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[ Abstract)
(AS) induced by a high-fat/high-sugar diet. Methods
(NC) and AS model groups according to body weight (n = 6 per group). The NC group was fed a normal diet and the AS

Objective To observe changes in the intestinal flora in a Wuzhishan minipig model of atherosclerosis

Twelve male Wuzhishan minipigs were divided into normal control

model group was fed a high-fat/high-sugar diet. After 24 weeks of continuous diet, blood samples were taken from the
anterior vena cava to determine biochemical indexes, including glucolipid metabolism, and a glucose to tolerance test was
also performed. At the end of the experiment, the minipigs were euthanized and body fat deposition was observed. The
aortic vessels were stained with Sudan IV and the abdominal aortic vessels were stained with hematoxylin and eosin to
observe lipid deposition and histopathological changes, respectively. The cecal contents were used for 16S rDNA
sequencing to analyze changes in the intestinal flora. Results  Serum total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, blood glucose, and fructosamine levels were all significantly higher in the
AS model group compared with the NC group (P < 0.05, P < 0.01). Body weight and body fat deposition were also
significantly higher in the AS model group (P < 0.01). The aortic vessels showed increased lipid deposition and AS
lesions. DNA sequencing analysis showed significantly lower intestinal flora a-diversity in the AS model group compared
with the NC group (P < 0.05, P < 0.01). At the phylum level, the phyla Bacteroidetes and Actinomycetes were
significantly reduced in the AS model group (P < 0.05, P < 0.01), while the phylum Proteobacteria and the Firmicutes/
Bacteroidetes ratio were significantly increased (P < 0.05). At the genus level, the relative abundances of 17 genera,
including Hespellia, Ruminococcus, Lachnospiracea_incertae_sedis, Pseudobutyrivibrio, and Barnesiella, were significantly
decreased (P < 0.05, P < 0.01), and the relative abundances of 11 genera, including Ramlibacter, Sphingorhabdus,
Cloacibacillus, Oxalobacter, Sphingomonas, and Novosphingobium, were significantly increased (P < 0.05). Functional
prediction analysis showed that multiple pathways such as lipopolysaccharide biosynthesis, lipopolysaccharide biosynthesis
proteins, primary bile acid biosynthesis, and arachidonic acid metabolism may participate in the formation of AS.
Correlation analysis showed that total cholesterol, intima media thickness, lipid deposition, and fructosamine were

associated with 14 genera, including Oxalobacter, Sphingomonas, Cloactbacillus, Clostridialse _ unclassified, and

Ruminococcus. Conclusions  High-fat/high sugar diet-induced AS in Wuzhishan minipigs is characterized by obesity,
disturbed glucolipid metabolism, and obvious AS lesions, possibly related to dysbiosis of the intestinal flora.
[ Keywords] intestinal flora; high-fat and high-sugar diet; atherosclerosis model; Wuzhishan minipig

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

O AP At RN BB T A R
PEgE IR LG A PR A TR — B S R e O
LBAE IS AR ER BT AR TE
KB 45 3 ik s #1581k (atherosclerosis s
AS) S0 VG B 1Y) 2 BE At Bl oA Ry
— S AL G AL, FURRAE 2 1 A8 N B 451
AR B I A8 A8 3 Y R A R AL, RE W F
FECAESE, AS WY& A SRR IAG  WIRAE 5
I s A AR ZE LR B S5 B BT I R A G, IR
Je | AS IWHEEHREE R R, w2 H A
WL R AR Oy 2 AF ST R B R IR B AR A8 s
o T8 R R AR AR DT 5 B0 3 i 0 1 1 S
A AE A7 W K 59 28 4, SO IR N £ 5%l
O IEALRES AS R AR RS

IRV NI % 8 B REATEIE S5 E
AR, TT ELA= B2 ) B8 AL HEAS A [A) 45 551 02 O il 4
RSB WHE RS, B AS AR5 AJE AS JRAS >
AR S — B, I B A s,

F5 /N S T A e € /N BB At b T SBI BF
KBLIAR L/NEEE IR R R 6 A R, & & A
AR A S A S AE B, 3 S ko BE AT LB
LAY AS BEHRT{EXE i T A R A5 Ak ANV A
R ARBIESE SR i i e B KR S TR LN B A
AS B WS TR LL/NEL G AS A58 Jigp 1 TR A Y 722
b, R FAGIL/INRRETE AS WF5Eh i R R S 2%

1 HR5HE

1.1 ##
1.1 SERzEhY

12 23 ~ 4 F i ek 1A 1 /N | Ak
12 ~ 15 kg, WSEF FAG 1L/ RV A A R
R B 7 P BEFSE T [ SCXK (35) 2014-0006] .
JIT A /INRLRE ) 5 T Wi P R 2 K 2 Bl 1 S B A 58
PP 8 PR B P [ SYXK (#7)2018-0012] , % i
(22 + 2)°C , MIXHREE 40% ~ 70% , I8 B w558 5
12 h/12 h, JIF A i 32 AR AR 2 25 Wi h S 25 K



Fp [ S2EG B 2R 2022 4F 6 H 45 30 4555 3 ] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3 301

PO A YA S AR TR 5L o W A R ME (AL e
5. ZSLL-2016-0031) ,
L2 EEAHR S

FTF IV AR Sigma A F]) ;BELT Y (HZY
LA G BRA A 5 IRARS (T 2L YRt
HFHAMRAT]) ; EHFEEE (total cholesterol, TC) . H i
=B (triacylglycerol, TG ) | /& % F g 2 H AH & 6%
(high-density lipoprotein cholesterol , HDL-C) fI&% J&
A& 25 11 H [# B2 ( low-density lipoprotein cholesterol ,
LDL-C) | % % ¥¥ ( glucose, GLU,) . & ¥ ¢ ( FMN,
fructosamine ) S A= A0 & Y40 F 77 I 58 e A= Bt
FR A RS |], RM2245 2F [ 3 47 854 7 HL (
E Pk F]) 5 Autostainer XL H shie AL (78 E pk R
N]) 32,0 RS Nana Zoomer B 7 V) H#iik 4 ( H
AREAT]) 5 H L 3100 4 A s Hr i ( H A&
HAL AT .
1.2 FHiE
1.2.1  AS BRI ST

FAG L /NS 2238 o MR 5 8 A AR e A R
FEALA R 2 41, BJVIE & % BR (normal control, NC) 4
FIAS 20,4 6 K, NC AR IRIERERDEL, AS 217
M =5 BB = B% (high fat/sugar diet, HFS) T4} | % 2217
W2 24 J&  HFS FRHEC 5 R 1. 5% AR EIRE 15, 0% e ik
1,10, 0% EEH#KY 20. 0% 4 1. 0% E LT 52. 5%
SERRDRL , 4 21 17 R O AR E Y 2. 5% , 0 P A
By, B 1O B 2 B EH PR E TR R R
1.2.2 AAeksi

B 24 J )5 A5 RERIK 16 h, BRUHT i Ik i
5 mL,3000 rpm, &[> 10 min, 23 B M35 , {4 JH H 57
3100 4x 1 8l A= A 3 B (UKL 1fL 7 TC . TG HDL-C
LDL-C GLU \FMN SR A4 bR, [R]sf BEA TR £k 10
¥, FRG IR EST 1. 2 mL/kg 50% 75 45 BHE S, 76
1 ~ 2 min WIES5ERE, K45 0.5.15.30.,60
120 min E@Iﬂl*@ﬁ, T80 it 28 T 1 A (area
under glucose tolerance curve,U-GLU) ,
1.2.3 (REGHRIEINE

AL 24 JiJ5 25 EORAEOK 16 h, BRI 17425
AR IR NG W7 R i s i 2% I g 105 L S8 LA

PR HEATRRE
1.2.4 HEURHIE

SR AL BT Bl k5 2R 3 3l ks A
TR, 2 4% PERBEREE 24 h 5 HIR IV
e E, 15 min J5 , FA IS5 H Image-pro Plus 6. 0 4K

DN 3 Bl bk B9 I B U (R B T AR 3R = £L YL T
B ST A X 100% ) o 53 BURR 70 1 3= 3 ik i, A7
AL 10% TP EEE E 24 h 5, 614 4 pm 755
VIR, 47 HE B2 €0)5 FH NDP. view 2 844 1E £
BRI L AL 1 B0, JF SR S B Bk
JE ¥ (intima-media thickness,IMT) .
1.2.5 16S rDNA WlJ5 K AEWME B 225 H

FAHBEHLI 3 RS E i Y AT 16S
rDNA ¥, #% B Stool DNA Kit (200) 32471 £ 15 B A
TAR LN 1 N 2 W) vh 52 IR A ) 5 DNA
BB WL L TRORS I DNA o i, S8 A 6 BE Tk
11 DNA SE &, BS99 1 16S rDNA HEH (1
AIAZIX (V3 A1 V4) %385 B 16S rDNA U 228 1
IR A= By R AT BR 2> 7 58 18, % 3045 7Y J5L 46 %
PE AT WAL B Bt A AL, & SR PP 91,
G, 3tk e W P 8, AR AR e A T o BT B R A
ffiH Verseach v2. 3. 4 3R {1 Tak U AR KT
97% %) i /E 43 2% ¥ T (operational taxonomic units,
OTU) #EAT 5328, it — A AR B840 2R 00T H 5326
s E—> OTU M — MR F I, A 15 3%
OTU mARERIFH) AT B -8, 7E Microbiomeanalyst
W BT R o- AR B-Z AR 7R T HIE K
- FOF BE AN ZH Y 2 S, ST B W M 25 S A L
AR BRAARI(E R 0. 05, BN AN =& E
ffi LEfSe (linear discriminant analysis effect size,
LEfSe ) 73041 P/~ 20 2Z 18] 22 57 = 5 19 U2 E 9 00 268
i FHIBC 1 PICRUSK2 By RE 73 Bt 1900 A3 A6 ) 56 D 2
fiE, SR ol 7 o #4056 R R DX 28 B 42 A5 (Kyoto
encyclopedia of genes and genomes, KEGG ) K4 72 X}
AU ) e PR K HC T REHEA TR
1.3 ZitESH

A B R E + PRfEDR2E (2 £ s0) &
7N, KM GraphPad prism 8. 0 #4454 HE, 2 8] kb
BORFIBSTREA ¢ K36, P < 0.05 A S X,
J 38 TR TE BR 4l 41 (R) EL A ff ) STAMP ( statistical
analysis of metagenomic profiles ) 3% 1 43 #, &k H
Welch’ s t-test £ 56, P < 0.05 BEAG it E L, Bk
Nz T HHAT LEfSe 43 H1 Fl PICRUS® Zj it & 4 LA
FAHTAE R

2 H#R

2.1 MmAEZ{L
5 NC @éHA L, AS 4 1fiL7E TC . HDL-C F1 LDL-C



302 P E S SR 2022 4E 6 A4 30 45 3 M1 Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3

PIREAE(P <0.01),HTC ZRARE(P > min B EA B & PMEE S, H AS BiAI4] G-AUC B %

0.05) (WK 1), BT NCH,(P<0.05) (WE2),
2.2 I#E RiERSEMENTL 2.3 {KEMEESHHTL
5 NC 41t ,AS 41 GLU #1 FMN 4 83 F}(P 5 NC AL, AS /NS E NG K

< 0.05,P < 0.01) ; Bt i 56 45 3 Wos | AS il X R 7 | B 2 B g I, 52 AL &1 0 g s A s g s 2
LHEA 0 I 1) I8 Hh £ 3 & F NC 41, #F 15.60,90 SR EHM(P <0.01) (W& 1),

.5 NC ML, ™ P <0.01,
B A4l RKrr AR
Note. Compared with NC group, ™ P < 0. 01.

Figure 1 Changes of blood lipid levels in each group

TE: 5 NCHIMLL, " P <0.05,™ P <0.0l, (FE/ER)
B2 A AL SRS R A
Note. Compared with NC group, * P < 0.05, ™ P < 0.01. (The same in the following figures and tables)

Figure 2 Changes of blood glucose, fructose amine and glucose tolerance in each group

R ST RARR S0 A
Table 1 Changes of body weight and body fat distribution in each group
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PSR R DUBH B8 . AS A1 = 8l ik il A5 25 44
BREIR , PAYJBE P B2 0 2 e , 5 A v R 40 it e 2 A

T A BRI IV G @A B IR BT ULRR

g1 e T ) L o ot RS (R e
HESAA B, Em g R EaR, 5 NC 41, AS
ME ESPKINA IMT B ER (P <0.01) (WLE
4),

B3 &HESNRENRITRNAEL

Note. A. The representative picture of Sudan IV staining of aortic vessels. B. Lipid deposition rate.

Figure 3 Changes of lipid deposition in aortic vessels in each group

AR BB HE Je QIR I A7 P 2 I 2RAE A9 40 AR ORI B N AP IRIE L
B4 AU 323 ko 2 2 B LR

Note. A. The representative picture of HE staining of abdominal aortic vessels, and the right picture is an enlarged 40-fold of the

black frame of the left picture. B. Intima-media thickness.

Figure 4 Histopathological observation of abdominal aorta in each group

2.6 MEEMRSNLER
2.6.1 ZHEEHT

- ARV R SR TN i 3 Tk 2 0 ) b 11
(FE ) AR B Koor A (5] %) | #
DLF845°M Chaol ,ACE ,Observed .Shannon, Chaol &
C I Chaol FANTHEEAS OTU Kt i 15 8, W] LABE
BRI Z R, ACE S R Al 1BV Fh
OTU # H 4840, 5 Chaol MYSLIEA], 3k 154~ 45
BT LR B UAE RS ) & B . Observed 4
R JEREVE P SEBRIF OTU B94%C, Shannon 1 LA
BT YIFI Y - B AN &) B AR R b =F e BE Y

TEOLT  HET Y P X 5 B2 ey, DU 22 A
5 NC 44 4H b, AS 41 B Chaol . ACE ., Observed .
Shannon #5804 L EFE(R (P < 0.05,P < 0.01) (K
5A,5B,5C,5D) . B-ZHEMEM TR XA A Z 1]
OB W RE 7 A AT LU BB . B A5 FEASTE R
KT, 3 F Bray-Curtis index 2 #E 1T PCoA 43
Bro DASE— E AR (Axis]) A FHEHE, NC 415 AS 41
ARBERGIE | F 0T 1) v g ve TR A RE A% i T4 1L
/NHURE AS BRI R KA (B SE) .

2.6.2  MITKF b AS BERL /N R gy 38 TR A
Mzl
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BREARTEAT OTU M 1ETTRIZKF X
YRl AT o3 28, T4 L /N AV B9 F T N 25 vh
B BE 3 0 5 5L BE B 1T ( Firmicutes)  3UAF B 1]
( Bacteroidetes ) 12 HE 14 B [ ( Spirochaetes ) |, A8 JE
f W 1 ( Proteobacteria ). M 2 W ]
( Actinobacteria) . ] 7 & '] ( Euryarchaeota ) . JJ& 1

B 17 ( Verrucomicrobia) 4XBEE |1 ( Tenericutes) | H.
#& B ] ( Synergistetes ) . £F 4E FF ]

( Fibrobacteres) #2 #T % ] ( Fusobacteria) 5¢ 11 >
IT(El 6A) , NC A RIPLH L N IERERE ] 5 AT
BT, 5 T BEERY 90. 4% , AS AL B E R 5
BETR [, 2B JE AT W 1T A SUAT B1 17T, o5 6 7 B Y
97.2%., 5 NC 4, AS AT BRI TR BT T
FES A B EAR (P < 0.05,P < 0.01) , 24 ]
MBS T (P < 0.05) (& 6C) 5 [ A JEEBE R ]/ 40
FERT TR 2T (P < 0.05) (1 6B) .

£ :A:CHAO1;B:ACE;C:Observed ; D:Shannon; E : B—Z kit
B 5 SHmERREZAEE T
Note. A. CHAOI. B. ACE. C. Observed. D. Shannon. E. B-diversity.

Figure 5 Analysis of intestinal flora diversity in each group

TE: A TIKPA BTG S EA R P B S BE R ] /40T BT LU AE; C 22 53 T
B6 SAMEEEEN K ERAEL

Note. A. Histogram of relative abundance of intestinal flora at phylum level. B. Firmicutes/Bacteroidetes ratio. C. The differential phylum.

Figure 6 Changes of intestinal flora at phylum level in each group
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2.6.3 MJBAKF Lo AS BRL/INRLSE B4 1) 18 T
HELH 24k

NC 415 AS 21 Jip 3 B RE AP 2678 J& 7K 7 E 435l
KB 95 AN 69 A, Horh i [RTA R ( Prevotella) \JiA
H BRI J& ( Ruminococcus ) 2 ER B J& ( Coprococcus ) |
%P1 KT B & ( Phascolarctobacterium ) | 35 75 K &
( Escherichia) NI 15 NFER &M HE, 5 NC 4
FHLE, AS 21 BT R J& ( Hespellia ) 8 B 3K & &
( Ruminococcus ) \EY2 T J& ( Lachnospiracea _incertae _
sedis) AR T TRINE & ( Pseudobutyrivibrio ) | BiAT B4 J&
( Oscillibacter) |5 BT R R & ( Barnesiella) %5 17 1~

TR B BRI R 2 TR (P < 0.05,P < 0.01) , 70
¥+ ¥ B B ( Ramlibacter ) . ¥ 2 B /T W &
( Sphingorhabdus) 15 /K EFF & ( Cloacibacillus ) | %
M2 #F W ( Oxalobacter ), i & #H M W &
( Sphingomonas) 1 BB % & J& ( Novosphingobium ) %
11 A E A B3 ETH(P < 0.05), LEfSe
I3 & B IR T JE ( Prevotella ) | 98 H 3K W &
(' Ruminococcus ) . %  hi &
( Phascolarctobacterium) . ¥ ¥1 # J& ( Fusobacterium )
FIZELRTH S ( Gemmiger ) 51X SE T IR 7 AS KA 72
AR TR (LR T) o

TE:A:NC 415 AS AL HE RUAT B AT 15 AN T8 AR 2 B8 € JmK-F B 22 5 [ s D . LDA ZJE 1 E JB /K LESSe 4]
B 7 SAMEEER K-

Note. A. Venn diagram of NC group and AS group. B. The relative abundance of the top 15 genera. C. Differential genera. D. The LDA

bar chart. E. LEfSe diagram.

Figure 7 Changes of intestinal flora at genus level in each group

2.6.4 B RAFIIRETN L5 AS M IRAEFR K

B
PICRUS®2 WIRE /M 4 R o, 5 NC 4 A e,

AS 47 T8 W RER) i R GE L 2R AW A RURIAR
B N 28 (LPS) A& i s 2 A& i A
215 BRI BERM(P < 0.05) , A M Ik
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AR H AR AR W0 G T R 14 26 W) 1l S W iR
AW PTG 2251 NOD-REZ AR5 5 Jl |
B A AEAE DU TR A | T R A | A R IR A1 IR
AR AN AF 37 R FE LR FE K (P <
0.05) (UMLK 8A) . J38b, M1 o | REBRAT
J&15 IMT [ TC W] 2 1EARSC, B 2 B S B s T TC.
IMT i ORI Je T AR G , 28 047 B4 1 B s 45 i I

DURUR SR I B IR O, V5 K FT T R AR 32K
HIAR S IR B 3K & | HEAT e R A AT R
BIARE S TC IMT J5 BT ITAR | 0 e B I AH G
ERHTREE S IMT 5 B ORL | SR e 5 6 4 5
AP0 JELRE TR I 55 Mg o TR SR b e 2 A O
SRR AR R R A 2 B R B S R
Jiie 52 A OC (LI 8B)

TE: A PICRUSK2 Tl 4371 16 T FE DI RE B WA T RE S AS ARG bR 1 R AIHT
8 JHIEWHEIRE B L2 5 AS ORISR A HK 7B

Note. A. PICRUSt2 predicted and analyzed prediction of intestinal flora function by PICRUSt2. B. Correlation analysis between intestinal flora and AS

related indicators.

Figure 8 Functional prediction of intestinal flora and correlation analysis with AS related indicators

3w

D> L 95 ( cardiovascular disease, CVD) & ™
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BIRHALMBE R W S5 U D et 2 K A4k, m]
RES S EUILBE IR | 3l Jok ok o Bl A0 A 2218 A7
PEBRSF RAEVESR ™ o FERLE AR S BE R ]
SSAUFF T T80 FO(E BT, AT AR A0 04 AR 26
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FHTRE FRE FEm I S IR i T 0 AS R
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L/ NEDS H SR AT JRE OB i P 2R LA AS AYIE AL,
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Regulation of serum cyclic nucleotides and repair of dopaminergic neurons in

mice with Yin deficiency and moving wind syndrome of Parkinson’s disease by
compound Dihuang Granule

HE Zhuqing, WANG Li, WANG Yingdi, HUAN Pengfei, YANG Yufang” , HE Jiancheng"

(Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)
Corresponding author: YANG Yufang. E-mail. yyfapple@ icloud. com; HE Jiancheng. E-mail: hejc8163@ 163. com

[ Abstract] Objective To investigate regulation of serum cyclic nucleotides (¢cAMP and ¢cGMP) and the repair of
dopamine neurons in mice with Yin deficiency and moving wind syndrome of Parkinson’ s disease (PD) by Compound
Dihuang Granule. Methods Overall, 24 male C57BL/6 mice were randomly divided into normal ( Normal), model
(MPTP + NS), and treatment (MPTP + CDG) groups with eight mice in each group. The normal group was injected with
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normal saline and the model group was intraperitoneally injected with 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) to establish the PD animal model. Both groups were injected once a day for 5 consecutive days. The treatment
group was administered Compound Dihuang Granule (CDG) by gavage once a day for 7 days. The TCM syndrome attribute
of the model was verified by etiology, symptoms, the objective index, and formula test in PD mice and the effect of CDG on
expression of cyclic nucleotides and tyrosine hydroxylase in the serum of PD mice with Yin deficiency and moving wind
syndrome was assessed. Results  Significant differences in behavior, the tongue chroma value ratio, serum cyclic
nucleotide content, and tyrosine hydroxylase content were found between model and normal control groups (P < 0.05).
CDG treatment significantly improved the behavior and related objective indexes of mice (P < 0.05). Conclusions The
mouse model of Yin deficiency and moving wind syndrome of Parkinson’ s disease prepared by intraperitoneal injection of

MPTP is stable and reliable. CDG regulates the content of cyclic nucleotides in serum and effectively repairs damaged

dopaminergic neurons.
[ Keywords)

Compound Dihuang Granules; model preparation
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4= #%9% ( Parkinson’ s disease , PD) J&5% — KAt
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P 1-FRE—4-T83-1,2 3, 6-PUEHIE ( 1-methyl-4-
phenyl-1,2 3, 6-tetrahydropyridine , MPTP ) J& i 1 5
il % PD [ kg 2l XIE/ N BB RL , A BIF 538 4 /] BRUO
EAR AR AE AL | LA IIE Ty T 2 X A
BIFEAT VA AE e R Al E PR CDG my/E AL, S
FLlfe R 3R BEREA A

1 HREH%

1.1 ##
1.1.1 SEEEh

24 H SPF 4 C5TBL/6 MR/, 7 ~ 8 J
iR 20 ~ 22 ¢, W 1K T SR s W A PR
][ SCXK(37)2017-0005 ) , 5256 544l 55 Ko W82

Yin deficiency moving wind syndrome ; Parkinson’ s disease; combination of disease and syndrome;

T b B 25 KA S B o AT [ SYXK ()
2020-0009] . /NERGE R PERR SR 1R, B PR LK
Ko FFEFREE, E (23 £ 2)C, MR (55 +
10) % , IR BEAR 12 h 93, ASLI0 3l 3% S
TEBRTE i B2y Rz SE i sh YR B2 51 25 1Y
AHSEH 4t (PZSHUTCM200717037)
112 EZEEF S5

1-F -4 31,23, 6-PUAMIE (Sigma,
M0896-100MG ) ;cAMP .cGMP &7 & ( I i g B8 4
YIRS A BR A 7], EM3362S/EM3363S) ; TH ( Sigma,
sc-25269 AC) ;Beta Actin( Proteintech,20536-1-AP)

ELY] R AL ( DR R AR A IR A A B
RM2016) ; {4 #1L &k G 5% (b [ 22 5 SR 24 /], A5
MoticSMZ-171) ; £ ) fiE [ b5 1% ( 3% E BioTek,
Synergy 2) ; ITZLAMAA G SR 2 48 ( 52 E LI-COR
8], OdysseyCLx)
1.2 FHi&
1.2.1 8 st ik

24 H C57BL/6 /NERIE B PEMESR 1 85, R BE
MU F24% 24 HUINE, BEL 23 B IE % 2 ( Normal ) |
FERIZH (MPTP+NS) ARIF 4L (MPTP+CDG) , 16 H
/INERSR FH MPTP i i 5k i 4 BH i 2 XUIE PD #5%
AL MPTP ¥ TG 2B B 7K A, 4% 30 mg/kg 1) i
MER ST, B H 1R ESES d; I IE R 8 H Ik
TS AH R AR A R K

T R DA - 76 M0 4 AR 18 5L R ) i Bl |
A BIHBAEAR 00, (1) SR B B 22 L e i 4200
LK (2)/ NIz SR g R 8 F M a
TPRFRER; (3) /NEU I & T4, & Z 40, /Ml
/DA R TR AR
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1.2.2 7okl & M 4 2y

27 M ¥ KL ( Compound Dihuang Granule,
CDG) , AT, A~T, ik, B3, 12, 1 8
i, AW AL, i G 2 TR R BT SE Ol 4

NEEEH R 2% (2R 25 B ) (PN L.
e gy Jbat, AR A H ik, 1987 & 247)
TR /N H = PR AR H R x 1/
388,

RTINS 10 ¢/kg FI 4G TR 7 i
BOURLIE S | H /N B 45 T () 45 70) 10 21 R /K
HLoBH 1K, 45251 7,

1.2.3 A7k

037325 (open field test) : W 35250 7E 30 cm X
30 em BUWT I hREAT . SEBRET/N R SCIE AR 1 b,
TGP N B T3 0, S48k e s/ iz 3l
TS min, SEH 1S B SEAF SRR, S H R 2 s
FURY Iz SRR R K DX ) 5 B I )

JEFFSZ5 (pole test) : Ff /N Bk & FAF I,
IR/ 2k DL R 58 At s, 5 HU/ BRI
Y53 W BERE 1 h, 1054 20/ BRIRYT 4k i)
IF] LA K & 5E 4 i HI ] 4 /N BN 3 ¢, B
SSlEpSEnEL SR N

HH/NRIERRTIESE 3 d #HATAT N F IR IR
ISP AE PR X AT T R A
1.2.4 fERSRRE

iz F MoticSMZ-171 {4 5 f3 5% , Motic Images
Plus 3. 0(x64) 84t i 07 45U , 7[R — L IR it
Fr/INBE H BRI 8% o 5 T 471 55 B i AP i, SR
Adobe Photoshop. 2020. BG4, EIHZ T TR
BT AR I>Hy 5 Sy, Wb E] 175 f T ARE iR
S EALS AT B RT GL BT (4R B
2 IR RO BUE, AT A E)E R
fITS: R=R1/(R1+G1+B1) LA G 157G =
G1/(R1+G1+B1) flE A fF B 9315 B=B1/(R1+
G1+B1),

1.2.5 BRI & Al

HA/NRBUM, FE 2 h 5, -4CIRETE O
(3000 rpm, 10 min) , B35 -80°C vKFE PR AT FEI
ELISA 3546 0 2% 28 /Iy B IR R, Bl 1R IR Y
(eyclic adenosine monophos-phate , cAMP ) AR &
1 (eyclic guanosine monophosphate, cGMP ) 7 1=, If:
P18 cAMP/cGMP 1H.,

1.2.6  ZUERERZTTH T AY

INERBUIR AR 2 5 0 A TR AU, — 80°C UK AR It
17, Western Blot 35 6 1 /)N B SCHR A4 Hh i 2054 AL i
(TH) FEHRIBK- HEE BUN A, A 4%
LR T, 53 B2 20% FEME 30% R /K 5 7K
RO R ALY f, BB/ BB BT 2 T AT A A Ak
(immunohistochemistry , IHC ) &0 BH A4 TH* £ E %
REFIZEJC 2 L
L3 SiFESH

iz [ GraphPad Prism 8 44011, S50 504 DL
M £ bRfEZE (x = 5) FRon . ZAEIER A
E 7 227 M1 ( One-way analysis of variance, One-way
ANOVA) , 5 WK 2 J7 22 53 BT ( Two-way analysis of
variance , Two-way ANOVA) ,P < 0.05 N EA G112

2 #R

2.1 INRATAZERD

/NERAE Sl B, 5 IE AU AH L, SR
/INBRAZ BB A, s DX s R B R TR N, 43R
J7)G 188 IWREENERE, 2R A B EE(P
< 0.001), BEAIL/NEUAY SN 7 58 0E 7 Ik, is
SR % , FLIARSRINAE 7 S B[] JNCHT Bk 1] B Sk 384 o
ST IRIESRE IR (P < 0.001) (W 1) .
2.2 MNEREREREGEEST

S AT Z I, 5 IE 4/ BUH H, B
AU /N R 2T 0 3 EL ) B B T i, s e (A
HC HAEERMEB HEMTEFHNR(P <
0.01), SHEAVAAALL, 167 A /NS G2l a EE
Fb 5] 08 ARG, S € P FUAEL G (0 2 HUAE B T
(P <0.01) (WK ?2),
2.3 IMEETE (cAMP.cGMP) Rik

5 IEH AUA E BB 2 /N BRI Y v cAMP B B
THE (P < 0.001) , 1 cGMP .3 FF&E(P < 0.001) ,
HAEAIL] cAMP/cGMP AR A B & TIEW A (P <
0.001), ZiHIBIT T, cAMP T [, cGMP JHiE, 1
UM AR AL B R (P < 0.05) (WL 3)
2.4 ZBERREEMETRGIERS

IHC 7~ , 5 1E % 41 A0 Lo, 15 7Y 20 /0N BB o
% TH” FH % 2 T i #4480 40 M 5508 ok 2 (P
<0.001),&WIT A, HEEREHM(P <
0.01,n = 3), FA/NRSORAE N TH 8 3£
R BAL T IER A YT E S 'SP < 0.01,
n=3)WK4),
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1 HH/NRAT A
Note. A. Trajectory map of mice. B. Open field test. C. Pole test. Compared with the normal group, *** P < 0.001. Compared with the

model group, ™ P < 0.001. (The same in the following figures)

Figure 1 Behavioral test of mice in each group

T SHEAIALL, ™ P < 0.01, (FEIR)
B 2 /D BBl R R AR BT A SR
Note. Compared with the model group, ™ P < 0.01. ( The same in the following figures)

Figure 2 Analysis of microscopic tongue image and chromaticity value of tongue color in mice

IE: SEBHMIL, " P < 0.05, (FEIR)
B 3 AT IR M L (E
Note. Compared with the model group, * P < 0. 05. (The same in the following figures)
Figure 3 c¢AMP ,¢cGMP expression and ratio
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A MR RR LA R SR TR B MER IR SR AN £k ; SIER AU, ¥ P < 0.05,
B4 mRaEmRRIRERE

Note. A. Expression of TH in SNpc. B. Expression of TH in striatum. Compared with the normal group, ® P < 0. 05.

Figure 4 Expression of TH

3 g

PD 24 MR AT 4, KA
BUBIEE A oh B LR T BE™ S0, 725
SR X P SEAR AT AL (EL K I P
% RHESEAR B #7801 S0 Pz 6
WHE. ST PD SRIHYEERR 16, 701 B 2
BT 40 4 A 2 441 o O ) 243
B RO R TR A
U R B PD KRR I
B BRI A5 A BF IR S 4 56 4 4
KT ATHE BT 9 42 )7 B R (CDG)
SUATRNES FF IR LE B, 083 1L, 8 4 7 2
Y. IPRIE CDG RECH PD 5844I, 6 2 D925
LR X PD AT —E 0 2
.

FUESH 2 5 MY LR J2 DL B o B 25 35 52

R E AR 2 FEER MPTP §il 4 PD /NRE)
PRI J2 AT 55 & H R B AR 10 MPTP
A 1 100 A0 57 s, 24 AR 7= MP P, 1 o 2 e
W EE AR T I, S BER AL O ATP A AR
/D | 3 N 22 B RE A e e T I R
iz F MPTP 15 i 1 5 1 % PD B R 8l RUIE /) BRUASE
RO ARSI E— 28 MOINERIR R AT R R R
SEXTIZA R PE AT 30 UE , 78 BE 3L Al R CDG IR Y7
PD B KUIE /N U 7 FHAILEE 45 5% R . i st
Je /N R R £ B RE A 220 &K | IR H 4% PD
FF R IF B B R AN A S /N B TH 638k D,
HELES 2 3hiR % IR AR 2 R B AT
i GELL ME R KB TRERER . 4T CDG iR
J7 ) /N LA EE I B (P < 0.01) 158025
AHE SRR B kE (P < 0.001) , TH Fik#hn (P
< 0.01), X CDG 7E—EFEJE ERESGE /N U
FERER , Uk N B 22 CL e pf 26T R 6 45
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WA R (cAMP  cGMP) AT JH T 40 M Sh g, 5
BLARRIZE P 43 10 F2 G2 B D RE S VIAH OC ) AR 9%
XoF 7N BRI PRAZ T R I | & 3 ABE 0 2 /) i 35
i cAMP B TFE, cGMP 3% T, B A BHFsE
FH, cAMP  cGMP W& 1ER # HA F5bubE, :F
Hh B [ BHAR BRI 29 19 06 3R, 2800 R0 A Sy 1)
W7 r 2 BF R | B R UE M A G B A A 2 — 2 AR
FHH cAMP/cGMP W H B B & T IEW 4 (P <
0.001) , $&/n AR BA B ReE, 457 CDG 11
ZJG ML cAMP B B TR, cGMP T, 935 LU
BRI (P < 0.001) , #7% CDG A fgid i 8745 i35 36
AT IR (cAMP . cGMP ) 7 25038 /N BRI R AR IR

PD A AR [t PR 7E T 28 5T vh 22 [ i e ol 8
JCHYAR P B TH S 2 B A i) IR 3o 7l
MPTP ZEARPNTE B A 7= Py e il TH (%) 3% 1 %
L s L, TH S e — e R b e
TZE M Zon B ARBFSE 4 B THC,
Western Blot J2 K /)N BB i CRR B TH 5 12,
5L R BERLZE /N BRE T e B TH 2 B e R
U ML DD SCIRIR N TH 38 L KF 3R GA 1%
(P < 0.01) J8I7 )5, A RBEH B (P <
0.01) ,ix %W CDG BEME S PD [ K 3l XAIE /) B4
it 2 BRI 27T

ZE b ARBFGE E—2 N PD /NRUR IR REIR L
B BRI | DA 00 45 7 TR0 46 31 iR A 1 v IR
@ vk, AR AT 5 RE B ML B0 7 LAAR
BRI 3, 2 AR B R, G T U og
SRIRARAIR L, AW FTIE 32 5 5 b 8 WOk 6
7 PD B K 20 XUIE /IS BRO7 5000 2, B 115 I b 26
IR & i, A RUE i 2 EUe 40T,
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Effect of Naja atra venom on blood coagulation in rats

XU Lin'"*, WEI Ying"*, XU Shujing' , ZHANG Qiyun®, GUO Jing*’, ZHOU Shuting®, SUN Qianyun'**

(1. School of Pharmaceutical Sciences, Guizhou Medical University, Guiyang 550025, China. 2. the Key Laboratory of
Chemistry for Natural Products, Guizhou Province and Chinese Academy of Sciences, Guiyang 550014. 3. Mordern Research
Center for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006 )

Corresponding author; SUN Qianyun. E-mail : sunqy@ hotmail. com

[ Abstract] Objective To explore the effect of Naja atra venom on blood coagulation in rats. Methods Whole
blood was incubated with Naja aira venom or various fractions in vitro and a thromboelastogram was obtained. In an in vivo
experiment, Naja atra venom was injected via the tail vein or intramuscularly and whole blood samples were collected at
various time points to obtain the thromboelastogram. LDH, hemoglobin, vWF, and P-selectin were measured in plasma.
The activity of coagulation-related enzymes in plasma was measured by the chromogenic substrate method. Results The in
vitro and in vivo result showed that Naja aira venom and some of its fractions obviously induced an abnormality in the
coagulation function in rats, which was characterized by a lack of coagulation factors, low level of fibrinogen, and lowering
of the platelet count and function, while the plasma hemoglobin content and LDH activity were increased significantly.
In vitro, Naja atra venom and its fractions significantly decreased the enzymatic activities of cleaving S2238 and S2251. In
vivo, after intramuscular injection, the content of P-selectin was significantly increased at 30 min and the enzymatic activity

of cleaving S2765 was significantly increased within 6 h. After tail vein injection, the enzymatic activity of cleaving 52238
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was Increased significantly within 2 h and vWF content was increased obviously within 6 h. Conclusions Naja atra venom

induces an obvious abnormality in the blood coagulation function of rats. lis effect is mainly related to the consumption of

coagulation factors and fibrinogen caused by activation of the coagulation system and the consumption of platelets.
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W, HH 6 ~ 9 HASE, 73 IR IERE 0.5 mg/kg
— M R FR K S 1 mg/kg —UAELA T 5 2k
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3000 rpm E.0> 10 min, B35 050547
1.2.3 &S E(TEG) MlE

I B Pl 3 3 A 3 ) Pk R A R o
P EAYTHR 2 37°C , BUA LI ke 1 mL 5iK5] 1
BAVHIfH 4 ~ 5 KIGHE 4 min, B340 pL AL
A AR A 20 WL 3R 2, 00 i e
J1KE,
1.2.4 LDH {2

BELAA P sl A S i) 8 18 KRR it R e R 9 )
EEE LDH 151,

F520(1) 1158 LDH 3 (U/L) .

M%E 0D, — 4R 0D,

LDH 3P = —— — x 0.2 % 1000( 1
PrifE OD,s - 2 H OD,s, )
1.2.5 IR Imer 8 e e

B Py sl A oM 45 19 1003 ) PBS Fi B 10 1% )5
B 200 pL JILA 96 FLAR, F 412 nm 430 E WG,
PL A, o TR IMATEE A & i,
1.2.6  R§Y) K CRY)E N E

S BSR4 4 1L 3 R 2R
—sf [ 3 G B0 g 2 T 100 2 il U0 £F V5 I IS 4
S2251 BEIML AT Xa IEH) S2765 | HE i iS4 S2238 |
A LR L5 I T TG R0 RS 40 2288 i 2 I8 K il S
Y $2302 3% PE, D1 mg/mL JE P Sk 88 i
( Protobothrops mucrosquamatus venom , PMV ) & fH 4
X HE, PBS SRy B X B B 2% 20 pl 5% 40 WL A
KW 40 L 5 20 pL . PBS 40 uL, BAKZR A 100
pL, IRAIG 37°CHEBOLE , % B B i 4 5
6 h (B PRI [E] 15 3% 30 min ME A s ,0
1.2.7 FIB P-selectin vWF & 1g

B 45 04 1 3% 2R J ELISA 3% 1 52 P-selectin |

vWF &, R HEERVED & FIB & i,
1.3 SitESH

SEEEAE DSE A £ bRifEZE (x £ 5) TR, K
F SPSS 22. 0 BT ¢ K5, LA P < 0.05 F£nE
SHEADEN,

2 &R

2.1 RERIESHBIERNSH &
R4 72 SP Sephadex C-25 43 J5 4715 7 4>
FEFEWE(E 1), 4 FL ~ FVIL

1 [RE5tETE SP-Sephadex C-25 JZHT K
Figure 1 Ion-exchange chromatography of Naja atra venom

on a SP-Sephadex C-25 column

2.2 KM EIRER
2.2.1  IMeE S E S

T BN, 5FAAML, FT PV FVI5 50
FERELER RIE(P < 0.05), #2785 B il 1A%
&, FIV FV FVI 30 5 25080/ Angle fH (P <
0.05), RMA g HE AR fetEREE, FILLFIV,
FV FVI FVI4rE5ig CLAH B & /N (P < 0.05) , 42
AN MR AL TAREEIRE

F2 [ HL S HAME FI (25.2.5 pg/mL)
K FVI(50 pg/mL) ¥JFEK R {EH(P < 0.01), BX FI

Fz1 Fl~ FVmAETE S EESE R (x5, n = 3)

Table 1 Results of TEG of FI ~ FVI(x 5, n = 3)
21 3 B R TG ] (min) I ERTE AGH R (min) I BE () Fe KPR (mm) LR BRI AR AL
Groups R(min) K(min) Angle(°) MA (mm) CI
Xt 8 Control 1.73 + 0. 06 0. 80 = 0.00 79.47 £ 0.80 75.10 = 3.05 6.00 + 0.36
FI 30.13 £ 2.15™ - - - -
FII 2.03 +0.21 1.07 + 0.38 75.93 £ 5.57 70.03 + 3.99 4.80 + 1.04
FII 2.27 £ 0.50 1.10 = 0. 30 75.03 + 3.75 70.40 + 3.70 4.60 +0.70"
FIV 3.57 + 1. 10 1.30 + 0.36 71.63 + 4.44 " 69.27 + 4.20 3.27 +0.78™
FV 3.23 = 0.81 1.10 = 0. 17 73.90 + 1.95™ 69.97 + 2.97 3.83+0.55
FVI 3.57+0.68" 1.63 +0.42 65.40 + 4.03™ 67.17 £ 2.06" 2.47 +0.95
FVI 2.67 +0.42° 0.87 +0.12 76.57 + 3.27 73.03 + 2.68 4.83 +0.32°

W 52 EHAMI, " P <0.05," P <0.01, (FZRE)

Note. Compared with control group, “ P < 0.05, ™ P < 0.01. (The same in the following tables)
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(25 wg/mL) ,FI FVIH AR kB K K (P <
0.05) ,18/N Angle fH (P < 0.05) , H/R 4T 4 8 1 i
HREVEAR BE, FVI (50,25 pg/mL) J8/N MA (P <
0.05) , /R M /MRPEMREE, F1  FVIAS B 35 A
CIfH(P <0.05),

3 Bon IRBEERE (125 .12.5 pg /mL) ZEK R
fE(P < 0.01), 3 NMIREIFEAR Angle fH (P <
0.01) , A% CL{E (P < 0.01), HYR BB, L4

N

B2 iT AR BEdEBF 12.5 peg/mL FI 2.5 pe/
mL FVI 25 peg/mL ¥R BT Il #4538 07 (&1 55 6 BRZHAH e
Hyp= g 0 ARk
2.2.2 LDH 454

K3 W, 525 [ A4UH B, HR B e e 7 (125,
12.5 wg/mL) FI (25.2.5 pg/mL) .FIV & FVI435
WA 995 7 i I3 S 25 14 55 LDH % /1 (P < 0.05)

®2 FLAFVILARTEMES R (2 25, n = 3)
Table 2 Results of TEG of FI and FVI(x =5, n = 3)

21 5 B P TS A IR] (min)  IfUBRIE A2 2R (min) I EEE=E () B RAR AR (mm) SR BEINTREL
Groups R(min) K(min) Angle(°) MA (mm) CI
X 1 Control 1.73 + 0. 06 0.80 = 0.00 79.47 £ 0.8 75.10 + 3.05 6.00 = 0.36
25.0 30.13 £2.15™ - - - -
FI 2.5 2.80 + 0.26™ 1.73 +0.217 66.67 + 2.74™ 64.77 + 6.38 2.70 + 0.95
0.8 3.20 £ 0.95 1.43+0.21" 70.43 +2.19™ 68.77 = 2. 11" 3.33+£0.50™
50.0 3.07+0.15™ 1.70 + 0. 10 ™ 66.67 +2.20™ 60.43 + 6. 16" 2.03 +0.917
FVI 25.0 3.07 = 0.64 1.37 +0.12" 68.60 + 3.39™ 67.10 = 2. 17" 3.10 £ 0.26™
12.5 2.27 +0.32 1.37 £ 0.15" 70.90 + 1.08 ™ 67.53 + 8.51 3.83+0.92°
F3 MRGEIEEEA R AR EWEL R (s £5, n = 3)
Table 3 Results of TEG with different concentrations of Naja atra venom(x = s, n = 3)
51 I PRS0 B ] (min) L ERIE 4% (min) IR AL () e KA MR (mm) ZRA M AR S
Groups R(min) K(min) Angle(°) MA (mm) CI
X Control 1.73 £ 0.06 0.80 + 0.00 79.47 £ 0. 80 75.10 = 3.05 6.00 = 0.36
S 125. 00 6.23 + 0.06™ 2.40 + 0.44" 59.87 +5.20" 63.03 +5.45" 0.23 £0.40™
HR 5 g - s -
. 12. 50 3.63 £ 0.29 1.60 = 0. 60 65.23 + 2.98 71.40 + 3.91 2.93+£0.72
Naja atra venom )
1.25 2.80 = 0.00 1.13 £ 0.06 ™ 74.30 + 0.72* 69.50 + 0.85" 4.10£0.10™

AT BRI R 12.5 pg/mL;C:FI 2.5 pg/mL; D FVI 25 pg/mL
2 (RO R R B4 I AR 55 11 A2 Ak
Note. A. Control. B. Naja atra venom 12.5 pg/mL. C. FI 2.5 pg/mL. D. FVI 25 pg/mlL.

Figure 2 Changes of whole blood TEG in rats after in vitro incubation

2.2.3 IMLEAS =

P 4 AT 0 AR BT e i A (125, 12.5, 1.25 pg/
mL) . FI (25.2.5.0.8 pg/mL) .FII \FIV FVI (50,
25.12.5 pg/mL) K FVI53 B0l 21 88 1 % 2 i 25 7
(P <0.05),
2.2.4 [ R AR IE M E A5

H &l 5A 5B .5C 5D AT 1525 2 AH U R B e
F£(125.12.5,1.25 wg/mL) K FVI 435514 (50,25

peg/mL) 47 I il 1B 1M/ S2238 IRYIE 1 (P <
0.05),

& SE . 5F 7] 8125 1 40 A0 He IR g i 5 (125,
12.5.1.25 wg/mL) [ U] 25 %5 Bl S2251 Jic 47 i M b
W EERS I/ (P < 0.05) . B 5G . 5H 51,51 .5K,
SLAAIFL FII FIT . FVI(50.25 pg/mL) FVI4 &5
e it LT 2T 15 W RS 4 82251 1k W FE (P <
0.05),
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WA AR ERG I ;B FT ~FV;CORRVEE FT ;D ARIRE FVI; 5% AMHEE, “P < 0.05, ™ P < 0.01, ( FEIF)
B3 HAMNEEERRIMK S LDH 254k (% £ 5, n = 3)

Note. A. Naja atra venom in different concentrations. B. FI ~FVI. C. FI in different concentrations. D. FVI in different concentrations.

Compared with control, “ P < 0.05, ™ P < 0.01. (The same in the
Figure 3 Changes of LDH in the blood

following figures) .

of rats after in vitro incubation(x £ s, n = 3)

VA AR BEIRBENE RS 5 B L~ FVIL CoA R FL 5D AR FVL
B4 PRONIF T e R UM P 218 A A

Note. A. Naja atra venom in different concentrations. B. FI ~FVI

. C. FI in different concentrations. F. FVI in different concentrations.

Figure 4 Changes of hemoglobin content in rat blood after in vitro incubation

2.3 AL ER
2.3.1 IRy E S5 R

4T, UATESH 0.5.2.6 h N K {5 5%
WAR (P < 0.05),Angle 2 C1{H 6 h PN &8/ (P
<0.01),1 ~6h MAEHEZEW/NP<0.01), Hix
HH 6 h Bl —EREMFHE T, 55 Ad

ML EA BEMEZER (P < 0.01) , B MREEH 1 X,
B, B s AT E KT S IR 1 h A K
HZEH K (P < 0.05), Angle MA [ CT S0/ (P
< 0.01),1 h ikdR/MA, B2 AR EE H i LB 3 K
H ] 6 T 2L PR T S R e e S 2 AR i g (R
25 AR L W AR E

R4 JUATES AU RN (] A e 5O B E SR (x £ 5)

Table 4 Results of TEG at different time points in intramuscular injection group(x + s)

255 BE I TS IS 1R] (min) R R (min)  MEEHEFR(0) HRIRIF (mm)  ZEABEMIEEL IRHRE(%)
Groups R('min) K('min) Angle(°) MA (mm) CI LY30( %)
X} HR Control 6 1.78 + 0.57 0.80 + 0.00 81.87 + 1.96 75.42 + 1. 84 6.17 = 0.56 0.00 = 0.00
0.5h 7 2.96 + 1.05" 1.04 +0.21° 75.09 + 3.74™ 70.76 + 4.97 4.23 +1.27™ 0.00 = 0.00
lh 7 2.44 £ 0.96 1.03 +0.25 75.77 £ 4117 69.71 £3.33™ 415+ 1.07™ 0.00 = 0.00
2 h 9 2.43 + 0.66 1.14 £ 0.36" 74.47 £ 5.28™  67.78 £ 5.44™ 4.13 + 1.46™ 0.00 = 0.00
6h 6 2.50 + 0.43" 0.95+0.14" 76.78 + 1.75™  69.68 + 4.00"" 4.58 + 0.46™ 8.65 + 8.01™
RS EFRIKE AN [ B ) o5 i 7 B 2 25 2R (& = )
Table 5 Results of TEG at different time points in intravenous injection group(x + s)
25 B 1M1 K 3005 B 1] ( min ) I HIE 1HE ( min) I E R (°) e KA MR (mm ) ZREEEIM AR S
Groups R(min) K('min) Angle(°) MA (mm) CI
X} H& Control 6 2.27 £ 0.49 0.85 +0.12 79.82 + 2.65 74.48 £ 2.07 5.58 +0.74
0.5h 8 3.16 £ 1. 13 1.28 + 0.43" 72.18 + 5.91" 66.93 + 3.80™ 3.50 + 1.46™
1h 8 3.36 + 1.06" 1.29 + 0.44" 71.94 + 5.89™ 65.71 + 4.69™ 3.06 + 1.68
2 h 7 3.24 + 1.29 0.99 + 0.38 75.60 + 5.20 70.73 £ 5.07 4.11 £ 1.90
6h 6 2.55+0.34 0.87 + 0.16 78.50 + 2.89 69.95 + 4. 65 4.73 £ 0. 68
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AL BRI B MR G B U S2238 SRV gl )~ h 2 B igi 0484k C, D AN RV FVIRGY) 52238 IRl 8) 127 I £k S i 1 484k 5
E,F AR BE RS RE U] S2251 WU 8l )12 I 4R MR 7840 5 G H AN R B2 F L RET) S2251 JEE W2l 71 2 Hh 2k S B 17284k 51,0
AN FVIRGY) 82251 IRl o g i B mg i 717284 K Lo F L ~ FVIRGY) S2251 SN 8 J 2 ih e S gt g 22 1
B 5 RSN IS EED) 82238 A1 S2251 IR WS 112 AR Mg 1A (v £ 5, n = 3)
Note. A, B. Changes of enzyme kinetic curves and enzymatic activities of cleaving S2238 of Naja atra venom in different concentrations. C, D.
Changes of enzyme kinetic curves and enzymatic activities of cleaving S2238 of FVI in different concentrations. E, F. Changes of enzyme kinetic
curves and enzymatic activities of cleaving S2251 of Naja atra venom in different concentrations. G, H. Changes of enzyme kinetic curves and
enzymatic activities of cleaving S2251 of FI in different concentrations. I, J. Changes of enzyme kinetic curves and enzymatic activities of cleaving
S2251 of FVI in different concentrations. K, L. Changes of enzyme kinetic curves and enzymatic activities of cleaving S2251 of FI ~ FVI.
Figure 5 Changes of enzyme kinetic curves and enzymatic activities of cleaving 52238 and S2251 in plasma after incubation

invitro(x £s, n = 3)
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T AU E ST BRAL B LA ST 2 by C R b ST XT IR AL D - BT 1 b,
6 TESTHRETIERE 5 R Rl 5 ) AR

Note. A. Intramuscular injection control. B. Intravenous injection 2 h. C. Intramuscular injection control. D. Intravenous injection 1 h.

Figure 6 Changes of TEG after injection of Naja atra venom in rats

2.3.2 LDH %%
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ST A B ] FIB & i 354 — & B AL, (A4t it
SR (BHEARS) o
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EE M) S2238 T 1525 FVALAH L= AR dp 3k 22
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AABEMZESR (P <0.01), BUILHEIIKY
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TR Y S2288 Th M52 AL L B &= 5
(BREATI)

7 R RTESIRBIIERE S AN F] I [F] 54 LDH A2 1

Figure 7 Changes of LDH at different time points after injection of Naja aira venom in rats

8 R S IR B e 2 i A [R] e 10] 5 ML 2128 1 35 122 1k

Figure 8 Changes of hemoglobin content at different time points after injection of Naja atra venom in rats
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9 Wbk ST IR Bl A5 AN W] 8] 5 FIB 221k
Figure 9 Changes of FIB at different time points after

injection of Naja atra venom into the tail vein

2.3.6 P-selectin MELEHE

B 11 A1, L PR S IR 5% 0 3 0.5 h B
P-selectin Z it i E M = (P < 0.01) , kS 0.5
hist P-selectin A FR{E LG T8 X (EUHE R 51
).
2.3.7 VWF ill5E 45

mE 12 af 0, Rk S IR B ke B /S 6 h N
VWF S HEBEME (P <0.05),1 h B84k 5 B
o WIATESEA —EF @ E TG 27 L (EE
KA

A, C Y S2238 K S2765 KW sh J12# £ 4k s B, D Y] S2238 K S2765 JEEWIG S48 4k,
B 10 3SR R R S ok BUM K EE) S2238 Fl S2765 R 3h 1127 th4k K i 128 4k

Note. A, C. Changes of the enzyme kinetics curves of cleaving S2238 and S2765. B, D. Changes of enzymatic activities of cleaving S2238 and S2765.

Figure 10 Changes of enzyme kinetics curves and enzymatic activities of cleaving S2238 and S2765 after injection of Ngja

atra venom in plasma of rats

B 11 WLAERIREIE A KRR P-selectin 221k
Figure 11 Changes of P-selectin in rats blood after

injection of Naja atra venom

12 JESSIRBIIEREn K B vWE 224k
Figure 12 Changes of vWF in rats blood after

injecting Naja atra venom
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vWF Zri ML A5 & M LDH 16 71 A AR R FEEE
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B, vWF S N B2 40 5 A 19 21, ZF Bl Ak
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PN B2 A | I /DN B S 5T AR, DA 7 i e 9 R
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WE LAWY AT HE e, 22U R MU 2 A E R BRI R ARG MR R TN M H, 8 05
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AT (P < 0.05)  fEA 20/ RIGI RN (P > 0.05) sHE 8 R, Clen3™ ™ /INRAS SE BT 48 B A 245 F R T 5=
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Effect of Clcn3 knockout on parenchymal organs in young mice
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[ Abstract] Objective To explore the effect of Clen3 gene knockout on parenchymal organs in mice to provide
reference data for the application of Clen3 gene knockout mice. Methods  Wild-type ( Clen3"* ), heterozygous
(Clen3*7) , and homozygous mice ( Clen3™”) were identified by polymerase chain reaction. Heart, liver, spleen, lung,
kidney, and brain were collected from 3-week-old mice and photographed, and their projection areas were measured using
Image] software. The parenchymal organs were then fixed in neutral formalin solution, embedded in paraffin, sectioned,
and stained with hematoxylin and eosin ( HE). The slides were then scanned using a automated digital pathology scan
analysis system to observe changes in tissue structure. Results Body weight was significantly decreased in homozygous
knockout mice compared with wild-type and heterozygous mice (P < 0.05). Deletion of Clen3 significantly reduced the
volumes of the heart, liver, spleen, lung, and kidney (P < 0.05), but not the brain (P > 0.05). HE staining indicated

that the structures of the parenchymal organs were normal in Clen3™ ™ mice, but the parenchymal cell volume was relatively
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small. Conclusions Knockout of Clcn3 could reduce the sizes of the major parenchymal organs in young mice, but did not

cause any obvious pathological damage to these organs.
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L[] 458 54 5 T3 1B 3 (chloride voltage-gated
channel 3, Clen3) TEVHFLB Y H AT Tz Kk, FE
O3AG T AN SR, A0 A N D A s /N BRI
A5 4 BRI Clen3 WAL 4354 Clen3a, Clen3b,
Clen3c, Clen3e , Fo F B X & A E R Clen3 25
1N SR C a3 IR P AR TR 2 AR FE B
5 F 18 18 ( volume-regulated anion channel, VRAC) J&
—RAAFE HAMpEFENIRERASLE S
A, Clen3 BEA 2 —FHIETE VRAC RIEE H, H
JHL RS 2H 17 ot 8 457 4 o A 20 A i 4 RO Al 2 G
L 2R Clen3 43 A5 T MU P, 06 F ¥ BRI I
() Clen3 £ 2C1/H* S84k, B ARV R A pH (A
fdTHCTR AL, DA T 24 415 V5 A 3R G0 10 AE 8 AR W07 2
RES s MIAXN Clen3 THAEWFIE A DLARIE . W41 g 53
ARy Clen3 i8S 240 73T HLHI, 25 A0S 58 1T
B TS oA 2 W i is S R s R A
FAU At RAENS gt A mTY 0 M
B SRR I R A R R B AR AT
YERAHDCHIRIZ WA YT BV TERE A

LR i 56 20 W) 2 BIF 9 R DR 5 N 2R K HE G
RIA SRR, M Clen3 BE R Eh ),
A B TR S 5 800 K AR K i 4 1AL
ARWEGE BAEWEE Clen3™"  Clen3™™ I Clen3™ ™ /NI
O LR A A5 S T A A, AR
Clen3 SRR 392 T a4 B R N2 ZL45 40 1 52
Wiy, LK Clen3 IR /1N BR A A6 280 5l g A )= 52 6 2
HE—E IS,

1 #MHEFE

1.1 ##
1.1.1 SEEEhY

Clen3 FEHFHER FVB SPF 9%/ B Hb [ 95 JH 38
A= 28 w] [ SCXK ( 757 ) 2018 -0003 ] i i CRISPR-
cas9 FEARAE =, AEAL BRI T ¥ /N Clen3 1Y
sgRNA FlI cas9 mRNA ] 7 5 ) ME PR /)N LY 32 4
bR oA, 28 BR IR RS R AR 7F Clen3” /N B ( gRNAL:
GATTTATTTAACCCTAATGAAGG  Fl  gRNA2.
AATGGGCTGTATTGTCCTCCTGG ) 5 ¥ Clen3™™ 5
Clen3™ /INRASHEL , B 74 AT /INEL S5 AR Clen3™ 770N

genetically modified mice; Clen3 knockout; parenchymal organs; HE staining

BHIZYE T Clen3” /NREAZEFE . Clen3™ /N EUF
I (TRINR 2256 — M = B XS AR 4R i g ) 76 7 42 58
R EF S T SPEF 223 By [ SYXK (k)
2018-001], AL fdiH 15 H SPF %% FVB /N,
3 AW AKEL N 6 ~ 12 g, P Bp AR 4 A
i /N S Ko WIRIEE. BRI | il sy 4
S BEAROGIRAE BEEE ; HHCREMUOK, BT
EERDILY/ oM X (YRR B iy N Y (B A g
3K (2021-1499)
112 EZEEF S5

SIE R CERVEY) , ThED) R E B KRR
Py, RT403, "1 [E ) ,2X Taq Master Mix ( 53T 15 8 1
iz B $, E005-01B, 1 [ ), TritonX-100 ( Thermo
Fisher,85111,32[%) ,100 bp DNA ladder( RIZA:9),
MD109, H1[E ) , Tris (1B #13k , T6061, H1 [H ) , B
Wi (CRARAEY, RT101, h ), TaUE RS (B AR
Y1, GH-100, " [® ), & & B 7k {2 ( BIO-RAD,
1704469 , 3% [5) |, Bk AR £ 55 ( Bio-Rad , ChemiDoc
MP,EE) 585 XA 1R HL (IR 18, ST00A ,
B , 4 AR a i o0 24 (ILFE4Y, KF-
PRO-002, #'[#) ,PCR {X( BIO-RAD,T100, 3% H) ,
1.2 A&
12,1 /DRUSER A S

(1) /NRFERZH DNA $2HC hRRETR 2 ~ 3
Jil, SRR 2 ~ 3 mm A 1.5 mL B0 T A
100 pl 24 f# W (1.37 g KCI, 1.2 g Tris, 1 mL
TritonX-100, % T 1 L ZlizK , in A ER R 94755 pH
= 9.0) M4 pL AU B K,56°C it 24, 400 5¢
AR, 98%C 4 @ W N 15 min 24 1R 2%, 10 000
rpm 250 15 min, B B, BRI AT 45 2] /) B
ZH DNA

(2) /B PR RS M . /N BRUJEE PR B 3373 oF PCR
HATYEE . PCR W AR FR N 25 pL, Hr 2 x Taq
Master Mix 12.5 pL, FFIF51#45 1 wL(10 pmol/
L), H 4 DNA 3 pL,4li7k 7.5 pl, PCR %5E /N
FERRALTREL 3 519, 51T E B angk 1
/8o PCR RN &Ny - AEPE 94°C 1 min 30 s; 48Pk
94°C 20 s,iE k 65°C 30 s, LEAH 72°C 1 min, fEFF 30
K ;72°C 5 min;4°C 47, ML 10 pL PCR ¥ A
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2 2% NEBEEEE T, 100 V HL K 40 min J5 76 BRI
BRGEHPIR, H/NRAEE R, F1LRL AR
HGEAZW Clen3 FER =¥ K/NH 654 bp; F2 R1H]
KA B IEH 1 Clen3 FEPH, =PI K/INR 769 bp.,
1.2.2 /NRUFESCREE

AN AR, B R R 5 3 JEIE, AL 5, BT
FE/IN BRI o P RN , SR SR /I B0 BB il
FUALZ, RAEM/NRALZE H PBS whyk T
J B BA R R F AR A L4 IR R Image )
B /N RS B E I AL, RS E RN
TR 10% 48 7R S bRy Wi b 8 IR A, T AR
AR,
1.2.3 AP A fE A HE B4

INRALIEIRA 10% HYERR IR DARKIE R (10
FERB) B2 24 h 5, R FIAS [FI v BE R B 1) 2 s

WHEAT K AL IR 22 B8 - 70% 80% Fl 90% 1) £ BE
W BEK 2 1 95% FI 100% ) 2 BEEVE W43 53115
WK 1 h, 835 B/ NREE A 100% = F 28 5%
WM 30 min J5, R ALHE R B B AR BRAR
HHAAEE ZHARRESW P (12 1)30 min, K5
AR TR 4 2 h, AR /N R ZUR T
FHLUIR OV R 4 pm, A1 85T R NS I #)
FRAR RO Y i 4T HE Yoo, MR E A, FIH
W BRECTF Y R RS HE Y A, KIBIO. SlideViewer
AR LSRN ] 32k PR 7R /)N R S T B A s 4
1.3 FITES

B LS BE £ PRufEiR2E (v £ sx) R, RH]
Sigmaplot 12. 5 HR AR R T 225081 (ANOVA) HER
8] 22 7, 2= 7 W & B R ] Student-Newman-Keuls
g A T G 2 8 AL, BE MK E T 005,

R /DNRUERN AL E B RIS 1 951

Table 1

Primers sequence for genotyping identification of mouse

SIMFSI(5°-3")

Primer sequence(5’ =3")

F1.: TCTGATGGGGACTAAGTATGCAG
R1:TCCCAGAGACAATGAGGCTAAGG
F2. TTAGTGCTGGCTGTGGCATC
R1:TCCCAGAGACAATGAGGCTAAGG

EEH P K (bp)
Targeted gene Product length(bp)
A Clen3
Mutated Clcn3 654
IEH# Clen3
WT Clen3 769

2 R

2.1 MRERBEE

=5|%) PCR LS BF A (Clen3™") 22 H T
(Clen3”™) K441 (Clen3” ) FVB /N F1 R1 5|
YR P2 CRISPR-CAS9 41 i Clen3 FEH
AR /N R 654 bp, F2 R1 519 #8697 14 1F 5 Y
Clen3 FE[H | P24 K /NR 769 bp (1), WilEl 1 fr
7, FH FL R AT F2 9734 iU DNA 1 A1 3 5 /hNER
HH P 654 bp I, MG T/ ;12 AT 13 570
B2 3 &5y s HELT 769 bp 441 , M EF
AN Hofth /N 28 3 4551 W1 38 )5 Rl 80 T
654 bp 1769 bp M%7, AZA T/,
2.2 Clen3 BiBR3HNRAEE R

W 2A FiR, Clen3™ /NERGK M B VB A U
B H B O IRELSE AR IWHBEIE, Clen3 ik
ANEE K218, 3 JEIE A Clen3™ /N T B B
INT Clen3™* H1 Clen3™ /N Clen3Y* 5 Clen3Y /)
MAMAE2ZSARFE (P >0.05) , HYBFEET
Clen3™ /NRBYIATE (P < 0.05) B4R 241 4l
G F/NR 3 AR B ATE 4300 10. 4 10,2 Fl

W ALF1HIRL P41 (654 bp) ;B F2 Fl R1 784741 (769 bp) .
1 FRI3/INELAY L R Y 4 4

Note. A. The product size of amplification using primer F1 and R1(654 bp).

B. The product size of amplification using primer F2 and R1(769 bp).

Figure 1 Genotype results of mice identification

5.9 ¢(Kl2B),
2.3 Clen3 BB 3H/INRSEREE EEAR AR

R it—2L T Clen3™ /N FRAR K G248 R4 B 4%
I FRATWE T /R BB A E WA TR
o 3 JEE/INRARIE S R AR O M A
HAUTFHA IR R Image J 40400 HE AR, WKl 3
JIi7Rs , Clen3** F1 Clen3™ ™ 7N U O J0E L FF L D6 il
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T A RIS R/ IN L 3 JEI A A SMEARAE s B . ARSI R /INBL 3 JRIIR I A 1R T 5 55 Clen3™* B Clen3™ " /NEUAALL, ™ P < 0.05, ( PRI
2 AIFEFER RN 3 R I A SN A K2 1A

Note. A. Physical features of different genotypes mice at 3 weeks. B. Body weight of different genotypes mice at 3 weeks. Compared with Clen3™ ¥ or

Clen3™ mice, ™ P < 0.05. (The same in the following figures)

Figure 2 Physical features and body weight of different genotypes mice at 3 weeks

ERENREEALERARE(P > 0.05) ,(HE
FERT Clen3” /NP < 0.05) ; A5 {k It 0 B 8
B A RURZR G /N R T2 A R 53,6 mm® Al
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NG AR AT B 2R (P > 0.05), L
BAEHEIR Clen3 WilR & F AN /N R B E L TTARE
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2.4 Clen3 BiFBE3H/NR LR 28 B UM 45 M B B2 01
Clen3” /NERA K 18 IR RVE /N, 2 250 o 4%
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e WA RAEW A 5 Clen3™" Fl Clen3™ ™ /)N
SR L, Clen3 ™ /)N BRCBAASE T AR A4 JULAH i 250 i
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XFAR 7N B2 2 B A WL B AR 1k, /N BRUT 4L 2240
R HE 855 Clen3™" | Clen3"” /NRAH I,
Clen3™ 71N B i 34 B% B 308 A0 98, 40 250 o ik 2>
Clen3” /NEUE SEAZE (4 B /N ER MBS BR A B A
2 BDAN AR SR AR B At i A RE AN, AN [R] i R R
/I B G 2 2 85 A D B S ek

3 it

Clen3 |72 321K T 3L 30 9 (4 25 b 4L 2040 i
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Figure 3 Parenchymal organs area of different genotypes mice at 3 weeks
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Figure 4 Parenchymal organs HE staining of mice
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Establishment of C2C12 cells with integration of a muscle-specific
Cas9-tracking expression vector
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[ Abstract]  Objective To construct a muscle-specific Cas9-tracking expression vector to examine myoblast
differentiation and establish a muscle-specific Cas9-expressing mouse model. Methods The muscle-specific promoter SP
was synthesized to replace the CMV promoter in the PX459 vector. The editing efficiency of the recombinant vector in
C2C12 cells was assessed by Xbal and T7El digestion. A DsRed fluorescent reporter protein was linked through

homologous recombination to construct a muscle-specific Cas9-tracking expression vector ( PX459-Rosa26-SP-DsRed ). The
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SP-Cas9-DsRed fragment was connected between the left and right homologous arms of the Rosa26 site to construct a
muscle-specific Cas9-tracking expression recombinant vector. The vector was cotransfected with PX459-Rosa26 into C2C12
cells that were selected by puromycin and fluorescence was observed. DNA was extracted for PCR and sequencing to detect
integration of the vector in C2C12 cells. Results Enzyme digestion and sequencing showed that PX459-Rosa26-SP and
Donor-Cas9-SP-DsRed were constructed successfully. Enzyme digestion showed that the editing efficiency of PX459-
Rosa26-SP was 18. 38%. The transfected C2C12 cells emitted red fluorescence, indicating that Donor-Cas9-SP-DsRed was
specifically expressed in muscle cells. PCR and sequencing showed that Donor-Cas9-SP-DsRed was successfully integrated
at the Rosa26 site in C2C12 cells. Conclusions A muscle-specific Cas9-tracking expression vector was constructed
successfully, which provides the basis to prepare a muscle-specific Cas9-expressing mouse model and new research ideas for
gene therapy of muscle-related genetic diseases.

[ Keywords] SP promoter; muscle-specific expression; CRISPR/Cas9; Rosa26; C2C12
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HA O LK T-Mlul-SP-F 1 pL, T-BstBI-R 1 plL,
AR 10 ng,2xVazyme LAmp Master Mix 12.5 de,?l\
fin ddH,0 %= 25 pL, PCR S W #£)%:98°C 2 min
(TAEME) 598°C 30 s( A5 ) ,65C 30 s(iB k) ,72C
5 min(ZEAH) | 4L 30 DEH;72°C 7 min (ALEA)
PR KA f X6 B A 25 A T R

(2) [A] B 284K Donor B EEYI . 1 FH Miul i
BstBI X} DC-DON-SH02 Rosa26 iK% K vk 17 K&
UL, F BRI J X KR Bt A e Tl

(3) Donor-Cas9-SP-DsRed 71 i 2544 11 3% 22 . K¢
19501 SP-Cas9-DsRed F Bt-5 Donor #k &K F Bt it
TR VR B4, 4 A% . SP-Cas9-DsRed Bt 40
ng , Donor KK F Bt 50 ng,Exnase Il 1 uL,5 x CE
II Buffer 2 pL, %Ml ddH,0 % 10 pL, [F]J5 84 %
424 37°C 30 min, SZEPEF UK LA H, [FIEEL ™
Y 2 5408 DHS o JEAT 4L, SR BUTCRE | BT 1S
JORLZE Miul A1 BstB1 B 5 5 Je T .

1.2.6 Donor-Cas9-SP-DsRed /R EZZALE C2C12 40
L r e 5 A 50 A A

(1) 20 M e e Je SR . 45 1. 2.2 TR i 5
XS C2C12 20 M ik 47 85 5% DL ) PX459-Rosa26
4K 5 Donor-SP-Cas9-DsRed L5454 48 h Ji , X
WAFRIRNG O IATIHEL

(2) RITEATHE AR R S I L Y PCR %06 . i
48 h J5 A Puro ik 7 d, $2 B 4H I DNA, F] JF]

x1 5IWFs
Table 1 Primer sequences
GIE/ BN FFHI(5-3")
Primers Primer sequences(5’=3")
SP-F GGTACCCACCATTCCTCACGACACCC
SP-R ACCGGTCTGCAGAGGCCTGCATGCAA

mRosa26-Xbal-F1
mRosa26-Xbal-R1

CCAAAGTCGCTCTGAGTTGTTATCAGT
GGAGCGGGAGAAATGGATATGAAG

T2A-DsRed-F CAAAAAAGAAAAAGGAATTCGGCAGTGGAGAGGGCAGA
T2A-DsRed-R GCGAGCTCTAGTTAGTTCGAATTACTGGGAGCCGGAGTGGCG
T-Mlul-SP-F CTCCAGTCTTTCTAGACGCGTCGTTACATAACTTACGGTAAATGGC
T-BstBI-R GGGATCCGATTTAAAGGCGAATCGAGGCTGATCAGCGAGC
5’ -Rosa26-F AGGGAGCGGAAAAGTCTCCA
5’-SP-R CCGTCGTCCACAACCCACTC
3’ -Poly(A)-F GACCGTGTACAAGGCCAAGA

3 Poly(A)-R

TCAAGCCAGTCCAAGAGAAAGCA
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Primer 5 AT X K ESI Y IFan 4 R 57 -
Rosa26-F,5’ -SP-R #1 3’ -Poly(A)-F,3” -Poly (A)-R
(SIWFEHI L 1), XF C2C12 4l DNA #17 PCR
Pyt WA BRIP4 1 L, 2x Vazyme
LAmp Master Mix 12.5 uL,C2C12 4iffii DNA 10 ng,
M ddH,0 & 25 pL, PCR ML :98°C 2 min
(TAEPE) ;98°C 30 s(AEME) ,62C 30 s(iB k) ,72°C
5 min (& GEA) | 3 30 NEH; 72°C 7 min (& GE
i) o FRLTRAGIN S Y 25y 2R AT I (BT A Y

2 #HR

2.1 AR MHERIE Cas9 & PX459-Rosa26-SP
B E
PX459-Rosa26 Ay 206 28 A 104 2 1) 4044, %38

K I E %A 4T Rosa26 7 5 sgRNA | A I, 1t A
PX459-Rosa26 1E 4 H 283t T odeads (W 2A) . (A&
A BRI N VIR Kpnl F1 Agel BI040 5149 SP-F
F1 SP-R X} PUC57-SP AR i#47 SP Ji g iy 9 3,
LUk &5 SR %, 7E 2 300 bp AbWEZ 3 5 BRISAEAHST
BRSPS (K 2B) , B SP S sh 79 3 %2,
PR P VI Kpnl F Agel 4351 %F SP A 8+ A Bt
FIZL AR PX459-Rosa26 #EATEEY], GnE 2C Fros , #E 24
800 bp Ab i Bl PX459-Rosa26 # A&/ A BE, [l SP
R B0 R B BAAR K R Bt AT s, A
ORI AT Kpnl Fl1 Agel RUBUI %58 , 45 5 87w, 1
247800 bp 1300 bp b HELH B &4 (K 2D) , SH
WA, EATORETIF e, B Bk A
A A % R A 44 ) PX459-Rosa26-SP

1 A PX459-Rosa26-SP AR /R B & ; B . SP JH 31 F PCR F= Y B NE WHEE M H ik 81 ; M. DL-2000 Marker, 1: [114X1 18,2, PCR f=4; C. SP
Je B F Y P N R A FLUK BT, M DL-5000 Marker, 1 4] 74 ; D . PX459-Rosa26-SP U] 7 47 35 B A58 s L Pk (&1, M2 250 bp DNA

Ladder, 1 . B§Y17=4)

2 PX459-Rosa26-SP 2 (A [ 4 4t
Note. A. The diagram of PX459-Rosa26-SP construction. B. Results of agarose gel electrophoresis of SP promoter PCR product. M. DL-2000

Marker. 1. Control. 2. PCR product. C. Results of agarose gel electrophoresis of SP promoter enzyme digestion product. M. DL-5000 Marker. 1.

Enzyme digestion product. D. Results of agarose gel electrophoresis of PX459-Rosa26-SP enzyme digestion product. M. 250 bp DNA Ladder. 1.

Enzyme digestion product.

Figure 2 Construction of PX459-Rosa26-SP vector

2.2 AR MERIE Cas9 Fifk PX459-Rosa26-SP
HREBE M

# pAcGFP1-N1 A, PX459-Rosa26 314, PX459-
Rosa26-SP #8453 5lEEGe C2C12 40, R i B —4l Ak
FEJEIRARY C2C12 AN BATEXT AR, 48 h )5 e T
GFP Z{A11) C2C12 AR et sk, £ B Ab

VAo YL C2C12 4, #5372 h e, 23R
Btk Y PX459-Rosa26 k1A, PX459-Rosa26-SP 28 14 Fll
ARFEYLRY 3 ZHABLRY) DNA, {8514 mRosa26-Xbal-
F1 Fl mRosa26-Xbal-R1 433l % 3 414079 DNA #£47
PG, Gk 3A TR, 7E29 600 bp Ab B H B9 457
PCR P T Xbal BEVIJR , BEVE_E25401 0 200 bp 5
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13 :A:C2C12 il DNA PCR P ¥y S5l M e i v vk 18, M : DL-2000 Marker, 1: %% 4% PX459-Rosa26-SP J5 #fififi DNA PCR 7=4),2. % 4t PX459-
Rosa26 J5 41l DNA PCR 7=4),3 . RFE Y9 4IHL DNA PCR 724 ;B Xba T V) 7= 4 B3 B A58 i L 3K (81, M DL-2000 Marker, 1: % 4% PX459-
Rosa26-SP HYAIL, 2. RFE G AN, 3 . % ¢ PX459-Rosa26 RN ; C: TTEL MD)Wy sni s B 52 B v UK BT, ML DL-2000 Marker, 1 ; A% e 44
RuRGEDI =4, 2 . Fe Gt PX459-Rosa26-SP RYARUMGFY) ™), 3 Fe ¢ PX459-Rosa26 HYANMIREL) ™4 .
3 PX459-Rosa26-SP %5 580% Kl
Note. A. Results of agarose gel electrophoresis of C2C12 cell DNA PCR products. M. DL-2000 Marker. 1. PCR product of cells transfected with
PX459-Rosa26-SP. 2. PCR product of cells transfected with PX459-Rosa26. 3. PCR product of cells without transfected. B. Results of agarose gel
electrophoresis of Xba | digestion product. M. DL-2000 Marker 1. Digestion product of cells transfected with PX459-Rosa26-SP. 2. Digestion
product of cells without transfected. 3. Digestion product of cells transfected with PX459-Rosa26. C. Results of agarose gel electrophoresis of T7E1
digestion product. M. DL-2000 Marker. 1. Digestion product of cells without transfected. 2. Digestion product of cells transfected withPX459-
Rosa26-SP. 3. Digestion product of cells transfected withPX459-Rosa26.
Figure 3 Editing efficiency detection of PX459-Rosa26-SP

1 : A : PX459-Rosa26-SP-DsRed i @27 & [l ; B: T2A-DsRed PCR 7= 35 g 15 58 i FEL Uk Bl , M ; DL-2000 Marker, 1: PCR =47 ; C . PX459-
Rosa26-SP B 7= 4 BN W UEE A F UK J8] , M ; Trans8K DNA Marker, 1 : BEI P29 ; D ; 5% % PX459-Rosa26-SP-DsRed J5 9 C2C12 4 il (22 H0ET) ;
E 6 PX459-Rosa26-SP-DsRed J5 1 C2C12 A (HAEIET)
4  PX459-Rosa26-SP-DsRed 4t B FikIG VL5
Note. A. The diagram of PX459-Rosa26-SP-DsRed construction. B. Results of agarose gel electrophoresis of T2A-DsRed PCR product. M. DL-
2000 Marker. 1. PCR product. C. Results of agarose gel electrophoresis of PX459-Rosa26-SP digestion product. M. Trans8K DNA Marker Marker.
1. Enzyme digestion product. D. C2C12 cells transfected with PX459-Rosa26-SP-DsRed ( Brightfield). E. C2C12 cells transfected with PX459-
Rosa26-SP-DsRed ( Excitation field) .
Figure 4 Construction and activity analysis of PX459-Rosa26-SP-DsRed
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400 bp MR B, BRI HIEA TS 455 R s, R
UL B A0 i Rosa26 3 i 8% 58 42 V) I, #% G4 PX459-
Rosa26 A4 F PX459-Rosa26-SP AR L Rosa26 17
SIRGSER VI (B 3B) 3% & Xbal FFYI 5 558
S BFIIRCR I R 2, ] TTEL BXT 2545
BRCRIA T — DRI MUK S5 R R (1 3C) , R A%
e IRRI X IR R A= I e Gt PX459-Rosa26 #ifA

1 PX459-Rosa26-SP AR EFUIANTE 42, S5 Al

H Image Lab #4508, KEES3HT 7R, 5% % PX459-

Rosa26 A4 1) S AR M2 46. 42% , 5 L AR PX459-

Rosa26-SP 5875 HE% A 18. 38% .,

2.3 MAHFRMERIE Cas9 R ERH & PX459-

Rosa26-SP-DsRed HJ# 3 & &L iGN
PX459-Rosa26-SP-DsRed #% 4 #4) 7 1 #& Ul [&]

7E . A . Donor-SP-Cas9-DsRed Z& {4 44 78t /R 7 & ; B:SP-Cas9-DsRed PCR 7= 4 350 JIE W % i H8, Uk €], M ; Trans8K DNA Marker, 1: PCR =% ; C.
Donor ZAREFYI P WS NG BE S UK 8], M : Trans8K DNA Marker, 1: 4774 ; D : Donor-SP-Cas9-DsRed i) 7= # B R 8 2 v Uk 1], M - 250
bp DNA Ladder, 1 : B4 ; E . 4% Donor-SP-Cas9-DsRed J& 1Y C2C12 20 ( Z2ALEF) s F %5 4% Donor-SP-Cas9-DsRed J5 15 C2C12 4ifif ( Feik
GFP [ C2C12 4iiitd) ; G : 4% Donor-SP-Cas9-DsRed J& 5 C2C12 4iiJitd (F35 DsRed 9 C2C12 4iiJifl)

B 5 Donor-SP-Cas9-DsRed ¥ 7 J 2535 16 M

Note. A. The diagram of Donor-SP-Cas9-DsRed construction. B. Results of agarose gel electrophoresis of SP-Cas9-DsRed PCR product. M.

Trans8K DNA Marker. 1. PCR product. C. Results of agarose gel electrophoresis of Donor digestion product. M. Trans8K DNA Marker. 1. Enzyme

digestion product. D. Results of agarose gel electrophoresis of Donor-SP-Cas9-DsRed enzyme digestion product. M. 250 bp DNA Ladder. 1. Enzyme
digestion product. E. C2C12 cells transfected with Donor-SP-Cas9-DsRed ( Brightfield). F. C2C12 cells transfected with Donor-SP-Cas9-DsRed
(C2C12 cell expressed GFP). G. C2C12 cells transfected with Donor-SP-Cas9-DsRed ( C2C12 cell expressed DsRed).

Figure 5 Construction and activity analysis of Donor-SP-Cas9-DsRed
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4A, DISEESZEARAFIYIEA T2A-DsRed A9 284 0 B
M, A FH & A BRI N VT EcoRT BV 35 95 4
T2A-DsRed-F Fl T2A-DsRed-R # 4T T2A-DsRed [
P4, PCR =Y LIRSS R B, 762 740 bp 247
b A 5 B Ve B AF 1 R S A (1B 4B) |
T2A-DsRed 4" 3852y, FHHFREIE N UIEG EcoRT X %%
& PX459-Rosa26-SP #17FY], 7F 800 bp ZE 474k
PN BE(E 4C) . [P T2A-DsRed A BE M PX459-
Rosa26-SP £ Fr B it A7 [R) 6 5 41, ) 35 4
HEATON P 2 %, HIY r BOR R AR AE iZE A
JFKE A 44 4 PX459-Rosa26-SP-DsRed, ¥ PX459-
Rosa26-SP-DsRed # /& % Yt & C2C12 40 g (&
4D) 56U 48 h i, FIHSOG BT C2C12 4, mT L
WELRN LG (K 48 ), 32 B SP g 31 ml A sh 210
R (I TE R0 M 3k
2.4 ABRERIE Cas9 TR IBEITHH A
Donor-SP-Cas9-DsRed B3 7 #6 il
Donor-SP-Cas9-DsRed 7 {4 #4) 43 i< #2 UL K] SA
Ll PX459-Rosa26-SP-DsRed A ## , §" % SP-Cas9-
DsRed A Bt, PCR P~ d ik &z, an i€l 5B 7w,
FEZ 5300 bp Ab WL E2 2] 5 HE (HAHAF 1Y R 51 A%

i, W] SP-Cas9-DsRed #1582, FIBR i 1 1)
Fitf Mlul 1 BstB1 %t Donor 8 A& $E4T XUV, WL Uk 45
JLE IR 7E 8300 bp 1500 bp ZE 4 Ak H B 4% 4577
S5HISEAMAST (K 5C) . I SP-Cas9-DsRed F B
I Donor 2R K F BEEAT [R] 5 & 40, X 55 40 ook ik
ITBEVISEE , Wl 5D 7, 7E24 8300 bp F1 5400 bp
Ab R E S5 SRR ARST . D) A R WK,
H i BoR & A48 12 5 41 i ki Ay 45 “ Donor-SP-
Cas9-DsRed, ¥ Donor-SP-Cas9-DsRed {454 Yt &
C2C12 ZHffarh (18 SE) | [Al b 4% g 293T 20 i A Jhy X
HRZH 48 h J&,C2C12 4l L8 I 21 4 5 5 ¢
@IOG(E 5F,56) , i xf BRZH Y 293T 41l H ¢
Bt e £k (Emg ), R T A Y Donor-
SP-Cas9-DsRed ZRAAKRE 7E 40 M vh 1F % Feak H EAT 40
JRURS Sk

2.5 HARERIX Cas9 RIEEIRITHE MK
Donor-SP-Cas9-DsRed 7£ C2C12 fifah#E &

Bt PX459-Rosa26 ZX 4K F1 Donor-SP-Cas9-DsRed
RS YL = C2C12 4l (B 6A),48 h JF,
C2C12 I F RSk A IOL LA DOE (K 6B,6C)
XL J5 ) A B R A T 2 B 1.1 we/ L B Puro

AR YLE 1Y C2C12 4UHE (SERET) s B ILAR YL JS 1 C2C12 41 (%35 GFP 11 C2C12 4if) ; C. YL S C2C12 4 (£Ri% DsRed 11
C2C12 i) ;D KL 2H 3° 3 PCR P4 B e L Ik 8], M DL-2000 Marker, 1:PCR P24 E . JEFI4H 5° 3% PCR 7 4 35 R i g Iz vl ik 141

M DL-2000 Marker, 1:PCR =4 ,

B 6 Donor-SP-Cas9-DsRed %4 Kl
Note. A. C2CI12 cells after co-transfection ( Brightfield). B. C2C12 cells after co-transfection ( C2C12 cell expressed GFP). C. C2C12 cells after
co-transfection (C2C12 cell expressed DsRed). D. Results of agarose gel electrophoresis of 3’ DNA PCR product. M. DL-2000 Marker. 1. PCR
product. E. Results of agarose gel electrophoresis of 5° DNA PCR product. M. DL-2000 Marker. 1. PCR product.

Figure 6 Cell intergation detection of Donor-SP-Cas9-DsRed



Fp [ S2EG B 2R 2022 4F 6 H 45 30 4555 3 ] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3 341

TivE, 7 dJ5, A0SR IR Gk A L AT (A28 ), FEHL
Al DNA #£47 PCR %€, Bl 6D Ky 37 i i A1
L, FEZ 1200 bp Ak BLRE 4 S5, S ER (E A
5. & 6E g 57 sinddi A1 4L, 7E29 1000 bp Ak i 81
SIS AT R SR A5 PCR P2 RS 617
DU P25 5 5 38 7 5 A AT , FRAFS 8L Donor-
SP-Cas9-DsRed # {& % £ %] C2C12 4 }E Rosa26
=

3 itig

SRR R N VI (ZFN) 7 1 S0 S0 I
TR Wy R B ( TALEN) 7 R AH L1 45 =A%
“BLPR2H A2 S S R CRISPR/ Cas9 , BAG AL
VRS LS 2 2SO0 AL, OF & A B 5
S A B TH ) Rosa26 A a5 AL F /NS5
Ju R I W T8 G i B DR R AR LAAE /N B
S A7 AE B A IR A Rosa26 1 3 A4
SN TR R, 5 S W o — R AR T AR g Y
RNA, I RS RHIERE T, A, Rosa26 7
SAE LW 2R, SRR, Rosa26 FEHTE
FFRST LSRN AN rh 3 AT 23k, PR, 7 I DX el
SUATASME DNA  7E4- 421 Sk 1 T gEMEAR 2 3E
WY, Rosa26 3 1 3 PR 4 B8 AR T AR H A 8L
Hiv ST 22 FH 38 1) S5 R 1k 2 SR TR Sl S 30 ) TR ik, AR
WFFEEHL Rosa26 i sSVE T THEALSHEATIFSY

YRR LA T 5 DR el s ), T AR RS T
THLREIESEWEREEAZZmM, HLH
PRVRE ST S A ) o S it 3 LB A U8 B R 2B BT
A, BT 2 LR R 53 05 3 SP 3K 3)) Cas9 (3%
K, IFLAFTHUIN B Rosa26 17 5. Cas9 #if& PX459-
Rosa26 A B 22, # & LA 55 55 £ ik Cas9 AKX
PX459-Rosa26-SP, C2C12 4 il /F Ay B % LA A 41
L, R AF 5 1 UL 200 e 3 5 43 Ak 1) B ABURE AL B
Jo , FRATT UL M C2C12 #EAT % Y i 3L R 20 4 4
BRI K, %5 Y% PX459-Rosa26-SP J5 , #2 B2 fify
FER A AT RV 30 0E , 28 48 I HER N 18.38% , %
W SP JR2h T Al 7 5 Cas9 & HAE C2C12 40l h 5%
ik, ZJE, FAT#EER A Cas9 J5 5| A DsRed Z1 0,555
e SN BU R S I E ST AERUNIN DU - =
B F A6 A [ 408 P R S R R E oL, E R BR
Rosa26 1 f5 Donor 24K ORF XA CMV J5 8l FJ5,
FATHE Z A 2 1 3% $% SP-Cas9-DsRed , 14 #: L
NEFRRIE Cas9 /8B R TRFTHZR4K Donor-SP-Cas9-

DsRed, ¥ Donor-SP-Cas9-DsRed #l1 PX459-Rosa26
LR C2C12 Al , i T ek ok AU AL (4
PN, HaX Mt g 2 ML IA) 40 i 4 S P %, B SP )3 3
TR S AL B L R S R Gk . X gL e
) C2C12 ZHAEHEAT Puro §ifi i 5 45 2] BH 1 4 A 1 7
FEDR 2 Y B2 ORI PCR 2808, 1% 80K 1 D 3 4 %)
C2C12 4/l Rosa26 fii i, FATHIE M R G T
LRSS 235 Cas9 /1N BURSE Y 1% il 4 11 UL PR Ay S 1
PR G T 5T
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K5 VR 5 5 PN i SR A AL 1 L AT 5
REE A HEREE R, F 5, B

(1. BARH R 25 KT R e 2B /40 = B EEBe , AR 6100755 2. WUARHR B 25 R 2A Mo AR B Wi 610075
3. AT ARER P ER, ) ##H 618499)

[{#ZE] B W R B A AU I A2 I G 08 M R B ST I 5 85 6 TiF P9 D v SRR A
RURONE  IFERIT FIRPIF TR Ss . FiE % SD 4l B SUATE BB AL 430 B2 43 B 165 ML 2 ( CRD 4H)
23 %5 IR (CRD XFIRAL)  Z5HBE-& 18 M 4 (CUMS 4H) 523 I IRZH (CUMS X R4 | BRI~ 5, WiEE K
SR — M 10 5 AR 1O, >R N REGR S 5 (AWR) 55 PSS B0 (3740 DR B I BIUERPE , 52 S e 53 50 3
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Visceral hypersensitivity model of irritable bowel syndrome established by
combined methods: a comparative study
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[ Abstract] Objective To observe the effects of a visceral hypersensitivity model in rats with irritable bowel
syndrome established by neonatal maternal separation combined with colorectal distension and drugs with chronic stress,
and to discuss their features. Methods Two-day-old and two-month-old Sprague-Dawley rats were randomly divided into
CRD, control, and CUMS groups. After establishing the model, the general conditions, stools, visceral sensitivity, and

anxiety-depression-like behavioral changes were evaluated. Colonic tissue was obtained for pathological examination.
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Result Both model groups had a higher AWR score, lower visceral pain threshold, and changed fecal characteristics and
water content. The CUMS group had a shorter open arm residence time of the elevated plus maze test and shorter total
distance and central area residence time of the open field test. Conclusions Both models showed visceral hypersensitivity
and fecal changes, which agreed with the clinical symptoms of IBS, and are more inclined to the diarrhea type.
Additionally, the CUMS group model had emotional changes.

[ Keywords] irritable bowel syndrome (IBS) ; visceral hypersensitivity; neonatal maternal separation; colorectal
distension ; chronic unpredictable mild stress; model evaluation
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Table 1 Comparison of fecal conditions at different time points
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CRD control group
CUMS 4 o . . .
CUMS group 5.90 + 0.32 0.78 = 0.41 5.10 = 0.88 0.77 = 0.09
apiliEs
CUMS XL 4.20 + 0.63 0.59 +0.11 4.00 = 0.00 0.55+0.12
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Figure 2 Comparison of AWR of rats at different time points
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Figure 3 Comparison of visceral pain theresholds of

rats at different time points
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Figure 4 Comparison of OT% values of rats at different time points
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Figure 5 Comparison of total distance and center area duration of OFT of rats at different time point
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Figure 6 Pathological observation in different groups
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[ Abstract] Objective To design and construct a rodent awake activity device for brain microdialysis recording and

achieve the application and verification of brain microdialysis sampling in mice. Methods The rodent awake activity
device for brain microdialysis recording was designed and constructed using relevant materials. Dopamine-related
neurotransmitters in the substantia nigra-striatum neural circuit in mice were measured and verified by this device.
Microdialysis probes were implanted into the substantia nigra and striatum. Recording and microdialysis sampling were
performed for 7 days after operation. Dopamine and its metabolic intermediate DOPAC were analyzed in the substantia nigra
and striatum. The microdialysis flow rate was 2 pl/minute. Samples were collected every 20 minutes for 200 minutes to
analyze DA and DOPAC concentration changes over time. Results (1) Mouse brain samples showed stable levels of
neurotransmitters. (2) Dopamine concentrations were (0. 11 = 0.01) nmol/L in the substantia nigra and (0.22 £ 0.05)
nmol/L in the striatum. DOPAC concentrations were (3.38 = 0.59) nmol/L in the substantia nigra and (20.35 + 6.87)
nmol/L in the striatum. No significant differences were found between each sampling period. Conclusions The rodent
awake activity device for brain microdialysis recording is practical and stable with good applications in time and space
dimensions. Two national patents have been applied for and authorized; Patent for invention (202110525342.5) and
Patent for utility models (202121027247.4).

[ Keywords] neurotransmitter; microdialysis; awake activity device; dopamine; striatum; substantia nigra
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S 25 M SCHR A E A1 7 i AR 6 S 30 75 SR ]
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PV RE . BREE G I A e [ AT R Y
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BIRE L (E 1),
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PRIR 258, T Sk B 48 B, AR M 2%, Sk T GE A 4]
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TEA KRBT B R BN B, C AR B RN R, 12 B8 6 T BT, 13 SR G KFAT, 28 T T AT HI 89 LR 7 54, 74T
FLACEPIA 1 mL BB 3K (29)  i0 g Fe i L BP AR AT, 34 S UOKIRL,
1 B HTIC R B sh 2 MR A

Note. A. Demonstration of the device picture. B. Overall schematic diagram of the device. C. Partial enlarged detail of the device. 12. Vertical

rod of the iron frame platform. 13. Horizontal rod of the iron frame platform. 28. Handmade plastic sheet structure, used for drilling holes and

placing two 1 mL plastic tips (29). EP collection tubes were inserted during recording. 34. Rodent drinking bottle.

Figure 1 Rodent awake activity device for brain microdialysis recording and schematic diagrams
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Table 1 Artificial cerebrospinal fluid for microdialysis

)% e FE (mmol/L)
Ingredients Concentration ( mmol/L)
NaCl 147.00
KCl 2.70
CaCl, 1.20
MgCl, 0.85

TR C1T IR Total [C17 ) 153. 80

IE:pH = 6.5 ~ 7.4, 4C UK N AT RAFPIA
Note. pH = 6.5 ~ 7.4. Solution can be stored in 4°C refrigerator for two
weeks.
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4 GraphPad Prism 8.0 $E4748 71404, W 4L A Ho 3¢
KIS REAR K556 L P < 0.05 2R BEA R
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Figure 2 Schematic diagram of usage of the rodent awake

activity device for brain microdialysis recording
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Figure 3 Schematic diagram of dopamine metabolism in the

nervous system
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Figure 4 Sites of microdialysis probe implantation in mice brain
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Figure 5 Neurotransmitter dopamine levels in the substantia nigra and striatum of mice measured by the rodent awake activity

device for brain microdialysis recording
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Figure 6 Neurotransmitter DOPAC levels in the substantia nigra and striatum of mice measured by the rodent awake activity

device for brain microdialysis recording
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[ Abstract] Objective To establish a simple and reproducible model and its evaluation system for bradycardiac
arrhythmia in Zebrafish. Methods Wild-type and heart-labeled GFP transgenic zebrafish were employed in this study after
24 h of fertilization. Twenty-four hpf (hour post-fertilization) zebrafish embryos were treated with various concentrations of
verapamil, propafenone, metoprolol, amiodarone, and mexiletine for 48 hours, then the cardiac function and cardiotoxicity,

including survival rate, heart rate, stroke volume, cardiac output, ejection fraction, area difference between ventricular
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diastole and systole and the distance between sinus venosus and bulbus arteriosus (SV-BA), were observed in each group.
Results To evaluate drug toxicity, the median lethal concentration (ICy,) was ranked as propafenone < mexiletine <
amiodarone < metoprolol and verapamil. After treatment with verapamil, the heart rate, cardiac output, ejection fraction and
difference between ventricular diastolic and systolic areas significantly decreased in Zebrafish, while the distance of SV-BA
increased. Treatment of propafenone reduced the heart rate and cardiac output in Zebrafish. Treatment of metoprolol
decreased the heart rate in Zebrafish. Treatment of amiodarone decreased the heart rate and increased the distance of SV-BA
in Zebrafish. Treatment of metoprolol increased the distance of SV-BA in Zebrafish. Conclusions Verapamil, propafenone,
metoprolol and amiodarone all could be used to construct zebrafish models of bradycardiac arrhythmia, among which verapamil
had the best efficacy. This study proposes the use of anti-arrhythmic drugs, particularly verapamil, to establish the
bradycardiac arrhythmia model using zebrafish as well as the corresponding evaluation indicators. This study is of great
significance to the research of bradycardiac arrhythmia and its drug development.

[ Keywords] bradycardiac arrhythmia; zebrafish; verapamil; cardiotoxicity; antiarrhythmic drugs
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Figure 3 Effects of drugs on the survival rate in zebrafish
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0.001. Magnification. 10X. (The same in the following figures)

Figure 4 Effects of verapamil on the cardiac functions in zebrafish
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Figure 5 Effect of verapamil on the height distance and distance between SV and BA in zebrafish
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fraction. F. Area difference between diastole and systole in zebrafish ASy, e -

Figure 6 Effects of propafenone on the cardiac functions in zebrafish
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Note. A. The lateral heart shape of zebrafish. B. Ratio of the distance between SV and BA to the height distance of zebrafish.

Figure 7 Effect of propafenone on the height distance and distance between SV and BA in zebrafish
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Note. A. Cardiac systolic and diastolic morphology of zebrafish. a. Atrium. v. Ventricle. B. Heart rate. C. Stroke volume. D. Cardiac output. E.

Ejection fraction. F. Area difference between diastole and systole in zebrafish ASy, -

Figure 8 Effects of metoprolol on the cardiac functions in zebrafish



364 o [ S2I B AR 2022 4F 6 H 45 30 %55 3 W] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3

2.5 RREAFRXIHED &0 B LS H A0 Th BE RO R M
2.5. 1 JHERULER %o B £ HIE T RE 8 5 M)

WE 10 Fis, 525 [t AL H, BERLER 10
30,100 wmol/L AbBRLHBE h £ ()00 R 43T AR T 24
23% 24% 48% , A G it EE L (P < 0.001) ; %
PP 5 751 ok Ak AL BRE I £ 00 B R O T A
I35 0 FE &F TR RIS A B T R 25 (B (AS ) T

WEMEF(P>0.05),
2.5.2  JHZRERXTBES 1 SV-BA [R]85 0

WE 11 iR, 528 {6 IR e, B iER 30,
100 pmol/L Ab B 2H & ik 55 — sh ik B/ & K (SV-BA/
Height distance) , AT I 22 7 (P < 0.05) , $#/n
PRI AT — 2 O R 3 0, H AT — 8 1 1) AR
T

T A TS A0 TR Co T 25 5 B < TV S — 30 kOB B 18 5 B0 5 £ By I A LA
B9 SEHEIR/ARXIRE D B SV-BA [RIBE 520

Note. A. The lateral heart shape of zebrafish. B. Ratio of the distance between SV and BA to the height distance of zebrafish.

Figure 9 Effect of metoprolol on the height distance and distance between SV and BA in zebrafish
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Note. A. Cardiac systolic and diastolic morphology of zebrafish. a. Atrium. v. Ventricle. B. Heart rate. C. Stroke volume. D. Cardiac output. E.

Ejection fraction. F. Area difference between diastole and systole in zebrafish ASy, ;-

Figure 10 Effects of amiodarone on the cardiac functions in zebrafish
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Note. A. The lateral heart shape of zebrafish. B. Ratio of the distance between SV and BA to the height distance of zebrafish.

Figure 11 Effect of amiodarone on the height distance and distance between SV and BA in zebrafish
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Figure 12  Effects of mexiletine on the cardiac functions of zebrafish
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Note. A. The lateral heart shape of zebrafish. B. Ratio of the distance between SV and BA to the height distance of zebrafish.

Figure 13  Effect of mexiletine on the height distance and distance between SV and BA in zebrafish
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Primary culture of mouse ependymal cells and analysis of the
multicilia formation process
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[ Abstract] Objective To use a modified protocol to obtain in vitro-cultured mouse ependymal cells (MEPCs) and
to assess the morphological change of MEPCs during differentiation, the process of cilia formation, and the ciliary motility
of mature MEPCs. Methods MEPCs with physiological functions were obtained by specialized culture and induced
differentiation from isolated neonatal mouse telencephalon cells. Cilia formation and maturation of MEPCs were confirmed
by immunocytochemistry. The ciliary beating pattern was recorded using a microscope equipped with a high-speed camera.
Results The isolated telencephalon cells proliferated rapidly under culture conditions, and MEPCs with functional
multicilia were obtained through induced differentiation. Conclusions Using a modified in vitro culture protocol, MEPCs
with proper immunohistochemical characteristics and normal multicilia motility were successfully obtained. The process of
multicilia formation at various stages of MEPC differentiation was revealed, providing a benchmark for further study using
MEPCs as a model.

[ Keywords] ependymal cells; multicilia; mouse; primary culture
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Figure 1 Schematic diagram of primary culture of ependymal cells
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Figure 2 Morphological changes of cultured ependymal cells were observed using light microscopy
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Figure 3 Immunofluorescence staining revealed multicilia formation during differentiation of cultured ependymal cells
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Figure 4 Immunofluorescence staining revealed changes in basal bodies of cultured ependymal cells during differentiation
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[ Abstract]  Objective  To study the role of deubiquitinating enzyme 16 ( Uspl6) in spermatogenesis by
establishing a mouse model of conditional Usp16 knockout in germ cells. Methods Vasa-cre transgenic mice were crossed

6"") to obtain germ cell-specific Usp16 knockout mice. To confirm that Uspl6 had

with Uspl6 transgenic mice (Uspl
been conditionally inactivated in germ cells, genotyping by PCR and western blotting was performed to evaluate Uspl6
expression. Initial characterization of the phenotype of conditional knockout ( CKO) mice was then conducted by co-cage
mating, computer-assisted sperm analysis, and HE staining. Results = We confirmed that Uspl6 expression was

appropriate in the conditional knockout mouse. Compared with the wild type, the conception rate of female mice mated with
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CKO mice had decreased to only 7%, while no significant difference was observed in heterozygous knockout mice male

mice. The sperm count of CKO mice was decreased by approximately 79% , motility was decreased by approximately 87% ,

and the rate of sperm deformity was as high as 83%. Multinucleated cells appeared in the seminiferous tubules of the testes

and the number of precocious sperm in the epididymis had increased by approximately 76%. Conclusions

Homozygous

mutation of Uspl6 in germ cells severely reduces sperm quality, thereby reducing male fertility.
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S KA S S 40 BRSP4 R (AL
2. A2021025) .

112 FEEH S5

SIA (LR AR A RAR)
W/ A/ H LR RN 4 DNA $2EGR & ( DP304, K
WAL B4 (dbst) AR AW ). 2 x Es Taq
MasterMix ( Dye) ( CW0690 , It 5% B Ay 20 4= Wy Bl 4
A R 2 Al ). RNAiso plus ( 9109, TaKaRa ) .
PrimeScript'™ RT Reagent Kit ( RRO37A, TaKaRa) .
FastStart Universal SYBR Green Master ( Rox )
(04913850001 , Roche ) #dii/)N Bl Uspl6 $i 14 ( 14055-
1-AP  RICHE B A YR B A BR 2 W) | B-actin BT 14
(ab6276,Abcam) Alexa Fluor 594 1 EPibead Y6 —Hi
(A-11012, FE8R CHE R BHE A R | 5T/ R 1eG
(H+L)-HRP(CW0102S , 4t 5 JE At ad A= Rl 3 A R
AN IIESU R 1eG (H+L)-HRP (CWO0103S, 3t 513
St AR A BRA D) B (&
Hoechst 33342) (P0133-5 mL, i3 = KAEWFEAA
FRAT]) (ECL % 6iRF) (€510043, 4 TAY) TR ( |
1) A PR ) (Diff-Qick Y fai (G1541,db 51 &
FEFRHEABRAF) .

RS F WA (B T AR SR A A R A TR
ANFE P ED L E KA PCR § 884X ST 9¢ O E =
PCR Y FIEEIE A2 ( Bio-Rad , 35 ) 986 i
(Zeiss, f2[H) ,

1.2 A%
1201 /R B 5 i e 5

W FH Cre-loxP EER R4 AR (F 1A) , B Vasa-
cre SEEEPRE RS ME B Uspl6™™ 2458, 15 F1 R A
550 Usp16ﬂ”“/“'l/Vasa-cre+ﬂg%%ﬁ‘%&l%éﬂ , Ak e 5 M R
Usp16ﬂ‘“/flnx [ 2218 F2 A0 HE R, Usp16ﬂ'“/ﬂ"x/Vasa-cre+
RS HERH (K 1B)

ST HRZE A /N UL , 3% BB TIANGEN 3255
G DNA, 3B PCR 938 31T 2% B g M e 1
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HLUK A 5 e /D BREE R L, PCR 473 10wl K
%K 2 x Es Taq MasterMix( Dye)5 pL,ddH,0 4 pL,
10 wmol/L 514145 0.25 wL, ##i DNA 0.5 ulL,
Vasa-cre F:[H P 1 254k 94°C 30 5,62°C 30 s,72°C

1. A Cre-loxP @B UL B, ZEAH R WS

45 5,33 MG ; Uspl6-wt FE K 4738 454K 94°C 30
5,59°C 30 s,72°C 45 s,38 MEH; Uspl6-loxP FE[A
P18 51k 94C 30 5,61°C 30 s,72°C 60 5,33 Mg
W, ARG E B 1,

B 1 &fFrERERR Usple /N RUAGIIEE 5 %5

Note. A. Cre-loxP knockout principle. B. Reproductive strategy.

Figure 1 Construction and reproduction of Uspl6 conditional knockout mice

R DRUERALEE T YER

Table 1 Primers for mouse genotyping

e Ea(s -3 (5 -3) T (bp)
Gene Forward primer(5’-3") Reverse primer(5’ -3") Amplified fragment( bp)
Vasa ( cre) CACGTGCAGCCGTTTAAGCCGCGT TTCCCATTCTAAACAACACCCTGAA 240
Uspl6 (wt) CTGTATTGCTCTTGTCTAGTTG CTACTTGTACTTTCCAGTCC 607
Uspl16 (loxP) GGCGCATAACGATACCACGAT ACTGATGGCGAGCTCAGACC 961/170

1.2.2 /NRAZUE RNA $2HU qPCR

B A A WS 5, H RNAiso plus $#EHUE
218 RNA, B 1 pg B RNA Fi 52 55 57 66
cDNA, cDNA J#ifz , 4K B8 Roche %¢ g ik 7 &
UL 45, JH Bio-Rad %t # PCR {Xi# 1T qPCR,
H % W Usple b 51 %, 57 -CTGCCAAGACT
GTAAGACTGAC-3", T~ i 5l ¥. 5’ -GGTGTCGTG
TAGTGCTTCAAG-3’ , NS %K GAPDH L {5149 .
5’ -TGGCCTTCCGTGTTCCTAC-3" , 5| ¥. 5" -
GAGTTGCTGTTGAAGTCGCA-3 >, & W & %.
FastStart Universal SYBR Green Master ( Rox) 10 pL,
ddH,0 6.8 pL, E 51945 0.6 pL,cDNA 2 uL,
F £ 4. 95°C 10 min A8 P, 95°C 10 s, 60°C
30 5,40 NMEFR, 274 SR M A IR
1.2.3 Western Blot

JH RNAiso plus $#2 UCHZ BE G, INA 5x4&
BT L Uk b A 22 v 5 280k 10 min, B 30 pL
LR EE 60 V MR 4E AR M, TH R 120 V 4B R
(8% Y BIE) , TH R 300 mA 1254 90 min, ¥ 55 H %
2 PVDF B L 5% AR Wk iR 1 h, in A —
Pr(1:2000 i) T 4°C i 7%, TBST Pk i A A
I HRP {BEE 4 (1:20 000 Fi ) =IIFE 1 h,
TBST PelfG ECL fb2% & 06 8 F AR Uk 1%, 45
S Tmage ] 47 K EES3HT, B-actin NS,

1.2.4 HE QLB G55t

AT 4% Z R EE, A WY A HE
Jutn WA NI, REEDOG. VI S 2K, T
N TR A7 6 R B T A8 5 W rh B N 44 30 min
H AR HIT ,0. 5% Triton X-100 3835 20 min, PBS ¥t
J& 5% L 1M3E 37°C £ H] 90 min, PBS ¥EJ/5 —Pi (1
1200 Fi R ) 4CEE LK, PBS PEJE =40 (1 = 200
File) 2 IR0 E 1 h, PBS YEJa i N e e K& A
W R, 5Ot AR AR,
1.2.5 KGRI SAEFIR A

/N B — M0 B 52, 55 F /N 11 (4 V0B TR 13k
REWE HTF o, A S AL EE 5246 10 min, #7578 100
i J5 B BRS Fr Ar AU i . FErh B 10 L KSR
AR, Diff-Qick Pus e (o, B SR,
1.3 FitZEHHH

M7 H A S 3 IR, A5 R GraphPad Prism 8 #1f
GEITAHT, ISFIIME + AiiE2E (& + ) 3R, PRALEEYY
H LR Student” s ¢ K36, 2240 [A] 5055 LR
PARIZE T 20T, P < 0.05 2= BA Bk,

2 &R

2.1 Uspl6 EFERFFERATFAARPRIE
JI%E;R
qPCR I Western Blot 45 i 7= Uspl6 7E B4R
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MBS AL ZH B3R TR o de ey, 7 LA A 2 (o B
T il BN ) RS mBRAR(E 2)
2.2 Usplé &4 1/NRAE L RIIE

Uspl6 254/ NFUEAE Usple LS 4 A0
TR A loxP i £, PCR 454 K/ K 961 bp, &
#% Vasa-cre BZHFHBRENIA 170 bp, By AEAIFI Vasa-

cre P PE Z A K/ 43 5 A 607 bp HI 240 bp,
Uspl6™™ /N B AT B 607 bp 1 961 bp 2% 4,
Uspl6™/™ /N R AT I 961 bp, 224 F Uspl6™™/
Vasa-cre' /NELA] WL 961 607 1 240 bp 4571, 464 T
Uspl6™"*/Vasa-cre” /N R AT WL 961, 170 F11 240 bp
F (K 3) .

1 :A:qPCR A Uspl6 mRNA ik7KF-; B: Western Blot £l Usp16 i 135 /KF,
2 Uspl6 7587 A= BUSAE IE BN R ZH 8L B 3k 1 00
Note. A. Uspl6 mRNA expression level detected by qPCR. B. Uspl6 protein expression level detected by Western Blot.

Figure 2 Expression of Uspl6 in different tissues of wild-type adult male mice

1 B4 2 Vasa-cre;3; Uspl6™™ ;4. Usp16™ "™ 5, Usp16™™/
Vasa-cre® ;6 Usp16™™ 1 /Vasa-cre* ,
B3 /)NEUEIEE DNA 28 PCR &1 J5 HUUK A4
Note. 1. Wild type. 2. Vasa-cre. 3. Uspl6"™™. 4. Usple™/™ 5.
Uspl6™™™/Vasa-cre*. 6. Uspl6"™™/Vasa-cre®.
Figure 3 Electrophoresis band of PCR amplification of
mouse toe DNA

Uspl16™™/Vasa-cre” It L5 Uspl16™" i fl 2%
44T 80 H(MERL 43 HMERL 37 K, Horp
Uspl6™™ FERRI/INEL 26 H | Uspl6™™ F& K K/
BL21 H, Uspl6™™/Vasa-cre” J& [H H /MR 27 H,
Usp16™"™/Vasa-cre' ZEH /N 6 L (HERL3 H M

3 ),

qPCR 258 R « AR T 107 AR Y, J% 5 i B 4 A
Al R 2H T SR AL Usple6 mRNA ik 3 f#
1%, 2 BIFEAR T2 83% 11 99% ( Mean 0. 17 SD 0. 01
vs Mean 1.03 SD 0.03,P < 0.0001; Mean 0.01 SD
0.01 vs Mean 1.03 SD 0.03,P < 0.0001) (&l 4A)
Western Blot 255 i /s AHEE TR AERY | I bR gl An
A R A M LS AL Uspl6 28 113835 B35 1T,
I3 BIEAR T 249 22% F1 43% ( Mean 0.58 SD 0. 10 vs
Mean 0.75 SD 0.03, P = 0.0445; Mean 0.43 SD
0.05 vs Mean 0.75 SD 0.03,P = 0.0007) (& 4B) .
BRETNCLE R R Uspl6 B 835 T RIEHR: 7, 714k
i 3k Al R Ik 2 e B 52 b Usple BHTE
EAG TR THEAEARI (B 4C) , X EEE5 R AL
PRUFIER FH 7K T UF BH 2 78 A0 B AR 57 P R B Usp16 ZINER
2.3 Uspl6 &4 HRIBR/NRRE O
2.3.1 Uspl6 miRxt s AL ZUB M RE

P A= Y Z £ il 9 2L AN Al A T 9 2 A S v il
YRS HED B %, 45 M e 8, AR RN A B B AR
b, 8 s s AL IR ., 45 BE A I 10 & 2 A S A
R AT AR LIA R 2 S LR 4 s rh S A D
s RTERE FAHRE S 2200 (WA S) .
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A qPCR KR A Y % A iR 4 NSt A ik 4

S2HLH Uspl6 mRNA Fik/KF, 5EFA BRI H, ™ P < 0.0001; B; Western Blot 38 3iF B/

R A RBR A Al A R S AL Uspl6 8 (R BKF, SEHERINT L, * P < 0.05, ™ P < 0.001;C. 52 I Uspl6 BIRBETE, 41 (e

JefREE Uspl6, i LT FANMAL , Hi 3k . FHEEBDERS T

B4 SRR Usple /NRERIIE

Note. A. The expression of Uspl6 mRNA levels in the testis of the wild type, heterozygous knockout and homozygous knockout group detected by

stk

qPCR. Compared with the wild type,

and homozygous knockout group detected by Western Blot. Compared with the wild type

P < 0.0001. B. The expression of Uspl6 protein levels in the testis of the wild type, heterozygous knockout

VP < 0.05,™ P < 0.001. C. Immunofluorescence

detection of Uspl6 in the testis. Red fluorescence represents Uspl6 and blue fluorescence represents cell nucleus. Arrow. Positive germ cells.

Figure 4 Verification of Uspl6 conditional knockout mice

Sk AN,

B 5 =2JLHE §f

Note. Arrow. Multinucleated cell.

Figure 5 HE staining of the testis

2.3.2  Uspl6 mfxt 24 208 M52

AHAE T A A Al F 83 2 R 52 oS 7 %% 5 ik
/N, LB S2 R 3ORE 50 S I T 29 3 % (Mean
5.77 SD 1. 68 vs Mean 1.40 SD 0.36, P = 0.0117) ,
M AmbrAIEH B2 5% (K 6)

2.3.3  Uspl6 B+ B S Az 3R 05

B AR A MR A R AE T RE I IEH 4B
o S5 B UL B TE AR A A TS R 2 B
IS HAZHL Y 15 HMER PRy 1 Rl A& BT, %
RN 1% (£ 2)
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ali B r R AL BRS80S ANTE ) AR YA YRR A R 2 P A — SR A Sk 3 33
TFHPA R R R, 0 R T 24 79% . 81% 1 RIS LA WEIE | 1M 4l vl bk 41 AR 45 T 0 A= 7
87% NG Fia sl (VSL \VCL \VAP) S F2s Iy A FHRIEREEEM 724 4 1%, 554 83% (Mean
TR (ALH BCF \MAD) 1 i 3 P& A%, /0 BIEME T 83.33 SD 6.11 vs Mean 18.33 SD 5.51, P =
29 80% .80% .80% ,80% ,78% 1 78% , M Z2 Gt bx  0.0002) , W 2 YA G T Sk 350 JC 840 R AS 2 7Y iy
U TFHESHREARELET(E3), T, R ER AN S0 s B s il (& 7)

IOk A T SR AR L P > 0.05, " P < 0.05,

B 6 e HE g

Note. Solid arrow. Precocious sperm. Compared with the wild type,”™ P > 0. 05, “ P < 0. 05.

Figure 6 HE staining of the epididymis

&2 AEFHEINK
Table 2 Fertility test

T B PR Y 27 M B T S B FAFEL
Genotype of male mice Pregnant female mice/mating female mice Number of litter
WT#1 2/2 (WT) 8,9
WT#2 2/2 (WT) 11,9
WT#3 2/2 (WT) 9,10
WTH#4 1/1 (Usp16™™™ /Vasa-cre*) 7
WT#5 1/1 (Usp16™/™* /Vasa-cre*) 8
Usp16™™/Vasa-cre" #1 2/2 (WT) 8,9
Usp1(’)ﬂ‘”‘/‘"/Vasa-cre+ #2 2/2 (WT) 7,9
Uspl6™™™/Vasa-cre* #3 2/2 (WT) 7,8
Usp16™1™ /Vasa-cre® #1 0/4 (WT) 0
Uspl6ﬂ°"/ﬂ""/Vasa-cre+ #2 0/4 (WT) 0
Uspl6™1 /Vasa-cre #3 1/5 (WT) 6

T S0k R T SRR el AT

S B OE S M TR SRR, P > 0.05, ™ P < 0.0001,
B7 TR

Note. Solid arrow. Curved neck and tail. Hollow arrow. Abnormal head. Compared with the wild type,™P > 0.05, ™ P < 0. 0001.

Figure 7 Staining of sperm smear
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Table 3 Computer-aided sperm analysis

KF2H Lgeceir e iR LR {5
Parameter of sperm Wild type Heterozygous knockout group Homozygous knockout group
W (10°/ml \
ﬁg( o ) 30.27 £1.39 29.93 = 1.09™ 6.27 £ 0.96
Density( 10°/mL)
(%) ns o
Viability (%) 92.06 + 7.00 91.93 + 2.71 17.54 + 3.94
J1(%) s -
Motility (%) 85.85 + 9.36 81.96 + 4.85 11.23 £ 2. 15
HEGHEE (pm/s)
VSL( pm/s) 82.13 + 3. 15 82.28 + 4.48 16.32 + 4.89
M2 B (wm/s) s .
VCL(pm/s) 88.50 + 3.82 87.66 + 3. 15 17.62 £ 5.36
NS /X‘*‘J&J m/ s
IR (pm/s) 62.13 + 2. 68 61.55 + 2.22"™ 12.37 + 3.76
VAP (pm/s)
MR B (wm) s e
ALH( um) 26.37 + 1. 14 26.12 £ 0.94 5.25 £ 1.60
HEFTA 4 (He)
BCF( Hz) 15.08 + 2.32 15.47 + 1.38 3.34 £ 0.65
TR B (°)
MAD(®) 16.52 + 1.76 16.46 + 1.30 3.61 % 0.74
ik ns ns
WOB 0.00 = 0.00 0.00 = 0.00 0.00 + 0.00
B 0.93 + 0.03 0.94 + 0.02" 0.93 + 0.02"
LIN
ilERES ns ns
STR 1.33 + 0.04 1.34 = 0.03 1.32 £ 0.03
L S5EPAERA,™P > 0.05," P < 0.05,™ P < 0.01, ™ P <0.001, ™ P < 0.0001,

Note. Compared with the wild type,™P > 0.05, “P < 0.05, ™ P < 0.01, ™

3 it

ARG L Vasa-cre 5 IEF/NRE Uspl6 551
PE/NEL(Usp16™1™) 2438 T AR AT A5 FE 240 b e S
iR Uspl6 /N B, I DS BRI 2 1 K145 31 IE 52
Vasa FR 1M 12.5 dpe IR R Ix RS 200800 A5
E‘Jﬂ%?éﬂﬂﬂﬁ,ﬁﬁﬁ Vasa-cre /N ZR3E, M FRE2 AL
AFEANL ) Uspl6 BiE ] BRI BR 1 S2 AL AR
FEAANA, Uspl6 FE S5 4 L A 8] 5T 41 i v o A 5%
K, BURBE IS Western Blot AT RER 2| 45717 , 7E F %
DA TOERIK

K RAJR— DB &M 7R R MRS IR 20
M4k K Bk 20 MO 2 53 2 0K 1 B AR A —
RS H B ) REES AT FT RE G A G R . 24 AR
LU FEFAETY , Uspl6 Foik 5l g 3 RRAIG, (B AR
AL ILAFTE Uspl6, T BEREARAY Usplo £k A
JELLSZIRG A AR BOHRS  Jot f AR 5 B AR A
LW A B 22 5 4li & mi B A B ( Usple™ ™/
Vasa-cre” ) ffl 52 ok 4% B2 B I o /b, il 2008 45 A
i v B 22 118 R ORG-S AT RE R

P < 0.001, ™™ P < 0.0001.

M TR FRBGE R SA RS 40 R Rl e R
ST J B - 107 4 R S B S8 e i 4 B
T BRS2 L A 0 i 2 A% A0 T B T IR TR
K TR IRBT A A = A R TS IE R
IR E TR & A M T BN 22 A% i T v,
A s A Y Y M R S s E AR
LRI TR E R EE I R SR S
FORS FIRIE RS B R R, B, B3 12 2 %
RNF8 (i 2k 7 5f 2 Miwi B9 44 2878 S #5802l
A Lz R B, (A5 48 (R faoks 5
TCTE 58 42 58 B 1 JRORG 1 /0 55 W T | 7 46 4 i B
Uspl6 M B A9 A= 5l R A 5 H R L, Kz R
Uspl6 AlR¢ Stk PR 1 H2A Z R0, HE
TEIFIEAS 740 ik B0 HEI AT fE S 5 (5]
TEHRE T 245 T A AR 5 2 A8, HOR 7R i 1 7 o
VT Az R A A5 41 s E A
A DT 3 RS 1 BB K 06 1R ARS
i /DAF BT gE . ML, Al A e R M B
AEIEH A B AT, #EM Uspl6e X H: 00 7 5% 4 i
B
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25 LR AR SO KR PR AR 11 )2 T IR SE 1 8

PR T A A0 LR S PR AR Usplo /B, i ) H
AR SRR BLEAT 93T, e R0 Rl 53 T BN 3Bt
R R, OREOR TR A LSRR X sk
P&, K12 R ALEE Usplo al ¥ 190KS 728 it B R 2
WG 5~ i R RS i 6 0 fE A A B R ) 7 AR A
A B IR b 7 i — 22T

(1]

(7]

[8]

2 % 3 Hk(References)

Xu W, Hu H, Wang Z, et al. Proteomic characteristics of
spermatozoa in normozoospermic patients with infertility [J]. J
Proteomics, 2012, 75(17) : 5426-5436.

Joo HY, Zhai L, Yang C, et al. Regulation of cell cycle
progression and gene expression by H2A deubiquitination [ J].
Nature, 2007, 449(7165) : 1068-1072.

Yang W, Lee YH, Jones AE, et al. The histone H2A
deubiquitinase Uspl6 regulates embryonic stem cell gene
expression and lineage commitment [ J]. Nat Commun, 2014, 5
(1) 3818.

Gu Y, Jones AE, Yang W, et al. The histone H2A
deubiquitinase Uspl6 regulates hematopoiesis and hematopoietic
stem cell function [J]. Proc Natl Acad Sci U S A, 2016, 113
(1):51-60.

Zhang Z, Yang H, Wang H. The histone H2A deubiquitinase
USP16 interacts with HERC2 and fine-tunes cellular response to
DNA damage [J]. J Biol Chem, 2014, 289 (47). 32883
-32894.

Cai SY, Babbitt RW, Marchesi VT. A mutant deubiquitinating
enzyme (Ubp-M) associates with mitotic chromosomes and blocks
cell division [ J]. Proc Natl Acad Sci U S A, 1999, 96(6) :
2828-2833.

Xu Y, Yang H, Joo HY, et al. Ubp-M serine 552
phosphorylation by cyclin-dependent kinase 1 regulates cell cycle
progression [ J]. Cell Cycle, 2013, 12(19) ; 3219-3227.
Zhuo X, Guo X, Zhang X, et al. Uspl6 regulates kinetochore
localization of Plkl to promote proper chromosome alignment in

mitosis [ J]. J Cell Biol, 2015, 210(5) ; 727-735.
Adormmo M, di Robilant BN, Sikandar SS, et al. Uspl6

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

modulates Wnt signaling in primary tissues through Cdkn2a
regulation [ J]. Sci Rep, 2018, 8(1): 17506.
Zhang Y, Liu RB, Cao Q, et al. USPl6-mediated
deubiquitination of calcineurin A controls peripheral T cell
maintenance [ J]. J Clin Invest, 2019, 129(7) . 2856-2871.
Yang YL, Li J, Geng YH. Exosomes derived from chronic
lymphocytic leukaemia cells transfer miR-146a to induce the
transition of mesenchymal stromal cells into cancer-associated
fibroblasts [ J]. J Biochem, 2020, 168(5) : 491-498.

23y, XA, BrukeE, 45, oS BAn B Ak (R PERRR FGF9
LN RSB Sy M e Wb AREL (1], P R SR S
22302021, 29(4) ; 455-460.

Li D, Liu YK, Duan BX, et al. Establishment, identification
and preliminary phenotyping of an oligodendrocyte-specific
fibroblast growth factor 9 conditional knockout mouse [ J]. Acta
Lab Anim Sci Sin, 2021, 29(4) : 455-460.

0’ donnell L, Nicholls PK, O’ bryan MK, et al. Spermiation:
The process of sperm release [J].
(1):14-35.

Pryor WA, Houk KN, Foote CS, et al. Free radical biology and

Spermatogenesis, 2011, 1

medicine: it’ s a gas, man] [J].

Comp Physiol, 2006, 291(3) . R491-R511.

Am ] Physiol Regul Integr

Rajender S, Avery K, Agarwal A. Epigenetics, spermatogenesis
and male infertility [ J]. Mutat Res, 2011, 727(3) . 62-71.
Oliva R. Protamines and male infertility [ J]. Hum Reprod
Update, 2006, 12(4) . 417-435.
Lu LY, Wu J, Ye L, et al. RNF8-dependent histone
modifications regulate nucleosome removal during spermatogenesis
[J]. Dev Cell, 2010, 18(3): 371-384.

Gou LT, Kang JY, Dai P, et al. Ubiquitination-deficient
mutations in human piwi cause male infertility by impairing
histone-to-protamine exchange during spermiogenesis [ J]. Cell,
2017, 169(6) . 1090-1104.

Jung Hoon P, Kye Sung K, Soo Kyung K, et al. Gene
expression profiles in mouse pachytene spermatocytes and round
spermatids revealed by ¢cDNA microarray [ J]. Genes Genom,
2005, 27(2): 169-177.

[KFEEHHI] 2021-09-24



2022 46 H o [ 5256 Sh P A 4 June 2022
H30% H3M ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 30 No. 3

2k, AT AT SE 5. AR XU & AR X CUMS 0K BRAT A s i e LI BF 9T (1], P E L shif 40, 2022, 30(3) : 384
-391.

i Y, Zeng L, He LW, et al. Effects of different style music on behavior in CUMS depression rats [ J]. Acta Lab Anim Sci Sin,
2022, 30(3) . 384-391.

Doi:10. 3969/]. issn. 1005-4847.2022. 03. 011

AR RAS & Sk %F CUMS AR K BRUAT 8 1 52 i) Az
ML i B 5%

FRGCEA,AWE EAM,KE,ER
(ERERSFLEG YO, FEK 400016)

[{BE) BH  Erd eI AT 7 20303 ( chronic unpredictable and mild stress, CUMS) #:37. SD & BRLAMAR
HA WL BT R S & ARG SD K BRIMARFEA T A AR FBLE . ik B IR G Rt 4 J 8 M AT B
JHCRE R CUMS KB, LUK D -5 56 ( sucrose preference test, SPT) 55 18 Ji7 K SE 5 (forced swimming test, FST)
it 39 K CUMS AR B, BEALI 43 A AH i AR A oty iy SR, 9T U — 2 R ABUEE T 0k o o) PR 21 4 23
FIXIR, B R, T M AR A4S A R R A LT AR LR AR 4 h F5 85 3 SRR S EVEST SPT,FST Al O %
B (O-maze ) W, MNXSEHS L BUROM . HE G 6OU4HE D 41 ZUR S5 A2 1k Sz 2 f6 I Western Blot £l i
TR PERNZ 8 FE ) F (brain derived neurotrophic factor, BDNF) [ 15 /K AR (235 R B B3 (liquid chromatography-
tandem mass spectrometry, LC-MS/MS ) K M) Vg B 2H 2R vp Bz i B ( corticosterone, CORT ) . i ¥ {4 i ( 5-
hydroxytryptamine , 5-HT) ¥ 5, ELISA ¥4 71 & Ifi. BDNF ,CORT ,5-HT Ml TL-18 MUk EARfk, &R SHIAHM
P, B SR AL o B SR AR BRI AR i 4 71 23 L3S TR (P < 0.05) (FST ARSI 4550 (P < 0.01) #EA O %
BB AR B S 45 B R BN (P < 0.05) o SRR AE Lh 6 SR AL Aty ML AR A G Vi Th Al U A e R HE
BB 55, BDNF kK VI THE (P < 0.01) . PIZLH R THUS , MfL7E BDNF KPR T (P < 0.01) , PI#H R4
¥ i CORT & FEAK (P < 0.01) , iy B3 SRALIMTE CORT & 8y B AR A 5 AR (P < 0.01) o IfiL %5 S-HT
GRERTRAT S (P < 0.01) HAEL M ERAT R EMZE S, WIS RA MG IL-18 B WE IR (P <
0.01), it WG SRR E R DE— @B LS AR R B TR,

[RER] &R IR AT NS 1

[FESHES] Q95-33 [ XEktRIREE] A [ XEHS] 1005-4847(2022)03-0384-08

Effects of different style music on behavior in CUMS depression rats

LI Yi, ZENG Li, HE Liwen, TAN Dongmei, ZHANG Qian, TAN Yi®

(Laboratory Animal Center, Chongging Medical University, Chongqing 400016, China)
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[ Abstract] Objective To explore the effects and mechanism of different styles of music on the depression-like
behavior of rats induced by chronic unpredictable and mild stress (CUMS). Methods We selected 39 depressed rats by
sucrose preference tests (SPT) and forced swimming tests (FST). They were randomly divided into Control (no music) ,
Light music, and Classical music groups. The Light music and Classical music groups were introduced to music by Hisaishi
and Mozart, respectively, for 4 hours per day for 3 weeks, after which SPT, FST, and O-maze tests were conducted. A
pathological change in the hippocampus was observed with HE staining. The expression level of hippocampal BDNF protein

was detected by Western blot and immunohistochemical staining. Liquid chromatography-tandem mass spectrometry ( LC-

[BEE£WB ] HIKTRHE RS RAE LI cstc2017shmszdyfX0048, csts2017shmsA00007 )
Funded by Social Welfare Project of Chongqing( cstc2017shmszdyfX0048, csts2017shmsA00007) .
[1EHE RN ] ZE86(1996—) , 3, #5384, Email: 740818590@ qq. com

[EBfEMEE 1B (1966—) , 53 BHFT 0, 5T 5 1] . SLEIR BB EY . Email : tanyee66@ 126. com



o [ S2U B AR 2022 4F 6 H 45 30 %55 3 8] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3 385

MS/MS) was used to measure the content of hippocampal CORT and 5-HT. BDNF, CORT, 5-HT, and IL-1 (interleukin-

1B, TL-1B) levels in serum were determined by ELISA. Results

Compared with the Control group, the percentage of

sucrose preference was significantly greater (P < 0.05) , the immobile time in FST was significantly less (P < 0.01) , and

the time and staying time in the open arms of the O-maze were significantly greater (P < 0.05) in the Light and Classical

music groups. The hippocampal tissue of rats in the Light and Classical music group was relatively intact. The BDNF

expression level in the hippocampus (P < 0.01) and serum was significantly greater (P < 0.01) in the music groups. The

CORT content in the hippocampus was significantly less in the music groups (P < 0.01) and in the serum of only the

Classical music group. The 5-HT content in the serum of the Light music group was greater (P < 0.01) than the other

groups. The content of IL-1B in the serum in both music groups was less than the Control group (P < 0.01). Conclusion

Light and classical music improve the behavior of depressed rats, indicating the potential value of music therapy in mental

disease treatments.

[ Keywords)

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

FVARAE VIR | 17 45 8¢ 18 A 19 25 6L A — JEHd
MU , WA FR TR A R R R R R
RS R BOLAR AR A R E A SO
e HVERAE i K L Y8 4 i R e I W, R
iR 17 I N I N TS R NI = gl
( hypothalamic-pituitary-adrenal axis, HPA ) #{ 2% 2
AL B TR T oA U LA AE R B R AF 221, H
R AR AE 6 97 07 30 E B A Y07 5.0 BE
J7U BRI AE A ok B — R B AR 25 e g B
il PR AOIIARAEAR 3, ELAS 30 I 23 1l — 2R 51
YRR PRI, FIRAEE B9 T8 )5 136 S 7 T BE A A A6 1E A
R I BT PAE TAEM E R Z—,

FEINANEA BT B, & 5 AT 19 A A
O B U Ty 80T A S 97 1 v A D i
EAFAEAR Z B, 5 W BUA T i R X 1 T
FARIGST BT A B A B 35 2R 2 A i) E Y, LA
W W AR Y I TR A O B SRR T B A
FRERCHE | T AR B9 A% 35 22 3 (0 e A A
AIEFR AT LA SE i A U i O AR T RCR D . B AR TR
7 BA — e R 2 M A L, T S IR A
ASCIERT SRR R & AR A FOCR RO, K I,
AHEFER HHIABAE AT 52 (i f5e )12 1) CUMS Bl
TG SR BOAS ] KU 1 5 2R 64T 1 3, 00 20 4R
FORUCE R B AT o B ARG ML, o 2R
TETT FVAB A e PRIV H B85 S B R

1 MR57AE

1.1 ##
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(RX302869R , SN EWRHE AV R A F]) . R12U
B EF R (8L F, P ED) WA A5 R K
(Agilent, 3 [E ) | Thermo 75 3 % 0> #l ( Thermo
Scientific, & [F ) ATEE Y] HL( Leica, fE[H) St
5% (Leica, 5 [E) (B AR (Gene, 2H) 17N
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ZHSE BB 1 YR 26 min 38 s, i #95 IR 41 58 BB L
1K 24 min 50 s, & RAPH 6 & #h B RIGH
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FERIE S O, GG K BRAEW 8812 3 i S BB B |
HEA UL X (U0 30 em x 30 em B IE B X )
HIRECRIE ], B )S  H 75% 1 2 BRI
LoRE %) PN RE RIS T, LAV BR R BRI 00K .
1.2.5 Hubt
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1.2.8 Western Blot
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W BRI, A TR E B R
i, SEEOEHE FH MassLynx (4. 1) B4 EF T AL FE
1.3 Sit=oH

fdi FH SPSS 23 AT G250 b7, Bir A A
BORHLLPME + FRifEiR 22 (x + sx) R, B
/TR 3R, PIALECE Ll R b ST RE AR 0 AR
B, 224 B0 R B R 2 5 22 43 BT ( One-way
ANOVA) , ffi J] Levene My 22 57 PERL 56, F5 )5 I I
Fe#s, ffi H 1LSD AT R8P < 0. 05 BN HA

GiileeiE
2 #R

2.1 BRFHME CUMS #HE X RAIMBRHEITH

WA GF 1 43 L RTS8 38 37 UK AS 3l ] 2 2F A
PIABRLTRY PR B (1) A R AR b, S 25 R R
B (1) B 2 3500 BE 2 K R B B K I - & 4 e
FEAL(P = 0.0023) BRI 2 58 368 7 Uk AS 31 s (8] 4%
B EIEA (P < 0.001) , BERBEAIZH R BLORSF T HAR
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Note. A. Percentage of sucrose preference test. B. Immobile time of forced swimming test. C, D. Times and staying time into the open arms of

elevated O maze. E, F. Total moving distance and staying time in the central area in the open field test. Compared with model group, * P <

0.05, " P < 0.01, ™ P < 0.00l.

Figure 1 Effects of different styles of music intervention on behavior of depressed rats
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kN sl iy BBE B8 /> (P = 0.0391) (& 1E,
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R1 ERTHURRBAREZNL(x + %)
Table 1 Effects of music intervention on weight gain and
growth rate of rats(x + sx)

3 AR (g) WK (%)
Total weight gain Growth rate of
body mass( %)

17.41 = 1. 12
10.53 + 1. 13%

25 51
Groups .
in 3 weeks(g)
64.93 + 4.86
39.45 £ 4. 17%
B R4 Light 59.34 + 4.60 16.96 + 1.36™
B R4 Classical 54,87 + 4.26" 16.26 + 1.22*
T S HRALLE, P < 0.01;, SRR, " P < 0.05,™ P < 0.01,
Note. Compared with control group, *P < 0.01. Compared with model
group, P < 0.05, ™ P < 0.0l

2.2 BERME CUMS #ERKRITHBIHLE
2.2.1  FIRBIPON I SIS 454 LU K BDNF £
AL

REURH LU HE 2558 B, % B 20 i 2 HE 1A
ANMIHES B 5T R B BOR 2 AR SE B OE
W ST 2 T T o 1A 20 I R I HE SR 5% ALK
AR BT 4 TR MR . AR T3 R R
ARG T S IR 2 v i 2 2 0 R 2

XFHEZH Control
FERIZ Model

A HE Je (A 55 8, B, 75 T BDNF 4204k Y (4 ; C. BDNF 4 ENS 45 9L s D . BDNF 3K 24 5 5 747
B2 ANFERXEE R T HTE SIEAS BDNF RiAA N

Note. A. HE staining. B. Immunohistochemical staining of BDNF. C. Western Blot of hippocampal BDNF. D. Semi-quantitative analysis

of BDNF expression level.

Figure 2 Effects of different styles of music intervention on hippocampal morphology and BDNF expression level
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Table 2 Comparison of CORT content in hippocampus and

serum(x = sx, n = 10)

W CORT & i 1y CORT % &

5| (ng/mL) (pg/mL)
Groups CORT content in CORT content in
hippocampus ( ng/mlL) serum ( pg/mL)

X HEZH Control

FERIL] Model

%% SR4 Light
B R4 Classical

45.57 + 8.38

88.52 = 10. 86"
27.66 + 6.79™
25.21 + 4.63™

1915.54 + 36.75
2069. 47 + 26. 86*
2096.31 + 23.38

1944.73 + 35.99"

2.2.3 E SR I BRI A 23 0 A 5 M)

FLFEEIS 25 3 VR K P B AR E 19 A
YRz —, £ 3 Won, S5XT AL E R K
FUMLTE 9 5-HT S &FEK(P = 0.0016) , & A& T
J& R IR R R Y S-HT SR B E (P =
0.0033), LA KKIMTG DA FH LN EELS, 2
THE B SRR T AR I BT PR i 2238 51 (1) K OF
2.2.4 SR I AR PR A R

21 it 4 A PR 7 T 3 ok 9 Y 40 e 1) AR B

S AR P 28 R G0, AR AG 06 45 SR R R R 2
KU TL-18 & Hh (22. 86 + 2. 18) ng/mL, X
HEY IL-1B & M (6.88 +1.25) ng/mL, P 22 57
AWEME(P = 0.0001), &R THE, BE RS
T IR Y I IL-18 & & (11.99 = 1.99)
ng/mL . (10.31 + 2.48) ng/mL ¥ i F % THE A 41
(P =0.0028,P = 0.0005) , #&75% KAl LA EEAL
AR SR8~ Yol AR BILAAR P 9 S

R 3 KRBT P 2208 FUS B (2 + sx, n = 10)
Table 3 Comparison of amine neurotransmitter content in

serum(x = sx, n = 10)

5-HT & DA ik
2157 (ng/mL) (pg/mL)
Groups 5-HT content DA content

(ng/mL) (pg/mL)

XFHEZH Control 3038. 44 + 61.89 1750.07 + 194.07
AR Model 2464. 48 + 133.61™ 1700.71 = 88. 15
1235 JR4H Light 3013.39 + 140. 86 1687. 14 + 51.97

L R4 Classical  2799. 15 + 43.78 1587.03 + 11.32

3 i
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PHTIHEE ™) IEIAE S 28 AT W TR G5 /N Aol
Zou A AR A Y . BDNF 7 £ 0176 4
b Je 2 G SRR el g ) e i R
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Rat models of chronic skin ulcers: a comparative study
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[ Abstract] Objective To establish rat models of chronic skin ulcers by various methods and compare the differences
and characteristics of the different models through various indexes. Methods Male SD rats were randomly divided into four
groups and treated with various factors after creating a wound surface by removing back skin: skin defect, hydrocortisone
(skin excision + hydrocortisone intervention) , hydrocortisone plus bacterial interference (skin excision + hydrocortisone +
bacterial intervention) , and implantation of a foreign body (skin excision + embedded foreign body) groups. The body weight
and wound healing of rats were measured each day and the wound state was observed. Materials were drawn from all groups at
14 days after the operation to assess histological changes, the immune organ index, blood leukocyte level, hydroxyproline

(Hyp) , total protein, and tumor necrosis factor-a (TNF-at) content in the skin ulcer. Results No significant difference in

[EETE ] Oh L2 A& KT Rpgx RRH T H (2018AG100091) .

Foshan Military-Civilian Integration and Sustainable Development Technology Project(2018AG100091).

[MEERA KA (1998—) , B, B-LHI5R AL B I ] P 25 250N S 0 TS . Email: 1653481437@ qq. com;
ZEEB(1997—) 2o WUEBRSEAE  BF5ET5 1 - T2 2GROT S R HBEFL . Email : 786514668@ qq. com,,
LR — 1

[BIEIEE IBRHEIF (1977—) , %, B4R, W50 6] T 9 BE 456 25 BRWF 5T 05 v M s U o, rh 25 25 80PN KA LRI B 5T

Email; xwnai@ 163. com



o [ S50 sh 2 2022 4F 6 A 2R

the body weight of rats in each group was found during the experimental period. The skin wounds of rats in the skin defect
group healed faster, the symptom duration of chronic skin ulcers in the hydrocortisone group was shorter, and the color of
granulation tissues in the implantation of the foreign body group was gray in the early stage, but the granulation grew faster in
the later stage, while the hydrocortisone plus bacterial interference group had yellow pus in wounds and slow growth of
granulation tissue. Pathomorphological observation showed severe inflammatory cell infiltration in hydrocortisone plus bacterial
interference and implantation of foreign body groups. Moreover, compared with the skin defect group, the model groups
showed increases in the spleen index, leukocyte level, and hydroxyproline content in wound tissue (P < 0.05 or P < 0.01),
and in the skin lesion+ hormone +bacteria group, total protein content was decreased obviously (P < 0.05), while TNF-a
content was increased significantly (P < 0.05). Conclusions After applying various intervention factors based on full-
thickness skin resection, the healing speed of rat skin ulcers was slower than that of simple skin resection. Among them, the
pathological characteristics of the skin lesion + hormone + bacteria model were more stable and long lasting. It can be used as
the preferred model of chronic refractory skin ulcers, whereas the skin excision + hydrocortisone intervention and skin excision
+ foreign body embedded models may be more suitable to study short-term refractory wounds, and the embedded foreign body
can be used to observe the growth of simple granulation in the early stage.

[ Keywords] chronic skin ulcers model; rat; comparative study; glucocorticoid; staphylococcus aureus; foreign body
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B1 KREUAIEZE(n = 7)
Figure 1 Changes in physical signs of rats(n = 7)

T 5 BRI, ™ P < 0. 01,
2 REREIEEEZERER(n = 7)
Note. Compared with skin defect group, ™ P < 0. 01.

Figure 2 Changes of wounds healing of rats(n = 7)
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Table 1 Wound healing rate of rats(x + s,n = 7,%)
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. 5 RARA R, " P <0.05," P<0.01, (FZIRE)

Note. Compared with skin defect group, * P < 0.05, ™ P < 0.01. (The same in the following tables)
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Figure 3 Morphology of wound skin in rats
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F2 HUARREIERENERIEE (2 £ 5,0 = 7,%)
Table 2 Wound healing rate of rats(x + s,n = 7,%)
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Table 3 Inflammation level of rats(x + s,n = 7)
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[ Abstract] Objective To establish a stable animal model of intrauterine adhesion ( IUA) using a minimally

invasive method that recapitulates the clinicopathologic characteristics of IUA. Methods Overall, 20 female ICR mice
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were randomly divided into two groups (n = 10). After the cervix was relaxed with phloroglucinol, the uterine horn of mice
in the model group was subjected to mechanical injury and lipopolysaccharide perfusion (0.5 mg/kg) through the cervix to
induce endometrial injury, while mice in the sham operation group only received the same volume of normal saline
perfusion. Uteri of the mice were collected at 7, 14 and 21 days after the procedure. HE and Masson staining were used to
assess uterine morphology and fibrosis. Immunofluorescence was performed to evaluate macrophage infiltration into the
endometrium. qPCR and Western Blot were used to detect the expression of inflammatory factors (IL-18, TNF-a, IL-4,
IL-10 and IL-6) and endometrial receptivity-related markers (integrin B3 and LIF) in mice at 14 days after modeling.
Furthermore, mouse fertility was evaluated in model and sham operation groups. Results Compared with the sham
operation group, endometria in the model group were significantly thinner and exhibited severe necrosis, glandular loss,
and incomplete luminal epithelial and glandular epithelial cell structures. Subsequently, severe tissue fibrosis was observed
in endometria in the model group. Additionally, increased macrophage infiltration and upregulated expression of
proinflammatory factors demonstrated an activated inflammatory response in endometria of the model group. Moreover,
endometrial receptivity was significantly decreased after mechanical injury combined with lipopolysaccharide perfusion.
Finally, significant decreases in pregnancy and the number of fetuses were observed in the model group. Conclusions
This study demonstrated successful establishment of an IUA mouse model through a minimally invasive transcervical
mechanical injury combined with lipopolysaccharide perfusion, which was consistent with the clinical characteristics of
severe IUA. This model might support in-depth study of IUA pathogenesis and promote the development of IUA therapies.
[ Keywords) intrauterine adhesion; mechanical injury; lipopolysaccharide; animal model
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s B ZH mRNA Rk &0 1, FEARHAH ¢ mRNA
Tk DMEEE IR
1.2.6 Western Blot

AR 14 d /NECF BT A8 {5 2 g
RS RIPA 24 48 LS H, BCA AT & H
WeBE; B 25 pg SAER I BESLAE 10% ~ 12% SDS-
PAGE %I HL VK 43 55,300 mA fHR R 1 h, 5%
BSA iR & 4] 2 h,4°C —¥L ( GAPDH | Integrin B3,
LIF IL-18 F1 IL-6) 2SI & 1 o, & —m s
2 h;ECL &5 BE M BUR AR B Fr o Image J 51
54 I 2515 JK BE (R, LA GAPDH & N S 45 43
BT H A A K
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Table 1 Primer sequences used in PCR
EIE7E=2 S HERHRITHI(5-3") K/ (bp)
Primer name Oligonucleotide sequence(5°-3") Size(bp)
FI4HAr 216 F:TCATGGGATGATGATGATAACCTGCT 0
IL-1B R:CCCATACTTTAGGAAGACACGGATT
JilEE AL - F:GGCAGGTCTACTTTGGAGTCATTGC 207
TNF-a R:ACATTCGAGGCTCCAGTGAATTCGG
AT/ 24 F:CGAAGAACACCACAGAGAGTGAGCT 50
IL-4 R:GACTCATTCATGGTGCAGCTTATCG
B4 2210 F:ACCTGGTAGAAGTGATGCCCCAGGCA .
1L-10 R:CTATGCAGTTGATGAAGATGTCAAA
B-LshE B F: TGGAATCCTGTGGCATCCATGAAAC 248

B-actin

R:TAAAACGCAGCTCAGTAACAGTCCG

1.2.7 HEF IR

20 HSzmi /N BRBEAL 23 1 A4 AR T AR 21
(n=10), WEELHR2 AFS 8 MR CHEd T
REJT I AR E RS 56 30 d, SEI IS 855 1 R
T FrEUigE 2 60 d, LIAJEJE FIIE TR Fr UUKS +
DHIEYRES 1 K (6] WG M B B SRR 84k, T4
WRZYER 18 RITIE 44 A 52 1 BUSUI 187 1 52 22 1
O, Gt A RS R IR A
1.3 SitESH

KM GraphPad Prism 8.0 ¥ #4745 1150 #7,
BAEFEEME + briEZE (x = ) Foon, PILRIME
FEBCR ST AR A ¢ 45 56 5 22 2 [A) S5 08 LU BCR FH 2R
13 ANOVA 1% Dunnett £:55, P < 0. 05 2R 225
BAGE X,

2 FR

2.1 HWBHrEREESHEIRZRFNRFE
MIER &
HE Ze 25 2R /s 15 I B2 25 W 8 Bz

WA 1A, 1B F1C FoR AR FARH /N5 NS
AL RS B 161Dl el NS S S ]
W/ NIRRT 7 d J5 T AR BRARA A
b , HRR AR 208 (P < 0.05) |, [AIEE] BT 4
Fus A Kb, A7 A I S M AN AR IR T 4
14 d rEREA/ N E NI 2288 (P < 0.05)
PR ZW D (P < 0.05) 5 b B R b R 200
SEMIASSERE | 2T Ak 20 0 R 2T 2 240 i ) 5 6
[V B 208 S 241 92 I 34 i, " M o S 1 A A 4040
REA R, HE—4 1105 21 d SRR TR
N IR AR B8 (P < 0.05) , IR IE N A B £ &
PRI, BRI 5K, 22 kAU B B, [R) Bsf 28
SV R R RELZ A K A M i =
VI, FR 7B PN R A M IR AT T DR B R
I A
2.2 HHWRGBEEESHEETREENINRFE
NIEFHENIZE

Masson 4 {0 S 46 TUA BERY A 52 45 50 ;N
A LT AEAL AR R 25 RN 2A i P AR 78

A HE B )5 BT BB B C. 58 1 T8 BRI B T8y ISR A8 S RCTARALARLE, ™ P < 0..001,
1 AU O 5 R B HE TE /N BT B TR 2 U (R 5

Note. A. Micromorphology was observed by microscopy after HE staining. B, C. Quantification of the endometrial thickness and number of glands

in the endometrium. Compared with sham group, ™™ P < 0. 001.

Figure 1 Morphological changes in the uterus of mice induced by mechanical injury combined with lipopolysaccharide perfusion
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PBBTERE Kb R RG22 0P 3 LA 2 1l
TREL R SR 2T 2 52 i 0, BROIRFES) /N 78
HAAAHEACRE EBAL, G BE4L/N B T 5 2 4Rk
PP B 51 0 I 18] A < T 2 o (K 2B, P o<
0.05) , [l R 4T 4 L ZU08 o, i s 2R 46, HL R
] L DA ) o 90 M o A T A 2 P R o
2.3 MGG IRSEEIREZSIEIRTFE
MR AR 5 T 2 R

F4/80 1y 22 B A 1 Wt 240 JE0 5 e 1k SR T 470 D
TR AV T AV A A | LA AR A D7 TR 45
TEM, B IAE I BB VAR G G e 98k
ZERUNIEL 3 P SIRFAREAM b, E BN T

BB F4/80 BH M R AR B E W (P <
0.05) ; BEJ5 AH 56 R N 7 7E FE X (8 4A) R EH
(1 4B,4C) /KT LA L 25 L5 8 T BRI /N
BRI PP JO0E i N B, o AR 14
d JE R AN T B NI 8L R R T IL-18
F1 TNF-o 955 P 32 3K b 25 7o, 40 4R I+ 1L-4
FIL-10 FEPR R IEM BB TFRE(P < 0.05) , 53K
FORGE R — 8, AL/ E N IL-18 A1
IL-6 HHFRAKFBEE LR (P <0.05), Lk
S5 LR WML 15 565 A 22 B 1 05 T 5 | & 1 4
JHL 453405 T 8 3 B A ARORE A0 L, R R R AR TR T
T 9 55 B

1 : A Masson YO IEAGLF4E1k B F IPP @ i PR AL R (IEGOY ) ; SIFERLAMLIL, ™ P < 0.001,

B2 HUGRI G g 2 WERE TE XS /N BT B LT R A i 52
Note. A. Fibrosis was evaluated by Masson staining. B. The percentage of fibrosis ( blue staining) in the uterus was quantified by IPP software.
Compared with sham group, ** P < 0. 001.

Figure 2  Effect of mechanical injury combined with lipopolysaccharide perfusion on mouse uterine tissue fibrosis

T A SRV A DGR MU 5 & G Z WL /N BF 5 N F4/80 1R 35 5B H IPP #44E iEF 5 N F4/80 9335 ST AR 41
l, " P <0.05," P <0.001,

3 HUBRBO R i 22 M 10/ BT B B R A A A
Note. A. Conventional immunofluorescence was performed to detect the expression of F4/80 in the uteri of mice induced by mechanical injury combined
with lipopolysaccharide perfusion. B. Expression of F4/80 in the uterus was quantified by IPP software. Compared with sham group, * P < 0.05,
P < 0.001.

Figure 3 Activation of macrophages in the uterus of mice induced by mechanical injury combined with lipopolysaccharide perfusion
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1 A qPCR AU ML A% 15 & I 2 ME E /N R T5 9 TL-1B \TNF-o IL-4 il IL-10 f2635 ; B Western Blot Rl AL G156 4 6 22 BEE 1/ N LT
BN IL-6,1L-18 AYKIE ; C: JH Tmage J BMFEEE 1L-6 1L-1B 7678 IR SRFARLAMEL, ™ P < 0.01, ™ P < 0.001,
B4 AU OS5 M T /N BB R SRR A G X 1 1 2R A2 )

Note. A. qPCR was used to detect the expression of 1L-18 . TNF-a.IL-4 and IL-10 in the uterus of mice induced by mechanical injury combined with
lipopolysaccharide perfusion. B. Western Blot was performed to detect the expression of 11-6 and IL-1@ in the uterus of mice induced by mechanical injury
combined with lipopolysaccharide perfusion. C. Expression of 1L-6 and IL-1 in the uterus was quantified by Image J software. Compared with sham
aroup, P < 0.01, ™ P < 0.001.

Figure 4 Expression of inflammatory factors in the uterus of mice induced by mechanical injury combined with lipopolysaccharide perfusion

2.4 NMBGEKEESHEIEZRENRES  TENREZIEMKCEH (Integrin B3 Hl LIF) A3
BETI NP AR W F AR (1B SA,5B) . BERIYER
KPR A BE S A/NR FEAST S RINEER (K 5C,5D) B, SIERFAREMLL, &

A Western Blot K MUALAKIR 555 5 NG 2 B T/ T B A Integrin B3 \LIF AY215 ;B F Image J B I 1L-6,1L-1B 16 T H P YK IA; C. B
FARHGHAL/NRAFRER D, E AL i i /N U 8ot s SR FARAMIL, ™ P < 0.01, ™ P < 0.001,

5 BB 0I5 e 2 TE /N BV B RE T ISR
Note. A. Western Blot was performed to detect the expression of Integrin B3 and LIF in the uterus of mice induced by mechanical injury combined with
lipopolysaccharide perfusion. B. Expression of Integrin B3 and LIF in the uterus was quantified by Image J software. C. The fertility results of the mice
in sham operation group and model group. D, E. The number of pregnant mice and embryos were recorded and analyzed. Compared with sham group,

P <0.01,™ P <0.001.
Figure 5 Effect of mechanical injury combined with lipopolysaccharide perfusion on the fertility of mice
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L /N R R B8 RN B R 24 2 i (P
< 0.05) ,JFH Ao i B 4L/ iR 5 R AR A5
SPECE R, LR R AR TR AN T E
A IR R, IR HES) K5, AR B £
AR W LA A5 16 I 2 Wi 3 ) ™ R
BERAEFREST , (AR RS U iR BB 35 35 TR

3 itig

TUA sl i A 5% R iRk
FIARZE Xk f 3 B A 6 3 ™ B R, Ry
TRAFFE TUA 1 & AL B I PR 79 B 36 7 e i,
AR A TUA SRRl ) 05 sk A gk g i r . FAE
1973 4F Schenker %5 16 109% 48 /R ARV W E AT
B, SR T IR A, £F 4 4 2038 AR e
412, FtiJ5 , Polishuk " A fe MBI 5h 4 , F 25
B 7 AR AEHBLI PR 5 D B AN 58 40 ™ s 1) 1)
B AT LIRS B 5 N BRAE ANl FH e U8 3R 2
REN T 3 d WS BE x5 £ AT T 5
SEHLRAS O3 AR A IR 24, AR MEEE S FRAR Y TUA 3
PR Xu U SE X 21 HOE I L b AT TR
RS R BER ), BORTEE RS 7 ~ 14 d INBEARLS]
T B AR (B EA5 28 d YA ZUR B # K
2 s T B BT AR O B AR R AR A
i, A LR Y Bl Ak 2 Ty vk T 6T N B AR
ANTRIRR BE () 450 5 (0 b 18 N R A R 1 P A g
77, BRAlA5 3 Je e DL A ST A5 A I R ARFAE 1 TUA #5578
L7 RN

TG PR - TUA () & A8 38 8 2 o 00 05 gk e
A B0 AT AT IR 78 PN LI 2 1 A 4 2 ]
AESE IUA WY& A 48w 8IS e BEET A
ST BT E B R E Z UG S TR AR
REA A, B ks PR AL 15 46 JF HFoT R
B 9 S I AE B P BB 405 0 1) S 18 R b A
FHEEMAE LU TUA BR AL RS i w40
VB Ry G 8 O 25 A 56— S B 2, Tl o R 531 33 s e
R ROEANAE PR AR R | R RE I S T BE 4R AL
IRARRAS (R B ) RAE TR AL & R BLIAR 1
FEEAL, S kB . Bar, IR 2R E s T
FA LT A 9%, VU ITLJRE R B PN T 8 S 9550 1) sh 4
SEYGARERY | HAF S 0 20 A5 R AR A1 AR TR o
B A G B S 18 1T 5 | 2H 2 40 B AR 405, AR RS
SEIR I 15 AL S B 9 AR A S 2 B A
TE NS R R E K, JEE B2

A5 Toll BEAZ A 4 454 J5 B0 40 0 22 4 Wb 14
e AR TL-1 Je TL-6 54 46 T i 20 i > ) ik
Ah BT IE T TUA SR A R T EAE T AR,
TR AR A Z 007, i B vk S 2 s
TUA I R b 8 T R ELA B 25 55 9 FL s sk
PR IS N SRR AR B 1 R s TP IR &
B NS AR 403 T 51 S A RORE S I X i 8 S 5K 45
RIS E

DRI, 358 i B A 9 465 SR RN 22 06, A i 9 3
B Jr 2 25y (18128 = B ) R it sy 55 , AL
PR3 5 R 22 B T R AL PR I TUA B9 &
Je SR SRV 526 25 5 B R B2 /N BB P S
JEL R 1) S A A R L LA A R
Wi 25 ESORA I i) ) S 4 77 S8 ) ) s g ) S
B4 A= LU B R 22 A B B 5 it — 2 A6 T 25 SR e B i
REZH /N BT E P RS 20 v 5 g 40 i 50 B 3 34
MHAER A 14 d J5F & NP R T 1L-18,
TNF-o Fl IL-6 Z&IA/K 3 L 4 28 A1 IL-4
F1IL-10 FR3k /K- B I I, 2% BH AILAR 48 03 16 &5 g
SRR T A /0N BT B AL TR A ) SR
KR, BEAR, m A 5T s B A F AR5
ZpZ [AIAFAE R S R 272 i Integrin B3 K H %
TR LIF Fak/K P AR T e 25 hn , H 5 7
BN A2 AR T R Y R 5 AS 2 K e iR 493 43 %% 1)
FHSE R, AR BR SR G T I R 2
FIRAAR R R A1, % 3 A 4 /N B 18 Y B2 32 1
FAE Tt AT AL, V8 SRy sl A L g g pl o 1) o2
SR, DA T R I 4 Rl S R WU 8

B METE 5 ™ B R B UL B RE S, (I AR R

B BB 3 R %,

25 1 AR 5T 3 A ) A 2K, A LA 05 Bk
G IR Z PR A S IUA W) &4 KR, MG iR
AN AR N S 56 235 SR UE B AR 7 3k ST A AR R AR A AT
AR L TUA JERRE AR ABFST TUA A9 &SR AL
il P ERAR L A R AR R G RIAYT I R R
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(hE BB B R SR s I ST o7, b st 100021)

[#ZE] HM  E57 BALB/c-Nude #/N RN T S A ATRIL ACE2 (hACE2) $5FE AR/ RS B, 3k
FIH hACE2 #:3LH/NR S HENE BALB/ c-Nude #/NRZ2383545 F1 AR, F1 4% hACE2 /N5 BALB/ c-Nude #/1N B
0] 32 345 F2 £8, 6 F2 £8 hACE2 /NELE 32 4545 F3 £8 hACE2 B BERBU I, % F3 AR hACE2 % 3: AL/ LI
HRER AR XRS5 CSTBL/6] B A4 B /N Bl hACE2 /s [ Fil BALB/c-Nude #/N RN HL 43 #r, R
(1) hACE2 IR/ NRAE K & B8PS CSTBL/6] B4 AL/INR (hACE2 /N FUFT BALB/ c-Nude #1/N RICHA B 22 5%,
(2) hACE2 % FERI R /INERAE B A7, 2857 1) hACE2 % 5L /N 5 BALB/ c-Nude #7015 BRAE AL, 93 B A#: 31 WL 456 &
B NEAR P TC AR . ERS R B4 5 BALB/ c-Nude BN LA, IR BAIT R BUN I B FH 25 (P < 0.05)
L IR AR5 C5TBL/6) BFAETR/NEL hACE2 /MR ELER , s MR 4 5 43 L (NEU) R4 4 L (LYM) F
BRI E 53 L (MONO) S B B 125 5 (P < 0.01) . (3) hACE2 H5LPI#/ N a5 bR b, 55 C57BL/6] B2
#/INELUFT hACE2 /NEL %, CD45+ CD3 +, CD45+CD3+CD4+ , CD45+CD11B+fll CD45+NK+¥ i Bl 2 F (P <
0.01) ,5 BALB/c-Nude #/NRTCWI B 22 5% . B8 WINENL T BALB/ c-Nude 75 5 (19 hACE2 FEIE[N Sz BRI HR
/N BT
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Establishment of transgenic humanized ACE2 nude mouse model

SUN Lu, FU Hanjun, LIU Yunpeng, WU Jing, LIN Kaili, SHI Guiying, WANG Jingzhu, SUN Jingjiang, GAO Hong "

(Institute of Laboratory Animal Sciences,Chinese Academy of Medical Sciences (CAMS) , Beijing 100021, China)
Corresponding author: GAO Hong. E-mail: gaochongdws@ aliyun. com

[ Abstract] Objective To establish a transgenic humanized ACE2 nude mouse model against a BALB/c-nude
mouse background. Methods Female human ACE2 (hACE2) transgenic mice were hybridized with male BALB/c-nude
mice to produce an F1 generation. An F2 generation was then obtained by backcrossing the F1 generation hACE2 mice with
BALB/c-nude mice, and F3 generation hACE2 transgenic nude mice were obtained by intercrossing the F2 generation
hACE2 mice. Finally, F3 hACE2 transgenic nude mice were compared with C57BL/6] wild-type mice, hACE2 mice, and
BALB/c-nude mice in terms of their phenotypes, and physiological and immunological characteristics. Results (1) There
were no significant differences between hACE2 transgenic nude mice and C57BL/6] wild-type mice, hACE2 mice, or
BALB/c-nude mice in terms of their phenotypes. (2)hACE2 transgenic nude mice had similar physiological indexes to
BALB/c-nude mice and lacked thymuses. However, the spleen and liver indexes differed significantly between hACE2
transgenic nude mice and BALB/c-nude mice (P < 0.05). Routine blood indexes also showed that the neutrophil,
lymphocyte, and monocyte percentages differed significantly between hACE2 transgenic nude mice and C57BL/6] wild-type
mice and hACE2 mice (P < 0.01). (3)There were also significant differences in immunological indexes between hACE2
transgenic nude mice and C57BL/6] wild-type mice and hACE2 mice in terms of the percentages of CD3, CD4, CD11B,
and natural killer cells (P < 0.01), but no significant differences between hACE2 transgenic nude mice and BALB/c-nude
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mice. Conclusions We successfully established a line of hACE2 transgenic nude mice with a BALB/c-nude mouse

background.
[ Keywords)
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T &I 48 % 5K F i e i 2 ( angiotensin-
converting enzyme 2, ACE2) J&—F 4 J& 2 il , 7F
fili g B K Sl g Tz kT ACE2 &
SARS-CoV2 Kz SARS-CoV Y324, fERF 5T SARS &
SHLH FPTR T2 0 A AR, A
YRH R SEER 0 B 04 25 W0 I 97 BORE W A T
HUTE 2003 4F P98 & 57 T A1 ACE2 (hACE2)
IR TR/ NREA T 4
TR 1 G2 SR A AR AL AR T 5 L S — P A A
hACE2 & [ 1y fie 92 e g ik o4 2 B AL S i & it
SARS-Cov2 ¥ 2 251 FIIE 1 B AL ELAT S e BB 1) 3
YV
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1.1 SE5sh
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RN ][ SCXK () 2019-0008] . SPF 4% C57BL/6]
e AN R, 10 R, 23 ~ 25 g, 6 H; SPF 2
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KT DUAR (b)) AR A BRA A [ SCXK (%)
2019-0010] ., SPF 2% K18-hACE2 % JE PR /N B,
P, 10 JEIE 23 ~ 28 ¢,10 R, dy  E E2E R R
2SI FY T [ SCXK (51)2019-0011 ] #24HE

angiotensin-converting enzyme 2; transgenic; humanization; nude mouse

SEES B A SE T S SE R B R R S B
Yy sh) 5 R4 [ SYXK ( 52)2019-0014 ) , 35 it I
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Fiz it 7 8 K IE (IVC) i, 5200 s e 55 07 ik
FERS R IR GB14925-2010 $HAT, S 56 sh 4 i /F 44 1R
CIZme B Y Ad S S g B B AR ) AT, T A
FRAE 338 o v [ B 2R 22 B B 2 S 55 3l ) i S
S A RS B B A 2% 51 2 A9 AENE (GH20017)
1.1.2 FEAUE

ARAIF5E AR R 4 E S B A (P T
F SG9000/ADV7A2120i ) | Vi =X 41 f2 4% ( BD LSRII
Fortessa) .50 ( Thermo Picol7) \ZhH) 22 B RE R B
HLOA T 52 HOPE-MED 8160) ./ Bt ~7 [8] X4
FEL IVC( IR M A FM1-108) 3 #T KF (#5 £
FIHWr GL323i-ISCN) ,

1.2 A%
1.2.1 hACE2 $£3EF#/NR I EE ST

hACE2 B3 AR /N R R B =R 1, &
56, R HMEYE hACE2™ /N 5 HEYE BALB/ c-Nude #
ANEFERE 1 1 B B2 A ARAR F1AR/INER T EE F1
FBEPE hACE2™ ™ /N B 5 HEE BALB/c-Nude #/)N B,
FEHE 1+ 1 W He ) ] B2 AR A F2 AR O Ak F2 AR
hACE2” /IR H HEPE R /N B S MEPE hACE2Y A &
INRE A HAF F3 AR, 7E F3 AR R R e e i

1 :Gg:hACE2 244 F ;GG hACE2 414 F ;nunu: #E A& T,
Bl 1 hACE2 FREIBU NI 7 5%
Note. Gg. hACE2 heterozygosis. GG. hACE2 homozygote. nunu. Nude homozygote.

Figure 1 Cultivation scheme of hACE2 transgenic nude mice
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hACE2 F BBV, & AUF BT A 21 d [T 05
G2 AN
1.2.2  hACE2 #% 3 R4/ N BRI i

XPEAR 6 ~ 7 Hi/NRHAT BT BT 55, X 2
~5mm BUET 1.5 mL EP &t i o & £h B 42 it
DNA, il PCR S 418 DNA , B0 A B fise Hi ik it
17T DNA % % (PCR 51 %) F h-ACE2-MA-sl. 5’ -
GGACAAGTTTAACCACGAAGCC-3 *; h-ACE2-MA-
asl: 5’ -CAGCTGAAGCTTGACTGTGAGAT-3" ), #3
PP F 25 B e hACE2 BE[H Sy P9 hACE2 %%
FERAR IR
1.2.3  SEE5re

Seue i B2 i 5 H A F3 {0 hACE2 B4 5L
P#R/IN B ( Nude-hACE2) 6 HAE Jyscib 26, B 2 A
W% .5 H i/ C57BL/6] BF A= A /N B ( C57BL/6]-
WT) . K18-hACE2 /)Nl (hACE2) . BALB/c-Nude #f
/NEL(BALB/c-Nude ) £ 6 HAEXT IR
1.2.4 hACE2 ¥ 3L/ BRAE BHE bR I 2

(1) hACE2 #% 3L/ BUZR Y K A= K A8 A i)
FE: H OF2 UM R LA RS, X2 RURAS AT iE %, F3
AR/ B A2 )5 % hACE2 %5 RE /N R RS IR & &
K RKEERKLFHERHFITIC R,

(2)hACE2 % 3 PR /IN BRUDE 25 22 B0 ) 7 « B
F3 f8 hACE2 #% 3 K #1 /)N B ( Nude-hACE2) 4 4 51
502, B C57BL/6) BF A= F /N BR ( CSTBL/6J-WT) |
BALB/c-Nude #/N Bl ( BALB/ c-Nude ) 1 2 X FR 4H .
ANEPR AR, AR BE 8 KON R 1L, B S R 179
PRAFEILEE , SR IO ML B O E i G 45 JUE % 0T
B MEBS R B0 R R =
(mg/g) . WITGEIFF5HT, 5 X A AT IERS R 5L
A 225 LA

(3) hACE2 % B PRI/ UL & FUR I - B F3 48
hACE2 %% 56 R/ Bl ( Nude-hACE2) F S S 56 4H
B C57BL/6) W A= AU /N [ ( C57BL/6J-WT) | K18-
hACE2 /N Bl ( hACE2) . BALB/c-Nude #t /N
( BALB/c-Nude ) VERXF BRZH i ot I 20 A {32 A T
IRE LA B A3 BT, 55 00 BB 2H R4 T 22 S L

(4)hACE2 7% K& 4L/ N BRU A P 48 A 1 I 2 < B
F3 8 hACE2 #% L AR /N FR ( Nude-hACE2) 1 hy 5
I9eH , B C57BL/6) B A= AU /N B (C57BL/6J-WT) |
K18-hACE2 /N Bl (hACE2) . BALB/c-Nude #£ /) il
( BALB/c-Nude ) VE AT HRZH 3 o 37 20 40 At ARAG: )
T 40 S 5 AR E T A 47 L (CD45+CD3+) | 4l

B T 4 g S T 40 8 A 4 b (CD45+CD3+CD4
+)  UIHEEE T 40 5 T 4B A 4 HE (CD45 +
CD3+CD8+) , BAZ% 40 it | 15 13 41 fta A w4 240 it
i F AR R 43 HE (CD45+CD11B+) %4845,
1.3 Zit=aHh

K SPSS 22. 0 B i AT ge it 2 Ab B 4% 4 EL
PEAE AT M AT IR 2 PG 56 Ay 22438, IE S 0 A
BAELLFIE + AR (2 2 5) Ron, MAHHLL
BORH ¢ K556, Z2 4B AR F B R R Oy 2290807,
PLP <0.05 HZESFAAGIFE L,

2 #R

2.1 hACE2 #ERE /R A IFIE

F3 ROLEH/NR 44 2 st PCR RN AR
WHBE S FE UK EA T 2R PR R S 78 hACE2 6 (X FH M %6 R
50% ., hACE2 FE[HBHM: /N B A, AS ] Bk 2 () 2R /N B
05 36. 3%,
2.2 hACE2 HERF/NRFE

hACE2 #: £ K /N BL (FO %) 5 ME 4 BALB/c-
Nude #/NRZRAZHRAGHY F1 AN BB R BN
OB P2 RU/NRBEIA 4 PR 3510 @
BRNEFFETE /N BRE RN L TR E AU B
(WK 2), F3AREME F2 CHIE, H hACE2 5
FLRBR/ NI 2 PR B A, 8B Ik AR AR /)N
BRI AN

F3 fX hACE2 % JE PR BRI BRI ZL 0 A 1% 10 UL
&l 3,814 hACE2 % 35 R/ B B 21 €8, WUHR A
W, R R JR A i, A B RS 3 7E — S, P i A AR T
AR, A7 BUE 3 B AT S BRIk T, 7 H
HE VAR 52 45K T | R AR JEE R 20 th SRS 4,9 H %
A FIIHAK, 15 HIRHTE IR 21 H 8§15 0
SEW, AT A AT REYOK, BROAB/NL 7 HIERFG
JUR €20 P A 0 €0 0 i A AR A I PR 8 A IS U R
T B SR AR IR IR, 16 JR IR TS 4 B it
B HRRUTESR,
2.3 hACE2 #EEH/NREEIER
2.3.1 hACE2 #ERB/NRAK A TR

F3 8 hACE2 %% 3% K #f /0 Bl PE M F2 AR
hACE2 BB PR/INR B A2 BAa 414 . TESC SR I IA] , k2
PCBEBRIENRI O (17. 8 + 1.7) d, LI 21 d, F2
REERIL ™ 5 IR, P AF g 2Lt 44 1 R ™
H(8.8 + 1.5) H, H B A /MR A4 % h
54.5% , BAM/NRHAERN 6.8% (WK 1),
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B2 FO/F1/F2/F3 ft hACE2 3R/ R Y
Figure 2 Phenotype of hACE2 transgenic mice of FO/F1/F2/F3

3 hACE2 FeIEPIHR/ BT FL I A A 0

Figure 3 Growth of hACE2 transgenic nude mice during lactation

R 1 hACE2 L3 PIBRV N AR KO 1R bR E 45

Table 1 Measurement results of growth and development indexes of hACE2 transgenic nude mice

2 X . =85 = B X
. FEIRI(d) MR (%) A B BB mAERK BRLEK AR B LA

A Gestation Natalit (cm) (em) (em) (em) (e) (&)
Groups fod () (% )Y Height of Height of Tail length of Tail length of Weight of Weight of
peno ¢ born(cm) weaning( cm) Born(cm) weaning( cm) born(g) weaning( g)

; . pe
ﬁ@ﬁd\@ 17.8 £ 1.7 54.5 2.6 +0.1 5.7+0.2 1.3+£0.1 5.5+0.2 1.5+0.1 7.8 +0.6
Nude nude mice

ARERIR 17.8 £ 1.7 6.8 2.9+0.3 5.7+0.3 1.1£0.1 4.8+0.4 1.4 0.1 7.7+ 1.2

Black nude mice

hACE2 % 5 R/ BB G | 2 R & 495 SR
oA/ AR, AN KN (2.58
0.13)em JEK K (1.30 + 0.13) cm, B/ &
KHM(2.85 +£0.29)cm FEEK KA (1.14 = 0.06) em,
BN FLET, RO RS K (5.72 + 0.24)
em FBERKN(5.54 £ 0.19) em, B ARG KR
(5.66 = 0.31)em BN (4.83 + 0.37) cm ( ULI&]
4).

hACE2 % 56 AR /N B 5 & 25 SR 0 F
hACE2 # PRI /IN B A i BR8N BRI 5y
(1.5+0.1)g, BER/PEIAEN(1.4 £0.1)

go hACE2 #% 3 4/ BUES ZLAT, BR A8/ B
FHHN(7.8+0.6)g, BEM/NRAKEN (7.7 =
1.2) g, hACE2 %% 5& PR /N B Bl 2 ), BRE €0 2R
IINEIRE N (7.8 +0.6) g, BAOMH/NRMAKEN
(7.7 £ 1.2)g, PR AERBD hACE2 5 3 A
B/NEAR LB, B | R K AR o 38 0 I 3 2
S(WES) .,
2.3.2 hACE2 #£3ER#/ RIS R 5L

hACE2 %% 3 PR R /IS BRUA 331 , 32 U P9 G e e
5 BALB/c-Nude #f/]> BB S 18 DL AR L, oAb 2% F
fiff i B HR O TG BH 22 5%
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B4 hACE2 HRHNB/NEMF MK BEK

Figure 4 Body length & tail length of

B 5 hACE2 #HH

hACE2 transgenic nude mice during lactation

BN 0 ~ 133 HiRAE

Figure 5 Weight of hACE2 transgenic nude mice at 0 ~ 133 days

HRAE hACE2 % R /N BRUA HE 2 Ik 9 2R 85 45
RN, 2 HIBEE, 5255 20 Nude-hACE2 5 %t i
ZH BALB/c-Nude ALY, IR E B0 0 EPE2E 7 (P <
0.05) , AW T 8 25 5%, 5 Hikn, Seg 4l
Nude-hACE2 5 %f B 41 BALB/c-Nude #H It , JIT 2 %k
MR ETEZE S (P < 0.05) , A& 4 I i 2%
S(WFE2 ~3),

2.3.3  hACE2 ¥ 3L F#/N B 5 4L

ML RGN 45 S i s , 2 H S B, 525640 Nude-
hACE2 5 %} B840 C57BL/6]-WT #f tb, NEU,LYM .
MONO H Bl B &2 R (P < 0.01); LKA
Nude-hACE2 5 % B 20 hACE2 #f ., NEU, LYM,
MONO Hi #2124 5 (P < 0.01) , BASO .RBC
R 2 R (P < 0.05) ; 250 2H Nude-hACE2

%2 C57BL/6J-WT BALB/c-Nude 5 Nude-hACE2 145 % JE#8 R AL LA (2 H#%) (n = 6)
Table 2 Comparison of C57BL/6J-WT, BALB/c-Nude and Nude-hACE2 weight and organ indexes(2 mouths) (n = 6)

. AT (g) JIF (mg/g) M (mg/g) H (mg/g) Mi(mg/g) — OME(mg/g)  MIMR(mg/g)  Mi(mg/g)
21 51 . . . . ;i
Grouns Weight Liver Spleen Kidney Lung Cardiac Thymus Brain
7o (g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
C57BL/6J-WT 24.70 £ 2.20 50.22 +£5.64 3.69 +£0.84 12.51 £0.61 5.92 +0.92 6.11 £ 0.42 1.62 + 0.54 16.37 +3.35
BALB/c-nude 24.80 + 1.30 62.97 +6.54 6.98 +1.32 19.01 £3.02 6.37 +0.51 6.96 + 0.79 - 16.71 + 1.90
Nude-hACE2 24.60 + 3.70 57.06 + 6.84  4.83 + 1.84% 15.96+2.55 6.10+0.85 6.37 +0.70 - 17.15 + 2.83

U 55 BALB/c-nude ML, %P < 0.05, (F#IR)
Note. Compared with BALB/c-nude,®P < 0.05, (The same in the follc

wing tables)

#3 C57BL/6J-WT BALB/c-Nude 5 Nude-hACE2 IR K JIERR SR A4S R L (5 ) (n = 6)
Table 3 Comparison of C57BL/6J-WT, BALB/c-Nude and Nude-hACE2 weight and organ indexes(5 mouths) (n = 6)

g3 R (g) JiF(me/g) M (me/g) H (me/g) fti(mg/g) — LHE(me/g)  Halk(me/g) il (me/g)
Groups Weight Liver Spleen Kidney Lung Cardiac Thymus Brain
(g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
C57BL/6J-WT 30.00 + 3.96 54.22 £3.67 3.10+0.85 13.85+0.37 5.93+0.8I 6.24 +0.30 5.40 £9.00 12.33 + 2.23
BALB/c-nude 29.05 + 1.46 62.68 +4.32 7.08 +3.02 18.63 £2.36 6.03 + 0.66 6.05 + 0.48 - 8.71 = 11.54
Nude-hACE2 28.33 + 3.41 54.49 + 2.59% 5.63 = 1.87 16.41 £2.71 6.12 + 0.77 6.55 £ 0.84 - 12.88 + 1. 51
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EjXf B2 BALB/c-Nude AHEL, LYM H ARt 22 1 22
(P <0.01),HGB EOS 1 Ml B FHME2ZF (P <
0.05), 5 H A}, S5 41 Nude-hACE2 5 X} FE 41
C57BL/6J-WT AH Lt ,NUE .LYM ,MONO . PLT ¥ #%
BEMEZES (P < 0.01) ;925520 Nude-hACE2 5%}
HEZH hACE2 AL, NUE .LYM \MONO H Bi#¥ & &1k
ZH (P < 0.01); 525 20 Nude-hACE2 5 % BR4H
BALB/c-Nude #f [, NUE \LYM H B¢ & 1 22 7
(P<0.01), (WF4~5)
2.4 hACE2 ERF#H/NREE ISR

T2 A AR A I /N BRI P CD19 . CD3 . CD4
CD8 .CD11B DA S NK 4ufil 5 te iy 4 R ank 4 o,
2 A 5B 4H Nude-hACE2 5% BR4H C57BL/6)-

WT . hACE2 # [t., CD45+CD3+ . CD45+CD3+CD4 +
CD45+CD3+CD8 +F1 CD45+CD11B + ! B i 35
Z5 (P < 0.01); 925 4 Nude-hACE2 5 %t HE 41
C57BL/6J-WT .hACE2 AL, CD45+NK+H i i 3
#£5 (P < 0.05); 35 4 Nude-hACE2 5 X} HE 44
BALB/c-Nude ML E I E M 2Z R (WK 6), 5 H
WA, 5232 Nude-hACE2 5%/ BRZ4H C57BL/6J-WT .,
hACE2 # [t., CD45 + CD3 +, CD45 + CD3 + CD4 + I
CD45+NK+34 H Bk i 25 57 (P < 0.01) ,CD45
+CD1IB+¥J I 257 (P < 0.05) ; L5 4
Nude-hACE2 5%} B2 BALB/c-Nude H [t & 3 45 47
KrmEEER(WET) .,

&4 C57BL/6J-WT hACE2 BALB/c-Nude 5 Nude-hACE2 Il % MI45 R LA (2 Hik) (n = 6)
Table 4 Comparison of blood routine results between C57BL/6]J-WT, hACE2, BALB/c-Nude and Nude-hACE2(2 mouths) (n = 6)

201 5 , .

(,f):'i WBC(10°/L) NEU(%) LYM(%) MONO(%) EOS(%)  BASO(%) RBC(10'/L) HGB(g/dL)  PLT(10%/L)
CSTBL/6)-WT 6.34+ 1.49  7.33+2.19 87.90 + 1.96 0.92+031  215+0.58 025008 10.530.27 13.88+0.44 861.50 + 194.52

BACE2  6.60+1.07 8.8 £3.30 85.20 + 3.90 L08=0.31  3.52£227 0.08x0.04 10.77x0.60 13.58+0.89 918.00 = 420.78
BALB/c-Nude 6.04+2.16 2593 +5.28 64.55 + 4.16 217405  49B+16l 032012 10.55+0.40 14.65+0.56 848.83 + 131.91

Nude-hACE2  4.58 + 1.40 20,03 + 4.24™ % 7343 24,91 ™" 238,078 245209 0.32+0.18" 9.9 +0.43 13.57 = 0.48* 1098.50 + 80.93

7E.CSTBL/6]-WT #MIH, ™ P <0.01; 5 hACE2 #iH:, *P < 0.05, %P <0.01; 5 BALB/c-Nude H4Z, %P < 0.05,%*P < 0.01, ( FE/ZE[F)
Note. Compared with C57BL/6J-WT, ™ P <0.01. Compared with hACEZ,”P < 0. OS,WP <0.01. Compared with BALB/C-Nude,AP < 0. OS,AAP < 0.01. (The same in

the following ﬁgures and tables)

£ 5 C57BL/6J-WT hACE2 .BALB/c-Nude 55 Nude-hACE2 Ifil % M55 b4 (5 AR (n = 6)
Table 5 Comparison of blood routine results between C57BL/6J-WT, hACE2, BALB/c-Nude and Nude-hACE2(5 mouths) (n = 6)

ikl

Groups WBC(10%/L) NEU(%) LYM(%) MONO(%) EOS(%)  BASO(%) RBC(10'/L) HCB(g/dL)  PLT(10%/L)
CSTBL/6J-WT 6.63 +0.75 1110 = 2.01 85.23 = 2.02 0.80 = 0.31 L78+0.21 0.08=0.04 10.66%0.32 1622 113 1524.67 = 205.42

hACE2 615+ 167 1047+ 1.9 85.75 + 1.89 115026  1.55+023 0.10+0.06 9.38+ 153 14.40= 1.71 1116.67 + 138.25
BALB/c-Nude 5.03+1.98  34.83+4.96 57.27 + 4.96 210£049 385+ 173 0.87+0.5 1012071 1555+0.94 826.5+ 338.53

Nude-hACE2  5.30 + 1.05 22.90 + 5.83 #4268 73 + 5,51 #2430, 53 #

4.97+4.76 0.45+0.58 10.76 + 0.36 16.15 + 0.671032.67 + 161.91 ™

3 itig

AW 5T S #57. T BALB/c-Nude ¥ 5 1
hACE2 % 1 K G e i f o/ N ER S s AR

hACE2 # 3 # /)N R ( Nude-hACE2 ) & B4 T
EWNRER A B HOLS BALB/c-Nude #1/N EAH
VT, B AR R 8K, hACE2 5 3L AR/ RS
BALB/c-Nude #/NERARR], ¥ di b g R0 21, B g
SLIREN AN N EEANS SR =g iR N w2 1]
FERGRR T A4 T 4R, BLA R T 40 I P41k R 4l
B T A0A AN 40 M R T A0, B S L R, A
HNEWRELERE . hACE2 15 3% PR AR /I R A 1) die 2>
SECLICRIE R /A0 T AR, SE 10 1 ML 40 i A
PEBRFE I HLHE FRAG I 45 5 B R hACE2 #5 3L [
AN BRI Y 10 240 L 43 A6 175 0 5 BALB/c-Nude #1708

FAHIT, 5 C57BL/6J BF A4E #I/INER  hACE2 /N LK
A LLYM R 322 5 hACE2 #5356 R/ B 26 K
BB BRE A 5 s NEU MONO i i I ] RE 2 ht 76 28
B vl 5 v PR G 5 a0 o 1 0% S A PR R A G

G PEFRARKEIN 2 R 7R | hACE2 #7535 R AR /N FiR
[ CD45+CD3+ ,CD45+CD3+CD4+1A & CD45+CD3+
CD8+fIk T C57BL/6) WA AU/INER, hACE2 % JE A #
/NELE) CD45+CD3+ ,CD45+CD3+CD4+ DA M2 CD45+
CD3+CD8 +1J 5 BALB/c-Nude # /)N AR IT, 2 i
hACE2 F5ERIBR /N BRI Y T 41 i TSk 1E % 3R 8 H
TE K V- |5 BALB/c-Nude #/)N BUH A 1R & 10
AR , TC M BiR S B = B T 20 B R T 3
A S e T RE R B

WX RIER G A G RIS, R RS
[T A7 R 7 P 5 Iy 287 0 I o AT i 1 4 T 2 3 )
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6 C57BL/6J-WT .hACE2 BALB/c-Nude 5 Nude-hACE2 Ifil £ g 538 K V- He % (2 H i)
Figure 6 Comparison of immune levels between C57BL/6]J-WT, hACE2, BALB/c-Nude and Nude-hACE2 (2 mouths)

B7 C57BL/6-WT hACE2 BALB/c-Nude 15 Nude-hACE2 Ifil 4 il 6t K - LU (5 H i)
Figure 7 Comparison of immune levelshetween C57BL/6]J-WT, hACE2, BALB/c-Nude and Nude-hACE2 (5 mouths)

BE TR TR AL R b R T I R 1 22 4
BUNBUAN T 40 M 8ot I b, oA He B e

TR FEBR T IS RE I Wz, BT
2 ML P Z2 R 1 AR AR [ A W e e s A
PREESR, #R/IN BRI B A e BGR AE i R, B Y 4
MG BE DI RE B B hACE2 F6 3L #/NER 5 BALB/
c-Nude #R/)N AL, SR RE ST F IR B AHRAL T 5255

7K H A P52 e ) AS Bl AT 8 385 K i & 2B s )
it hACE2 %% B RN B T 5 1 B A9 S 22 g T IR
T H R SR A R B A R A T 6
PRALTE I Y A 1S A BT B IR A DR A By 1k
PR [n) 00 ] 5 S 24 1 S B s W 7 A N R SR e B
BT,

hACE2 % 5K /N AR i 15 28 COVID-19 Zh#)
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B Al T SARS-CoV2 KR HLEE 1 MR dyT
RO AT AR ZT , 2 E B AR A /AL 1T =
T, S50 SR 01 ) 35 45 47 AT 458 A R 42 B ) 7 %
o H SH/NREF Y hACE2 FHE I EN
FRANCELAT DL P a5 3 EA /0N RS D% 1 4 L 4
PEBR AL VR AT hACE2 LR (1) 5002 B [ 51
Yk ST Ll SARS-CoV2 P2 B BT 3t A rh 22
SPGB SR RPN A5 7 T B — 2 S E
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Research progress in zebrafish melanoma model

LIU Shicheng'*, ZHANG Rui'*, TANG Jingfeng'>* , CHEN Xingzhen'**

(1. School of Food and Biological Engineering, Hubei University of Technology, Wuhan 430068, China. 2. HBUT National
“111” Center for Cellular Regulation and Molecular Pharmaceutics, Hubei University of Technology, Wuhan 430068 )
Corresponding author; CHEN Xingzhen. E-mail: xzchen@ ualberta. ca; TANG Jingfeng. E-mail; tangjingfeng@ hbut. edu. cn

[ Abstract) Zebrafish are commonly used as model animals, and recent developments in techniques such as
xenotransplantation for observation of tumor metastasis, and high-throughput screening and safety evaluation of drugs have
furthered the study and understanding of diseases. Malignant melanoma is a common malignant skin tumor with high
mortality and strong metastasis, and a low 5-year survival rate. In addition, the incidence rate of melanoma has been
gradually increasing and the onset age has been getting younger. Zebrafish and human melanocyte development have certain
similarities, and the signaling pathways involved in the occurrence and metastasis of malignant melanoma are highly
conserved in zebrafish, making zebrafish a common model for studying the pathogenesis and metastasis of melanoma. In this
paper, we summarize the application of new zebrafish models and analyze their value for melanoma research.
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Figure 1 Flow chart of zebrafish melanoma model
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[ Abstract)

Data released by the Chinese Sleep Medicine Congress in 2021 showed that more than 300 million

people in China have sleep disorders, of which insomnia is the most common. Research into the mechanisms of insomnia

and candidate therapeutic drugs needs to involve insomnia animal models and appropriate evaluation method. This article

summarizes aspects of the insomnia animal models commonly used in the past 10 years and classifies them from the

perspective of physical, chemical, pathological, and multiple factors. The method used to evaluate the insomnia models are

also outlined. This paper provides a resource for studies of insomnia.

[ Keywords)

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

P M AR AL M L 2 B A B 2 AR BRI 80, 58
| R BERR T LG A S AS H RUAR T, BEE N
AT Z2 R LR H 2 i AL B, 2R R E
IR 2 A A R A A ) R ) AL

IR MRS R8N B G P[] A0 () Jo AN it A2
HZ i H A2 Sl i —Fh LA, 23R
N B PRI | e R XfE L2 48 455 o 17 7 I 1 A
B AT B 07 KR IR T RE 225 il

[E&TH ] HEE B AT (2018YFC1602105) ,

insomnia; animal models; evaluation methods

TCIRAR | e 28 T BE R AIG 17 45 2 5, 38 2 5] & AR
i FEIEAE BHPRIG |5 LR AT RS O IR 1M A5 0
45 FRE 2017 4ERT 10 HREA R RAT R ¥ 5
HE R R N 15% , b B4 B R N
35.9%, SRHRIAIHEH 25 W3, N BT & BE % i 3 i
B 114 245 9 P i 8 1Ry 24 A B T A S 9T 7
W T S LG, S AL 2 HIR 3 AR (4 ST AT
Wik, BT SCHR P R 2 0 sh A R K R

Funded by National Key Research and Development Program of China (2018YFC1602105).
[MEEBNIERE (1997—) , L&, WA, 0507 17 . 225312 . Email; xialj718@ 163. com
[ i%.{%_'ﬂfg] ﬁ‘?fﬂ:( 1962—) , i ,Eﬁﬁfﬁ ,TﬁitFTE’FUﬂi,E?ﬁfﬁrﬁJ APz \?ﬂtij]j]?o Email: qchang@ implad. ac. cn



Fp [ S2EG B 2R 2022 4F 6 H 45 30 4555 3 ] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3 429

FUNER G X K/ B HIRABE AL, i ity vk L 2 4%
HURR AT LA R £ B2 B PFAD T 325 40 B T A2 7
JEI), TR S RT 2R T3k LE PP A0 T 35 2R AT B R IR 25 )
PPREE AN o A SCHE X H I /0N B IR A5 7
PN I LA TR IE I R IR BTSSR 2%

1 RERRBIRISTER S

I FH 0 AT PubMed 04 FE X T 10 4R
(2010.01 ~ 2021.06) K FASCHRIEF TR R, SCHE A
PRSP (insomnia animal model ) ” | “ %
(insomnia) ™ B HIR B 15 (sleep disorders) ™ | Hf A%
#| 27 (sleep deprivation )” F1 “ B K + L ( sleep
disturbance ) ” & I “ KB (rats) 7 2 /N B ( mice) 7,
R 515 3] o SCSCHER 1145 5 9 S SCk 3470 B
TEdTE 4615 F 0 STk vh RS2 A R IR S ) A
RUFEATIHL A8 AR | il | 04 45 D7 T A RIS
11175 WM 12 AH 5C ) SCRRAY 506 Ff, 2905 1%, 1E
506 T A5 B HIR AH DG Y SC ) A 2 R 2R T A
213 j , EEGE SRR (83 ) FIF- 5K 3R
ik (69 ) s R G 227 i, Hoh ok
Z IR E RN R (190 ) , o nl 1 umMER (20
Tt ) TR ARG 5 o 2 R 2R e B ) SC B A D A 20
IR EIR AR Z S A Sk, W2 A
IR A 38 Jm o T DA T T BEBRAH SCAIFFE Y /)N
SR RAR R AT S5 4

2 KMREBREBEWHET X

2.1 YEEE
2,101 filfil ik

Fiu R v i 3 2o 5 2 M B ) | SR B B AR AT B
DA 3l %) i B 3 18 3 1 R MR Y s, il 1)
J7 0 N TF- Bl il , ] F AR, SEBCE R
FFFE A B UE 4T A Sh it S 3h 28 ELBE v] F- 3
P58, W Al HAC e 4 R 5] 78 3 i 7 T | DL 3
S RS R H B, 1207 2 5 RIS B /N |
XPEN TN S, BIERe eI . AT T
()7 VR385 St , B S50 1 & v O R ) R
e, HAG Gt s, 2k AR 31T A 3h T
P, I s A 0] Wallace 250 5 12
AFFERRERR 5 Ak X /N BB S2 R, ST & ALAT
B BE R FTATEE 2 min HBh543) 10 s, 24wl 3] 3
Yywst, ) ok e i F T 6 SR R X — i R
H 3l ) 1Y R R B0 IR B AR (nonrapid eye movements

sleep, NRMES ) F1Ht 3y B I I ( rapid eye movement
sleep, REMS ) I [] fi 25 sk 20, o 1 U 50 B o 38
WFFE 2 ) F A J7 12 WL AN () Ak B ) /) Bl 7 6 i e
WIS, BRI P 2 0 22 S 1k . B N S i Y
B I ) <5 7725
2.1.2 FHRKHEE

VKR 1 I B S HE A REM IR IR S
WU 3K F1IH 2, AT 5 $5i 7 K b st 35 i REM i
BRI, 38T 12 00 K Sh W A 52 B0 A N BLAR AR
IYFE B EX TN EZRE N ERZ 2 em,
BAS5 em XS FRBREALZ 6.5 cm, #5258 em, 3£
AN TEA B RIK, KT = BB P BT 29 0.5 ~
1em, MITEALHE: (1) 8P 65 1% RS2 56 58 N AR
B, AT S YA BT, B 2 i R
T % %) B g I R, A R AL A R R 5 (2) Z2 P Bk
AR AT 2 H s A9 REM BE AR 125, I H.5)
Yl 7E&-F- 6 E A hTESh, 2 AR
2o ZOTETTER X PERIZE REM BRIR Gl s 1
I ) Ao BB B Ak K AT R 3 B A v K b R A
NAZLTERPIE G MAET A, HORE &K
W H RSB EERE AL, Machado %5 N HI EL A2 6.5
em HF- 15 R R BREEAT BT B IE R 27 5 15 (0 BE R
R R A S A 18] | 9 o 7 ik AN AN RE R AR 58 4
FIZFSN YR REM BEAR , 57 50 25 el i B A
2.1.3 RHEE

VRIATIS (e e ) 1 it B2 Bt B 0 Tl A VR 1 5
PE R A SR, sh )0 Bk B 5 gz
3, FEOC A BE B RIS i, SRR PRI A
Xof B ZFL 0 e B <5 2H A0, o S s aB s Zh A, H i
12T HERR 12 30 2l ) i R AH OCH8 A5 1 52 e, 2R 38
12 B 2H 1 A 2 1R D e IR R S5 2 1 A IS
U > — 2 PRUEFE L A BRI 7 ik B R 0
TSR B T S o 4 B IR R 25, o AT M N AT S
P AEX Bl F A T T AR R, X ASC s B R
SRE . Dispersyn AL IN BRI TR 18] (AME 35.
6 cm,NFE 20.9 em) H R AT LA 3 m/min 5% 3 s, 15
12 s 197720 H shlight , AR ST BERR R 5F 24 h Ak
)48 h /D RBEIRAY 22 1L, SRR/ 24 h Y
i W ]38 97 %0 PRI 1 2K 7:00 ~ 19:00, /1N
NREM Hl REM B AR S 5,

B il 12 | 1 15 7K BRIk AR R i A1, oK B K
M KB A A R TR R Bl ) A
EEE TR G T R M E B



430 P E S SR 2022 4E 6 A4 30 45 3 M1 Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3

2014 YA A R 3K

(L= e 7 NI I TRV I =R S I TV - (' chronic
unpredictable mild stress, CUMS) , 1 &4 18 PEIR A1
RO (CMS) , B Katz 251 F 1981 4F 15 26 4
ST, SRR S Dy R R S BE A vkok
ek FOKURK e B B B | H o SRR AR B
B NP7 S NI 97 1| L 17 1 2 TR VA 8 o
POASE R R 22 1 1 45 18 PIAR A0 55 0 T A AF 9%, e
A IS S 2 X B AR 15 R 0, Mou 2510 X SD
KRBT 28 d AYAE PR o] TR AN R S 1 KRR
I TE ST 50 me/ kg G H 24, W2 R0 K L
BIE IR (7] 58 3 400 46 . Nollet 2514V /N HEAT 9 Y
CUMS A5, (B R dEA T r ) 25 2R W, v s
23 d BEn] {7 BRLAY REMS B i) St 28 38 0, 95 4
BIEALLE R NREMS 78 2> i B9 N B T e 35 A8
b (B SR A 1,
2.1.5 f1@pERal

FALNG B D/ o 2 v R 3
Y0z sl 3 18] A R 3 o0 BRI AR 3G BUER He
I, BA R 5 3 JOE A A e S 181k
WAL S5 4 | 2% 21 e AT R 2Eda bs R
FEFE bR & A AR AT ] i AR B AR R A il
1S4 ICR /N 50 mL 585045 1 i 1) o 4
e HEAT3.5 307 d ABREERER BR 9 h 5 12 h, JF
TR Al 25 TR s e S S L 2 BN T s AR,
R 5 R HI V8 FR 300 R e MG Pof (), AR5 19 45 4 /DN B
e B P (R ST B B . R AR o 1) 249 447 T, DAk K AR 48 9
h, #5427 d S N W&, Yasugaki %" %t C57BL/6)
ANERIEAT 3 IR 7K R R S50 /N BB R 2
BN EEAKT, HR2h,HGH6d, I T45A
557 RIEATRHL T, /NERTESS T 1.2 70 3 JE B IE
TS 24 h 938 s B R S [R] 2D, NREMS
A REMS B[R, Foh 2 1 R 25 R e B 3%, [
Bl REMS YCECHA 38
2.1.6 1@YEAESTRIL

A 2 1 L Bl W B R AL 7 A 2 3R B R
PRI R 2 b3 258 ) R 7 A 0 B ), e K S 34 52
RUEFIRSER B S IALH R ] CSTBL/6] /)N
RO CD1 /N B 28, B CD1 /N BRUAY 45 b
TSR A B, 2 Boili C57BL/6] /NER, 1
B — R FH R R Tk 10 min, FEAY ] 335 B I
BRIF 73, A 25 R s ) it 2SS B
i) B} 25 Bl A8 OBk B WY . Henderson %57 it

C57BL/6] /INFEAT 10 d 18Pk S PR B, 7656
1.3.10 RUEATMsE W, 25 WoR 1.3.10 d 444
PG 3 h PN BE R S [R) S R i, REMS B[] 5
U/ NREM BEARI D ; & FS 10 ~ 22 h H B AR
S B T B[R] B S 20820, NREM B IR B i 32 34
fn,REM BEBR 3 hn, Wells 2522 R #E FH C57BL/6)
/N R AT S P OB AR IR H W B e AR Ak, &
PRYE ML ] R4 REMS SF-24 i [1] & 18 hn | 76585
4.5.6.7.9 REXTRAA B FEEES  REMS BT
T T It B B ] 1 TR A [ e B
P Fsf ] 20>
2. 1.7 2SI

23 AR AR P AR SR AR ST HR Bh W e
SRR IR 5, I 55 A R, B IS 34T AN 2 B
MR, d L ~ 20 LB R SN, T
2210 107 RN s 4 O R KRR IR Y KRR 2
Ji 10 d @B KN R G , 54T 14 d 23 R, N 3
Ji K OB A st (6] P B REML B AR 2 45
2.1.8 iy

H o2 T Bl 7 A RV R IR, R Ao
FEOHHL LX) By 0 B AR 7 AR B, 5545 i g
FL TR 3 K R IR, S HOCH LU 0.5 mA, Bl 38
1 Hz, J13% 30 s [A] & 30 min, W23 8 h H1 J 5
SD A B B ARG B ()18 B R . REMD i FIR 3227 ik /D>
B RIS (R 38 T, Yan 280 0 F AR [R) 2 %50 o 1
B B R BR 28 32 AT i e e ) A8 b, 25 2R 5 1
R —2,

fllE 3 ST 5 7K BR 5 1 AR R AL R oAb B
IRBE TP T 35000 e AR AN 2, R 4R ol A 1] 7] 32 ol 5
2 P R 1) 5 S A B R ) 25, 7 20 ) 3% B S DA e i
I R a2 Ay R A 11 2 BIRRE PR 488 1 AN AT 990 26 38 R
IO I TR N8 A s R | s O R VORI FL o R
T e SHUFT A 3L %) U N 3, 1 i 2 4 e IR R
i 2% WL Sy i T B R B84 A e S D9 /L SR,
2 NS A s T TR S8 1) B0 ) 22 % B g W IR B 1]
BN, BeAh, B0 I I g 0 BN P T i
S Eh YRR AT, B BRAEAR T
2.2 WEEE
2.2.1 XFERNARY TR IR

A ENAMR ( 4-chloro-DL-phenylalanine ,
PCPA) 20 S i F2 140 1 110 25 436 4 AR1AS ] 3 2 417 <1
F, 5 IR ALl A S-HT 19 4 il A0 PR
fitf, S-HT B85 E S 7 Bl AR — 5 B8 04 9 15 o & 4%



Fp [ S2EG B 2R 2022 4F 6 H 45 30 4555 3 ] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3 431

BAEHT, M PCPA W] A & FH By 95% LA I 5-HT &
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Table 1 Methods of insomnia models of rats and mice caused by PCPA

KM RR M RREUAE  AZHR AR (my/ke) 2y 1 LA R SH 3
Type Strains Gender  Age or weight Administration Dose(mg/kg)  Administration time Results of the model References
/NE ' 8 Ji N
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JINER . T/ M 6 ~ 8Ji o B the duration of sleep, 34
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WMHER AR A, A, ZAAREIFSEDR], H
B ERN AR, JC e Rk, o DR A A Ny adE— 4
DA Ry BEIEERS F 2 B, FLAC I ) B A b S B
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Table 2 Methods of insomnia models of rats and mice caused by caffeine

ESii] mE o M SRl el A g rak FH (mg/kg) LRI} SEYUERE S EZ PG
Type Strains  Gender  Age or weight Administration Dose(mg/kg) Administration time Results of the model References
& R SR 30 mi
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VBRI i 15
JINEL X 4 ) gt il m TI& p Sﬁ’gﬁ i w0
Vi ICR MM 4 weok WSS i p. 10,50 Bt TRUIZEK: | SAREAR SR [40)
ice weeks efore test m,}\’ NREMS M?, 25
JNER 114 - Lioallliig YSis s R,
Pria = - [41]
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N " Cent - Lioalllig e
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BRIAEEEIEAT 7 d BRI, 1 Al B A B AR s 1]
A N9 )17 N (1WA 554 = IS R B = I & VA o
BF M 2% R 2l A A8 2 5 S Y SR e 8 R i
PCPA & & kis K RIFARIE A IRASR 42 20 d K
Je 45 min, BhIESE 2 d BEIEESS 400 mg/ (kg - d)
PCPA, fibkggaE > R B MR AL B AR 15 d
T AR AR JIE R IR K FRASEHRY
3 EMAE

FHMPE 7 2 R B G 225 25 9 P ) e Bl 52
B, 25 3 52 05 AU A UL R SR B W, s 2 T ik
RE AT FH TP S IRAB AL, th o] FF 2538002 0F 12
Ll 2225 245 0y 0 T) A I 51 565 7 7] 25 4 W 50 0 1) e B
TGO, SEE AR B BUAAIR (HE5 R e bR b, &5
By S0 Sl 1k AR sl ) — i B 8] P 32 s 24k, )
W AR FIORAS , 2 TR IR 25 1 9 PF AN . ki

LR AT E2 4 2 %) e RROCBR 2538 2 B gk
WA b R, (B SE I PR AR B A, X S0 PR B B
3.1 BLEEHYHEERLE

L4 b 2 28 20 2 A AR 25 4 , AT Ry H ok
V3 ) A B, 8 W5 S W AT R4S B A RS
o SRR 3 2 G B 2 T 5 P ) B
S WA S B 2RI E 22 9 5 7 [
i A ST 60 YO I G s () | £ 248 ( g 12 L 24 )
SR AR A RE R, BRI AR 80% ~ 90% 3
W) 00 L S S AN T 2 14 13 B b 22 e R i (L
HIEEh Y 100% A BE B G B 2 80 /N Rl o
A, L L Z 2R 2 W 2 At ] TSR

S DL B I S R o I W bR o, 45 2
JE RE BN R A 1k 32 S, XF FLAR A A7 B0 , R
SAMEM , #5309 30 min PAMEMZ 15 60 s DL 1,
VB R I S ST R E AR IRCIR S, — BRI RS, Y
B B 5 i R S Bt 7 BIH L TS A FiMY7 ,30 s
W TR SR, BT Ry 2l ) o T, I 90 S i IR 2
I 52 5 %) st i) Ay B IR ¢ 1 B 1] 5 27 30 s PR AR
52, WAESh W Rl OE S S WK e L B, B S
H 7 R EAR S TR0
3.2 TIHLE

23 IR S W N SE IR AR Y Pl 38 N 2
~ 5 min J& , iR IS B AE — B ) (— My
5 ~ 15 min) 1Yz 2 B AR |35 B A] Sl 57 RS
o) L7 R R = T O BB 7 R A G 8 G R YR 5 B
K B4 DL B s Wi B & sh1E o, K
R ShY R R H 06 Sh3m, 1 25 T sh i i



P E SIS 2R AR 2022 4F 6 A5 30 %55 3 8] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3 433

MRG0 , RN A 15 s
3.3 MmBE ABE RIE

fiki HL Il ( EEG) A LEL & ( EMG ) Wi 28 sh
FREE SR AR K E T ~ 14 d J5, 383 EEG . EMG
WMELIF G 56 RE  REM BEIR NREM BRI K
B B R B, RS ) e e R B R bR . R HIR
Sl 3B Sy Wl I B U] 447 6, D TR K, % 4 B
WS s TF) AN ) 2 R 44 26 5 e MRS 5 o A, BV s o R
UOBL B R B0 2 | RS B 1 45 065 R 5 1E % 8h
YIAETE 22 5. G & (EEG) F1ULHL & (EMG) 7] 7
1 S R R G 2 Sy e L2 L RTSE AIE AN 5 i RIS
At A] R AR S (BOG) BEA TR BN E

4 INEFRE

FHAR ) Sh Py A LT 3406 LA T T ), 2 4 a1
RIS N B AL & & il i, &%
PRI £ LR IR AR AE | &F X 2503697, 5 AR
Jog ELA AL S 0L, RS T A R A R L /D
BRI ASE 50 AN [] A B 400 N S 2R BIR AR AIE . 7 38
PR 2 AR DL A B R B S, 30 A ok il VR £ R
FIVKE 2 PR IMCEAR AL 00 B A TR 7 3 A 1 25 B fb o
PR 22 AR A X R S P A, o B 40 1 300 MR AR 5
PR A R R AL B R R AR K i G R, SR,
NI R IR IE R A 4 2 IR B W R BT A7AE — 2 )
FRE 5 i — DA iR, A F A 3 R 3R Ak
PR R AL, Ok 4 LI N 2 JC BR R R AE, TR
WAL EREFE AN EER, EERE
TN B2 A P R 38 X, i H ke, £F Xt
D5 BRI, ISR — A 16 40 RT3 Wb i A0 3k ) )
ISR B LA 5 W B HIR ) 2 | 4 I R 2 0 5 4
BEA SIS AR

FHMPE D7 2 ok B b 225 25 W) P ) e B 52
5 2SS AU B LA I, H AT P T B
B — HAATETE 2 R, [ b 22 25 25 ) Wi ] i G
S i G %) ) W S B 8L BORHIE 2R H T3
TG BN ) 3k — 45 AR R S 9 B0l A — 2 £
2 AR LSRR 5 ~ 15 min, Joik
4 T S S A A B I &1 40 P A 47 o e AR, T
RS WSl ) A B AR L R AL R W R A
SRk N A A LA, 23 3 BB 47 T 5 ) S 46 45 R
O X BRAE 1 T L 0 IF 2 0 RS 14 % B i a5
557710 o 9 G0 A SRS T Sl i AT RS DL I
T B, B4 7K A ] B AR AV 3000 5 AR 5 B4 S 6 3%

T B AT R A b A T R BT O | A i R
O, IR 2= AT PE A, SR GBI Bl AR A A A
TP IR 245 40 PO I R0 B G 118 A S A 5 B9 Sk Al

£ % XX #(References)

[ 1] Cunnington D, Junge MF, Fernando AT. Insomnia: Prevalence,
consequences and effective treatment [ J]. Med J Aust, 2013,
199(8) : 36-40.

[ 2] Cao XL, Wang SB, Zhong BL, et al. The prevalence of insomnia
in the general population in China: A meta-analysis [ J]. PLoS
One, 2017, 12(2): e0170772.

[3] Li L, Wang SB, Rao W, et al. The prevalence of sleep
disturbances and sleep quality in older chinese adults: a
comprehensive meta-analysis [ J]. Behav Sleep Med, 2019, 17
(6): 683-697.

[ 4] Lemons A, Saré RM, Beebe Smith C. Chronic sleep deprivation
in mouse pups by means of gentle handling [J]. J Vis Exp,
2018, 140. 58150.

[ 5] Wallace E, Kim DY, Kim KM, et al. Differential effects of
duration of sleep fragmentation on spatial learning and synaptic
plasticity in pubertal mice [ J]. Brain Res, 2015, 1615; 116
-128.

[ 6] Machado RB, Suchecki D, Tufik S. Comparison of the sleep
pattern throughout a protocol of chronic sleep restriction induced
by two methods of paradoxical sleep deprivation [ J]. Brain Res
Bull, 2006, 70(3) . 213-220.

[ 7] Mehta R, Khan S, Mallick BN. Relevance of deprivation studies
in understanding rapid eye movement sleep [ J]. Nat Sci Sleep,
2018, 10; 143-158.

[ 81 Machado RB, Hipélide DC, Benedito-Silva AA, et al. Sleep
deprivation induced by the modified multiple platform technique;
quantification of sleep loss and recovery [ J]. Brain Res, 2004,
1004(1-2) . 45-51.

[9] Roman V, Van der Borght K, Leemburg SA, et al. Sleep
restriction by forced activity reduces hippocampal cell
proliferation [J]. Brain Res, 2005, 1065(1-2) . 53-59.

[10] Dispersyn G, Sauvet F, Gomez-Merino D, et al. The homeostatic
and circadian sleep recovery responses after total sleep deprivation
in mice [ J]. J Sleep Res, 2017, 26(5): 531-538.

[11] Katz RJ, Roth KA, Carroll BJ. Acute and chronic stress effects
on open field activity in the rat: implications for a model of
depression [ J]. Neurosci Biobehav Rev, 1981, 5(2). 247
-251.

[12] Willner P. The chronic mild stress (CMS) model of depression:
History, evaluation and usage [ J]. Neurobiol Stress, 2017, 6.
78-93.

[13] Mou Z, Huang Q, Chu SF, et al. Antidepressive effects of
ginsenoside Rgl via regulation of HPA and HPG axis [J].
Biomed Pharmacother, 2017, 92, 962-971.

[14] Nollet M, Hicks H, McCarthy AP, et al. REM sleep’ s unique
associations with corticosterone regulation, apoptotic pathways,

and behavior in chronic stress in mice [ J]. Proc Natl Acad Sci U



434

rp [ S50 sh 2 2022 4F 6 A2 30 55 3 ] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3

[15]

[16]

[17]

[18]

[21]

[22]

[24]

[26]

S A, 2019, 116(7) : 2733-2742.
Buynitsky T, Mostofsky DI. Restraint stress in biobehavioral
research; Recent developments [ J]. Neurosci Biobehav Rev,
2009, 33(7): 1089-1098.

Chiba S, Numakawa T, Ninomiya M, et al. Chronic restraint
stress  causes anxiety- and  depression-like  behaviors,
downregulates glucocorticoid receptor expression, and attenuates
glutamate release induced by brain-derived neurotrophic factor in
the prefrontal cortex [ J]. Prog Neuropsychopharmacol Biol
Psychiatry, 2012, 39(1) . 112-119.

Ngoupaye GT, Yassi FB, Bahane D, et al. Combined
corticosterone treatment and chronic restraint stress lead to
depression associated with early cognitive deficits in mice [ J].
Metab Brain Dis, 2018, 33(2): 421-431.

R gt (=2 RS AR T A BB IR D OB 5T [ D). L.
AR KA 2017.

Lu TT. Sedative-hypnotic efficacy of Eupatorium Fortunei Turcz.
and Polygala Tenuifolia Willd. essential oil research [ D].
Shanghai: Shanghai Jiao Tong University; 2017.

Yasugaki S, Liu CY, Kashiwagi M, et al. Effects of 3 weeks of
water immersion and restraint stress on sleep in mice [ J]. Front
Neurosci, 2019, 13 1072.

Berton O, McClung CA, Dileone RJ, et al. Essential role of
BDNF in the mesolimbic dopamine pathway in social defeat stress
[J]. Science, 2006, 311(5762) . 864-868.

Henderson F, Vialou V, El Mestikawy S, et al. Effects of social
defeat stress on sleep in mice [ J]. Front Behav Neurosci, 2017,
11, 227.

Wells AM, Ridener E, Bourbonais CA, et al. Effects of chronic
social defeat stress on sleep and circadian rhythms are mitigated
by kappa-opioid receptor antagonism [ J]. J Neurosci, 2017, 37
(32). 885-817.

MR, THiS, BN PP 2 o R BT R 22
30 G B SN (IR« — S A5 2 R [ 7). Fher
W4, 2003, 48(9) : 926-929.

Lin WX, Wang WW, Shao F. The effect of chronic emotional
stress on rat behavior, neuroendocrine and immune response: a
new emotional stress model [ J]. Sci Bull, 2003, 48(9): 926
-929.

T, MM AR NI SO B R 2 AR T A ) e B
THAERIIE [D]. MRS BT EEZI RS, 2012,

Yu X. Replicate the rats sleep deprivation model induced by
chronic emotional stress and study on the interventional effect of
Semen Ziziphi Spinosae [ D]. Harbin: Heilongjiang University of
Chinese Medicine; 2012.

FIF, XNTE, kAL, GE SRR IR T R IR I 22
5T [J]. WAL AEIRE, 2014, 29(3) : 270-272.

Wang F, Liu ZD, Zhang X, et al. Pharmacodynamic study of
Chaigui Anshen Capsules in the treatment of insomnia [ J].
Northwest Pharm J, 2014, 29(3) ; 270-272.

Yan X, Zhang Z, Xu F, et al. Effect of Sini San Freeze-dried

powder on sleep-waking cycle in insomnia rats [ J]. J Tradit Chin

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Med, 2014, 34(5): 572-575.

Philbert J, Pichat P, Beeské S, et al. Acute inescapable stress
exposure induces long-term sleep disturbances and avoidance
behavior; A mouse model of post-traumatic stress disorder
(PTSD) [J]. Behav Brain Res, 2011, 221(1) . 149-154.
PR, PR BRI BT O o MR IS R £ 1) P 5-HT 1Y
HLEIWFSE [D]. R Bl B2y Ry, 2013

Xu RX. The mechanism of 5-HT in conflictive psychological
stress on rats’ sleep phrase and sleep rthythm [ D ]. Harbin;
Heilongjiang University of Chinese Medicine; 2013.

Khanna JM, Kalant H, Le AD, et al. Effect of modification of
brain serotonin (5-HT) on ethanol tolerance [ J]. Alcohol Clin
Exp Res, 1979, 3(4): 353-358.

RN, EE. WK R RR AL S SR IRAS L o 14 B, A 3
[J]. A=A, 2019, 29(6) : 135-140.

Guo HB, Wang H. Application of para-chlorophenylalanine in
animal models of insomnia [ J]. Chin J Comp Med, 2019, 29
(6): 135-140.

Lv YB, Zhou Q, Yan JX, et al. Enzymolysis peptides from
Mauremys  mutica  plastron  improve the  disorder  of
neurotransmitter system and facilitate sleep-promoting in the
PCPA-induced insomnia mice [ J]. J Ethnopharmacol, 2021,
274 . 114047.

Shi R, Han Y, Yan Y, et al. Loganin exerts sedative and
hypnotic effects via modulation of the serotonergic system and
GABAergic neurons [ J]. Front Pharmacol, 2019, 10; 409.

Oh DR, Kim Y, Jo A, et al. Sedative and hypnotic effects of
Vaccinium bracteatum Thunb.  through the regulation of
serotonegic and GABAA-ergic systems: Involvement of 5-HT1A
receptor agonistic activity [ J]. Biomed Pharmacother, 2019,
109 2218-2227.

Zhong Y, Zheng Q, Hu P, et al. Sedative and hypnotic effects of
Perilla frutescens essential oil through GABAergic system pathway
[J]. J Ethnopharmacol,, 2020, 279(6) : 113627.

He W, Liu G, Cai H, et al. Integrated pharmacokinetics of five
protoberberine-type alkaloids in normal and insomnic rats after
single and multiple oral administration of Jiao-Tai-Wan [ J]. J
Ethnopharmacol, 2014, 154(3) :635-644.

WEE, R, k—W, S5 PR T B R T K
X R HRA R R FUAT S R 3 D_2 s [J]. AR e 2
ik, 2020, 35(9) : 4646-4648.

Zeng XA, Zhou CQ, Zhang YF, et al. Hypnotic effect of Songyu
Anshen Formula and effect on levels of hypothalamic PGD2 in
insomnia rats [ J]. Chin J Tradit Chin Med Pharm, 2020, 35
(9): 4646-4648.

A5, BEHD, SBIENE, 4. PCPA XK BRI R P450sce
CBIR MAP2 JE 3 3K ) 52 Wi [ B A~ 17 1+ B4 L F 5
[J]. WKIEREZ, 2021, 17(2) ; 14-17.

Shi P, Teng L, Guo HB, et al. The effect of PCPA on the
expression of P450scc, CBIR, MAP2 genes in the cerebral

cortex of rats and the intervation of Suanzaoren decoction [J].

Asia Pac Tradit Med, 2021, 17(2): 14-17.



o [ S0 sh 2 2022 4F 6 A2 30 555 3 8] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3

435

[38]

[39]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

Lazarus M, Chen JF, Huang ZL, et al. Adenosine and sleep
[J]. Handb Exp Pharmacol, 2019, 253, 359-381.

Landolt HP. Individuelle Koffeinempfindlichkeit: Implikationen
[ Self-rated Caffeine
Sensitivity ; Implications for Personalized Sleep Medicine?] [J].
Praxis (Bern 1994), 2016, 105(10) : 563-568.

Ko YH, Shim KY, Lee SY, et al. Evodiamine reduces caffeine-

fiir eine personalisierte Schlafmedizin?

induced sleep disturbances and excitation in mice [ J]. Biomol
Ther, 2018, 26(5) : 432-438.

Kwon S, Yoon M, Lee J, et al. A Standardized phlorotannin
supplement attenuates caffeine-induced sleep disruption in mice
[J]. Nutrients, 2019, 11(3): 556.

Lin A, Shih CT, Huang CL, et al. Hypnotic effects of
lactobacillus fermentum PS150TM on pentobarbital-induced sleep
in mice [ J]. Nutrients, 2019, 11(10) : 2409.

Zhang C, Zhao X, Mao X, et al. Pharmacological evaluation of
sedative and hypnotic effects of schizandrin through the
modification of pentobarbital-induced sleep behaviors in mice
[J]. Eur J Pharmacol, 2014, 744 157-163.

Kim S, Jo K, Hong KB, et al. GABA and I-theanine mixture
decreases sleep latency and improves NREM sleep [ J]. Pharm
Biol, 2019, 57(1): 65-73.
Jang HS, Jung JY, Jang IS, et al. L-theanine partially
counteracts caffeine-induced sleep disturbances in rats [ J].
Pharmacol Biochem Behav, 2012, 101(2) . 217-221.

Sharma R, Engemann S, Sahota P, et al. Role of adenosine and
wake-promoting basal forebrain in insomnia and associated sleep
disruptions caused by ethanol dependence [ J]. J Neurochem,
2010, 115(3) . 782-794.

Hajnik T, Téth A, Szalontai O, et al. Sleep loss and recovery
after administration of drugs related to different arousal systems in
rats [ J]. Physiol Int, 2016, 103(3): 271-289.

Wu YE, Li YD, Luo YJ, et al. Gelsemine alleviates both
neuropathic pain and sleep disturbance in partial sciatic nerve
ligation mice [ J]. Acta Pharmacol Sin, 2015, 36(11) . 1308
-1317.

FREE. 3 EMOR i 205 B IR AR TR/ BRAELJRR R I 1
MsZE [D]. JEMl: hirgBEAERE; 2014,

Wang TX. Antinociceptive and hypnotic activities of pregabalin

in a neuropathic pain-like model of mice [ D]. Wuhu: WanNan

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Medical College; 2014.

BRLLA], WA, W, S ORISR R BUERL [T].
2y, 2014, 36(6) : 1138-1141.

Gao HL, Tu X, Lu Y, et al. Rat model for insomnia caused by
heart-kidney imbalance [ J]. Chin Tradit Pat Med, 2014, 36
(6): 1138-1141.

TR, T PR B B R A A RO AL 2 5 AR DGR
SAEEWISE (D], W BRI 2013,

He BS. Screening of active fractions in Suanzaoren decoction
according to endogenous substance and study on pharmacokinetics
[ D]
University ; 2013.
RIS, BRAT 3 %08 I i 1 2 MR ASE AR R Bl Al 22 36 5 114 52 i
[D]. &I #iFLrP B2 R 2014,

Lin LM. Effects

in rats Shenyang:  Shenyang  Pharmaceutical

of Suanzaorentang on neurotransmitters
expression in the Liver blood deficiency insomnia model rats
[D]. Wuhan: Hubei University of Chinese Medicine; 2014.
WS TV, B0, . BAEBE IR S MR T Y 2 ST
ST [J]. hEEREZAET], 2010, 28(8) : 1719-1723.
Huang PP, Wang P, Li GH, et al. Establishment and evaluation
on a Yin-weakness syndrome model of insomnia in senile rats
[J]. Chin Arch Tradit Chin Med, 2010, 28(8): 1719-1723.
SR, WEW, A, AF. FFARIEA IR R AR R i g
PR (1], sPERZRi, 2011, 52(8) : 689-692.

Zhu J, Shen GM, Wang Y], et al. Establishment and evaluation
of insomnia rat model with liver depression syndrome [J]. J
Tradit Chin Med, 2011, 52(8) : 689-692.

bR, R, BRRAE, 55, JRIFAR L SR BUBE Y (1Y
HAr RHIFH [J]. AR BEZ AR, 2018, 33(9): 3890
-3894.

He LX, Zhu YH, Yang CH, et al. Establishment and evaluation
of insomnia rat model with syndrome of liver depression
transforming into fire [ J]. Chin J Tradit Chin Med Pharm,
2018, 33(9) . 3890-3894.

Crabbe JC, Metten P, Ponomarev I, et al. Effects of genetic and
procedural variation on measurement of alcohol sensitivity in
mouse inbred strains [ J]. Behav Genet, 2006, 36 (4): 536
-552.

[KFEEHH] 2021-09-13



2022 46 H o [ 5256 Sh P A 4 June 2022
H30% H3M ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 30 No. 3

ZRH KA IR . T T GRS Ve SR T4 B I S RS R I ()], P SIS, 2022, 30
(3): 436-443.

Li H, Zhao JM, Shi CH. Research progress of intestinal flora immunomodulation combined therapy for colorectal cancer [ J]. Acta Lab
Anim Sci Sin, 2022, 30(3) : 436-443.

Doi: 10. 3969/]. issn. 1005-4847. 2022. 03. 018

T W 18 TR AE Y SR RE VR T R NS ] TS i B S
RIT SR B
FED N Rk R
(1. FEZRFAFEERNEE SRR PP EZE 71600032, 2 FEZEBE R ESLIFY .0, 5% 710032)

USE] il T A k) S OO B L S 15 LR 0 26 P 2 K AT L A
G T I BT T4 PO S 70T BTSSR T IR 5 0 MR S5, T 405017
TSR R PR IS5  R25 T 6 T It B S 150 £ P T4 D0 T B S )
S L AT T 5%

(8] W S ELHE SRS A iATT s

[FES%S] 95-33  [XHHRRM] A [XEMS] 1005-4847(2022)03-0436-08

Research progress of intestinal flora immunomodulation combined
therapy for colorectal cancer

LI Hui'*, ZHAO Jumei'* , SHI Changhong®*

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

[ Abstract] Intestinal flora form a specialized immune microenvironment that affects the occurrence and development
of colorectal cancer through immunoregulation. Here, we review the research progress of intestinal flora in immune
regulation therapy for colorectal cancer and summarize the relationship between intestinal flora and host or tumor immunity.
Moreover, we analyzed the result of related animal experiments and clinical trials and introduce the mechanism and strategy
of combination therapy based on intestinal flora immunomodulation for the treatment of colorectal cancer. Thus, this review
may provide a reference for the treatment of colorectal cancer.
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AR HEPIRE K . James %5225 — AN PRANG A Je4h
¥ G5 240 R R g 0 A R TR, o T 2 T v B T
FEFI G002 200 B 0% A2 4k, 12 (B8 AT AR R < NSS40 i 5]
T ) Y Frh A3 T X 4 i e IX
ARSI AnT5t 7 T A5 W 5 RN 2 L e

2 BERBESHERE

i 8 G5 R 5T PP A7 A 3 ORI L 20 6 AR
KU G e AR, 75 i 3 JR 750 O 5 - 1 M AR G S g
P R B AR Y T A A
i, NS AR A 2 77 AR 3L, X 48 B R BT Y
KAERBES CRC KA —ERF, B Z A
R E RRRES CRC AHER ZR, SR 24, il i i
2R CRC KA A R LA R AR e 5T . FE I,
ARATBHC RIS CRC & A FUR A 5 10 B 1E M
FARL A S BEALA
2.1 FhHERESUTE

7= W B E G 55 AT B ( Enterotoxin-producing
Bacteroides fragilis ,KETBF) 1] il i B il 88 %, 2%
LR y R E-S5 R (2R ETBF
B TAERT L ECBRBEAN 3wl A T S e 40 i A £
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R 1 HE R SIS S RGN0

Table 1 Role of intestinal microbiota and metabolites on immune system

i A B A C SERY N o
e Wi E R SR ) RPERGE I
Bacteria/bacterial Immune system S
Immune response . Major findings
metabolites components
T, .. N S IR TR 17 A IR AhR) 4/ i Thae14]
S i B s 2 I3 ARSI A AL AR D A AR ( ABR ) A5 )5 [ D) fE

Commensal microbiota  Innate immunity

VN RN ]

Segmented filamentous

Se R LA

Innate lymphoid cells

bacteria

LR T & B 2
Innate immunity B ) Intestinal epithelial cells
KRNIV R
SCFAs AR
Intestinal
epithelial cells
3 A [C R T

GEST

Eckman and Dendritic cells

Enterococcus hirschii

KARZFIAT T PV T 4R
Clostridia Tregs
P T 4
Tregs
e 55 PV BT
Bacteroides fragilis CD4+ T 40 Al
T o g Thl 4fj
Adaptive immunity CD4" T cells and
Thl cells
XUBAT B Th17 4
Bifidobacterium Th17 cells
BSR40

Dendritic cells

Decomposition of indole-derivatives by commensals promote

barrier functions mediated by AhR[

PR S KR A 3(1LC3) P4k 1122019

Increased production of IL.-22 by congenital lymphocyte 3 (ILC3) L1s]

it X 32K (PXR) #RAL 11 BB AL
SCFAs intensify epithelial barrier function through PXR!!!

TRRER AT 2 R AR P T FE N AR R 2k R T
Butyrate can down-regulate the expression of pro-inflammatory
17]

cytokines in intestinal epithelial cells

%% DC B IL-1211%
Induced DC to release IL-12["%

PES Treg 4346 % 1L-10 pFe ikt

Clostridium induces Treg differentiation and their expression of IL-100"]

i i TLR2 'S Foxp3* Tregs , H-# ] TH17 52 2"
B. fragilis requires TLR2 to induce Foxp3+ Tregs and

actively suppresses TH17 responses[zo]

7 BB A S CDA™ T A1 Thl 417 cpg B eh A 2 121
Production of PSA by B. fragilis induces accumulation of
CD4+ T and Thl cells in circulation 2"

Y5 Th17 A0y 2122

B. adolescentis induces accumulation of Th17 cells'?)

B IR S CDS T AN YRR B
Bifidobacterium can improved effector function of

tumor-specific CD8* T cells! >

BEsr ¥, ETBF 3@ i il TLR, 380 A 4 % - 6
(interleukin-6, IL-6) ) #1 i 983 £ € B T — o ( tumor
necrosis factor-a, INF-a) , JF i — G 5 H T 3
(STAT3) k% T —kB ( NF-xB) , 3 0 19 fe 2 |
A i g A2 Bh 9 & B, ETBF g e (1
APC™ /NERUTE 2 JA A R AE g, ik — 2D IS R B,
ETBF J&il i #4005 /N AR I STAT3 5 542 48 Th17
AN AR TL-17 RS S b S 0L 25, 41 i e 8 S
Bz, UM &
2.2 EBRHE

BB AT ( Fusobacterium nucleatum , Fn) 7£
CRC = B4, eSS R i R AE , 34 0 1L-6 ,1L-8 |
IL-12 % 4b A K K F- - B ( transforming growth factor-
B,TGF-B) . TNF-c 55 % 14 4l g 5 -, 3 245 EL W i
AR KA . Fn KA o Su vV I = i B 40 |
) TLRs 25 FI4TE myd88 45 1Y A& AE 41 il X -+ 1Y

PR BB R R TL-23 B A 1L-23 JE A i
IL-17A IL-6 1 TL-22 (7= /£ {2 i CRC 9 & JE
Fn 3 3ot i S iR S0 52 B i | 30 B AR R 1 4
(natural killer cell, NK) 2% T 20 il ¢ fifr 983 B A0, 9] 55
E-cadherin/B-catenin & 3 £ CRC W) & J& F1 #%
Bt WA IEHGE R A4 rh Fo 2 Bl 25 96 40
ok A T2 AR
2.3 #BIKE

A ERTA ( Enterococcus faecalis ,EF ) B Zb B E
Mt 240 L7 A 55 WA 00T, Y AR e A iy DA b Bz 4t
5 TR AL B WAl M, B 1 e 4 i &
A YL A AR ANEZ AE ( chromosome instability, CIN) | 2R J5
BEAR AR AN Y TNF-o VE O I 40 i 35 S 10 5%
WL RS B B, 33 A8 14 40 PR 5 e 2
T il O a8 3 A 28 9 18] [AL T Netrin-1 (9470
TR 34 b b e an g o 2R Bk T i
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S b B 20 PN R SR A BT BT 4 5 R 2
H COX-2 YRk (el b 2 g rh CIN B A5
& R AN, S SRR TS K B, R A
L ZE AR B YL I TE TR IL-107" /N A S5 R
FNEE i s A 7= LR SR A W) Y 38 BR TR IR e 1 T TR
L1077 /NS48 6

JI70 T T A 20 A R Y AR A S A O R A
R, KB EREAE D — R AR E 38, ] T
FRARZS A IFALFT CRC 1 93 RS S L33 f 1 T
(i) Py LA i T T 7 Ay L L, B 3 A 1) T AR B0 AT AT
AW BRI AT CRC BT I HES R0
AN AR 22 HAT A S M 0 300 W 3 TR D SR AE
HWTENLHI 3 b2
3 BERBEREETERETERTS
B L3

FEREIRYT 2 T 1E 0y Sy RO, I B
RGeS 8, BEMT R IR )7 AR, s sk
B 3 T A S A T 38T e e o 928 B i
T4 s 245 097 50 I A2 B A, LB T 1 5
THEZHBIE I (STING ) 1T 40 g 2 181 IR 1 2A 32
TR (A2AR) {5 53 B LA S BRAEBE FLAT T8 (LGG ) d i
DC ' ¢GAS/STING/TBK1/IRF7 %1 ) 1] 345 5358 3
FEIFR 0 S LG G I T /N s ) PRl e 4
TLR2 38 F 082 7 1 B /N i 005 5 W 3 T
A T IR ATl 4R R CD8™T 4 Hh 1D2 3K
ARSI SR CD8™T 20 A AT IR S I 257, DT il %
TRI7 25 BRI TR
3.1 BEEFHZRATERAREARTHIVLE

IR SRR VR T 2 3l A TR HLAR B B e e HILRE
X fiebE A0 L s 2H 2R AT RO I R, RS E T
TR A A 28 9 92 ol B 5 A T o5 357 b 9 4 22 32
SRR, 2015 4R L RN 2 R LE R CE B
UK B 1B B BE S e 2 R A S 30 ] ) (immune
checkpoint inhibitors, ICls ) J7 2B & 2 =2 H:
ok [ 1 [ A A A AF 5 3 BT A0 I P T kL 4
AL A 5€ BT L 4 ( eytotoxic  T-lymphocyte associated
antigen 4, CTLA-4) /N BEH il JC 147 /)N B B g 2B <
M ZIEPUT E (B.  thetaiotaomicron ) Flife 55 2 FT T&
(B. fragilis) "I ¥G INHF B ME T 4008 1 (T helper
cells], Th1) SHENZ e FETE N DC RS, 1 5/
FRUXHPT CTLA-4 (HTI BN > ok A 25 T A LA
AR 7 A UERT T AU AT 3G 5% DC TG A, P2 = bt
PD-L1 FITACR™ . 2019 4F B RAE T EA

HE B WS SR T W0 I 22 ) B SCHK , & R 1
WA 2R 5 B 4P CD8T 4H ML AT NK 4 i LA
ORI B (7K R IEAHE

R ITE R AL/ N, LGG 54T PD-1
WRABTRIT IS /N B 18 PE IR 1) 0 b AU T 1) 3
o, I B AT BRI ER T AU T R A X A Al T
53915 i DC YIS AT CD8™ T 41 A e 3 22 Vi AH
K5 IR LGG 15 B ABE L B i g 9 DC AT T 41 ffd
KIGSRAT PD-1 RLBEIGRTT WU SR, AL =
LGG il DC 1 ¢cGAS/STING/TBK1/IRF7 i1 %
H A2 TEN-B, AT 84 5 08 CD8™ T 41 i 1k Ak LA
Je g is i 2 AR | i T R R T LA
CDA47 BFTRIUIMRT 8k, ANIR il RS 5T Jax
/NS Tac /N CD47 b i A B 22 31,
Wi/ NI SR G 6T CD47 BB a8 al = A B 2
UK ESIR PA T SR U 78 ] 7R SRR JE & Y Tac /)y
FRAG IR 9 & 4R OEXT CDAT BB AR N, AT
HLN & B P B LB FT B8 T 38 3 8% STING 55
DIsaR IFN-T, NI {2 2F DC A 38 X238, 345 1 i
AL LU B CDAT S8 R 9T 19 B i gR A REY
Mager %57 R BT 1 Rl B93E A AR 5 S s
W, 7E CRC /N BB AL K B AT 16 (B
pseudolongum ) R Y WUH 7245 & FREE T (CpG H
R GEIRAH N 534 14 TL-12 149 B3 [5) 3R 980) S 2o T 4
S HEIRT 24 SR (A2AR) {55 L cAMP-PKA-
pCREB 3 j# , 75 IR 5T sUE0E T 413244 (TCR) 1Y
PrEIERT R, IL-12 3244 (TL-12R) ik L, BEJS,
DC FFLE MY TL-12 RFEAL BE T HLH 5 S CD4™T 4il i
H THI FEPR A5, A S A6 A o 410 i 55 v g 2
IFN-y B4 NTTTER i 7 ICT 9748, BTN B ik 4
7N ¥ T8 T (Akkermansia muciniphila ) [RIAEA ] pe A
IUH, BA R RIS MR BOR . 18 MC38 25 B W i
NI | B ABR T ( Enterococcus faecium ) 323K
I3 UB IR RAE AT 73 WA BT A (SagA ) |, REFE A 20 T
FA) S B O SROME Jok 23, A BSUAT B 5 T P 1 R JB (
JRUBERE — Ik MDP ), AATT 8 3 300 NOD2 55k 1
SRAGSEIRITROCR o A, 38 5o 5 B R H AR 3L 7R T
( Lactococcus lactis) 235 SagA | W HEIG 58 ICI P
AL S G
3.2 BEREMENSERATERERNKTETEE
FAiE R AL

TS (RT) S8 o RO I8 400 i DNA R 5%
A3 e 5 2 L ) A RO TR BT 509 1 SRR
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FEIGTT W B B A B R) A3 32 T T, 8 S5 ART
BRAE TSR0, AT 51k B 5 2 3 I 7E 1 8
HORG T R Rl BB & B
PRI GRE VR YT TT AR ARG 5 WA, $2 i A7 1936

OB FE 38 7R T 38 B R AR = 4 e 4 A
Preb i SCEEENE FH oA A e G R R 1) VR FH AR A T
A TSR YT B N R B R A S
FE /N BT A R0k 14 i 2 e B B LR, o B
e oE B (' Lachnospiraceae ) M m B H R
( Enterococcaceae) J¥ 51 0 =5 FF LA N T 1% LA P9 R AL (3,
RIS N AR R AP e O3 3 1 R 5
J i 2R G0 e 2 4w 5 ) MR T IR 9T 45 i
i, EERBRERIE /N BT, LCG i B
WREERR (LTA ) W0 /N i B2 53 Jel Bl W 240 . TLR2 3
B ML F CXCLI2 £k /Mg A )2 b
COX-2"[A] 7¢ Jit T 4 ifg (MSC) £ ik 1Y CXCR4 5
CXCLI2 54, F4ii MSC [n] i e es b e 1 240 it B ok
TR, i S 5 ARG B R, BE Ak, MSC B i
PR R B2 fR47 b Bz 1 40 M fe 52 58 5975 5 10 0
T, R M O 1 A /N B A0 0 AR R N R
RIRI TR R T8 TRREAT AR A S| 3-TATR (TPA ) Ab 3L AT
DAII I B S A /N BRAE T IR R L 1 I R &
B S E i, b A be X 2 A/ Ik LS A
454581 (PXR/ACBP) 15 5 7 IPA A5 1) 4 5 £
b R SR Y BRI oY R B A A
W T IR R R E A i A AR B O AR T
PEZE S 1ID2 (3K A2 TL-12 15 538 %, DT 7E 14
N ARSI g /N B CD8 T 40 i B 34 58 A T fig
PE ALY 254 B Vb FAA A BT 7 38 Rl 20 1 et
FEARY CD8* T 4 o AR AP 15 55 v, T R 6t o] 18 Jin
CDS8" T ZHfIfY) ID2 Bz IFN-y ik |
4 FEEBREATRATAATE
H AR R R

Jo 1 TR I S B2 PR T 5 CRC SRR YT L
I RV B 20 HIL 028 1 ok B L, A ) D o 16 T
ERAIRYT RIS 22 43 3 ) 52 56 R ife DR
FEELIE A iy 38 B A T TR B R — R L RE AR
BRER A AT AR RNIA YT BT I R SO R AN
KR
4.1 BFEFRBEREATESREETIRE

SR E 5 1, AE /N BB | 8 Y g R
4R PR RS TR BT R A S R e A

CD8"T A BT e S i S L, 38 3 S B2 IR Y 7T
R, ER/NRMEY LGG AR, /Mm CD8" T Al
CD4" T 4 B 5CE 1y, 45 CD8™ T 4f e ¢ P )
JSETFG o e B PR R AR B /N R A DSS-AOM 175 1Y
L5 BN B LGG JR, CD8™T 4i o 4k i 4
T BobTga s o SR Y T T A T LA AL
AR B B B/ IR R E CD8 T 4 A4 R
THRE , e A 4 s BT A= 3R AL B A T 1 R A
23 AR R 00 16 A P 5 S 360N BV T 5 Tl R
P AR i 3 B A i 2 T 1Y CD8” Al g i Ak, 41
il iR AR R SUBEFFIE LA CD4” Treg AR 720
U Jig S B RE AN, 2% CTLA-4 P40 T 1 /N B
il P MRIRUS I S LGG 1RSI R %2
firh R HE T SRHEVEF Y

Il AR 5% 5 18T, 725 [l Gustave Roussy i JiE H /0>
Xz 3 ICIs JRYT 10 249 Bl BEAT 0BT, KRB
0.2 1 (Akkermansia muciniphila ) 35 4775 T %F I1CIs
TRIT OV R A SR R T AR R (R
HRAAHR+BERR) B IEE R, 78
% ICIs 07 J5 R RE AR A2, Je ik Je A A7 S A e
N BRI TR . BRI, X 74 &
3% PD-1/PD-L1 B3R 7 #Y B0 o 3 i (£
i CRC B BB RS) BE IR T I SR 7 W]
HIFEAE R AT M, & B QTR R 5 U T R Y
FUAR T i3 5 B0 0 1 DR B A DG Y ST 4l
T 702 P AR T T AR ) I
4.2 BEEBENTSEERATEWNSEERERLST
B3R B

LAl BIFSE 7 T, R A o T B0 AN 1 A
LG E B, 38 B 5 U S5 A7 e R HK
— I & F & E K (hydrogen-water ) B3 H S 16 97 R
VERIBIWFFE R BT, /N B b B IR e 7K AT 4 /s B/
[ £H 4R ¥ MyD88 i miR-1968-5p 7KF-, A # T
TRAP il TR R, FE T 22 A TG YT 5 B i 1 7
PR ZE B R A (fecal microbiota transplantation ,
FMT) th AT 2% figf Ve 4 59 26 B A, EMT 38 21 J#] 1,
H AT BO 2k S 8 D RE R DR 47 11 | Je 5e %
P T 4R IR/ BURY AR A 3R R IR O T Y
AROFIED S SE g e IR R & A [ )
/INERA 8 i 0 4 TRV 2E AN [R] , 5 60 e 5 (T
SPVE) FEERBUR AT O, D IR AR AT TS AE 1 M
PN B G S L AR G 5 L B Yl T RE AN B R 58
b TR B R TR R ASORT E  /N BRA R, B O
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Basarn G e, S RS — 1
B RE, 22T B FRIBITROR . AFNGIT 7
¥ (IR Al 7T 55 m AR AR ) o 4 St s 10 3 o
ROR AT 2 5 X 22 S I 07 SR m At
BT

e RIS J5 T8, A WFIE 504 1 45 191245 s F8
R AT ( concurrent chemoradiation, CCRT) Rif B9
AAFRE S, & I 5E 222 f#% ( complete response , CR) Fll
3F CR BE Z A a-ZFEVETC W35 22 5% T B-2 4+
PE2E S B, AF CR BFHZEHE PRI B U &
B HEBTE B AT R ) 2T CR BESY fER
Wt B E AT 5 B R W b R Fn 19 8
DL, 31550 8 I PR B AR7 AE A G , 3 1 A )
FE A RE /2 & BE Fn AT 42 1 K i 9 A o TR
TR S ST Uk B D S ERE 21 ST DN 7]
PR TS AT HERR PE A, 7 — LRI R SR
C R 45 A TR A B T F 5 4R A G e, S A
MUSAT TR | W8 R L AT T | 1% L AT T 0 5 R T 55 1)
FUAT WA ST 5 R A R 1 F v Bl g s

ORI Z2 B AF 5T BH i 18 T AR CRC RS HER
I7 R R R HEAE SR DR, A 4l
B I WA, € B A R E AR YT T R,
X PR IT BT LA BARTT T AL, AN R
MARKSEE L,
5 FiLSRE

25 LRIk R BTSSR S T 3 R L S i
T HYI7 SN CRC HIARYY . AZRAE CRCIRYT Z i
BCEIRY T WIS i 38 R R AT 1) R, AT ARSI
PUREAEH], OF BT RIVE T, B B — A
FORFABILH 200 i, 25 R B 2 5 IR 5 5+
PEAR DG i 18 18 R, I 32 7 1) W HC 6 00 201 AL
FIFH IR LebfF o8 pOR | AT DL 42 B3 ] 422 8 75 i 18 T A
R AR 7 W) ok 38 BIRG VAT Hbn . R i 18 W
Bl CRC BYIRYTITRE T — R AR A, (H 22 S Bl
PRI A AFAE T Z PR

(1) I TR 0] LA S &5 B 98 i A P d
AWy B — 2

T CRC B Hh R I 380 R S M T R ) 28 Ak T AR
SRy s i A R0 TS R0 A A= M bR RS, 940, B
RAFH S CRC BFHRARAN RBUSHIC, 1eoh,
RGN A5 335 A P A 1 ) B A b 3 A A I O v B
AR A2 B CRC R T R 1, SR

HAELIKE I 2] 5 CRC AHC 19 2 A L IR 8 55 L 40
A5 HAWXELLN FF R AEPE M # (inflammatory bowel
disease, IBD) | II 7% PR 955 55 iz a8 R A L &2 R A 5+
PN

(2) 7T TRREAEAS SR AR K e R 43 A 1 1k il
T brifEfL

B TR 18 T R BBORE 7 ¥ AN R PR T 2SR AR
AL TR ZREAS il N J A, A [R) 2R B A AR
AHURE Ty O[] 52 ) R 38 AS ) ol 5 R0 R U
o A e B Z A B A 25 e T RE YR T A%
FI RIS/ INZEL ] ) R 000 R 53 A 2 R ) 22 7, i A
SE—N 0 R AE T B I G — i

(3) ERIIFFE AT 5 Wi ARAIF 5 03 [+ JRe ke 2 i
IR A

H AN G R E CRC B E IR YT Hh 21 IS P 2L £
A RS IR — 28 B S A A RS R R BT A AR T 245 )
AL SCHAE T, LA B A AR 8] T 1 20 B S 2 e A AN ) 2
SR YINIE 1) 22 57, Sl ge 45 R w5 2 5 s
PRS0 17 R 40 e, U [ 4 1, DT AT DLA
RN B A TR RS 1 96 9 I R T ASE B e 1 O i PR
IV

BN 22, 3T T8 TR S ) Y IR S iR
ST RIS 278 CRC BIRYT T U T 9120 U
BT o i B IR Pk, AT BE TR E AR R W 1E
P AEIITIRE , TR CRC AR il A AL i T T
it , 4 B TR, DA RO
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[ Abstract]  Chronic kidney disease (CKD) is defined as a chronic structural and functional disorder of the kidney
(history of kidney damage >3 months) with various causes. CKD-associated pruritus, previously known as uremic pruritus,
is a common symptom in patients with advanced CKD and end-stage renal disease worldwide, with an incidence of 28% to
70% in dialysis patients. Pruritus can cause skin damage and sleep disturbances, which can in turn seriously affect patient
quality of life and sleep quality, and may even lead to depression and suicidal tendencies. There is thus an urgent need to
investigate the pathogenesis of and develop new treatments for CKD-associated pruritus. However, animal models of CKD-
associated pruritus are rare, and a reliable and effective animal model is urgently required. In this paper, we review the
etiopathology of CKD-associated pruritus, consider chronic pruritus models, and assess pruritus behavior in animals.
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Note. A. Mice grooming behavior due to clean skin. B. Mice rubbing
their faces with their forelimbs due to localized pain in the cheeks. C.
Mice scratching their faces with their hindlimbs due to itching.

Figure 1 Grooming, painful and itchy behavior in mice
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