 SHAKRBINEICHLE (5 £ 5,0 = 6)
Table 2 Comparison of cerebral infarction area of
rats in each group(x = s, n = 6)

iRl HRAESETEI AR (% )

Groups Cerebral infarction area( %)
B
. ﬂﬂj:j?/ﬂ 0.00 + 0.00
Sham operation group
BRI ZH R
Model group 26.10 + 1.36
AiZEHY
jﬁ.ﬁ i 9.25 + 0.92"
Paeoniflorin group
CC 4 be
CC group 45.32 + 4.01
ISEhES 4
NET ¢ CCA 24.86 + 1.75

Paeoniflorin + CC group

R3I SUARMIEGDHATTHTRILE (x £5,n = 6)
Table 3 Comparison of apoptosis rate of hippocampal

neurons in each group(x s, n = 6)

gl T3 (%)

Groups Apoptosis rate( % )
2 N4
- ﬂiz%i*,ﬂ 1.20 = 0.36
Sham operation group
(g .
Model group 26.07 + 1.25
SELRR
q.')JJE.r i 5.13 + 0. 86"
Paeoniflorin group
CCH be
CC group 59.34 £ 5.25
ISER:s 4]
FIZGH+CC Al 25.78 = 1.62

Paeoniflorin + CC group

2.4 FBHKRKRBMFXREEF INOS 5 IL-18 K F
i 4 R

ST A A E, B A A R i R M
iNOS 5 IL-1B K- i ETH i (P < 0.05), HEA
H ATEGA +CC 53 B b, AT 251 2K BRI 48
PERF iINOS 5 IL-1B8 7K -3 W ZE AR (P < 0.05) 5
CC 4K Ui RMEKF iNOS 5 1L-18 K F-H i 2
THRE(P < 0.05) (WF4),

® 4 BRI RPEFT INOS 5 IL-18 K-
LR (x £ 5,0 = 12)
Table 4 Serum inflammatory factors iNOS and IL-1 of rats in

each group B Horizontal comparison results(x = s, n = 12)

20 51 iNOS IL-1B
Groups (U/mL) (pg/mL)
1 > Q
fo%:—ﬂ?,ﬂ 15.16 £ 3.25 62.43 £ 5.89
Sham operation group
14
s 67.43 £ 8.09° 117.39 + 10. 54°
Model group
SERERA
A 17.08 + 3.56" 64.28 + 7.21"
Paeoniflorin group
b
e 108.02 + 10. 15" 168.46 + 12.96"™
CC group

AT+ CC A

Paeoniflorin + CC group
2.5 FBAKXRKALRSWNHKFERNLER

ST ARG, BRI K RN 20 CAT 5 i
R (P < 0.05) ,ROS MDA & B ETHE (P
<0.05), SHAIA ATZH + CC HorwlM I, ~)
i H RIS CAT S BB FETE (P <
0.05) ,ROS MDA & &3 B EFFEL(P < 0.05) ;CC
HREUNHA CAT SR BEREIL(P < 0.05),

ROS MDA F&¥ &R (P <0.05) (W3EKS),

65.37 + 8.6l 115.25 £ 9. 12

5 HUKRBRIMAIZ CAT ROS 5 MDA & & LKL R
(x £s,n =6)
Table 5 Comparison results of cat, ROS and MDA contents in
brain tissue of rats in each group(x s, n = 6)
ikl CAT ROS MDA

Groups (U/mg prot) (U/kg prot) (nmol/mg prot)
1 > Q
ﬂ!ﬁ‘—ﬂ;ﬂ 6.59+0.71  0.92+0.21 1.12+0.13
Sham operation group
g 714
R 265+ 0.18  6.84+0.67° 3.90 % 0.35°
Model group
SEARE
ﬁjﬁ i 6.17 + 0.83" 1.14 + 0.32" 1.20 + 0.29"
Paeoniflorin group
CC 4 be be be
- 0.68 + 0.15™ 12.38 £ 2.26™ 6.04 = 0.41
CC group

AjEhHF + CCH

Paeoniflorin + CC group 2.92£0.39

6.57 + 0.84 3.71 £ 0.39
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2.6 BRAXBKALETHAEB(Bc-2,Bax)
5 LKB1/AMPK & % 8 X & B ( p-LKB1/LKBI1,
p-AMPK/AMPK ) R i%# il 25 8

S5FARLIM L, A KRR 42 p-LKB1/
LKB1 ,p-AMPK/AMPK Bcl-2 357K i 2 A% (P
< 0.05) ,Bax RikKFBEFF(P <0.05), HH
RIZAR LG, AT 25 2H K B 41 21 p-LKB1/LKBI1 , p-
AMPK/AMPK  Bel-2 Fik /K-8 T4 (P < 0.05)
Bax FiA/KTP-EEFEIL(P < 0.05) ;CC 24K UK 41

41 p-AMPK/AMPK . Bel-2 2 ik /K F i K (P <
0.05) ,Bax KKK THE (P < 0.05),p-LKB1/
LKB1 K FTRREEZR (P > 0.05), SA4H +
CC AL, AT 251 4 K BUI 41 2 p-AMPK/AMPK
Bel-2 kAR E TR (P < 0.05) ,Bax FRiA/KF-1i
FZHEAR(P < 0.05) ,p-LKB1/LKB1 7KF-JC i F k24 R
(P> 0.05); CC 4 K M4 21 p-LKB1/LKBI1 | p-
AMPK/AMPK  Bel-2 FiAK - i Z K (P < 0.05),
Bax FA /K- RETHE (P < 0.05) (WK 3,%6)

B3 G El AN 4% 2H K U 2 2R T A 0 2R H 5 LKB1/ AMPK Gl 40 56 25 H 2 1k /K

Figure 3 Expression levels of apoptosis related proteins and LKB1/AMPK pathway related proteins in rat brain were detected

by Western Blot

K6 FHKEIHT-MEEHS LKB1/AMPK # [ AH S H H AN 2B K FE B (2 + s,n = 6)

Table 6 Comparison of relative expression levels of apoptosis related proteins and LKB1/AMPK pathway related proteins in rats

of each group(x s, n = 6)

ZH 5
AL Bel-2/B-actin Bax/B-actin p-LKB1/LKB1 p-AMPK/AMPK
Groups
3 N
. ﬂaxﬁiﬂ'(,ﬁ 1.84 + 0.37 0.22 + 0.07 1.31 +0.28 1.68 + 0.33
Sham operation group
BRI . . .
0.71 + 0. 14" 1.48 + 0.23" 0.47 = 0. 09" 0.72 + 0. 12°
Model group
SEih:R-
AL 1.79 + 0.42" 0.25 + 0.08" 1.26 + 0.25" 1.64 + 0.41"™
Paeoniflorin group
cc4 be be ¢ be
0.12 = 0.03 2.13 £ 0.31 0.45 £ 0.08 0.18 = 0.05
CC group
ISERss 4]
IZGHECC AL 0.74 = 0.13 1.45 £ 0.29 1.23 £ 0.30 0.76 = 0. 14

Paeoniflorin + CC group

3 it

ACKEAT W R 3 o i JE R i Bk R A 4
A, T FE R AT [N I T BP0 Bsk 9 N KR 22, T AE 9

ik K57 N TR 45 B8E FEE A ok T UTEL Y gl
PR AR 1 R S S 1) A 3 o i 2 H ATl 22
I PR 7 5 5 i 2 14 A SR ) R i
FEVEE R DR Ml P 2l Bk A AR R 2 R P A0 40 3 i
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SR LA 47 PR AR 22— )3 I FH T S 4 0 9 e
FIBIFSE , v HCAT- 285 Bl NG S5t it 463493 ) 95 BRI
AR S DL A4 P 28 KRR R il v 2l Jok 1 5 vk e ar 2
PERGRESEAR Y | 25 5L 0 7 | il B AR UM A% A6 1 A
5 iNOS 5 IL-1B 7KF i 4121 ROS 5 MDA &% i,
Bax FiA/KF- i 2 Tt , 5 B00R B ST S A A
P, 3 UK B 5 ph 28 T R T, B RO 5 B R
-5 G BRI 45 B B R) AT, 2 T AT RE T A2 4, 42
TR )

AR M B AR IR PR B KSR
TP, AT HIE] NLRP3 AE/IMAE 5, i 1 48 2%
B8 3 15 17 TR % 1 5 WA e R b7 U 2
AL PC12 P ROS 7K, BEARAAAR N SK 7, 1 4
FRLYR T, T e ot 3 475 R RS 38 B )
ZARA R 2 I 545 A2 B A AT L TS
FE AP B AT 3 R i SR B2 Wk A i
AR WG 005, S0 R 3 2 AT RE s fE

o AR A T, R AR Rl R A R, TR R
T DX I A 28 TT IS TR T R it 458 495 108 T
hZ— ARWFFEATA AT A ACT K BN 2 2Lk
FEZETE LA 2 /0, ROS 5 MDA 5 12 i T #h 44
T HBIREAR, CAT & i 7 e, i 88 S 1 RR sl 2D 11 /T
REBR PR AT 25 H 0 B 4 A Pl 8GR T e il 2 I
(R | AR AE T A 2> [i) Fsf A 24 A K B
T B ORI T B G B P45 B s ) A KRR
INFIIRESR T UESE T AT 251 % ACT R BLUAYIT 2K,
BEAMAT 25 H AR BER RS iNOS 5 1L-18 ZKSFR#AIK,
RWIATLHATIRI BRI 3R AT SIE LS
IR,

G 25 2L 1L T | ) ™ A0 N
IRV B R AN s ol o 28 e Al B AR PR T, 02 ACT
1) 35 O HE A 0 A AE S IR BT ik A Ak 2 e R
ACI FTScrh 2 50 i A 2 F- B . LKB1/AMPK
VERAIUA IR S AE 55 480 A0 10 S 7 1) B 62 36 %, 7E
A 1 | BT 2 2 T RO L ) 4 AR S 42 R RN
1 K908 s I F e b A8 v R ¥ A OB D A2
LKB1  AMPK (1) 84 B2 Ak 800 , ml 3 o A 2 1 i 400 )
A R /2 R M A 4 pC12 M
T IR T YRR 8 A, B Sk B ol o T T 5 |
(RS R S8 40 , A 3 2 A B 00
AlA1, LKB1/AMPK {55 J& ACI B —A> 2357 #
Mo ASCEERWIR AT AT BH AR ACT K BRI
4141 p-LKB1/LKBI , p-AMPK/AMPK 7K 3 f) B A%,

LI AMPK 5] CC 43 ACT KB, AT b & fh 2 %
i B AR AR N RN HiE e i A BB % 1 R 28 T U
T2, SRR BN T B i — 20 52 401, IF PT a5 A5 25
e ACT A BRAG 473 1 T, 336 2 X R BRUAY
LRI IIRe, & WIAT 25 AT o 0% LKB1/AMPK
{5538 [, BHLAS A0 N 5 R ORE ) B & A R T U
TR AR A B i T A T, 395 ACT R BUA 0 AE
PN & SR CEZS5I )N

ZE LRTIR AT T 3G SR LKB1  AMPK 1) 8% iR
b, T BRAE E 3, WD 58 PR AN IR T 2k Y
YT, D855 A N B, O A A AE 5 S 25 T
AT BE ACL KREUNAITIRE, i B 2 7B,
123 LKB1/AMPK (551 S 2 H 2 FHLH 2 —
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SMA 52760/} P 809 7 5 40 e 95 9 1 2 1 7
A Ex R, EE RIRE"

(1. BB RFLR Y PO 7195 i 226001 ;2. BB KFVL B H B LR A B S0 VT Bl 226001)

(WE] BM @ ERERINIZEARE (SMA ) /N EUE 1R 785 T 40 ( BMMSC) RSN RE 3R K R P58 I LS5
R (ASO) X HAE WA R PE R e IR AR SE SMA %2 i AL 1 B2 25 4 s 16 418 (46 W7 55 0 AR O A0l T LAl ff . 773k
PEHAI AR 4 d BY SMA /IR, CO, 35 BIEALIESE | T 75% Z Wi, 43 oAb B BE 40 M, 200 B0 2 A6 I 40 fifg %
IFREY]; RT-PCR J% Western Blot AifF5¢ ASO X1z shif oA 1G SE K 2( SMN2) Hh 8. F (exon7 ) FIAIK- LA K iz gy pf
ZIUAFE (SMN) 2R H A i EDU AR TUNEL SR A0 g2 A TR . S8R IRIMIBIR IR SMA FIA/IN
L BMMSC HAG M REA= 1 AT DI SEER A, %t P3 48 BMMSC #EAT 40 il 0 3 9 56 48 5 45 L 7R . CD44  CD29 i 3%
ik, CD34 CD45 (KR35 ; 54 ASO JE 4L SMN2 exon7 FIA R 3 [ F+LI K SMN 25 1Rk & 3 B, It ek
YIS AE ST, RIBT A% N Gemini bodies( gems ) £ il £, 458 WINE T SMA /N BMMSC R &M% 3% &
Z g HPEZ Y ASO KHEn] fE#E BMMSC SMN2 exon7 1A K SMN i 383k, SMN2 AHSC ML S 24 4 5 ik
Pt —Fhr ey T H A4,
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An in vitro culture system for bone marrow mesenchymal stem cells in a mouse
SMA model
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[ Abstract] Objective To establish a culture system of bone marrow mesenchymal stem cells (BMMSCs) in vitro
in a mouse spinal muscular atrophy (SMA) model, study the antisense oligonucleotide ( ASO) influence of its biological
characteristics, and establish a reliable simulation tool with the SMA model for the in depth study of the pathogenesis of
SMA and drug screening. Methods  The marrow of the femur and humeral bones of four-day-old SMA mice were
harvested. The surface markers of BMMSCs were identified by immunofluorescence. The survival motor neuron gene 2
(SMN2) exon7 inclusion level and survival motor neuron ( SMN) protein expression were detected by RT-PCR and
Western Blot. The cell proliferation and apoptosis were detected by an EDU kit and TUNEL kit. Results The BMMSCs
isolated and cultured in vitro from SMA mice showed adherent growth and the ability to passage. P3 generation BMMSCs
were identified by cellular immunofluorescence, in which the positive markers of CD44 and CD29 were highly expressed,
and the negative markers of CD34 and CD45 expression were low. SMN2 exon7 inclusion and SMN protein expression

increased significantly after ASO transfected the cells, and the proliferation was significantly promoted, while the number of
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gemi bodies within the nucleus also increased. Conclusions

A BMMSC in vitro culture system for SMA mice was

successfully established to promote the inclusion of BMMSC SMN2 exon7 and the expression of SMN protein via ASO

verification as a new tool cell for the study of SMN2-related regulatory mechanisms and drug screening.
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FREHE, FHERE VPOK, & g8 B kL B H
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1.2.2 SMA BMMSC il % &
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W % & B, ff A NanoDrop™ 1000
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pgo [ 10% PAGE #E B¢ #F 17 3 1 HLIK, #% PVDF
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1.3 SitESH
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B AT i A3 B A Image J B HEAT K E 08T
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SEAGHRE X,

2 #HR

2.1 SMA /MR BMMSC 33k ZRY#E 1
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X P3 A BMMSC 547 41 i G e o e 4 5 52, &
BMMSC £ Hibri&EH CD29 ,CD44 4 1) i #3k , 1
I 28 ff 2R AR5 Y CD34 ,CD45 43 F A KKK«
K(UWWEIB) , B, BT HOsr B A5 2 1) SMA B
/N BMMSC A B ] 78 57 1 40 M A R AE
2.2 ASO & Z {8 i# SMN2 exon7 7] N7k FE K
SMN ERB XX

Wit PCR MY i 0 45 R 42 B - 526 21 5 46 ]
ZHAHEE SMN2 exonT [HF) AKY-5.3% BT, SMN2 A
REM KR B L SMN2 exon7 F A R H
B 46% FTFZE 88% (n = 3,P < 0.05) (WA
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TE: AL RACHHIE (PO) (58 = FAN I (P3) LA A7 IS A R TE 25 s B 500 99645 5 BMMSC FETHIHAE 431,
Bl 1 SMA BMMSC A 35 MBS K E

Note. A. Morphology of primary cells (PO) and third-generation cells (P3) an resuscitation cell after freezingd. B. Identification of characteristic

molecules on the surface of BMMSC by immunofluorescence.

Figure 1 Primary culture and morphological identification of SMA BMMSC

A PCR KBV LUK S5 FL. Full-length; A7 ;exon 7-skipped ; B: A [t 43875 C. & FIERIB 45 2R ;D . C M i s 5 NC A A Lk, ™ P

<0.01,™ P <0.001, (FHI[E)

B2 %Yt ASO 5 SMN2 exon7 H AIK K SMN & [ 23505 0

Note. A. Electrophoresis results after PCR and restriction digestion. FL. Full-length. A7. exon 7-skipped. B. Quantitative analysis of A. C. Western

Blot results. D. Quantitative analysis of C. Compared with the NC group, “ P < 0.01, ™ P < 0.001. (The same in the following figures)

Figure 2 SMN2 exon7 inclusion level and SMN protein expression after ASO transfection

2.3 ASO {2404 A Gemini bodies ( gems ) %{
ERRES

3 1o 200 B 5 DG SE S L Anti-SMN/ Geminl
FricZr a7t DAPL ARic # (.25 ), a-Tubulin 4710
250G, LI H 5 X IR AH L 4 i A% PN Gemini
bodies $tit i 32 (P < 0.05) (WLE 3)
2.4 ASO BE1Ri# SMA BMMSC 20 ffl 1 78 &
MAEmE AT

B PE DN 25 R AR S g 21 5 ) R4 AR e
EDU FRic i 40 J A% 8 i W & 3 M (n = 5, P <
0.05) (WLIEl 4A, & 4B) , 32 HH ASO £ ilf SMA %!
/N BMMSC 40 g 38 5, 55 9 40 5 % B 2H TUNEL
PRGBS R 22 7 , A B A ST # R X (n
=5,P>0.05) (WE 4C, K 4D) , B ASO A5
SMA #E/NEL BMMSC 4l fiig 1=,
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TE : A0 S BE D CAG I X B2 5 S 30 A AN A% N Gemini /MAKUEE | a-tubulin ARICAIMIATEE, 55k IR BN Gemini /MA

B3 Feh ASO JE AN RBEHOE AL SMN K FHARIS DL (n=5)
Note. Cellular immunofluorescence was used to detect the number of Gemini bodies in the nucleus of the control group and the experimental group,
and a-tubulin labeled the cytoskeleton. The arrow indicates the Gemini body.

Figure 3 Observation of SMN protein expression in the nucleus by immunofluorescence after ASO transfection(n=>5)

A EDU 43 AE L5 B A BARRTE & 43047 ; C . TUNEL 48 T-55 505 D . C AYARYS 72 & 4341, EDU Al TUNEL
eI,

4 YL ASO J§ EDU A TUNEL I SMA BMMSC 3 58 AR 115 1l
Note. A. EDU cell proliferation experiment. B. Relative quantitative analysis of A. C. TUNEL cell proliferation
experiment. D. Relative quantitative analysis of C. EDU and TUNEL were labeled with green fluorescence.

Figure 4 Detection of proliferation and apoptosis of SMA BMMSC by EDU and TUNEL after ASO transfection
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3 e
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JE T A A 3 a4 A e R TN S IR A
HAMREAREDRIBN O, 258 LI BMMSC =
FoIhERE R 7T MR TH AR A4 CD44 CD29, If:
ANFEIE B AR 2 3k 1 I A0 AR 2 T AR A CD4S |
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e, HARE B SMA %R 4FE . SMN2 exon? %)
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FLAE R ARAMIFSE SMA 295 14 2% 1A 4

HAl & & W T — 225 9 W Spinrazas'™ |
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AN = T 4 45 25 AR . et 5
SMN2 N&F 7 1Y ISS (intron splicing silencer, N
SO ) P AN 454G, A 5T SR U A
RE5 ISS A& NS+ 7 KA IE R B4 72
TS SMN2 exon7 1E K B 5 A, 34 00 A 2 6E
SMN 4K ER . AS010-29 & —Fl R X 3%
w5 Spinrazas AL, FT/E R iR SMA AH5E
B BHE R B 25 . ARBF 5T A Bl ASO10-29 iR
J7I5 SMN2 exon7 S A2 ETFLL K SMN H K5
(T2 i P [ T I U 5 i 1 2 = R /L
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Behavioral measurements of visualization in rodent laboratory animals
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Peking University Third Hospital, Beijing 100191)
Corresponding author; ZHANG Chun. E-mail: zhangel@ yahoo. com

[ Abstract]  Rodents, as important experimental animals, are exceptionally well-suited for studies of peripheral
visual field diseases because of their visual structure, and are therefore key to the development of drugs related to peripheral
visual field diseases. Behavioral visual measurements, including qualitative as well as quantitative measures, have the
positive characteristics of being concise, intuitive, non-invasive, reproducible and can compensate for the shortcomings of
other visual measures. Qualitative measures for judging vision in rodents are simple and easy to perform, including the
visual placing test, the visual cliff test, and looming visual stimuli. By contrast, quantitative measures such as a water
maze and the visual water task can accurately measure the visual acuity of rodents. This review provides a reference for
researchers using rodents as experimental animals for visual studies. In addition, it provides valuable information to select
appropriate modeling method and behavioral tests according to the purpose of the study, which will help experimenters to
improve the efficiency of animal vision detection by selecting appropriate tests.

[ Keywords] rodents; visual testing; behavioral measurement
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[ Abstract ] Chronic obstructive pulmonary disease ( COPD) is a common respiratory disease characterized by
persistent airflow restriction result ing in high morbidity and mortality that burdens patients and society. To replicate the
pathology of human COPD and explore drug developments for treatment, attention has been directed to animal model
research in recent years. In this paper, the advantages and disadvantages of common composite modeling method and
evaluation method are reviewed to establish a foundation for the study of COPD.
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= Gi—hrifE CS BB . HI HFTE £ 2 F
FH CS 156A JH At PR 28 3 B, JHE 38 Bl A 9 JHLARE A 5
FFEIE IR COPD B 24, 76 Iir f 42 A A 78 v iy
AT,

1.1 CSEtBBEZ1E

CS B A HEFAF SR EY, 2
SRE il R S Ak N L, IR Z2 B (lipopolysac charide,
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45 min, BER 4 W FFSE 90 d, 45 H R K /N U RS 2
PM2.5(770 pg/m’) B2 A H, BEIK 30 min, £ K 4
W FELE 90 d, i BI5E 5 W CS + PM2. 5 4l
AEALFE IS UG 3 i (PIF) | PRI I & ( PEF) DA M
FLEAN M 1L-6  IL-8 .\ TNF-o 2748 CS ZH B W34,
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4.2 MThEE R IS5 HrillE
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[ Abstract] Behavioral tests of anxiety are necessary to study the mechanisms of neuropsychiatric disorders,
especially anxiety disorder, and to develop preventive measures. These tests are mainly based on the contradiction between
the exploring nature of rodents and their fear of the external environment, or the emotional adaptive response when faced
with an inevitable or imminent aversive stimulus. The commonly used behavioral tests for anxiety in rats and mice are
divided into two main categories including the unconditioned reflex type and conditioned reflex type. Unconditioned reflex
tests include exploratory, social, and defensive behaviors. Classical experimental method include the open field test,
elevated plus-maze test, light-dark box test, orifice plate test, and novelty suppressed feeding test. Conditioned reflex tests
include the vogel conflict test and Geller-Seiffer conflict test. The experimental principles, operating steps, and evaluation
indexes of these tests are systematically summarized in this article to provide a reference for researchers to choose
appropriate behavioral method in anxiety behavior experiments.
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PO RS Bk SR 4 N, IR H BT
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JEAE F By R Tz M AR IR R PR A Ak sS4k
JEFREAS B 0 R A SR RV AR 28 R, AR RS 1
PR e AR PECRE 19 28 B fB R 0, 520 B 30% 11
NG F5 427, ™ 5 5 i AT A A 3% Jo 6 F K
S EIERE A L MR S0 s AHEL
PR A ¢, Ho R bl 52 2%, B A A& B BH i 5%
FUATTREDS S B 2 Ak WP 2 o s A 8 PN 43 I
SEOTTE AR o A RERE A AL AT ST AT I
W RO & B RCA B AN ST RS ST s
R A AL BRI LR A ROV sh AT R 28 52 50
A DS A2 4 il 28 2 G kot b B BUR Z2 0t — R B
FAE L A T B S 7= A 09 25 A 1 AR RN
CL BRI 5T 45 BB 45 ol 2005 ol 28 53 95 2 s AL i
Y K ARG T B

RTINS ik EE R R TS 2K
IR BRANE 5 AN LRI () 0 JG <« wh 28 DT 51 A2 Y
PSRN 28 o Sl W A T I AN W 3B G ol BIVRE & AR G IR
A ) S A S P 158 23 IO P IS 1, A 41 ) 42 [
PR R N e A S ST Y, R
(KN BB EEA TN SE 8 0 ik T LAy A K2 R 4%
PRGN AT U, RS R R IS TN 4t
SAT R BAT N, 2 B SC 56 Ty TR AL G 0 3 5
By R R R S WA S FLAR LG B
AT IREEAR A 30 0 S RO AT MR IR R LR, &
PF RS AL 4G IROK 1l 58 | Geller-Seifter #1158 %, 48 3¢
L PubMed 1 CNKI 45 e SCSCHR P R o i 47 A
), A BEORH OGSk, 6 B89 Ok BRI BB JE
11 RSB AR DT LA TR, Ry 3 F AT R 2F
(A EEAT MR AR RIS %

1 EFEHRIEEAE

—_
=

1.1 SE+FEEZH

Pellow 450065 1955 47 4 7 (4 125 4+ 5 2k 2 52
5 (elevated plus-mest) & JE& I W H T P4 K B AR &
RAS UE T R 28 2k B S50 m] LA RLA A K
A IEARETT . 1987 4, Lister' 7£ MY B Al 1 X ¢
BT T TR /N RS T, A
PR BTS00 A k0 26 Bl X i S R B AR 5T

P RN v Ak T ) AR 11 7 i i 2 R S
W Y sh Wy AE v g X TR s R (T
TR AN SR A ) R PR (B PR EE ) R A
IS RIAF2r, sh )2 0 2 1 LR SO [ 38
BE o AHRR ) i e T SR — s 9 UM A
SR JE WS, 7= A R IBAT R, FE LI, £ TEOK
Vs B S E R (< ToHTAT AT Th IS R R
[ETICER SO 712 927K /B K X R mIE 7/ iy S s S e
ERFEIN ] , 2 B0k 76 ¥R 5 B3 8 22 [ i) (], X
BRI WIS 2, AT s B W
W BUR A A AR O S B A B DT
WREN YR OIR S B S50 v . Ah, MR Tk
B SR SE E PR B A AR A MR BRI
TP S 259 i 0 i, FLX 22 a2 2 o S8R R L
fgURR
1.1 SEE ik

BRON RE TR TFRE 9 3k
(TR )) R, 57 BV IR 5258, A 3 v 1, R 1 ik b
T, MEEH N BE B R H 24 1 m, SER AT [H]
NiA 5 ming R T B R R/ IRV R, kS A
BRI R P 3 A I S N B R
FEREZ 3 3 Y 5 min J5 R K B AT S8R
WFS e IRAEG 5 88 Sl T L) B I8 184 in 52 56 3 4 1 A
TR G Bt TR RV AR S R L 1 & s B U
BSELEYE) 2 i L 8
1.1.2 P dEhs

EIEp e =rety o o Y= e eb = & R U LR il
SR R Sl e A TERE UL A5 LA B R ) 1) LA
HoAh S F8 b5 3h 1 E A TFRE B[R] AR 8, 1A
VAR B ) R0 A R R AT TP I S %
febr, LA gh ¥ DU i 4 8 TF (B BB AE b i O
CH) A AR e, B R AR e g 0 s

(1) FFRE VR . S50 1) (] P 1 A TR 18 R B
UNSR— A~ 25 W38 i 3 1 TR ) OOBOR T S e AR
N R W Z 2 P EVE R, IEw 4lsh
PR RECR T 10 IR,

(2) TR R ECE 43 Lb - 5256 B 8] I8 3l P i AT
T AR B i A TERE R SR B 2 FTx 100% . 5
AR U L, IE# 4 sh W B E 4 el
BN 10% ~ 45%.

(3) FFREF IR E 43 b SESR I Ta] 1 sk AT
T AT ]/ 32E A R DA R 1) 5 B ) 22 T 100%
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TEH A B R I ) A 43 LIS LY 10% ~ 40%

(4) JNUREI . S2 5 Bsf |) PN A TR R DA R ) A
WELZ A,

(5) PRV UR R . S B ] PN 3 A PR R 1 B TR 8
SURBORAS I, s ik A P B IR Bk 22, 3 1A )
YRR R

(6) AV URECE 43 L« 328 A DA ) S R B T
FA R Bz,

1.2 PAREFESLES

HF IS 4 S 56 ( light/dark box test) f& H Crawley
ST 1980 AR TS, HL R HILE I FH WG 15 2K 1 g
M 2 PR, B W X B A PR BT T A 2R AT,
SRR 0 O B = SRR E R I RO, H b
T RF JE R A R I A2 AT R, SC I PRIy
SV ZERE B D, B AR T 25 W T e R
SRR 2R U B LA R AE W S T) s R S 00 B A
fAT PRl AT B Se U 2R sy, 1z T Wi 14
KRR T N PR PR e 2 Y &, IEA,
PSR S 0 0 2 2 DA P HR 2 P A SR AR A AT L R
TR TE DT AR R 25, Bl T TG A S 00 2
T — IR R AT N, T X Haz gh Uy ag i 17
TR LAHERR ti T [ 2276 o) 5 e S 56 A0 v 1
1.2.1 SEEE

SEBG I i B A B == S = A S, JE I B
W, W St IS = AT R, R R S ~
30 min, %K 10 min' "',

1.2.2 P dER

P S 0 v B R R A S Y I TR]
PR AR ISR 2 AR A, oA A a0 B 2 FE & N 4
PRI a8k BE AR | 3 BE LA Kz g S [A]
a3 SRR G bR, W AE A RAT NIE M I S %
B

(1) (WE=) i), s 7 2 (IS =) 155 B8 R B
(i8] 5 B 1 = v 5= B ) K BB R 7Y 60%
5 min AEAREZ S 5105

(2) ZFRIEL . shi itk AmE E B S 3 A=
YR A, K IEEE] 5 min, 3 2HMY A 0O
KT 5 W, WEGD  Fem i B s

(3) VAR S o — RN & (WS %) 58 4 itk
AW (HE) BYITTH]

(4) HATAE R R IBAT I S 45 45 . 0
Wl (W52 ) iz S |), B2 (WS =) PR AR AE

1.3 #EMERR G sg

A B B2 i £% 7S 5 (novelty-suppressed
feeding test) J&H1 Britton %' F 1981 4F @7, fic it
TP, Fo R AR B )5 i sh 7
b T AN A B R P2 A B R R B
RMRAY T G IS, 45 T AR JE 251 T 1l 3y 1 X b
7 I v 58 S I BT, 26 B R O AR 1V AR I 4
J17, 1988 4F, Bodnoff 4" B UIE 521 556 7T A
THRAMGTIAR 252 & BA ST EEH] . | TR
JESRAARIE F DL B RE AR, DRT ab i 2 400 o 58 £ 52
B TP AR S A8 L B R AR AT
1.3.1 675k

TEAAETRE 2 ~ 3 d LW (OREE
K)24 ~ 48 h e HE ARGINIY] A DN A i D AR
TP e BRI A S 5 A G B R /N AR TR] B B AL (/)
BT~ 208, KBS ~ 8 0) AR5 H57E A sh W) i
SRR BE A A 09— A, TR R A, o 5 R BT
IR RTINS E] . N B — S 5~ 10
min,j(ﬁj\] 10 ~ 15 min'""* 5
1.3.2 iFMrdets

TR - 3 A A A B R R
Wi Bt 1] (55 1Y 0 E AR RS S W T A PHIR 2
AN AR ) S5 B S e AR o INTEAGS:
DU P9 Sh AT AR BB, DU B B v DR A0 3 S A6 DN L i
Ko KR 5 min, Z2850E 5 4/ AR 2R
W/NF 4 min, HMEHE R 15 mm,%%&ﬁ#éﬂjﬁfﬂ
IR EVERI/NT 13 min, SEEBRIMBAE, R
IEREME, JERKEgs e b B
2251 (P < 0.05) , WIRE 7 23 #0558 B3k 2 4 o 52 50 0
W BAT A UE
1.4 B 3HXW

037325 (open field test) 234 Wk 14 22 525 5l
YRR TEAT R 2 M7 05 2 SO A B A Y
THi (FAAERRER) 5, BT X0 B A2 PR i 2R 25 3
SRR X B0E Bl (B0 B AR PR 5T 08T A Bk 25 1
e H X oy e DR AT AR 9T, DT AR g < op
JE W SR R R Hall ! T 1934 4R
TR 2o 10 SR B ) TR A T B R A ROk Bk
Y EEIENE S LN A 3 B8 i il sk 3 Y Y iz 3
TRV Sh ) B IEAT . WS B0 4 1) 51, 1
VESRTAE , B )"0z FH T 1 205 i 24 3027 100 B il AF 52
ST 2 MR LM 5-HT1A 38l ) 26470
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PRI 2 AT S 50T A RSB RIARS: I 7 =X T X = e
TR W 2 I 1 B R e R R AT A A R

T,
1.4.1 SEET5¥E

SEEFFIR AT, W S LI A BT, — e
2537 b5 R, B 7 O W A T O IR B A i
LIAMNT . A SCHRIE FH e XA AT OB B 100 ~
150 LX, A7 BRI X BT OEsmEE N 8 ~ 13 LX, L5
TEURE BN BB B S IR 14 b e BRI IT B
RO, A I TGS 5, SRS [R] R 5 ~ 10 min,
WA SCHIRIE 15 ~ 30 min' >,

1.4.2 8RR

(1) iz 3) G B 8] . 2P 78 52 56 10 5% s [R] N 932
SRS A ] B

(2) SRR . 76 A BT () P 30 4 1) 1 3z B A
g

(3) g DX/ J i DX ) LG AR sl )7 v e X/
R DK A5 B8 BT ) LB, O AR BAT IR i
BLPE Ar . o DR R A 3 AR R T R 1Y 30%
~ 50%,

(4) h I X/ J8 31 DX 32 By 6 R LA s W e rh
X/ JE 1 X 35 3 S

525 FLALAE L, AN 0078 B 1 32 3R 2 1 15 1
e DX (] D, 2 B S W ) A TR A
HB R bR G 2 TR B BB BT Vo B AT N
M IS HIER .

1.5 FLiRsCEe

1962 4F, Boissier 25771 @t 57 7 L M 52 86
(holeboard test) , F T V141 3l 1) % A 24 3% 1 55 19 I
N, )92 T VA 3h 1 2 | B R R g R 2 R
G028 AL 2 R 3h W A LR P e A A
FRMEAY G w5, 15 A B RO, 48 WU
[EL BN B 5 45 Sk IR HG X 38 B 65 114 3 7 Tk
FIkE VR ER B A R 2 W n T B S W R Sk IR B
IS A]

1.5.1 SERHk

A K /)N BT ) S 30 2 T AL AR e fL
WA BRI 228 5 min'>
1.5.2 P FEds

(1) 33K R 3l e 46 I B 1) PN 3l P 3=k 19
SRE(SWEIR I R AR o 1 RISk |

(2) 3K I [R] - ) 7 4G I B 8] PN 3l 4k 1

BRI, RECE S 1 i SRS R T Hk
YRR b | W sh by s s JLE bR
SIS R0 AT 1 55 T A 1R 05 B A
BB 15HE.

2 FUHRHIETE

2.1 RIKMSRELS

PRAK I ZESL 5 (water-drinking conflict test/ Vogel
test) Je R AR KRB POK SHL5 o AR5 BOr Ji
IR I 2 ) £ I8 AT PP S5, T T 3h
AR RN R A 2 I &, 07 5
Vogel ARV e ST, i Lippa SEOU AT T ekt
()], ERK i 58 52 36 AT A by i T ROK —H i P 2 1Y
FIRAE SRR AR R R R 2R R %
AT ARG N R LAy i ol K, T e e | 58 DL 5bR |
VR AR B B U T O, 2
2,11 SEETIE

SCETHRR SIS & 48 h BEUK 24 h, Sy BE
HEATH,

(D) AEFETIOR N ShAEK 24 h )5 R
JCAIRAE N, 1R 58 70 PR 5T, B2k B YE O I
GEERAK, TR BN A 3 min, IR FR 7K 0T 300 1
AR Lo

(2) FETT5250 K sh AR K 24 h J5 T I0AA
THIGS2E . A AR — U 4R B I T 46 W8 K =
H SR TGN, SR K ) 20 Y Sz Rl
e i U/ s T (| s A E- 2K T2 N B+ W (51 D VA
3 min,

2.1.2 PPN EESR

S 7K UCER: AT N R B IR K 8 g B, A
JEAR Y S A A 2K KB S o e A 24 ) T
Z Y RIEK R, KR E S AR AR
JKIRHECH 200 ~ 400 IR AEA
2.2 Geller-Seifter /H1 38 3LI%

1960 4F-, Geller LS Estes 7F 40 0 H X%
TETTRYBFIE TAE Bt 1 56T X sh w2 5 1) o i
CRFIAE T 0 R ) DT 7 A 1 2 D v 5% 1Y) £
1T R PEM J5 125 ( Geller-Seifter conflict test) , SZEGH |
WA TEA T YVER B (RS &) B R 50y [A) i
25T —E 1 R AR A X R B R SRS T
R U™ A7 G SRS 5 S BT AE IE 245 W) m AH 1
SO Bl o7 G mh ROR 2 T A D K 4y 4y
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Geller-Seifter 27 #1705 JERL T Geller-Seifter
PSS, FH T AR B ) R rE AT S A [ B AR
R BE TR - ik vh g 1 AR TERE S B b AR
JETHZEYRRT5E . BT Geller-Seifter 128 52
W EE 2% W, B shi i il — e i, B
A,

2.2.1 SEEJTEE

22 ML Geller-Seifter 72 /3 H1 728 3y [8] ] ( variable
interval , VI) I [# & Lt % (fixed ratio, FR) Wi 5 43
YU

(D) UNZRI . FRL . KEZEE 24 h 5347 BATI
g5 INZIN 3 d, A AL (45 mg) fE N5 (310)
IR % 2 AP 484, B R R AT AR A — R i 1k
(FRI) , BRIk 30 min, #2823 d, K I A 1] BiR i
REROK 2 2 R5 78 17 1A SRR 1Y 80% , 8 3
BRI TR R A 3l 4 7= R LB R, DA R X 2 5%
JEHIIR Bl ) B B R E B B B A R IR B OK BR
i, VI-2 min: F3%E 2 min BIEFEZE TR B — )%
b, R INZR 5 AT, BRR 15 min, B K25
SR 75 min,

(2) A ARAEST (V) 1. AT R R 2 )T,
DUE T P B A4S 15 min A 309 PR A5 40384 (3
min) . £ FEA T, WAk H VI-2 min 28
FR1, #E3(FR) 1. 29 7 YIRS, A6 7 000 38 1)
WP A S 34 (0.6 ~ 0.85 mA) , HE(E S
] . FE AT, SRAF B IRla 25 Tl
2.2.2 P ¥EER

FEFF3E . Sh W e R B (B R AT A L%, 2
TR bR 2 AR AR T 0 R AE 7 0] 04 FE AT, AT ok
RS I 25 Wy AF o S P RN, G e B S AT RN, S A
BBl ) A P 28 AR Ak AR R BB R
TETHA R N, 52 PHAESE S i Ak 40 £ rE 0 an 408 #
2N DS A A S B RO

3 BEERE

RN IEAT Dy S 86 T vk 2 BRI TR 2
YRR R AN 5 SN AR R JE © vh 28 AT 5|
A AR RTS8 Bl s T i A £ i BRIRE K AR 8 IR
AL SR N A8 P 19 4 3 I B T S B, X T
TS ERIE I A e A AL B SR I 25 i e HoA )™
2 BN, 76 - HA ) B 4 8 0 1A
RS, et v Dt RV 1K 28 55 A [R] T b 2R A=

T A BRI | S 3500 £ IR IR, 3 RO & 98 A%
YUPEPE g | M= A SE 5 S 1 B S N SR A
e fEIEEH B MR, T EIERE TN
BIFA R~ IE %R, M2 —F 2 A IE
o TS A AR AT T b 22 /0 SR I B R S50 5 1
Ry 2 ~ 3 FEEM SR ERIETT N . HAT, 7R
BRI 5O B R AT R 22 S 6 7
DR B S WA S W AR S B BT AT PR
PR S50 AR S S S S50 07 s AR AR U
SR AR B, To U RN, T I s AR
AN P I AR SR BRI, LT X5 3 WA 7 Az O )
BRI ) o7 98, AELE AR 0 R A 1 T 1 8 T
P53z ShLRE RS B DIAH G, JLRE S A 3 W) iz
SIHLAE Y 245 1 F0 3l ) A B AR 35 1 AT BE 5 e 122 5 4
MIIET 45 3. A, £ AT o 55 00 52 Ao TN 2
(R gk Biads) MRS (T S0 8, A a5
SR, LB A ) AR KR B S0, HEAT SE g N
SRR 2 R E 1Y S8 B PR BT D AR R
R RS S8 T v MR K i € | Geller-Seifter #1258
SERIBAT N A LIS T AR AR A A A T
) BRI, 3T AR OK B AR AT 22 B R O L
Z B2 T O B 8 5 | S A e 28 07 I ) sh i 2%
WA FEPERNE, HATe Bl . HETfR TN
PSR BV R B R ZHOR I s WK iz
B OL, B AN AE F A 7K DI 1 B0 Y R | I TR
TR 32 A5 i AR A 7KF- DX U B, 9K T vt T 2
HIB B 1A OGS HOR T 48 1 4 T2 1 F8 R R BB IR
B, HEE AR U D HLIX SR A ) B R BEAR
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Progress in the application of model organism zebrafish in the evaluation of
plant polysaccharide bioactivity
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Livestock Feed Engineering Technology Research Center, Hohhot 010018)
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[ Abstract]  Being a new model animal, zebrafish has been widely used in many fields such as developmental
biology, genetics, basic medicine, pharmacology and toxicology, drug development, and ecological environment evaluation
because of its small size, short developmental cycle and transparency for easy observation. And with the increasing demand
for functional foods, nutritional products, and natural cosmetic products, zebrafish has been a practical tool to effectively
identify the active substances in natural products. In recent years, as a new internationally recognized vertebrate model
animal, zebrafish have been used for the evaluation of biological activities such as antioxidant, immunomodulation, and
cardioprotection of various plant polysaccharides and products. In this paper, we will introduce the progress of zebrafish as
a model animal in the study of polysaccharides, especially plant polysaccharide bioactivity in recent years.
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Note. A. Submerged in water with dissolved compounds. B. Feed with compound-added feed. C. Oral compound solution after

anesthesia. D. Injection of compound solution after anesthesia.

Figure 1 Zebrafish administration method and measurable indicators
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Note. A. Uninduced zebrafish larvae. B. Zebrafish larvae after
induction. C. Zebrafish larvae pre-protected with added plant
polysaccharides.

Figure 2 Changes in ROS production rate in zebrafish
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Note. A. Heart morphology of normal zebrafish. B. Heart morphology of zebrafish after terfenadine treatment. C. Heart morphology of zebrafish

after pre-protection with plant polysaccharides.

Figure 3 Morphological changes in zebrafish heart
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[ Abstract]  Malignant pancreatic cancers show a high degree of malignancy, a poor prognosis, and high rates of

morbidity and mortality. Mouse models of pancreatic cancer demonstrate certain characteristics of human pancreatic tumors

and are useful for studying cancer prevention and treatment.

Mouse models are divided into induced, transplanted, and

genetically engineered models, each of which shows specific characteristics of human pancreatic cancer. Various mouse

models are reviewed in the present report.
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[ Fz NI & A5 8% | 5 NI i A W 2 e ik
HEF,
2,11 [AIREAR B T A

14/ SR 5 200 R A AR [R) o 2R /0 B T ol
RIS AR K ALY (W) h B A e 4t i, g
ARV AR RN ] 5 B AR K Bl 2 | R B i p R L
F AP R G SE M R 9T S 5 IR T AL AR YT
AR PR A, FFSE N L 1 x 10° cells/100 wL
Panc02 /) U B 4 O 3 55 C57BL/6 /NEREZ T,
ST A 58 4 o B RE 71 10 Jg 9 /Dy BB AL | DA
PD-1 HLIAFN 0X40 HUIKREK G PancVAX S 18 AJ A &K
obetgss " . Hy15549 1 Hand. 13 /)N GBS i 98 40
MIZ3K B Pif1-Cre; LSL-KRAS-G12D 5 p53 Lox/+ /)N il
JRUR PRI AR R | 43 5 CSTBL/6 F FVB /MR AL &R
Y6, Erstad 252 8 1x10* cells/100 wL Hyl15549
F1 Hand. 13 7N 5 B 9 40 53 5910 3 5 C57BL/6 /)
SRR FVB /IS BRURE 0 Bz A0 B AR A7 [R) ol J Ao L
BT Mg AR AT TR B[R] R R R AN B
AIPEAL FOLFIRINOX A7 808 . MPC-83 /)N Bl JB i
57 200 2 ) S S ) B — R /DN BRI R e R R
T R, ROk A RRWARI N B g
it MPC-83 #:37 J N R AR &30 1 4 i/ -6 B
R AR i A 20 L B B A A
2.1.2 SRR TR

P N B s 200 0 5 20 SR A B 8 Bl o /N R
Tl SR AR A M AR I ISR Ak P G
BrFA /N B4 5L NOD-SCID 11 NSG /M, AR 41
M 5+ FhFSAE (cell line derived xenograft, CDX ) F 54 Fl1
FBH i g 41 40 53 AP 2 A (patient derived xenograft,
PDX) A5 75 ¢ Jib 5 B B0 BF 5% v ) 92 A, Conti
ST 4% 10° cells/100 wL PaCadd A 55 i 95 20 ity
RS CD1 MR ERIE A, s o he g iR 98 CDX
FERL TP HE-MP-PASE-MIT 44K 1 35 1997 %%
FVRIVE T o 4 23 R U1 T A Jle 98 400 e 1 55 B
B e 2H AR AR A B S AR B/ BRI P, 2 7 e
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s S AR AL AR ALY, BF 5 R IR e 2 2 Bk
B FAEA 6 JH ¥ NOD-SCID /N, W2 48 37 19 i g
PDX /INEUBER ST il 330 7 i 98 B A 1) 7 3k g
B 22 B P BN IR S B0y (10 ARRA) | i JAR
RSB AT R AE . 5T Bl PDX AR Y
Tk T L YR (nuclear magnetic resonance, NMR )

AR R B B P R ) T TR TR A N AR R L
FRER RIS AR A AR W bR B W, DAR 22 T FH I PR A Ji
PR BRI AR 28, R A RN R AR TR R R A R
A= A CDX AR e = 5 A TR i vk 98 %) ek 8 200 i
FIFE A0 M S 5 1, PDX AR Y fg e T CDX 55 7
B , BN HFIGRET T (£ 1) o

R 1 PDX BRI PDAC 254097 UM R AT 52
Table 1 Preclinical study of PDX model to evaluate the efficacy of PDAC drugs

4 W Ji R 37 PDX ({1 %%) A Eit7)] SCHik
Year Research type Tumor location PDX (NO.) Targets Drugs References
PIg S . . _—
2010 Therapy Subeutaneous 3 PLK1 Rigosertib, gemcitabine [17]
2012 T . KT 2 CHK1 AZD7762 [18]
Therapy Subcutaneous
2015 f’ﬁ;{ﬁ: Eﬁ . KT =5 B Encorafenib, binimetnib, r19]
Precision medicine Subcutaneous BKM120, LEEO11
e B |
2016 Therapy Subcutaneous 3 BET protein Jot [20]
g JEAL .
2017 Therapy Orthotopic 6 PLK4 CF1-400945 [21]
e K - -
2019 Therapy Subeutaneous 2 BET protein, PARP JQ1, olaparib [22]

KA BN — PR RSN R G, W] e A
PMRNHL &5 B Y AR, T T AR A 80
e AR R 2 e R AR S W Y
D SN AR AR R TR AR L DI AR S R
AT Y N R s 1 G SR R S 2 = i P R S
TRV RE R AL — T AR (e A 1 EORR R )
TR A AE 2 d TR 3 B RESE MY . Seino
SR CRISPR/ Cas9 RGN SR M BT T
PDAC 3K 3 3£ K ( Kras . Cdkn2a . Smad4 F1 Tp53) %
B g E T R S E R A T BALB/c #R R
T, 7 R A EE N B PDAC /N, 4554 9
iR JE 4 D BERZE AN BT A bR R A S M A
fipggg 2 X 5 PDAC 4812,

2.2 BRBERRGCENEE

Jer 7 J i A5 R 2 Ao JRE R D S SR 4 i
VR R T e A0 LA A ST R S R R AR A
AL AT A FHAH S A7 23 47 b 98 — 18 FAH T AR H, i
ARSI R T IR T I 4 Sk RV e | SR T
AR R S M 3R 8 A B 5T L) R nT &2 A I DR 1 L
HLIR A A Ty 3k B R M B K, M A B B, SE 0 R
BRP
2.2, 1 [RIF A RS AR AR A

Adjuto-Saccone %57 R 5% 10° cells/100 L
PKAA /]y BRI A ik 92 40 e J5 A0V S Inkda/Arf™"

LSL-Kras®"" ¥ 3 /N FUFR AR, IERH TNF-a 15 5/ R
figg R Bk 87 AH O¢ A 4T 4E 48 M ( cancer-associated
fibroblasts, CAFs ) ¥4 fill, #8 7~ T J i & R 1) T4 1 -
B FEAL LR 55 —TUT5E, K 1 x 10° cells/100
L DT6606 /) Bl ik i 96 J A7 1 4 CS7BL/6 /)N B
JRE , ST 4 G R ) SRR /N R B PP A VVL-
21 ¥ B R 9 1 D[R] PD-1 B 44 14 5 B i A
FH AR 53 348 R PR AR B2 /1N BUASE 72 R g
R DA AU BB R PEA VVL-21 B 4 i 98 1R
JHP . Hwang 452724 PANO2 /)N BUBRHR 40 & T
TEST I RR BRI A o A e R B, 32 R B AL AR A
C57BL/6 1 e FE IF VIR ML, 2 <7 MU0 e Dt Ao [ 9/
FRUBE R A A 25 R R I, MDD R i 48 5 Ao [ 5
/1N U i 98 /D BRUASE 78 e o e A K R I R G ., A
v S AL L AR — R TR T 1
2.2.2 SRR AR AR Y

H T R 2 A IR 2 0, e Ik J s 40 L 3R iy ¢
052 Y64 11 ( green fluorescent protein, GFP) 4T {f1,%%¢
YEEE I (red fluorescent protein, RFP) %% ) ik K] ml &
9O B Mg A, XF T AL W I HE F J5 . Moreno
2005 50 WL 9 3 x 10°/mL PANC-1-GFP 4 ffl %
WAL BALB/ ¢ R RUBE IR , 12y 7 S b B Ao
e g /N BB RS I A UG 25 2R | e 14
FREA ) 1) 48 & =25 19 O, HL AR BRI A A IS i



716 rfE SR B AR 2022 4E 9 H A 30 B S Acta Lab Anim Sci Sin, September 2022, Vol. 30, No. 5

ZHLUERS . 2020 45, SR 1 S0 % O BESE N B o)
S5 x 10°~5 x 107 BB F R IR I 2S48 B R4
PR T SR/ BRUBR AR 2 N 5 X 107 I Rk
VRIS A5 B B A2 A St /N BRUBR A R I, il A
SRR A NS B (intraductal transplantation
of organoids, 1GO ) Ji Jif g /]~ FUES 74 1 JER Jig & P9 #% 4
AR E AR /N BB ALY 160 AR AR T
LT PR R T S B A 2 ik B/ B R R IR S D %
GRS TR YNGR A e i e kAT
ZYEE SN R B R EA e, iR
AR SN 2 4% B R AL /) BRUASE B AP N 28 Jig fiR o B
HEALL,

3 EEIRE/NRRRERE

ANE R O 2 L B 2 Fhast Al 5L | 3 W a5t
IR S o PR 3k PRR 808 L R S i 8 A
UM AR R R S B AR R I B 3
PRI A | 7 9 5 DRI /) BSR4 7 e PRI o A 7 Jik
JR IR R DR AR /N BB B B PRI TR /) B0 e it 9
PR 53 B 1 2 43— S R TP A o) g i 98 1) 2B 2
FR R, WA TR AR /N RS AL Ay ek PR i
PR A6 T R AL f e o7 vk BRI AT SR A PR AN TR
Z Pt S D TR /)N BRSS9 IR b B2 Y
FERAERBARE S . T Kras 2848 R JE LU 5 2k
e 1 e i P e (42 22 300 R] 0kt 22 5 DR ) e R TR /N B
PDAC FF AL PR I 2B B8 TT % 31 F T I PR P
5T, B UL TR /N R AL JE T Kras 58748 Fi
b B PRI S B I AR I i, A SC 32 A 4 H iR Y
JUR/ NSRS
3.1 PDX-1-Cre,LSL-Kras®*", LSL-Trp53R"*""~
HEE/NR

Hingorani %[34] 57 ¥ m) PDX-1-Cre /) BB IR
[F]A} 235 Kras®™?” il Tlrp53Rl72H RO LR, 8 ~
10 J& ¥ PDX-1-Cre. LSL-KmSClZD\ LSL-Trp53R172H/_
(KPC) /MR LI PanIN 57275 10 AR LUG /N ER
KA TG TRV 8 7t 55 N SIS 0 A B s DR ARy
fiE (M9 | i 0 EL3E BHLZE | i MR K ), BLFE 12
ANATIPET: . HEUR R o 5 KA, e
ek CK19, AF AR 5 AR & AR L, AT
FENRFI KPC /INEBEFE PDAC 14 % 8 7% RV
MARFEIRITE ™ . KPC BERLE TS PDAC %
(R PR AR RS 2 —

3.2 PDXI1-Cre, KrasG12D, Inkda/Arf™"™™ % &
E/INER

HBE TR R i BT 28 INK4A B2k ) (H 2 Inkda/
Arf ( Cdkn2a ) 5 PH] 8 8 5 > BRATE ] — 4~ 2H B 43t
RE/INRA S A B EBEE . Aguirre 2507 15
fdi ] Cre /- FIZEAE Kras (Kras®™™) #8006 12 4
Ink4/ Axf Jiffeg 410 ) 45 o7 i PRI R G e ST 3 S PR (1) e Ik
UNE, Z5SR B BU/NRAE 7 ~ 11 JEIE A H B AR
W R KBRS B B B L TR B A RE IR
ZHA PR S R WA AT R 2] PanIN-1 74, 12
S0 R S A AR, e/ R AAE 28 5 N R =
AL, PCAE MRS T 2 OB AT R R R
PR BUREAE W] T R b e v AR K A
HAYT o
3.3 Hfth

R ge A Ik 30 AR [R] 0 L SE PR /N BB A HL
HA KRR RIS FT Kras 878 B FE RN
Bl it p53 Mist Smad4  TGFB KR 4k 55 58 248
FTAB A I B A 5 25 DR /N RRURSE R 04 g oh—
S 358 A P R AR 5 5 AT /DN BRRR TRY J2 — A s 2 A Sk
K278 , 4N Brea2 2878 /)N BUTE B IR F L IR 9 15 5
TNRMERRK,

4 BRAERE/DRRBRI LGRS

AR /I B 0 o I R o & A R R Ay T L
HIAAIT IR ke 5 B E B, 3 FAREZE
R AR /N BB R A 45 1 B S R AR SRR AE (3R
2), SN BB AL 5T PanIN 9 48 5o 72
AR, BT B A AR g /) BROASE 78 R g
SV 7 R T A R A K R 2 W AL,
B D A e A% L IR 24 40 s g s 55 N D5 e
PRl BEAR —3, TR R A Y T g /0 BRUASE 75 A 455
TR BRI DA K A M RS AR AE , L R IR B R
/NSRS, 2 T o-Ah BT bR K525, )
PR A I A /N AR R T s, 2 T
IRIT . FED TR /N BRUAT T 4R 9 1 i 9 A S L 1A
FESEIR ML B T B0 58 87 vk G AL e e
7)) FFVPA T B A i SR W, (E I R i 1 i iR 5
DRI k2 3% DA sl i & 2 | X 5 N 2K e i A 9
() AT A DX 33, S ) i i i /0 SRS 784 1 R A1 T
TSI, 854 18 19/ AR 2L
AT/ NI S A M 22 5K, R AT T T A N
JRAE/N RO TR (I 5T, B2, AR I /)N B A
Uy S AR A 5T S AL PR FE R AR 22 A0
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K2 BRI/ BRI Bk

Table 2 Advantages and disadvantages of pancreatic cancer mouse models

FRI A Y A s
Model type Advantages Disadvantages
FET A ELAS B A T URT 5 e 8] R 5
R JR 3 2 A
554 U WA 533 1 %78 PR AR

Induce mouse model

CDX
PDX

S B 228 B AL
GBS

In  wvivo  orthotopic
organoid

mouse models

JE P TR N A A
Genetically
engineered

mouse models

Low cost, easy operation, occur

KT e HhER
JE A e e
Subcutaneous. easy operation, easy repeat

Orthotopic. metastasis

R B W AR, B S B
FEVFPFASRE A6 T I E R R e PRI I
T PDX B R ARAR T DL 285 i3 /s BT I
TR RS BORRAE ; I3 PDX KRR R

Most closely resemble mutational spectrum of a
patient  including  heterogeneity, allow
assessment of targeted therapeutics and a means
to identify patient-specific treatment, can be
serially passaged through multiple mice and
features ,

maintain most orthotopic

PDX metastases

NRZE & BTG KR AT 55 RV AR DR AT R
PR PanIN Flf 28 Pk BRI ; SO VFITAS
A M P 0 e O e KR ) T TSR i

Organoids can be cultured indefinitely and
cryopreserved, orthotopic transplantation leads
to PanIN and invasive Pancretic cancer, allow
assessment of malignant processes of ductal cells

and novel interventions

R RN R S 5 P B S e R
Gt MR A A R B B s PanlN 5 SR 4 PEA T
UL IRrS

Informative for involvement of particular genetic
mutations, Competent immune system, tumor
arise in pancreas, metastasis; PanIN, allow

assessment of novel immunotherapy

High mortality, not all tumor formation, the
relationship between the length of induction and

the development of lesions is not clear

it EEGE R B /0 B (/0 B 3T 200 R A6 8 5k
Ab) s ToIMR S B A0 R = A AR E T

Need immunodeficiency mice ( except in mouse
cell tumor cell line models ), no tumor

heterogeneity , cell lines lack biological stability

GLPE R GLARAN ) 5 AR5 5 (R T 35 A
AR VIR ¥ bR
Immune system has to be suppressed, costly,

limited to biopsy samples or resectable tumors

JRA TR 5 IR SR AL 52 W0 R4 B Y 1 #5 oF
FEHPEBRIE /N

Costly, high levels of necrosis in tumor samples
prevents organoid generation, human organoids

require immunodeficient mice

AR TR FE IR 5 5 PR B A A A8 A A 7 T 4
ML 5 B T 96 240 A 5 22 A ]

Costly and time consume, genetic modification
present from birth and in all cells, all tumor cell

have same mutations
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[ Abstract]  Pancreatic cancer is a highly malignant tumor characterized by insidious onset and rapid progression.
Patients with pancreatic cancer do not respond well to traditional treatments. Immune checkpoint inhibitors (ICIs) have
therapeutic efficacy in non-small cell lung cancer, melanoma, and other malignant tumors. However, ICls have limited
effect on patients with pancreatic cancer, which may be related to the unique tumor microenvironment. Targeting specific
sites in the microenvironment of pancreatic cancer to promote the transformation of the tumor microenvironment from an
immunosuppressive state to an immune activation state may be an effective strategy to enhance the therapeutic effect of ICls.

Thus, combining ICIs with targeted therapy may be a promising strategy for pancreatic cancer treatment. In this paper, we
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summarize the relative mechanisms of drugs targeting the microenvironment of pancreatic cancer and strategies combined

with ICI. The aim was to provide an effective reference for combined immunotherapy to treat pancreatic cancer.
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targeted therapy; combination therapy
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Table 1 Immunotherapy strategies for targeting tumor microenvironment in pancreatic cancer
iR Rl 35 LU EAC SR A SRR YT i et
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. . . - Advantages Disadvantages
microenvironment location inhibitor strategy
Sl
Oncogenic signaling
pathway elF4 S0 3 240 A 4 5 iy
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(Annexin A2)
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Immune effector Anti-PD-1 IFN-y i, PR AR B E
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G 1l 240 A i PD-1 itk % G 0 o ) AR
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fige i Jo FAK Anti-PD-L1 VS-4718 There are plenty of MELAYS 35 25 i Y3
Tumor stroma ¥t PD-1 targets A large number of interstitial
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for drugs to penetrate into the

tumor
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