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Effect of REST/NRSF on depression- and anxiety-like behavior in
repeated corticosterone injected mice

YU Xuan, LI Xianglei, SUN Xiuping, QIN Chuan”

(Institute of Medical Laboratory Animal Sciences, Chinese Academy of Medical Sciences( CAMS), Comparative
Medicine Center, Peking Union Medical College(PUMC) , National Human Disease Animal Model Resource Center,
NHC Key Laboratory of Human Disease Comparative Medicine, Beijing Engineering Research Center for Experimental

Animal Models of Human Critical Diseases, Beijing 100021, China)
Corresponding author; QIN Chuan. E-mail ; ginchuan@ pumc.edu.cn

[ Abstract]  Objective This research investigated the expression of REST in repeated corticosterone injected mice
and the effects of REST on depression- and anxiety-like behaviors in model mice. Methods A chronic stress mouse model
was established by repeated subcutaneous injections of corticosterone. An AAV virus vector overexpressing REST was
injected into the hippocampus of the mouse brain. Then, the depression- and anxiety-like behaviors of mice were assessed
by several behavioral tests. Finally, we detected the expression of REST-related genes by real-time RT-PCR. Results
Repeated subcutaneous injections of corticosterone for 4 weeks successfully induced depression-like behavior and reduced

body weight in mice (P < 0.01). REST overexpression in the hippocampus influenced the performance of model mice in
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the depression and anxiety behavioral tests. Specifically, it reduced the immobility time of model mice in the tail suspension

test and forced swimming test and the number of entries into the central area in the open field test. In addition, REST

overexpression increased the exploration frequency and residence time in the enclosed arms of the elevated cross maze. The

RNA transcription levels of Bndf, Nt3, Ngf and Fgf2 were also affected in model mice after REST overexpression.

Conclusions REST plays a bidirectional role in the corticosterone-induced depression mouse model. lts mechanism may

be related to its participation in the regulation of multiple target genes and the comprehensive effect of different signaling

pathways.
[ Keywords]
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Rest BAUZH /N FRAACEE NS 2 A JF 46 o 30 0 35 R %
3R (24.3 £0.6) g MI(23.9 +0.9) g, F LR
B EX) RAH B W2 25 7 X ST AP HGE 45
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T S AL gL, ™ P < 0.01,

1 REST-AAV fi 75 IR B A OB Ko /s BUA Y
Note. Compared with control group, ™ P < 0.01.

Figure 1 Expression vector plasmid of REST-AAV and

expression efficiency in mice

B2 SR

Figure 2 Experimental procedure

XA R, P < 0.01, ™ P < 0.001, B 3508 F(3. 005,
132.2)=39.48,P < 0.0001 ; B8 43 2H F 2500 F(3,44) = 28.88,P <
0.0001; 32 HAFEH F(12,176)= 15.00,P < 0. 0001 ; Z k¥ F(44,176)
=5.068,P < 0.0001,
3 NRUREAL
Note. Compared with control group, ™ P < 0.01, ™ P < 0.001. Factor
time F(3.005, 132.2)=39.48, P < 0.0001. Factor groups F(3, 44)=
28.88, P < 0.0001. Interactions F (12, 176) = 15.00, P < 0.0001.
Subjects F(44, 176)=5.068, P < 0.0001.
Figure 3 Body weight of mice
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Note. Compared with control group, * P < 0.05. Center square entries. F (3.000, 28.05)=3.879, P=0.0194.

Figure 4 Locomotor activity of mice in open field

7 5 Rest BRI LA, ** P < 0.001,

Bl 5 /MRS TR SRR UL (]

Note. Compared with rest model group, ™ P < 0.001.

Figure 5 Frequency and time of exploring each arm of elevated cross maze in mice
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Note. Compared with control group, * P < 0.05. Compared with rest model group,”P < 0.05. Forced swimming test F, (3, 44)=4.932,
P=0.0049.

Figure 6 Immobility time of mice in tail suspension test and forced swimming test

W GXRALHE, * P < 0.05, " P < 0.01; 5 Rest BEAL LA, *P < 0.01,
7 NRUAHSCHEE D] RNA kK
Note. Compared with control group, “P < 0.05, ™ P < 0.01. Compared with rest model group, *P < 0.01.

Figure 7 Expression of relative genes in mice
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Effect of the superficies-resolving formula of traditional Chinese

medicine on cold-warm cycle stimulation and nasal mucosal
immune barrier function in rats
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[Abstract] Objective To explore the effect of cold-warm cycle stimulation on nasal mucosal immune barrier
function in rats and determine the difference between Mahuang decoction and Yinqiao powder, which are commonly used in
traditional Chinese medicine. Methods For cold-warm cycle stimulation, SD rats were exposed to four cycles of —15°C for

1 hour and then 25°C for 30 minutes. At different time points after the last stimulation, the protein expression of IgA in the
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nasal mucosa was detected by Western blot. Seven days after the first cold-warm cycle stimulation, the rats were re-
subjected to cold-warm cycle stimulation under the same conditions. The dynamic changes in IgA protein expression in the
nasal mucosa, lysozyme and prostaglandin E2 (PGE2) levels in nasal lavage fluid and PGE2, TNF-«, IL-6 and IL-1B
serum contents were detected on days 1 ~ 11 after the last stimulation. The rats were randomly divided into negative
control, model, Mahuang decoction and Yingiao powder groups. After repeated cold-warm stimulation for 6 hours, the rats
in the negative control group and model group were given distilled water, the Mahuang decoction group was given 2.43 ¢
crude drug/kg body weight Mahuang decoction, and the Yingiao powder group was given 16.74 g crude drug/kg body
weight Yingiao powder once a day for 7 days 30 minutes after the last stimulation. Except for the negative control group, the
other groups were re-subjected to repeated cold-warm stimulation, and the medicines were given twice at 6 and 22 hours
after stimulation. Nasal lavage fluid was prepared, nasal mucosal tissue was extracted, and blood was obtained for detecting
the corresponding indexes at 24 hours. Results ~ After repeated cold-warm cycle stimulation, IgA protein expression in the
nasal mucosa was significantly decreased at days 1 and 3 and then gradually increased and returned to normal on day 7.
When rats were re-stimulated by cold-warm cycles, IgA protein expression in the nasal mucosa was significantly decreased,
and the amounts of lysozyme and PGE2 in nasal lavage fluid were significantly decreased on days 1 and 3. The serum level
of TNF-a remained high, and the contents of PGE2 and IL-1B were significantly increased on days 1 and 3. In contrast, the
IL-6 content only increased on day 1 after stimulation. Both Mahuang decoction and Yingiao powder interventions increased
IgA protein expression in the nasal mucosa and sIgA content in nasal lavage fluid. Yinqiao powder also increased the amount
of lysozyme in nasal lavage fluid and decreased the serum contents of TNF-a and IL-1B. Conclusions Repeated cold-
warm stimulation decreases the function of the nasal mucosal immune barrier and increases the release of several types of
inflammatory factors in rats. Mahuang decoction and Yinqiao powder improve the function of the nasal mucosal immune
barrier. Mahuang decoction increases the IgA content, and Yingiao powder reduces inflammatory factors to a greater extent.

[ Keywords])

cold-warm cycles stimulation; nasal mucosal immunity; inflammation; superficies-resolving formula
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R A 25C 5T 30 min, JFF 4 IR, M4 45 K
A SRS RS 55 9 K FRUCR A
[F] (1 V% - A S SR A SR B, 45 AL 8h W T BRI %
J51.3.5.7.9 11 d BABHEGE 6 KWy, %M
T A% S MR A I B S HE VR W, Western
Blot A6 55 5 5 2H 21 1gA 8 (1 #34, ELISA izt
1) 3 R0 5 s T O R T U TR L sIgA M PEG2 I
i, UL P PGE2 TNF-o \IL-6 IL-1B A& &,
1.2.3 MR X PRV - AR O B 55 2 Mt s
[ B I RE T B 114 5 )

HUMERE SD KRB 24 L, BEAIL A3 by B P X B A
B2 AR MR EA 4, iR AT A & AN 2K
12 h, TEHHATARATRE ; AR 2 A 3T B IFER
L FETERE 6 h Ji, 1 H 2 VR R 21 8 15 45 T 254
K (1 mL/100 g) , 553 i 2H F1RR 35 17 40 245 T AH N 1)
259 (1 mL/100 g) ,3ELEAT 7 d, 8K 1 IR, 7E5 9
RIS HEATES 2 URTEVS I, B P X6 HR 25 s 7 20 7
552 WIER IS 6 h Ja T E 45 T 280K, A HK
R EA L2 T HL 259,22 h B PR B 45T
ZRW) 1R, 24 b I B T A 05 | S
TR BB R ZY, BB SUH T TgA O
Fik, KRG T VT R 0 9 A L sIgA
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PGE2 By & i, L A T4 00 1. 3 PGE2 | TNF-a |
IL-6 IL-1B8 W& &,
L3 SHitESR

SEE BRI LSE YA + PR (2 = 5) TR, 4
[ LG AR FH BRLIRL 2R 5 22 43 ¥ ( One-way analysis of
variance ANOVA) , 722554 R H LSD L5, J5 25
AF5H K A Tamhane's K50, UL P< 0.05 KR
S HA W E e, B ge it T SPSS 26.0, /K
GraphPad Prism 9 L QLR

2 HE

2.1 BERR-HRHNAREBMIREEZINGERME
xnEi-LaN=0pAl

SEHRSD KERAE-15CHIEE T | h, FER
A 25°CHE 30 min, JEIA 4 ORI , BE A B ) 1Y
FER BFGEE [gA (B 1a) S I RIBFFEE TR (P<
0.05) ; BRI 1 d, SBAEXT BRLLAH L, 5
T K R RE VR D sTgA (8] 1b) f & B AR (P
< 0.05), T % 1% i, PGE2 , TNF-o  IL-6 , IL-1B ( 5]
le,1d,le,1f,1g,1h) T 225 (P< 0.05)
2.2 WRL-HAFNARERMEERINEER MF
RIEIE PRI RSN

R IR R BRSSO S 5 9 KR

I XA, * P< 0.05, * P< 0.01, ( FEIR)

K EREAT PRI, Bl 25 B ) A0 2 4, R RS 2
b 1A (8] 2a) 8 AR AL FHE(P< 0.05) , 3l
WO 1.3 11 d B S 5 8 R VR b V2 AT I (BT 2b) 1Y
SRV ERALT X RANY (P< 0.05) ; JIEE 1 d
Ih s HE PR P sTgA (18] 2¢) 75 5 W I R 11K T 5
HEY(P< 0.05) ; 5BATEXT AL L, 1.3 d B
RUZH I H PGE2 (& 2d) 15 1 B . i F X HR 441
FPI(P< 0.05) ;1M & i HE Ve W 1 PGE2 (&
2e),1.3 d W& S B BALT X I (P< 0.05) ;5 1L
W TNF-a( B 2f) & i desk 1, 1.3.5.7.11
d B I H TNF-ao 15 5 B S s 0 R4 (P <
0.05) ;IS 1,11 d B I v 1L-6 (& 2¢) A9 &
IR RAFY (P<0.05) ;1.3 11 d By
IL-18 (1 2h) By & & B i 5 T X B 41 (P< 0.05)
(WE2),
2.3 BRABEMBRNBAREFHEAL A T
HEEMNHBT UL R

T A SD K BLSZ B B AR VA - Bl 5 P A
VB BRI IgA R RIKME S 45
7R, SD KB AZ BRI |, B B ) 1 184 | 5
B TgA 5 I RAHFEE PR IRE RS 1 3
9 d BFAET IgA HE I BAR T 58 R s (P<
0.05) (W& 3),

1 LR - AR OGH DR o 2 S 88 S i B L3R5 SR ALE A A Y RE WD

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

Figure 1 Effects of single-cycle cold-warm stimulation on immune function of nasal mucosa and serum inflammatory indexes in rats



i SEER E W 2021 4F 12 A4S 29 %45 6 ] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6 719

B2 PR - BRSO R RS S S D) R B LY SR AE A A (K R M)

Figure 2 Effects of two rounds of cold-warm stimulation on immune function of nasal mucosa and serum inflammatory indexes in rats

T AR IR IR LL , Y P < 0.05,** P < 0.01,
3 FRR IS WS REOR B AL 1gA
HEH RIS SEAETRR T
Note. Compared with cold-warm stimulation, * P < 0.05,** P < 0.0L.
Figure 3 Comparison of dynamic changes of IgA protein
content in nasal mucosa between single-round

stimulation and two-round stimulation in rats

2.4 BRAWNARS-ARNBBAREFRERRER
REIhEE T MRS

R, 5 BT B4 g, BEAY 4 R L &
D TgA R FI3RIA | G s E RV S T A sIgA
BRI (P< 0.05) , 1M i H Y R GE B F PGE2
TNF-o 116 IL-18 ¥JHH i F+ 55 (P< 0.05) ; SR #l
HILER BB K R R [gA RIS | S
VIR P VA B S R SsTgA S I T LR
AR AE N ¥~ PGE2 \ TNF-au \ IL-6 , IL-1B #Y 7 f& 15 B
B RFE(P< 0.05) ; SHERIA] F A R 7 4K RS
B TgA B3R5 BT VR T Y slgA B it 30
STRE T Y IL-18 & & R %, PGE2 \TNF-a |
IL-6 S ICH B 25 (P> 0.05) (WA 4)

3 itig

URTI KA T2 5 588 Z 20722 HORE IRy
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0 GERA AL, ¥ P < 0.05,**P < 0.01,

B4 R0 e - OO B 30 I A 5 B i D BE T R 4 52

Note. Compared with Model group,* P < 0.05,** P < 0.01.

Figure 4 Effect of superficies-resolving formulas on the decline of nasal mucosal immune barrier function induced by

two rounds of cold-warm stimulation in rats

B TE VRUR VR W LA R FT AR S g
BRPEZE G, (Ho] KA R X R EREHN
LRTL, R 5002 N B4 L L Fe ELAT TR AE P N
A RERE B A R RS R W, K 2 B A
R A M, FEIRHTHBIX URTI #E K2R AN
B2 B0 RN, O TR RS S R
F1i28) ) RZEIES MR I S A e o S VT R T T
S i S i[5S e R K (T U s e hrek i e D) B )
A% | Hl5 s E e R4 7 4 2002 ~ 2003
HEHE DRI Z5 5 fE (SARS-CoV ) FlfR T i B
SRR BRI 28 ( SARS-CoV—2) 2523k — b 3
T &R R BT 25 5 (18 1 45 ol I W0 325 2 J e 114 1%
& B N BE /B AT, AT R Ak
TR T FEVS IRBE 2 1 IO W T JER e 1 IR B
PEEFRE, RAEA A o SR T R S BT
RN GH KM T, HBET R e H A 245 - 1y
i 26% , Horb 24% M A SE T R G pm Y L A

HMEHSIR B 1°C, & B30T A in 8000
NPT MRS E 230 4 aRHEATE 1970 4E 8 A =
1991 4% 7 A AR GE 1119 45 J7 24 B0 95 N\ B &9 R
et s BB SR A R BN Y &
SIS e W HE IRTE 2 ) 003 - 240 UL B S ARG Fg Hsf
M HERAEREITFRAR TSRS FEHAGERR,
NI BT IRGE 1 Rz 5 R B, IR AR SRy 35 07 i B
TNTHAE , U0 B AEORS Y4 B 75 IR SR A A 4 i
Wi, e 203 SOV I TR SRR 12T IR T 8 G R
G SR A UARHCA 28 11 5 AR D A 1) 57— T Bl 2k, S
FhIBEVE N RMIS A4 5 2 4 A0 4%, 2w R AR A 1R
(A BB A7, 5 3 G DI REAIC T J& URTI &
AR EEE R 5 URTI R E & 1EB YA, ik
Fr S B 5F B DI RE Y 52 4 X T URTI B B &
SR AR X S ST ARG, AL T
S A2V RO A R B 4 %8 B B D) RE A 52 R
BT P B AR R AR B VR
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slgA VE R FERE G RE 2R 40 1) 2800 431, Al 3d
axb B A DA 1% b B e A B Lk s D A i A R REE I
B OR300 il S 3% T S0 A7 B4 B e AR R B ) 47
LSBTV TR B AR T A AR R S R R, 1T
AR IR 1 e e LB 7K IS TR % 2 T
B LR R BP0 PR g S R R M2
B AV -POE , SD K LS BRI TgA TR %
KB R R RIS 155 1 RRIEERAR, T S i
FEVER IR slgA b2 T B, (R T % 1 TG
AL I TR ARAEA B PGE2 K A AE K F TNF-a
1L-6 IL-18 WARTCH] A1k 7E RIS 1Y 3 d N, SD
KSR 1A BB RIERE B 3 RIFHG
&b 257 RS2 E 2 IEH K, 2
TN TR V-T2 (AR S R R Y f
REGFBE TN RE BT B AR, (H B B ALK 19 98 RE 2 AN
B,

WFFE 7R, /N BRE T R R % 40 TR 5 2 1 1l 4%
J RIS B 36 A, P JER L i 48 A AL R A 2 W g T
15, 23 R A 2R e X R [R) 50 PR 26 A s g M T R
MBS | FEAR S BF ST i, K B2 2] B 48 v 34
IS 7 d BB TgA AR IBM A E IEH
TR G0 SRR BRI 2 B AR TR S5 A4 1 v -RAOR B R B
B E RN 70T TgA S 75 BE RS PR 7 S s [B] Py
PR IEH W7 AT IR (R, K RRUAE B v -1
TR B 5 9 R, X K BRHEA T AH ) 4% 14 A PR IR 48 -4
PR, S5 B, PR Bl A B TR A A8, R
SR TgA B KBRS F IR, FIBE 1.3.9 d
B 1gA AR IA I BALT A8 -, 5
SRR 1gA BRI RIBTE 3 d JF 2 IH#a
R A BV PR S E TR TS 25 11 KA,
B 1gA | ARIBWARWKE IER, FI, KA
- PONEUS B R BS E E DR sIgA NI T
FifE ) 25 2 3 R B LTS P PGE2  TNF-a [ 1L-6,
IL-18 i 275 , #8R , KERZE 32 2% -l
R S RERSE P TgA B I RIA IR I, PR 2 218 -
PORRS , SR e R UIAE P RE B, Ml
PRI B RE 71 T B, 3X T B -5 LA 32 3] [ & 1998 -4
R 2 1 B I I TR 1) B TR A v ) D TR
FHC

BRI T QR 25 11) | Hh IS ARIR R 2 K %
WA, 2 B TR T KERRIE M R R 7, A

BLCHMEZED L, A En0ER WA
DR, 2 TR R, 0% XTE, Sk HE
LB , 5 AR LT, & 1 B, OB SE , RR
HIE TR ST (RFEIR) |, & B H TR YT K
FAUEMFR Ty, BA L3R 5 Wi ) 7K 3 i
DR, TR MR TE R SLUE, W IE R, Sk B
Ji, O, & &, DkPR R, BT AR
J7 ) IR AE S IACEE 2% URTL B RAE IR IR 5
FRARL, PRI, AN iR 2R 5 ) 32 1T URTI MITRIT,
FEIG IR bR T34 F 73k, AABFE S R R,
RG-S, SD K EURREE TgA SRR
R, S REVE R/ Y sleA W3R I, R
SRR e R B DI BE T B, 43 45 7 RK B 1 R
RS YIRETH = BB IR TgA AY EE 2838 Fn & s
et slgA W&, IF H LARR B 828 5 5 F AR 1A 1Y
BAFRIROVERTOMB S, #2758, BB M & 142
G REIEE 1gA IO ER 1 IR R R A4 = S B I S 8 Ty
RERUPEH] . MO S v I Y & 2 T, BRI A
JCHA AR AL, B 7R AR LR A $ R slgA | I TR
1) Fr e I #7488 iR o Js Jey 38 A 4R S Pk i 928 DI e 11
FEH . PRI -HAfil 3 5350 SD R R Fh RAE R 1B
ST AR HIORIRR B 37 X R R s T e YR v A
THH PGE2 4 TCH] I 52 ), {H B 500 HCPT fob =5 R I
IR BUM G P TNF-o IL-18 B9 & &, 38 H B A W
BRI SN A T, R A RERRAIR IL-18 1Y% &2,
PEoR B EICTE 92 i 90 N T THIAE FHRE 8 4
ARMFFE R , AN R 24 1 0 R 207 5 R R SR FE v
TSR B 280 B 32 D) R IG5 A0 HL A A ] A A
FHAA A [F] 6 7R T, 18 2R 5 £ TR A TS
FE DR T JS B2 AT 2 rheole o 9 i ik 2R 5 0 VR AL
HHATIRAMISE . WG IRIGYT URTI S LRk (% 31
WK
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Chronological changes in myocardial fibrosis in spontaneously
hypertensive rats

ZHAO Jianging™ , DING Lu**, ZENG Junyi"*", YING Guoqgiu', WEN Yuan', NIE Jungang', YI Dasong'
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2. Jiangxi Hypertension Research Institute,the First Affiliated Hospital of Nanchang University, Nanchang 330006 )
Corresponding author; ZENG Junyi. E-mail:zjy1312@ 163.com

[ Abstract]  Objective To study the chronological changes in myocardial fibrosis in spontaneously hypertensive
rats. Methods Forty-five male spontaneously hypertensive rats (SHR) and 35 male Wistar Kyoto rats (WKY) that were
four weeks old and specific-pathogen-free were randomly selected and fed in cages until 42 weeks. Systolic blood pressure
was measured by the tail-cuff method , and cardiac structure and function were detected by echocardiography at pre-set time

points. At the same time points, heart specimens were dissected, and the left ventricular mass index (LVMI) was
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calculated. Myocardial fibrosis of the left ventricle was detected by Masson staining, and TGF-B1, collagen I and collagen
III were detected by qRT-PCR. Results
significantly higher than that of WKY rats at 12 weeks (P < 0.05) and then stabilized and remained high. With age and

The blood pressure of SHR increased rapidly from 6 weeks to 12 weeks and was

blood pressure changes, the structure-related indexes of the left ventricle, including interventricular septal thickness
(IVST), left ventricular posterior wall thickness (LVPWT) and LVMI, all showed dynamic characteristic alterations. The
collagen volume fraction (CVF) gradually increased with the age of SHR and was significantly higher than that of WKY rats
at 12 weeks and later (P< 0.05). The expression of the fibrosis-related factors TGF-B1, type I collagen and type III

collagen in the left ventricle myocardium of SHR all decreased at first and then increased with age to statistically significant

levels after 32 weeks. Conclusions

With increasing age and blood pressure, myocardial fibrosis in SHR continuously

develops and presents with the typical characteristics of chronological changes, including structure, function, macro and

micro alterations.
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L R 25 B 43 H ( Collagen Volume Fraction, CVF)
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ST 6.8.,12,18 .24 32 42 JAIFREUK BUZE 0
L MRIRIEFTE RNA $2HL cDNA & i M qPCR
BE o3 il #5350 Ul B 5 647, TGF-B1: BiiE 514
5’ -GGCTACCATGCCAACTTCTG-3", FiiF5|4 5 -
CGTAGTAGACGATGGGCAGT-3" ; Collagen I . I jf
514 57 -CCCTGCTGGAGAAGAAGGAA-3” , R ii# 5
¥ 5°-AGGAGAACCTTTGGGACCAG-3 ’; Collagen
M. F#E5I% 5° -ACTGGTGAACGTGGCTCTAA-3 ",
T % 51 ¥ 5 -GGACCTGGATGTCCACTTGA-3
GAPDH: I Ji¥ 51 # 5’ -CAAGTTCAACGGCACA
GTCAAG-3", T Uif 51 ¥ 5 -ACATACTCAGCAC
CAGCATCAC-3", LA GAPDH 2,274 {15
TGF-B1.Collagen I } Collagen Il 3R AHXT RiE =,

1.3 SitELSH

BRI+ bR (2 = s) Fom, 200
Shapiro-Wilk #5355 & Levene #4543 T A A K4 43 A
P BT 22 . PRALIRITEOR LER  AF A IESS
O3 A R R ] Students ” ¢ A5 56, &2 2 W A Mann-
Whitney U 35, P< 0.05 N&it#2F HA B H
PE, fH SPSS 22. 0 itk 43 HT .

2 FR

2.1 RETem/E KN X R I E

WiH [a] A0 e, 6 FE B WKY 5 SHR Ifit JE 4k F [H]
—7KF-,8 JAIB SHR Il &4 WKY % F5,8 A2
18 Ji] SHR 5 WKY Il e ZZFEHRF2LY K, e B Jo 0%
WK, SHR 5 WKY Il R 22 B RpEAr e (WK 1) .
2.2 BEOEEKNK RO L R Ih g

6 A PI4L A B IVST .LVPWT ¥AHE ; 12 JE At
SHR 41 IVST # WKY 3800, BbJ5 VST 2 5 7F
[vi] JE i PR R BT R 29 K, 9FF 32 il o ik 3] e
K,32 JAJG Wi a] TVST 22 543 B [l #% ;8 J& A SHR
ZH LVPWT B4 WKY B E8hn, LS LVPWT 2% %
[FIE A ] Jo % 19 20 K BRI 8K, 1 32 JRI Bk 3
K, 32 R R4LE] LVPWT 22 534 FiFis/N, LVEF
FEASTA] JE i SHR 8 WKY [8] G {2 & 254k, [] J& % i
HRBREIPTHB2ZER(WEK2),
2.3 KROMALAREBESHET

B 8 JE P 41 Kk B LVMI AR, 4% [A] iR
SHR 4 LVMI ¥4 i 3 % F WKY (W3 3), Masson
Yett g s AHET WKY, SHR (O JJUIL R 6] it Bt B i
BN [RVRR BE 3G A, O WL M G A 55 R i 48 &) L ] D,
W] 0 B AR Ak s JFAEA IR DT (WK 1) 56 J4
I 2H K BL CVF A5, 12 J& SHR 4 CVF # WKY
TEERIN, ML CVE 22 57 W] JR1 0% W6 28 R B T 4
PRWES),

F1 KREBREICNIMESEZE
Table 1 Dynamic changes of systolic blood pressure(SBP)in rats

JEE Age WKY Ifi. & (mmHg) SBP of WKY ( mmHg) SHR Ifil. & ( mmHg) SBP of SHR( mmHg)
6 Ji 6 weeks 84.83 + 3.822V 85.39 + 4.472V
8 J# 8 weeks 108.49 + 6. 12*V 126.97 + 13.35**V

133.63 = 10.33*2
134.52 + 5.31%4
128.40 + 16. 434
129.04 + 7.99%4
115.05 + 8.95%V

12 J& 12 weeks
18 J& 18 weeks
24 J& 24 weeks
32 J& 32 weeks
42 Ji 42 weeks

174.15 = 4.09 *#4
184.90 + 5.23*#4
179.13 + 5.45*#4
187.32 + 13.46**4
184.61 + 5.29*#4

VE 7 JE#8 SHR 5 WKY #ILL, * P < 0.05;SHR 5, WKY 5 6 JEAH L, *P < 0.05;SHR 5 WKY 5 8 Jil#fLL, 2 P < 0.05;SHR 5 12 JA#ILL, VP <

0.05, (TFF/ElR)

Note. Compared with WKY of the same age, “ P < 0.05. Compared with SHR or WKY at 6 weeks, P < 0.05. Compared with SHR or WKY at 8 weeks,
AP < 0.05. Compared with SHR at 12 weeks, ¥ P < 0.05. ( The same in the following tables and figures)
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Table 2 Dynamic changes of cardiac structure and function in rats

Gl ge Z] roups mm mm ‘0
JE A G IVST(mm) LVPWT(mm) LVEF( %)
6 5l 6 weoks WKY 1.29 £ 0.13 1.35 + 0. 10 81.86 = 2.10
SHR 1.31 + 0.09 1.38 + 0.12 80.07 = 2.73
WKY 1.45 £ 0.12 1.54 + 0. 18 83.47 + 5.27
8 J& 8 weeks
SHR 1.62 £ 0.33 1.84 + 0.25"* 83.58 = 4.30
#A #A
12 i 12 weeks WKY 1.78 + 0.32 2.18 + 0.28 77.58 + 5.62
SHR 2.14 + 0.15"#2 2.35 + 0.24*2 80.73 + 5.05
#AV #A
18 J8 18 weeks WKY 2.17 £ 0.35 2.34 +0.34 79.63 + 4.39
SHR 2.88 + 0.25"#4V 2.95 + 0. 14 *#4V 78.34 + 3.80
24 Ji] 24 weeks WKY 2.37 + 0.28%2V 2.59 + 0.20*2V 77.53 + 8.92
SHR 2.97 + 0.227#2VY 3.05 + 0.10#2V 77.36 + 8.03
#AV #A
.23 1 3.
32 18 32 weeks WKY 2.26 £ 0. 27. 2.56 + 0.19 81.23 + 3.75
SHR 3.05 + 0.29 *#4V 3.19 = 0.52"#4V 82.95 + 4.01
#AV #A
42 i 42 weoks WKY 2.36 £ 0.13 2.55 + 0.41 78.54 £ 2.80
SHR 2.87 + 0.19*#2V 3.04 + 0. 14 %2V 77.17 £ 7.04
B ER4: BB AR
F*3 KBRS I5brsh 5480
Table 3 Dynamic changes of left ventricular hypertrophy in rats
JAE Age I3 Groups CVF(%) LVMI( mg/g)
6 il 6 weeks WKY 0.40 £ 0. 03 2.71 £0.11
SHR 0.47 £ 0.04 3.38£0.30"
8 i 8 weeks WKY 0.55 + 0.09 2.46 + 0. 16
SHR 0.87 + 0. 12* 2.58 + 0. 17"
12 12 weeks WKY 0.52 + 0.21 2.41 + 0. 11
SHR 1.16 = 0. 13*#4 2.86 + 0.16**4
18 Ji] 18 weeks WKY 0.51 £0.16 2.36 £ 0.08
SHR 1.28 + 0.10**4V 2.75 + 0.07*#4V
24 i 24 weeks WKY 0.61 + 0. 14 . 2.48 £ 0.07 .
SHR 1.71 £ 0. 17 *#AV* 2.96 + 0.07 *#AVE
32 5 32 weeks WKY 0.68 £ 0. 15 A 2.57£0.19 A
SHR 1.92 + 0.26**AV* 3.16 + 0.02" AV
42 8 42 weeks WKY 0.75 + 0.22 . 2.56 + 0.32 .
SHR 2.43 + (.24 *#OVH 3.25 + 0. 137 2V*

TE:SHR 3% WKY 5 18 4L, * P < 0.05,
Note. Compared with HR or WKY at 18 weeks, *P < 0. 05.

B 1 ARFEJEEKBRZEZE 0N masson YL

Figure 1 Masson staining of left ventricular myocardium in rats at different ages
2.4 KROMSFHELER TGF-p,, I BRI & -, M5 ML £ 5% B E Wi/, # 32 & i

BRI RERIETWL FRIRFE B fS SHR Fak Bk 7t 42 JEIAT SHR %82
6 JAIEF SHR % WKY £ 2.0 L TGF-B1 Fik M WKY £k & FRE(WE2),
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B2 AFEAEKRAE O TCR-B, SizIA
Figure 2 Dynamic expression of TGF-B, in left ventricular

myocardium of rats at different ages

6 JAIZE 24 B AR R T B IR gk AT, 24 J
Ji SHR Z2 2.0 00 T Ui i 6 3K B &g b 7, 42 JRI B
SHR % WKY kB & LR (WA 3)

B3 ARG RO T BRI R ARk
Figure 3 Dynamic expression of Collagen I in left ventricular

myocardium of rats at different ages

6 i & 24 FEWLH R BB i IR R 3R AH T, 32 JA]
At SHR # WKY FikiH i B, = 42 Fn R A5 R
E—2E 9 K (WK 4) .,

B4 AS[E] A R A O LI R e J ik (R sl s 3 ik
Figure 4 Dynamic expression of Collagen Il in left ventricular

myocardium of rats at different ages
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S5 BRE R DY BB 5T — B, 0 LER 4 Ak 1
HFpEF £ 25 1 ARER H 80 2 15 B B A7 7, 9 A 40
LVEF A&k O LA g i &4 B35 Ay, PO
SHR IfiL s 5 0ok S A A OCHE A7 3 8 22 4, SHR 0 UL
2 2 AU AR M AT HE — 2 B3R, A5 s I e O
WLEF Al KA W AR 3 7

AR R BT, TGF-B, . T Y J A0 1T Y 2 Jit
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VE R O NLEF ALY B 25 I F8 A2 AR 5T
7,32 JEHT SHR A1 WKY Z2 .0 L TGF-B, ik
Bl RS 14 = R PR, 32 S8 S SHR 2 =0 L
TGF-B, FeIK1ZHT ETF 42 AR WKY ik % |
4,5 SHR O JLEF 4EAL AT AL T AR K 1 s 1
R EALT . TGF-B, I T 15 i 2 2 Fh s
SO LA AL S [ aR AR, v] 3R A (R RO LR AT
Y248 e 1) 15 UL 2T 24 240 P 3 T 2 Ak LA T 1 8 25 4 21
BUERK A FE MR 13R85 5 2 4E 40 i 2 58,
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NOD2 fig #t = £ KW Al B 175 7 /N BRI 2R i Y
ALt 5

Yt TR KR g
(1. 5 B E th 1L BERE 4 B e Bl , e 2017005 2. & B2 L E ISR, I 200032)

[BE] BHH HEEHHF AR EGR G2 K NOD2 ( nucleotide-binding oligomerization domain 2,NOD2) 7£
RIE A R ER B, Ak LR W REIZ diethylnitrosamine , DEN') TESTR) NOD2 PR & s /N B R
Nod2“" #5140 | DEN 5} £ B6/INju-Nod2™'“™ /Gpt( Nod2™) /NN Nod2” #ERIZH , K 15t DEN () NOD2 3 [X it
B/INBRR Nod2 ™ 4, RVEST DEN #9 Nod2” /INRK Nod2" 40, fdi FH HE (o460 A5 3845140 , 8 F ALT 11 AST it
F B A I M ALT A1 AST /KPR Ak 5 % /IN BRI AL 24T F4/80 Hose 4 Ak H €0 K 0 JHT 2% 20 i 1 45 it L B qPCR
TG40 e 2 9 PR (4 35 PR 2Rk /K B P4 NOD2 (13 18 7K - 5 Ki67 e 41 AL Y {6 Fll TUNEL Y2 a4 DEN
X JFF 40 B33 R PR T I BR 5% T] ; Western Blot Rl JFZH 21 H NF-xB \MAPK 1 STAT3 {5538 B AH G 8 o FRORE
LR 5 Nod2 BAIGIFE , Nod2 *"* BEALL /N B 03175 150 PR S 08 e, 28 B A A0 B3R B8 % 23 1 T 1 S ik /0>, af
it ALT I AST /KU 8 R (P< 0.01) 5 754N 5 Nod2 BRI AR L, Nod2 " SR 41 F JIF 4 4L [ F TNF-ax
1L-6 IFN-y Fl IL-1B (43 K 323K /K- JHFLHZY F4/80 He € FH 1 40 i 550 5 T 400 e 1% 384 4 R R T /K S B4 B 8 T B ( P<
0.01) ; Western Blot ZZiA45 R, Nod2*" #E TR AL /N AT 4 217 B9 P38 ERK JNK ,p65 A K JAK2/STAT3 2 (4 #
TR IK A Nod2 BRI B B TR (P< 0. 05) , T A T4 BE B Nod2 ' 4H/INELS Nod2™ /N L R 45 W5 b ¥ G
WIS . 2518 T NOD2 BRI A Wiz /N B4 M A 5 S IRFE AT, HAL I 7T B 5 KT A P 4141 NF-kB \MAPK
1 STAT3 {5538 AR SC R F 1 Rk A G,
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[ Abstract ] Objective  To investigate the role and mechanism of NOD2 ( nucleotide-binding oligomerization
domain 2, NOD2) , a pattern recognition receptor in liver cells, in the process of liver inflammation. Methods NOD2

liver-specific knockout mice were used, and diethylnitrosamine (DEN) was used to construct an acute liver injury model.
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NOD2 knockout mice injected with DEN were used as the Nod2“"” model group, and injected with DEN B6/JNju-
Nod2em1Cflox/Gpt ( Nod2™) mice are Nod2” model group, NOD2 knockout mice without DEN injection are Nod2“""

2! 2" group. He staining was used to detect the effect of DEN on liver

group, Nod2”’mice without DEN injection are Nod.
pathological damage, ALT and AST kits were used to detect the changes of serum ALT and AST levels; F4/80
immunohistochemical staining was used to detect the number of hepatitis cells and real-time quantitative qPCR was used to
detect the gene expression level of inflammatory factors in liver cells; Ki67 immunohistochemical staining and TUNEL
staining were used to detect the effects of den on liver cell proliferation and apoptosis Western blot was used to detect the
expression of NF-kB, MAPK and STAT3 signaling pathway related proteins Result Compared with Nod2"/model group,
Nod2“"" model group mice liver tissue pathological damage was significantly reduced, manifested as cell necrosis and
vacuolization, and Nod2”"”model group mice serum ALT and AST levels Significantly decreased (P<0.01). In addition,
compared with Nod2”' model group, the inflammatory factors TNF-o, 1L-6, IFN-y and IL-1pB expression levels the number
of F4/80 staining positive cells in liver tissue . the proliferation and apoptosis levels of the hepatocytes in Nod2*"” model
group were significantly reduced ( P<0.01); Western blot expression result showed that the P38, ERK, JNK, p65 and
JAK2/STAT3 protein phosphorylation levels in the liver tissue of the Nod2”"” model group were significantly lower than
those of the Nod2”' model group. However, the Nod2*"" group mice and Nod2"/group mice used for control had no obvious
abnormalities in the above indicators. Conclusions Loss of NOD2 in the liver can significantly inhibit the inflammation
and necrosis of hepatocytes in mice, its mechanism maybe related to the down-regulation of expression of NF-kB, MAPK
and STAT3 signaling pathways related factors in liver tissue.

[ Keywords)

nucleotide-binding oligomerization domain 2; liver inflammation; signal pathway; mechanism
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RO AR B R TE AL R B, 2 & A A H IR
ORI Al 3 AT 0, AT O S 2 R BN T4
LU SRAE , 45 71T 240 M 58 R A5 A8 B S b2, 25
AL R T AT YAk, ™ s o O A, L
JREEE 2 PRI A JF 8 B 3 T, RO R 2 0
SR B R L B A AE H A IR R S, AT
FER I, WU TR G 28 22 Gt 32 i 3 & A L)
ZAK ( pattern recognition receptors, PRRs ) 1 7] 5 i/
WGy 3 — 20 JE A TN e B AR R,
NOD2 /& PRRs KM E 201, € EZPUN A A
A0 K R BE 1 B A 7 4 B BE B — K (- muramyl
dipeptide , MDP) , J&—F £ 75 T B A7 55 2% BH M 71 Fl
FFV: T 240 B BE 1) 153, P DAY e AT AR 4
() G2 B AN SR AE S PRI, NOD2 15 4R AE 2 I G 5
W), BRI %8 KB, NOD2 Rk T 5 B
o Y HAE K AR BEVIARSCA, I I MDP 1 3133 T 380
TP NOD2 S 4 J- 1 i Hegke ik | 5 ik & A= A
AR A M S R % DDA G A NOD2 FE T 4k
SEPERI b B BARAE T R ML AT AN B, S itk —
AARZR I, AT R ] NOD2 JH-4 5714 Rk /s
B, 1 F DEN #4) £ Stk P A5 7)) LRI T4
JL NOD2 SZARTE I 9 5 S I Hh A4 4 T B2 mT BE AL
N BFRAE RIS IR AR ML 2 A/ FTHE A5

1 MRER=E
1.1 ##
L1 SERshy

20 H 6 JA & SPF % M Pk B6/JNju-
Nod2™'“"/Gpt( Nod2"") /INEL /KT 19 ~ 21 ¢, th
FREARE B A FHR L[ SCXK (757)2018-0008 ] ,
FEHLIEREH P 10 H 5 Albumin-Cre /DR ZR%C , 3R15
NOD2 PRSP REFR/INEL ( Nod2 )« L TR e s 14 5t
Fte B SCHR ) 7 I B ET)  BRa o K 2B s
RIPAT) . 3R TR BRSSP [ SYXK ()
2020-0032] , 1l 3% b e B SF s Y 09 3R R
NI ERFE, B S R R ARHERRLIR IR A
ARk, GRS B4 12 h A8 AR B 18 50%
~ 60% ,TRJEH 20 ~ 22°C  iEPEMEFE 1,
112 FEAFHUEE

DEN F1 = 2F12 H il s i1 55 E Sigma 28 Al #24E
& RNA $2HUR7 & F bt RAR A LR A BR 2
A, PCR AN H FIgAE T, ALT AST 22 57 &
Ko B G 66,38 500 W) F e o A |, P38/p-P38
ERK/p-ERK. JNK/p-JNK. p65/p-p65. JAK2/p-
JAK2 | STAT3/p-STAT3 % HT & 1 H 3% B Abcam
N,

FEAKIR VKA (Thermo 23 7], 32 [ ) 5 9% I B



732 P E S2I0 B F AR 2021 4F 12 A 5529 #4545 6 5] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6

(Nikon 2], HAS) 5 & A 250 AL ( Sigma 23 7
Kl ;925 PCR X (Eppendorf 227 81 ) 5 5E
JEE A % 2 55 ( Bio-Bod A F), 25 ) .
1.2 Ak
1.2.1 sh¥ind

fii 1 DEN #9420t i 155 80 ) L) DEN 1 5
() NOD2 3 K @ B /N FROA Nod2 " #5541, DEN &
$ ) B6/INju-Nod2™'“"™/Gpt ( Nod2"” ) /I K. A
Nod2 KSRV | A1 5 DEN 19 NOD2 P 4 /) i
g Nod2™" #H | A1 5t DEN 8 Nod2™ /NE A Nod2'”
4,845 K, DEN BARM 0T . 75% CBEH
B/ EUIEH S, SR UOIE I3 5 DEN (100 mg/kg, =
FIRH MBI R ) J 1 AR FE /N B, O 2517 )5 22
SN, ARSI AR BN RBET
1.2.2  HEURHE2EIEE

LT SV 4% 22 3 W 1 8 I A s A 3
AV RRE 5 pm, JRAKE -H2L (HE) LA )& TUNEL
get,, AT R H UL g AU AR AT
MR BURE R KBS, 2 R Kie7 (1:500,
Abcam, #2[E) F4/80(1:100,CST, 2 H) Filk, Wi
BE T 40 BRI N Image) 3K (NIH, 35 H) G2t
30T .
1.2.3 IfL{F ALT I AST 7K P46

/N BURRI 5 BGRBK IML 22 1. 5 mL 85045 5
B E B DI N ARSE ALT A1 AST 32857 & 156 1 45
0 1575 H ALT A1 AST /K2R 1k
1.2.4  SERFHOEE R A EE RV (qPCR)

NCBI 3 4# 2 GenBank 1 & 4 9 K B 1L-6,
TNF-o IL-1B IFN-y 2 NOD2 K&K &30 % 40 17 5
Y1,k GAPDH SNSRI , i il E Wit &
B RS LEE 1, W TRIzol 237 £ 2 i 2 HU/ N B
FFEH 239 59 &8 RNA, W ] PrimeScript™ RT reagent
Kit 77 & ( H A TaKaRa) #1733 %% 5% & & B
¢cDNA, M4 SYBR Green 520 2% it PCR k5
UL ( HA TaKaRa) , 7K ERCH] 20 wL S A4
&, BEJS 3 ABI7500 g8 BEA T4 G 20

1.2.5 EEHEBE ( Western Blot)

JFH 2l & A R A B 67 PMSF (3 &K,
) RN R B 7 ( Roche 23 ] ) B9 RIPA 2L f#
W TR R AL, BCE SDS-PAGE BEIE T
HLUK ST B A 1 e B B AL BE S — P & 7K . P38/
p-P38(1:1000, CST) .ERK/p-ERK ( 1 :1000, CST) .
JNK/p-JNK (1 :1000, CST) | p65/p-p65 (1 : 1000,
CST) . JAK2/p-JAK2 (1 : 1000, CST ). STAT3/
p-STAT3( 1 :1000, CST) Al GAPDH (1 :1000, 2 =
KA THERFE 1 hJ5 ECL &GRS
1.3 Sit=ZEaHm

N SPSS 20. 0 #4748 12240 #r, i %Ok
I+ AR (& £ ) o, RFRE R 7 25
Mr, WILH ] Y98 LB R FH ¢ K036, P< 0. 05 22 5% B
Hait#E X,

2 #HR

2.1 NOD2 fr45R MR/ NRIEBNEE

W% Nod2 4H N Nod2*"" 44 NOD2 HJ mRNA
N B 2 38 K H g, BB Nod2 ™' 41 NOD2
) mRNA & AR FREKFEEE TR (n=5,P
<0.05,18 1), B NOD2 JFFH: T dl g /N B s
RUHEST B
2.2 B4R 13 NOD2 X DEN S /IR A
14 BF #5345 B9 52 i

HE % 55 3 Wow, 178 i X BRI Nod2™ 41 1
Nod2 " 21 341 Tt W 8 JiF 4R RE I8 A6 55 R B, i 48 5
DEN 4L PR Nod2 "R RIZH FI Nod2 “" ¥ U 20 Y547 I,
FIFRAE IRFEFRIN, PE— 20X P BRI L g,
K IR Nod2 ™" 15 Y 21 /]N §RURTF 25 L35 405 17 150 48 3 ik
B RIN AN MR Y 2 73 I B 2 (-] 2A)
Sp/INERL I I H ALT F1AST 19 7K 7 46 T 45 3R R,
Nod2""# F1 Nod2 " 070 i M S5, T Nod 2/ A5 7Y
ZHH Nod2 ™" BEHIZH 4978 T Nod2" £H Fl Nod2™"" 41
(P <0.01), [F) B, 38 & X 8% %Y 20 1 kb % & 21,
Nod2"" FERIZH 1L 3 ALT Ko AST Y4 TF Nod2/ #&i 1
41 (P<0.01) (K 2B),

R1 MEKEEIHFSI

Table 1 Related primer sequence

LN K Gene name Forward 5’ -3’ Reverse 5’ -3’
GAPDH TGTGTCCGTCGTGGATCTGA TTCGTGTTGAAGTCGCAGGAG
IL-6 TCCATCCAGTTGCCTTCTTG TTCCACGATTTCCCAGAGAAC
TNF-a TGCCTATGTCTCAGCCTCTTC GGTCTGGGCCATAGAACTGA
IL-1B TCGCTCAGGGTCACAAGAAA CATCAGAGGCAAGGAGGAAAAC
TFN-y ATGAACGCTACACACTGCATC CCATCCTTTTGCCAGTTCCTC

NOD2 TGGTTCAGCCTCTCACGATGA

AGGACACTCTCGAAGCCTT
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1 NOD2 IR /s LAY L IR 3235 & NOD2 & 363k

Figure 1 Gene expression and NOD2 protein expression in NOD2 knockout mice

T AL EH/NEUIF HE Ze (R Pk B R 3 B &40/ BUMTE ALT Rl AST K F75 4k s 5 Nod2/HERILHA I, * P< 0.01, ( FEIR)
2 JFF NOD2 $Je Xt DEN i S (/N BUF B RS2 (n=5)

Note. A. Representative pictures of HE staining of mouse liver in each group. B. Changes in serum ALT and AST levels of mice in each group.

Compared with Nod2”/ model group, * P < 0.01. (The same in the following figures)

Figure 2 Effect of loss of NOD2 on DEN induced liver injury in mice(n=5)

2.3 & RMEE NOD2 X DEN % S8/ B AT
RAEHI R0

XF /N R A 250 IR 3Rk K L3, R
Nod2 " " F RV 2 fF 21 21 TNF-o  IL-6  IFN-y £l TL-
1B 1 mRNA X IR TR T Nod2 BERILL (P <
0.01) (K 3A), #E—2 %t /NRIFAL 2117 F4/80
G REH ALY O I TAF ST, & B Nod2 " #5514 F4/80
Lt BH M 40 M 0l 0 E AR T Nod2 B AL (P <
0.01) (& 3B) , TAERX B Nod2" 411 Nod2 >
HHFH A TC W 5w
2.4 P4 R14ER NOD2 %t DEN % S8/ R AT
e FE TR B0

WF5E % B, 5 Nod2™ #1 F1 Nod2™'" # b %%,
Nod2“" " FERIZH Jr Nod2" ¥ U ZH R 4H 41 rh Ki67 YLt

FEE A0 B 50 S HF2m B R T A B A B E I 2 (P <
0.01) , [ X6 AN A55 70 4 FU 55 % B, Nod2 27 5 Al
ZHFLHEA Ki67 Yo PH A 20 i 550 8% 40 B 0 T 40 g
B /DT Nod2 ' FRIZH (P < 0.01) (& 4,5) .
2.5 R 1EEE NOD2 3t DEN S /E R EHE
XESEEMNZEMm

% FZHZH P38 ERK \JNK . p65 LA K JAK2/
STAT3 £ FABERR LK1 E A, 2 BE Nod2 B U 21 il
Nod2 ™" P REFI 2 ¥ I 3 55 T Nod2" 41 Fll Nod2 ™" 441,
HE— 2B X AR 01 T L3, B Nod2 " A1 2
JiF£H 4 P38 ERK JNK .p65 LA Kz JAK2/STAT3 &
BRI KT B 2K T Nod2 BiBIZ (P< 0.05) , 32
WA NOD2 4k il R E NF-kB MAPK Fll STAT3 {55
HPEA R RIB (LA 6) o
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A qPCR A4S 20 /N BUIFZH 23 8 0E IR F IL-6 \ TNF-u IFN-y Al IL-18 ) mRNA 3631k /K ;B 85 41/N BUF4L 4P F4/80 19338781k,
B3 JiF NOD2 A%} DEN 75T /N SUIT S AE A2 (n=5)

Note. A. qPCR detects the mRNA expression levels of inflammatory factors IL-6, TNF-a, IFN-y and IL-1B in the liver tissues of mice in each

group. B. Changes in the expression of F4/80 in the liver tissues of mice in each group.

Figure 3 Effect of loss of NOD2 on DEN induced liver inflammation in mice(n=>5)

T S A DN - 20/ BUITH 2 Kie7 Rk Bk,
B 4 AT NOD2 %) DEN 75 T 89/ U AR IS A A 20 (n=5)
Note. The expression of Ki67 in the liver tissue of mice in each group was detected by immunohistochemistry.

Figure 4 Effects of NOD2 deficiency on DEN induced hepatocyte proliferation and apoptosis in mice(n=5)
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T : TUNEL S50k I 45 41/ BURF AR T2
B 5 JF NOD2 X} DEN 75T /N T A A R TR 20 (n=5)
Note. Immunohistochemical detection of TUNEL expression in the liver tissues of mice in each group.

Figure 5 Effects of NOD2 deficiency on DEN induced hepatocyte apoptosis in mice(n=>5)

6 AT NOD2 Hts< %t DEN 555/ AT NF-k B MAPK Fl STAT3 {5 51 IS A2 (n=5)
Figure 6 Effects of NOD2 deficiency on NF-k B, MAPK and STATS3 signaling pathways in the liver of DEN induced mic(n=5)

3 i E%f&ﬁi?%‘%tﬁﬁi%% JFFAE o f K 9
TERR, 75 5 32 ZVC Y 75 4k W) o B Bl 4 9 45 2 ol

JEa 2 B DL B , VR 22 TP DR O A AN B Bt DRER A8 7, e T 400 R 1 R, )™ B 194 ) 2 A
g, 2RI R, B e B ITAEAL  EE AT BFAEEIRSE, R F AT SRRy A A B R e, B
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IR IFVIBR TR 25 P s U405 ), 5% 4 i
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SO I 9% SO, i SR RE 2 Al DNA 452443,
PR B & e A A R s 42 4 R 28 4
DR 7 [60] (40 - 4, 4% 0 i V855 7 L, 76 T 7 A= 0
INFE R e ¥ F AR VE T DR AU R R
RAEM G RE ML, A BB A B 2 ORI PR
Ml

VFEWFFEIESE A 20% ~ 75% A8V 9 B 3%
KA M R R A /N A0 R i A
ATk N2 (LPS) KB B T A1 B R o
SR AR R, NP AL B il b B
B 70-1 Fik KOV T R, BB R D BE 52 1,
BB PR AN, #0572 AT A0 240 B A o 1 £
K5 BB JAE | it — 2 ] LU 5 33403 , Al Rz
FHPCA: 2 ) A B 00 1 B T8 40 B oo B AR R T —
TP 2 figt JUF P M s R0 I 8 £ 2 AR B2 309 BB £ 6
T2 BRG44SR o gy U
PRI =4 7] LA ST NOD2 3k 34 m , 42 ik LA
TNF-o Fll IFN-y 9323k, 4§ #F JIF % 5E B i 1 1B
FHU4 NOD2 R PRRs 4% 5 i 8 A% 5, 7T LA
A 3 YU B R A0 T 24 MIDP T 38 , AT RS 3
186 BRPERIRAE N, 2= FH W5 & B, FEAS TR R
SERTARY T 7 Rk 40 i ) AT LA R NOD2 ik
B A2 #EHLIAR TNF-a F1 IFN-y B9 2235, A {2 3 1T
SERE RN BIFEFHS0) | NOD2 4E ) PRRs % (10 T
SR, vT LA PR R TR AR R ) MDP T
I , AT i 2 B e FARAE SN, {2 X NOD2 7E
HF A4 Hh i BL A 3E R 58 v 2 i B IR R
NOD2 5 JIFRAE &A= vh gV F K AL BLA R 2
3L, HIRER NOD2 16 1T 90 & h Ve, 3%

& B R - &, M8 T NOD2 JiF 4 5k
R /N B ( Nod22" ) | 3F% ] PCR F11 Western Blot
HR X NOD2 PR & B /D B A7 45 5, 38 i X
Nod2"” 40 Fl Nod2 ™" 4 FF 4141 NOD2 mRNA K 7 1
JEAR X 3 1k B F A, K BE Nod2 ' 41 NOD2 1
mRNA J 85 (M i A9 R 5 KF 3 8 3% T, & ¥
NOD2 JHHE S bk /N R B R e N7 i), oA 1Al
INEIERUIF 48, 2686 DEN XF H 9, 24— v i 5t
DEN J&5 7 LA i/ BRS040 , BB 4t 2 /DN B
JFRBEFE T EE . dE— 2% AR T TR &R, &
5 Nod2 " KRV 55, Nod2 ™" B 14 21 /)N BRI 40
LU M IR FE K 23 300 1 BH 2 020 | Nod2 " 15 U 2]
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Nod2*"" 41/NE 5 Nod2" 47N BRI 4H 25 #L K T 2y
REXTC 58, D9 A i X 45 4 I AL 20 R iE A
TRIBEMHAT LA, KI5 Nod2 BRI M L,
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IL-1B (AL FR3R KT e 204 F4/80 e €2 BH - 21
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INK ., p65 LI}z JAK2/STAT3 % 1 MR 1k 7K - %%
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Nod2"" 41 /|y BRI 2 23 rp b S 2 1 B R AL K 34K
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Screening of potential amygdala proteins during the intervention of
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[ Abstract]  Objective The current study was performed to investigate isobaric tags for relative and absolute
quantitation (iTRAQ)-based quantitative proteomic analysis of the amygdala in rats with complete Freund’ s adjuvant
(CFA) -induced chronic pain. A comprehensive analysis of protein expression was performed to explore the underlying
mechanism by which electroacupuncture (EA) affects chronic pain. Methods Twenty-seven male Sprague-Dawley (SD)

rats were randomly divided into a control group ( control group), model group and EA-treated group (EA group), with 9
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rats in each group. Inflammatory pain was induced with an intraplantar injection of 100 wL. CFA into the plantar surface of

the left hind paw of the male SD rats. EA stimulation of the bilateral Zusanli and Sanyinjiao acupoints was performed for 14

days. Based on iTRAQ-based proteomics analysis, we investigated protein expression in the amygdala. Results EA

increased the paw withdrawal thresholds (PWTs) in rats with inflammatory pain induced by noxious stimulation. A total of

6319 proteins were quantified in the amygdala. Of these identified proteins, 58 significantly altered proteins were identified

in the model group compared with the con group, and 37 were identified in the EA group compared with the con group.

Three proteins were found to be differentially expressed in the amygdala of model rats and EA-treated rats. Conclusions

Our study confirms the possible mechanism underlying the effects of EA on the amygdala in rats with chronic pain.
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Conflicts of Interest: The authors declare no conflict of interest.
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Bt SRR 4N AR Y47 & (161-0731,163-2109 161
-0302.161-0450, 2% [E Bio-Rad) ; KH,PO, .KCl HCI
(10017618, 10016318, 10011018, 1 [E [ 25 ),
NH,HCO, . =i Z. T ( A6141 . T6508 , % [ Sigma ) ;
Trypsin(317107, 3 [ Promega) ; H iR (064450 , 3 %]
Fluka) ; Tris(T8060-1 kg, T EZEHKF) .

von Frey 2 ( Aesthesio, 32 [E Danmic) ; i, K-F
(AB135-S, 6% METTLER TOLEDO) ; il &2 4t it
T EEFARAY . C18 FAERE (€18 43 #THE (Easy nLC.Q
Exactive , Multiskcan FC, C18 wm, 100 A, 10 cm,
umC18-A2, 32 [# Thermo Scientific ) ; # 7 % i 1%
(Jyo-L, o B 7% 3 B 2 ); SCX & % #
(Polysulfoethyl , Z& [E] PolyL.CInc) ,
1.2 FHi&
1.2.1 LR

SEHG R BBENL 2 R i R AR R R, B
209 H, XTREZH R B T 726 5 f B 5T KT FE ST 100
pL AR BRER K AR B LR BT A2 J5 B
B B S 100 wl CFA DL & 18 P 48 P i A
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A 2R BRI A A A A% R A7 TR 62 22 a2 A R 6T 1
4 %F 5 &8 ( isobaric tags for relative and absolute
quantitation ,iTRAQ) £ 1 5t 2 “# A I, % 22 53 25 11
AT B 2E M, AR el T 52 e 48 1 g 1
ARBAENLH], LR A 1 PR,
1.2.2  jf

SD K FUEMN PEMEFE 7 d, FRE A 3% 50 HZ
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J& B BT B2 R S AEHER K 0. 1 mL, BIAYZH AT
FHARRZE G R THES 0.1 mL CFA, &
MR I, A Y 2H R0 A 20 K L ZE /2 R D0 B i
Ji, X BRZH KRR ZE R T I 0 A, X BRI 2
FELAT K RS 24 h 22 I SWE 2 FiR,
1.2.3 AL E A

PR EGCE T4 )8 W L, 1535 LLE B B9 A LB%
BEEE BERSEEHAS M 20 em x 10 em X 15 em, & RN
(25 + 1) C,HXHREE R (50 £ 5) %, 1561k K R
AT 15min 245 A ERBEE I, 5 K BRCRAS S A X 22
JEEATREI . FH von Frey £F- 4 22 % K B IS Btk
TR, A e 225 i il S T2, AT K 6~ 8 s
(G145 6.8 s) A 7ERIEON E], R B B0 2 % 4 2
BRSO, WE A BAYE . von Frey £F4E 221 )
EHII K 1.4.2 4.6.8,10.15 F126 g, LI M 8
g JTEEAE I A1 4t 22 FF 06 3k, 2508 % 01 BE AR R &F
He 22 ANRE S K BUAY 4 J2 308 T8 2 RN I 1 S B
PECO” I T BEAR R — R 4T e 22 AR S A 5 5
i 8 ¢ JIFEMH R ARk 22 e 5 | K B 4 2 5 2
JER e R BAE X IF 28 ) BEAE I £F 4 22
YRR, B2 T BLSIPE RN B M (PR R B ) S

T EETERREENGIT

(G5, HAH FERHEE S E 4 K, HTERREE—IR
LI SF 52 M T VARG 22 1) 10 (5] B 30 s, 55 o8
TIEAE R 26 ¢ [ EF HE 22T AN B 5 K BRI BH P J
N UK 509 46 e A0 AR 26 g. 50% 45 2 A T
BNH 50% ¢ PWT = (1077 /10 000, Xf K %
Ja N B von Frey £F4E [ 71 log {H, 8 M AHAE von
Frey £F 2 11 log {H2 (R 25{E M- ¥ E (R 0.184) ,
ke Sy BE: R B S oy 2 T g e (T AR )
FESS 0 K (FEZk) 26 1.7 .11 1 14 Kilb7,
1.2.4 HAEHE

P A2 39 RO 2 = BL (ST36, 1 1 if 45 15 4
s mm) A1 =FA%Z (SP6, WERFEFLIT 10 mm) XA
P EA 0.25 mm K 13 mm B9 A4 B HA ST
L, REER 5 mm SRAPEAREME R0 2 =5
M=FAsc#ER A, AT SEOR ST . 7 PR
i (BK5E:0.2 ms) , HEFREE N 1 mA UG, B PR
10 min 401 0. 5 mA  JGI7 B[] 4 30 min, HJEA0 %K
h 2 Hz, A AR BT B A S0 kB [ 2 | A 1T
T Bk A2, BRI TSRS S5 1 ~ 14 K,
BHIAIT 1R, 3897 14 d, XHIBA SR T
HLEF 10,

B1 SRR

Note. Blue box indicates electroacupuncture treatment.

Figure 1 Experimental flowchart

B2 XFRH (A AU R BT () A RTERS

Figure 2 Hind paw photographs revealed an obvious swelling in the guarding posture of CFA rats
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1.2.5  HUbf I A $

KPR S5 FH 3% J3G L BU 2203 S B0 I s 1 B
(1 ml/kg) R, £ 200 % T 32 sh ik A BEER /K b
HHETE 200 mL, & T kA Bk IR, B, AR
Paxinnos & Watson Fiti 37 {4 % {7 [ 3%, V) HUA 4~ A%
(TR AE 0.36 mm ZF X [A] 5 5. 04 mm T ]
T7.4mm £ 10.2 mm; EH LA 3 mm £ 5.4
mm, VLI 3) & T -80°C % AT,

T R G k IKRUI R EZ 0N 30 pum,
B3 AR
Note. Nissl staining. Thickness of frozen section is 30 pm.

Figure 3 Schematic diagram of amygadala nucleus
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Figure 4 Work flow of iTRAQ



742 P E S2I0 B F AR 2021 4F 12 A 5529 #4545 6 5] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6

\

1E C18 /NFE L, A5 g
1.2.7 ﬁ%ﬁﬁ

PR SO (LT < A i 1) 20 B T 3 A T S )
OB AR €63 (high-performance hquld chromatography,
HPLC) W AH RS Easy nlLC 58, B4 . £
ARG B R WREAE 1T Q-Exactive B3 58 BB
O3HT . SR 2 KRN 22 KR R B Jo R R A LU A T 5K
R R R RE 10 D E T, MS2
Activation Type & HCD, Isolation window A7 2 m/z,
e % HER 17 500 at 200 m/z, Microscans i 1,
2% Maximum IT 4 60 ms, Normalized Collision Energy
30 eV, Underfill 7 0.1% ., Hd 5301 &R E S
EE AT Mascot 2.2 F1 Proteome Discoverer 1.4
eI,
1.2.8 W5 R0

HEATIRIEAMT I, 1 e X H AR B A 1 E
EF ST — B (H— A F (-1,1) X)),
FEAS Y 43 25 K B8 H & 19 43 B il 1 2K 7F Graphpad
Prism 8.0 52 Ji, I 4 73 Br &5 2R J 7n O J2 R 2K
A
1.3 HitEHE

K SPSS 20. 0 #4711 43 A, Graphpad
Prism 8. 0 BR{F#& B i GE 11 BT A a1 LAY 1y
B + FRifi2e (x £ 5) R, H BRI R B
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B5 AHKREAIEINE S PWTs 221k
Note. Compared with model group, *P < 0.01. Compared with Con
group, ** P< 0.0L.
Figure 5 Comparisons of PWTs among groups of

rats at different timepoints

Hodp St BRAL SRR A L, JEAG I 2] 58 422 R
H, B2 SR BOM 22 57 0 & T Nl 6A s, X AR
HEHRIAA LR A B EEERNEATRZ
RIS AT E ILIE 6B,
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Table 1 Number of differential proteins between two groups

il FricaE B8
Groups iTRAQ
FERIZ vs X IR 58
Model group vs Con group
FLEFE vs X R 37
Model group vs Con group
XFIRZH S L AL AE L, A I 3 37 25 R

22 57 A BOR 22 5 i S PR AT 7A s R AR
A5 AUET A e B G M 22 S i B BUR IR
I ILIE 7B,

i G R i, R BT A AR BT
X PR AR AT 35 PR 22 5 O AT A AR A TR R A
AREEZERHAEXRA F ZEH 6(F-box only
protein 6, FBX06) . 41 & 4 ! Z£ % B B ( SET and
MYND domain-containing protein, Smyd5) . %< fith 7 Kl
1 (extracellular leucine-rich repeat fibronectin type
Il domain containing 1,Elfn1) 33 NEH (LK 8)

TEABTE T, 8 H R4 A 878 T ARk
FEIH A4 FBXO06  Smyd5 | Elfnl FEik/ER
Hrp 3 AMEAMERILE 2,

b7
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T A 25 A RERL A Lo BRZE R e L2 53 A 0 3 5 2 R O RN ZE AR L B2 1 T L2 S A S 3 5 B . 5 X R A LU i 2 e A3 4, BROCFC DL
10 SRR HUH

B 6 XfHRZH AR A b 22 S AT 35 P A 2 00 Ll L A2 R 28 73 #
Note. A. The green dot is the decrease in the model group compared to the control group and there is a significant difference. The red dot is the increase
in the model group than the control group and there is a significant difference. B. The multiple of the difference compared with the control group, which is
the logarithmic value with the base 10 as the value.

Figure 6 Volcano plot and heat map of differential proteins between Con group and model group



744 RS2 56 S aE AR 2021 4F 12 H %5 29 %555 6 ) Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6

TE A2 AT 2 LUXS BREE T B HL22 A7 W 1 s 20 O A BT LU X HRZE BT L 22 S A W3 5 B . 5 0 R L 10 22 S A 0, BROHE LA
10 R AR HfEL

B 7 S MR L 22 AT B P A A A L A R 2R A
Note. A. The green dot is the decrease in the EA group compared to the control group and there is a significant difference. The red dot is the
increase in the EA group than the control group and there is a significant difference. B. The multiple of the difference compared with the control
group, which is the logarithmic value with the base 10 as the value.

Figure 7 Volcano plot and heat map of differential proteins between EA group and Con group
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Table 2 Differential protein function

filii SR SFF B (x10%) Bz
Description Protein name Molecular weight ( x 103) Function
EIERE SESER el c A
AR S [19]
0923V4 FfiRE 6 2. 77 ' ‘jﬁ%‘% l*ﬁﬁ{’ﬁﬁﬁ o
FBXO06 Maintaining genomic stability'®)
Interaction with glycoprotein!'*]
T P L 2
4 A j 1S 4 S T A ) (21
Dsztis LR AR R o ES A RIS 2
Smyd5 Regulation of genomic stability: 2"’
Self-renewal and identification of ES cells'?!!
ZEMIE A 44k 2272
5 il I 1 ok . 12
&W/‘ﬁﬁlﬂuﬁﬁﬁlﬂ/ SR
e SR R s
S AR R % [29]
D37744 il 90. 81 5 GABA ZfIE !
Synaptic formation and differentiation' 222
Rate of synaptic release! %]
Receptors that change presynaptic release?’]
Interaction with mGluR %
GABA synaptic formation! %]
U X IRALAILL, D P< 0. 015 SETHAIILL > P< 0.05; S5X AL,V P< 0.05; SEUMAIMILL, Y P< 0.05,

B8 AT R FBX06 SmydS 1 Elfnl #5451k

Note. Compared with Con group, " P < 0. 01. Compared with model group, > P< 0. 05. Compared with Con group, ¥ P< 0. 05. Compared with

model group, ¥ P< 0. 05.

Figure 8 Electroacupuncture induces changes in the expression of FBX06, Smyd5 and Elfnl in the amygdala of rats
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K SAMNE I Z A0 2R R B R A Y ]
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M52, BT iTRAQ &R H BT 750 A A R4
X HRAIAR L3 & B 58 A i R R i, Herp

17 MER RS L 41 ARB TR, [,
HUET4H 50 BREUAH e A (A b 3R 37 AN A kA
BEFAR, Hoh 17 MEAES TP REK B, 20
ANFRIETM, BT, X BRZE X LAY 20 Ho L B 2 %)
PUREAY L 22 Sy 0 8 HLA T R EE A FBXO6
Smyd5 \Elfnl

FBXO06 J&—Fh1Z 55 A 5t 9 A 5C 25 1 % A (ER-
associated protein degradation, ERAD) AY7Z 2 % 2 i
ZOE, 5 N-HEE iz R AL . FBXO6 fEfS
REE RO RCR IR GRS CR | W SR O &)
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FBXO06 Xf 1 £ T4 % (interferon-1, IFN-1) 4 F: (14t
TR S ST B 3R A 1 FBXO6 I R i o 41
Tl P9 R g 3 R eJun 22 356 K Ui i B ( ¢-Jun N-
terminal kinase , JNK) B9 4 DAyl 32 48 6T AR 293
41 Mg ( human embryonic kidney cells, HEK293 ) 4ff fifd
MEEE S (EAERR STE H R TA 56 T FBXO6 1)
SCHRHRIE

Smyd5 TEAERF YL (IR SE R 1M )y T 45 4 B A
FAPS . SmydS 259615 T AR I o i 4 2K 1
ek, Smyd5 iR 20 FRYZHE 1 H4 = H 34k,
PN ] 5 SE 52 107 i PR 6, 4 Jieh 968 9 52 PR F ( tumor
necrosis factor, TNF ) | F K 40 g R YE & H 1B
( macrophage inflammatory protein-18, MIP-18) F1 [H
NE1 (interleukin 1,IL-1) H‘Ji‘%l‘;kmﬂ . XAIAESH
FrEEfft CFA 75 & 018 PR PR AH G

Elfnl JZ—Fh 5 Al 2 Bt 8 1, o2 — M BOE iy 1
RIBSREAE 1, & — 8 % 50 &R 5 B 2 AR
(leucine-rich repeat receptor kinase, LRR) Z5f438 . —
AT Y % 12 4R T Y 45 4 3l — 4> 5 s a0
Elfnl J2 TIT AT 2010 32 U 1) A2 A4 79 2,
JE— M S Ml SR 1, B A SR R AT A AR
& 7( glutamate metabotropic receptor 7, GRM7 ) Fl i
T B A E R A BRI ( glutamate ionotropic
receptor kainate , GRIK2 ) LATE Ji 2 il i b 75 1) 125900
R %R 52 1K ( metabotropic glutamate receptors,
MGluRs) ¥ B—A> IR PE Y R G2, R i bl
ZERNFRIR I AR L A Y R AR L AR,
ﬁfﬂ/ﬁ\’ﬁ@ﬁ%ﬁi( metabotropic glutamate receptor 7,
mGluR7) XFPIRA S AR . BRI, AT Ae i
il Elfnl % mGluR7 YRS F A A 2 B AL

AT AL ST 2 — 1 I A 2 R ] 19 1Y)
FER M 0t A BEFT AR P A A (central
amygdala nucleus, CeA ) H' Y 4 & & ( glutamic acid,
Glu) f& 3 5PIA P RS CeA rhid
FIRHY mGluR8 AT il 1 35 MEAT Sy, 73X R A0 1Y)
P Glu B R GABA 1 ek /b 2 [N 25 AH
ST Glu 2 T R B 28 3R A% 3o PR HE AR 5 11
FER T, 2o VAT SRR B RN I y-2d
TIRAEA 1 1Y AT BN R 2 A SRR b K T ) ik
filt, T A SRR AR BE 5 | S M A AR 0 i R
PR, Elfnl EACR T Glu fiEbh 2ot 1 RIE
PRI, RO R P 2R 1 R B 1 B A% 07 T i i i
i Elfnl X4 F B Glu BE R 8T8 B AR S48 ™

A1 B EIHLHRI A TSR

ZE P AT IR B R, CFA 75 5 0918 P R Tk
W SR E R, G 3 N E AR
R AL B A B R AT A% 22 %3R35, BT
UL HER R = H =R 2R AT el CFA K
(02 Pk 28 Pk . L AL AT e S ek R A R
FBXO06 ,Smyd5 \Elfnl FikAHC, 5, H X 3 4~ 2
SEATEEE AT PR, AT
GE R — 2P TR LB 52 e 18 M A 1Y A A% BIL I
P T IE R
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Effects of compound Rehmannia Granule on microglia activation and
neurobehavior in Parkinson’s disease model rats

BI Dianyong, WANG Li, HE Zhuqging, YANG Yufang, HE Jiancheng "

(Basic Medical College of Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China)
Corresponding author: HE Jiancheng. E-mail; hejc8163@ 163.com

[ Abstract]  Objective To study the effect of compound Rehmannia granule on the activation of microglia in the
substantia nigra and striatum, the expression of inflammatory factors, and neurobehavior in different rat models. Methods
We established a 6-hydroxydopamine (6-ODHA) and a lipopolysaccharide ( LPS) animal model by administering a two-
point stereotactic injection into the substantia nigra, combined with an intraperitoneal injection of apomorphine. Rats were
divided into sham, model (6-ODHA and LPS model groups) , and compound Rehmannia granule intervention groups ( DH
+ 6-OHDA and DH + LPS groups). Rats in the drug intervention group were given 7 g/(kg+d) compound Rehmannia
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granule suspension by gavage, whereas rats in the sham and model groups were given 2 mL saline by gavage once a day for
6 weeks. Spontaneous rotation behavior induced by apomorphine was observed and recorded after the model was established
(abbreviation for 0 weeks) as well as at 2, 4, and 6 weeks after intragastric administration. Tumor necrosis factor-o ( TNF-
o) and other inflammatory factors in the substantia nigra and striatum were detected using enzyme-linked immunosorbent
assay (ELISA). Western Blot was used to detect the expression of ionized calcium-binding adaptor molecule 1 (Ibal) and
other proteins in the substantia nigra and striatum. Results (1) For neuroethology, compared with the model groups (i.
e., 6-OHDA and LPS groups) , the spontaneous rotation behavior of rats in the compound Rehmannia granule intervention
group was significantly lower at 4 and 6 weeks ( P< 0. 05 and P< 0.001, respectively). (2) The ELISA result showed that
compared with the model group, TNF-a and other pro-inflammatory factors in the substantia nigra and striatum of rats in the
compound Rehmannia granule intervention group were significantly lower (P < 0.01 and P < 0.001, respectively). (3)
Western Blot result showed that compared with the model group, the expression of Ibal and other pro-inflammatory proteins
in the substantia nigra and striatum in the compound Rehmannia granule group were significantly lower (P < 0. 05 and P <
0. 001, respectively). Conclusions Compound Rehmannia granule intervention inhibits the activation of microglia in the
substantia nigra and striatum, downregulates the expression of TNF-a and proinflammatory factors, and attenuates the
spontaneous rotation behavior of model rats.

[ Keywords] compound Rehmannia granule; Parkinson’s disease; microglia; inflammatory factors
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(%15 DENLEY DRAGON Wellscan MK3, Thermo 2
A, 3 E) ; Western Blot FLJK{X ( #4*5 043BR41664,
Bio-Rad A Hl, ),

ELISA X7 & IL-18 ( Lot: JL20884 , |- ¥ 52
B4y A BR 2 7] ) 3 ELISA i 7] & 11-10 ( Lot;
ERO0135, b B AE YR BR A 7] ) 5 ELISA 25
& TNF-a( Lot JL13202 , 1985 3k Sl B A FR 2
F]) ;NF-k Bp65 antibody Rabit( Lot: D14E12, CST 2%
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hydroxylase Antibody ( 1 : 1000 ) ; ionized calcium
bindingadaptor molecule=1 Antibody ( 1 :500) ; B-actin
Antibody (1:2000) ; BUAIFE 4°CHERITR, IXTBST
Ye¥E 3 K, FEYRK 5 min; —Hi#% H : HRP * Goat anti-
Rabbit IgG(H+L) ¥ ACHI (1:5000) : HRP * Goat
anti-Mouse IgG(H+L) (1:5000) ; &, ¥ K 2 h, 1x
TBST 3% 3 K, BHK 5 min,

i ECL fb 2% &6 7 T i % N gL B 5,
Imagej FIR A BT A4 434 H BB A5 IR EE A, IR
FEA 215 (M K (55 GAPDH | B-actin JK J {H Fb
{EAEXT ., SRAFAEAS L LR A 1
1.3 SitFEoHh

GraphPad Prism 8 {4 4b ¥ ffr 4 52 55 £ 4 , Fr
A BRI IE 2540 A, T BERE DLOE S £ 45 U
Z(x £5) R, ZANMTLEEE LECRHRNE
772543 BT (One-Way ANOVA ) , 41 [a] ¥ ¥ 1t %5 5%
LSD/Dunett/SNK 7%, Ze it 5 R DL P HE /R, P <
0.05 FARABIFAELG 225 ,P < 0.01 FR4dlE
FETEREMEZR

2 #ZR

2.1 HBRITAHE
2.1.1 B 7 WUk X LPS BRI K U 247 M2
0P|

HE 1 AT, 5 sham 2 4R, LPS BB B 5
JE A (K1 s 0 J) 3L APO 53 1 R fE%
HARBERAT R, A A B E 2R (P <0.001) ;5

LPS ZH He4s , DH+LPS 4 K FUFE 2.4 .6 JEBT Y A & e
VBRI Wb e B2 R (P < 0.001)

W5 E P R E,AP < 0.001; 5 LPS B 4l It
B ,'P < 0.001,

B 1 5205 BRI iR 22 ML R SR 2247 2 FR 5
Note. Compared with sham group, *P < 0.001. Compared with
LPS model group, *P < 0.001.

Figure 1 Effect of compound Rehmannia granules on

neurobehavior of lipopolysaccharide model rats

2.1.2 BEIJ7Hi e BRI R 6-OHDA A5 5K B 2247
Al

2 7 I, 5 sham 4 b5, 6-OHDA #E# K
FOEA I (2 Fias 0 J8) B APO i 1
R A RERET N, Hina REEES (P <
0.001) ;5 6-OHDA 41 [t%%, DH+6-OHDA 417E 2,
4.6 JEI () 19 & T i Rl 50 Sk sk /b 2 ) A 2 Pk
Z5 (P <0.058 P <0.001),

W5 T R4 H L,2P < 0.001; 5 6-OHDA i & £ 4H
lt,4P < 0.05,%P < 0.001,

2 BEITHL BRI 625k 22 DL AR AU BB 2247 S 27 Y S

Note. Compared with sham group, *P < 0.001. Compared with 6-
OHDA model group, 4P < 0.05,%P < 0.001.
Figure 2 Effect of compound Rehmannia granules on

neurobehavior of 6-hydroxydopamine model rats

2.2 SFMEBAX & HEKRERLCKE R GE E
F TNF-o IL-1B.IL-10 & &R IAR N

2.2.1 ST Hb BRI NT LPS R B BT S0k A4
RN 5 1 RIA I RZ R
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& 1 0L, 5 sham 4 HL 4, LPS 41 IL-1B8.
TNF-a 357K 83 T, 1L-10 koK - B
iR, HMA R EE2ZS (P <0.001);5 LPS 41t
# ,DH+LPS #H IL-1B . TNF-o 235 7K V- i HFE 1K,
IL-10 FYZRIRAKF- o 25 T, L e A7 o & 22 5% (P
<0.01 5 P <0.001),

2.2.2 7 HiE ORI 6-OHDA A& R A LR i £
AR R AE -5 R IR I 52

% 2 Al 0L, 5 sham 41 L %8, 6-OHDA 41 1L-
1B TNF-o ik i B T, 1L-10 kK7 i 35 1%
fiK, dlaf B &M Z R (P < 0.001) ;5 6-OHDA 4
It, DH+6-OHDA 4 IL-1B , TNF-a i 3 F& 1%, 1L-10
KEKFRBE S AMA R EEER (P <
0.001) ,

223 EFMEBMNMNER KR BRI NF-k

x1

5277 HUERUREXT LPS AR R R B SOIR A ST N 3 1 ik

Bp65 . p-NF-k Bp65 & 8 R iEHI S0

3. 83 W, 5 sham 4 35, 6-O0HDA 4
LPS 0 Kl NF-k Bp65 .p-NF-k Bp65 ik /K F 3%
Fhm Al BEEE R (P <0.05,P <0.001) ;5
6-OHDA 2H J% LPS 44 #H Lt 3¢, DH+6-OHDA & DH+
LPS 2 NF-k Bp65 . p-NF-k Bp65 3% ik /K g 3 [%
ik, A B #EM2ER (P <0.05,P <0.001),
2.4 EFMEHANEEXRERICKRE TH,
Ibal & H RiZHIF N

h#F 4 K 4 0] 0L, 5 sham 4H F3, LPS 4 I 6-
OHDA 4 Thal FRiEKV- & FHm, TH ik KV i 3
FEAG, 4H A B 25 R (P < 0.05,P < 0.001) ;5 6-
OHDA 2 J% LPS ZHAH L, DH+6-OHDA i J2 DH+
LPS 4] Tbal FRiE/KN- i 3 FEAIG, TH 357K 2 7+
L e B EEER (P < 0.05,P < 0.001)

YR (x £ s,n=8)

Table 1 Effect of compound Rehmannia granule on expression of inflammatory factors in substantia

nigra and striatum of LPS model rats(x + s,n=8)

ZH % Groups IL-1B8( pg/mL) TNF-a( pg/mL) IL-10( pg/mL)
BF-ARL Sham group 177.48 + 7.38 845.58 + 7. 12 467.33 = 6.57
EL WL LPS model group 212.06 = 4.58% 893.34 + 5.02% 374.31 £ 9.17%

B 5 s R+ s 2 4H DH+LPS group 197.79 + 10. 114

858.02 + 8.8044 453.87 + 13.4544

U ST R, AP < 000155 LPS BRHALHIE, AP < 0.01,44 P < 0.001, (F#I)
Note. Compared with sham group, 2P < 0.001. Compared with LPS model group, 4P < 0.01, 44 P < 0.001. ( The same in the following tables)

F2 BEITHLBEEURINT 6-OHDA FLAY K R T SCRR RAE R 75 R IB B (2 + s,n =8)

Table 2 Effect of compound Rehmannia granule on the expression of inflammatory factors in

substantia nigra and striatum of 6-OHDA model rats(x + s,n =8)

215 Groups

IL-1( pg/mL)

TNF-o( pg/mL) TL-10( pg/mL)

BF AL Sham group
6- L AT 6-OHDA model group
82 7 M R + 6 - FE L L4 DH+6-OHDA group

187.80 + 7.74
223.21 + 8.62%

203.02 + 1.5544

793.40 £ 11.62 438.32 + 13.56

981.80 + 6.33% 375.94 + 10.76%

862.35 + 12. 7444 403.13 + 7.7844

R3O BB RECIRIE NF-k Bp65 p-NF-k Bp65 & [1IEMIEI (£ £ s,n =8)
Table 3 Effect of compound Rehmannia granule on NF-k Bp65 and p-NF-k Bp65 protein

expression in substantia nigra and striatum of model rats(x + s,n =8)

415 Groups NF-x Bp65 p-NF-k Bp65
BFAL Sham group 0.53 + 0. 16 0.29 + 0.11
6-F2FZ M AR 6-OHDA model group 1.44 £ 0. 1544 0.54 + 0.044
27 M B UKL +6- 23 2 B e 4] DH+6-OHDA group 0.64 + 0. 13"™ 0.30 + 0. 10™
E LA LPS model group 1.21 = 0. 1444 0.74 + 0.2544
5277 4 Y ORE+ IR Z2 4 2H DH+LPS group 0.69 + 0.13% 0.28 + 0.02%4

T ST ARALE, A P< 0.05,44 P< 0.001; 5 LPS #RIZH L e, 44 P< 0.001; 15 6-OHDA B4 1145, ™ P< 0.05, ™™ P< 0.001, ( F#I[F)
Note. Compared with sham group, 4 P< 0.05, 44 P< 0.001. Compared with LPS model group, *P< 0.001. Compared with 6-OHDA model group,
®pc0.05, "™ pe 0.001. (The same in the following tables)
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3 ST TR B K LR BSCIR P NF-ie Bp65 Al p-NF-x Bp65 & 1435 M3 1
Figure 3 Effect of compound Rehmannia granule on NF-k Bp65 and p-NF-k Bp65 protein

expression in substantia nigra and striatum of model rats

R4 I HUE RO AR LR ST SOIRR TH Ibal 8 FIFRIAHIEN (x + s,n =8)

Table 4 Effect of compound Rehmannia granule on TH and Ibal protein expression in substantia

nigra and striatum of model rats(x + s,n =8)

ZH % Groups Ibal TH
F AR Sham group 0.64 + 0.09 0.85 + 0.06
6-¥2 L A 6-OHDA model group 0.96 + 0.104 0.50 = 0.0644
7 B ERL+ 6-F2 I Z U 4] DH+6-OHDA group 0.42 + 0.28W™ 0.64 + 0.05™
BEZ BRI ZH 1LPS model group 0.86 + 0.0644 0.61 + 0.0844
5275 i #5 UR +s Z2 41 DH+LPS group 0.49 + 0.0744 0.89 + 0. 1344

4 7 MU ORI R R R B SOIRAA Thal FTH £ FH R IA Y26

Figure 4 Effect of compound Rehmanniagranule on Ibal and TH protein expression in substantia nigra and striatum of model rats

3 itig

PD JE B Wik Prds” JE G, BRI =T
FERMR PD KR R R R IR R
R (HE R BRI Kmis e 2w R R I F A
2R, SCRAITTE R, 575 s BORORE 38 41 il 4
PR P R R 2 T RE Ao 28 G T AL A 4%
ORI AE SR M S R () o 22 DR
SE PR AR I Rt — BB UESE

ZINIGE 0 ML R o 2 2R 5 I A 2 M L2

Z G MZTCI R T A it 9855 Z R B
PRRTRRE Y AW A, A U 4 /0 T 4R i T
R PSR N 5 sl A M T PN - S B 2Tt i
RN PD B /R % 16 2R 9% ( Alzheimer disease,
AD) SR T ISR e AR AR

LPS Sy 2% FQR P T O RE Y 32220y, iz ]
TRIEMIC PD shP BRI R & LPS Tl &%
PD RIS 2R AT IS 15 07 X, AR R =2 40 A
AEIE I i 5 e, LA/ 20 24 LA PHRp 2 i ]
B BANH T RIS s YRR T 5, AFFER
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ST AASE TSRS LPS T S T o G S
2 B 1o 0 O P e A R BRI
RN IZIERIT A BA A R i AEAR S
FREA BRI

6-OHDA iy JLAS By e IS i 22 388 o 22 10 g 1) 5 2k
AT, SR FH G ST AR E A S AR ] 3 2o i i o P L
ok FL T O T oo 2R X, A 2 EORE R as ik
( dopamine transporter, DAT) YE T 1 A 2 L e RE fif
20, TEMZIC N B E AL A i SE A A R R AR
BRI, 175 TSR A N I S 2ok (AR ) RE B A, Jin
SRR 2 M RE A 2ot AR M R A
FEZ AT RWE M PD LR sh R 5T, A
5K LPS [6-OHDA S AU BFFE A4 R AR
T 7 M B RO XA R BRIV I3 4 I T L S
FRIBBMAEAT T HHER

NF-k B 5 5 i #% H1 NF-x B1 (p50).NF-k B
(p52) \RelA(p65) .Rel B #il Rel (c-Rel) 5 Fft 515 i,
PR AEHDIRAS T %R R A DL R
RIIE (DL p65/p50 S Ak 32 ) 5 =AM Hil K+
Ik B(inhibitors of NF-kB) &5& 2 S A7 T
o, RHELRAS T, BTG 9 NF-x B {553 i 1 1F
AT Z S HUAR G RAE SN 203G 58 S T
S50 T A B o 2% Muhammad 252V B 9% 3 B ,
LPS FikbHEAY CSTBL/6 /NG 55 X 2 fifd K BV2 4551
MM HROEARAE Y hal J p-NF-k B I IL-1B 4541
PR 2R K- 1 2 T i, SO /NI B 41 i NF-x B
B I O MR R T R IR AT BT PD Y
I RIAYIT

527 M RUR R 2 PSS I A BT A
U BUEAAT BERERE 7 WRZG WAL A, A B R H T,
AN VB K TR0 ANF U . (KD B
BN R/ 01| T AL 27 NPRRRRRRER 2 XL NCERETEU (11078 2"
K7, PEER IE H.0 FE, KT IS AL, i
Kb, b, W T, AFE KT B RGE L
BRI, BRI, (BEREEET  ) H IR R
AL, AT K IR SE IR S, PE2 i 5 A
ZIh MAE L% FR M8 X2 8, — 256 N B X Z 165
W R R R, AL B A K TR
B HRITES MR R R (AR FLAED) H ] F2 < Ab
&, RABIBEIR, - AU " TR, B
L EE A OB K TR, B RUER. A
AR P IE I ML KRR 22, (R A
FEZE) EL A, BR g, e , FIZINME 25
R B A RAAT ISR M B RUE 2 T,
BERBE IR H0 A K TTERE B, BXGE B,

I RS BRI, 52 5 b B 0 D) 38 LA b 2 T 'EF , 1908
W2 BIRILK %% PD B34 S ER FAER K 5 Fib 4%
B BERA &GS

I H B ST UE S, B B 5 A B AL AT
TS ATIR IS 13 PG s>,
JEIH S Y SRR AT SR, B B L T 4R A
LRI BRI | i B O 2 N, ARG L B | A
SN T (MDA ) & 5 &5k, X4 F g &k
W v e 7] 2 b 8 2 AR R 8 12 A< T R AR A
/INBRLIL TR R — Wk 200 i 8 7 6 T B R 7 i 4R
PARAN AR N [ AN g = PP oy G e S
B M IR S = P e ISR A T P A, A
RAIFFE T | 4 e X Jie 8 o i 100 8 5% 5 55 s PR 4%
FHEIT AR BUREE SR £, J1 5
FPYE P2 1R 55 £ B o Tt 280N 2R
28 i 2 DA A B B BB W A, 859l BT 3l Dk ok A A
AT Y O il 1045 D BE B A, DR AP A% B B 52 RE
BT BURZGELRE ST R, A B A oA ik
(a-Asarone ) | B — 40 ¥ fif ( B-Asarone ) . T &F M
(caryophyllene ) 55 24 BRIE PR 45 A& I @ L& 8 Y
G g2 S5 TR FRE AR 28 22 G2 D BB A& 4% 0E | 17 XL
) TS VR FH V8 9 000 10 5 [ 36 35 DI R, 40 ) R i
ZICPHT 70 PR 2 BRI AT R S, B T A T
s B R LS B (isocorynoxeine ) 55 24 B AL,
o BAVR FEIE i O oY . [
ATERE TR LA R AT AT 2 N TR 55 24 31
TR, SR BEF SR UESE, AT A B R B
b FRIMAR I B 2 AR S o2 Bl i
FUAE 52, AT 25 8 AT 245 N TR O 45 ik 41 21
cAMP/PKA 155 18 % 35 85 FR A% 17 (eyclic adenosine
monophosphate , cAMP ) | 5 FH #{ i A ( protein kinase
AL PKA) SR EFIMFEINAER , RS Kk
PR BRIRBE M 22 2 1R 55 A LB T AL L), BRARAT
FERW, H DB LU BT R PR A
F0Y L IGPRIFIE R B BRI L | S T
LR G B PSP 24 o VAR Y72

SEGHIFGT 25 R B, 6-OHDA | LPS & R K ffl 78
TR 5 2 J) M T SR BT M M S 1 [ AN )
e & i i RS B AR S B R e R AT R, e
UEAR R B 5 A G SR E ARAT . 5 6-OHDA Jz LPS
PR, 2 07 B MUK 1§ )5 DH + 6-OHDA 21 K&
DH+LPS 2 K BB FT8CIRIA IL-18  TNF-o 5 HE R 3k
R, IL-10 5 5 3Rk W e, B 0 M B BoR:
XA FR 2847 Ay 2 1) TR T 55 40 o] A5 40
KR RBCIRARAE 5 P73 R IA A OC,
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SCYGZE R WK 55 sham 40 HL %S, 6-OHDA | LPS
R 20 K B SR R BOIR AR Thal (| NF-k Bp65 | p-NF-k
Bp65 Rk /K T, TH Rk KV B & REAL,
5207 M BRI K BB B BOIR K Thal | NF-k
Bp65 .p-NF-k Bp65 ik K1tk 3 FEAIL, TH kK
- T, A B O E A ) R B SR AR
/NBE A0 L NF-x B A5 538 B #0060 1L-18,
TNF-a 25 RAEH F 31k, 1 5 R RRLK R 2217
h R

e U AN i R SRS e S =Y S
FiK 5 PD WMARIEHVIFAOC , 5 77 Hb 2 UKL 38 23 17
AR R R T SR AR /)N B I 200 RS , T R R
K F TNF-a IL-18 75 2 38 308 0 7 A7 K fRpp 217
JEE RS T MR EORNT PD LK R 24T
2SRRI S BT R ML AR DG, ABIE 5T i
HEE TE T HEBRIGYT PD BY3EIE LAl
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[ Abstract]  Objective Mouse models of ulcerative colitis ( UC) were established with sodium dextran sulfate
(DSS) and 2,4, 6-trinitrobenzene sulfonic acid (TNBS) to compare the differences in clinical symptoms, pathological
lesions and colonic flora. Methods Thirty male C57BL/6 mice were randomly divided into a control group, DSS group and
TNBS group. The modeling period was 7 days. Clinical symptoms, including body weight and fecal occult blood, were
monitored daily. The colon was harvested at the end of modeling for histopathological diagnosis, and 16S rDNA sequencing
technology was used to detect the bacterial composition of the colon contents. Results The clinical result showed that DSS
induced diarrhea three days after treatment, fecal occult blood was positive, and body weight was decreased on the fifth day.
TNBS treatment decreased body weight on the second day, soft and loose stools were observed from the first to the fourth
day, and fecal occult blood was positive. At necropsy, the colon weight in both model groups was increased, whereas the
colon in the DSS group was significantly shorter. Histopathologically, the ulcer foci in the colon exhibited a damaged
histological structure, and the nearby crypts were dilated in the DSS group, whereas residual crypts accompanied by obvious
cell proliferation were observed in the ulcer foci of the TNBS group. The characteristics of colon flora disturbances in the two
model groups were different. Compared with the control group, the abundances of Tenericutes and Cyanobacteria were not
significantly altered in the DSS group but were increased in the TNBS group (P<0.05). The abundance of Acidobacteria
was unchanged in the DSS group but significantly decreased in the TNBS group ( P < 0.05). The abundance of
Actinobacteria and Lactobacillus was significantly decreased in the DSS group but unchanged in the TNBS group (P<0.05).
The abundance of Bacteroidetes was significantly increased in the DSS group but decreased in the TNBS group (P<0.05).
Conclusions The UC models induced by DSS and TNBS/ethanol showed similar characteristics in clinical symptoms,
pathological changes in colon tissue and intestinal microflora structure, but the two models also exhibited distinct
characteristics. The result provide a theoretical reference for animal model selection.

[ Keywords] ulcerative colitis; intestinal flora; histopathological damage; 16S rDNA; DSS; TNBS
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UC MR8 ) IR SR 18 38 A Al IR T
REMG 52 1 105 A1 P L 2 ik 3e B e R E AR MR
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VUMD BT 27 ( Bifg) SR AR A F]) 5 HIE
PR 5 Al B R TR 7 PG 2 (IR 2GR 43 5 1 [ 4
SEABRAE]) fE BRI L) ( BA-2020B , 2R 1 D R A=
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HEZH BTN (P < 0.05) ,DSS 41 H1 TNBS 4[] &
BEFEF(P>0.05) (F 1E) . 45l . DSS 414
W K B %t B ZH 11 TNBS 4H ' 3728 %6 ( P< 0. 05) , %
FEZH A TNBS 212 [0 G i F 22 5% (P> 0.05) (&
1K),
2.2 IMNREMALRKESHER

W 2 Ji7R Ok BRZL 25 I 1) A 2L G540 S22 VT
B2 FERSET 2 R0 UL PR J2 38 B R L e AR

YNARHESHE ST, DSS 425 W 2 B 2 8 i it 9 kL, 3R
B R B S 4 2 BRI A S5 A I Ok, S A N 4 i
L] DB AN S ) RAE A IRIR T (= M8 ) s Btz AL
BT B2 ss 5 ak (RS ) . TNBS 2145 i 6 K2 i Bt
31 B 0 AR R 20 3G 2 Ry R AN i 2 kR
A8 UL 3 SCESHEIE L (K ) 5 B s A) 45 44 42U A6 F
PR B AN R PEGIRE (O HE) |, Bk s (] B

Mo e
5,

TE: A FHEVER AL B SR ; C AR E AR ; D 2R S BURAL B 25 T 4 AR AL FL 25 I IO SIE R A 4L, * P< 0.05; 5 DSS 4

H#,#*P< 0.05, (FEIR)

B 1 A/ BT R s i 2 I B M A LU

Note. A. Changes of fecal traits. B. Anatomic appearance. C. Weight change. D. Fecal occult blood fraction changes. E. Changes in colonic weight. F.

Changes in colonic length. Compared with the normal group, *P< 0.05. Compared with the DSS group, *P< 0.05. ( The same in the following

figures )

Figure 1 Comparison of body weight, fecal occult blood fraction, colonic length and weight of mice in different experimental groups

B2 A4/ SR A

Figure 2 Histopathological changes of mice colon in each group
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2.3 NEREREENFER
2.3.1 25N 45 FoEAh
I T4 3575 1 185 788 %I Reads, 1 185 631
4% Clean Reads, BT E¥IH 79 042 45 Clean
Reads, &ZHFEN GC B 1E 54% 7547
WP 5 OTUs MAHSCHTZR I 3A s, DT &
K —EHUEJE , OUT Bt (E 2 , FEAC Hh 2 TF
G% , 2R W S 30 1 T 5 o i 4 1T R A AR TR
M OTUs &, JH OTU Brit 23] Venn [ 3B, =41
A5 283 4~ OTU, ¥ HE41AT DSS 41435454 OTU
1ANF1 25 A, DSS 2H (329 4>) W35 = T % IR 4
(309 “~) F1 TNBS 4 (311 4~) (P< 0.05) ,,

2.3.2 SNBSS

JH Alpha ZAEVES BT R S W RE Y 2 BE FL 24
P, Hird shannon 38 80H SR AG B AE S RUE DI O £
R, shannon FEECHCK , TRHE 2 FEPEBROR , A28
HRA AL E] 1Y shannon $88(TC B & 22 5% (P> 0.05)
Ace TEEUR R EHEFE E I, Ace TREUHK, FE P A
HNFEEEBE, 5 TNBS 4 (293.38) FIXf IH 4
(294.79) L, DSS 2H (314.95) /NREBEHY Ace $5
B K (P< 0.05) (K13C), 2 NMDS 4347 : £ 20 N
R BRI R 22 N 2 R 2E R R
(E3D), UPGMA ZRIHR [ R HA , % B 41 Al TNBS
HERER RS LRI (K 3E)

T AFEARTRREIIZE B OTU 7347, BN OTU %idit ; C: Ace $8EUAHIIME ;D NMDS 434 [, [RIZHAE S AT AP U0 B RIS
B3 NI R E AR

Note. A. Sample dilution curve. B. The result of OTU analysis, the number represents the number of OTU. C. ACE index box chart. D. NMDS analysis

diagram, in which each point represents a sample, and the samples in same group is represented by the same color. E. UPGMA Cluster tree diagram.

Figure 3 Changes in abundance and diversity of bacteria in colonic contents

2.3.3 BRI AR 22 e o AT

X IR FFERT 10 PR TEe T, b AT
1 1( Bacteroidia) FIJERETE |1 ( Firmicutes) 15 i K
(> 75%) o SGXFHRUIAH LG, DSS ALFFEE ] AT 1
[T ( Proteobacteria ) . Patescibacteria ., T 2 W ]
(Actinobacteria) FILERFTF B ] ( Deferribacteres ) FH X}
P B (P< 0.05); B BER T, I8 60A T
( Verrucomicrobia ) #A %t F FEHI = (P< 0.05) , TNBS
HAUAFIR ) IR W] | Patescibacteria BT 17
R #F i 1] (Acidobacteria ) A %t 32 B FEAR (P <

0.05) ,JEREG ] JETlIR ] ERBET 1] ( Tenericutes )
W ¥ B 1] ( Cyanobacteria ) A X%F 3= B T+ & (P <
0.05) (WL 4A 4B ,4C,4D ,4E)

XF K BERT 10 R TS0, St
20 AH Hb, DSS 21 uncultured _ bacterium _ f _
Muribaculaceae FANTH & ( Lactobacillus ) i iisN &
( Desulfovibrio ) . Alistipes #11 Candidatus _Saccharimonas
AAXT = B FRAK (P < 0.05) , uncultured _bacterium _f_
Lachnospiraceae Akkermansia FIHUFT 7 J& ( Bacteroides )
X EF(P< 0.05); TNBS 2 uncultured _
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bacterium_f_Muribaculaceae iR NS Alistipes | 4
@ M Candidatus_Saccharimonas A%} =3 FE A (P

< 0.05) , Lachnospiraceae_NK4A136 _group \uncultured _

bacterium_f_Lachnospiraceae F1 Akkermansia F%§ 3 &
T (P< 0.05) (UL 4F ,4G,4H,41,4)) ,

It LefSe 73 Hr HUH 45 4H ) @ 21k 22 S W0 b, 3
A 28 A FJEEEAT Y W 25 W, LU LDA

HRT 3.5 Rk nife, i £ A b F A 1
WMAEY ., IS LefSe 73 Hr 7w, DSS 412 35 1k e i
M) &  Clostridium _ sensu _ 1, R H
( Clostridiales ) 12 W Bl ( Clostridiaceae ) . uncultured _
bacterium_f _ Lachnospiraceae F1 12 % J& ( Clostridia ) ;
TNBS 21 i & B e o) S FEubacterium__xylanophilum
_group( ULIK[ 5A,5B)

stricto

TE: A TR AT 10 B9WR-EEEHDIRIA ;B .C D B ALK BERT 10 BRI R F o4 s K42 B2HT 10 BBt -EREHDIRIE; G H

L) A AUB KT FBERT 10 7A7E B8P 22 S YR,

B4 /N R RSO 22 5 b

Note. A. Bar chart of the top 10 species in horizontal abundance of each phyla. B, C, D, E. The top 10 species with significant differences in the level

abundance of phyla. F. Bar charts of the top 10 species in horizontal abundance of each genus. G, H, I, J. The first 10 species showed significant

differences in horizontal abundance among each group.

Figure 4 Microflora composition and difference analysis of each group
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TE: A LDA fE AR B b b 2P, e o 25Nt (9 IR 18 A2 17 bl 1) = 0 ) 2R G000 s 76 Rl 20 2690000 B ) 5 — /N BRI SR %
KT —A4338 /MBI EAR /NGRS B/ NRIE L 8 RO E 3 22 R R G — & (o 6, 06 @ ANE G405
FEXHIRAL DSS 410 TNBS 4.,
B 5 LefSe &4

Note. A. Histogram of LDA value distribution. B. Evolutionary branching. The circles radiating from the inside to the outside represent classification
levels from phylum to species. Each small circle at different taxonomic levels represents a taxon at that level, and the diameter of the small circle is
proportional to the relative abundance. The coloring principle was that the species without significant differences were uniformly colored yellow, red,
green and blue represented the control group, DSS model group and TNBS model group, respectively.

Figure 5 Significance analysis of LEFSE

3 itip H o CAMGEHREE , 7 s 78 15 5% I R g 1R
S5 B Ty R 1K | 1 18 4 75 Dy g 25 LT ik & AR IE I

UC SRR R LRI 2 Y T e s N i e iy B T S5 2 i, 5 A B H
TR, Hirb DSS Il TNBS 5 S0 UC RO %  BOBRHSRAEARL S (AR A Sk et R G0 5T



i SEER E W 2021 4F 12 A4S 29 %45 6 ] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6 765

PO 1) 22 Sk . ASBFSE A O TTE DSS A TNBS
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PR, A Z A . — 4 5 k4
ANIA], DSS 21159 LR B A J2 0 2%, T TNBS 4115t
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1 R 305 Bees Ak, 40 R AR R R RE B Y
ARSI TNBS 4% A B W A BRoss di i A=, 5N
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T A UC B LFRHLER 259 5 e mE 5T

I IKF 3 B 1 T T I 4 SR s R R A
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Analysis of intestinal microflora in mini-pigs with type 2 diabetes mellitus

TIAN Weilong, QI Wenjing, LIU Xiaoxiao, SI Jinglei, CHEN Kuirong, CHENG Feng, LI Yueyue,
LYU Dongling, LIANG Liang, GAO Jiuyu, FENG Lingli, MO Jiayuan, LAN Gangiu, LIANG Jing”

(College of Animal Science and Technology, Guangxi University, Nanning 530004, China)
Corresponding author; LIANG Jing. E-mail; liangjing@ gxu.edu.cn

[ Abstract]  Objective Recent studies have shown that intestinal microorganisms are associated with metabolic
diseases, such as type 2 diabetes mellitus (T2DM) , and the reported mechanisms are mostly based on rodent models, but
rarely reported in pig models, which are closer to human biology. Methods To explore changes in composition and
structure of intestinal microorganisms in a mini-pig model of T2DM, the Guangxi Bama mini-pig was provided a high-fat/
high-sugar diet to induce T2DM. After successful induction of T2DM, fresh fecal samples were collected from individuals in
the T2DM and control (CN group, fed a normal diet) groups, and 16S rRNA gene sequencing technology was used to
analyze the composition and structure of intestinal microorganisms. Results  The sequencing result showed that the

diversity of intestinal microorganisms was decreased in T2DM group versus CN groups. At the phylum level, the abundance
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of Firmicutes and Bacteroides was significantly increased and decreased, respectively, in T2DM group compared with the
CN group. At the genus level, principal coordinates analysis showed that the composition of the CN group was significantly
different from that of T2DM group, and the T2DM group had a unique genus of Mitsuokella related to succinic acid
production. Comparison of the two groups and linear discriminant analysis effect size analysis showed that several bacteria
exhibited significant differences between the two groups, such as Oscillospira, Prevotella and Peptococcus, which were
significantly enriched in the CN group, and g__Intestinibacter, which was significantly enriched in the T2DM group. There
were no significant differences in metabolic pathways between the two groups. The two groups were mainly enriched in
pathways assigned the biosynthesis of amino acids, carbon metabolism, amino sugar and nucleotide sugar metabolism,
glycolysis and gluconeogenesis. Conclusions In this study, we found the characteristics of intestinal microorganism
variation and the potential microorganisms closely associated with the occurrence of T2DM in mini-pigs. These findings
provide a theoretical basis for the study of the association and related mechanisms between intestinal microorganism
and T2DM.
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mini-pig; diabetes mellitus; intestinal microflora
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Table 1 Nutrition composition of standard diet of CN group

HFEEST Nutrients (%) Content (%)
HIZE A Crude protein 16. 00
MLEF4E Crude fiber 6. 00
MUK Coarse gray matter 8.00
5 Calcium 0. 60
S8 Total phosphorus 1.00
HER Lysine 0.95
EE MR Methionine 0.27
FAALH Common salt 0. 80
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i1 10 min, 5 7E 4°CHEATIRAE , P3G P21 Lo B i Ha
VKRNI 1% 136 95 35 AR 0 B 25 B A BR 54 A W
i Mumina 23 7] ) Miseq PE300 & #5470 ¥ .
1.2.3  HdEsrr

fdi 7 fastp #AE F FLASH ™ 8504 5k Ji 4 1)
JP 7 B kAT B 45 RN P 4 3k T BN S 8 A
QIIME2 WA i DADA2 $i 412 o B Hf 4 2 5
FIAR AL 1y 51 3 47 9 0 A B 3R 45 ASV ( Amplicon
Sequence Variant) RFEFHIMEFEE L, FT Sliva
16S rRNA 34 (v 138) , ffi 1] QIIME2 1% Naive
bayes 73237 X; ASVs TIP3 2522507

2 #HR

2.1 BESTEMmMETW

AT R SE I AT 8] 4 4~ H F 6 4~ H i,
T2DM 41114 5 i & % 1 T CN 41 (P< 0.01) (A
1A) . CN 2125 5 MOBH7E 38 A S50 B A8 AL AN B
T T2DM £H i) 25 Ji M s 5t b TH a3 8 S it 15 5]
6 NH (7.7 £ 0. 164) mmol/L i 25 i 1fi 4% i & 5 T
CN 41 (P< 0.05) (I 1B), &% 2010 4F WHO 4%}
N A (B8 R R 12 Wi br . S I bl = 7.0
mmol/L B{/EZEMMBE = 11. 1 mmol/L BJHE FHE IR
R A E R L Bh ) X 25 B 23 AT 4 (2018
AEER 47 31 Xt B TN BB B TR 2 R R o I K
TEA 25 I I 52 B =5 {E 6. 77 mmol/L WX E,
A LU GE AT T PG L /N R T2DM A 0 A 7
ez

W5 CN ML, THi 4,6 A5, T2DM 4k H BA WL, * P<0.05, 5 CN 4L4HLL, T3 6 AJ5,T2DM 2175 16 ik A B &5 S,

P<0.05,

1 RHEFZS IS A

Note. Compared with the CN group, the weight of T2DM group was significantly different at 4 and 6 months after intervention, * P < 0.05. Compared

with CN group, fasting blood glucose in T2DM group was significantly different at 6 months after intervention, * P < 0. 05.

Figure 1 Changes in body weight and fasting blood glucose
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2.2 HARIER

AWFFEXT CN 41 H1 HFD 41 /N5 i 38 A 1)
16S rRNA [ v3-v4 DX HEAT i 8 2 ¥, X 46 T 371
PEAT B B 2 5 2L3k S 576 918 A& ALfLF 51, fifi
FH QIIME2 % # Hh () DADA2 47 {28 %) 35458 i e Ak 7
G AT R BRAEFRAS 1587 4N ASV 43 17 AT
24 N4 47 A~ H (82 NFF 200 A& FT 330 NF
2.3 Alpha S#EMESH

h T VPR A M RE TR Z AR, 0, PR A

AT IH— AP 5@ 5t QUMER ~F 544 B A
N ASVs il 29 202 25581, AR5, A HI-F
JE I A BT AR Y A 2 R 4R A
( Shannon , Simpson ) MEEEI @Z( Chaol (ACE .
Sobs) , CN 41F1 HFD 41 0,7 15,30 d A~ 6] B 39 11
Shannon E]’E‘;%[\Simpson T8 %0 . Chao 1840 . ACE 184K
I Sobs 580 18] ¥4 70 1. 35 1 22 57, {HUZ T2DM 21
A P 98 BORT 3 6 B2 15 400 R IR T CN 4 (5%
2)

R 2 CNZHF1 T2DM 2H % Alpha 2R
Table 2 Alpha diversity of the CN group and the T2DM group

A5 Groups Sobs ACE Chao Shannon Simpson
CN # CN group 439.80 = 24.09 440.70 = 24.46 440.40 = 24.38 4.34 £ 0.19 0.05 + 0.01
T2DM £ T2DM group 329.00 + 41.80 329.50 + 41.96 329.20 + 41.87 3.80 + 0.24 0.07 + 0.01
P {H P value 0. 0508 0.0512 0. 0508 0. 1105 0. 2564

2.4 YIMARKRETK

FEI 1K B K 2] CN 20 A1 T2DM #4136 17 4
1 HA WA A 16 N, T2DM 4A 1 MREA I
IT(E 2A) . CN ZH A1 T2DM 40 A9 030143 1) oy J5
BEDE T TRBFF BT, 2 5 4 T 4 48800 90% LA

(11 2B) o JEEBEGH T FILURT B 1T 89 78 5 4L A9 L Bl A
[, HC v L BE T 1 E T2DM 4119 ol i % &5 F CN
ZH(P< 0.05) (E 2C) , BFFEA T TFEPI 4L AR TE I
FE2E S H T2DM 4 A LR T CN 4 (]
2D),

TE:A: Venn /R HYJE T2DM LA CN A YT 5 B AT R IR 2 P L R0 I 5 C o AR PR R 1) 2 SR B I 11/ T2 28 5 D A R R R

W PAT R e 225

B2 T2DM A CN LG ERMAEYIE T 1K I 4R 22 5
Note. A. Venn shows the common phyla of the T2DM group and the CN group. B. The bar chart shows the species composition of the two groups. C.
The box chart shows the differences between Firmicutes in the two groups. D. The box chart shows the differences between Bacteroidetes in the two
groups.

Figure 2 Composition and difference of intestinal microflora at phylum level between T2DM group and CN group
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FEJE A I, % 5] 200 4@ AKCE 1, Hor
CN 411 T2DM #ILA R B A 146 1>, CN 414 25 4>
FeA M )E, HorbHEZ T 3 18 430 J& Agathobacter
Eubacterium_brachy_group F Solibacillus ( W& 3A) ;
T2DM 2147 29 AT R, Foh R4 i 3 9 301
X S g _norank _f_T F Intestinibacter ( UL

3B), CN 41 fl HFD #H i it % ¥ J8 £ % 4
Clostridium_sensu _stricto_1 FFLAT & (W 3C)
WAL, R B AFAE 3 25 S O TR < 3 TR s |
12 € B J& . Eubacterium _ ruminantium _ group I
Prevotellaceae_NK3B31_group %5 8 /1> # J& 7£ CN 2117
FERFST T2DM 4 (P< 0.05) (K13D)

A CN 41454 #E ;B T2DM 454 138 ; C. T2DM 41H1 CN 4178 @ /KSE ARl 4L D - T2DM 411 CN 4178 @ /K E i fh 22 53
3 T2DM A1 CN 7B Mt Yre JE K a5 2 5

Note. A. CN group endemic bacteria. B. T2DM group endemic bacteria. C. The bar chart shows the species composition of T2DM group and CN

group at the genus level. D. The bar chart shows the differences of T2DM group and CN group at the genus level.

Figure 3 Composition and difference of intestinal microflora at genus level between T2DM group and CN group
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2.5 MEMERESR

BT HRTT CN 411 T2DM 21 14 Bl A= 4 4 2 75
HA 25, Al £ 4 F5 ( principal co-ordinates
analysis, PCoA ) 73#1 CN 41 Fll T2DM ZH iU E W 7E 1]
Mg ER R, FATRI, 721K EA >
FEARIGA ZE S (UL 4A)  HIETE SR K R dh Al
DMZ R [F S 2058 4250 TF (ULIE 4B)

i LEfSe ( Linear Discriminant Analysis Effect
Size) 3T AR BILETT 49 H B} g 3 280K 1
TTIX 4> CN 41R0 T2DM i st ip i ity . bk
BT 27 A2 R0, Hid 26 ANE CN 4 4,1 4
7 T2DM 4 & 4, CN 41 i 22 5 00 i &2
T2DM 4, LDA 53tr&5 R (WAl 5) R 26 P7E CN
YR ST RE 730 O < B MR A T | B T TR
T ICRRJE H ALK R IR e B BRI
Bl IEARL g Lachnospiraceae_XPB1014_group .c
__ Spirochaetiap _ _ Spirochaetota , g _ _ prevotellaceae _
NK3B31_group .g__norank_f__p_251_o5 f__p_251_
05.g

norank_f__Ruminococcaceae .g__unclassified_f_

_prevotellaceae .g__UCG_009 ,g__ Eubacterium _brachy
_group. g _ _ Solibacillus . g _ _ unclassified _ o _ _
Oscillospirales .f__unclassified _o__Oscillospirales . f__
norank_o__Bradymonadales .g__norank_f__norank_o_

_ Bradymonadales, ¢ _ _ Desulfuromonadia, o

Bradymonadales ;1 N7 T2DM P & £ 2. g
Intestinibacter
2.6 BAEMEMHEINRERN S

H Tl T8 TR AT T e R A A
PICRUSt2 ( Phylogenetic Investigation of Communities
by Reconstruction of Unobserved States) 3K 15 Ff A< Jk
PRI 1 2 B2, SR, R ik DR G A 18, 5 % 1 10
KEGG HIfe%4i % ( Kyoto Encyclopedia of Genes and
Genomes , http ;//www. genome. jp/kegg/ ) #1417 X,
PAFEAFEA XS B REAR B EFE R, A
W5 B CN ZHF1 T2DM 4 2 [8] D) g TG . 35 1k 22
S, B R R AR LR 1 AR W6 i BB R AR
BRI T RO A LA KON 19 At AW S 26 55 7
1 (WL 6) o

B4 T2DM 471 CN H il i e T TRUE K/ PCoA 3 Hr

Figure 4 PCoA analysis of intestinal microorganisms in the T2DM group and CN group at phylum and genus levels

B 5 CN 4R T2DM 4153 3 B R [
Figure 5 Cladogram and column diagram of CN group and T2DM group
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B 6 CN 41F1 T2DM 41 KEGG =2 f Rl 4 <]
Figure 6 Heat map of KEGG level 3 metabolic pathway in CN and T2DM groups

3 i

TERL 0 10 AR B T W RE ARG R AL
(CANAZENE R0 2 BUBE IR ) & i ik 2 v BT e (9 1
&2 R, XA — R E L&t T3 — R0y
FARBYGIA N 2 ERE AT RS 3 N, 718
EY S T2DM KA SRS IEAE AL R, A
WFFE LA V0 B Ey/ NRYRE Ry sl S8 3 2ot s g s A
RE R T2DM AL, % 85 IE W I 4L A
T2DM 20 78 (A W) ) A0 R B 0T HL R4 48 &
AR AN i T LESe 407 S48 T fig 5 T2DM
EUIOCH BT EY) , X Se 55 LA 58 T 5% W B
A5 T2DM AH SRS

AHFFE K IR T2DM /NS 7 TE T4 M0 19 Alpha
SREPERRAR , Li %505 1 0o ke [ 6 [ A 78 bR R
B A AT oA, R IS RS ACAR L
W DR IS S5 35 1 i 1 TR 2 A e 2 IR, T2DM AR

BB 2 FEME B BRI 5 e — e 2 B 1
AN EFRA R I T I8 S 1 32 22 (8 A
HAER, Le %5 KA A Y 4 i 22 R PRI
2R s R E G i BT 2 | IR 3 UM [
I LA S 0 & RE B 0 40 380, T 40 B B 1 4
I S e T (g e Fn 2 REAL IR iR R EL A
BTGP T2DM 5A i . 1Ak, CN 2050 T2DM
AN PCoA 43HT B, CN 4LF1 T2DM 7£[ 1 /K -
R K A2 A 7E W i 22 5 Larsen 25/ 7
2010 AEHIRAIEGE T 2 RUBE BRAG FBE AN BT R
JATE BT 22 5, 45 S W, O [R) S 10 Bl 2k o
HIAET K FAATE R E S

TEI K, CN ZH 1 T2DM 41 A3 T34y L B
PR TRMBRF B8 1T, AR A8 T e W A v iy L 81
HAp S RER [ TE T2DM 410 He il B & & T CN 41(P
< 0.05) ,BUFFEET IEP A P AR o i k22 5 (1
£ T2DM 21+ (9 EE BT CN 41, H 2005 4F Ley
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SO S AR /I B DU B D4 = BE I T /INER,
T JEREG ] F A3 i LUK VF 2 0F 5 B0 R B T 284
AR, X IR K O IR RE T 1T AR 2 A
TR (5300 348 SRR R 76 Z&ARHE
7)) TN PR BE 2 ag T . BRI E
S AR IR ) 1 E AR RE A, PR S AT T
U T B, AR T 30 A= W) 2 RE 1, 34 7T g5
M RE AR AN BT T AR R O
TR RS R 1) 7 e ik 3 0820 T PN IR T LAARE 3 i T A
S SR e i R A RS A DRI LG AL R T Y
fIKTT Re S MR I K A A

TEJE/KT-, T2DM 416 29 MHEA MR, &
IR Z )R X B R . Serena 51 K LK X B
JE AR AE SRR I WL Z — PRI P ) BRI R 2
— i R AR R R S R AR B AR TR Y B
HRAKT 1 T S a e S s EA X, H=
% b, mBRHMRK T 5 2 R KRN A O, 45 O
AR T2DM P MG, BRI T CN 4L A0
T2DM 4 0 22 S 0 e, Lo . B i 1/ s | IR
T J& 1 norank _f__p-251-05 ZE7E CN 4 I & & 4,
TR E T R A — b AR B 35 35 0 ) i B A T, A
AT LA T 9 A S A T sl R PR 2 B
fd 7 16S rRNA I P40 & B H 2 N RIS A= Wi
M EBRSr 2 —", Goodrich %51 % B 8 B2 i 141
R Y B 7 R R AL Y, 7B ) 2 1 s AR
X ARSI — 3, Bk, B E R 2 2K
L Eh W (22 ) 72 I 18] B i v e — 3
Je& , PRI Ay R E T R e 0 A A 1 o SROM (o M Y PR
AR ) X e —E R LR T 4
BT TR o R AR RO M A

TS5 T2DM % UIAH G I B A= ), il
M LEfSe 23 Mok P IFETT 0 H FBE R 23 28K |
71 5E X 43 CN 411 T2DM 4 1 SR il i A4 . 4%
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QT & AN ALK 8 45 26 D TRITFTE CN 4 I 2%
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B AR 2L RPIAL IR T2DM 835 bl 18
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Comparative study of intestinal flora in common mice and rats

HUANG Shuwu, MIN Fangui, WANG Jing, LUO Yinzhu, HE Lifang, CHEN Meiling, PAN Jinchun "

( Guangdong Laboratory Animals Monitoring Institute, Guangdong Provincial Key Laboratory of
Laboratory Animals, Guangzhou 510663, China)

Corresponding author; PAN Jinchun. E-mail: jepan@ sina.com

[ Abstract]  Objective To conduct a comparative study of the intestinal flora in six common strains of mice and
rats. Methods In this study, 210 feces or intestinal content samples were collected from 150 SPF mice and rats from three
experimental animal production units. PCR amplification of the samples was carried out based on common primers of the
bacterial 16S rDNA V3-V4 region, and then the Illumina HiSeq 2500 high-throughput system was used for sequencing.
Based on the animal source, breed, gender, age and intestinal segmentation ( duodenum, jejunum, ileum, cecum, colon
and rectum) factors, bioinformatics method and cluster analysis of differences were applied to analyze the diversity in the
structure of the intestinal flora in rats and mice. Results The intestinal flora of experimental mice or rats with the same
source had the highest similarity, whereas the intestinal flora of experimental mice and rats showed certain differences due
to the type of species. The intestinal flora from different intestinal segments of experimental mice exhibited certain
differences, and stool samples were more similar to the colonic intestinal flora. Under the same breeding and living
environment conditions, the species, age and intestinal segment of experimental mice and rats are the main endogenous

factors that determine the structure of the intestinal flora, and the effect of strain and gender on their intestinal flora is

[E£TA 1/ MTRHGTRII H (201904010093) , )7 A48 JEAl 5 0 A SERBTFST 564300 H (2020A1515010757) o

Funded by Guangzhou Science and Technology Planning Project (201904010093 ) , Guangdong Basic and Applied Basic Research Fund Project
(2020A1515010757).

[1EE RN ] W ER(1990—) , 5 B WF5T 7 10 LB 3h W) S04 W24 85T . Email: hsw2015@ gdlami.com

[BEEE]ESEFE1979—) 5 BIWFSE &2, WF5E 5 ) - S50 3h 9 i W AN LS R 2298 . Email ; jepan@ sina.com



778 P E S2I0 B F AR 2021 4F 12 A 5529 #4545 6 5] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6

minimal. Conclusions This study revealed the diversity and differences in the intestinal flora of common mice, explored

the influencing factors of the host intestinal flora, and provided more basic data for the relationship between intestinal flora

and diseases.

mice; rats; intestinal flora
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S5RGAE, o A T T8 R A G R R R
B B REOT S AR EE 2%

1 #MREFE

1.1 ##
1.1.1 SE8shy

T 2R A B2 S s ) oo [ SCXK () 2018~
0002] , dbt 5 4k 38 A1) 42 50 5 3 W) H R A R A F
[ SCXK( 51)2016-0006 ] Flrd J5 BE R} K 2% 52 5 5 )
HUO [ SCXK (H)2016-0041) = 58 5256 sh ) A 7= 2
B (4 S SY . BWL NFY oK) 43K 150 H
SPF R SL56 /N RUFIR B, 4% /N B R KM, C57BL/
6J .BALB/c NIH K [l & SD ., Wistar, B AR5 B
LR 1, B A 52 5o 45 A 0 78 52 55 3h ) 18 i it
[ SYXK( #)2016-0122 ) a7, ISt PR 45 15 b s 2
FEZ bR GB14925-2010 BoR | SLHG 4 ) R4 SL 5K
S T Sl P BN R B S A (S -
TACUC2020105) , 347 2l 44 A1 FIAH CAS BEELK |
112 FERAF S

QIAamp DNA Stool Mini Kit i & ( QIAGEN 2%
), 55 51504 ) , Phusion” Hot Start Flex 2X Master
Mix( NEB 23], 525 M0536L) , DL2000 DNA Marker
(TaKaRa 2N H], 5245 3427) 45 | & R ) 476 4 BRI

W, A4 246 (755, Biometra %) , PCR
H ARG (LR b I & A IR A ], SW-CJ - 1F
A1) 196G #H R PCR AL (BT B FEF} 27 {5 A PR
L1966 B LKA (AL B —AUER T, DYY-6C

i),
1.2 A&
1.2.1 FEACRAE

TER AR 2 AR B 4 110 H 6 ~ 8 JEIR W
/NI B TE T R A R B ZE A R T JE I JC DNA
fiti/RNA i) 1.5 mL EP & /NS E & &k 50
~ 100 mg, KEFEEE = H 100 ~ 200 mg, H-Xf Horp
10 2 NIH i R /N BV SR AL I 46 L &5
W R W 5 W RN L 7S B AN ) 16 B B 2
50 ~ 100 mg T EP &, 535b, %5 40 H 1 Ji#% 2
JEE 3 JEWE S TR A NIH 5 R /N B, TR RE R 4R 2%
EREART EP & b, SRAE 585 7 BIVEE BT A FEA R AT
T-80°CUKAEH . shWFEMEREA ST LIS 4 5 i
B (1)L 7/ it 1= 77 ey 7/ C1 1 7B = 79 7R RE N 7
(0 18 N ZSIREAS 53 20 2 5 LI MR T1 _a (11 _b (11 _
e J1_d X_e T1_f, HEPE12_a 12_b 12_c 12_d I2_e.
12_f RKidsk,

1.2.2 FEARY 1

FR 5 & Ul B 45, 8 QIAamp DNA- Stool
Mini Kit Xf # A< i 47 35 PR 4 B, 4 B A9 % R 1
DNA #itl, HRISLHE 16S rDNA V3-V4 X4
55141751 341F:5° -CCTACGGGNGGCWGCAG-3
805R:5’ -GACTACHVGGGTATCTAATCC-3" , ¥ 14 11
P N 465 bp, PCR KW AK Z MFEA DNA 50
ng, Phusion® Hot Start Flex 2X Master Mixart Version
12.5 wL, B 5140 (1 pmol/L) 4% 2.5 uL, J5#MinJc
KRN 25 pl, B FEF A 98°C il 22 14 30 s,98%C
P 10 s, 54°C 1B K 30 s,72°C TEAH 45 s, JU AT
35 MEER, 5 72°CIE 10 min, 55 B 1 74 )
P KRS 25 7 ) T o
1.2.3 SRl sy XA E B2 i

T Ay 16S TRNA 2K SCE, f# A 1llumina
Hiseq 2500 =38 5 00 55 & #4705, 284500 77 %%
)5 R overlap K X $ 48 647 DR, IF 47 3
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R SEHR/NRURR B E S

Table 1 Information of experimental mice and rats
A HEN il JEl RE(3%) Kokt b S A | I/ E TR
Breed Strains Sex Week age Weight(g) Numbers Source Groups Animal number
. 6 ~8 28 ~ 31 5 SY Al Al_1 ~ Al_5
i Female
K 6 ~38 29 ~ 30 5 BWL Bl B1_1 ~ BI_5
N 6 ~8 32 ~ 35 5 SY A2 A2_1 ~ A2_5
JifE Male
6~ 38 31 ~ 34 5 BWL B2 B2_1 ~ B2_5
. 6 ~8 17 ~ 20 5 SY Cl Cl_1 ~ CI_5
i Female
6 ~8 17 ~ 19 5 BWL D1 DI_1 ~ D1_5
C57BL/6)
6 ~8 19 ~ 22 5 SY Cc2 C2_1 ~ C2_5
T Male
6~38 20 ~ 21 5 BWL D2 D2_1 ~ D2_5
. 6 ~8 18 ~ 20 5 SY K1 K1_1 ~ KI1_5
It Female
6 ~8 18 ~ 20 5 BWL J1 JI_1 ~ J1_5
BALB/¢
JNER 6 ~38 20 ~ 23 5 SY K2 K2_1 ~ K2_5
it Male
Mouse 6 ~8 21 ~ 23 5 BWL ]2 J2_1 ~ J2_5
1 3~5 5 SY 13 13_1 ~ 13_5
. 2 8~9 5 SY 15 I5.1 ~15.5
1 Female
3 10 ~12 5 SY 17 17_1 ~ 17_5
5 20 ~ 23 5 SY 19 9.1 ~19_5
NIH
6 ~38 25 ~ 28 5 SY 11 In_1 ~11_5
N 1 3~6 5 SY 14 4_1~14.5
JifE Male
2 8 ~ 10 5 SY 16 16_1 ~ 16_5
3 12 ~ 14 5 SY 18 I8_1 ~ 18_5
5 22 ~ 25 5 SY 110 110_1 ~ 110_5
6 ~8 27 ~ 30 5 SY 2 2.1 ~12.5
. 6 ~8 170 ~ 200 5 SY El EI_l ~ E1.5
i Female
= 6 ~38 180 ~ 200 5 BWL F1 FI_1 ~ F1_5
. 6 ~38 200 ~ 230 5 SY E2 E2_1 ~ E2_5
T Male
KR 6~ 38 220 ~ 240 5 BWL F2 F2_1 ~ F2_5
Rat ) 6 ~38 150 ~ 180 5 BWL Gl Gl_1 ~ G1_5
i Female
. 6 ~38 160 ~ 180 5 NFY H1 H1_1 ~ HI_5
Wistar
N 6 ~8 170 ~ 200 5 BWL G2 G2_1 ~ G2_5
JifE Male
6~ 38 190 ~ 210 5 NFY H2 H2_1 ~ H2_5

¥ AR UE, 15 3 & R cleandata , 3245 I
DADA2 ( divisive amplicon denoising algorithm ) X} J¥
HIHEAT R HH 2 F LA 100% AL R 25, SR J5 20T
4,195 Feature (FFAE) , 55 16S $ ¥ /& SILVA
(Release132) Fil NT-16S #47F 41 L Xt , 15 B A
PR BEAR B, 25T XA A i A 1R A ) 20 A B
ZRENE RIS AL IR AR S 3

2 #HR

2.1 HEARRYH Alpha ZHEEES T

AT 6 ~ 8 JA I A KM, C57BL/6] .
BALB/c NIH PYF & & /N 70 1 25 A, SD |
Wistar PRI i 3R KB 40 By ZEMEAEA 1 A% 2 T4
%3 JEIE 5 JE I NIH & Z= /R 40 i feAs,
K 6 ~ 8 JHiy NIH /NRA 460 = s B W
Shla A E 3L 6 AN BL 60 13 8 N A IREAR

T R T A FEAS Y 16S tDNA 5 3 B

FATRI SN Y 5 0y S P FEAS 1Y i 38 TR 3 22 9 MR
N AR IR A R AT SR 2R A A, HOXEREAS Py A
F & S5 B IEAT Alpha 28 PE 43 BT, 2
Simpson K15 Good’ s Coverage & ( WK 1) , M 2L 3]
Simpson A B A R A i e 34 T 2, U R
BRI O S BABE 35 BIREA D T A B9 W B, REAS 0
FPURBE 41, I P 4036 & B 11T Good ™ s Coverage &
2R IT T 1, BEIREAR N YA Y Y
SRS FEARN YRR 2N
2.2 MEREBEMARSHINEZRSH
2.2.1 AN[EBRIEEAL R i 2R 5 RN B
HERE T

TENI 2R B VAR Y 2R /N B 9 b i 28 R LAY
FEAEAEA N 18 TR R 322 A AUFT B TT ( Bacteroidetes )
JEBETE ] ( Firmicutes ) .28 i 1] ( Proteobacteria ) .
Epsilonbacteraeota 1] FIPEHL A 1] ( Verrucomicrobia ) |
A= 4l 90% DL E (18 2A) , 7EJ@ 2k I, mid
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1 : A ; Simpson €] ;B:Good” s Coverage &,

1 FEARNYFN Alpha ZHEAESHT

Note. A. Simpson diagram. B. Good’ s Coverage diagram.

Figure 1 Alpha diversity analysis of sample species

WRYMZHEERES, FE R RIITEDN
&, & B H B NK4A136 4
( Lachnospiraceae _ NK4A136 _ group ) . 1 £ [#H J&
(Alistipes) A0 57 1K 1 J& (Alloprevotella) KT 1 J&
( Bacteroides ) . Muribaculum J& . F. T &
( Lactobacillus )7 Fh e )& (E 2B)

KM Circos P8 B3 HTREA AL ARG R LA
SRR 3 A7 A5 B, I X £ FEAS 0] 1 4 = B2
P47 3 A k5 43 1 ( principal co-ordinates analysis,
PCoA) (&l 3) , Al WLAS[A] #E A [B] A BT 22 X F I Wi Y
ASRIERE, Sk P A TR] AT 3it il o 38 T R ) 7o 2
FAE2E 5, N BWL S0 F1ORIF2,G1 F1 G2 2k
AARFRAY SD |, Wistar K B 18 7 A AH 0P 42 vy, T
55 SY B4 E2 Al E1,NFY FAQZH H2 Fl H1 21K
AL SD, Wistar KIRWGERHAFAE —EE5F
| J5H AR ZEH) Muribaculaceae J& FIT 5 AT 3B 1L

Muribaculaceae

B HE R B T % [ — SY Bfih A1 AT A2 K
AIK2 11 F 12 .C1 A1 C2 4 iR 3 KM . BALB/c
NIH H1 C57BL/6 fi Z /N U 38 B AL B, 15
5 BWL 547 1 [F] B i 2/ BRAEFE 22 5 1 BWL A1
frr B1 H1 B2 . J2 F1J1.D1 A D2 ZHrfCE A KM,
BALB/c #l C57BL/6 /it 5/ B 18 T A 8 JC W I 22
St Sy A 3 A X E N B R R b i A B
WHREE, KANE BT A EREREEY
Alloprevotella J& , T BWL B F1 1 F2,G1 1 G2 1Y
KM B ERE R0 Muribaculaceae J&FXT
Eiﬁfﬂfg,{ﬂ Gl 1 F1 W 5 FE B Bacteroides Ja 5
NFY 47 /) H2 Al H1 A & W R o2k
Bacteroidetes J& . FcJa , 8 15 X Fr A 7] — K PR AL
[F] — Al R AN ) 500 /DN BRURE 74 ] fig 3 T R 7
W s, HAR T ) 3% 0 AH 55 BE ( bray-curtis diatance )
He T, R R IAF AR B i 22 Sk

2 AFEPRIEFAL A i R AEBI AR /N E R LR 5 8 20 IR L AR

Figure 2 Histogram of the abundance of intestinal flora of rats and mice from different source units, breeds,

strains and genders at the level of phylum and genus classification
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TE : Circos [8] K ZEMARERMFN A MCERREA L AR EAARFTAT 1027 T T RMPEA T4,
3 FEARSYFCR Circos R GREALE] PCoA 4347

Note. The left side of the Circos circle represents species, and the right side represents sample groups. Different colors represent different taxonomic

categories and sample groups.

Figure 3 Sample-species relationship Circos circle diagram and PCoA analysis

2.2.2  A[EAEE N U TE RS AT

WX 1 AW 2 3 S I NIH /)
FEEEAEA LR S PCoA 43HT (I 4), KIS
AR B r ME BV BRUY 38 TR DL T B R SR
XEREAFEZE S, B, nTULEE R 13 R 14,15 Al
16,17 71 18,19 FI 110 19 WA A 4 1] 4 A 7 Aol 5 i A
5+ (bray-curtis diatance ) 53T , o718 # B ) A S
ICFIAR D 2 B T B i 22 S e U PR I 1 ~ 5
A P O e /) B T TR R S R /N T B /D BRUAR
WA B W R — D e S R AR i R
YR AR R WG £ AR 2 B & A B R (]
AR, NN AR TR 1 RS A A (8 A B TR
BERH B, P20 ZREMERK, L) Lactobacillus
J& , BEBRE & (Streptococcus ) 5 P 3= EE A7, Ho s}
W /DN B X A /) B R A 8 v = B ) A P T
J& ( Pseudomonas ) ; 3] 2 A& YR Fp 2B g 1 & |

ZREVEFE T Lactobacillus JRATS &5 48 X A 47, (2
HARXT R, LR 43 2 B9 Muribaculaceae J& ,
Alloprevotella J& . Bacteroides J&F1 Proteus J& =5 2 F{l
PG 3 W, 53 A5 3 BB B R 2 1)
Akkermansia J& | Eisenbergiella J& . Bilophila & FIJE 5
¥ @ ( Ruminiclostridium_9) %51 J& ;5 A WS, W L)
XK 2B Muribaculaceae J& . Lactobacillus & .
Alloprevotella J& . Bacteroides J& . Muribaculum J& Fl
Lachnospiraceae_NK4A136 _group & 3, H & B i
WA /0N SR X /0 B R R B Y R A 2R
Muribaculaceae J& , H R A BARFE E K 3K H
Clostridiales J& Alistipes J&, Hmis Fi 56 ~ 8
JEl 9 NIH /)N U8 A LB o, 2 BRI A
i B ) /)N U T TR AR LR A s, R R —
U 5 RS W IE R OB T AR AR e A
PR

B4 A[E A NIH /N U E w SRR E S PCoA 04T

Figure 4 Histogram of intestinal flora abundance in NIH mice of different ages and PCoA analysis
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2.2.3  AEHBORZEMEREAS Y /N B 1 B RE 2>
Xt NIH /N A8 b A H
451 B/ A R G BN S IR AS DL S AR AR
PITERE AT LB AT (1 5) , RN+ 48 =5
J Rl g 1) i T8 TR AR ) b Bl S AR X B A N
Lactobacillus J& . & 43 2 W Muribaculaceae J& |
Candidatus_ arthromitus J& . Pseudomonas J& , H. A [A]
PN /N E HEBE T Candidatus_arthromitus J& Pt
H AR — 0 22 5k, NEUE WSS 1 b i E
PRI AR SR B 3 2 SR R
B LE B A, 2B R 43 R W) Muribaculaceae J& |
Lactobacillus J& . "8 ¥ W J& ( Helicobacter ) .
Muribaculum J@& . Alloprevotella B KA EE
( Dubostella ) . Lachnospiraceae _ NK4A136 _ group
Alistipes J& /\ i T8 J& . S8 1 B W% v DL B2 1 R
( Helicobacter) i 3, /NEB 4 & Lactobacillus J& . AR5

251 Muribaculaceae J&F1 Pseudomonas J& .

AR FE A RE A 55 AN [a] i B Mo 38 T L 35 20 M
ZERL RPN T 5 1 e, 12 5 12_e AN i H
o] 35 Jr A 5 B ( bray-curtis diatance ) 3T, 150 B 2E (8
FEAS 55 2351 14 g T R AR AA) JSCREARA P i v
2.2.4 B REN YRR SCHE > A

XS JEIKF I3 ERRUE R UABREAS A3
[t CE PSS e ey I DS B S H Q]
6). HILATH, R E Muribaculum J&-5 AR 532510
Muribaculaceae & \Alistipes J& . Alloprevotella &1 1£—
FEMIEM KR, Lactobacillus J&-5 Streptococcus J& |
Proteus J& F#) % BR i J& ( Staphylococcus ) 17 1E— xE [
EFR KR, S Lachnospiraceae _NK4A136_group .
KRR Muribaculaceae JRAFTERAIICR . XAER
BEE 1B N IREE AR 1L, 13 T RO 3 B R A AE AR
e IEAE 5 e il BT B

B 5 AR BAFEEREA R NIH /) EUZE HE R AR S PCoA 2387

Figure 5 Histogram and PCoA analysis of intestinal flora abundance of NIH mice from different intestinal segments and stool samples

TE: A JAE B A

B 6 il RN PRI R OGRS b

Note. A. Heat map. B. Network map.

Figure 6 Species correlation analysis in the intestinal flora
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3 itig

o S B A A S NN Bl ) i 3 N B SR 2 2 RE AL
AR PIRE TS AR 4R 4518 32 a8 25 M A g L (2 ik
EEFRAR VAT e 2R 8 R T BT e L TR 4 T K A
FEEMIER T AR X 4 B0 RN R
DR ITEN 7N i e TS N RSN
UGB A B E R 2R, EEA RN
Muribaculaceae J& \EVEH & NK4A136 7 H &
7 PR o AH )R IR A [ A i b S ) o T T R A
RLEERR /DN BRURFDRE A B fi 3 T R LA e v
FRAUAE B IR TR, PG 3 TR R A A — 0 22 1
ity 28 P ) o G2 e 4 T/, SR LA, 2%
FEIE /N B B JE R R e s T A B R
R BYAE LA 7R A R 4] 35 L AF R BEAE TR, 52
i NI 4 B T RS R AL L B /DN BUAR
BRI, B WA e — D e ik P sh B R A AL
AR o /B HE A2 T4, W ol 34) ol 266 T K 8 W
W% HABE i T Ra e , MR 2 B & A 5 A AR Ak
P AP 2 1 FL AT A i RN K R 1 T AR S R
5326 Muribaculaceae J& FLITTEE P T IRFE |
FUFF T 1 Muribaculum J& Z PP L 2R & He Az Fh A7
AR . Wil AR R O, LG 3 T s 1) B ) A
Sa g, R A& 1 EImiE S5 5 Y6E, i
LI — A il R RS

AR LI, /NR T 35 =W Bl E
i 45 P R L A 6] g B v A o0 A AN Y Bl
ENFEIBNREE 221, B 2045 0 & Boi i e
Y e i, B E 2= ek, 2
61 = T A g R 2R 8D SRR R 28y
Muribaculaceae J& . Candidatus _arthromitus J& Fl{R 24
LR , 18725 Ry W 45 W e TR A 2K R )
ZWIEFT H B Muribaculum J& A5 K # E LK
FER A5, 0B D LA e o . S A, N
FEAEREA S A5 1) 17y 1 TR T 235 R AL e
A YRR S W) W 18 i B b R 4G B
A BREE TR AR AT LA i 3 AR R A S A 45
Yl iE R, AL, AR T S Wiz it
T PO 2500 T 3 T R 1 S e W (AR R AT
KR R 2 B B S W W T R AR AR R
PR UE S, W 18 T RF 1Y 25 48 F1 2 BB ik 52 B IR
B AR RDY S A R AT R 2 R AL R

(SO N

AR 7R T B>k WA [] 9 S5 56 /s B ERCR
S ) 70 T R TR (P B v, T S8 560/ BRUCS R B Y
J TE TR R S RO [ AR FE— 8 25 bk, 7E— 2
TRFRAAFIRIE T, 5250 /N B AT % R g B2 e e
JiE B A 22 R ny E NIRRT
F PRI A S e VR N, ST A
15 FA B R R 500 iz 18 T A AR AL, LI E T
PR, U e £ W] — 1 F2 BT [F]— dh
i R B SE e Zh W, B2 A W) i Be 5 SR AR A i 1
RERY ], DL RREAC R AR vk 5 Bk T A
PERRREYE , LAk SE e i 1], 5 i 22 R A8 ok W
L — N R AR LL , DAPRIE S 56 45 5 0 e off 14 5 mT
e
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(1.College of Veterinary Medicine, Southwest University, Chongqing 402460, China.
2. Immunology Research Center, Medical Research Institute, Southwest University, Chongging 402460)
Corresponding author: MA Qi. E-mail; mq20183004@ swu.edu.cn

[ Abstract]  Objective To explore the curative effect of Shenling Baizhu powder on dextran sulfate sodium ( DSS) -
induced ulcerative colitis (UC) model mice. Methods Thirty-six male BALB/c¢ mice (6 ~ 8 weeks, 18 ~ 20 g) were
randomly divided into 6 groups with 6 mice in each group: group A, high-dose Shenling Baizhu powder; group B, middle-
dose Shenling Baizhu powder; group C, low-dose Shenling Baizhu powder; group D, sulfasalazine treatment; group E,
blank control; and group F, model. The acute UC model was established by administering 3. 5% dextran sulfate sodium
solution with drinking water for 7 days, and at the same time of modeling, different drugs were given by intragastric
administration. The therapeutic effect of Shenling Baizhu powder on UC mice was evaluated by assessing their clinical
manifestations, disease activity index ( DAI), colon and rectum length, colon mucosa injury and colon histopathology.
Results Compared with group E, the DAI score was evidently higher, the colon was markedly shorter, and the visual

score and histopathology score of colonic mucosa injury were significantly higher in group F. The condition of group B was
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better than that of groups A, C and D. The score of colonic mucosal injury in group F was distinctly higher than that in

group B (P < 0.05). Shenling Baizhu powder improved the local injury of colon tissue and relieved the symptoms of UC.

Conclusions Shenling Baizhu powder has a good therapeutic effect on UC model mice, and the curative effect of a middle

dose of Shenling Baizhu powder was better than that of the high and low doses of Shenling Baizhu powder.
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Table 1 Criteria for occult blood detection

AR B it/ P AR o R HFIERRE

Bleeding Judging standard

PAY R ALAEE ( +++) AR S 7 B 2 B A

Blood traces in stool visible After adding the reagent, it immediately appears dark blue-brown

PIHRMLAE (++) TG R0 B €, T R

Positive hemocult After adding the reagent, it initially appears light blue and gradually turns blue brown
Beuit (+) IAIEF 10 s J& BT E € 442 ik 10

Negative hemocult After adding the reagent for 10 s, the initial light blue color gradually changes to blue
EH(-) A 2 min 55K 6
Normal After adding the reagent for 2 min, it still did not show color

1.2.4 Z5H KR & Cooper JTEIATIEAY  brifi 2 Ia 3 21

IR R BE/INER, FIE , BUE I oK i 2 AT
FTBE I ZE E M, D F AR B I E 5
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SRR 3 B bR M TE AL /N BB 9 0 1 3l 48 5k
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#3,
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Table 2 Scoring criteria for eye observation of colonic mucosa

sy L5 R 48 BT 4y
Score Score of colonic mucosa ulcer index

IEH R, R LR
Normal mucosa, no damage
Feil., Tt

Hyperemia, no ulceration

0

/N, ToW] R AR
Small ulcer, no obvious inflammation
Iz B IR PE R R %
Extensive ulceration, necrosis, or adhesions

ELgil/ B/ 4L

Megacolon/ stenosis/ perforation

&3 DALV
Table 3 DAI scoring criteria
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e IEH(-)
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Very soft and wet Blood traces in stool visible
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Table 4 Histopathological scoring criteria
o HLUREEIE 5y
Score Histopathological score
0 IEFIES HICRAE
Normal shape without inflammation
1 IR FRAR AN F 2K B S TR A 11
A small number of goblet cells were lost and there was a slight inflammatory infiltration
) TR AR PP 2R L e S B 8558 /2 b E A 12 7
Large area of goblet cell loss and moderate inflammatory infiltration of mucosa
3 /TR RS B R R ELZ T2 (4 AR 1 ELREAT BB K i J

A small/partial absence of crypts and extensive inflammatory infiltration of the muscularis mucosa with mucosal edema and thickening

KRB RS B ok BRI T )2 ) 12 B R AE T

Large area of crypt loss and extensive inflammatory infiltration in submucosa

2.2 @FETK
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2.3 INREBFERGRAES
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H S5 FY4LE, *P<0.05," P <0.01,5 E 4 E,  P<0.05,
#p <0.01,( FEIR)

B 1 /pEE A EREAR L E
Note. Compared with group F, *P< 0.05, ™ P < 0.01. Compared
with group E, *P< 0.05, #¥P < 0.01. (The same in the following
figures )

Figure 1 Daily weight change line chart of mice

A GRS ; B S5 1 R IR P45
B 2 Z5InRB e N 2 R AR s IR WL 55
Note. A. Mucosal lesion of colon. B. Score of colonic mucosal
injury by eye observation.
Figure 2 Lesion and injury score by eye

observation of colonic mucosal
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Figure 3 Changes of colonic length in mice
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B4 R A R R i 35
Figure 4 Occult blood and naked eye hematochezia score
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Figure 5 DAI score in mice
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Figure 6 Organ coefficient of mice
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AN RSB ASUHE B @R E) fr B AIEUR B2,

B7 AR (n=3)

Note. A. Representative images of colon pathologic damages with hematoxylin and eosin ( HE) staining. B. Histopathological score.

Figure 7 Histopathological examination of colon tissues in mice(n=3)
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Antibiotic-induced microbiome depletion promotes the colonization of
Campylobacter jejuni in the intestines of mice
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[ Abstract]  Objective To establish a method of Campylobacter jejuni colonization in the intestine of C57BL/6
mice through antibiotic-induced microbiome depletion. Methods  Thirty-six C57BL/6 female mice were divided into
normal, control and experimental groups. After 2 days of cefoperazone sodium and sulbactam sodium intragastric
administration (50 mg/mL), 200 wL of Campylobacter jejuni were administered intragastrically. 16S rDNA analysis was
performed to detect intestinal contents on days 1~ 3 post modeling. Animal feces were collected, and the HipO gene of
Campylobacter jejuni was detected by TagMan qPCR on days 1 ~ 7 post modeling. Immunofluorescence was used to detect

the colonization of Campylobacter jejuni in the intestinal tissues of mice at 1, 2, 3 and 7 days, and the pathological changes
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were observed by HE staining. Results

In the experimental group, the Lactobacillus of the ileum and Bacteroides of the

cecum and colon were inhibited. Additionally, the relative abundance of Enterococcus was increased, and a higher

abundance of Campylobacter was detected on day 1. Higher Campylobacter jejuni copy numbers were detected in the feces of

the experimental group by TagMan qPCR on days 1~3, and immunofluorescence-labeled Campylobacter jejuni were clearly

observed in the intestinal lumen. The intestinal mucosa was mainly intact and showed no obvious inflammatory cell

infiltration. Conclusions Microbiome depletion induced by cefoperazone sodium and sulbactam sodium promoted the short-

term colonization of Campylobacter jejuni in the intestine of mice.

[ Keywords]

Conflicts of Interest: The authors declare no conflict of interest.
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o -G RH RE RTh rE h T R
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T B 05 AR U0 B A 2 SR AR
AMIFSE N G s M 25 T T R R R /N
W DR R A g ) T S50 sh ) Hh B 4
PR BT, SR T RS T 3 2 S 0 ) 1 A6 O LA
ARG AUSA R AT A2 iz g A
PERE L T HORIRA DX L sh . /N s
VER B T A B sh B R | BTG 78 25 1 2 iy
AR R AL A3 3 Tz i T RS R, D R
JB e, JC IR AT I MR ZF FAT I e FL IR
FRRAE, SE MR IR 1 25 M 25 il e /s BUY T8 P Y
SERE, T /N AN B Sz i 25 il 7

YA RIE T WA Y 4L FEF (antibiotic-induced
microbiome depletion) J& I JLAF 2% i) — Ff A] 2 (X
T /N B T AIF 5 1 T8 AR ) A A S B O A
TAERIER N Sl E IR, sh s TE N 3
AR REREREL L ANIR RS ISR B AR A, =1 2B A Y
FRAR o I8 B R DL 2 ROy R
K BRI AE S ISR LR Ar b e 1B SR AR R
G DR k28 i 5 N B pH B B0 R 1 N A
BRI BT AR 2T T 1 38 TR A Y 7
i, 34T ECAN T B | R DR T LA R B T R 7K F- 1Y
THi o ASHIESE I FH Sk 6 IR R A AT L 3 A0 5 5
B Y AR, S —Fh s 2 i B TE C57BL/6
/NI IE E R 7V, R J5 s 1 S il TR B0 AR
KBTS IR A5

1 RS

1.1 ##
1.1.1 SE8shd

36 8 ~ 10 J&# SPF %% CS7BL/6 MEPE/INEL,
AT 18 ~ 20 g, 9 AR EE 24 B [ SCXK (#7)2019-

Campylobacter jejuni; mice; colonization; TagMan qPCR; 16S rDNA analysis

0002 ] , ] 35 F 4 A 7 B i 24 S 50 A i At 5 Bt 3
Y[ SYXK (H)2021-0009] , 45T KKK M
BY, B AR IR W0 A I B 4 7 22
~ 25C, A 0 Bl 5256 28 4 AR WP R 22 B 56
B sh Y e 2 5t oAb (AP S . JTHCDW2021003)
FEREAS SRR G AR /N BRI A R R A
R 15% B4, wid HSE it 2 R 58, 25
Tl B E P E T A R AR R PO
(CICC22936,ATCC33291) , 5 Ff T B8 e W 1M Bt i
PR b AR AR T 42°CHEFR 48 h,
112 EZH S5

TS FH Sk 76 VIR B AR AT T 2E 40 R B R 2
QIAamp® FAST DNA Stool Mini Kit 4 H QIAGEN
] AT 41 DNA 4G & 3 KA AE e R
FH (b 50) AR/ A], iTaq Universal Probes supermix
Kbz I i i 2 seREPTIA A B Bio-Rad A,
IPHi e 1gG H&L —Hil | Abcam /A H], PCR 514 &
PENCHRET 1A T AR TR A R | A AL, 16S
tDNA 007 K i 46 1 i R R AR A IR A
AISEI, % E i PCR X ( CFX96, Bio-Rad /A FJ,
M) IE B PO6 WA (BX53, AR, HA) .

1.2 FHik
1.2.1  Shysi Rk e S 2

B/ NRBEVLA R 3 4L, 3B IE R A (n=6) X
MR (n=15) LS (n=15) ,ENPERTR 7 d )5,

SEEGZHHEE 200 w1 S Sk 6 MR TR 494 7 T 2E 44
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RS S5 1.2.3 KRR/ (B4 3 H),
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KNE W, WENEY, 2 QlAamp® FAST DNA
Stool Mini Kit Ui R 4525 3853 B 4l k. DNA 36 A= W) 4L
ARSEIFEFT 168 tDNA WM EMHE MR
1.2.3 5 qPCR KR FE 58 25 i 25 il B

RS 1 ~ 7 R, A H R/ N RUB B 42
BB DNA, 55 T4 7,14 RECK G [ i
U4 1 SR W, WO N, T B AR T 42°C
TRRE TR PR FE 24 b AR TR, SR A0 TR 3 R 41
DNA $#EBGRF) & 425 DNA, BU 5 wL /E A, 43
A 10 pmol/L HipO I FUi5 14 FAREH 45 0. 5 pL(JF
HIULF 1),2 x iTaq Universal Probes supermix 10
pL,ddH,0 3.5 pL, 94°C 3min;93°C 30 s,55C 45
s,40 ME ; Bio-Rad CFX96 PCR X b1 1 [
EF 394 O 6086 B Vi B2 19 25 i 725 il 7 DNA, f E Cq
{ERS DUBOR B i 265 1, 2 e IR PG 45 R AR
PR Cq (EHE 748 DA 4 %) 2 it
1.2.4 8144

SRS S 1.2 3.7 KBS el g 45
Wi K B A2, A% 22 508 VTS s YR 1 2, o B ¢ T
K AR VIR 2Bl KAk, Fr g IR Bl 22 vl
B &, TritonX-100 35 B, Jin &t 0 5 18 &

37°CHFH 30 min, FEE MW, I—PL (RILEH TS
MiTe,1:100) 4°C B & i %, il —HT ( Donkey Anti-
Rabbit IgG H&L Alexa Fluor® 647,1:200)37°CIFH
1 h,DAPT e, HLP K SCE R B 1, 50O B
Ben g, WEEUE S 3.7 Ryl B W K s
[ A BE LR HEAT TR A DL S R IR
1.3 GiTFESH

P B EER APERIE = FRifizs (v + 5) F0,
PR ZH (B 5805 70 B R A AR AS ¢ K36, P< 0,05 &
NZESE R B,

2 #HR

2.1 16S rDNA ZEE L  FE K EHARME

BACAW A RIEAT T iE N 254 16S rDNA Il
FP B T A RE RS A (LR 1) S5 25R R 6 R
211 [ i N 25 9 v LR AT T8 s ( Lactobacillus ) A7 % 3=
ERE, B AEBNED D UNEIE
(Bacteroides ) #HX} F= B &, SLIC A i WA
B IEWAERH & ( Enterococus ) AXT F R &, 53k,
FEEARE S 1 R S0 40 g T ke I 34 o = B Y A
ih 7 J& ( Campylobacter)

F1 ZFHEME Hipo B R EF0E5 19 R 751
Table 1 HipO gene-specific primers and probe sequences of C. jejuni

£ Bk Name

5IYFY(5 -3 ) Primers sequences(5’ =3")

HipO #5149 HipO sense primer
HipO FUi#51%) HipO antisense primer
4 Probe

GAATTTGATACCTTAAGTGCAGC
AGGCACGCCTAAACTATAGCT

FAM-CTCCTTGCTCATCTTTAGGATAAATTCTTTCAC-TAMRA

1 16S tDNA JUJF434T 3 41138 P 2540 40 T B 0 45 40 45 1

Figure 1 Bacterial community structure of the intestinal contents in 3 groups analyzed by 16S rDNA sequencing method
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2.2 MNREEKHTHESHE

HBF R /N BRSO, RELL 7 d, R RS IE
qPCR K 23 s i i HipO JL1H 154 Cq 18 ( WL
2) A ¥E DU B X E AL G i 2 7 FR y = - 0. 303x +
13.379(R*=0.9995) , ¥ & AEA M Cq (HALA A
JEIT R IR, SRER EEBEE 1 ~ 3 KI
ST A Sl 2 A v BRI B 8K v 4 DLER I A S
HHTR (P< 0.01, W3 2) , 11 % BE 41 sh ) 3648 A FE 2
1 KA e 45 DUBCR 2 I 2 B, P SIS 2 5 7
14 RI7iB NGRS IS AR5 7 R E M ss
Jo P2 PRSI 2] T A 4 DU 2 A S B, o)
WIS (1850 + 116) F2 (1238 + 182) ,1E4 14 KIWLE
Ji7 N 25425 25 T TP DLES(2990 = 195)
2.3 ZhEHEEMRFEEE

FATR RS 1.2.3 & 7 KEHNEAY 7
S5l BB M S AT T 25 B i (206 1Y s
DY, SRR, 1.2 &3 KRIWA A
S5l B W AT LB B 2T @ 5 AR e 9 S
YW PN N 7B RS UG R O EAR ER T A QU

Fx2 dixbEE2d4EH

K 3) s X IREAAESS 1 R&5 I nl WL/ i 20 (bR,
oAt 1] Be R WAL @] B 4L (5 EhRIT

2 4L qPCR & 3 #H 48
ST HipO 3£ Cq 18
Figure 2 Cq value of C. jejuni HipO gene in
3 groups detected by TagMan qPCR

24 ThHEMEEHEE KRS E/NRGIERIE
)3V

RS 3.7 RIEG B W K45 HE L2
SRR SU 2H /)N U TE R R A SE R OK UL W
) AR AE A IR (LI 4)

LB HipO F:[H ¥ D%

Table 2 Absolute quantification of C. jejuni HipO gene copy number in 2 groups

ZH51 Groups D1 D2

D3 D4 D5 D6 D7 D14

X HRZH Control 2236 + 243 391 + 222

SO Experimental 254 x 10°+ 2.32 x 10°*  4.61 x 10°+ 1.46 x 10°*

8717 + 1030*

1243 + 815 SM +520 796 +369 461 + 181 367 + 233 381 x 145

912 +3%4 635+ 185 632192 712+ 172 615 + 302

S XTRAALL, * P< 0.01,
Note. Compared with control, “ P< 0.01.

2L @Oz S il i, 6 DAPL e fa,,

3 EBURH 1.2.3 &7 K/ IE A S st

Note. The red fluorescence is C. jejuni, the blue is DAPI staining.

Figure 3

Immunofluorescence staining of mouse intestinal tissue at 1, 2, 3 d and 7 d post modeling
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4 HAESEEE 3.7 R/ANEUGIEA S HE YL

Figure 4 HE staining of mouse intestinal tissue at 3, 7 d post modeling
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Establishment and evaluation of a mixed bacterial pneumonia rat model

PENG Dongdong'*, CHEN Xiangchi'?, XIA Wei'*, LIU Xuewu'?, WANG Fei’”

(1. Hunan Key Laboratory of Pharmacodynamics and Safety Evaluation of New Drugs, Changsha 410331, China.
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Corresponding author: WANG Fei. E-mail; Wangfei2913@ 126.com

[ Abstract]  Objective To establish a susceptible pneumonia model of mixed bacteria, including Staphylococcus
aureus , Streptococcus pneumoniae and Escherichia coli, and provide a useful animal model for drug efficacy evaluation.
Methods Thirty-six healthy adult SD rats (50% male and 50% female) were randomly divided into the blank group,
model group and erythromycin group, with twelve rats in each group. After the animals in each group were anesthetized with
diethyl ether, the model group and erythromycin group were instilled with 1x10® CFU/mL mixed bacterial solution (0. 5 mL

each rat) , and the blank group was instilled with an equal volume of saline. After 2 h, the drug was administered three
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times for 10 min each time in 4 h intervals, followed by continuous administration for the next 7 days. During
administration, the general state of rats in each group was observed. On the 3rd and 7th day of modeling, the lung function
of rats was evaluated, and the number of white blood cells and percentage of neutrophils in bronchoalveolar lavage fluid
(BALF) were determined. ELISA was used to detect interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in BALF.
HE staining was performed to observe the pathological changes and count the bacterial cultures in lung tissues. Results
Compared with the blank group, the model group showed significantly increased body temperature, WBC, Neu% , TNF-a
and IL-6, significantly decreased FVC, FEV200/FVC and VT, damaged alveolar structure, a large number of infiltrated
inflammatory cells and interstitial lung thickening. Compared with the model group, the erythromycin group exhibited
significantly decreased body temperature, WBC, Neu% , TNF-a and IL-6 and significantly increased FVC, FEV200/FVC
and VT. Rat lung histopathological changes were significantly alleviated. The number of Staphylococcus aureus , Streptococcus
and Escherichia coli were significantly reduced. Conclusions In this experiment, a mixture of Staphylococcus aureus,
Streptococcus pneumoniae and Escherichia coli was instilled into the lungs of rats through the trachea to establish a model of
bacterial pneumonia, and this model can be used to evaluate the effect of drugs.

[ Keywords] bacterial pneumonia; rats; mixed infection; inflammatory factors; lung function
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R FAUHREAF EAR IR (x £ 5,n=6)
Table 1 Comparison of body temperature changes of rats in different groups at different times(x + s,n=6)
PRI (°C ) Body temperature (°C.)

451

Groups EAES H2 X EHEES HaxR HsK EAPS CPN
D1 D2 D3 D4 D5 D6 D7
=y i B4
2 HXIRAL 37.0+ 1.2 36.6+0.9 35.9+3.9 36.2+ 1.2 36.4+0.8 36.7+ 0.4 36.8+0.4
Blank group
SR IR 4
U IR 37.2+0.5 36611 37.8+0.77  37.5+0.6" 375+ 1.2  37.1+0.57 37.6+0.3"
Model group
IEEY
flﬁ%\'ﬂ 36.5+ 0.5 36.6 + 0.7 37.7+ 0.5 36.8 £0.37 35.7+0.5° 36.3+£0.7" 37.2 £ 0.5
Erythromycin group
T 52 AR IR L, " P< 0. 01; SHERIXT IRLAAILL, * P < 0.05,
Note. Compared with blank group, **P< 0.01. Compared with model group, * P < 0.05.
2.3 BHKXRAMINEEIRIRILER s (A0 E 22 S, il R (MV) JC i A

WME PR, RS 3.7 KOBRNT RAI R BUR fh 208 R A FEV,,/FVC B (P < 0.01), &
RPN 2s O IR I R 4R o BRI R T Il A S ) BE A2 R, ML 253 3 38
TRA RS UG, IE ST EE TR AR R flZead PO 1 il A e, i s 7 R
FAW AL T RN, R R KPR RS e 5,525 AT IR g, AL BR 41 S FEV,0/
BRI R LT R BCE S RE A 3 FVC BB /N (P < 0.05,P < 0.01) ; 5555} g
K, 525 X BEA] He e, SR A FH D 6 & 2 EOAR LB R AR B0l S FCV FEV
(FVC) EW/NP < 0.01) , SRR bEE 40 B LTS HEG %2R, WS & FEV,,/FVC
BRI (V) BHIEHE PPIR () 2L HREFRIN(P <0.01) (WFE2,%3),

T 3BT D3 D7 23 PO BEZL AR X 2 RV21 7 3R 201 i < 20y R Pl i Pl o sl e A £ R 7 S 20 AU B NP U i A R ) o
B A [ i 2% 2 B e S B R i B i D BE A
Note. Modeling D3, D7 lung ventilation function map of blank control group, model control group and erythromycin group ( The blue and red arrows represent

the maximum expiratory and inspiratory flows respectively) .

Figure 1 Lung ventilatory function map and lung function index of rats in different periods

®2 B 3 RAAIR BTN BERAR LA (2 + 5,n=6)

Table 2 Comparison of lung function indexes of rats in each group 3 days of modeling(x + s,n=6)

2151 Groups Vi(mL) f( ¥/ min) MV ( L/min) FVC(mL) FEV200(mL)  FEV,,/FVC(%)
ZZ KT IEZH Blank group 1.77 + 0.35 112 £ 26 0.19 + 0.02 4.02 + 0.35 3.74 + 0.31 93.31 + 0.77
PRI BB ZH Model group 1.41 + 0.43 153 + 31 0.21 + 0.03 2.77 +0.26%  2.21 £ 0.26 79.96 + 6.16*"
2185 24 Erythromycin group 1.59 + 0.39 132 + 27 0.20 + 0. 02 3.12 + 0.52 2.84 + 0.54 90.65 + 4.78*"
W Ea X RA A, P < 0.05,7 P < 0.01; ST IEA L, ™ P < 0.01, ( FE/ER)

Note. Compared with blank group,*P< 0. 05, P< 0. 01. Compared with model control group, ™ P< 0. 01.( The same in the following figures and tables)
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R3OEM 7 RSUR BT RERRR LA (2 + 5,n=6)

Table 3 Comparison of lung function indexes of rats in each group 7 days of modeling(x + s,n=6)

ZH 5 Groups Vyp(mL) £( ¥/ min) MV (L/min) FVC(mL) FEV200(mL)  FEV,,/FVC(%)

25 X IRZE Blank group 1.78 + 0.23 116 + 10 0.21 + 0.03 4.75 £ 1.89 4.43 £ 1.70 93.58 + 1.50
REARI BRZH Model group 1.22 + 0.22%* 125 + 15 0.15 + 0.01 3.55 + 0.45 2.93 + 0.63 81.63 + 7.70™"
2155 %4 Frythromycin group 1.67 + 0.24™ 130 = 25 0.21 = 0.01 3.68 + 0.20 3.40 £ 0. 12 92.36 + 2.94™

2.4 HLAKR BALF fF WBC 5 Neu %t 5

W 4 Fion, G 3 K, 55 Axf I g,
I AR A A2 H B & 3 m (P< 0.05) 5 5%
RUX IR L3R, 2T AL A i g H B 30k (P <
0.01) , PPk 4 M H 5 LE (Neu% ) Tl M5 7,
ERES 7 K, 525 (T A A Lo g AR BB 21 1 41 i

BE PR E S ER (P < 0.05,P <
0.01) ; SHEAIT BRAL L5, T B AL Al g B 34
WEB/N(P < 0.01) , (EAERERE, BRI K RAE
WALE S 7 K A4 B3 s 55 3 KA —E W
REAR, B il R KR AAE RSB S 58 7 Rl g A &
FEELN

x4 ANFEEHYS L KR BALF H WBC Neu( %) H#Z (x = s,n=6)
Table 4 Comparison of WBC and Neu(% ) in BALF of different groups of rats in different periods(x + s,n=6)

LSS 3 K 3 days of modeling

2153 Groups

EAREE 7 K 7 days of modeling

WBC(10°/1) Neu(%) WBC(10°/L) Neu(%)
25 FXF R Blank group 0.34 + 0.06 44.6 + 18.0 0.14 + 0. 11 38.4 +11.8
HERIXT B2 Model group 1.71 = 1.21* 55.1+7.1 0.64 +0.17* 55.5+ 11.0"
214524 Frythromycin group 0.89 + 0.37* 57.4+5.8 0.33+0.18™ 45.7 + 12.2

2.5 KLAKR BALF # IL-6,TNF-« LL

W s Fron, AR 3 K, 525 (it 4l g,
RN R 1L-6 \ TNF-o i 341 (P< 0.01) ; 54
X ARA L %8, 2185 R 4 1L-6 B — & e BRI, (2
TG it F 255 TR TNF-o BRI R ZH B 35
W/N(P< 0.01), RS 7 K, 525 AN R4 LR,
PRI B2 11-6 \ TNF-o {2 31 (P< 0.01) ; 545
RIXE B oA, 415 R 4 11-6, TNF-a ¥ i 35 BRI
(P< 0.05,P< 0.01) .
2.6 BHALARERESHE

W 2 fis, 25 E xR 2 SUT I DL K fili 1] 5

AL LG R 35 S TE T U A v, A5 280 oF 2 it 3
SER DRI, i 10 BE B S0k 29 R | nl L i 96 BE 1 A T
ML, HAE 240 M R 352 10, 20 % 3% 4 1 T AL il o B 4
JEE, il B I A AT Rl T L, SR AR R T il 9 4
Ae S (EL L A B A0 A 2R X T 2 2 A ) 8 v
o AU TR Xok 8 2 it 76 B 1 JE B S, T AL i
Y BE I /0 B S AL, S AT 2 M R R R (AR T
RS2 | A YR A A 75 5% R L il 4] 2 6 i 4 L 32 1
7 TS T UK Ak F) A P D%, 5 i 8 R i 96 98 0k ¥
F AR A R A — 2, SR iZ il R EERRT d
A—E B,

x5 R4 KR BALF #1 IL-6 TNF-o H35 (% £ 5,n=6)
Table 5 Comparison of IL-6 and TNF-a in BALF of different groups of rats in different periods(x + s,n=6)

LSS 3 K 3 days of modeling

WA T R 7 days of modeling

2[5 Groups
IL-6( pg/mL)

TNF-o( pg/mL)

IL-6( pg/mL) TNF-a( pg/mL)

75 AN B2 Blank group 129.8 = 1.8 270.4 + 20.2 121.14 + 4.8 256.7 + 6.3
FERIS} B2 Model group 152.2 + 6.2** 326.6 + 8. 1** 152.6 + 8. 1** 310.6 + 24.7*
21 FE Y Erythromycin group 146.3 + 4.4 298.1 + 4.4™ 141.3 £ 3.9* 258.6 + 11.9™

2.7 BHAMMEEFEITE
W 6 A, SRR Mo, i el 3 K,
LTEE R AL B W Il 2 2 rp K i 1 7 T L 4 B A 4 BR

B il 28 BEBR B K50 H R 2 A AR (P< 0. 01) |, 3 AR
557 R LR AWML D RIHIRA T 4
R BRI i SRR R H KR BERREAR (P< 0.01)
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B2 AR AR BT SIR ARG LG k458 (n=6)

Figure 2 Results of hematoxylin and eosin staining in lung tissues of rats in different periods(n=6)

R 6 RIS H K BT R R 3R 8 L (R + s,n=6)

Table 6 Comparison of bacterial culture counts of lung tissue in different groups of rats in different periods(x + s,n=6)

%5 3 K(CFU/mL)

Number of bacteria D3( CFU/mL)

%7 K(CFU/mL)
Number of bacteria D7( CFU/mL)

A5 ) R -
Groups S S HHHERE Jili 5 EBR A PNI7R i S HH AR i g BEBR B
Escherichia coli Staphylococcus Streptococ.cus Eschen'chla Staphylococcus Streptococ.cus
aureus pneumoniae coli aureus pneumoniae
FLRIRS 2
3100 + 544 5027 + 1017 4730 + 1062 3712 = 1102 5389 + 2012 5290 + 1881
Model group
E
AL R AL 447 + 146 633 £ 146™ 1223 + 287 ™ 243 £ 89 245 £ 70 301 £ 103 ™

Erythromycin group

3 g

UTSEAF R (R N A0 S ST 22 il 40 1 4R G 2 il
RNPIBA 0 Z R 5% 2402 DL — R R AT s )
BRI, AT CAP 2 MR ARy, H L H >
PP DA (Gn it e 4 Bk 0 | 4 B (R A BRI K A
PR e TR AR TR 55 ) I 2 L B T e S
Iz R PR 2 M S R i 25 A e IRA AN
YRR R BB R T 2 BT T R L 40
JHER X ek S8 AR 50 Ah, 45 5 I & L T 3K
L P R O3 AR S, T B R R R
a4 FEE I RIZ IR 7 SR AR K 1 TR, il 2 3
WA A ST X TR A A0 B SRR e M i 5% 25 W VEAN A
BHEBE L, RAHE 5T 18 I R A8 Ry 35 i
A2 B TR (R B R A | 4 (R A Bk L KR
B ) YRR 1 I RIER A R T T RS
ST, HEST R BIR A A0 P SR P il R AR AR
WREL A5 EH R BRI | 1 40 B il oy e e il 408U 25
SEARAE ISR 4 W O R AT BRI AR BEER I L K
YA DAE K U ZE 40 5 I 100, T sl e P Ifs R A 8%
FILL % R 55 Ak I X K BT B 200 TR JE% e M il 48 A5 754

TEH]

AT ZER IR, 45 TR H 0.5 mL RS TR
P (1x10°CFU/mL) KL, KR AR RERE 2 Kk
LTSS PR A O R B S, AR
3 KRR W BT, X 5 R 1 sh il R R A
RURGRERAAFF D e 3 K, A5 U Xk e 2 3 4y il
TIRERTINES S WoR | % 4 s W I ) < T B, PR
W b Tt B A4l R S S O R AL JE A B 2
S, PR 28 L ek Al R D) RS2 R, LIRS
308 3 OO W AR R T 4 e A Y R 5 AR
5T R R AL B R FEV,/FVC B 5
REARR, PR BT  F 1E 7, 37 Bl 5 s A ) A o A8
RUXTHRA s Py il il T Re sz B, A TR EF
W AIRYT IR, A R %, FEV,,/FVC #2545 53
FUALL 5 R EAIRYT W] L) 25 it 20 T S 1 P il 48
T R Al S )RR S

SO A BRI R BEBR L KR R
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Exercise alleviates hyperlipidemia via the FoxO1-lipophagic signaling
pathway in ApoE™" mice
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[ Abstract]  Objective Lipophagy is a type of selective autophagy that targets fat and is regulated by FoxOl.
Exercise is an effective method to regulate lipid metabolism disorders. Whether the regulation of hyperlipidemia is mediated

by the FoxO1-lipophagy pathway remains unreported. In this study, two types of exercise were used as interventions in
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hyperlipidemia model mice, and the changes in lipophagy-related indexes in adipose tissue were detected to explore the
possible mechanism by which exercise alleviates hyperlipidemia. Methods C57BL/6] mice were selected as the wild-type
control group (WT group). The hyperlipidemia model was constructed by apolipoprotein E gene knockout ( ApoE™") , and
mice were divided into three groups: the silent control group ( CON group), moderate-intensity continuous training group
(MICT group) and high-intensity intermittent training group (HIIT group). After 6 weeks of intervention, the blood lipid
levels in each group were detected, and the morphology of adipocytes was observed by HE staining. The changes in PI3K,
Akt/p-Akt, FoxO1/p-FoxOl and autophagy-related indexes (Beclinl, Atg7, LC3, p62 and Rab7) in adipose tissue were
measured by RT-qPCR and Western Blot. Results (1) Plasma TG, TC and LDL-C levels in the CON group were
significantly increased compared with the WT group, and TG and TC levels in the exercise groups were significantly
decreased compared with the CON group (P< 0.01). (2) HE staining showed that the number of adipocytes in the CON
group were increased, compared with the WT group in the same field (P< 0.01). (3) Compared with the WT group, the
mRNA expression levels of FoxO1, Beclinl, Atg7, LC3 and Rab7 were increased in the CON group, and the expression
levels of PI3K, p-Akt/Akt, p-FoxO1/FoxO1 and P62 were decreased (P< 0.01). In addition, Beclinl, Atg7, LC3 and
Rab7 protein contents were increased (P< 0.01). The mRNA levels of FoxO1, Beclinl, LC3, Atg7 and Rab7 in the MICT
group and HIIT group were lower than those in the CON group, whereas the protein contents of PI3K, p-Akt/Akt, p-
FoxO1/FoxO1 and p62 were increased ( P< 0. 05 or P< 0.01). The protein contents of Beclinl, Atg7, LC3 and Rab7 were
decreased (P< 0.05 or P< 0.01). Conclusions

by inhibiting of the FoxO1-lipophagic signaling pathway in adipocytes, thereby regulating lipid levels.

These results suggest that both MICT and HIIT alleviate hyperlipidemia

[ Keywords] ApoE”" mice; lipophagy; FoxOl; moderate-intensity continuous exercise; high-intensity intermittent exercise
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A MICT ZHYIZRT7 %8 ;B HUT AT %

B 1 MICT 4UR1 HIT k1%
Note. A. Training program of MICT group. B. Training program of HIIT group.

Figure 1 Schematic diagram of training program for MICT group and HIIT group

TEVIZRTTRLE R 48 h J5 HUbF PR, bR, 200 JUE
SRR , 550 B2 (4°C, 3000 rpm, 15 min) , &
A R, - 80°C & 77, WK 52 1 @ g 1Dy 2 2
(epididymal WAT,eWAT) ,43h¥ 3 1y, — 1047 T & &
B T AR — 7 T RNA LRI
4°C HUE 1 dJF -80°C PRA7; — MR A IR, -80°C
e , T Western Blot iz,

1.2.3 i psiit

Fi IR0 G U B 5 A6 00 o 2% H ol = g LB
[ (total cholesterol , TC) K% A5 £ H JH BB (low-
density lipoprotein cholesterol, LDL-C) | /& % [ JIg 25
F1 AH [& 5 ( high-density lipoprotein cholesterol, HDL-
C) Fh,

1.2.4 JEWFHZUES =M

O I L2 28 1] R I I, R AT W A D)
B HE e B ER o0 R G L%, FA 18 Image-
pro Plus 6. 0 A F4E 112H 2 40 i ks e AR
1.2.5  JEMZHZ mRNA XS B

51%)F 5 i Primerbank ( https ://pga. mgh. harvard.
edu/primerbank/index.html ) X3 2 ) 3545, WK 1, 5]
Py GENEWIZ Al 43, FRHL 80 mg BYS2 1 (g s
L i BGR S DR, RNA R 7GR T
HEIEL RNA WL A SRARAEIRIL cDNA, HEA TS 26
JEERE PCR 1S, LA B-actin fERNS SRA 27221k
T H AL NS AR Rk
1.2.6  JRWTAHZUE PR & it

PREC 80 mg B 52 (1 (Ll 7 4141, A 500 uL
RIPA 2L, H L E L B 40 L, 202 ) S
BCA 30 E 3 R B il 4 25 FI A, SDS-PAGE
RLUK 7> B, A FURR ENSCH 85 L B B R NC Jit

b EIRBE B 1 h B E —$H0(4°C,12 h),
TBST YeEARLEAH—PL(3 x 10 min) , FHEIHEF
P 1 h, TBST P L REEGH —HL(3 x 10 min) , TBS
PEW (2 % 5 min) , JEAC T )5 WAL SN E R R
Bt Image Studio FXAFHEATAIX & &0, Prik
fEEI1.1.2,

&1 5I9FEE
Table 1 Information of primers
Elk7 ]l KB (bp)
Primers Sequences Size(bp)
Foxol F.5’ -CCCAGGCCGGAGTTTAACC-3 132

R:5’ -GTTGCTCATAAAGTCGGTGCT-3’

Beclin F.5’ -ATGGAGGGGTCTAAGGCGTC-3’ 197
ectt R:5’ -TCCTCTCCTGAGTTAGCCTCT-3’

Ate? F:5’ -GTTCGCCCCCTTTAATAGTGC-3’ 161
& R:5’-TGAACTCCAACGTCAAGCGG-3’

LC3 F:5 -TTATAGAGCGATACAAGGGGGAG-3’ 109
R:5’-CGCCGTCTGATTATCTTGATGAG-3’

Rah7 F:5’ -AAGCCACAATAGGAGCGGAC-3’ 104
& R:5-AGACTGGAACCGTTCTTGACC-3’

Bt F.5” -GGCTGTATTCCCCTCCATCG-3 154
achm R:5 -CCAGTTGGTAACAATGCCATGT-3’

1.3 ZiESF

SEESEHE R ] SPSS 25. 0 {440, BT A R
FFEIER 0, R E + bRl (x £ 5) R
/N WT ZA1 CON 4 [0k i 57 FEA ¢ K235, CON
ZH \MICT 411 HIIT 20 [B) 2R FH B R 3R 7 22 5341, LA P
< 0.05 fil P< 0.01 #REFHA BEE,

2 #HR

2.1 EZhFE{R ApoE~ /INRMMAS K F
6 JAl T Wigs d s, WT 41/ AT A (28.55 +
1.44) g, CON 41/ (30.34 + 1.50) g, MICT #H
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(30.53 + 0.36) g, HIIT ZH47(29. 63 + 0.56) g, &40
(BTGRP R, MR AnZE R R W], CON 4 TG |
TC Al LDL-C ¥ R 3% % T WT 41 (P < 0.01) , MICT

ZHH HIT 20 TG 1 TC /K- 2 ZE KT CON 4 (P <
0.01) ,MICT 21 HDL-C .3 & T CON 41/l HIIT 4
(P<0.05),l#%2,

F2 /NEUMSE TC TG HDL-C F1 LDL-C Z5J (% + 5)
Table 2 Results of TC, TG, HDL-C and LDL-C in mice plasma(x + s)

2053 H-ith =1 ( mmol/L) JIELTET B ( mmol/ L) 1o %% S8 N 2 1 JIEL 1 B ( mmol /L) A2 2 B 2 I ST ( mmol/LL)
Groups TG ( mmol/L) TC( mmol/L) HDL-C( mmol/L) LDL-C( mmol/L)
WT 21 WT group 0.53 +0.03 4.95 +0.16 2.88 + 0.28 0.46 + 0. 16
CON 4 CON group 7.52 + 1.48™ 32.48 + 4.14™ 2.93 + 1. 11% 7.98 + 1.57™
MICT 44 MICT group 5.32 + 0.45% 25.00 = 1.36™ 4.76 + 2.01% 7.30 £ 2.25
HIIT 21 HIT group 5.83 = 0. 68% 24.15 + 3.07* 3.01 = 0.97% 7.33 = 1.30

T 5 WTAMIEL, * P < 0.05, ™ P < 0.01;5 CON #IIL,*P < 0.05,%P < 0.01; 55 MICT 448 1L, P < 0.05,%P < 0.01, (FEIF)
Note. Compared with WT group, *P < 0.05, ™ P < 0.01. Compared with CON group, *P < 0.05, #P < 0.01. Compared with MICT group, 4P <

0.05, P < 0.01. (The same in the following figures )

2.2 ApoE™"/I\5R BB i 40 B i A E AR /N

6 T e, £ /B eWAT fg Ui 4 e HE
Je K anE 2A Fos . BPA RN B 20 R ek e
TR KT ApoE™ " /INEL, CON 21 i s 24 o A3k 4 1v
F(1631.08 + 375.96) pm® 5 WT 4 (2847.48 =+
556.59) wm® AH L6 W F FEAK (P < 0.05), MICT 4
(1789.69 + 451.40) wm® A1 HIT 4 (1872.79 =+
402. 86) pm’ 5 CON 41AH L TC B E 2= 5, WK 2B,

B2 MICT Al HITT 3 /) LB 52 R 1 41 2L 4
R R A R )
Figure 2 Effects of MICT and HIIT on

adipocyte cross-sectional area of eWAT in mice

2.3 EF T ApoE” /NRIBAA LR FoxO1- B I
HEEFEH mRNA FiX

6 JAl TS oI5, & 4l /N B eWAT 2R 28t
i PCR 45 R 100E 3 iz, CON ZH# WT 4H FoxO1
Beclinl \LC3  Atg7 1 Rab7 mRNA #H X} 23k 7K F
EZTFE (P < 0.01), MICT 4 #1 HIT 4H FoxOl .
Beclinl \LC3  Atg7 1 Rab7 mRNA HH X} 2 ik 7K -4
CONHBEETFE(P <0.05)8 (P < 0.01), HIT
2H Beclinl mRNA FH X k7K P-4 MICT 41 2 % 7
E(P<0.05),

B3 MICT Fl HIIT X /) B 52 A 1 2140
FoxO1- [ WEAH SCHE R mRNA 35[0
Figure 3 Effects of MICT and HIIT on mRNA relative expression
levels of FoxO1-Autophagy-associated proteins

from eWAT in mice

2.4 BEEIEE ApoE” /NRAERT AL PI3K/Akt/
FoxO1 i# & H {2 it B &

6 JAl T 45 H 5, CON 4% WT 41 PI3K  p-Akt
Ml p-FoxO1l FEH M X RILAKFEEZFEFHE(P <
0.01) ,p-Akt/ Akt Fll p-FoxO1/FoxO1 f.# FF& (P <
0.01) ; MICT ZH 71 HIIT 415 CON 41 PI3K  p-Akt 7K
LUK p-Akt/ Akt Fll p-FoxO1/FoxO1 &3 EF+H(P <
0.01) ,Foxol /K- 2 FF& (P < 0.01) ; HIT 4%
CON 4 Akt 7KV 4 2 FBE(P < 0.01) , % MICT 41
PI3K Akt p-Akt, FoxO1 Fl p-FoxO1 #& 4 A X} # ik
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KB (P < 0.01) 5 (P < 0.05) , p-Akt/Akt
FE B E FTH(P < 0.05), WK 4A,4B,

F I AH G 8 R IR 1E DL ANl 4C,4D i, CON
HE WT 4 Beclinl \Atg7 \LC3 11/ 1 #1 Rab7 .3 |-
T+ (P <0.01),p62 /K2 FRE(P < 0.05) ; MICT

ZH AN HIIT 2448 CON 4 Beclinl , Atg7 . LC3 11/ T fl
Rab7 /K52 FRE(P < 0.01) , MICT £ Fil HIIT 24
B CON 4 p62 KP4 2 L FH(P < 0.01) 5 (P <
0.05) ; HIIT £H % MICT 4 Beclinl |, Atg7 \LC311/1
il Rab7 /K538 FF&(P < 0.01) 8 (P < 0.05)

4 MICT Fl HIIT X /] BB 5205 15 2L 6 1 ARDOE 28K P g 52 i
Figure 4 Effects of MICT and HIIT on protein relative expression levels of eWAT in WT mice and ApoE™" mice

3 g

ApoE /NS 3 ~ 4 AR IFIR A k-4 m
i MUAE AN SN BKASE RE AL, 5 i 17 TR B 2 i — 25 s
FUMBREE  ABFFE T 10 FE ApoE ™ /NELFE
e s AR iRl EL 6 S 5 A 7 40 i A A AR /)N | [) i
I3 TG TC F1 LDL-C 7K-F T, iX /& i T ApoE™~
JINERIMLYE R G 2 ), AN FLBETHCRT ( chylomicrons , CM)
IR A %% Bl &5 H (very low density lipoproteins,
VLDL) %% iz 52 BiL, At LA 32 % 2 B I 41 21 F 2
S G
WG T 20 2303 fff i n-ds 23 6 ApoE ™ /) LI
1AM RN (1| ={/ U g I B BUN S RREa N 0]
e L2 A R TR HEA T IR B ME R 72 L ApoE™ /)N
SUIR T AL T RAE R AR | J5 A ARG P R 1
Hﬁ,j&m] s Eléﬂflﬂ@fl\%f—6( interleukin , IL-6) SERE
TR IR 2 WO AR T A% T 5 5 SO T (signal

transducer and activator of transcription 3,STAT3) , #f
ifii L8 FoxO1 fYAY  FoxO1 JE A 5 I A & Gk
Bl R 712 EAh ApoE it I PI3K/ Akt 155
3 57 B0 O HEIFAIR FoxO1 BERR ALK, A
WF5E ApoE ™ /N RIEHTZHZUH p-FoxO1/FoxO1 FEfE
TR, UL A L AZ H FoxO1 B9 34 I, & 45 5% sk AR
FH, FBOR U A WA SCHE R 38 EIR 5% ApoE ™~
AN T 2R A N1V = N T S i 9
= i IE T

MICT J&iz i FEAR I 2 [ 4 1 A 4z 3,
HOXT A v I LA 0 3 Jok o83 A RS A A6 ] Y ApoE ™ /)
S TRBTVE . A9 B, R Y 3 &5 sl vk I 5
REAEFEAR ApoE ™ /INBUIRLAR >, V845 P I 19X i 38 A
SN B D RERE A R AT AN A B AP AR
TR VERR W PEIFRR S AR T HINT A U 7E
L TR ) v i 38 5 v 2 4 I B ds Sh R L DA
Il DI R 18] I3 ROk ) A= BRI, © Wi B A
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R ARG 2 SR Y B HIIT iz 3% ApoE ™ /N
M52 e F AN 2 0, A WF 5 45 SR WoR HIT Xt
ApoE ™ /INEUMLAE A BGEAE A, BEAK T 1L 2% TG A1 TC
i, 5 MICT 4553 — 2 b4, MICT i £ = 1 3%
HDL-C Frit, WF iz gl fifi /I BUAR 1D 4 2 240 A 48
TR T K, 317 32 30 A2 8 if B 2E A Bl 41 20
AAETE, T AR ApoE ™ /)N BRI 15 2H 25 200 Jf i fie
FEHI™Y
ApoE JEPRBER Gt 2518 11 BUBE PRI Y J R 2
— 11 BUBE R 2 28 W 412 PI3K/ Akt {553 [
IR, Wiz s AT A B R PI3K/ Akt {5 S B, 2L
SRR DR K B AR AR 2 BRI B g
SR IE B /b F A IE I T 2 2E PI3K A
p-Akt ik, BRI D [ WK Ake B R IR 3
T ] i — 2L W R 1k FoxO1 19 22 5 1R 256 17 A5,
(8256) H-F#AIK FoxO1 254 HAR DNA RUBES T, A
WFFE R, MICT F1 HIT 370] 18 ApoE ™~ /INEUIE 5 41
gl PI3K B9k, ek Ake BERR AL, 3900 FoxO1 #%
BRALIKSEFN p-FoxO1/FoxO1 FLAE, LA E e AH G
LA Ay F k) o Beclinl J2 T 2585 I8 B LA
3—J4 0 ( class 111 phosphatidylinositol 3-kinase, PI3K
D) 5G4 09 20 B8 43, 76 A WA 30 B Be i 1y 3 Wi
FHOGEE 40 LC3 /94345, 1 Beclinl H1 LC3 X 3Z %]
FoxO1 A9 BL 42 W #1°°  ARWF5E o, /N EL MICT Al
HIIT J5 BE 7 4141 Beclinl ( Atg7 1 Rab7 mRNA #l
EH %K KR B, LC3 mRNA % ik K SF I
LC3 I/ 1 W T, i At 52 i iz 2h Jy XAl 1
BIRLHLY A WE, BEF E WK R, L5 Ag7 \1C3
DL HCAh WA G 88 1 3R IR B/ ISR T H AR
A ZEf; Rab7 BE & 1 W 1A T2 BB 72 B WA 3%
T, A5 F WA 55 0 Wl A 25 5 T U ) Y I
A LB i s/ T RE S B 7 4 4 W TR
(R T B R 1 p62 TERE IR h T B LC3 4R
SERIRETE L, 0T BEE o B 4 BTtk A B VS WA
W5 11 I T A ) R g T e A AR 9 B a2 3
JE BRI p62 B H &K KE BT, Wil B T A5
AR bR g AR R W Rz Bl 7 2 ]
IR E FoxO1 BERR AL LA ApoE ™ /N UG i 21
2L [ g, £ UE IR D7 40 M AR, B AR K TG R TC
B, BCE MR REAR
25 L BTk, ApoE BEPRI B T S 151 B INLAE 7 35
NG W K SF; 6 J8 HOT Al MICT #4 o] i@ i3 3 1%
ApoE ™ /INEUIE W7 £ 4 PI3K/ Akt 3 %, {2 1 FoxO1
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[ Abstract]  Objective  Microcystin contamination caused by cyanobacteria blooms is a profound global concern.
Microcystin-LR (MC-LR) was documented to induce potent hepatotoxicity, but the exact mechanisms have not been fully
elucidated. To better understand the mechanisms, we conducted the following investigations. Methods  Primary mouse
hepatocytes were isolated, purified and exposed to a MC-LR concentration range of 2.5 ~ 10 nmol/L for 48 h with DMEM
treatment as the negative control. Mitochondrial function ( ATP levels and mitochondrial membrane potential ), DNA

damage (comet assay and 8-OHdG levels) and p53 expression were determined in MC-LR-treated cells and control cells. In
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addition, experiments were repeated to assess mitochondrial function after pfi-a preconditioning. Results

MC-LR led to a

progressive loss in ATP production and mitochondrial membrane potential in a dose-dependent manner. Furthermore, the

comprehensive DNA damage examination and upregulated p53 protein level indicated that MC-LR was associated with DNA

damage in primary mouse hepatocytes. However, when p53 was blocked by PFT-a, mitochondrial damage was attenuated

after MC-LR treatment. Conclusions

Together, these data indicate that MCLR-induced DNA damage promoted p53

production, which was associated with mitochondrial dysfunction.
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Note. Hepatocytes were treated with 2.5 ~ 10 nmol/L MC-LR for 48 h. A. Comparison of ATP level in cells subjected to the indicated treatments,

*P < 0.05. B. Representative confocal imaging of cells treated with the indicated treatments. Compared with normal control group, * P < 0. 05.

Figure 1 Effect on mitochondrial function of hepatocytes induced by MC-LR
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Figure 2 Effect of MC-LR on DNA damage
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green fluorescence intensity. D. Representative confocal imaging of cells treated with the indicated treatment. Compared with MC-LR group, * P

< 0.05.

Figure 3 p53 protein level and the role of pft-a in mitochondrial dysfunction
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Research progress on animal model construction and evaluation of different
TCM syndromes of diarrhea
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[ Abstract] Diarrhea is a common disease in traditional Chinese medicine (TCM) , and dialectical treatment with
TCM often achieves better result. Establishing animal models of TCM syndromes is of great significance to TCM research.
Simple animal model establishment method are conducive to the development of TCM. At present, there is no uniformly
recognized standard for establishing TCM syndrome models of diarrhea. The author of this article reviewed the method for
generating animal models of diarrhea, including intestinal dampness-heat syndrome, cold-dampness trapping the spleen
syndrome, stagnation of spleen and stomach syndrome, liver depression and spleen deficiency syndrome, spleen-qi
deficiency syndrome and spleen-kidney yang deficiency syndrome, and found that the current approaches are unclear
because of the random selection of modeling factors, subjective model evaluation criteria and other issues. This review
provides suggestions for model improvement to establish industry-recognized, simple, efficient, scientific and stable
diarrhea TCM syndrome models.
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Overview of animal behavioral tests of depression

JIANG Ning, ZHANG Yiwen, YAO Caihong, HUANG Hong, LIU Xinmin "

(Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing 100193, China)

Corresponding author: LIU Xinmin. E-mail ; liuxinmin@ hotmail.com

[ Abstract] Depression is a common mental disease with a high prevalence, disability rate and recurrence rate. The
pathobiology of depression is multifactorial and not yet completely understood. Animal models and behavioral tests of
depression have become essential for developing antidepressant drugs. The core symptoms of depression in depressive rodent
models, including anhedonia and despair behaviors, are evaluated by different types of behavioral tests, such as the sucrose
preference test, novelty-suppressed feeding test, tail suspension test, forced swim test and others. In this review, the
principles and method of behavioral tests for depression that are currently used for antidepressant discovery are discussed
and assessed. Moreover, the commonly used animal models of depression are summarized. This review provides valuable
information for selecting the appropriate modeling method and behavioral tests according to the purpose of the study. This
review aims to serve as a reference for researchers to select common behavioral tests and animal depression models, which
may be of great significance for the in-depth study of depression.
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REARAEAT AR T RSB P IR A T Ry —Ff
L BAR A S B8 5 ) m] iz N T AR & HL
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AR S0 T L S AR R ) S 37 3 S5 A (] sk
SR

(1) BT ST 1 2 a0 SCI0 4 K ) A UK
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FENIEAZ 30 ~ 60 A T FIHMTERR R T, Bz
A7 JE A R AL 438 T A7 5 A ] ksl ) A0 2 JES FL o 40
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JER AR EL0.65 ~ 1.80 mA, #:7F 0.8 mA; /M
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(P<0.05),
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BERIH R T 15 s B0 S50 IR A e B 35k
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FE— Ry BR L TG 1 396 WOt 1 25 TR 3k, bl 1 145 25 3
P KX K B DR, B AN K th 2 B a4 FL e 3
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A HIFL— Bemst R] f5 & Bk M G EE & R I AN )
RS WA R —Fh 4 17 RS, BRI
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1.4 F¥E/KUEZE LIS (sucrose preference test)
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1.4.2 IR
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(1) B AL (total distance ) : S TE SZ 50 SR
[E P = A= A B A AR (2) B (speed) : 319
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move time ) : 2 ) 7E 55 45 1 s I 8] P 1 7 A ) BEAE
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10 min g W0 B[], 25 73 %68 BRAH /DN Bl 37 U ER 60 ~
130 UK ARAT R FIWTAR I . 5 X6 HEZH AH LE 5 25 D 1K
(P<0.05),

1.6 FTEEYIRELL (novel objective test)

BAT R R L0 — R I DA SR AE
() BRLREAR . SRR AT Ry 22 vk, L FEE A
SR A Y IR RAT R, BB T A e R
TR AT R, I P LD AR A A5E BE: 15 £F
TEPGERRARAEAR ) J5 1, — MO0 AR S AR 1 3y
WITE B AT S 200 P AR R AT A P 1998 4F
Harris 5 38 1o %08 1 AS ] T30 478 1o 384005 780 A B
TIFSE 55— UK 30 ) X587 25 W0 R B IR R AT AR R F
WrAARAE Zh B RIS ER R SE  PE H8 A5
1.6.1 SEEJE

BAT SRR SL R 43 Ry 3 N 9 R 5k A4~
BB R R R

(L)FENH . S A A A iE shilliRAs , 38 0 5
min Ji7 , B 0TS ;

(2) M . 76 W] — PR 88 251 F 5] A— B ik
(DR ot ) PR A5 DU 2 4y T B Tl A K
PR S

(3) KM IRF[E] R 10 min,

1.6.2 i fsts

TSR (latency period ) « S 565 1R 2 3 W1 8 X
FBIRE () YR R Ta]  Gn R A s ] P
B HE R P A D00V AR I 10 SR A e 0 s ]
TEH KEIBRIIZAE 130 s LA, IERET M I Wi b
e SRR A LA PRI (P < 0.05) , (1.
SRR R R bR AE . S W) 1 B AE R A ik <
2 cm JEEN, B MUHT AT RSO AR )

2 AR EE R A

AR Bh 4y A5 Y mT LA DL N 26 AR AE A I PR
NRONIS RSN NGI R €S GUESE 7/ BUIR S S S0 i i
FRAE 95 L T B8 AT 5 K B AT 245 W F 4 i PR
RPN H0 A EE B A (B SRR AE 19 % AL
52 2%, H A 32 2 o a2 2 5 R e )
AW T S A P AR B A S R —
H 24 19 N AW ARAE (14 3l 1y 45 B 0 RS ml i T A2
A R ZUR IR A M PR B 2 A A 2 Ak
(ML) , AL P (A 2005 ) R WL 1Y
YT (T ) 1,
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21 B MR E AR B M A (chronic
unpredictable mild stress, CUMS)

Katz 255V FE 20 20 80 4F AR HL I I 4 18 4 17
PRI AT, HE 22 =SB 25 T 5 W) — 2R 51) i o B )
PR e o | vkoOK i UK 55, 3 2 B AR IR 2
Willner %52 78 LAl b | FFAR T 07 00 354 1) 56 3
FEA P RS TR] | - PR ke 2 M A Sy iz s AL 1Y =
BV 5, B BT 18 AN R0 P L R 3 A
RY N R A A ) R G AR | ROk R M
FEINU e INE N i = o e e Y T S N |
+, BRI A 22 HE Sy Z2 A8 YRR AT J AT S
PEARAS IR ] 35 BT Y S B, i B R AT A AR E 1Y
R RZ (KM 18P A8 B 19 TR 3% 9 RRTE,
B R A1 2 UL A% B | R4 2 A5 R ) &8 B 2 [
NP4 S /NS INOF 1 IKET eI 7/ i I o B B R A 11T S
i PR 22 A ) S AL SR B AR 25 W) 0 % B i FH I
TVHRAE S 02
2.2 BEBRT#E (sleep interruption,SI)

e A 0 0 455 0 3L A 2 P R B R 5 Y
MRTHE . Absy 25 A0 455 o PR | 2 480K 25 B, AT 2R
B R SN s 1 i, 4 A FIR T P 7 R /N
BUKIREE IR KR8 B G N TR Ao 45
D7k, HAG N A 22 0 B AR T P02 A 5 7k IR 1
2 AR G ST R —Fh T 52 (458
FUSARARE Y | ELA I G [ A AR IS AE B R[] 5 2R 1)
0 00 XTI A AICAE K 2B ML AN BT AT 245
WhAAHEEERZ XL,

2.3 12154 (chronic restraint stress, CRS)

P PR R — A A M, R — R
PR RSB A 385 455 7 15 2 K Wk 14 28 3l ) o &2 b
BT RN, BREI AT 3 A — B 5, s
SR PRGBGSR AR AR AR
AR T3 S AR A SR AR 349 AT DA 470 A0 245 i e
LT CRS JB S AT b gk s o B S
TSRS REAT 30 kb | Ak A ) S R R N RS
H5 A B U5 s 1) 30 o R A AR R A A BL
& HHTR 12 09— T AR E s W AL X T4
IS HE P B BRAFF 9T A B BB L
2.4 SR ( social defeat stress)

FE S I I S Y S — bk s 0 BB U Y
TABREARL 2 AN 8] (4 D 56 2 Ry FE Al ) 4t 23
W=, B A R Fh 2 R [R) S AS [R] 3R A AR ] 7Y
FEIGAT Ny T BAWARAEE B HoABAT Iy 2l 78 | 68 BT 4 b A

AN 230 Bl (94 52 TR M, PRl 2 45 2 A28
TUHBAE A A% REAR e sh ) IR 22 IR 1 3 7R
T — S A R W 1 R R 3l ) 2 AT
b ©R 07 L7/ AR 7S R T X (A 2 R N o
SR RS AR B A % s AL SN S ) R T
A M, S TN T i 0 — R AR AE B )
e

2.5 [R¥KHEHPER (olfactory bulbectomy )

1978 4E, Cairncross %510 #2117 K B BR 1) 5
ECMAERR S P RL, S — A A Y R ER DT R
BRI R AT Sy 27 2 B0 R0 3L 2E B ok 2 5 T i
BEYE BUAR 25 W A B R h UK B — R
SAGVER A BE R FEDCIMAREHT, 5 I AR R0 72
—E WS B LRI BR S AT R R A
U WRERAH BR AR O BB BS TR AT A 2 AR B
ZoAb R R GE I R A N SRR R AR, IR 2
PUMARZG P X Z BB 1 A7 o R B R A 2] 1EAE
FHLSOT RIS S R ERE —Fh 2 L AT 30 4
BAY
2.6 Z5¥i% S (drug introduce)

iy AR R B R 25 Wi S s A, 1963
4F, Askew! " & BT UK & BE = BRR BT IMAR 245 ( Ik
) BEAS 5 B0 A 1L 51 A A AF DCREIR , TE 52 1R L
SPGB S B — R AL A AR R AL, R i -5 4T
AR 4 it 2 R 3 3 9 ik 2 21 e 1) B IS b 22 sk
Br( i s-EEh, 2 U, ZHE ERER) RmH T
WMWERG, SHYEIEES AT S, SRRt iz
ZHARE RIS ™ 2 MR T RS AEAR T A i P A
YRR AT RE, )z I A] DLIX AR A | 1A
I ) 18 T 490 IS 24 R RS 80 bR A ) e ) e 41
2™,

A A7 A% v ) B P e U S |5 - R
A% R ( 5-hydroxytryptophan, 5-HTP ) 5 5 Ji 3k 5
K55 o
2.7 EE I T2 31 ¥ ( genetically engineered
animals)

BLPA TR Bl W B 22 1 %ok 5 0 AR o A2 A OC 1Y
BELAI A IR e N B B | 5075 5 BT IR 10 AY 3 )
R, HETEEA WKY (Wistar Kyoto) Kl 5-F (1
iz 1A 324K (5-HT1A Receptor, 5-HT1A ) I B & P
FSL ( Flinder Resistant Line ) K .5 - 7 4 1% ( 5-
hydroxytryptamine , 5-HT ) & % fith 2 28 4 FH ( Fawn
Hooded ) K f. 2 I B #0122 D) BEAR T K B ( Swim
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Low-active Model ,Swlo)

WKY U IR AR S st A R A, 93
UK I T, S AV TE B AT O 38, % 07 UK Ui
VKIS, B i K 35 T, W 35 S50 s
PR E TP R B OIRES . [FIE, WKY KX 5
— 3% 0 i L 5 BBCAT ) 70 B AT B 2k, PRk n] T T
AR BRI ™

FSL 2R B E B RE A2 A s 7 UK, 5-HT1A 32
PREBUBEPERRART L R TRt R B I v R 4
L IPTRIRE G R0 R G0 S i, AEURH /K Dt 22 52 30 R
TIPSR K . FSL R RGBT AR 25 ¥ Uk, AT H]
THNARES Yy i

FH UGN 5-HT BESE il 58748 , 35 - F A R
ST B Al B 5T R K P WO T HUIm AR 25 iy
i ™

Swlo KB 22 LA A 22 D RE (55 , 9 30 37 DK 1 ]
KW sl 1@ AR ST AR A YT AT AR N
HAERIA PV 0 SR ]

2.8 HE

T8 1 25 47 o S8 05 kv, AR e Bl
SRAEFUK Ak R A Uy A A Bl ] A TR Sh ), B
TR Sh Y BRI HEA T ISR

3 NEERE

RN N R IR [N R 3K 859% , it fie (il
SR, )2z J T IRAE e A= L B 25 By
PR, LA R AT LA HER N e T B LA
S G HEA T 5 0 DXL 0 BRI AT SRR
AL SR , i PRAE AR 22 K | AR N & AR AE A9 1%
R POBRERIE O BT AR | 4 BERTTC A (O
i, B2 Z B IR L 1 22 F TR0 3l ) 64 ST
FEAT R B RN AT S S8 07 i, R AL AR K
i 2 S (PP PRI RIS ) B 77 PR 5T 5% 2 1 B
TR (4B Z) (W5 (153 wib) |58
Wrvk BN JCB SR (L BAT ) A WY
TVARAE Sy 5 7 A0 5 1O PR T | 2 i Y A%
PRI B AR R A ] 35 5 LY 1) 4 O 2
RGN 75 vk KA 1 ) Sl AR Y b FIARAE 19 & A A
JEHLHIBTTE , LA KT 25 | DA 2 dh DDAt B+
PEEIEM ., SEAR MR ER, — Bk,
WFFTANARAT Rk AE i 0 28 /SR BB IR AR A O 52
RTTER Y 2 B, BRI T R A 1R, A
A MRS I s v 7 8 S BT i A AR B A 1 IR

PEFR I GE T2 b 0 25 S i SR S Y A A
I, 7 e A a2 A 1] 20 it AR UL ) 3
B, H 2D P AME A R  GE AR DR g

FURTRAIAR AT o B9 PR 7 1 B 2R R T 3

Yy B —A7 i Sl HE A, S A4 Bsh 1 A4

T SEAR o 3, AN ) OB TROK B SRR AR, kD

X IR AT J 2 AL RV 1) 22 4E RS 20 U Y 4

PRARZR, ITAER, BEA TR ALRY L, TR R

B AL T T AR FIME B AF 2 B0 2% 27 B iyl st

R JE RS Tl 50 A 18] Bl 047 by S 6 404 A4 52 L8

BRLE S AT SR T BRI S Y i) = s ) i

LRV N R S AR = TS /e P 5

ARFE 0 o AT O 2 VA O7 85 AR Bl ) A —

AL s )47 g AE A R B 2200 AL, — BN Ah

HfE BT AR TR RE, W B —LEhE

[Fi) 4 K 22 A7 A £ 5 PR 50 2 AN B ) 1, B — A

AAT A T B A ) BREAR BRI T 22 BAT N WF 5T 07

VERAE AT AR RS 22 H sh W7 e i MR AT

PR IR T R RRAE . W] USRI R 22 2R Y

FORRG T 347y SE s b 58 b, 7 IS A8 E

P B3 N AR AE I PR B A sh A B Ay el o

FHE RGURAT R~ P 5 1 MERR i3 | AT e

BRI W) AT g 2 R BN, I 5 e PR AE AR A DT

TC, S v sh ) AL L A0 SR 0L TN | S5 M KB 2 s )

13 S8 07 5 ) R SR T 1)
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[ Abstract] Tumor metastasis is a complicated process. The concept of the pre-metastatic niche (PMN) reveals the
essential factors of tumor metastasis. Experimental animal models have made significant contributions to simulating the
process of human diseases, developing new drugs and therapies and clinical trials. In particular, they have been widely
used in the study of tumor behavior. The pulmonary metastasis tumor models have the advantages of high reproducibility,
high success rates and promising experimental result . Based on the concept of PMN, this article summarizes the method
and evaluation indicators of pulmonary metastasis animal models.
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MMP-2 MMP-9 7 5 i 240 § 5% 7% o 72 b i BE TS Ak,
FERSRTBOMUE Bk EMT, HibRic ¥ p-iE 3 &
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9 (R IRIK T REAIL, $278 RGDV -7 P Alh V5 % 4% B i
WA MHAEN ., Z/D BB RE AR R AR
2R B M S PR Fu S0 R K i
B16F10-Fluc 2 (0 3 94 40 Ml 5 1R 5P 3% AL £ Pmel - 1
CD8+Teff 4% C57BL/6 /N, S BREH /N BRI
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SRESL (R RI Fe VAN S e S ) R R o €20 R L SI
IEMI T AHNAK 25 TGF-B 1519 EMT, A B T if
TAANMIA T BE . O T I 98 i e % iy Aol B B 5 L
WS R RO INER 1 R,

4 FHEEBRIREIAME B RN TTIE

TR R 2 B0 T T R AT Y 4R, BN 4 Bl
HHARMNW S, 250075 T Sk 545 O 2
R FeP iy o LUK R AN Brk e IV NV A
] BE M e - N A R AL A A R O i 3
7k o WA, Sl W e A5 D e s AL A | ak JE Ry
W BN R B RS TR RE bR DA R B R S

2% ( peptide-major

PR G 30 ) 55 5 2R 2 B A DL, BE 75 3 41 %
TRIT ARG FRBE T 0 e B PR (I I ik L AR
AT HOR B ARG d b HE % 8 3% (hematoxylin
and eosin stain) & VLA IEAN T B, BF A i T %K
100% % | P& G (luciferase ) F1 &5 {6, %5¢ 5% 85 H
(green fluorescent protein, GFP) BLE 9% 1= F T 4Hl
M A=W R 2 A 2 R E ST, AT AR Sy — i 40 i
FRICYI R WETE N G SR AL TG 0 ik PR 2 8 A 4 i B
BRI TN A R R S — R UK
T AR AR 8 S 06 Bl W Y 5 i o e A B
AR T X ¥R 7 ROR SEAT A 1] PR AL A I 3 1 O
F AR R AT Y E AR bR, © AR VE 22 o A
BO A BB E PG S A R i AL e B
774, BEAS B BT 00 1l 73 A fi 376 ik DXL 20 AT 52 i) firh
AR A, AT LSS IF 5T N B R A ST 1Y)
Bl RS AR A AT F L SR GFP e Ge g [ Y
IR 1 TT BE 2 BN LR S5 R A — E iR 2
PR A S S e i o A 40 2% B GFP X 40 i 1) 23 1
YEHL,

IEH & 8 W )2 B 12 ( positton  emission
tomography , PET) s JLAFE & e 12 W FOR | B
R TIPA bR e A % e e 7% 3 R vh i A 3
7, HFE SR O PERR IO Y T L A S R AR
YA A PR P T SEATAE R AT AT LAOxk e g A5 24 70
JhIRE SR PEHEA T TR R RUR o J3Ah, X B L A AR
I bR 3 PR B R Sk A= W0 A 1 9 P 0 i s W]
VENBERI A S PP H6 A, 188 3 M S e Ak R
FLENI A3 A7\ SERS A2 B PCR S 2 R0 51k

5 BEMEE

TR H RGNS B I T 2B, AR
e FEOLT R RN Z — I 5 3% A i 2R
57 iy 4R OO0 BE S — A R, W] PMNs (19 9E
B, Ko JHp R 1 52 e RV B 22 A — € I BB AR
SRR R e B S 0T D P e R AN W 1, 4% A
HYUR R BRSO 2 R LIRS AR pH SR
FE NS S BB, R TS 5 1 R i A e T A7 A
THNJ R O A bR AR M A RE R
L R ARG Bl S 2 ALY, DT K S A e 7
fho DR RE A X 5% A A SO 58 R AT T+ TIOR8 2 4t
SR A AT S BRI 28 245 W) B 7k B EL TN A
TR BTSSR A
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Table 1 Selection of animals and modeling method of the pre-metastasis niche of lung model

. N IES IRaRs [ \ .
N s )itk iy ORI Sarone
Mice Types of cancer Method Cell concentration . Evaluation method
rate time
RPM14788 .
M7 R .
Sl Tail-vein 2x10°/100 pul 100% 21d HE Sk
RPM14788 human L ’ HE staining
. njection
colon carcinoma
- HE Je oyl Sapediib/
MGC80-3 A i T ”‘@iﬂi%m%g s
MGC80-3 human gastric Intraperitoneal 2x10°/200 plL 50% 45d | R .
. L HE staining, immunohistochemistry
adenocarcinoma injection
methods
HER N HE Yufay JELH AV 4
B MKNGS 5 A T L,
MKN45 gastric Orthotopic 5%10°/100 plL / 21d N )( o .
) transplantati HE staining, immunohistochemistry
caneer ransplamation methods, Quantitative Real-time PCR
. HE Yufay SPERA T
Wk P T
Clinical specimens of / 1x107/200 plL / 28d LT " .
astric cancer HE staining, immunohistochemistry
gas methods, Quantitative Real-time PCR
DRANEGRER
/ / / 0% 30d HE S Gk
HE staining
. BN HE #e(@ik SN»EtE L PCR
MCC 2 JHkis A : .
ki Jasins Subcutaneous 1x10°/200 pL / / HE staining, immunohistochemistry
i neoprasms injection methods, Quantitative Real-time PCR
SCID /M
SCID mice
AS49 NI .
v S LT Zl
A549 human lung SR 2X10°/mL 100% 50d PET-CT %458
. Situ injectable Integrated PET-CT system
adenocarcinoma
CTC-TJH-01 -
1/ NN FERIKIER ! R
Tail-vein 110"/ mL 100% 50d . . S
CTC-TJH-0I non-small L Bioluminescent imaging
njection
cell lung cancer
A9 ] - - N
NOD-SCID /MR Aﬂgﬁﬂiﬂ’f BT 10/l 100% 103 HERIR R
NOD-SCID mice e Rectal injection L 10 weeks Bioluminescent imaging
adenocarcinoma
HT-29 25l s N
Al / 3~ 6 HEPIRRIG HE R
HT-29 colorectal 4x10*/10 pL 56% . . Lo -
. 3 ~ 6 weeks Bioluminescent imaging, HE staining
carcinoma
TMD231 AL e Tetarh
TMDI human breast A 1X10°/nil, 100% 7d HE S
. Situ injectable HE staining
NSG /MR adenocarcinoma
NSG mice Pancl AJPEN g ST E B PCR
Human pancreatic Subcutaneous 2x10°/mL / / Tmmunohistochemistry
carcinoma injection methods, Quantitative PCR
NOG /I }I;DLA Mﬁw:”? Eﬁf’j{ﬁ% 10/, , 8 Jil JEfE PCR
NOG mice Hmarn pancreatic ar-vem 8 weeks Quantitative PCR

carcinoma

injection
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23
N ; ; RIS i N ;
i A ik gty DOURRERE WIS
Mice Types of cancer Method Cell concentration a . Evaluation method
rate time
B
(iR s
K7M2 ‘B R . HE B2k
K7M2 osteosarcoma ]ntra—.bfme. Ix10°/ L 100% 7d HE staining
marrow injection
4T1 FLUAH FETMIKTESS 2 5x10°/ul, / 3~6J4 AR
4T1 breast cancer Tail-vein injection ) P 3 ~ 6 weeks Bioluminescent imaging
BABL/c /il R G100 ul  ST0% y, AW A% HE Jeik
BABL/ ¢ mice / Subcutaneous B Bioluminescent imaging, HE staining
injection HE Yo
) 1x10°/100 pL / 7d R
SRR HE staining
/ Situ injectable HE Yufay
1x10°/100 plL / 21d *e‘f
HE staining
SN Yufa
/ / IX10°/100 pL.~ >70% / | HEBOUUR HE Relh
Bioluminescent imaging, HE staining
Lewis /iifih FERRAS N
Lewis lung cancer Tail-vein 1x10%/ L 100% 30d . Ct%jijlﬁﬁm% .
S Bioluminescent imaging
mjection
BI6F10 S (0 3% .
B16F10 melanoma B fitizE
Subcutaneous 2x107/200 pl 100% /
. Pulmonary nodules
injection
/ JERIERS RIS
C57BL/6 /N Tail-vein 2.5%10°/100 L 100% 24d A S
. - Bioluminescent imaging
C57BL/6 mice injection
GeREH AT AT
/ / 100% 14d Immunohistochemistry methods,
pulmonary nodules
2 )4 WSS T
6
/ / 31077100 L. 100% 2 weeks Pulmonary nodules
HE 245
.
/ / 1x10°/200 L / 20d HE staining

INCEE 2O NASINSRSIL Yk BN 2R YIS

B G RN 2 ) S (B A I R A R, (B
%Béa\ﬂtljﬁn?*%ﬂ%ﬁK FEAR b 000\ 211 PR 56, 47
FEA DRSS RY 8 N7 AN 38 53 TR B2 A AN T 45 [ R
AEAE , NS M 25 R AT A7 | 3l 02 A4 SE 3 sl
RARBEAENGR IR TP A5 BRI, R IL, JCie Sk A FAi
RO VAR BT i, SRR B0 7 v 0 Jmy FR PR & 22 ¢
LM,
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