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[ Abstract] Objective Cervical disc herniation (CDH) is one of the common orthopaedic diseases. With the in-
depth study of it and the development of cervical implants, the establishment of cervical fusion animal models has become
an indispensable part. Notably however, studies of the establishment and evaluation of cervical fusion animal models in
China are currently lacking. This study aimed to provide a suitable animal model and evaluation scheme for implants for
cervical spine-related research. Methods Small-tailed Han sheep were chosen for anterior cervical discectomy fusion
(ACDF) after modified surgery, and a polyetheretherketone ( PEEK) interbody fusion cage ( Cage) (control group), 3D-
printed Ti6A14V Cage (group 1), and new method Ti6Al4V Cage ( group 2) were implanted in different cervical segments
(C2/3 ~ C4/5) in each sheep, respectively. Hematology and histopathological analyses were carried out after surgery to
evaluate recovery of sheep and the biosafety of the materials. Bone in-growth and bone fusion were assessed by X-ray,
computed tomography (CT) , Micro-CT and quantitative analysis, hard tissue section staining, and biomechanical tests.
Results The modified ACDF ovine model was established successfully. There were no significant differences in important
hematology indexes (P > 0.05) and histopathological analysis showed no pathological changes, such as inflammatory cell
infiltration. The implants had good biosafety. Furthermore, X-ray and CT examinations showed that the position of internal
fixation and the interbody fusion were good. Micro-CT and quantitative analysis at 3 and 6 months after operation showed
that compared with PEEK Cage group, the bone volume/total volume and trabecular number were significantly increased ( P
< 0.01) while the trabecular spacing was significantly decreased in the new method Ti6Al4V and 3D-printed Ti6A14V
groups compared with the PEEK Cage group (P < 0.01). Moreover, the new method new method Ti6Al4V Cage group had
more bone growth (P < 0.01). Hard tissue section staining demonstrated that the pores of the new method Ti6Al4V Cage
and 3D-printed Ti6Al4V Cage had obvious bone growth and relatively dense pores in the new method Ti6Al4V and 3D-
printed Ti6Al14V groups, and the combination was slightly better than that of PEEK Cage. Biomechanical evaluation
indicated that the new method Ti6Al4V Cage and 3D-printed Ti6Al4V Cage reduced the range of cervical flexion-extension,
lateral bending, and axial rotation (P < 0.05) compared with the PEEK cage, as well as enhancing the stability of the
cervical vertebra, and the new method Ti6Al4V Cage was more advantageous (P < 0.05). Conclusions After the
establishment of the modified ACDF ovine model, reasonable and effective assessment method were used to demonstrate
the suitability and effectiveness of the model and the good biosecurity of all three Cage materials. Compared with the
PEEK Cage, the new method Ti6Al4V Cage and 3D-printed Ti6Al4V Cages showed better performances in terms of bone
growth and bone fusion, which could enhance the stability of the cervical vertebrae. The new method Ti6Al4V Cage was
particularly advantageous.

[ Keywords] anterior cervical discectomy and fusion; cervical disc herniation; ovine model; interbody fusion cage
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Table 1 Groups of cervical interbody fusion cage implantation
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Note. A. Lateral cervical vertebrae X-ray of preoperative localization. B. Exposing the approach between the cervical vascular sheath and the

visceral sheath. C. Entering through the space of the longus colli muscle. D ~ F. Removing the crest of vertebra centrum and make a primary

process of the intervertebral space. G. Spreading the intervertebral space and make a thorough process. H. Implanting the interbody fusion cage. 1.

Internal fixation of anterior cervical plate and screws system.

Figure 1 Key points of intraoperative anatomical operation in modified ACDF and preoperative localization by X-ray
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Note. A. Anterior and lateral cervical vertebrae X-ray at immediately and 2 months after surgery. B. Axial CT scan of different material groups at

2 months after surgery. C. 3D reconstruction of CT at 2 months after surgery.

Figure 2 Postoperative X-ray and CT examinations
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L ARFPATA Z BT b 556 2 SPATAME L, © P < 0.05,

3 RJE UASH A I

Note. Comparison between different parallel groups. Compared with parallel group 2, * P < 0. 05.

Figure 3 Hematological examinations at one month after surgery
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. ANFIM RS [FEE 2h V10 Z (8 % s 5 PEEK Cage ZIAHEL, * P < 0.05, ™ P < 0.001, ™ P < 0.0001 ;55 3D ¥TENEL & 4> Cage 41
HILL,"P < 0.05, (FEIM)

4 EWIIEIAL
Note. Comparison of a range of motions of different material groups segments in the flexion-extension, lateral bending and axial rotation motion
planes. Compared with PEEK Cage group, * P < 0.05, *** P < 0.001, “** P < 0.0001. Compared with 3D-printed Ti6Al4V Cage group, *P
< 0.05. (The same in the following figures)

Figure 4 Biomechanical evaluation

TE AR OL SEEAR L S ARGL Micro-CT SR, He kI 5 P 30 B TR A= 1 JTH U (R 1 5 B 2 Miero-CT = ZE T, HL el (AT R4 23 1)
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Bl 5 Micro-CT ¥4
Note. A. Axial, coronal and sagittal positions Micro-CT images. New bones inside and on the surface of the material were indicated by yellow. B.
3D reconstruction Micro-CT images. Cages were indicated by white, and new bones inside and on the surface of cages were indicated by blue.

Figure 5 Micro-CT examination



P E SIS 2R AR 2024 4E 2 A 32 55 2 ] Acta Lab Anim Sci Sin, February 2024, Vol. 32, No. 2 147

AR Micro-CT 474G 3 A H & 6 A H AR R 38 L 00 1 AMISEAE R E 73T ; 5 PEEK Cage 41AHIH, ™ P < 0.01;5 3D

FTENERE 4 Cage ZHAHIL, P < 0.01," P < 0.001,

B 6 Micro-CT EEDHT
Note. Quantitative analysis results of bone growth-related indexes at 3 months and 6 months after surgery about Micro-CT. Compared with PEEK

Cage group, P < 0.01. Compared with 3D-printed Ti6Al4V Cage group, *P < 0.01, #p < 0.001.

Figure 6 (Quantitative analysis about Micro-CT
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L ARSE 6 A H B ALY BRI 0 B8 -RRME 2L K Goldner = 44,
7 HELU R QAT
Note. Toluidine blue staining, methylene blue-acid fuchsin staining and Goldner’ s trichrome staining of bone sections at 6 months after surgery.

Figure 7 Bone sections staining evaluation

TE ARG 6 DA ERAE 44U HE R,
B8 TEMEAL AT
Note. HE staining of the tissue of major organs at 6 months after surgery.

Figure 8 Histological analysis of major organs
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[ Abstract)
(DSS) to create a colitis-associated colon cancer (CAC) model, and to explore the pathogenesis of the intestinal flora in
CAC. Methods

free drinking of DSS, and a normal control group was injected intraperitoneally with normal saline combined with purified

Objective To optimize the method of combining azomethane oxide (AOM) and dextran sodium sulfate

Model groups A and B were established by one and two injections of AOM, respectively, combined with

water (n = 10 mice per group). The better modeling scheme was selected by comprehensive evaluation of the disease
activity index score, colon length, tumor rate, and mortality. Serum levels of interleukin-6 (IL-6) , tumor necrosis factor-
a (TNF-a), and tumor markers CA199, CEA, and CA724 were detected by enzyme-linked immunosorbent assay. Colon
lesions were evaluated by hematoxylin and eosin ( HE) staining. Changes in the intestinal microbiota in CAC mice were
detected by 16S rDNA high-throughput gene sequencing analysis of mouse feces. Results Both single and enhanced AOM
injections combined with DSS induced CAC mice; however, colon growths were larger, more closely arranged, and their
morphological size was more consistent in group B compared with group A, with a tumor-formation rate of 100%. IL-6
levels were increased in the model group compared with the normal group (P < 0.05). TNF-a levels were increased in the
model group compared with the normal group (P > 0.05). The CA199 and CEA levels were also significantly increased ( P
< 0.05), but CA724 levels were not. Infiliration of inflammatory cells in the colon detected by HE pathology was
accompanied by high-grade intraepithelial tumor-like changes on the surface of the lumen. The diversity and abundance of
intestinal bacteria were decreased in CAC mice compared with normal mice: phyla Verrucomicrobiota and Actinobacteriota
were significantly increased (P < 0.05), Bacteroidota and Campilobacterota were significantly decreased (P < 0.05).
Akkermansia , Prevotellaceae, Ruminococcus, and Bifidobacterium were significantly increased (P < 0.05) , and Roseburia,
Rikenellaceae_RC9_gut_group, Anaeroplasma, and Muribaculaceae were significantly decreased (P < 0.05). Conclusions
Two injections of AOM combined with 1.5% (1.5 g/100 mL) DSS induced CAC model mice with a high colon-
tumorigenesis rate, uniform tumor morphology, and low mortality, and may thus be the preferred modeling scheme for
pharmacodynamic experiments. Disorders or dysfunction of the intestinal flora may lead to increased permeability, loss of
intestinal mucosal barrier function, and the release of enterogenic endotoxins, Resultsing in a sustained inflammatory
response, as an indirect or direct cause of CAC pathogenesis.

[ Keywords] colorectal cancer; animal model; intestinal mucosal barrier; inflammation; intestinal flora
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HATE R AOM 51 7 d G4 T 1.5% (1.5 ¢/100
mL) DSS ¥ 1 J8, ZJ54% DSS Bt Ry alivg /K IR H 2
JELUER 1 AMER NI L 3 MEER, IE AL/
FRUFIAFE AOM M8 Jis i S AR 3R K, A HRoOK
1.2.2  RUEFTFIE AR 9 00

3AMEIARLE R G, SR IE W 4L B BEAIAL /)N )
1ML, 3000 r/min, 4 °C &5.L> 15 min, B 3%, ELISA
AT /N BRI 8 H  5 1 R TL-6  TNF-a LA i
FAPREY CA199 .CEA (CA724 [k
1.2.3  SEn2H 800 P 2A 4G 5

3AMEALE R A FE T A /N, DIBR LS AT
WSS AL, EAT 4SS B o i v 5, I0%
IEHYLR B B/ NS IRIE T 4% 2 R W h

2, Fe e AL AT e VTR RN 4 wm,
HJG 4T HE Yo 75 400 135 2 f 55 T #E4T Wi 22,
IR X B RAER BN O AR e R R i
P AR SRR T 45 M AL 2 e AR R FE TEA T AN
1.2.4  ZEfEAE SR

SERL 3 MEA G, 7N B SE FT ISR IE H 41 B
BEAIZH /INER A B R 20 B 3 ~ 5 okz, S B A BV K
PR BSOS T IR AR IR N IR A7, DAGE 17 i
WHESTHT
1.2.5 o 3 o 0 G 0 i 38 R A 2 R 25 4 5
5t

XFFRA A, P HUEfE DNA JF#EfT PCR ¥
W P ey HFRIXIEh 16S tDNA 4 V3 ~ V4 Af 75
X, WA Z N 20 wL, PCR PB4 4:95 C
f###% 3 min,95 °C 30 5,55 °C 305,72 °C 45 5,25
PEFR,72 CHEMH 10 min, 514751 338F:5° -ACTC
CTACGGGAGGCAGCAG-3" ,806R:5’-GGACTAC
HVGGGTWTCTAAT-3" . ¥ fEEE 3 ik, i
H NluminaMiSeq M7~ #4773 3 0 5 , I HH
UPARSE7. 1 iR A i 432558 (OUT) |, 4
IR 97% , ARSZIAF T Silva(SSU11516S) bk
& RNA B4l e F 47 73 25 2 te o, ok I JR0E 2
RDP Classifier, &5 B{HI E N 70%
1.3 SitESH

AT SPSS 20. 0 8k #EA 7 83 20 it
WRBHRAT A IEA S A o7 2255, MR R R 2= 5
ZEMT AT BTG 56 5 A SR AU AN A 1IE 2540 A 1
TZEARFE, MR B A 8 i i s, P <
0.05 A EAG =X,

2 &R

2.1 EHFBERSH
2,11 RSB S e BT Al

A FERIZH TN B RIS 1 E ST AOM J5 , K
3 d NEER B T R, TS 2 B LT A BB AOM
TSR TR —Em, A BRI B AR
HAESE —EHR H AR 1.5% DSS J&, 4o )m 3 A
AR AT D6 e o A8, 3 2 A B (B K I RS P 22
BE MR 0L, A BORIZHAE IR T 28 1 A4S DSS
Jo R A TR, 2 B0 T A, A DB R
M2 s B AU AAR T A 20 R (& 1A) , K
BB/ INER 3 I ot A5 ™ A B AT RE AR, 5 I
IRAR BTG BE R = (B 1B)
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. 5IEWAML, " P <0.05, (FE/ZER)

B 1 CAC/IEUAHE AL b B BT L

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

Figure 1 Changes of body weight and stool in CAC mice

2.1.2  CAC BIRY/NER B R AT il

A RN B AR /N BRUFE 45 T DSS H HiR
FHERI A A F B0 45 1 R I eIk, (L G R VS | WE B |
BRORYR AR R A5 S5 0320 7 L 0 285 R {8 R
i 45755 0838 DSS 5, /NEUTF 4R thB— 2 19 DSS
fif 37 , AEAR RIS — TG0 5 — RS, B A
DSS AR P E B B, /N B iR E, =
TALEE I, A BRI AN B BRI /N RIS TEFE T, iR
TN OB [R) 07 B B AR A5 0 BL J5 & 3, I 4
ANERES P BAF, B R G T A, I N A 2
PEIR TE B A BERIZE RN B A 0 26 /) B 465 i 0k i
&K REAR A AR, B A ¥ FIE R AL, A Bl
B AR B4/ B2 1145 i 1 2 T i i A8 4k, HL
A LB Sk il 22, 7 BE AT KB BUE  “ Se ARk 18 4R
Y, A28 b ZE G 0, A BEAVZE /N ER 25
PR/ | IR KNS — B, BB R 70% 3 B A
H/NREE M N AR, ZH08 SR/ — 3L,
HAHEF 3%, U Rk 5 T 100% (L3 1,18 2)
5 A BRI A HE, B AT 41/ FROBURE R, Hg

— U RIS A R T 25 50 T, R,
ARSI e B AR ZH /N BT CAC AH 5 & 9w L
5T K8 FRINAE |

B2 AOM/DSS /MR iEHAR b
Figure 2 AOM/DSS mouse modeling changes
2.2 CAC/IMNRERZERALANKRESE
/NS EAT HE B (058 T L%E, R BLIE #
H/NR G5 22N B AR HE S R 55 0T SRR
25 AR 20 B S B e G5 A IE S (DLIET 3A) 5B AU

F1 CAC/DNEBIEHRIET R

Table 1 Tumorigenesis and mortality in CAC mice

e AOM ip JHL DSS )78 S R H R/ % FET-4/ %
Groups AOM ip times - Colon length Number of tumors ~ Tumorigenesis rate/% Mortality/ %
2 Ay
IE#4 - - 9.28 £ 0.62 0.00 = 0.00 0.0 0.0
Normal group
T TR 4]
A BB 1 1.5% 6.96 + 0.96 " 3.78 £ 3.42 70.0 0.0
A model group
A2 :
B BRI 2 1.5% 6.89 + 0.65" 6.89 £ 1.83 100. 0 0.0

B model group
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NRRZ B RIS HUZ B850 , 45 B s 45 Y
AL, R 2 T IR Y AR Al Al LIS O3 IR A 2 4 O
AU, S SR M TR A e (0t B, LA I S T s
19 B b B PR IR AR 5 2H 2 PN R A A T 1
B, TSR O L I AR L 22, DR i L A i
PR A R e I R T ( WLIET 3B)

3 /NRES A S P
Figure 3 Mouse colon histopathology

2.3  CAC /MR ILiEpERR ST EF Ry R

JEE bR AR AT L2 B Jie R A7 A R A K 2 g
ZWIHNGIT BRIz —, 45 HmEn R e
Wi T BT 99 % ) CA199 . CEA Il CA724 %545 &
Yy, Kb R YRS B TR A ) IR PR VR
FETE, FEREE B 1 8 J i T, B e ml A 1
Mg kR TS . 5 IE % 4UAH e, B BRI/
SR R AL B B CAT724 4b, CA199 Fil CEA & &

KR TE (P < 0.05) (Bl 4A) X478 CAC /ML
RN RS SRR, RMERFIE LB, B B
I /NS 16 S TIEW4 (P <
0.05) ; TNF-a & TIEWA BG4 X (P
>0.05) (Kl 4B) ., 45G 45 BA U g2 1)K
AP AN M IR T R v A A TR 1
CAC /)N EUMEE TR LA 98 1k e AR AR AR X DA
SRR L RBLT R AR
2.4 CAC/IMREHIW
2.4.1 WHE ST

i3t alpha F1 beta Z2 %13 M, X 1E % 44 F1 B
FEARY L /)N BT AR A T 4 T Y R AE N4, AR 4R
0 (Shannon index ) JE VAR FE 5 FP LA P Z AR 8
b, HAUE R R, FoRBEE Z R 5IER
HAH L, B AR RIZH (R BE 75 Z R I S B IR, Chao AT
Ace TEECE X AN R FPEEECR D TEAT, 25 R Wow, B B
RIGI R PR BF SR T IE W 4 (W3R 2, B 5A) .
PCoA FAAKR 7 BT 1 25 S SR BH | 19 201 o A 465 4 A7 AE
WEMEET(EISB), T B & AR &
LY R A3 (NMDS) |, 38 338 55 5 5 18] 9 B 25 4 g
XIS [RVREAR (] () 22 S B B8, IE 5 4L RN B 4SS 780 2 241 ]
FEARE B (& 5C) , 32 BH 41 1] iy 38 187 B 4 s A B
BEFM,

B4 CAC/DEIMERED AR IEN T 1 RIE

Figure 4 Expression of tumor markers and inflammatory factors in CAC mice
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R2 AR

Table 2 Analysis of microbiota diversity index

21 51 Ace 165X
Groups Ace index
ey
(AL 375.40 + 37.91
Normal group
KT IR 4]
B LAl 346.41 + 51.76
B model group
2.4.2  JpEw YA

e 6 Fis, FE1TKF- B IEH 4R B BOALZH
REHE T8 JE BE B 1] ( Firmicutes ) #1380 FT 5 [
( Bacteroidota ) , 315 90% L o EH R HPEHE ]
(Verrucomicrobiota) \ i £ 1 '] ( Actinobacteriota) | 75
M1 ( Campilobacterota) FIFLABTE T (K 6A) , &
K , Muribaculaceae AT E ( Lactobacillus ) ®
J& ( Clostridia) \UFF 8 J& ( Bacteroides ) % 7 K [K
)& ( Prevotellaceae ) F1 P ve & [ J& ( Akkermansia) A
FENHAHEE (K 6B)

BN o A i A REAS TR RS D norank _f__
Muribaculaceae V2FT & ( Helicobacter) %55 1K 1 )&
( Prevotellaceae) P 53 % Wi J& ( Akkermansia) J& 5 BR
W ( Ruminococcus ) WIS AT 5 J& ( Bifidobacterium ) | iX
6 FliR & F B Z AR R R A Tl 20% , (HG
IR N A6 2 4 A A AE W) Y 22 5, XL e )
T YRR IR ARG ORI A 22 5
2.4.3 a2 S AR

W 7 Bos AET K B SIER A AL, B AR
2] PE B 1] ( Verrucomicrobiota ) | Jil 2% T 1]
(Actinobacteriota ) ¥ %2 (P < 0.05), 4 #T & ']
( Bacteroidota)) .25 Wi 1 '] ( Campilobacterota ) 1] /b
(P<0.05)(K7A) . @K1, B BRI Y Bl 5o
W& ( Akkermansia) . % 5 1K 8 J& ( Prevotellaceae _
NK3B31_group) . Prevotellaceae _UCG-001  J&i & EK P&
J& ( Ruminococcus ) . WU T T J& ( Bifidobacterium ) |
RF39 % #T B J& ( Enterorhabdus ) | Gastranaerophilales .

B 5 AAAEEL Chao 88U & PCoA J3HT I NMDS 43 Hr
Figure 5 Shannon index and Chao index, PCoA analysis and NMDS analysis
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B 6 [1HEAKFae s iaIE K

Figure 6 Histogram of community structure at phylum level and genus level

Adlercreutz ‘EMZ (P < 0.05) ; Muribaculaceae P (Anaeroplasma) % [ J& ( Roseburia ) % ' 35 Ji /b
W J& ( Rikenellaceae _RCY _gut _group ) M FT 1 J& (P<0.05) (K 7B), X85 140 AOM/DSS Bk
( Helicobacter ). Odoribacter, K % Ji & J&  SESIEHRH CAC /IR 78 TR & L 2L,

B7 Pkt

Figure 7 Analysis of species differences
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LEfSe ( LDA effect size) F&—Fi 22 570 ¥ 7 2,
AT LAY A5 S 9 0 S8 K ) e R A 22 53 o A, O
SR AR A AR (Y 22 S 0 b, BRAE AR S . X
75 2 AT L T e b 3L B AR R I T Y 22 S
PE TR B TE AR W bm Z5 W, AT A i T Tt A )
FEVE AODFFE SR AT 1Y JE 8% R DT v . i T&T 8, % LDA
{ELAT 15 19 LEfSe 73T EAT /R, E SCLDA {H > 4 4
TEH SR ZH W 20 ) B A 3 22 S Ak bR ik
TEJE 7K ARSI H AT LR R AR M br 25 32 202 B e
ST J& (Akkermansia) | B Ik & J& ( Prevotellaceae _
NK3B31 _ group ). Prevotellaceae UCG-001 K

Muribaculaceae

8 LDA {Ho7mtRIE

Figure 8 Histogram of LDA value distribution

3 g

AOM HEA DSS = [w] 4 2 1 /)N R 235 1 98 9 e Ak
BERUERTSE CAC BIA R T B, A E 89/ Bt
AOM/DSS ffit 3 P | U E 17 16 22 %1%, C5TBL/6
ANERXT DSS BT A2 J1 4K, 75 & B S0 B Rk, Hat
TEE A, e &R OB PSS B k. b Ab,
C57BL/6 HA m R 138t % 1 5, PRIE T S8 564K
P —=erE" i, R C57BL/6 /N RUIEE CAC
WEFTAE A HI TS & B, 2% (2 g/100 mL) K LA
I DSS ML) /NS A ER B KA T2
ANFREBE I FET, ML 1.5% DSS 4251k
R SCHR & BT R[] ) AOM. A 5 vk 2504 52 i
ANERBRTE L, A AR SE 638 1 A [R) AOM 7 5 ¥k
b CAC &M ik ib AT T4k, 45 R & B, IR
1.5% DSS W H HARFH R &4, Lk dESF AOM

TSN BRI R 70% , 1 AOM ISR ES 1 U5,
SEILT 100% R R, HEA /NRSET:, [FEF HE 3
7R, B AT AL/ BRUAG I P9 A8 M 3% 1T 1S B s 1)
B PR MR R O 5 I T R AR R CA199 CEA
BEEMETRE BE AOM/DSS BE G i Th 8 T CAC
INEUBERL . At YR AOM B 1B 13 55 (10 mg/kg)
A 1.5% DSS H Mk A2 257 XUl fEh CAC
R E T %

45 H 2 N U K R AR R BB AL, AR
JUMIGER . S 56 0E 5L, TG P 1A YA A 2K
B R AR, DU AR 5 i 4 N 8 i s 1) XL B I 34
Tt AR SZES B AERFSY CAC /N U A W BETS
HARAE il X CAC /N RS E SR 17 i 38 T RE 73 AT,
RIAERI 5 IE W A Z A B g2, 4
R TEAC R i | R RE B 1] RBLAE 1 1) & A T
IER A R EE WA, & 90% , Hik
P TT B TRV il T k5 A oY
FAR—FL D CAC BRI R T8 R R 3 R A
ZREVERRAR, JU AT B T TR AR I 2, 7B 0 A 38 Y
TS BERE , BT BT REAS 005 B 18 9% 0 , 4 35 3
R R CAC BT /N B P 2k - HIL 1 f
SR B R L .

SERataE Y B e = B JE R P I T — 11
g, VEL RN PR AR T, /N U 1 3 2 04 B
T AR B 1 MUCT, S 3 BUZ A2 1, 155
IS5 S A T 18, 6 R AR — 2 AR
CAC B I AT , 28 e I (S8 11 PRI R 1) % A 5
Wi S R T YA O, TR IR B A —
ZH (AL S RE B T 10 11-6 11-23 25 52 1F A 3617
It HIEMEAL TL-18 A ek BeAh, 3% IR A
HINiE 5 26 A MUC 1) % fig 52 B — 2 A9 15 A
ST Rk, CAC B S i T8 3 35 T 4G i A s
FEREME A NE MO S5 . IR BRI RE AR T i R
Wi, R I 1 G g A T R R R R A I T, B
AARTRAIERAE T ARBFIE L B CAC REARIZh
J 22 P LA 9k U 4 R v 20 1S 22 SR R AT 7Y
JPEAR L3 RIS CAC R0 /N BRI V8 v 48 7k [
+ IL-6 I TNF-a FHi57, AE R fE SR 40AR N+, 2ok
FEIRI IL-6 1518 3 PREE I A, R I 1 3 3
PTG, 2 1 55 48 R Mk 40 i B i 38 AR E B
BB FERIEIRE R 1L-6 RS 10 40 i T, 42
PR LRz 40 M 34 A K b g 4 A e R
FEUESL, 1L-6 TE 45 Wi B I3 0 s 20 2 v s
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[ Abstract] Objective To compare animal models of chronic heart failure ( CHF) prepared by three different
protocols, to establish a stable, reliable, and reproducible mouse model of CHF. Methods Twenty-five male C57BL/6]
mice were divided randomly into four groups: a blank group, model A group ( MA group), model B group (MB group) ,
and model C group ( MC group). The model groups adopted different preparation protocols for continuous injection of
isoprenaline. The MA group and MB group were dose-decreasing models: MA group: subcutaneous injection of 10 mg/kg
on day 1, 5 mg/kg on day 2, 2.5 mg/(kg-d) on days 3 ~ 30, total 30 days; and MB group: subcutaneous injection of 20
mg/kg on day 1, 10 mg/kg on day 2, 5 mg/(kg-d) on days 3 ~ 14, total 14 days. The MC group used a constant dose of

intraperitoneal injection of 7.5 mg/(kg-d) for 28 days. The day after the final injection, the survival and model-formation
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rates for each group of mice were calculated. Cardiac function was measured by cardiac ultrasound and serum levels of N-

terminal pro B-type natriuretic peptide, interleukin-6, and tumor necrosis factor-o were measured. Results

CHF was

successfully induced in all the model groups after all injections at the end of the fourth week. However, comprehensive test

result showed that the MC model was the most stable. Conclusions An isoprenaline-induced mouse model of CHF using

constant intraperitoneal injection of 7.5 mg/ (kg-d) for 28 days may be the most suitable model for subsequent research on

traditional Chinese medicine.

[ Keywords]
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Figure 1 Color Doppler ultrasound of mouse heart in each group
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Table 1 Changes of related indicators of cardiac function in mice in each group(x + s)

85 7C 4 MA 2H MB 41 MC 4
Index ZC group MA group MB group MC group
n 6 6 6 7
FF kAR 220N/ mm . ot .
VIDdsm 2.24 + 0.46 3.04 + 0.45 3.50 + 0. 13 3.30 + 0.30
Eih N A N R - - "
WA 220 % P £/ mm 0.89 = 0. 13 1.89 = 0.43™ 2.22+0.57" 2.38 + 0.30**
LVIDs/mm
o114 %
Apiy B % 91.76 + 4.97 74.62 + 8.31% 69.81 + 16.59 ** 60.27 + 10.67 "
EF/%
A % ‘
ALY B % 58.83 + 9.46 38.22 + 6.96** 36.63 + 15.51 ™ 27.82 + 6.85*
FS/%
Gk AR A O FE AR/ mL - . .
LVEDV L 0.03 + 0.02 0.08 + 0.03 0.11 + 0.01 0.09 + 0. 03
Wi A e 0 2 Y/ mL
LVESV 0 0.02 + 0.01 0.03 + 0.02 0.04 + 0.01
O /mL ‘
it/ m 0.03 = 0.02 0.06 + 0.02* 0.08 + 0.02* 0.06 + 0.02™
SV/ml

W5 ZCHW, ™ P <0.01;5 MA HH I ,*P < 0.05, (FEIE)

Note. Compared with ZC group, “ P < 0.01. Compared with MA group, P < 0.05. (The same in the following figures)

.5 ZC A, " P < 0.05;5 MC 4AH1, %P < 0.01,

B2 A4/ H % NT-pro BNP IL-6 \ TNF-a AR (x + )
Note. Compared with ZC group, “P < 0.05. Compared with MC group, P < 0.01.

Figure 2 Histogram of NT-pro BNP, IL-6, TNF-a in the serum of mice in each group(x + s)
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Figure 3 HE staining of mouse hearts in each group
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Figure 4 Masson staining of mouse hearts in each group
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NLRP3 ™" /NEUTE 2. 5% DSS 7 d. 3% DSS 7 d 13% DSS 5 d 444 FHAES UC 8L, (2) 454 DAT 4 HE Je
FAHSCHEFRAGIN L Ko/ BUAE ARS8 NLRP3 ™ /NRUE 3% DSS 5 d 4/ TS UC BRI IEY) UC IR KRR, 14 F T
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[Abstract]  Objective To induce an NLRP3™" mouse model of ulcerative colitis ( UC) using different
concentrations of dextran sulfate sodium ( DSS) and different administration times, and to analyze and evaluate the
advantages and disadvantages of the preparations to provide a more suitable animal model for the study of UC pathogenesis

in humans and the development of therapeutic drugs. Methods Forty-eight male NLRP3™~ specific-pathogen-free mice
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were divided randomly into blank, 2.5% 7 d, 3% 7 d, and 3% 5 d groups (n = 12 mice per group). UC mouse models
were induced using combinations of different concentrations and administration times of DSS. Body weight, DAI( disease
activity index ) score, hematoxylin and eosin (HE) staining, colon length, and related indicators (interleukin IL-6, tumor
necrosis factor (TNF)-a, and tight junction protein (ZO-1)) were observed and evaluated. Results (1) UC membrane
type was induced in each group with different concentrations and administration times. (2)Mouse body weight decreased,
the fecal occult blood became more positive, the DAI score increased, and more mice died with increasing DSS
concentration and administration time. (3) Longer administration time and higher concentration of DSS were also associated
with more severe damage to the intestinal mucosa, as shown by HE staining. (4) Immunohistochemistry showed that the
inflammatory factors TNF-a and IL-6 were increased in the model group compared with the blank control group, while
expression of ZO-1 was decreased compared with the blank group. Conclusions (1) Administration of 2. 5% or 3% DSS
for 7 days or 3% DSS for 5 days can induce UC in NLRP3”" mice. (2)The combination of DAI score, HE staining, the
detection of related indicators, and mouse survival rate indicated that NLRP3™~ mice treated with 3% DSS for 5 days
produced the most suitable UC model to study the clinical manifestations and drug treatment of UC.

ulcerative colitis; NLRP3 ™~ mice; dexiran sulfate sodium; animal models; modeling evaluation
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2 6~10 o 2+
Loose stools
3 11 ~15 3+
4 >15 ‘(E:@ﬁ{% 4+
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T AR S0 R RAR € SRR 5 D R A 4 R BUE Y K
8 NFEB AT s KR s B AR R SR AR I, HORG BT AL

Note. Normal feces. Hard, dark brown, and granular. Loose or loose
stools refer to unformed soft stools that do not adhere to the perianal area.
Water like or egg shaped stool refers to loose stool, often adhering to the

anal area.
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Figure 1 Comparison of daily changes in body

weight of NLRP3™" mice in each group
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Table 2 Comparison of DAI scores of NLRP3™" mice

in each group of modeling(x + s,n = 12)

il EIRIPN 7R
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2314
e 0.25 + 0.39 0.25 +0.29
Control group
3% 7 d 4 )
3% 7 d group 3.31 + 0.30 3.89 + 0.22
2.5% 7 d 4 B )
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3% 5 d4 ‘ _'
o4 3.00 + 0.40° 3.00 £ 0.40"
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T 52 A4, " P < 0.001;,5 3% 5 d 41,7 P < 0.05, (T
)

Note. Compared with the control group, *P < 0.001. Compared with
the 3% 5 d group, *P < 0.05, (The same in the following figures)

2.5 ZEBKE

SEW K BE 46 B 0 MR A W R ) EE R AR,
DSS & A /NRE K EYH B TS H4 (P <
0.001,P < 0.05) , #5254 22 = HA g it
FREX(WE?2),

B2 4N RIZ I LA
Figure 2 Comparison of colon length between

each model group and the control group
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Figure 3 Comparison of pathological HE staining between each model group and control group
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Figure 4 Immunohistochemical detection of TNF-a, IL-6 and ZO-1 in colon tissue
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B5 KALHHL T (TNF-o IL-6 Fl ZO-1) REEH LML= FHPE R FR R A F

Figure 5 Positive area expression rate of immunohistochemistry ( TNF-a \IL-6 1 ZO-1)in each group of colon tissues
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A (T F2 M AP S8 (Z20s) PG HEH
(Claudins) . W A& 4% H ( Occludin ) | 3% %5 Mt 47 7
(JAM) ZELH B0 Horpr 201 i R A LS 5%
HEHEAROCH R (1, HE IR B 5 1 R ot I 2 i 11
BERRCTY ) B INGh i 4140 MUC-2 7K 1Y L g e
## Z0-1 ,Occludin . Claudin-1 434 , D\ T A2 {6 2% B 5t
BRE R e R i B AR R S UC e £
UL - B 200 e 5 2% 5 4 1) 3 P R R A Rk KO T
Rk, o I Bz I B 7 4, R i R R T, e
Tk UC i &5 KR
3.2 AREIRE DSS-NLRP3 7 /\FRiE#E

S RAESCHR, /N BRCR T A AR K R B 7 A
B RE RN S UC 8, HHTR A DSS i % UC

BRI B TN 3% A1 5% , ZTHF5E s DSS #e
JFEXT UC 1 4 ol T 8 7 6 25 Je i P A AE T
NLRP3™"/INRE B IE B FE DSS 5 5 19 245 i 2 A5 Al
S5 G RAE 25 B B4 20 Z 31, NLRP3 ™ /N 45
FDSS 1.5% 7 d F12.5% 7 d & A] i 2h & Hl UC #
RO ZAKD AR PE AR R M ) DT E Y
NLRP3 ™ /N &S, UC B 7F [ KW R 3%
K 4% DSS J5 ,4% DSS EHCH ST B UC BRI /)N
RS R BT ™ SET R 5, BETIRH DSS 76
5% 7 d B RS AT R 2 B UC AR R ik
e 2 MR M 3% 7 d M 3% 6 d 1Y
NLRP3 ™/ UC B4 NLRP3 /)N i 7E 1 AR 52 56 3
] Bl J5 301 254 T Ty BEZ 9 H BRAE T O, e 4
BRAET, Jovk S B2 Wy T T, SO R A ST AN [R) R R
N NLRP3 ™ /NFasE UC BRI FHR R . A543
B 2.5% 7 d 4 3% 7 d HiES NLRP3 7 /)i
UC 571 7E UC JEA A 1 A8 A SE Al 3 Xt &
iE R I B AR A R e, AR E
W3 K 3% 7T dHM 3% 5 d 21/ BRI e
AR BB IR R B 0 5 A g Eh BRI A
RFIR B2 BRARS K AR 02 | s P AR i 6 7 af )
IR BN 2R BAYE ;2. 5% 7 d 2H /)N B 20 785 1fi. 22 5505 B
PR B JORS #h 25 BE K IR I, &S5 5 K, 3%
7dH 3% 5 dH#K2.5% 7 d 4 NLRP3™ /N 52 3
H IR ) UC BRI B4 5% | A0 PR 7
N R R A Rk KA S R
3.3 A[E47Z5RE DSS NLRP3 7 /R4

TEA B 5% 2k B, NLRP3™™ /)N BL7E DSS 3%
7d.2.5%7dM 3% 5 d&M4TFHES UC Bl
NLRP3 ™ /NRUTE 3% 7 d 500, /N A AR B R
AR E, HBI—HIP6T M2 F,2.5% 7 d 4
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NLRP3 ™ /MM RS UC 3% 7 d 41F13% 5 d 4
) NLRP3 ™" /N 4 ,3% 5 d DSS AT
2.5% 7 d AM 3% 7 d DEAFT HBIRAEIR o FE
2RI 5 G 28 A 2 A I T A5 TR PR RS o B Ny
P AN UC, Jlat DN DSS A6 B e 55 Ko 25 24 1k (] 114
) S G ) AN [R] 5 1 A T iR AT 2R SE 8 SR
NLRP3™ /N TE 3% 5 d 2 F T RER & M & UC
Y
3.4 NLRP37 /MR UC E#&3| ZH 2

NLRP3 ELHIESE 25 5 Yk 5 i 18 Fa 25 F0 10 By 245
74 ,NLRP3 &R 5 /N B 25 5 0 1™ () 45 1)
RIIE . ZEH A AT IR R NLRP3™ /N A H ik
FH DSS WA UC AR IR ,2.5% 7 d F13% 7 d
DSS % W HE S 19 UC BERL/N R R IE T2 3 3%
5d EE, RIS T HURIT B, /N BB i
RIS B i, B IR = A FET- % NLRP3™ /)
B A ik 2.5% 7d.3% 5d 3% 7 d 1Y
DSS, 541 10 H, 255G 2. 5% 7 d 4138 3
H 3% 5dH51 3% 7d45E6 H, 454 Bk
SEEGEE R S 4R ] NLRP3™ /ML 3% 5 d DSS A
RIS EE, 25 W25 W0ia 7 e iR AT L2 g, HL
TN . 45 A2 A BABEAE 78 NLRP3 ™ /R
N UC BRI IER R, sh W B AL (%) WL D)4 2 5 I IR
(R IE AH A G 1) ity b | 75 22 2 TR R 1) R 1
A BT IR 25 U B &R L B9, TRA
PRERBIR K R B B 1R F e, B R o %
MIFEhE ., Bz TS M 98 09 DRI AIL A v oK o8 2 B A
oy e Ja LRI i 2 BUEE ST UC [ sh A Ay
IR R RS s 2 R R R I UC BB A7 A B S g
K 7 8l 4% 2R 1 s el o A — 2 LB, 3l A
RUIFAREE 2T G NEE 21 UC JigiiE, i NLRP3
FEPHI R /N B ST UC B AT Ay T4 0 o5 32 PR
TR SERIT LS % DSS A KoK 1) UC
TEASLES Sl 4 1 R P 8 TG 1 RS A A5 4 T BB X s AR K
T R s (AR 2 | E— 2D B DSS ¥ B A
(R R A8 M I & R AE R NLRP3 3 i B/ i
B S SEHEETEAFIEY

25 b 2B E I NLRP3™ /INEUE 3% DSS 15Tk
5d & T E#L I UC BERU B, BE AT S NLRP3
SARE/AMETE UC 1) & A= L K B 3 B A% e M At
AU SCRTAE AR R L At b R4 R O 35 D B AR 7R
SRR NI 4 W % DTk
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[ Abstract] Objective To explore the possible mechanism of Xiebaisan in protecting against allergic asthma in rats

from the perspective of host intestinal flora metabolism. Methods SPF SD rats were divided into normal group ( NC
group) , model group (M group), and Xiebaisan group. The allergic asthma rat model was established by ovalbumin.
Changes in lung histopathology were observed by HE staining. Colon contents were harvested for 16S tDNA high-throughput
sequencing to assess changes in the intestinal flora structure and function. Serum and lung tissue samples were collected for
non-targeted metabolomics by Ultra-high performance liquid-time-of-flight mass spectrometer. Results HE staining showed
some improvement of lung histomorphology in asthmatic rats in the Xiebaisan group compared with that in the M group. 16S
rDNA high-throughput sequencing showed that the diversity of intestinal flora was decreased in the M group and increased in
the Xiebaisan group compared with the M group, the microecosystem of intestinal was improved. Non-targeted metabolomics
of serum showed regulation of amino acid metabolism and the mTOR pathway in the Xiebaisan group, and partially reversed
differential metabolite expression in the M group. Non-targeted metabonomics of lung tissue samples showed regulation of
carbon metabolism, vascular smooth muscle and cAMP signaling pathways in the Xiebaisan group, and partially reversed
differential metabolite expression in the M group. Conclusions The protective effects of Xiebaisan on allergic asthma in
rats may be related to improvement of the morphological structure of lung tissue, the diversity of intestinal flora, and

regulation of mTOR, vascular smooth muscle contraction, and cAMP pathways, which affect amino acid and carbon

metabolism.

[ Keywords ] Xiebaisan; allergic  asthma;

protective mechanisms
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1.1 #8
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W A P25 EkR T P A5 0 190704, 7 B BT
JIits £56F 24 LU AR A v R 24 BF 5 e ARCER A AE T B
YETE N IE M
11,3 FEEHR 5

SEALERBEEE (40 mg/mL) W4 H 32 [E Thermo 2y
AL A5 . UI289214; B9 14 F1 W A € [ Sigma 24
] 41451 1003004472, BCA H 11 B2 5 150 &
(Sparkjade ,EC0001 ) ; #j AR Z-HFH£L (HE ) 4 (73051
& ( Sparkjade, EE0012 ) ; Phusion ® High-Fidelity
PCR Master Mix with GC Buffer ( New England
Biolabs, M0531S ) ; Phusion ® High-Fidelity DNA
polymerase ( New England Biolabs, M0530S) ; DNA i
b 11 0503k 77 &5 ( TianGen, DP214) ; # JF i 7 &
(Mlumina, E7370L); & & ( Fisher Chemical, 4L
A955-4) ; Z TR 4% ( Fluka, 17836-50G ) ; FH B ( Fisher
Chemical, 4L A452-4); 2 /K ( Sigma, 221228-
500ML) ,

A R B0 ML VELOCITY 18R ; Dynamica, 75
) s AL EEEE T (EPOCH ; BioTek , SE[H ) 5 Hy
F K- ( BSA224S-C ; Wsartorius , {2 [# ) ; 1 X H 3h
ZH U KL ( Excelsior AS ; ThermoFisher Scientific , 3¢
) s 2021 A3 AL ( HistoStar ; ThermoFisher Scientific,
EH/) ; %5 Y A HL (531CM-Y43; Leica, 85 ) ;
Bio-rad T100 & PCR {{(T100;Bio-Rad, 3¢ [H) ; 5
PRI P ( Novaseq 6000 ; Iumina , FE[E ) ; ¥ Tk H]
i Agilent 1290 Infinity LC/AB Triple TOF 6600;
Agilent/AB SCIEX, 32 [ ) ; 8,3+ ( ACQUITY UPLC
BEH Amide 1.7 pm; Waters, 3¢ [H ) 2.1 mm X
100 mm,
1.2 Ak
12,1 SRt a2

30 HUMEME SD R RIS W MR SR 1 R Z )R $R AR
HEFEHLIA A 53 A IE X BRZH (NC 21 | 3ok B0 12
( Bronchial asthma ) #EHIZ0 (M 41) 5 A # 4l
( Xiebaisan ZH) ., M 20 #1 Xiebaisan 4 B 7F & W P
TR 1RG5 7 KA 14 10 i T 4 25
1 mL(OVA 1 mg + ZAEALEREENE 10 mg) ,NC 4 1F
SHAEEERAK . AR 21 KIFIRRERMI% 1% OVA, %
SRS R 2 A, AR 30 min, NC ZME%5 A= FEER K
MEACIITT IR I (56 21 K) 25245, 2 %5 A BR8240 if
WS 15 R 25 R 11,3 g/kg, 55 AT 30
min , Xiebaisan 41 K R VE B 45 715 11 #, NC 41 F1
M ZHEE 4 T HEBER K

1.2.2 5 EEUKIEY 0§ &

PRI S SR 2K R P R 12 (30 g) Wb
B (30 g) MHE (3 g), IIA 10 f5 K, =i
1h, JNAAENREEE 1 h, &, FEm 8 £ A i ml
TP 1 h, g, A IR IE TR, VR4 E 2 ¢/mL
(1 mL &2 g J5zh#t) .,
1.2.3  FEACREE KAt

P K EAESE 36 REUM, BRIEERT 12 h 25K
K WS EST 1% 568 L2840 mg/kg) R, JFR
PSS I ERE S , 700 2 8 IE 2 sk, UL 5 mL, 4 <C
DML 3000 r/min B 10 min, BUEER B TR
AP ORAE . BUA M Bk BT 4% 1) 2 5 H
FE A B R TP A TRA T, &L B
JAiE 2 . TG TR A 350 0, 76 TG BRI S TR B B
AaiE  FETC R ERAE & N UTERES I 6, i F
ARIJIZHCN W), 51 BIVEICEE vk i AT 4 26 9 hrac;
GYHEUF T ST VAT IR RGR TR, BT -80 CIRAE
1.2.4 PHHLUIE LR

W [ 7543 19 22 il b R AT
VIR HE e ta )5 F W 6se T sg .,
1.2.5 Wi 16S tDNA 341

K CTAB J7 i NS5 I N 259 RS2 HUS. DNA
JEXT DNA A4 B vk FE EA TR, 5 16S tDNA
P 147 (16S rDNA amplicon sequencing) 7772,
6 I 2% 2H K B 1 TR A AR R O, S 38 O TR S
HIBF 5T SRl b B
1.2.6 UHPLC-Q-TOF/MS IfiL 7 Al Jili 2 2L RE A AR 4
BERW/ R

K F UHPLC-Q-TOF/MS 7 A XiF 1fiL 375 11 fili 41 21
FEA ST AT A P B B, 35 43 BT 0 A5 40 Ak
SRS G SR A B0
1.3 SFitESH

PR B DS YE = drifE2s (x = 5) R 2R
SPSS 21. 0 il GraphPad Prism 9. 0 #E1750E /347, Wi
A 0] H AR FH ST FEAS ¢ K50, 22 41 [ FL R o
T 22007 LA P < 0.05 FonAGit#mE X,

2 H#R

2.1 AEASNKRMALRETH
HHKEUHZ HE Qe 25 L &l 1 iR NC
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80 i 0 45 64 D B G T 9 M 3L ke il v )
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BerE RGN b e iR AR A0 B 1Y 22, HL SO TR i
PR B RPEAN AR ; 5 M 4AH EE, Xiebaisan 41
KECCRE A D RN MR, 8 N5
AR/D Bl la) e M ZH BH Bud /), Ui B Xiebaisan
ZH T DUAE — 5 T2 3 TR0 W g R LIl 58 20 U 25
45k,
2.2 AEANKRBEEHFSHEESH

i 16S rDNA I Fy- 753 % 454~ 2 L3k )
N AT R REZ RETE T, A UL 50 4% AL )
PcoA Z3AT (Il 2A) 78 M 415 NC ZHF1 Xiebaisan
AAEEAGR 1(PC) EARBERGE (18 2B) , UiH] M 41
5 NC 41H Xiebaisan 2 [ B8 #F 41 AT 80K 22 5+
FHNF S HEAEIEAT Alpha Z AR T, 25 KR
WA iB B HERY Shannon F8%X (& 2C) A1 Chaol 5%k ( &
2D)FELL I, R M 2 Shannon 8 %01 Chaol $§
HO B (P < 0.001) , H Xiebaisan 415 M 41
AL, EREL HEHETE B Shannon 3820 F1 Chaol #8%%
Yy e 118 , B M AH BRI 1 T R 2 AR, T
BLRE B35 M40 B 18 W RE 22 MR . JE K P R RE
STAMP 22524301 (6 2E,2F) W] M 41800 T g_
Romboutsia 1 g_Candidatus Saccharimonas ESYi (43
KT g_Hgclclade R g_Peptococcus g _Achromobacter

AU | Xiebaisan ZHAEHS B 2 [ AIK g_Romboutsia =F
B, W g _ Collinsella, g _ Jeotgalicoccus. g _
Altererythrobacter .g_Spirochaeta2 2§ 1) FFi |

2.3 AEANKRMFEFEAFLERGEAZSHT

YRS B UHPLC-Q-TOF/MS (1) QC KA HH 5
PECRRER) BT 0.9 (B 3A,3B) , B 45 il 3¢
USRI, AR 258 AL AR 53 B R Ge R e PR, AT
TR,

ARUR K BRI FE A A 3 1) AR ) 4 2% 0E B
(Pos) B %5 AR 609 B, 671 B T ( Neg)
AT AR 384 B, AWK SZEK: PCA 40 Br4h
R(E3C,3D) FMIE s FR=UF,NC 41 M 41
F Xiebaisan ZLACIHHRFIEEREWEHATIX 4, HA B4
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A 0.894 A1 0. 827 ; XF Xiebaisan 415 M 4 1F 71 &
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3G,3H) BN e bR Q* 43514 0. 883 Fi1 0. 894,
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Figure 1 Pathology of lung tissue of rats in different groups
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A RAFEAR ) PeoA 43T ;B PecoA 11 PC1 43475 C; Shannon #8453 #1; D : Chaol F8 443 #T1; E: M 415 NC 41 STAMP 2% 5434713 F .

Xiebaisan 415 M 4l STAMP 255 47#7; 5 M 4141k, ™ P < 0. 001,

2 REWERERZHYE(x 25,0 = 6)

Note. A. PcoA analysis of samples in each group. B. PC1 analysis in PcoA. C. Shannon index analysis. D. Chaol index analysis. E. Analysis

of STAMP difference between M group and NC group. F. Analysis of STAMP difference between Xiebaisan group and M group. Compared with M

group, P < 0.001.

Figure 2 Diversity of intestinal flora in rats(x + s,n = 6)

1 R AR BUMIEAEA M 205 NC H i % 2%
SABHEA T 10 AR5 3R, Xiebaisan 2415
M 21 3% 22 S AU 3L A 180 il (Pos A 154 F,
Neg A 26 ff) , 32 2 KM IEFEA Xiebaisan 215
M 20 35 22 S AR T 10 FOACEY)

Xof 4 B AR #E4T KEGG Tl % & 4R 70 #
Z5R TR M 45 NC 4 3% 22 A0S KEGG )
AE w8 ST A B AL 5 WOl AR =R

H A A L R BER TS 12 RNA Y6 . ABC $iz
RS S (K 4A) . Xiebaisan 415 M 41 i 3 2
SR KEGG T e & 4 £ 2 7E 8 (A i IH b 5 )
W ABC 532 Uk B LR A9 A4 ) A i R Bk L iz
RNA A6 BB LR 50 WU 3 A 3l (151 4B)
HoH TR B (T A A R e B A
FEVL AT 8 A 3 22 AR, XX 8 AR i
IR T (B 4C) |, 45 5 BoR TS B BE % 13 5%
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A B IE SR TR LT QC FEAIASCTE DT C, D IE S TR MR M PCA 200 B, F IE s T80T M 1R NC 41
TFHERH G OPLS-DA 2047 G, H IE S T MZLA Xiebaisan ZLIILTFHEA Y OPLS-DA 7347,

B3 e AR m s 2
Note. A, B. Correlation analysis of serum QC samples in positive and negative ion mode. C, D. PCA analysis of all serum samples in positive and
negative ion mode. E, F. OPLS-DA analysis of serum samples in M group and NC group in positive and negative ion mode. G, H. OPLS-DA analysis
of serum samples in M group and Xiebaisan group in positive and negative ion mode.

Figure 3 Non targeted metabonomics of serum samples

R1 M4l5 NC A TEHEA b 2257 B (Topl0)
Table 1 Metabolites with significant difference in serum samples from M group and NC group ( Topl0)

o LSl e 2 - -~ 3] oy o
e ATK TEmEE 2ESAEEL PAH [ L /s R o= &
Serial No Name > Fold change P value m/z ) KEGG ID Adduct
VIP RT/s
=17
1 L_*ﬁil‘ﬂ& 1.544 7.904 0. 004 147. 113 433. 004 €00047 [M+H]+
L-lysine
= 4
2 %%TM . 9.783 7.163 0. 008 104. 071 393. 451 C00334 [M+H] +
Aminobutyric acid
3 %@&Hﬂ‘@i 1.347 5.589 0.010 212.043 394.914 C02305 [M+H] +
Phosphocreatine
- =i
4 o EEIEIM L '742}\& 1. 625 3.199 0. 000 202. 086 279. 567 CO1118 [M + H-H,0] +
0-succinyl-L-homoserine
E =
5 EJ&JEMHJ}W 2.384 2.823 0. 001 144. 982 191. 255 C07546 [M] +
Succinylcholine
e TN
6 DL_Z’SWEM 1.953 0. 233 0. 048 166. 086 291. 596 C00079 [M+HJ+
DL-phenylalanine
JEnE
7 - 1. 826 0.290 0. 000 180. 099 337.572 C06975 [M+H] +
Phenanthridine
8 M7K7J\Eﬁ. 12.526 0.313 0. 000 158. 118 337. 606 C08283 [M+H] +
Homostachydrine
9 ﬁ[ﬁ E‘Tﬁ 11. 883 0. 402 0. 000 138. 055 350.976 C01004 [M+H] +
Trigonelline
; W M + H-C,,H
10 R 4.744 0.418 0. 002 125. 000 264. 829 Clsses | o
Imibenconazole C,N,S] +

TE ARECEAL AR AR AL, KT 1 08 B /NT 1 30K T P E ARSI G0 E, P < 0.05 S B2 R AW, (TERR)
Note. Fold change. Change times of metabolites in comparison group, more than 1 indicates up regulation, less than 1 indicates down regulation. P
value. Statistical analysis value of metabolites in comparison group, P < 0. 05 is a significant difference metabolite. (The same in the following tables)
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F 2 Xiebaisan 415 M M FHFEAS 22 5 835 BRI ( Top10)

Table 2 Metabolite with significant difference in serum samples between Xiebaisan group and M group ( Topl0)

N BEEY . ooon & il
e Mt S Pl mmw  RER U e
Serial No Name AR Fold change P value m/z IEl/s i Adduct
VIP ° RT/s KEGG ID
b T e e
1 DL_ZI:W&L@@ 4.319 11. 171 0.001 166. 086 291. 596 C00079 [M+H] +
DL-phenylalanine
T
2 }Enu‘ﬂﬁi 1.280 5.186 0. 002 142.123 486. 404 C€00729 [M+H] +
Tropine
2% 2.1
3 FRLIP 1.902 4.581 0. 026 256. 170 57.118 C18537 [M+H] +
Dimethametryn
L2
4 HRR 1. 639 3.821 0.021 137.071 166. 796 C18599 [M + H-C4Hs04] +
Coumafuryl
B 432 L DI 451
5 - FE A DAL 1.477 3.670 0.026 114.055  376.091 €03440 (M +H-H,0] +
Cis-4-hydroxy-D-proline
G
6 L—ﬂfﬁgﬁ& 1. 706 0. 094 0. 003 147.113 433. 004 €00047 [IM+H] +
L-lysine
M2 A TS QL NS
7 i%ﬂ& S ﬁfﬁﬁ&m 1. 601 0.111 0. 000 199.977 41. 640 C05824 [M-H]-
Cysteine-S-sulfate
8 iz h 1.203 0.217 0. 002 206. 139 162. 209 C05944 [M+H] +
Dexpanthenol
K ng
9 = .ES% 1. 679 0.244 0. 000 304. 284 236.319 C18787 [M+H] +
Fenpropimorph
10 2,4 AR 1. 487 0. 245 0. 000 188.950 57.874 C06670 [M-H]-

2 ,4-dichlorobenzoic acid

6 . 2= A I RIL

Xof AR 2H 22 S AR (Top10) TR i 25 5+
BIHE(Top10) A B 7K 2R AH & 43 A (A 5C 1 1 (B
0.8,P = 0.05) &¥, 75 M 40 HI NC 4l (& 4D),
g_Romboutsia 5 MACHY) L-BiZ= R  BEFATEAL G, |
O-BEFAT-L- = 22 2 R 52 TEAH G, 5 M i A ) s 7K
JB TERE W A EL R DL-2R TN 2R 5 A
K ;g_Rikenellaceae RC9 gut group .g_Parasutterella .
g_Alistipes . g _uncultured . g _ Ruminococcaceae UCG-
010 . g _Ruminiclostridium 9 g _ Ruminiclostridium5 5
MBI 5 7K D8 T E | S0 g v 85 7 L i, DL-
RN A, 5 gAY L 2R | 3531
TENE B, O-B% A WE-L-=5 22 & MR & 7 M ¢ ¢
Negativibacillus . g _Ruminococcaceae UCG-005 5 1 %
AP v 7K 3, T E | W e e | R EL R TE A
K, 5 IMBACH Y L-# 2 R | 5% 2 I HE A, . O-3% 21
Pk -1 22 2 B 5t T AH G, #F Xiebaisan 241 A1 M 41
(Kl 4E ), g _ Prauserella, g _ Anaerolinea .
g_Aquicella , g_Allorhizobium-Neorhizobium-Rhizobium |
g _ Pseudomonas | g_Brevundimonas . g _ Sphingobium |
g_Stenotrophomonas . g _Flavobacterium . g_ Comamonas
SR DL-ENER A ERELIEMK, 5
M ACHH 2, 4- ZFAR PR | S-fitt Be-L-2F e = 1R |
TR R OG

2.4 FEARKRMAREARIERE KRG AZ
S

I L 5 AP A = S 1l AR5 A3 AT, A BRU 2H 2R A
JEHE ) FCI A2 QC FEASAH G (B2 R AR) ¥ T
0.9( & 5A,5B) , it 4& il S5 2 B, R SLE 1Y
IER AT R GRS e MRy, P TR &2, i 2
ZUREAR AT [ AR 2 2 1E B F (Pos ) B 4822
R 881 Filt, 1 B T (Neg) #2042 AR
872 B, ARIKSLE: PCA 43 Hr &b (&l 5C,5D) &
E TR ,NC 4 M 4 M Xiebaisan 241401
FRIE RIS AT IX 4y, H A5 F AL FRAS TG B 8 Bk
SANEATIEG, XM 415 NC 4IE s TRt
R A 5 ) 54T OPLS-DA 43 #r (1 SE,
5F)  BEARITEAN bR Q2 435114 0.991 Fil 0. 993 ; X%
Xiebaisan 205 M ZH1E 68 R A6 H 94549
43 5ET OPLS-DA 43 #7 ([l 5G,5H) , I PF-41r 45
Fr Q2 439124 0. 779 F1 0. 552, F B OPLS-DA 43 #r
BRIR] FH T a2 50 B[R] i A A S 8 1 AR 4
PLP < 0.05,VIP > 1 1kt 3% 22 A QP i 1k
FIbRIE, M 415 NC 41535 25 AR 3 348 Fil
(Pos A5 146 Ff ,Neg £ 202 Fft) , % 3 K R4 41
FEAR M 415 NC 4158 3% 25 A HEZ /10 1R
WHEN K . Xiebaisan 415 M 4 & 3 25 BACH 3k
£ 93 Pl (Pos A 49 Flt,Neg A 44 Fh) , 3 4 Jy Kl
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. A,B:M 45 NC 4 Xiebaisan 415 M 2175 #f 5 22 AR =9 KEGG iR & 54047, C: M 45 NC 4, Xiebaisan 415 M 21 i) 1l 7 ¢ 5
FERE BT AL AN R A% A [R] 22 S AR = ) ik it 43 AT DL E 43510 M 25 NC 4 Xiebaisan 25 M 21 22 5 B 5 175 22 5 ACIBH A
bS5 M ML, " P < 0.05, P < 0.01, "™ P <0.001, (FEI)

B4 A P AR ) AU 22 AR ) A DI RE W R W FA T |5 25 S R R A SR
Note. A, B. Enrichment analysis of KEGG pathway of differential metabolite in serum samples from M group vs NC group, xiebaisan group vs M
group. C. The serum samples of M group vs NC group and Xiebaisan group vs M group have the same differential metabolite expression in protein
digestion and absorption pathway. D, E. Correlation analysis between M group vs NC group, Xiebaisan group vs M group in differential genera and
blood differential metabolite. Compared with M group, “P < 0.05, ™ P < 0.01, ™ P < 0.001. (The same in the following figures)

Figure 4 Functional enrichment analysis, expression analysis and differential genera of non targeted metabonomic differential

metabolites in serum samples

HAREA Xiebaisan 415 M 2H 535 2% S ALY HE4 X %2 BN S HE AT KEGG 18 = 4 0,
HT 10 FfCIE 51 3 FRER.MAS NCAHBRELZSNWYE %
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WAL B IE B AR IZLZ QC B S AHDCHE /30T s C, D IE 67 8 F A Ul AL 8U6E iy PCA 20T B, FL OE B8 FAE0F M 4181 NC
M4 ZURE 5 Y OPLS-DA 430756, H 1E 1 FAL T M 41 Hl Xiebaisan 4120 2V6E 4L ) OPLS-DA 74T,

B 5 Ml SR R AR A 2 o

Note. A, B. Correlation analysis of lung tissue QC samples in positive and negative ion mode. C, D. PCA analysis of all lung tissue samples in

positive and negative ion mode. E, F. OPLS-DA analysis of lung tissue samples in M group and NC group in positive and negative ion mode. G, H.

OPLS-DA analysis of lung tissue samples in M group and Xiebaisan group in positive and negative ion mode.

Figure 5 Non targeted metabonomic analysis of lung tissue samples

FT3 M 4R NC 4Nl 48U A 22 573 8 2 094 (Top10)

Table 3 Metabolites with significant difference in lung tissue samples from M group and NC group(Top10)

75 Ty 2R . e AR ~N
N N )
Serial Ngﬁ TEEE Fold PP %'i ﬁﬁjrt : Ifl/s %5 {J\”d;‘%{
No ame VIP change vaue e RT/s  KEGG ID ue
1 ﬁﬁ? 7.875 93. 810 0. 000 241.071 44.924 C01727 [M-H]™
Lumichrome
THEHAmR
2 . il LHQQ& 1. 666 5. 809 0. 000 104. 069 216.983 C01026 [M+H]*
Dimethylglycine
PR ,
3 . 1.173 3.074 0. 000 393. 099 381.238 C08994 [M-H]
Aloesin
1-RE IR Pk -2- A2 IE-SN-H-iih +
. . § . . ) M + H-H
4 I Stearoyl-2-arachidonoyl-SN-glycerol 2.994 3.017 0. 000 627.531 159. 882 C00165 [ ,0]
5 CMWW 19.915 2. 564 0. 000 204. 124 293.970 C02571 [M+H]"
Acetylcarnitine
6 é%ﬁﬁﬂ 10. 201 0. 000 0. 000 435. 099 23.390 C10067 [M-H]"
Irisxanthone
S s
7 %ﬁ(/q,:‘ 6.701 0. 000 0. 000 259. 099 29.588 C06687 [M-H-C,H;0, ]~
Norfloxacin
=9 L\%—A;
8 AR EJW% 3.373 0. 006 0.018 535.262 225.803 C08694 [M + H-CH,0,]"
Lappaconitine
9 Eﬁ!ﬁ({ﬂi@l . 7.048 0. 008 0. 000 279.231 71.257 C08365 [M-H-H,0]~
Ricinoleic acid
10 R 2.544 0. 009 0. 000 343.019 422.942 C02979 [2M-H ]~

Glycerophosphate
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F 4 Xiebaisan AF M Al SUEA 2= 5 5 3F 1A (Top10)
Table 4 Metabolite with significant difference in lung tissue samples between Xiebaisan group and M group( Top10)

=) AR By 2 EL 3 LI s 3
J?*.? SR AR %jﬁ—{n’s’zﬁ( PIE R 1an i R gjn% ey
Serial Ne R Fold P val iy [6]/s G5 Adduct
No ame VIP change vatue z RT/s KEGG ID aaue
A e
1 D_ﬁ%*{%}& 6-HER 1.792 3.434 0.018 260. 052 405. 200 C00352 [M+H]*
D-glucosamine-6-phosphate
2 %flﬂm-I-Eﬁﬁ[ﬂE& 13.530 2.212 0. 000 400. 341 165. 511 C02990 [M+H]*
L-palmitoylcarnitine
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A B M 415 NC 41 Xiebaisan 05 M 20 fili2H 2R 5t 22 A9 KEGG &2 & 453 Hr;C. M 415 NC 41 Xiebaisan 415 M 41
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B 6 ffiZH SUREA AR o) A 2 22 S5 A QO™ M i D RE & B2 70 A 3R T 5 2 S R R A AR S AR 20
Note. A, B. Enrichment analysis of KEGG pathway of differential metabolite in lung tissue samples from M group vs NC group, Xiebaisan group vs
M group. C. The lung tissue samples of M group vs NC group and Xiebaisan group vs M group have the differential metabolite expression in the
carbon metabolism pathway. D, E. Correlation analysis between M group vs NC group, Xiebaisan group vs M group in differential genera and lung
tissue differential metabolite.
Figure 6 Functional enrichment analysis, expression analysis and differential genera of non targeted metabonomic

differential metabolites in lung tissue samples
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Construction and evaluation of a mouse model of chronic
restraint intestinal stress injury

ZHENG Jianhua, CHEN Jingqing, DONG Qiaoyan, FA Yunzhi®, QIU Yefeng"

(Laboratory Animal Center of the Academy of Military Medical Sciences, Beijing 100071, China)
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[ Abstract] Objective Given that psychosocial stress can contribute to a series of diseases, such as inflammatory
bowel disease and irritable bowel syndrome, we aimed to establish an experimental chronic restraint mouse intestinal stress
injury model as a basis for exploring the pathogenic mechanism of chronic restraint stress-induced gastrointestinal diseases,
and for developing preventive and curative measures. Methods Eighteen male SPF-grade BALB/c¢ mice were acclimatized
for 7 days and then divided into a control group and a chronic restraint stress group according to body weight, using a
randomized numerical table method. The mice were subjected to restraint stress for 3 hours per day for 14 days to establish
an intestinal injury model. The model was evaluated by observing body weight, pathological changes in intestinal

histomorphology, expression of tight junction proteins, apoptosis of intestinal epithelial cells, and mRNA expression levels
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of inflammatory cytokines. Results After 14 days of chronic restraint stress, model mice showed weight loss, shortened
duodenal villus height, abnormal crypt structure, a decreased villus/crypt ratio, colonic mucosal inflammatory cell
infiltration, and irregular crypt structure. Protein immunoblotting, immunohistochemistry, and immunofluorescence staining
showed that the expression levels of the duodenal and colonic tight junction proteins Occludin and Claudin-1 were
significantly decreased in mice after chronic restraint stress (P < 0.05), while expression levels of the apoptotic protein
cleaved-caspase-3 in intestinal epithelial cells were significantly increased (P < 0.05). Regarding the mRNA expression
levels of intestinal inflammatory factors and chemokines, chronic restraint stress for 14 days significantly increased the gene
expression levels of interleukin (/L)-18, IL-6, monocyte chemoatiractant protein-1 (MCP-1), tumor necrosis factor-a,
and IL-10 in the duodenum of mice (P < 0.05), and significantly increased the gene expression levels of IL-18, IL-6, and
MCP-1 in the colon (P < 0.001). Conclusions The use of a behavioral restriction device to restrain mice continuously
for 14 days led to abnormal intestinal tissue structure, intestinal barrier dysfunction, and intestinal epithelial cell apoptosis,

and triggered an intestinal inflammatory response in the stressed mice, indicating successful establishment of a mouse model

of intestinal injury by chronic restraint stress.
[ Keywords ]

inflammatory response
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~ 23 g, W [ bt 2 R A S 3 R A R T
[ SCXK(5)2021-0006]) . Frf /N B 9% 4% B
SEEG B SPF 5 BRI H [ SYXK (%) 2022
0022]) , fHIR7E 23 + 2 C, MHXRREE 40% ~ 60% , M
MEASCRFET ] 12 h/12 h, A HCREFIROK, Prf a4
A HORE ) A 24 A AR T AT R K T AL B
FA SEARERT & sh AR RS L, I i 42 3 R 2
W5 B 552 56 20 0 4 3 55 0 FH 25 B2 23 it o (TACUC-
DWZX-2022-049) .
112 EZEF SR

TRIgent i 7] £ ( 55 ; MF034-05) 15 qRT-PCR
Mix ( 585 : MF787-01) ¥ A AL 5t R & LAY RHY
ABRA A5 0 5 S R & (18 5. RRO4TA) T A
TaKaRa BIO; 3£ 519 i A= T A TR (1) By
HIRAF A B HE el £ (15°5: G1003) \EDTA
(PHO. 0) $LIR B E W (525 : G1203) (LA K2
PERFN (5255 . G1221) PUo T K E 7l (5245,
G1401) \DAPI Z& (437 ( 52 °5. G1012) | 4 1ML 7%
T BSA (185, GC305010) . CY3 #Ric 1L 2E 4 f
IgG( 575 : GB111402) Wy H I ZE4E /R AE IR A
FRZAF] 5 Oceludin (525 :#91131) Cleaved Caspase-3

P05 . #9661 ) HLIAE T Cell Signaling Technology 7y

F] ; Claudin-1 HTH& (585 :37-4900) W4 F Invirogen 2%

) ;Z0-1 (% 5. 21773-1-AP) Hi /& lJ F Proteintech
2wl ECL IO (s A ) (525 . HXP1868)
BCA #FE f# iR & (525 . LOT: HX351691) 1y
TR A L R EOR AT BR A 7] 5 B-actin (525
ab8227) LMK ) T abcam; DAB I {53857 £ ( 20X)
5. Z11-9018) bR L4 1eGC REW (585 .

PV-6001) 1 TGP AZ S M AR AR A IR A F]

SEHF ¢ %E #: PCR Y ( Bio-Rad CFX96 Touch
Real-Time PCR Detection System, C1000 Touch™ ; 3%
) ; 4251 22 Bl ( Roche MagNALyser Instrument , #
03358968001; & & ); & M & H & & X
( NanoPhotomete , N5O-Touc ; 5 [E] ) ; b fE RIS B AR 1%
(Bio-Rad, # 1681130; 3% [ ); 4 ¥ K B 45 X
(SpectraMax ABS plus; 3¢ [€ ) ; ChemiDoc 1% & 4t
(Bio-Rad, ChemiDoc Imaging System; 3¢ [ ) ; 5 A
WY AL Leica, RM2016; f[5 ) ; 202U ML (3R
RAHFAHBRA A, IB-LS; H ) 5 1 flss LA SR
%4t (Nikon ,NIKON DS-U3; HA) ; B3%, 945 FISH
B PR ( Leica, Aperio VERSA ; f5 1% ) ; 1F %
%%@1&%%( Nikon, Nikon Eclipse E100; H 2'—‘) o
1.2 FHiE
1.2.1 74

JIT A S/ Bl W PR ARL 3R 1 R SR FHBEHLEL
TR BN AT BB ZH (el group ) Al P o 28
N ZH (CRS group) , BF2H 9 H | XF BE2H s 1 i 28
IR /N BRI R 37 T S 6 Sl ) vhos bR BRI b AR
TR 9:00 ~ 1200 51 P4 A/ RUE T A
AT Ry BRI B AT 3 h, FR4E 14 d,
1.2.2 HEREARLE

LEEEHE, NREEE 6 h, REFH 1% E
FOZ A, H R 5 /g /)N BV R ) R S R A 7 R
(LR R T A s I P <V Y ey =977 1
A LUE T WA B PBS 28 vhi v vk, FHUE 400
TR, BT WA R, e 2= -80 CIRF, I T)5
SEorFIRbR ORI 53 BT — /N B+ AR i A2
BT 4%2 R W R IERE 24 h, B BERK R 3
W RAE T 70% B T e SE L8000 7 dilAE . Sk
P AR ZE 5 RAR I A5 2R 2H S R PR ] s AR AL
1.2.3 HHW K HE Gt

K 1 5E B 19 2 SUHE AT BB 75% . 85% . 90%
95% ,100% L BEiK , — A F= i 5, U]
FORES pm) KR S8R IR 798 R R 4L
(HE) Je 5 52 T WEHT B, ] Image J 00 & 1
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THRMRE R, R IR EE I MRS DE S A X 45
Jrgps BU) R EAT R4y B SRR e 1Y
1.2.4 RNA $2U% s f5 5%

Fi 2 50 mg ZHEUINA 1 mL TRIpure J5 KR53
24 MA 200 wL & 52D 15 s, FAFE 10 min;
4 °C, 12 000 r/min &> 15 min, B FJZ 7 RNA 11
JKH 500 L LA 500 L ( ZERFR) S PSR H AR 1R
A1 JET IR HE 10 min, # 47 RNA JLTE; 4 °C,
12 000 r/min 5.0 15 min, 3 F#, 1 mL 0. 1%
(v/v) DEPC /KL 1Y 75% 2 B3 % RNA TUIE, %
IR 2 DL E RNA &4 °C, 12 000 t/
min Z.0 5 min, 3 FIE, Eil T4 1 ~ 2 min, DEPC
JK % f# RNA , {# F NanoPhotometer-N50-Touch 43¢
FCRETEXT RNA ¥ B Rl ot i 0 e I 1 58, AR 4 o e 5%
WA G VLA B A 7L, B2 pg B RNA, 78 PR EE
ZH DNA J& , #4710 5% 5% [ #4531 eDNA
1.2.5  SERFDEGRE i R4 i X s N 4 B

SR A2 1 R A g B =X N f# ] SYBRGreen 4t
Bk, VR R 12.5 pL, GRS E A 95 C AP
30 s,1 MEH;95 CAEMES 5,60 CIR K 30 s, 9714
40 NMIEER | I 9 ik it R 1y AT 3% B2 0O I
A B-actin W ZFER ] 274 47115 H br 3t
K AR FRIB K 51T HI LR 2,

1.2.6  HAGREEENLSTHT

fdi 1 RIPA buffer il A S 11 il 78 158 ity 410 i 551
e SRBUNR T A8 i S, A BCA R
IR G IS R R EE, B AR 30 ng SR
TR 1 FREZE il , 100 C & W AS MG L RE 1EH R
120 V, MUK 1 h 43 B A 43+ 85 T, fH i 200
mA , {54 60 min K SDS-ZR P94 I Al 5 e 1 i 8
3% PVDF b, HEAREREMA 1 h 5, —$L
4 C WEE IR (B-actin FUAMIFRELL A 1 5000, H:
MHUARBE LR 12 2000) , PBST Bk 3 1K, FHIK
6 min, LA HRP $ric 1L FEHi e TeG (PUiARFR FE L
P11 :5000) , FHEMFE 1.5 h, PBST ¥Ei%k 3 WK, &
X 6 min, J5 H ECL 8 HUR G B 5% B IR A5
P H A 450 T Image J 8P HEAT O3 BE 3 M
G K.,
1.2.7 SIEHILYefn

A R B EDTA HUR B 2 W (pH =
8.0) Ak 8 min, {5k 8 min, F{K K 7 min #HiTE
o HRBR G AREIR SRS 3 Ik, Bk
5 min, 3% BSA #4130 min, % IN—FIR &N 4 C
WEE A, sh ek 3 W, BEK 5 min, %0 40,
FeZEWIFE 50 min, DAPI BHOEEEEE 10 min &
YAz, KA LA KD, By K a F i

R1 REHLETIR
Table 1 Pathohistology score sheet

. Bt/ e byt W ELEE /A
gy DO AR Jet2 it
Ulcers/ . . s Lymph nodes/
Score Epithelial cell changes Inflammatory infiltrate
number number
IEH J
0 0 Normal None 0
I ] R B W63 il [l 2 i) 1
Goblet cells deletion Peri-cryptic infiltration
» ’ NN IPNEAE S FBEIUZ Hh R T )
Large deletion of goblet cells Infiltration of the muscular layer of the mucosa
g ok FBEIILZ B @R, b 5
3 3 C Ml leleti Generalized infiltration of the muscular layer 3
fypt defetion of the mucosa with thickening of the mucosa
e T AR 2R mUR A A BT =R
4 >3 . . —_— 4
Large deletion of crypt or polyp regeneration Infiltration of submucosal layer
£ 2 gRT-PCR 3|¥)E51%
Table 2 Sequence list of qRT-PCR primers
E-10| LiFs#(5°—3") TS5 —37)
Gene Forward primer(5’—3") Reverse primer(5’—3")
B-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT
IL-1B8 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
TNF-a CCTGTAGCCCACGTCGTAG GGGAGTAGACAAGGTACAACCC

IL-6 TAGTCCTTCCTACCCCAATTTCC
MCP-1 TAAAAACCTGGATCGGAACCAAA
IL-10 AGCCTTATCGGAAATGATCCAGT

TTGGTCCTTAGCCACTCCTTC
GCATTAGCTTCAGATTTACGGGT
GGCCTTGTAGACACCTTGGT
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B R REEIE . DAPT B4R 05K 330 ~ 380 nm, 5
P 420 nm; 8 Niko 1 ¥ 5% e 0l 285 R A 7
SEEANFANE
1.2.8 itk

L5+ 48 M 2 S D) 7 A T
100% 95% 90% .80% . 70% #%: & 7 BEAR Ik &2 7K, Y
R R TR R 22 Wl T O I B &, 3% 5 4
A SR TRV T 53 P R A e 4 A Tl 3 e 5 S ot
HEW 37 CHEF 30 min, —H 4 CiF KB E, PBS
PRV, TN BT 37 C AT E 30 min; PBS PR,
DAB 4 S SR ARG S G, i K I b M B 3 A A7
g,
1.3 SitESH

BAEHFHIME = FREiR2E (v = sx) 38, G0t
ST SPSS 26. 0 43k 4T , 28 18] 19 bE A8 43 B T TRE
Xt K HEATR R P < 0.05 M 2E SR EA BENE,
i F] GraphPad Prism 9. 0 2[5,

2 #R
2.1 BERENHGGERGEARFELTL
SE2L

5 RALELAT L, 168 ke 17 9 A G T /N B
{TE (P < 0.0001) (WL 1) 3% 5 6 B O BF 5 45

—E SRR R AL (HE ) Y g5 B I, 1k
RGN IN BT 48 W g% B 35 H B 4 R G 7 R
Z(E2A) BRI 0, 50E m ES R IR
FE A B EFRR (P < 0.0001) (K1 2B ~ 2D) ; itk
A, 5% B A EE, 12 R A R N RS B 3 B
SEIHFERRE A P20 I | B e S5 A S IS,

T S RLARLE, ™™ P < 00001,
18 W 2 G 7k FIVRY - OO WA N R N e ]
(% + sx,n = 9)
Note. Compared with Ctrl group, **** P < 0.0001. (The same in
the following figure )
Figure 1 Effect of chronic restraint stress on body

weight changes in mice (x + sx,n = 9)

B2 RN AR R BIE A RN (HE 34,0 = 3)

Figure 2 Effect of chronic restraint stress on duodenal morphology in mice ( HE staining, n = 3)
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BALUE I B E TR (P < 0.05) , Bl — e

s BB 153 (P 3)

2.2 BERENHMGERTE

=)
RGNS M A48 )

BEEARIZEW

THONT i T8 S5 B 2D B F B2 M)
ME T B A LURCRME B R E Rk,
IRV 0 G 7 S DIV T (1A N oy e 1377
%1% 428 A Occludin ,Claudin-1 (35 (P < 0.01) ,
UKL B AT VAN 4 e Rk DA 14 o [ e 1=, 7]
AV HEREE 1 Occludin BYJRAI R (K 5) . Qi
6 Fi7 A8 il 1 8 3 B AT /N L2 T % i
1 Oceludin BFRIE(P < 0.05)

L SXRYIALE, " P < 0.05, (Tlﬁﬂ)

B3Pk o /N RES I A

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

Note. Compared with Ctrl group,

2.3 EBURENHTFEHRN
SpA!

ARG M AR 2N O B T 9 E SN B RS
W T EAT AR 1% 2R 1 4 M DY Fn o A 7
3 o SEA N VA QA e = N W e 1= 91770728 i 1 O
F M AL N F IL-18. IL-6 . TNF-oc, MCP-1, IL-10
mRNA BJZEIL (P < 0.05) (& 7A) . PRSI
2R /N B I A M A i DR R Ak R - IL-18
IL-6 MCP-1 mRNA B335 (P < 0.001) (Bl 7B) .
2.4 EURENHFSHEEEBNAEAT

MEsﬁTum%LﬁﬁmﬂtFﬁlJ;%
Sk, B BB M Al N R AR I B

KM EF R

SN (HE Y26 n = 3)

Figure 3 Effect of chronic restraint stress on colonic morphology in mice ( HE staining, n = 3)

L EXTRAME, P <0.01,

B4 SRR/ R T R E AR (0 = 4)

Note. Compared with Ctrl group, “ P < 0.01.

Figure 4 Effect of chronic restraint siress on the expression of duodenal tight junction proteinsinmice (n = 4)
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T ASEVO AN R A8 I H A B EE A F Occludin; DAPT Ze R A A IAZ A2 SR 0 T O 0, B RK O CY3 2R R
L,

B 5 AR TR R R R 1 Oceludin RIKHIEI (n = 3)
Note. Immunofluorescence assay for mouse duodenal tissue tight junction protein Occludin. DAPI-stained nuclei are blue in excitation light and
positively expressed as CY3 fluorescein-labeled red.

Figure 5 Expression of duodenum restraint stress on the expression of colonic tight junction protein Occludin in mice (n = 3)

Bl 6 A8 EsRAG RO/ A I R E A RN (n = 4)

Figure 6 Expression of chronic restraint stress on the expression of colonic tight junction protein in mice (n = 4)
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W SXTRAMEEE, ™ P < 0.001,

7 ABPERGE RO/ R AR NS S A T R R R AB S (n = 6)

Note. Compared with Ctrl group, “ P < 0.001.

Figure 7 Effect of chronic restraint stress on the expression of inflammatory cytokines in the duodenum

and colon of mice (n = 6)

LS TR 5 S22 20 A 45 R R | 18 M TR 4l ) R
gt 25 3 o/ B 98 % 08 12 8 1 Cleaved-
Caspase-3 IR (P < 0.05) (K 8A,8B), 1&tkd
SRR % 1S /N BUSE % U T2 & D Cleaved-
Caspase-3 [ (& 8C,8D)

3 i

ARAFFRLE AL 2 OB T B IBD IBS F— &
FBERR B 1 A 2 D B A J57 T CRS
/IN BRI T O AR A A R O X% B A A /N B 21
SUB BB, 5 B0 bt e D) RE R4S, R E R
Nt AR BN R AR SRR
SR HLERRC R B Z 8, UL R dL 20V R % 0%
BRI R IE KBRS . CRS M2 1 g b F 4i i
JHTAHSCER B, BLAh, @ Xt CRS /NR% 18 &
iKW, 2 B0 CRS A S50 4 4148 1k 40 i
Nk THfm, RAUEANM IR, B — R 0 &
JiE IV

CRS 5 Z 5 8 a5 i & L4 56
AWFFT I Ak 20 B SRl AR T KA R A 2 ]
(R AH ELAE T, I AT BE IR — R 30 %90 , (45 1BD Al

IBS73 | BRHE (ARAN ) 3R JE: 1BD & A 1 b
fil Sz L2 00 b BB BT 5 B B ML A 1 R 58 4 )
B R R SR RIF S B IE 318 26 1, o0 BT 30T i i
TR G Bt I R O A S R 0
IBS J&— 10 3840 AR 5 9, [ I, e — b 1 e g
I, B AT s A A 3 R R TR ROR, R,
IBS $400 7% ~ 21% M8 ANFE 7 18 K2 HUR
H P IBS B — e R v , FLAE R AT A8 b A
[T ARk, — 30 2R 45 Lot S 7, #E XTI R 1BS B
R IHBE DT T, 2% ~ 18% %4k ,30% ~ 50% ANAF
12% ~ 38%ek3% %), 75 IBS MY fg o
P51 o7 382 T YR 5 i Bl g, 10 P S e SR A, D
P W T Bf ST R, 1 I 3 nT 3 e T i
Bz SRR KT, e -k 1 A2 R % A e R
TR A T A B R 2

B (tight junction, TJ) BIAELERIE T 2
BB R DGR, T) 76465 i 18 38 37 Pk ol G HE R
FAP T TT B AR B B ST AR
FEEE R SRR — 5, 7E CRS /MR /N A
AR R i 41 21 H B 12 8 ) Occludin
BYFRIA B E PG, - 35 Claudin-1 A2k B & R%
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8 RN N 8 ST E A Cleaved-Caspase-3 FRILII M (n = 3)

Figure 8 Effect of chronic restraint stress on the expression of pro-apoptotic protein Cleaved-Caspase-3

in mouse duodenum and colon (n = 3)

%, Claudin-1.Z0-1 F1 Occludin &4 2R TJ B &
BEERYER ), LR B N vT R AT 38 i e IR B
Brp = R T a8 b R T AR e Ok i 1
PEREANTS ) CRS W LAELL IBS fR B TE e IR | N
ARV | R B o s 3 35 P AT G 28 TR Y D fig
BRI A S TR AR BRSSP AR g, R
14 d CRS ] BN R 0 Ak B DL K 1 e i
BARERA A+ 4 Em gL RE s
W OB/ BB T R 45 W R B AR T A i 3
T, B 45 R AN, A, B 3 R HLAACE 3R

1 EEZI T, i 5 B2 A D) e RIS 2 S i E SR )
BT TH AW, B B B AR 38 R £, 31X ] g 2/ Bl
BFET CRS SLEAE MR AR
B, CRS &b B J5 /)N B 14 B 0 5 LA B B 00 4 A Ok
/AR03400 RS 1S P A BT TN LA 4 ( chronic
unpredictable mild stress, CUMS) B¢& A2 3 A J5,
AN R s R AT
W% B CRS AL/ N R 90 T 1 3 iR
SRATIT 75 3 45 W R S )R v RE 1Y
Ji& XF IBD WA S5 L () B 58 48 78 1 LSO i 1
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3T E 3 T BU = O O - AN IVA . &
g 318 2 i R 265 B 5 e 483 40 2 VI AH G2 L SRR 3
T SEHAPESE 48 /0N B AP 435 ol RS 005 O AR 12
P 07 AT SR B S P A A R, IL-6 FI TNF-o 2
IR U HA RS 2 W AR AR O R i TL-6 K
SEURT A A8 R T S a5 | A 4 RE SN H R
L (U0 TNF-a) B 7= A T AS B3 A R
KUY RGN Wl S i L 2 IL-18 I TNF-a 7K
SETFEL IL-5  IL-10 FI IL-22 7K KA, 72 55 T R 44
IO A /N B9 1 41 B PR T INOS | TNF-a T TL-18 11
FoRAKOF BRI ARBFIE KB, CRS AEMS B
P /N AR W NS i A A TR T B R RE b
BN R GE, PR A RS R iR —
FHO203080 B R L I BH o A N 34 R T R
iE AHHSF F LR AT 2, AR, Ak
W IBD [ R 2 — 100 RE R T 7 K R A S
G B PR ARG ) A8 I SR 1 A 2K S A R 38
RS T B R R R R, i g
IL-18 /&7l 1 W 20 i o o i (2 R A ML R 7, 5
HoAt A 58 4 K T (& TNF-o 1 IL-6) PR RIVE T, LA
V5 IBD RAE, P98 K B, IL-10 BB/ BUTE H &
S5 9 KGR TL-10 4334 It ik o 4 1
JEFER Ik B3 ) TNF-o 52— Fh 8 2 e R
A, TNF-a 15 R I8 SR 88 K7 ( TNF ) A% 0 % i
B, R MAIE - A0 A AR T R R T
]t 2 TBD A F 2 A 98 3 70 P A RRE
S OE T TR ASAS T AR 8 g 3 B A Sy W S ) 7 6
17,38 2% SR IH AL M AR = A

gD R W 7 S W e i 7 s ) R
T2 5| i Bf B ) BE 5 A5 A G 58 25 L A0 T E L
HilT AR TR — AR e R VTR IR S A e T,
ST A TE E— 25 RAE (W B R, AL R i
Sy S RBEPEPA TR ARG R 0T 3 it 22 A
PR3 , B0 L, I 2R 24k, B
SRAE , HE BRI TS, Caspase 3 24N
PAT R b B AR B DI, RE A 115 50
b RHRT A OB AT T — PR UIE], TR 2t
AT, F A R T Y AR,
NS SR U R PO 2R B g 4H 21 Cleaved-
Caspase-3 7K - (1) 1 25 55 0, AT N U, SR 0R A6
TE AL 5 5 R T ) ST A T, R N A S AT
URIG AT L Caspase-3 FER MG, 22 B 40 i
PAT- BN E T AL UR A 0 R R e R

N/ se VR S0 7k e AU (nE Vil (N 7B R
AR RE 1, S B0 T 40 i ke B, 490 1) T 1 I Y 3
ik BTN TE A0 PR T AR 5 5 R Ak 2 4l
128 el T 17 VR | N 2 WA 87 4
S F5 b b R A W R T PR I AE T, Cleaved-
Caspase-3 P40 M . 2 1 I ARBR ST 4 R LT,
CRS /NEFE A 3B Cleaved-Caspase-3 8 H /K- .
FXEm, LA SRR B U T AR S i £
Wil bR A R T, 2 CRS 51 M B b 1) B s
T BB R 22—

CRS VR —Fh{E S A5 M08, BE R R 4 Hb A4
N7 e OIS T B O ) o L RE A% 3
IR HOIRAS R S e A8 M R R B
AR | AR e B S A B (] 5 R R R
SR PEAN] IR SR A R 1.2.3.6 h 55, BIR
BER) Bk FE A E 2 1,3, 7, 14,21 M 28 d
A02L00] RSEUEN] R 4 h 1 d 54 d I
IR K B BT, AR SRR R A
ENUIRTE 2= Sl TR Qi) 5 IV & S =07
TR R g ol L 35 P 3 10212 Ak g A
KIHRA N (> 14 d) 2800 T A MDD #H¢3)
PR3 K CRS R AL S AR T 3E R HL
il 2RO B CRS AR i/ DI w3 45
P e bR s —  RE T s 0, |
= A3 1) Bl AR A — R B 5 1 5 S A 4 L
il R, PRI, e B — Tl O 5 B AR 8 IV IR
P05 A S MR A A /N RS P TR i
PGB WAL L — R AR bR BRI 45 R R,
CRS AT 3300 #4018 22 2540 S 8 W BB o)
REREfS i bR AR PR T, 5 | R i AR R, B
CRS i 451 15 /) LR B AL 3 B 2, 1E B A S0 AL il
ARt — P IRARE N
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Construction of HIF-1a gene knockout plasmid and functional
verification in naked mole rats based on CRISPR/Cas9 system
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( Department of Laboratory Animal Science, School of Basic Medical Sciences, Naval
Medical University, Shanghai 200433, China)
Corresponding author: CUI Shufang. E-mail: youngstar_sf@ 163. com

[ Abstract] Objective To construct plasmids and knock out HIF-1aw gene expression in an naked mole rat skin
fibroblasts ( NSF) cell line using CRISPR/Cas9 genomic editing technology, to provide an in vitro cell model for studying
the mechanism of hypoxia tolerance and the occurrence and development of hypoxia-related diseases in naked mole rats.
Methods We designed four pairs of single guide RNA (sgRNA) sequences targeting exons 1 ~ 4 of the NSF HIF-1la
gene and successfully constructed an expression plasmid. The plasmid with the optimal sgRNA was identified and

transfected into 293T cells, and the supernatant was used for detecting the virus titer. Lentivirus particles carrying sgRNAs
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of HIF-1ow were transfected into NSF cells which express Cas9 protein, based on a previous protocol. After transfection,
fluorescence signals were observed under a fluorescence microscope, and HIF-1a expression in NSF cells was detected by
Western Blot and T7 endonuclease 1 (T7E1) analysis. Results Sanger sequencing showed that the designed sgRNA was
successfully inserted into pX459 and pKLV2-U6-sgRNA2 vectors, demonstrating successful construction of a recombinant
plasmid for transfection. T7E1 digestion successfully removed three bands and the target efficiency of sgRNA was 54%.
Western Blot showed that the HIF-1ow gene was successfully knocked out and its protein level was significantly reduced in
NSF cells from naked mole rats (P = 0.0019). There were no obvious morphological changes in HIF-la-knockout cells
under the microscope, and gene knockout had no obvious effect on cell proliferation. Conclusions We successfully
constructed an HIF-1a-knockout cell line using CRISPR/Cas9 technology, to provide an experimental basis for further
studies of the biological function of HIF-1a, as well as the mechanism of hypoxia tolerance in naked mole rats. The result
also provide a theoretical foundation for the prevention and treatment of hypoxia-related diseases.

naked mole rat; HIF-la; gene knockout; CRISPR/Cas9 technology
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B 1 pX459-CRISPR-puro-HIFla-sgRNA 41 JiT
Figure 1 pX459-CRISPR-puro-HIF1a-sgRNA recombinant plasmid



206 P E SIS SRR 2024 4E 2 A5 32 %55 2 1 Acta Lab Anim Sci Sin, February 2024, Vol. 32, No. 2

TR, AR BE 23 b AURH OC 3 B A A
sgRNA2 FFTHIZCR M N 54% , 4 4 4~ sgRNA
AT (LA 2)

1 :M:DNA marker; = fJE . TTE1 B 58 4 B AMICX AL U1 F 5 7 A 19
2B

B2 T7El RIS sEs )
Note. M. DNA marker. Triangular. Two fragments produced after
cleavage where the T7E1 enzyme is not fully complemented by the pair.

Figure 2 T7E1 enzyme digestion experiment results

2.2 FRBERENERSHEHERENE

T FHAS [) 9 32 190 % 0 7 38 R IEE RS 25 K 58 &
FEFRHRT R B NFS A 250 48 h % R ZH 4 i O
FrRAFA A KR, (A EERS Rk KT 2.0
pg/mL DS R R W R T 3.0 pg/mL I, 4
L3k B 58 2 FE T IR AS . R, 4 I E 2.0.3.0
e/ mL VE A T2 04 55 2 ORI R RS TR 25 1 R 41 R R
NFS 2t e A T e i

B0 52 1 sgRNA2 , B Kk % 42 8] 4 Bsml [R
il P R P T BV BT B R PR AL pLenti A3 1A
T PR YL A pLenti S B 14 T 24 FH 4 o b
WK, B TR PCR %88 Ry PHM: e B )5, SR HCPH 1
SR BRI 1T Sanger M, AN 3 BT/, sgRNA2
PP ARG 4 A I8 TR, R W pLenti-sgRNA2 %3k
BARFI TN, s FURL pLenti-sgRNA2 5518 5% #f1
TR psPAX2  pMD2. G 4% Y« HEK-293T 4l iy,
439 F 24 48 h FEAT BFP 2GS, U E 4 i
T, B OISR (LA 4)
2.3 NSF ZHff pLenti-sgRNA 124% 5 B L R

F| FH Lenti-Cas9-puro 1555 75 ARG NSF 41y
J& ,i#F47 BSD ik, i L) A M 1 : 2 4%
R, JEYE pLenti-sgRNA2 125575 ,24 h J5#E4T puro i

3 plenti-sgRNA2 5 2H ki
Figure 3 plLenti-sgRNA2 recombinant plasmid

B4 plenti-sgRNA JFokiBH M 293T i
Figure 4 Plenti-sgRNA plasmid positive 293T cells
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P ,72 h J5 , TEDEOG 3 T AL E] 80% LA L ) NSF
Y RE R IR W (AL EE A, R IS 75 BE i AU
NSF 4 ( WLIE 5)

5 plenti-sgRNA2 BHPEEGL A0 I B
Figure 5 plenti-sgRNA2 positive infected cells

2.4 Western Blot #2illl NSF ZHp1Fh HIF-1o 3R i%
W28 pLenti-sgRNA2 12 9% 7 S Y4 J5 (1 NSF £
ML, M 2.0 pg/mL BEM 55 3R 35 ZL0f % 48 h, 44 1)
IPTES T R A I 1 2 2 154X, JR 43 NSF-
HIF-1ae KO1 NSF-HIF-1a KO2, %3 51 4% B NSF-WT

K NSF-HIF-1a KO1 NSF-HIF-1ae KO2 4Hff 5 11, 3
i Western Blot #:0 HIF-1o 25 AR A K, 451
TN, SX R AR EE , SE5G 4H pLenti-sgRNA2 TR & 41 Y
o HIF-1oo 1Y 3K BT 5 /0 | 0 B B2 45 31 T HIF-
lo FEFR A NSF 4 (WKl 6) .
2.5 NSF 4 E EH DNA HIF-1c EE
B0 UEFE K 4 DNA 2878, ) FH 7 Rl B
S PR T R R A I S [ HIF-1a-sg2 (WL3R 3)
$& B NSF-HIF-la. KO1, NSF-HIF-1ae KO2 41 Jifl
DNA ik PCR % & J5 gl Ak 7= 9 31 )5, ml UWLAE
sgRNA FL 5 4k Hh 30 B I 7 B 0 100 WA A B R AR
ALK T)
2.6 &% HIF-1a X NSF 20 B8 58 78 14 B9 22 0
FIH CCK8 1k 71 & K I B A= A NSF 2 Jfd il
NSF-HIF-1a-KO1 , NSF-HIF-1a-KO2 4 Jifl %) 38 5 175
B, Z5F BN, NSF 4 XF HRZH AN HIF- 1o bR 2 20
JLI) OD,, Joli E P22 5 (WLE 8) , & W] HIF-1o
PRI R[5 S X6F NSE 240 RESE 58 37% : TIC J 5 52

1A WT 41 \NSF-HIF-1ac KO1 4ii 8 NSF-HIF-1oe KO2 2] HIF-1ae 5 [ Western Blot 455 ; B: Image J K407, M E R S8 5

WT 4IHLt, ™ P < 0.01,

6 NSF Ziifirf HIF-1a EHRIBKT (0 = 3)
Note. A. WT cells, NSF-HIF-la KOI cells, NSF-HIF-lao KO2 cell HIF-la protein expression. B. Image J grayscale analysis, relative

quantitative statistical chart. Compared with WT group, ** P < 0.01.

Figure 6 HIF-1a in NSF cells protein expression level(n = 3)

B 7 HIF-lo JEHEER NSF 1AL F i 4]
Figure 7 Sequencing peak map of HIF-1a gene knockout NSF cells
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8  HIF-lo JERIRRERXT NSF 20 MG 58 16 VL ) 52
Figure 8 Effect of HIF-1a gene knockout on the
proliferation activity of NSF cells

3 it

B B S KT S R N 28 22 9 e B Y
FEOAIE LA MR W R | 5 2 O i i A5
W08 BEE S I T (HIF) fE4EFR R A S T
T AR | G 5 7 S 40 i 1) e SR AR i e A
HOF BOER 61N a0/ 118 11 U 4 ol N S BT A |
FEIENY O HIF |1 HIF-1o0 F1 HIF-18 7> M7 36 4z ]
YRGS IR G P B HIF-1a W3R MRS 2 T
PE AR RSN R HIF-1a 41 R PE R AR, 178
RERMT, M E MR I8 B 40 i b, B
PFER RN, B, FE B AET, HIF- 1o AT HEH
B AR H RE RRAEG , E T R T A AR ST, 4R
i BRL T RR 0 A A IR BT o G L A 5 114 A R
ZHEST AT IT & LA R FR A 20 PR 4R K
-1 HIF-1o 25 925 FBL R [R] A i SE0RH OG0
T IR G 119 91 2 A Ao G Ay i ARG S A AT 5 1) AR
BRI R R R AT S A A5 4 28— 3 B
2RI E, T B2 R BET 4k 40 i 2 20 A A ik
(W EA R ZS K 55y, N T i — 25T HIF-1a
AR BRI G S 4 1 b i R AL, A F 5
CRISPR/ Cas9 H A | {4/ il I 1AL it BBz R A 21 4 20
Jii b HIF-1o ZE S HIF-1oc AHCHL I DL B i S8 AR
SEPFIF AIF 5 B2 A48 400 1) 200 AR A8

CRISPR/Cas9 & % & T ¢RNA 551 ¥ 51 i/
SR Cas9 B8 P ) 32047 410 1 D4 S5 B0 35 1R 2
H 1987 4F Crispr/Cas9 Z 45 10 7]t | JE K 4 5 0E A
T— AR AR |k RS
fHAE SR A DA R s 1 A AN R A5 31 T R
A S A A A B A T AL TR K R
TE CRISPR/ Cas9 & [K 4 i A9 €08 | B2 R i 4F 4
90 R R A O B Rk T R A0 R 2R 22—,

SHANDILYA %1/ {ifi f] CRISPR/ Cas9 $ AR X} HSF-1
1 Na/K-ATP il ol SV EE g8, T REARR T 1444
B 1 FSCEF 4 41 i X FAR T SR B BE . Bt At
HT CRISPR/Cas9 R4t i3, DNA 454 #0453
R DRI BRI 7 Pk BT 2 A L 2% 3 3 = 4 Y R A
CRISPR/Cas9 45w bk 4 =F K¢ ik BT 45 20 iE Wni2
BRI — W5, A5 E T CRISPR/Cas9 &
35, ) PV o i B G A R 1 R S IR AR B R
ST AN 1) I G e, 120 1 A R R R RO
Wik A5 FUR R R AT =, 55 F o LRI TR e e
AN, 38 A 1 TR R AORE SNR L R AR A B
FEBE PRI v 7 R R it v 2 G A58 23 11 [+ i 64 A1 48
P03 ARSI AR T R ) HIF- 1o 18075 7 %
R IR, 3 53 HEK-293T 40 it 43 5 ] %5 Cas9 F0I
gRNA JR5E, 28R YL M T F2E %38 Cas9 1 NSF
Y, PS4 gRNA % A5 Cas9 1 NSF 41
Harp  F T HIF-1a @R A9 NSF 41 oA Y 25 5
WA 2 e AR HIF-1a MEBRAUIR A A0HR e, i —4
FIH Western Blot ¥l i 7 12 & 40 Ak A9 HIF-1a
H IR GRS Y4 0 NSF 20 A L 53 B R A%, 42
7~ HIF-1a JEPR ST R

ARHFFE B IR B T HE 1] NSF 40 HIF-1a 2E R
i) CRISPR/ Cas9 UKL , A @55 T NSF 21 it i1y
HIF-1a 2E (5, 4 J5 22K Hl CRISPR/Cas9 7 4t 4
LR G AR B S R R B T SC I Sk Ak, R A
A HIF-Tow T I 35 PR 7 326 AL 9F 5 4R 48E T 20
PRI
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[ Abstract]  Objective To investigate the effect of WNK2 on the ERK1/2/ROS/SHP2 signaling pathway in
hepatocellular carcinoma (HCC) and to explore its role in cell proliferation and migration in HCC. Methods HepG2 cells
were transfected with WNK2-mimic, sh-RNA WNK2, and corresponding negative control. The effect of WNK2 on the
proliferation of HCC was examined by subcutaneous tumorigenesis assay in BALB/c nude mice. The expressions of WNK2,
p40, gp90, p-SHP2, p-AKT, and p-ERK1/2 in tumor tissues were detected by Western Blot. After treatment with SHP2
inhibitor PHPS1, the expressions of WNK2, P40, gp90, p-SHP2, p-AKT, and p-ERK1/2 in HepG2 cells were detected
by Western Blot. The migration ability and invasion ability of HepG2 cells were detected by cell scratch assay and
Transwell. The proliferation ability of HepG2 cells was detected by monoclonal proliferation assay. Results Compared
with the sh-NC group, the tumor volume of nude mice in the sh-RNA WNK2 group was significantly increased (P <
0.01) ; Compared with the NC-mimic group, the tumor volume of nude mice in the WNK2-mimic group was significantly
reduced (P < 0.01). Western Blot result showed that compared with the sh-NC group, the expression of WNK2 in the sh-
RNA WNK2 group was significantly decreased (P < 0.01) , while the expressions of p40, gp90, p-SHP2, p-AKT and p-
ERK1/2 were significantly increased (P < 0.01).

significantly increased in the WNK2-mimic group (P < 0.01),

Compared with the NC-mimic group, the expression of WNK2 was
and the expressions of p40, gp90, p-SHP2, p-AKT, and
p-ERK1/2 were significantly decreased (P < 0.01). In vitro experiment, compared with the sh-NC group, the expression
of WNK2 was significantly decreased in the sh-RNA WNK2 group (P < 0.01), while the expressions of p40, gp90, p-
SHP2, p-AKT and p-ERK1/2 were significantly increased in the sh-RNA WNK2 group (P < 0.01). Compared with the
sh-NC + PHPSI group, the expression of WNK2 was significantly decreased in the sh-RNA WNK2 + PHPS1 group (P <
0.01), while the expressions of p40, gp90, p-SHP2, p-AKT,
differences compared with the sh-NC + PHPSI group (P > 0.05). The cell scratch assay and Transwell result showed that

and p-ERK1/2 were reversed and had no significant

the migration and invasion ability of HepG2 cells in the sh-RNA WNK2 group was significantly increased compared with the
sh-NC group (P < 0.01). The migration and invasion ability of HepG2 cells in the sh-NC + PHPS1 group and sh-RNA
WNK2 + PHPSI1 group were significantly decreased with no significant difference (P > 0.05). The result of the
monoclonal proliferation experiment showed that the proliferation capacity of HepG2 cells in the sh-RNA WNK2 group was
significantly increased compared with the sh-NC group (P < 0.01) , while the proliferation ability of HepG2 cells in the sh-
NC + PHPSI group and sh-RNA WNK2 + PHPSI group was significantly decreased with no significant difference (P >
WNK2 can inhibit the ERK1/2/ROS/SHP2 signaling pathway, thereby inhibiting ERK1/2/ Akt

signaling and delaying the proliferation and migration of HCC.

0.05). Conclusions
[ Keywords] hepatocellular carcinoma; WNK2; ERK1/2/ROS/SHP2 signaling pathway; proliferation; invasion
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deficient protein kinase 2, WNK2 ) J&— 7 21l i Jii 22 %
MR- A BRI, & T3 O R 5 . WNK
PN HECE =R A AR & S O DD B i AW B AR /0
AT R R PR BRI WNK2 1
FENLIE AL TR FH © 750 S e | i e 1 B 5 A
P LR WE S A RF S R B, WNK2 AT L)
i A ERK1/2 59 30 M A HCC /Y
RKIE

PR, AR Y T B R R WNK2 X HCC W%
PEDIRE 1Y 52w, JF B R 58 H B AR /R -, A
HCC B B SRy F S R i .

1 MR5AE

1.1 #8
1.1 SE8shy

24 H 6 ~ 8 JH % SPF 2% I = BALB/c # R
(nude mice) ,/KE 17 ~ 19 g, M H M B 5w U1 74
YIRHE A B F] [ SCXK () 2020-0005]) . 1A/ 7= F
AL E AR EBEsh 0 [ SYXK (L) 2020-005]
T 2 6] 45 4L AR B P AROK e TG B DR, L3R
EE B RAE PR BRI 8 BEE A2 50% , 1 FE 42 1l
FE25°C . T A BAESAAF AT b B Bl K2 S i e 2l
2F 3R (20230520)
1.1.2 4

A HCC 4iig & HepG2( CL-0103)
113 EZH 5

6 4 Il 3 ( 164210-50 ) . DMEM 1% 37 3
(PM150410) Dk K 7 75 R -85 8 % (PB180120) Iy A
R E#HEAEwmBREARLSE (P E);
Lipofectamine 3000 e QPR KRB A IR F
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1000) . P40 (ab203826,1 : 1000) . gp90 ( ah243894
1:1000) . p-SHP2 ( ab62322, 1 : 1000 ) . p-AKT
(ab38449, 1 : 1000) . p-ERK1/2 ( ab17942, 1 :
1000) . GAPDH ( ab128915, 1 : 10000) , HRP #i
15G HitA (ab288151,1 : 2000) I 1 Abcam ( %5 [H ) ;
RIPA 24 W A 38 2 KA A (PO013K, 1 [ ) 5 sh-
RNA WNK2 g [ )M 88 AR R A BRA &)
), FF41h CAAGGACAATGGAGCCATA ; 185 75 Hi
BERHEYHEARA RS AR A (P s WNK2 it
FIRFURL i F i S LR R A BR A A 4R it (
), PHPSI 3 H MCE ( HY-112368, 2 [ ),
Transwell /N % 3450 Wy H 3¢ [ Corning 2\ A,

Multiskan™ FC i #5 1% 51119180ET L K iBright
CL1500 {2 250 A44114 [ ZEER K /RBHE A,
1.2 A%
1.2.1 4ifeEs3s 556y

¥ HepG2 AUMEE 7 )5 , T DMEM Bigr3t it 17
i3t A 10% BG40 1075 LA K 1% 75 55 R A R
SRIGHE T 37 °C 5% CO, MfE R HE IR 5 3240 Hh kA7
Bigg, AENML AR USO8 A K 30 %) 4 e st
FFS255 B HepG2 ZHMILL 1 x 10° A~/ FLI0 %5 BE B 5%
T 6 fLtk, 555 HepG2 2 M 9L & FE A 5] 60%HT
# sh-RNA WNK2 F1 WNK2 5z 2635 kL LA Kk I )
[ 14 % BB f ] Lipofectamine 3000 #4524 138 B 43 %1
YL HepG2 AT A5 5k 6 h i, o8 R St
rRE3% B H AP N sh-NC 4 sh-RNA WNK2 4 NC-
mimic A1 WNK2 mimic 2, 2R J5 85 —3it sh-NC 2 .
sh-RNA WNK2 #H ) HepG2 4i Jfi # fit A PHPSI
(SHP2 41 #1 71, 30 wmol/L)"™ | #E & sh-NC +
PHPS1 4 F1 sh-RNA WNK2 + PHPS1 4 .
1.2.2 #REHE T S

B T35 850 K 2010 HepG2 200, R IE N 1L )5
T PBS ¥, A B E R 2 x 10°/mL, ¥ 40
PR T S R R B B AE A B R Skl
ABE TR 1 em 2245, K T AL WS, UFAF
HepG2 4HARLEER AT, W65 20 10 5 I 200 2 0 M T IR
% B4R sh-NC 2H  sh-RNA WNK2 4 NC-
mimic ZH Fl WNK2-mimic 20 , & & 2 Y HARFH
HRETESEFD 30 d JEARE,
1.2.3 4 RlR L5

ALY HepG2 4l A 43 1) & F 2% 40 A8 [R] 11 355
FILRRFE RIGHERNT 6 FLAP IR R H 2R A
JEIRE] 100% . (HHIFT 20 Wl B2 W Sk 7 15 77
ML FIC S 212 18 M) 3 S FATH BRI,
P O A= A4 ) B3 B 5 DA Sy 8 T i A 3 1) A
FE0 h F148 h 40 MR, 8 Image J XTHIlJR %L
EEA TIN5 537
1.2.4 Transwell 32546

TS A S FBS i DMEM 1535 5 iy
8 x 10° MMMMEAMBH AN L Eh, RFBLL .
AT FBS 19 DMEM 35520 5 x 10° SRR
INEFRA IR =, ¥ &H 20% FBS 1
DMEM KisR 3L g8 78 PR, K4 fiiE g 8 h it
PRI , ¥ Al BT 7 20 h TR 28I &, 2R
Je , BB AT 0. 1% 45 SR ye o, IF FA AR 28 25 B
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JRAGNME, SRJ5 X A T E
1.2.5 AR AE S0

AR KRS BIF69 HepG2 40, FR 40 i 7E 6 fL
M (R4 BE IR ) 80% I, AT A 4n Y, & 2
FOTsE , AT A A4, AR A B 1.0 x 10°
AL HL 200 WL 20 AR FE AT I, 40 0 48 A 3% 5% T
% 6 mL; A 37 C 5% CO, WHAbAw BT 2
PR AT L SR KT 50 IR RS A
RiFR3L AL 5 mL I BERE E 15 min, 57 25 [#5E
W, LI B Y Y G f5 20 min, [ R K #hk,
23T R IR AERYS s 8 Image J FRAFHTHF
KA AT A5
1.2.6 Cell Counting Kit-8( CCK-8)

Wi 4b TP K HepG2 40 i I AL A0 B,
AR RO TR ML, 58 A B SR W A
5 x 10*/mL AR, B fL 100 pL #2750 2) 96 fL
e, BT 37 °C,5% CO, BSR40 T, 78 40 i i
BEJS  Ar 595 24 h 148 hy JH 100 pL Hréfse 4
KR AR IH R 525, LA 10 pl. CCK-8 a5,
M TEPARE IR E 2 h, ZEBEARY 450 nm A0S 441
i IRCo B =01 R O o 5 W 2 I 3 A I
1.2.7 Western Blot

H4 45 ALY i ZH 21 R HepG2 40 Y RIPA i
158 $REUE A, BCA X S A I & (i B, B K
Fif i SDS-PAGE 73 #5144 #% 5] PVDF I [, /A
Ja i A — $T WNK2 ( ab239037, 1 : 1000 ) . P40
(ab203826,1 : 1000) .gp90( ab243894,1 : 1000) .p-
SHP2 ( ab62322, 1 : 1000) . p-AKT ( ab38449, 1 :
1000) . p-ERK1/2 ( ab17942, 1 : 1000) . GAPDH
(ab128915,1 : 10000) , FH il A —#T HRP $ii % 1gG
Puik (ab288151,1 : 2000) , il A ECL A7, B
W5 Image J X8R (25 10 K BE(EEA T 2047 .
1.3 FitFELH

i SPSS 25. 0 1 GraphPad prism 9.0 T4
oAb 3, DR R P + AR
(x =5) ,JFRA X K50/ T 2 400 LB, ST AR ¢
Ko M AL b8, P < 0.05 HEA G H ¥ X,

2 R

2.1 WNK2 #i#l HCC H& &

MR T B S B02E R W , AT sh-NC 4,
sh-RNA WNK2 2H#R B 30 d B fifsgg A 1A L gl 2% 4
KEABEEZR (P < 0.01); A% T NC-

mimic 2, WNK2 mimic ZH A% B8 i 7B . 2508 (P
< 0.01) ,WNK2 mimic 4% NC-mimic 2125 H A i
%, BB WNK2 AT L6 HCC Mk (WL 1) .

.5 sh-NC 414 I, ™ P < 0.01; 55 NC-mimic 414 It.," P <
0.01, ( FEIR)

1 BB TSRS EE R (n = 6)
Note. Compared with the sh-NC group, ™ P < 0.01; Compared
with the NC-mimic group, *P < 0.01. (The same in the following
figures)
Figure 1 Results of subcutaneous tumor formation assay

in nude mice(n = 6)

2.2  WNK2,p-SHP2, p-AKT #1 p-ERK1/2 7£ #§
R RRIE

K Western Blot 1546 I ## 583 o WINK2 |
P40 .gp90 .p-SHP2 .p-AKT Fil p-ERK1/2 By&ik,
X F sh-NC 2H ,sh-RNA WNK2 20 WNK2 ({335 0%
FEA% (P < 0.01), P40, gp90 ., p-SHP2, p-AKT Fi
p-ERK1/2 MR B E &, HA B EEEF (P <
0.01); 1M #H %} F NC-mimic 20, WNK2-mimic #H
WNK2 1 3k i 7+ & (P < 0.01), P40, gp90,
p-SHP2 | p-AKT Fl p-ERK1/2 it 3 ik i 35 F A%, B
ARFEMEZS (P <0.01), BT WNK2 A LD
il i 9% b P40 gp90 ., p-SHP2 | p-AKT Fl p-ERK1/2
MIFRIB (W 2) .
2.3  WNK2, p-SHP2, p-AKT #1 p-ERK1/2 7
HepG2 20l F YR iX

K Western Blot Al 4 44 s I 19 HepG2 24
M WNK2 P40, gp90 ,p-SHP2 .p-AKT #l p-ERK1/2
)23k, HIXFF sh-NC 4, sh-RNA WNK2 4] rh
WNK2 1 % 3k W Bk (P < 0.01), P40, gp90,
p-SHP2 | p-AKT #l p-ERK1/2 fy ik B & 75, B
HRENZS (P <0.01) ;#1%F T sh-NC + PHPSI
2H,sh-RNA WNK2 + PHPS1 40+ WNK2 1933k 2
FEREAR(P < 0.01) 1 p-SHP2 .p-AKT #il p-ERK1/2
B2 IR B 335 5% 3¢ H. sh-RNA WNK2 + PHPS1 2 %%
sh-NC + PHPS1 4 JC & PE 2= 5 (P > 0.05) , #i B
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Bl 2 Western Blot ¥l WNK2 P40 .gp90 .p-SHP2 .p-AKT Fl p-ERK1/2 fE#E UM P 93k (n = 6)
Figure 2 Expression of WNK2, P40, gp90, p-SHP2, p-AKT, and p-ERK1/2 in nude mice tumors detected by
Western Blot(n = 6)

T WNK2 a] LA HepG2 20 g 4t p-SHP2 19 3%
ik, BETTH P40 gp90 .p-AKT Fl p-ERK1/2 Ay ik
(WIE 3) .,
2.4 WNK2 ATRUE I HD# SHP2 #9515 A T 52 i
HCC HyiE# ek

21 g S R S 56 25 4 B, A XS T sh-NC 41, sh-
RNA WNK2 41 HepG2 4l i #56e 1 . & T, H
H B EMEZESR(P < 0.01) ;sh-NC + PHPS1 ZH il sh-
RNA WNK2 + PHPSI1 £ HepG2 4 fifl 13T A fiE 11 ik
FRRAOFEA A BEEER(P>0.05), WHT

E:5 sh-NC + PHPS1 ZAH L, %P < 0.01. (FER)

WNK2 A DL 5 410 i SHP2 (%) 3 15 M ifii 9 i HCC
HERRE S (WK 4) .
2.5 WNK2 ATRUE T HD # SHP2 B9 5% 1% i3 T 52 i
HCC Wi E &R

Transwell SEEGZ5F R, A% T NC 41, sh-RNA
WNK2 21 HepG2 41 (i % f2 22 58 )1 % T,
HABEEZERE(P <0.01);NC + PHPS1 411 sh-
RNA WNK2 + PHPS1 2 HepG2 4l Jifd i) 1T 7% Fil 1= 28
it J1 0 E WAL IF H sh-RNA WNK2 + PHPS1 40 %
NC + PHPS1 HAHA B EEZR (P > 0.05), i

B3 Western Blot 1l WNK2 P40 gp90 .p-SHP2 .p-AKT Fl p-ERK1/2 7E HepG2 43R5 (n = 3)
Note. Compared with the sh-NC + PHPSI group, “P < 0.01. (The same in the following figures)
Figure 3 Expression of WNK2, P40, gp90, p-SHP2, p-AKT, and p-ERK1/2 in HepG2 cells
detected by Western Blot(n = 3)
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B4 ARSI ER (0 = 3)

Figure 4 Cell scratch assay results(n = 3)

W17 WNK2 A DL o 30 1] SHP2 1) 3 3 2 1 417 )
HCC By MR 28RE 71 (WKL 5) .
2.6 WNK2 rTRLE I H) ] SHP2 # 5% 1A i3
HCC RyiE5E BE

AIXEF sh-NC 41, sh-RNA WNK2 4] HepG2 4
i ) B TE B R A 48 h Y OD g 5 7, B i
FAEZEF (P < 0.01) ;1 sh-NC + PHPS1 4 #l sh-

[EA

RNA WNK2 + PHPS1 2 HepG2 41l ifd i) B4 5 [ 5
148 h 1y OD {H & 3 B& ik Jf H sh-RNA WNK2 +
PHPS1 1% NC + PHPS1 4 TC i 2% H (P >
0.05), UiH] WNK2 A 3@ #ili il SHP2 fY 32 1k K 1)
il HCC By3ass (18 6,181 7) . WNK2 a] LA 1 1 1
ERK1/2/ROS/SHP2 {5 53 fi 1 1 £k WA 171 428 2% AT 240
it g8 B 3B AT S (DLIEL )

Bl 5 Transwell SEEZ5E R (n = 3)

Figure 5 Transwell experiment results(n = 3)
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B6 HoiBERIELRE R (n = 3)

Figure 6 Monoclonal proliferation experiment results(n = 3)

B7 CCK-8%H(n = 3)
Figure 7 CCK-8 results(n = 3)

B8 WNK2 a] LUl i ] ERK1/2/ROS/SHP2
755308 S 1) 3% T DAL T 2B 22 T 240 L 8 g 4 R 7%
Figure 8 WNK2 can inhibit the ERK1/2/ROS/SHP2
signaling pathway, thereby delaying the proliferation

and migration of hepatocellular carcinoma

3 i

HCC JE BRI AEM AT M IR N 2 — | BHAE 2
80 i, I H 80%H HCC %A= 7 I Fl FFAg AL,
BEH AR, T FEARBT B E A
FAMEALIATT 5 S B9 AWl itk | P98 9697 A T AR
pNGUE/ X =N T R0 S ORI =R LA VAS 1N
B, HCC FJ5 A R Y 3 25 PR 98 5 3032 W A
Me i 2 2 R fL R, PR R W, Z2F0 3 F1E
HCC My RATR SRR E AN, B, 24
BRI SE R AE bR B YR I2 W HCC I3 22 7 1) 5 s
KA RARIT HCC B3,

WNK2 1ER— AP0 5L P, WNK2 53 B 7E e
4 9q22. 31 I, J& F 22 % R/ 9 A TR W 0 K %, H:
AL B BR A T AR B Mg R,
WNK2 AT LAY 42 Ak 7 K0 47 08 4 e 4
HRZEMITARE 1, JF H WNK2 2836 X HCC 32
AR T ERK1/2 42, Ui T WNK2 Af DL i
HCC 4 s i) ERK1/2 {554 5, N #l ] HCC 1
TR FIEEAE 1112 A SR W], ERK1/2 7] LA
IR HE P40 FT gp90 11323k M 3 480 Ak 1 38 119 7K
ST BALB/c BREUR R R SE 45 SRR IH , WNK2
S T DL R R B 9 R B, WNK2 2 ik
23 W 2B U/ iR 0 R B B o A 494 B S 36 FH CCK-8
SR T WNK2 SZ24 AT LU #F HCC 200 Jfd iy 38
FhfE ST, 200 T WNK2 AT U6l HCC B4 K 1R 28
GRS HCC e EHZL R I, vl B J& HCC FE A
RASCH BB, FEAHIESE Y, 40 A S R 55 56 A0
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Transwell 52 56 2% 2 5 /8, WNK2 52 #00 il 7] DL A gf
HCC 4 e iy #8 FR 2868 77, R W T WNK2 A] LU
il HCC [ERE FIfR2E .

SHP2 i A PTPN11 & H 4ty , J&— b 223k
(RS2 A 1 B 2 PR W R 1 ( PTPase ) , B & P~ N
A3 Sre [RIPRPE 2 (SH2) 5 A4y da  — AL 2 -
SR TR W ( PTPase ) 25 W A1 — 1> C K i |,
SHP2 XJ T 5 240 Mu 34 78 | 534k 08 T FLiz 30 I i
ANV S I A= RiDEZ ) R ERER T PN
TP G R, YRR K T R s AT
DLRE 5 M {2 3 SHP-2 9 3 3512, SHP2 1Y
SUMOylation il {2 # SHP2-gab1 & & ¥ K Bk
i BE ERK #9 33%, I A HCC /Y & P,
ERK1/2/AKT 15 538 % 19 38006 7T AR 32F i g 240 il
O F SRR 1A o o 1 1 1 R e = B O 1 PO K N
5 {KAME) Western Blot SZ5625 FAEM , WNK2 5 #3k
AT DL 3ok o 4 AR AR R BOK SFpR HCC b SHP2 |
ERK1/2 Fl AKT W#ERR 1K 2L K P40 Fil gp90 HYFRIE,
WNK2 A2 4 i AT L sk o4 45 4804k 07 8K O e it
HCC " SHP2 .ERK1/2 il AKT A4 #5ER 1k LA & P40
H1 gp90 (=36, I HAEMA T SHP2 #iil5§] PHPSI
J5 WNK2 19 3R 3k & A 32 3 52 W, 1 p-SHP2,
p-ERK1/2 | p-AKT P40 Fl gp90 FY Ik # 4 i & 411
il LI T WNK2 ] L o 9 45 S8 Ak 0L 7K 14 il
SHP2 Ml ERK1/2 A1 AKT B9i&fk, 1 H 550
B 184 GE S B0 R CCK-8 4% 3 & 7k, SHP2 411 il 5]
PHPS1 234 WNK2 ## 2 Br i 1% 14 JH- 40 Jed A 3 7
eSS L4, 40 B RIIR S 56 A1 Transwell SC 5
ZEBLE R SHP2 I3 PHPST 294 WNK2 G2k
JIT 3 18 1) 400 M ) 3 A% FNIR 22 BE T B s B I 42
PRI, 4EEDN WNK2 AT DU 5 45 ERK1/2 {5 5 #§
A ] A A OK - P S0 ) SHP2 S i 417
il ERK1/2 1 AKT #3646, Tl HCC 1A &,

Zx ik, WNK2 7] LUE i )il ERK1/2/R0S/
SHP2 {5538 % 19 7 b, T ] ERK1/2/AKT {5
SR, HEMIESE HCC HIISFE AT .
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I A6 A 225 BRVE 20 T X MrgprD-TRPAT 38 i
I £ 5B
BURE i, TR SRR R

(1. B RN BlgR 5y =P B 2= R VL B8 2140005
2. BN KB R L9 M 225009)

[FZE] B#  ARFSEIEE g A B 3 208 M 45 %5 451473 ( chronic constriction injury, CCL) /NI | 4347 F1
PR [ 71 T 0 25 955 B PR A0 v (0 BE R SR B HURE MrgprD-TRPA1 {5 S BRI EAE . 3k THEAM RS
g% 30 HU/NRAL B4 CCL /MR ; VonFrey SE35 A6 I 11 % /1N BRI ORI 47 Ry 2 28 Ak, Ve 3 S 56
PEAS %N R HVR 5A BLU  ; Western Blot S8 %% 6  RT-PCR #6017 %) /)N B, MreprD Fl TRPAL & A3 57K
F- \DRG FHMEM 250505 MrgprD F1 TRPA1 mRNA 7K (1 5200 5 38 15 X5 HEK293 40 i 53 5l B Y A4 % MrgprD |
TRPAL BURLJG BEG BUR LS AT OGRS 2 ek, &R LRIl T 25 B CCI /N R, i B A K 5]
83.33%(25/30) ; FITEE B HY CCL /N BUMLAR I B (1 RN 45 2 v AR B[] 350 dnb 25 R FRZH (P < 0. 05) 5 FIEVE H Y CCL
/NER MrgprD Fil TRPAT 2K [ 335K 19 W B R TR IBLL (P < 0.05) ; FHIEHE B AY CCI /MR DRG 1 MrgprD Al
TRPAT FHM:RRZ o i i B IR X IR (P < 0.05) ; HTERE B 1Y CCL /DR MrgprD A1 TRPA1 mRNA FHX} 2R3k
KT 5 AR TR BB (P < 0.05) 3 35 44 MrgprD A1 TRPAT FURLAY HEK293 20 e e 4 i 2 25 T il YL
YR (P < 0.05), &it  AWFFEEIS I HIELE CCL /N B A Fp B0/ AORCR  IE T MrgprD-TRPA1 Z 4 255
PPN (14 T S A A 478 T T T LU I 8425 MrgprD-TRPA1 155 S il [ e 10451 ot 25 955 PR AR L B 3
Sy Ja S R R PR 245 B U ML TR AR ST B8 T 5601

[=&iR] /B A B ER PR s MrgprD ; TRPAL
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[ Abstract] Objective To analyze and explore the analgesic effect of Angelica dahurica in neuropathic pain and its

regulatory effect on the Mas-related G-protein coupled receptor member D ( MrgprD ) -transient receptor potential ankyrin 1
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(TRPAL1) signaling pathway, using a mouse model of sciatic nerve chronic constriction injury (CCI). Methods A CCI
mouse model was prepared by sterile surgical ligation and wrapping of the sciatic nerve in 30 mice. Pain-related behavioral
changes induced by mechanical stimulation were detected by the VonFrey method, and the thermal hyperalgesic effects of
Angelica dahurica were evaluated by thermal radiation experiments. The effects of Angelica dahurica on the protein
expression levels MrgprD and TRPA1, the number of dorsal root ganglion (DRG) positive neurons, and mRNA levels of
MrgprD and TRPA1 in mice were detected by Western Blot, immunofluorescence, and reverse transcription-polymerase
chain reaction, respectively. Differences in fluorescence signal intensity in HEK293 cells after single transfection and co-
transfection with MrgprD and TRPA1 plasmids, respectively, were analyzed by calcium imaging experiments. Results A
total of 25 CCI mouse models were successfully prepared, with a modeling rate of 83.33% (25/30). The mechanical
threshold and foot retraction latency were significantly higher in CCI mice treated with Angelica dahurica compared with the
control group (P < 0.05). Expression levels of MrgprD and TRPA1 proteins were significantly lower in CCI mice treated
with Angelica dahurica than in the control group (P < 0.05). The number of MrgprD- and TRPA1-positive neurons in the
DRG was significantly lower group (P < 0.05) and the mRNA levels of MrgprD and TRPA1 were also significantly lower in
CCI mice treated with Angelica dahurica than in the control group (P < 0.05). The fluorescence intensity was significantly
higher in HEK293 cells co-transfected with MrgprD and TRPA1 plasmids than in single-transfected and blank control cells
(P < 0.05). Conclusions

neuropathic pain, and indicated that Angelica dahurica can inhibit neuropathic pain by regulating this signal transduction

This study demonstrated that the MrgprD-TRPA1 pathway is an important target for

pathway. These result provide a foundation for further research on the development of new clinical analgesic drugs and
analgesic mechanisms.
[ Keywords] mouse; Angelica dahurica; neuropathic pain; MrgprD; TRPA1
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SR N R EBUR IR YT B — R 2 o, (H2 ok
TG AT i HARAE FIAIL ) 6 AN W, 0 2
T MrgprD-TRPAT i f#% () 1 1 7E NPP A 14 S50 AL
1l 1 ANV AE o

FET RO FE AL, DL S A SR T
FEAE T AW G408 Ao 2 37 A i 1 280 P 4 7 0 4
( chronic constriction injury, CCL) /)N U 7Y #5835 Al
A3HT A TE SR 75 A58 1 MrgprD-TRPA1 T8 [ 4 1 4
kA CCIASRY S 1) A fi 228, LA Sy B 1
TR Y B AL TR RN 4 I T R B I R B 25 )
BEE S

1 #R57EE

1.1 #f
1.1.1 SEE3hY

SEFTH 40 H/NRYI R 7 ~ 8 I TE N
C57BL/6] MM/ IRE S 20 ~ 25 ¢, T L0
FURRE A YR A R F] [ SCXK (977)2018-0006]
T FETULRE K2 SE 5 s W) vt [ SYXK (75) 2021 -
0056 ] , 1K 20 ~ 26 °C ,J2% K 40% ~ 70% ,24 h
B ARG IAEIR, A B OKIKE, Bk iR, A
SIEB VLR KA SE I B W A LS Sl A R S
B2 A% E ( YXYLL-2019-078 ) , 5 K 5h ¥y S 36 fiY
FHOC TAERIAE VL R K= LB s b 58 1
112 EZEF SR

FITE KRR ( E ) L 19% % 5 e 240 ( Merck ) |
TRPA1 P 5 [ $T /& ( Abcam ), MrgprD #i 1K
(Abcam) , TRIzol ( & H e R A= i BH LA R AW ),
DMEM ( Gibeo) , i 4~ IfiL 35 ( FBS, Gibeo ) , 5 5 % -4%
B Z WYL (PS, Hyclone ) , D-hank * s ( Hyclone ) , [l &
I ( Dispise) , fHZ& 4K K+ (NGF, Sigma) , )= 1%
#HH (Sigma) , B-alanine ( Sigma ) , Fura-2 ( Sigma ) ,
F127 ( Sigma ) , 3£ B %¢ ) & 4t 3K 77 & ( Roche ) ,
MrgprD [k TRPA1 kL HEK293 2 Jifl bk 1 % 47
FARSLES, A FRER K N S L AR
SALER ELES SDS | H I | SR VA Ik e A5 340 A [
an e it LAl S WES AT S i R A e 3. Wl B S I RS/ I
SRR FPHEABRA A

AN BRF R 2% M, VonFrey 22 | Jf £
( Danmic) , #4851 (Ugo basile) , #85 TAE & (3£
IR KR A BR A R ), AL BR AN B F7 46 (55
FEFER R IR A A, B 7R (B A
Al PKERY) A WL (PR DR R 2 A A i) S ik se ( H

AJEFE S Al ), IX51 Olympus ¢ 6 8] & & il 5%
(Olympus) , pH FREETF (75 [E 58 2 RT3 A B
Sl SER S RE B PCR AX (Roche ) , BS5OoHL (151
HUARHEAES A R T | 4 8 5 iR K 78 5% (b 4
IRBEIPANEST ) PRI (EETARAT) .

1.2 FHik

1.2.1  CCI /N il 2%

BNk 4 A, B4 10 2 R —4/hER
VEATRAAT b3, oA 4l /N BRAR - P 2 2 4L, EA T A,
RN BUR R, I EMY AR E T ah P scge &, i it
TR ANEEF AR VE /N BRUA 0 11 J B R 38 v £ Ak 3 47
YIFF s de g i e LR 8 . ARG i I
AN REE A AT AN 28158 3 Uk, J6 T/ USRS
S0 D) EAT P A 25 4L, R A HL 1 mm A2 AT
e, ARJEHE T O 4SRN BB B = ADEM, O
TREFZ AN B2/ N RN, 5B 2 8 5 BUE IA
O RN 4] 5%, A TF AR 0 AR T /N RLGRR
MEEHIC A 1 ~ 10 K/IN B R A LA o 354 R0 1 b
FRAT AR R AR O O, SR R B
PE2E 51 CCL /NI TA DG S IR HRAE
1.2.2  Von Frey SZE KGN 1 1 X6 /N BRATL A R 0K
AT Ak

FEAEAT faT b 2R /I BRI A I 3 41, 4% CCT i
BT /N RBEHL o Ry 3 4, Hodeol — 8 T 1
100 pL 0. 1 mg/g FAITEKAR T 5% M AEA™ |
W — 245 T IR AR 4l K HE B o 2k 4 o — 4ok
BT AR 2585 R 2s . 4540/ B4 B R4 T 4
S BEYLCE , K FT 30 min B 525N R 246
D EREE , LIS I 2% S50 A58 . i Von Frey 4
22(0.04 ~ 2 g) Xf/NERSA 5 B AT E , B e
50 cm x 100 cm (15X 22 [ HE X 4% 36 1 0L, S8 5 B
/NEUICE H [ 0.4 g Von Frey 4042 V)3 H
FEFE/IN UL RS F S bt 3 s, WLEE/IN U 75 % 2R 4
JERCIE , A ARGR I, TSI Von Frey 422 i 1 FRIK
AN U S #5746 2, W /D Von Frey 4l 22
Jo et PR A2 /N ORISR /DN B R
BB (BB 20 s, 3 Sf /0N BRI 3 & A 4 2 0 ) 11
Von Frey 422 i 15, #24% Up-and-Down %R 1154
H/NFUR I & 50% 46 JE () BIE, - 2E1 T H e o A
HERWEME,

1.2.3 BRSSPl 13 X /0N BRI 98 2ot 55
TR,
ST S50 /0N BRY J0E e A IA) 1 & FH AR 5 Bk
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TEMR b BRI B IS IR AR A R B S 42 A
FH 45 °C KR FHRAE 25 21 /N BRI AL JIC 3 1 v o0 Ak
AT B, 1E SR I IR FES 31)/N BRUR AR B i 4 TR I 4
AR ] (4 R AR IR ) o A /N BRI EAT 3 K
I B UG 0 ) B s 1) A 5 i, 58 R 43 45 2 /N
BRUAS &48 J2 VAR Bsf 1) 25 S S 2 P

1.2.4  Western Blot £ il F 1= X} /N B MrgprD Fil
TRPA1 & HEIEKF-

FEAE RS Y 4 2H/INERURRY , 0T TR JIF B2k
AR A 40 5, 78 40 28 68 HH A S A, R R AOT
O ) L WU L i< 1 A TP o o s 71
o5 4 NEHEASS 5 JEHER) DRG TR BN
1.5 mL B.045 P, ISL 4B 24 h, PBS 5%k 2 W, ffi
FH200 pL B 24 S Tk E24% 2 h, 5 2
-80 C M TFAE 12 h )5, BT 4 CH#%, 10 000
r/min 5.0 30 min, B 200 wL |38 R EE RS 20
Y 0.5 mL E0E M, A 50 pl 5 X Loading
Buffer, 584MEAT , WK A 5 min, {818 15 784028 M
PR H B TR W2 O kU AT 5% SDS-R
Tk 2 € JI L Wk ( SDS-PAGE) . HL Tk 45 o J5 , i 1]
PBS Bt e % 75 2 Wil e 42 L BE TG AL PVDFE JiE I
DL 100 V fEEH RS 2 h, BCT PVDF JEE, {1
Al K BETE 3 W, A 5% Wi k3-TBS &5 1] 2% wh i
(5%Wk3,137 mmol/L NaCl, 20 mmol/L Tris, 0. 1%
Tween-20, pH = 7.6) /T EIRWH 2 h, i H
TBST % #f#% ( 137 mmol/L NaCl, 20 mmol/L Tris,
1% Tween-20, pH = 7. 6) JX & i PVDF i B 21
Wt 4 KB, A —HU (1 2 1000 7 B ) , 1R 2]
J5, BT 4 CHIRME 4 h, 1481 TBST 2% w14
PE 3 WIS BT (1 : 250 FRR) IRA)E BT
FIRFERIFE 2 h, BUH PVDF 5 i PBS k4% 3
W, BB, O FH BRI AR R e kAT A%, A
Image J K153 B 257 1B L
1.2.5 SRS HERKN H X DRG H MrgprD
FTRPAL FHMEp 28 o4l 22 fk

R AN = I Y VA e e N LR B o N
TR/ INEUE T, O A B T K Bk DA O JE Bk 58 1
HHREHEE ST, 40 25/ BRUTS AR A 22715 ( DRG) B 1 48
TG, BT 4% 2 R 24 FLATMEE SRR =
20 min, WERZ B HEE, A 30% HEMEE W, 4 C it
&, B DRG M40, A OCT Wit T s,
R VKERYT A ML AT R BE 10 wm V1A i 34 4]
W (10% FBS + 0. 1% Triton X-100 + 0. 2% =

RALEN + PBS) Xt s A U AT B A, IR R
2 h, PBS eI W, A MrgprD Fil TRPAT —4T
(1:400 ##e) ,4 CHFE 3 h, PBS YEE—9i, INA
PENAFESFRIC P (1 - 400 FiBe) , S IRMFH 3 h,
PBS PE¥ 3 ¥, E A, i HZEOGE B B MR A
T,
1.2.6  SERFZEGE R PCR &I A EXT /N MrgprD
F1 TRPA1 ) mRNA 7K~

R/ INER, 20 BS AR 4 JEHEANZE 5 EAHE DRG
MZTT, B T4 1 mL TRIzol B TCHEES LN, T
A 200 wL S5, WFES 5, n A W, IR,
4 °C, 10 000 r/min B> 10 min, HL 500 L FiHK
MR E—HEHENEOEN, A 500 pL S HAEE,
ULUE RNA ,4 °C,10 000 r/min &0 10 min, W E _F &
JIIA 500 pL, iR25)J5,4 °C, 10 000 r/min &> 10
min, $2 I RNA |, il A DEPC /K it E &, H RS
9 7l ) & VR B 54T RT-PCR A3, 1
H Primer Premier 5.0 5| i1 #4317 98 6 &
PCR W5 19iit, SR G o B T A TREASR
FRA R SERE & B, 51 F 50 LR 1 FiR, DA
/N GAPDH FERIE S N 2 ) K i 4 4 rp /N BRI
MrgprD 1 TRPA1 () mRNA /K, I E47 24 55 B %
PEGETH 5 HT .

R TMNIOLE R PCR Y5175
Table 1 Primers sequences of Real-time fluorescence

quantitative PCR

EiEZ B SIIFESI(5-3")
Primer name Primer sequence(5’=3")

MrgprD-F TTTTCAGTGACATTCCTCGCC
MrgprD-R GCACATAGACACAGAAGGGAGA
TRPA1-F GTCCAGGGCGTTGTCTATCG
TRPA1-R CGTGATGCAGAGGACAGAGAT
GAPDH-F ACCACAGTCCATGCCATCAC
GAPDH-R ACCACAGTCCATGCCATCAC

1.2.7 HEK293 4 s %% Y% MrgprD F1 TRPA1 J5i ki
J PR AR S

¥ HEK293 40 g 42 Fh 7 J2 2 % 285 1 R -d -
KR JCE BB 55 R B TR 3R A 50 plL
IREHYIRFRRE 0. 8 wg FURL DNA | 5 41 e 2 W F T
IRAGE, HE 15 min, RIFHIREVHEBEZLEMY
24 FLANERE SRR, BT 37 °C S%IRAIEIE ) CO,
IR BE R 6 h 5 R B IR, PR Ak R
24 h, FEYLIAIGY Ry 3 UL, 4y R B Y2 MrgprD
JFURLEH L Y TRPAL kil JLFE gL MrgprD
TRPAL JJukiZH , 76 %% 4L ki 3% 7% 5 9 HEK293 4f
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B A Fura-2/F127 3 (2 pL Fura-2 + 2 pL
F127 + 2 mL HBSS) , x B WITIR A G , B TR R/
PP E 30 min, $EFT 85 2 F BQ LR 6 A HCT
imaging R MAIC 537 AL A OCAE 5 50 55 , LB IR A7
1.3 SitESH

fdi ] Excel 2010 ic 5% AH 5 52 56 %4 , LA SPSS
20. 0 et AR E N EHR A BES e Hr ) T2 2575080
PERMF A A, TR TR YA+ dRifE 22
(x £ ), A1) LLBCR BRI 2 7 225007, 7 2
FEm, 2 AR L ECR KR, P < 0.05 Boan A

Gt AR

2 H#R

2.1 CCI/MNBRAEBIMESL

LR T 40 HUNRAE RS, Hd 10 B
AMEAEAT AL FEAE X HRA , 5540 30 /N EREA T4 B
M L5FLAL PR 25 CCI AL, H b il D i 85/ BT
25 HOHEFARIET /IR 2 B, RSN 3 H,
YERILIN R H 83.33%(25/30) , MG, NS 7 K
FEUy , CCI /IN B AR AL AR5 9 9 15 (L R A S5 4
JE T AR ) 20 e b 2 1 2 5 ) LB AR IR 28 e IR
(0.53 g f17.42 ) , HAE 7 ~ 10 d FEALYEF-EAR,
PUTES I P

B 1 CCI/N AR B B (R B S 4 1 v ORI ) 22 1 £

Figure 1 Changes in mechanical stimulation threshold and thermal radiation foot contraction latency time in CCI mice

2.2 BEHEBURSH

2t Von Frey SEEGRIN , BEPE/N RS B &4 50%
AR EME (g) VEA S B b5, 8 2 /N BRI
PIRAT A F A R B, I T HE B B CCL /N ERAIL
AR (I v L FH 4B K B Y CCn /N ERATR
BHATHEE B CCI/PEL(1.18 £ 0. 11 vs 0. 46 + 0. 06,
0.53+0.07,P < 0.05), BAG I8 X, AEHE
B CCl /DR EIAR T IEH /NR HEEF AR
HREEP>0.05), X—25 R R HIELE CCI/N
FRABE AR Py BT 5 P 92 9 o 8 08 A AR 4 1Y) B
ROR, H B 208 TR 47 CCL @& &1 1E % /N R
(ULIE 2A) , 3R ST S0 PEAl /)N BRI 6 15 1 I
7N, FTEFE RS CCT /N BR4A 2 T AR R[] B dg R T
FHEEKHE S 1) CCL /N AR AT HE B 19 CCL /b B
(13.65 + 0.14 vs 7.23 + 0.76,7.42 + 0.81,P <
0.05) , A G243 X FTERE H 9 CCL /46 2
WARETE 5IER/NRAR L, 25 A BRA B EEP >
0.05) , AR T 1E % /I BUAY 4 2 AR I ], 3 — &%
B FTESE CCL /) BB A TR o v A 2 B AT

OB RGO , L /IS B4 A TR 32230 1 15 /N BRU (AL
& 2B),
2.3 AXEX/NE MrgprD 1 TRPA1 & B R ik K
oA

WK 3 fros, L/NEL Actin 85 FI1E N2, 64T
Western Blot A5 5256 | 18 15 8 I8 p A% 22 B2 1) Tmage
T A BoR, FIE¥E H R/ ccr /N R
MrgprD &5 3% 15 K7 B B A F 4K 3 B 5 19 CCl
/NER(0.73 £ 0.11 vs 2.69 + 0.23,P < 0.05) , %5
HABEM; AE#ESER CCL /N H TRPAL EEH
FIRACFA I AR T 2lK B 5 1Y CCIL /MR (0. 42
+0.090s2.03 £ 0.18,P < 0.05), 250G H%E
P, ZERFI ARG B E IR CCT /N RS R o
MrgprD FI TRPA1 5 [ 3R ik K -, i H B K F 82
I H WG & TR T CCT B IEH /N, 25 A H
HEEEP >0.05),
2.4 REBWHHKM ST

H R T 0, A B/ RS AR AR T i 20
ZAPEDO YL A LI S5 R AN A 4A 7R, N EGFP
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A+ Von Frey S5 K ETIEBUIACA B AT S50 PP EBAAECR S5 EL AL, P < 0,05, (FIEID)
B2 A ORI BRI M

Note. A. The analgesic effect of Angelica dahurica was tested by the Von Frey experiment. B. Thermal radiation experiment was used to

evaluate the analgesic effect of Angelica dahurica. Compared with Angelica group, * P < 0.05. (The same in the following figures)

Figure 2 Analgesic effect difference analysis of Angelica dahurica in CCI mouse model

B3 FIEN/NE MegprD FI TRPAT 35 12635 7K F- B 520
Figure 3 Effect of Angelica dahurica on the expression levels of MrgprD and TRPA1 proteins in mice

PRI fEDE R B W EE T AT UL/ DRG H1 MrgprD
FITRPAL PHPEM 2T AR DG5S AR Lk
BEEAE 55 MreprD Fl TRPA1 ik /K -5 1F A 56 7]
WL FIWT B o 28 o880 {1 Tmage J 3RV B i
Ja Moo A ThR I, A, ATEHE S S
[ CCI /N, DRG A MrgprD F1 TRPA1 BH 25 5T
(A o I TSk B 5 1 CCI /R (654 = 47
vs 1162 = 63, P < 0.05), 25 HA 8 &% (WK
4B) . X—45 R UL I RES W REAIK MrgprD Al
TRPA1 fYFRIAAKT N 51 B A EGFP 55 Ay
ZoCH WD

2.5 RT-qPCR # Ml 5 I %t /h R MrgprD #1
TRPA1 mRNA 7K 1 250

i H7NEL GAPDH K44 RT-PCR Al (%)
% HEAH/NE T MrgprD F1 TRPAT 9 mRNA 4
XFFIRIK T, ARG 2704 b AT R oE I — 1k Ak
BH P AACT B = ( HAREEA CT (E-NZ 4K CT
) - (&S CTH-NSHHE CT H), iHHE
MrgprD mRNA BYAHXS FRik K- 22 A S AN 5A By
7, o ETERE B 1) CCT /N MrgprD mRNA AHXT
FEIROKF I T 0 FH 2l K HE B Y CCT /N RURITR
PEATHEB I CCT/MBRL(1.23 £ 0. 12 0s 3.21 + 0. 24,
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Bl 4 R e [ X NPP AR (CCI) H DRG M4 Je iy s

Figure 4 Immunofluorescence detection of the effect of Angelica dahurica on DRG neurons in a

neuropathic pain model (CCI)

2.96 + 0.17,P < 0.05) , 22 5% HoA W &M AT
B CCI /B MrgprD mRNA HH X 28 3K 7K S 1% 25
TIEE/NR,HEERAEAREMN(P > 0.05),
T15 TRPA1 mRNA A% 28 35 7K S 22 5517 15 2 &
5B Bizs, A TS B A9 CCT /N TRPA1T mRNA
FEXF &R 7K S 2 I 1 1 FH 2KV 8 1 CcCT /R
FRPEATHE S ) CCL/NEL(1.18 + 0.09 vs 2. 65 =
0.16,2.57 + 0.14,P < 0.05) , 27 BAH B &M, A
TEHEE A CCL /NP TRPAT mRNA AH X 263k /K
W FIER /MR, HEEZRARAREE (P >
0.05) . Ak, 25/ N N HEAT LE#L, MrgprD mRNA
HHAXF 2638 7K -3 38 185 T TRPAL, 3% — 45 R A
TERENS 3 PG/ Bl DRG #22 5T 1 B9 MrgprD F11
TRPA1 mRNA Eih/KF il R IR KP4 38 T oK
17 CCI AR IEH /N

2.6 HEK293 ZHRde 5 55 ) 15 SE 06 W 22

43 HIAE HEK293 4 ffd b Fpoph % % MrgprD JiUkr |
AL % TRPAL JiokE  Fef% Y4 MrgprD F1 TRPA1 JiT
B, HEATES B BUR SC B AR HCT imaging #X4FiC
SEEHERIT RSO YOG (AF/FO) = 0.4
B, B4 R, Horp RO 4875 6 1 FL LR M, AF
FEVEICH I LR e KA, = A Y AL B 0 e i i 2%
S0 EE BN 6A FR , SEEE Y MrgprD FI
TRPAT JFRL ) HEK293 41t rp 2 6o i 3% = T
FERYURINT B, 25 B BEM(P < 0.05), [A
i, L Yt MreprD FIl TRPAL Bk A HEK293 4 Jifd
%% B-alanine Fll Mustard oil 3755 51 2 H45 2 1 N I
HH I R AR e Y R %) A0 B RN AN B A % MirgprD
JERL R M (B 6B ~ 6D) , M1 5 E0i% HEK293
YA AR SRR R

B 5 RT-PCR K XS /N B MrgprD Fil TRPAT mRNA 7K (4 54 0]
Figure 5 Effect of Angelica dahurica on MrgprD and TRPA1 mRNA levels in mice detected by RT-PCR
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. A HEK293 éHﬂBﬂiﬁ%’%E%%?V\]oﬁﬂ’]ﬁ“ﬁ‘t?ifﬁ%ﬁﬁ%ﬁﬁﬁﬁ, B ~ D:B-alanine 1 Mustard oil 1%%?5)]@%%&1%&@,5 MrgprD +

TRPA1 41#fLt, " P < 0.05,

6 HEK293 4l F5 Je 555 25 F P A0 2 6o i b 4

Note. A. Significance analysis of fluorescence intensity differences in calcium ion influx after transfection of HEK293 cells. B ~ D. B-alanine

and Mustard oil induce cellular calcium imaging responses. Compared with MrgprD + TRPA1 group, P < 0. 05.

Figure 6 Comparison of fluorescence intensity of calcium influx in HEK293 cells after transfection
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[ Abstract)
Methods

Objective  To investigate changes in coagulation function and inflammation levels during sepsis.
A rat model of sepsis was established using the multiple infection sepsis model (MIM) based on cecal ligation
and puncture. Forty-eight male Sprague-Dawley rats were assigned randomly to the following groups: control group, sham
group, 4 h sepsis group, 8 h sepsis group, 12 h sepsis group, and 16 h sepsis group (n = 8 per group). Inflammatory
markers and coagulation-related indicators were measured by enzyme-linked immunosorbent assay and coagulation analysis.
Results (1) Lipopolysaccharide (LPS) and interleukin-6 (IL-6) levels were significantly higher in the model rats at all
time points compared with the sham group (P < 0.001). LPS and IL-6 levels increased gradually with disease progression,
with no further changes in LPS after 12 hours. (2) Prothrombin time ( PT) was significantly prolonged in the middle and
late stages of the sepsis model, starting from 8, compared with the sham group (P < 0.01). (3) Partially activated
prothrombin time ( APTT) time was significantly prolonged in the 8, 12, and 16 h groups compared with the sham group
(P<0.05, P<0.01). APTT gradually lengthened from 8 h, but approached control levels thereafter. (4) Fibrinogen
(Fbg) content was significantly higher in all sepsis groups, except for the 8 h group, compared with the sham group (P <
0.01). (5)Fibrin degradation products ( FDP) differed significantly between the control and sham groups (P < 0.01),
but not between the sham and sepsis groups. (6) Antithrombin-Ill (AT-1I) levels decreased significantly throughout each
stage of sepsis progression compared with the sham group (P < 0.01), and AT-II showed a downward trend with the
course of disease, with significant differences among the 4, 8, and 16 h groups. Conclusions The MIM rat model can
reflect the development of inflammatory and blood coagulation disorders and their relationship during the course of sepsis,
and may thus provide a good foundation for further research into the disease course of sepsis.

sepsis; disease process; inflammation; coagulation; multiple organ failure
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AN BRI, AT B2 R S R S ) g
ZETL A 8] G 22 1 I e PR F 5T, SO W 50 8 R
JHeTERE AR Y R B 17 1 JRE 15 B IffL 46 s 18] 1) AH B O
F, LA v B E i A a2 JRe 5 05E 1M B B 25 L 1) Y
K&,

1E45 5 M 25 L2500 ( cecum ligation and puncture,

CLP ) BAUAFAER AR AN T — PR (0 [, AN T 0] e
BEAE I IR R R A v A 5 BE I D RE Ry 2 AL
FERTHIIT ST TAE b, 28 DR A2 3 5 7 30 0 1 s i
BT T AR AR SR X CLP BRI EAT IR,
SET 0T R R AE B AR A —— A 5 R ik B
SEAR A ( multiple infection sepsis model , MIM ) , MIM
BRRL AT A iy ) 25 9 AN Wi e, R AR I 2% 7K -
I B S R B R AE T R HALRISE T I
) S G — , AT ™ R GRS T LA I B S
7= A e B AE 22 7 B 2 R v I I PR S Bt AR
WFFEA T MIM AR HY SR Jie 5 0 7 42 v 8 1L 2h BE 1Y
B 2DV BB i 1 TR I B I 2 BE$E s 1
ARk, Sy A M0 fe R R L U B ) A U AR
e P B K% I sRT 4 fHE Rt 4k

1 #MR57AE

1.1 #
1.1.1 SEEzEhY

ARWFFEREFE 48 FURHTE 280 ~ 300 g Y 8 il
SPF 2 SD KPR B, 3% T3 DUAR (bt ) A=
ARA B Al [ SCXK ( 51)2019-0010]) , & 20 ~
26 °C, 1B 40% 5 H 12 h B GH, JCH R IR
PREREE s PR 57 1 ), d) 5 e R AR o 1R R
HATIRESE , A RUOK 38, MR T o E 2R
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[ 6 F K O 28 28 U [ SYXK () K2022-0004] . 5K
W PRVERT S IREE 2 23 C, FERERIAE 5% 300
~ 320 ¢ B}, FF 4R SE 5, Rl AL 20 o 25 4L ( Control
) BT AL (Sham 41) 4 h 241 .8 h 41 .12 h 41,16
h 4, B4l 8 K, AW Ol it = B 25 K25
K s W E B 2 51 23t ( R-06202320) .
112 FEEH 5

& Z ## ( lipopolysaccharide , LPS ) 3 77 & ( S M
17 ,20210812) , FI/r -6 (interleukin-6, 11.-6 ) 5
& (R M EE, 20210813 ), &k I f 56 JE
( prothrombin time, PT) I & ik 7| & ( Siemens,
558078) , itk P 43 € 1L 1 i ) 18] (activated partial
thromboplastin time, APTT ) | % 1 5| & ( Siemens,
557667) , £ 4 & H )i ( fibrinogen , Fbe ) M 22 X771 &
(Siemens,50862) , 4= H sl it £ A4 & Il B4 & L b vfE
i ( Siemens, S0009 ) , £F 4k & [ % f# 7= ¥ ( fibrin
degradation products, FDP ) i | & ( ;& M & 15,
RX302172R) , Hi#E ML fi I ( antithrombin-T1 , AT-1I )
B & RN RX300315R) ,

i 5 20O AL (%5 TGL-16G, HE ) |
i % 1% ( Sysmex, CA620, H 4% ), Z Iy B B bx {X
( TECAN, InfiniteM200PRO, Fi + ), H ¥ K F
(Sartorius , f&[F ) .
1.2 FHiE
12,1 hsialis

MIM #5852 R BT AR HT 14 h AR EARER K,
JRR I8 2 T T HR AR AR, IRV v T i LR A 45
THE, ERIRIE D B 1 em &b, U IE PRI F 24
2.5 em WTYUI I G T T ik 1) 5 AR s i
B, BT IS 5 2B R s R AR, 1 3/0 295
REEFLIEB A | om S5, L5 L 2 E
B IR YA S AR e A O [ B AR 45 FL
o E M, H 21 G BN B R AR SRS =4S AL,
B IERE MY 300, WIS ZIH] BRI 129 3 mm
AR B o FH 0 TR 25 A 25 00 02 5 /D it Je
2, 0.6 mL 10% RIS TR B R 7 52 4 &
Yo ST [ P A AR Bk | A4S 0.3 mL, #RAE
SEUE , PN D) 0K A2 B R SRR R B W
[l O R b 525 TR SR T IR IR AR, B
JEBEAEA VIO, K0S R BUE T 3%
T SRR IR IR, RS 45 T K EUE R IR K, Fr
A FAREAERLAE 20 min N 58, PRRF—B0HE,
Sham AV E 52 B M, HAIE MIM 4,

1.2.2  MFE R EE

SRR B Esh bkECL, 4 h 41 .8 h 41,12 h
4,16 h 500 T R IE 78 4 .8 12,16 h BRI
Sham ZH A Control 0 F1&M45E G5 16 h Bl Hifi
HTSEXT R BRAR S5 900000 JRR I K B, 157 A B RR 1
J& KRBT B 248 7 [ TS L &S
P B TJH K BRUNE T B ol FH A A6 3R oK i 2 0
Btk es  BEIE E Sk, I 5 mL 19 JC R 5 4R
FHE E Bk or ARSI R IO 4. 5 mL, #4 7
R M AR 5 BRI AT, 3000 +/min, B
L 20 min, B0 JFH T, BT -80 CAR R, H TG
1.2.3 &AM S K FRUEE i T R AH T8 4%

i FEGEE I (58 B 45 B Jor T a0 & 106 BH 45 20 R
A3 WI%F Control ZH Sham #H 4 h #H .8 h 20 .12 h 4 .
16 h ZH K FCRAELF M I H PT, APTT } Fbg #47T
e
1.2.4 [l BK f %2 W2 Fff 52 5% ( enzyme linked
immunosorbent assay , ELISA)

K il LPS TL-6 FDP AT-1I , /4% 4% ELISA 35
AN E BEAE, 43 3% Control 41, Sham 41 .4 h 41,
8 h#, 12 h 21 16 h ZH K ERCRAR LS MY IR A
1.3 Zit=ah

W I B PR | Sham 415 BT A 4H HEA T L 43
Broah 21 8 h 4l 12 h 41 .16 h 410 25 5 0 43 51
HEAFERIAI T b, 2 [E) B 5 R B P 2 07 25 90 T
BRI + driE2s (v = 5) Tk, BIESIH
Bl SPSS 26. 0, fT A B 4l /€ i | Graph Pad
Prism 9.5, VL P < 0.05 NAEGH ¥ X,

2 &R

2.1 —fEWE

Sham 41 . RJ5 4 h fr A K BUREE IR B8, IF HLI&
B E AN, BENS 1E H AR B IROK , JC g Il K I 4 25 RS
FERERA, 52 B H0 T U5 6808 ik Bk S 4, B
TTah B EER AR, IR A RS AR TC S5 40 W), e HoAth
NS NGRS

4 h gl KRR IR R RSB TR BR, IR
ORI S WA B4~ 5 K B 25 FLAL B ik
8 h ZH . KEU A FE, AR W HE, 30 I ek R
% ACE AR RSB RO IR SR, FF
JE 5 I B I 25 L3R A B KSR AT | 45 et
R o 12 h 41 R BRSO 05 30 ) 25, 3840 KR
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AR A7 3o 0, JC 2SR AT A v, A ) R B
R 2, BB R Kk i 40, 9TGR J5 =Bt 1 B
%, FTHFIE IR, 08 R % ™ o, S5 FLAR A, S e or
T B B e P B /D B AL, LR B O
16 h 4. KEJLFAES), Daifok, 8 E™E, H
PR AR 455 DR, A0 KBRS 30T R AR A 8
PR FTIFIE I, R A, B R, &5
FLALTRFE ™ 5, J a8 R % 7™, AR R ES FLAE 5
WUZRSE , B K M k<, i RE S B, WA K|
P, mT UL A B & A AR A i b —
FRAEILARR | Bl i 0 8l 0 A 780 K BRL AR R 7K F
2 WEAF 5 A BT
2.2 RRESRE
2.2.1 UK LPS P 45

55 Control ZHAH FL, Sham 41 LPS & &= X} kb TG b
FER(P > 0.05); REEAE 4 h 4l 8 h 41,12 h
20 .16 h 4119 LPS &% &5 Sham 4140 LYY W3 ETF
(P < 0.001) ;P #ERERRTE AU A, 55 4 h AHLE,
Sh#H 12h# 16 hHIPS SHEEE T, 58h4H
A, 12h 4l 16 h 4 LIPS S EEFH T, 512h 4
FHLE,16 h 41 LPS & & o i 22 5 & 4 [|] LPS &
SR — MY 8 ETH(P < 0.001), WWE T,
PR TN IR

7 : 5 Sham AL, ™ P < 0. 001 ; R - RI 4L B AR L, ™ P <
0.001, ( FEIR)

B 1 #4100 LPS & Xttt
Note. Compared with Sham group, **P < 0.001. Comparison
between groups at each time of the model, *** P < 0.001. ( The
same in the following figures)

Figure 1 Comparison of LPS content between groups

2.2.2  FUKHE IL-6 I E 25

5 Control A I, Sham 41 1L-6 & & LSH T2
X (P> 0.05) ;5 Sham A, MefAE 4 h 41 .
Sh#l,12 h 4,16 h 4 IL-6 F & T F LT (P <
0.001) ;M R EERE MR IE R L S, 5 4 h ZHAHLL,8 h
H.12 h 4. 16 h 4l 16 S EEF LT (P <
0.001),5 8h 4HAHI.,12 h #H 16 h 4H IL-6 & & i
Z ETH(P <0.001),5 12 h ZHAHEL , 16 h 40 11-6 7%
HIHE EFH(P < 0.01), WLIE 2, U8B 98 5 F2 2 Rt et
() AR B AN .

AR A A, P < 0.01, (FEIF)

2 FUHMIL-6 F RN
Note. Comparison between groups at each time of the model, ™ P <
0.01. (The same in the following figures)

Figure 2 Comparison of IL.-6 content between groups

2.3 gMistR
2.3.1 SYKRE PT e LR

5 Control AAAH k., Sham 41 PT A B =55,
Wi e 70 5 175 10 2 J2 , %% Sham 4,8 h 4H (12 h 4 |
16 h 21 PT A ¥4I B AEK (P < 0.01) ;5 4 h 404
,8 h#H 12 h2H .16 h 20 PT B[] B B AEK (P <
0.01), WLIE 3, Uk W HcrEAe 191 6] , e 45 468 I it st i ]
FEA, AP R B I 34 A 1 AN BT AR AT
2.3.2 KK APTT M 45

5 Control Z14H k., Sham 40 APTT B} [6]45 — & 45
FL(P <0.05) X AT REE T ARG Y Bl 72 4
8 h 20 APTT Bf[A]ZEK (P < 0.05),12 h 41 .16 h 41
APTT BRI BIER (P < 0.01) ;5 4 h HAAHIL,8 h
20 APTT Rf[E] I B ZEK (P < 0.01) ,12h 40 .16 h 41
APTT ] i EIER (P < 0.001) , VLKl 4, Vi B 5
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1 ;5 Sham ZAAHLL, ™ P < 0.01, (FEIR)
B3 #4 PTXfLt

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

Figure 3 Comparison of PT between groups

4 AU APTT Xf b
Figure 4 Comparison of APTT between groups

SiE U9 V)50 3 1% AR o D ) A2 | 5 i 5 155 B (1]
FERAWINR
2.3.3 UK Fbg e 4

5 Control ZH#H Lt , Sham 2 Fbg & & & Tt &=
(P < 0.001) ;5 Sham ZHAf Lt,8 h 41 Fbe &M i
FHE (P <0.01),12 h #1 16 h 4 Fbg & B E T
(P<0.001);54h I, 8 hdl 12hdl 16 h 4
Fbg & 72 4k 5 [F) Sham ZH LW AH[E]; 5 8 h ZHAH
Ft,12 h 4 Fbg & THE (P < 0.05) ,16 h 41 Fbg &
HRETE (P <0.001);5 12 h 440,16 h 4

Fbe SRR TIHE (P < 0.01), WK 5, 6B e ae
SHIRD I 2t RS, I B 155 1] S 4 17 Jin

T AELA IR R AR L, © P < 0. 05,
5 U1 Fbg & EXTLE
Note. Comparison between groups at each time of the model, * P <

0. 05.

Figure 5 Comparison of Fbg content between groups

2.3.4 KK FDP I E 25

5 Control ZHAH LY, Sham 2H FDP % 1= B & 14 =5
(P <0.01),5 Sham 21 Lt e 25 4 5 72 4% I 1] B
HRE FDP it E 2R (P > 0.05), WAl 6,
VLA B FRIE R R 5 S 3, iR D RE T RE R 32 2

B
5 ﬂ[l’l] o

6 #5411 FDP &% I

Figure 6 Comparison of FDP content between groups
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2.3.5 UK AT-TI 255

5 Control ZH#H Y. Sham 2H Ifi. 3 H AT-TI 4% & &
WEFE (P < 0.001) ;5 Sham 41,4 h 41.8 h
ZH .12 h 4R 16 h AL AT- T &5 1 34 bl 25 1%
fIlR(P < 0.001) , H it 17 B[] HE 4 522 A W [ A1
B RBERE I R4S I ) BE2H AT- T 5 B @0 (P
<0.01);5 4 h ZHAH, 16 h 20 AT-T0 W W[4k (P
<0.01); 58 h ZHAHLL,16 h 2H AT-1 & A B A%
(P <0.01), WLIE 7, 1d BA e i K RRUBE I 2y e Pl
75 AL EEAWTINGR .

B 7 &4 AT-M &7

Figure 7 Comparison of AT-II content between groups

3 g

FRATIMCTEAE I, P 1 240 IO B 88 I 9300
BRI R0, B 2 48 0 9 800 R 5L S e 3 A 4
B R 2 (B B, e REAE % 2B S 1], o
A2 5 P4 B2 0 LR AR, 9 e Al PR T f B
Bl R B A6 o T e B A LA Ay 1 5
SEANML = 2 O AR PR T, 1 B2 63 B B3 0 72 A
M TEHEAL A | 26 V41 R T R A B 5 It 4
S A AT P 3 T 38 3T 1 A A L 5 A B 4
510 T I 380 AR 25 B B AR 5, 3
[ 17 A7 BT R 4 g 4 B % 1 1T 3 Bk
LR MR A A A 30 5 MRS (G0 4148
B, A S B AL G B & DIC, B R
MODS,

JORE I N 55 I DT RE S5 AL AT LU AR M
TRHEROPE AT, B b e R 2 2 T 1 i DR - ML
) R LT A LA PR R LG 1 R, T AL

6 1ML BEFS S 10/ AT Ak, DT AR 1 X 2 A I JER e 11y
oA ' B AT DI E TL-18 1 TL-6 2542 R [
TG AL, g A1 U8 L, 17 EE afn ) BE 2L
Nt — R RAE SO, RIEN TS
T 2R A5 AR 3 o — R AE T i P R A, 3K
YR TR, TS shAME RS I 2R 41 5 1M 4%
PR B T A TG O R B I B A0 Y R A A A
J BN VR B I 2R 5 RIS, A B B BE 2R G RN AT
VS R 5503 RIS [A) B2 B A 4 o, 412 B 1 B D) fig

iy, 51 K BEIM T RE AT, VR AL F R SRS e &
i DIC DR, #5650 e 2l s A 15 05 1 2 i B
B IEFR AT TG b DA R R i 48 S 7K - 5 € 1l 48
FRAR A 2 (] A 1

AWFFERFHTEAESE CLP BRI IL Rl b ok B ST
MIM FERIVE Ry g R, 3 J2 T PN B 2R B A i
REAR LAY AT EHE M m, (HIFAREE 2 A
MR RERFAE > B A 2 B 17 30 Wl R Wf TS 3
BLEY CLP 7T R Sl 4y 1 s T g kb 25 5 Btk
o J5E K% ] R 4 5 > R T G i FH R e TR 9 e
FRAERR AR, AU AAE CLP BRI JERE |- e KA
MIM R AT fifi iy S D) A WiB e 5 | R e e , &
BIHASZIOAE I . AHAR T CLP AL MIM 5578 7 )7 Jk
YR JEAE /K -8 S M TEARR, g 2 3 e 1T Ry — B, A
TP S5 RA 00 B AR SR R BT Rl 0 A
PR BE IR FET R H AL N BT B ] B ok 1
— RS (1 2 T AKRE B A PRI T MM Ay ik
REZRAH TR A 8 5 Sk ) — () R FEAE A AU Bh i), T3
A WF 5T e 5 E i R 5 BE il ) R R S TE R 1Y) 1R
KA,

ARAFGERF LPS [ 1L-6 1E Ay B Y Fll 48 AE 1) O 5
FebR, H, LPS J& 5 2% [ P o8 40 it BE i — Fh i
ZWH I 4Y, 20 X 200 R 1) 2 A T 30 LPS BRI,
FEMETAE H LPS HIB R RAEN TR AR, 51 %
“PIE R T IER” T TL-6 S AR 48 PR 7~ v dg T B 0
S AT d, Sham 45 Control 41 LPS IL-6
P I E S, T LT AR EAS & 1 i B
SRR R AT s LPS K TL-6 5 Fiti I 2 00 5 175 &
JE SR I #a S R iE B R, e 1 B[]
PR W

EE MR DS bR 45 S 2 W, B e 2500 s 2 1) 4
HE,8 h M LLJ5 PT Al APTT I [] % Sham 2H W &k 4E
1, Fhg Pt i, 27 s BT AR5 P9 AR M B 1 ik
PR A, 41 LR 7 B UL/ P Bk g A M g KL, L
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WK B 5E ; Control ZH 5 Sham 4 [RIX%T 1 FDP 776 W]

Biitap i S, 3k 42 Sham 2H i A8 ( RJE 16 h

R ) 235 27 5 A FH 3 5, i 2 0 5 78 45 B[] BBt

35 Sham 2170 o Pk 25 5, 4678 IR EEAE 21

IR AR DR T B8R 22 2 B 52 (E R R v

KA ) FDP W2 THRer i 1 2 R Ak, i s ih

LA, N E DIC ; Sham 415 Control £H [H] %} [t AT-

T A S5 b, ik 4R TR 3 B ) B 403 00 T 8¢ I R

gt bAE MeERAE e TR B HE 8 h M LU 454 AT-1I

B Sham 211 W FRAK, H5 4 h 41,8 h 4 L,

16 h 2 AT-MA77E i P25 55, LAl R Rk 34,

AT-TI 25T LIS PT FIl ATPP J% Fbg FOZ5 AR H.

EIIE , 156 BH 2 e 5 i B R ff S 0 T B 1

I/ LBEZES, X P BE 2 B T MR EE I i L 2 A8

Uit , 80 AT- M FR3IKHE 7 F B, #F 1M T B

BUEEIRE T B, N DIC By & e,

DIC B 4FAEFE T ML 4E PN E Il 1 4> B30 |, 5 1l

5 Y B VAR A R L SR AR AL, 4 B i

FEIE AN 4 By A ] 2 32 I PR R B, I IR 45

SRR E R Z A E R, AE R MR R

LI AE, DIC fk 35 38 i e 5 i B 3 A AE TR

DAL D 175 2 R 55 00, B BRI | T 00 LA oA 3 45

TR F MR AE B A W FiS T EEE, AWFE

Xf MIM AR B 4 8 .12 .16 h Ik T4 LPS \IL-6,

PT ATPP .Fbg FDP Al AT-TI#E47 B4 46 0 2 PR . Fifi

EIRTE AN K 5, IR 5 AR 7K P AN W -, T 5

JIRZ) N A RSN el | IR 3| B2 i 2R (R I 702N

MIM A5 8 h I =k, AT e A DIC e ; (Rl

AT- I a2 A J 4 S B A1, 4 s B 36 D) A B s 72

RIBAWT T B, X 02 i I, 22 2% B T Re bE g 45

FEAE 2R 2R, 25 1 >R A MIM LA SAR

G MBS VLI PR H Jie B A o 15 22 R, 11T Il 36 1 3 Jre

BEARYR FRARIE AR 2 T v, AR R b 5 01T 1R

I S P A A A S a0 O ) 3B 5 4 SR T

551 R IR B R E PR FIEE I 48 b D¢ 2R (1) F

UM ARE™" | Ry e T E 4 A 5568 it Ty RE AT (436

Y7 I 25 2 H LTI 1 S SR R
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Research progress on animal models for the evaluation of diarrhea-
predominant irritable bowel syndrome
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[ Abstract]  Tiritable bowel syndrome (IBS) is one of the most common functional gastrointestinal disorders, of
which diarrhea-predominant IBS (IBS-D) accounts for the largest proportion. The pathogenesis of IBS-D is complicated and
diverse, and there is currently a lack of clinically effective drugs. The establishment of animal models is an essential tool
for further studies of the disease mechanisms, evaluation of clinical efficacy, and drug development, and the preparation
and evaluation standards of models are important factors affecting the quality of the research. Based on the currently
accepted pathogenesis of IBS-D and the previous modeling experience of our research group, this review systematically
summarizes the evaluation method used in animal models of IBS-D in terms of diarrhea observation, visceral sensitivity
tests, and intestinal motility tests, to provide a reference for future studies.

[ Keywords] diarrhea-predominant irritable bowel syndrome(IBS-D) ; animal model; evaluation method
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TER RS BIFIUAR E R 4 A8 Horp VS 8 IBS
( diarrhea-predominant 1BS, IBS-D ) 7 Il IR H ¢ A &7
UL 5 A IBS BRGHRE Y 23.3% ~ 65.0%, BIR
IR, A T EORRH R E 2, KR ALH ¥
ANERE, bz R Y Fhr sy, BAAEL
Fi S AREESRPEAEIR, A2 Wi R I XE, H ETIA
SRy FL A B AL 5 P v R W T Bl ) R
W IE R ZEL o it o T IR BE AR AE K O
H R ERBEEVIME AT R AR,
10 4220 LT WA B AR 25 P4 1) I IR, AR
W R B SR AR I R A R T 4 32 I K, T R ) R
HTAEAR  IFRK WS Bk TUIEN L
TEOEE AT — 2 o R O e B S B -
HEhEGLE Y SO IR, A BT £
I ZN P S LIVRASR DT IBS-D A i AILFE I J 3 24
WA .

LRI EL AT SCHR MG DR B rf [ g IR 45 4
XF IBS-D sl B 7 T I g A A, BERL TR A
Fikth 2R 28 (Hih= €1 Ix IR R4 8%
B, TR TEAN b o 2 W7 Bl A R o % I A
(R DG, FLA BEPEAS 7 MY , BRI AR SCEE XS IBS-D 3
YIRS D7 v AT A 98 845, LU 1BS-D (1 #L
ISR B 2%

1 EEERENFZE
1.1 —HERNE

— JE T 1R o S AR R WL B AR A, B S Bl A 5t
PRSPy i s AR S, B B R AT N T 3l R pieR
BURE AKE BOAEBR BEE, FENEURER,
FPESR, TR, ERCIRE T, shTE ik sl
Kb AT POKEEE 8RR R E SRR N, B
PRI, M AR 23S v, D& 855 1IBS-D 3h4)
B BLER RN D 3 A B, e (R
Kg, BN, BREBCAELE 2 W% HEH 55
2 FEAH T, KRG BRI R 7 ) e AL 3 e JoR A i
= fi
1.2 EFEFINE

WS HEF 5 0 VR IBS-D SRR i B3
J5 1, AT R) 42 S W fig 3 2y 0 | M 1 b R G R, E
b LI HERE (Y 22 /0 A PR LR AKOR S5 25
BV 2 R T A AR
1.2.1 ZEEPR

FEEMRIR 2 H 2 IBS-D $F 52—, R4 Bristol

SEAEMERIT 43T IR SR MR Sy 7 B AR AR
PRI T 1 ~ 7 40, 100K 3 4 HIEH SR, 1ETS
fi R 5 ~ 7, ERRILET I RO R
4 h WIFEMOIFHEAT X RAT o)  5R 5 LA AH L H
AGEHF R S VR VA R R 25 A ] R
MAR TH WK 1,

F 1 Bristol BRI S 2L

Table 1 Bristol stool form scale

I3 Al 1] P
Type Explanation Score
R 1 — U RS IR 2R MELLHE Y 14y
Type 1 A hard ball like a nut that’ s hard to expel 1 mark
ERTNY) Ak H R wA Y 243
Type 2 Sausage-shaped, but with a bumpy surface 2 mark
PER 3 TR (ER A R 35
Type 3 Sausage-shaped, but with surface cracks 3 mark
PER 4 (. | ARG E S 44y
Type 4 Like a sausage or serpentine, smooth and soft 4 mark

o, i EUb RGNS /€73 IR Tkl p
PR 5 . . 541
Soft block with smooth broken edges,

Type 5 5 mark
easy to pass through

PER 6 HLER Y BRI AE 6 41

Type 6 Rough-edged fluffy lumps, mushy stools 6 mark

AR 7 AR T e, 2 58 A A 75

Type 7 Watery, no solid lumps, completely liquid 7 mark

1.2.2 ZefEkigk

WFR R 26 8, il a5 — BEEH A N A HE(E
SO BSOR PEA ) W7 g 1 P R A O s A R Ty
S HEE R RS 1 2 MK IR S —, iR
SRAGE VR ZE S A BIEE TR R 4,12 h 354
B A FE IR 2 h ZEEUR A B BT b 1A 2
SR | TR 2 TR RAE PR PR, B
SRR BIEHEE A,
1.2.3  KERS

TR FE AR BOR MR A — 1A, B 1R
BARTy B2 sh ) 08 i 57, 0 s — B[R] (1 2
ERCEL, T4 BB 1 43 30 2 4 R BUBAE 3 437
IR ETEA T 1T, SR 58 F H0 DRI s v 2 R 41 2% 4 i
TFEK BT BT R T ULE N s
LA oA 45 44 H S G 3 R AR 1T
1.2.4 ZHET

A2 E KPS S IR 4O I e s R
B4 h FEERIER, B EAR R, 8 F A 5 B X I 4R A T
FARE  (HFH Tmage J 01440 B 143 250 i B, I3
i Spearman A& 28 %0 A& B0 28 5 1 AR R B AE AR
K B R BOR R o — A e, R
HERA I HLAT DUAE B R B0kt D S A% 0t i/
B LA QTP RS2 P A A (A O —
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HHE,
1.2.5 ZEEFHKE

SAH B 7K 2 RAE 1BS-D 8 K 43 W0 5 1
MBI EE AR AR 2 — 1T E W s
—E B[R] P HE A 20 | FRS 9% f - RSP RS T i
S, PR B 5 S A AV TR TR A [
(1430 S8 R B 1) 0 2 B S AR, AR T
FEEKE(%) = (JBE - THE)/BE x 100%,
O B IE T T KA AR, AR X, (H
B et 2 5 B K 2 75 kB B B R AR 8
VPRIV, AR AR 58 2 T 3 B IR 2y, i X
IR A FRFE , PR AT 2% 3 A WS 3 st [
ANEFE™
1.2.6 55

NETEHE BCR A (2R ZE R ESCRI AR 530 B AR
FAGE A, T L5 4 1 B R (10 Y5155 L, i o A AR D
A 2 (IR A A AR AY B B> 3 I AS B 28
i (HERAE Ty 3k 12182 g Sy BB K R A A
I IFERIE N 8 TS IR 4E, B 1 h 4K, 0t
4 h WIETSHEE, JEIETEE = FifER (%) x T
Mg, P RIS (%) = 1 H IR i 80 2%
AL x 100% , FIIFHEH = B HKEITAE
PR B LR B S, DIE4UR &4 150
(G R 01 % T Y E L (R TR G SIDSE Y s
B, ABEIIRA IR B L — M 1k, R B
O3 4 G, LUKERUR (12 YL e A0TE BBl T3 AR g
T MEERAEAE DM F1lem B 19,1 ~ 1.9 em H
29,2 ~3em A3H, KF3cem N4,
1.2.7 JEEXR

i Y ik R P AV AR A S L2 I AR R I, i
FEART P M R B, R A B AR 2 — RIS R
(%) = IBISHEPIEY ZA Y R x 100%

1.2.8 JETE5EIRY)
NEVG AR 148 & R sh Wy A o BT 4R 2 H 3L
{8 B FHISHE) (b)), B RTIZ 8RR

2 HWREEREDNE

DAL 7 B0 8 ML X A1 AL S 3 ) 7 37 g
TR R SR, BVACR i B, g | R R A
BBANAE (19 32 B BEECRN B IA 2 IBS R A% L
RIFHLHI AN A bl 2 BT IBS-D 3 A A
5 SCHEE bR
2.1 FEEERR /5t (abdominal withdrawal reflex,
AWR)

AWR SE56 2 H TR A A 2 3TN 3)
Wy P I R 2 1 28 By 3k o B S T gy ik
TE 45 BR %9 7K (colonrectal distension, CRD)
NI S AT M R B, R T or B D,
Aoy Jg 2 5L %, HET AWR #4F 7 bR iR
— BRI B 5K Ty 2 L ] KRR S 5 AR
D5 IR e 5 B A e W 0 22 5, T 52 ) 1 )
WY N I v B P Al Y R L AT ST R
B AWR SCB0 ARRAE I iR B s M R s R
U800 a7, B AT 35 B et Sy, BT
Yo, KEIEAT 12 ~ 24 h ZEE AREOK)E , REE K
BB R B E T TR &, AL EE TR 8F S IRE T
Uity (4] [T FLIE SR VR b0 V0 A B, 218 4 AR B
ALY 6 ~ 8 em , AT A8 [ 5 TR BUR AR
Wi F o DA R A 3 B SRL G b A O BB A B
HIPEET G IR T 10 mmHg (93 B2 573
FEXRER 3 43 BB ( WL 2) BTN A i, B2 N
3K, BRI RSE 20 s, [A]BR I E] A2 T 4 min,
BT 1 TR B SR R Bl ) Y5 1 1L K 4 W 3 4 1N
JIE BBURR AR FE

|2 AWR BFLIFIIRiE
Table 2 AWR rating scale

W AT R
Score Animal behaviour
04 45T CRD IR BRICAT 4 BB
0 mark No behavioural response in rats given CRD
14y KEVERATE , B/R L 30kE
1 mark Rats become unstable and occasionally twist their heads
24 AL B RO IR A
2 mark Slight contraction of the abdominal and back muscles, but the abdomen is not lifted off the ground
347 JE S PR UL PA) i B S S A s i AN AR
3 mark Stronger contraction of the abdominal and back muscles and lifting the abdomen off the floor, without lifting the pelvis off the floor
44y TR IILR SR Z A | W 52 5 DR TS 23 B 46 0 b v
4 mark Strong contraction of the abdominal muscles, arching the abdomen and lifting the abdomen and perineum off the ground
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2.2 BN SEIG

AP ARTL I Fe, S5 36 2 4 TR vl A A R U
Rem s By B 1.5 em B — i iE S5 &L
U FHABME SR R G LR TEA TR CRD K
TR SR AL I H 36 Bl 20 e 2 S U e
Je A EULPA TR R R AR, 5 IE R 4LAR L IBS-D 314
RS LHE 1% Sl W] 0 1G58 . AWR FHIE SMRHIL H
ST LAAE R PFA P SRR (R R i
PRSI ] B 5 il 4%, PR pn i o T R
O3B BRI AR N o] B (B — o U S
RSN L PR 24 i B 7 A= 1) v 2 AR AL ) S5
ST %W, e a5 X 1R A B R, W i H
PR IR AR R AR EAE | i H o A= AR A QA AT
RE23 15 B A i s A o0 S50, 1 52 50 i AS
FETEHR R,
2.3 BEZK N7 SCIS (water avoid stress, WAS)

WAS HA B &, BRI — PP LURS fi b 34
WA 5 Al R IBS-D AR AR 5 7
PN 7k (AR R D ik SR BFSE IBS-D AR
TE WAS T 1 h B ZE(E AR ECR E 20 W1 o 3 22 AT
UESE Bl ) A0 N o SR G i B 445 W 3 0 2L
(IR
2.4 HiMERZE

AL-CHAER %" FI F R 5 KBl Lo-S1 # 8
BB LSRR AP S OCAEANR CRD R F
{18 F, A LT 2 L 0 E A R A% PA U v R I T R I
B P2 TR H A B 28 SR OB AR R e, T N
e HEC (SIS KA LT 3 iy N ST o 1 2 D 51 el
iz BRI & iz 3 52 90k UM A BUE R 5-5% (e
( 5-hydroxytryptamine ,5-HT ) BRI 21 544 /N iz - 15
5K 77T s AR BT 5 T OE R 2, NI B IBS-D K
SR I S BURR O R AT S AT R AR
(R U ING 2 SERA A R T T Y = (B e
o T W€ 245 0t gy 38 32 2 A5k 28 A Y 52 e AR
/U P JUE v M 7
3 BEZHNE

IBS-D FAAE B 0 ) 2 A THALIE 3 )
S BUIE R F B b sh g TS | I 8 2E
) I 9
3.1 Nt ER

/NI R 2R DN S — B 8] i N bR 2 7 /N
[ % ShEE BOR PEAL /NG iz Tihe , s AR &9

JEARPE LW i HL 5 T LS A A A o, f 45 5B
TR LT R R A, IR AT AT R S
gy 7300 YU AU BRI 10 mL/kg B LG
24 h R TS , T 30 min ALK,
BUB BB/ IR 1] 2 8L E A, BN
SRR T 2 0 R AR o R BB T A
BB TR/ HE R R0 BT A HEREFE 25 (em) /71
W A (em) % 100% , BT A ARG HERCIERE 5 &
AL FERTIE], HASGEH J1 42 hi /N, R VE 2R 5
TR AN FE R B, T A PR 2% SRR HEATE R
AR W M R R AR RS A AE
il 5 Wi s D g i B VE L, RIS A A, BT DA% sk
IR [ A 22, T Rl G 1 v 75 00 LSS e Bl /)
Fagh 11, PRI R AR A B R LT 7 0T N Y
3.2 BEREEHE A E

TR HE Y Ao ) B8 S WA 8 T Y B
hRE, BVE ik S /N HE R, R IRE T
PIbREYIHE S 5, AL FE K R, 12 B A 37, T AE
RJE MRS 4R LU T D st HE L kA
EAE AT, X IR AR R R K, AN RE i 4k
WA S, A 5 AE T AN T B BUAL 36 K R, Rk
20TV P 0.2 mL MR EE R 3% 19 2R B 41 TR B N AR £
12 h F/NERIEATHE S ,ic 5 4 b PIATE E B ekigr
FEHEH AR, ERHAEPY PR 0.5 mL BT H
Ji  0SRR BER RAE AHE B ], BT X L
I e A LT A VT T A R 3 A HE o
] 22 5%, K BB R 400 R 1 /0 B B0 1 (0 2, A e
T AT TR T XA SR, HOA 52 ) 3 49 W 3 i
hIEE.

UEAh , REED 206 /INB B | 8048 R 9¢ 6 355
BARMGE A, HE S —Fh 425 00 H i sh J I 7 2,
B —E MBI V5 J5 58 AR AR R4S BR B 7
T FF R BR — Ao E 151 B R 0 43 i/ N
143, w2 5, B 3 4%, 450 4 4, HEH R4
54y, BJEAH KA. DE PALMA Z 0 R HIA T
IBS-D F8# 55 B B 19 /N BRUA 6 3 i I e 32 0 K
/NG W A SR, 2 S 5 Bk TR R )
A BT SR HAC (EAHE,

3.3 ZIFHEERKIE

A R 2 W 38 BB T IR B 8 B B R o/ VR
BRI s 45 W P L HE B i), %
Tk s e TRl G M, BEEAT 2 AR, X
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S E N, BRI RS % R RAEAT 24 h
AREURER IR G R, 41— AN A A5 T I R B
ME 37 C HARY 3 ~ 6 mm OBEESEEE /NN ER
BAMATITOZ 3 em WEM N, BIER SR, KR
RENCHCIG 3, B i 8 5 5 T 4G R, e R
SUHE R /NEKBT A B /INBRHE H g sl i) e, 3%
HH 25 1 855 2 i
3.4 HEEFBNEZEE

e s %O S IBS-D KRS 1 h 25 I F it
WUZ Bl , /it 532 2 I B iR AR DL TA s 3
S RGN, A R I8 A AL A i
5 IEHMRHVLT 52 55 AR ARL, (E B AY A1) 45 85 K, iz
M,

4 HARFRIEZFINE

IBS-D = A% ] ] fift o HLAE AR ) 48 5 1R A 22
PR e 2 M) P D' 2 Al e L5 i R I G 5 2L

USRI, HRTE R HE Jefmik 72y
BB I 22\ G5 0 S 75 58 8%, R 0 R E Al i iR
{1 K5t 97 LA K IR 40 B 28 Ak 5515 B0, B f b
WES DL 3, X F T AL IBS-D ¥, JC i
JEIG AT ULRBESGH , R DL eI K i K5 , S A
LGB TOME BT R 2 C W R pi i 4
AR I TR RAE TR LA R LA [ 3 A5
T 25 5, K ORG240 53 445 W 5 W s 2L 41
K% 1G5 T i 25 i AT D286 R B S M, 4% B
Bl AFFG IBS-D P YRE A5, T WA [R] 7 2385 5 1Y
IBS-D BEBUAEAE 22 5, 115 B 2H ZUOM B AE Sy — Tl
kARG A, B R EL IR T DO RE B E W g B
DI BB R I B TR AL A% 5, A IR B LT T 1 2y 4 ~
5 emt® S ~17 em!’ 10 em Qb2 NERT AR R E]
B W AR A A A IBS-D
RIRLAGE B | BB AS [F] 2 75 XI5 235 R 3 1k
MR HAFHE— T

x 3 FREALRIE TN R

Table 3 Evaluation of inflammatory grade of colonic pathological tissue

oy B e
Score Microscopic presentation
07 ToRAE , 147 )2 TC R0 = 1, 18] 5T e K i
0 mark No inflammation, no neutrophilic infiltration in the lamina propria, no interstitial oedema
143 FRBE WA 2Dt R AT M IR | 458 B sl T ] K A
1 mark Mild, small neutrophilic infiltration of the lamina propria, mild or no interstitial oedema
25 [ )2 o SR A BT IR B K i
2 mark Moderate, moderate granulocytic infiltration of the lamina propria, moderate interstitial oedema
34 TRE A 2 e A R A0 R R 7 ) B e
3 mark Severe, with diffuse infiltration of moderate to large numbers of neutrophils in the lamina propria and severe interstitial oedema

5 EYFEiREYR

A W) E bR ) B R AR b, (H R e = R S
AR R Bh AR bR sk 25 )+ BU 097 RO, IR 5
Bt 5 HA S50 AG I
5.1 %REREXIER

IBS-D FFAEAR EE R AE , Bl IA by 2 7 B0 HLRRIE
ML & Wi e BE DI RE S5 R B A U A%
A AR BE SR AE S, HLAK 58 E A J5 | PR 11 5 32 240
PR A A, 2 e 5 9 P A8 A R T ARG T 45 i i ek
E ALY ( myeloperoxidase , MPO ) [ 36 1k 728 {f 41
Ak 45 M S 1) 7™ B AR JBE 30 T A I Al i 75 5 M
SPETE bR, W T0-6, 1L-10 , TNF-o , IFN-y . IgA | TgG .
CD4/CD8 HfEAE "> | B KA (mast cell,MC)
S N IZ AR RAE- S B A, 7T WS i MC
B0 AE A DA HE— 25 VE AR G 28 06 K710

A A 23 BRI i B A O SR A R BUVE S Bh
VIt e fa b, & B0 IBS-D K UM i 1 jg 46 Kl 7
B R AR AR (%) = MEAR E A (g) /R E
(g) % 100% ,ZIGEC AT 455 JNE K A6 I A e B2 A
KT Y
5.2 fwbahk

i IR A4 5-HT ik P51 Al 2878 37 KL F- (brain
derived neurotrophic factor, BDNF) P ¥ Jii ( substance
P,SP) I 76 74 14 BK ( vasoactive intestinal peptide,
VIP) JHFEU4E E ( cholecystokinin, CCK) FHZRK Y
(neuropeptide Y,NPY ) 5§, " {Z A7 T AR AX pif
28 )8 T 3 v A i i R 8 T R $EE A B A
FH, FT51E T8 Bl 7 28 AL B v ORRST A T A g ik
FEMLTE 250 i 20 2 e 1 722 A6 RT P B DE A 3 ) i
RT3 K T B A R £
Z MR A W (tryptophan synthase , TRPA ) 1] L) [A]4% J
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W 5-HT KF90 WAk, 29 90% 5-HT 14315k [
[ WE 4% A ( enterochromaffin cell, EC) , 5,7 18 i £
92 20 AL e (0 LA R fizp 3 R Y BC %50 DA & L
A
5.3 EEEEER

D-FLIR S —Fh 240 T A B AR ™ 4, T 3 52
ARG ML, PR AG I L7 D-FLIR K- 7] B e fizs &
A5 AZ 53 P 3 R0 3 P 9 RO T T ARG T ot
W B AL T ( diamine oxidase, DAO) FlJig £ H
(lipopolysaccharide , LPS) {5 1% &4 i 41 41 &
%% 7 11 Occludin . ZO-1, CLDN1, /K i i & [
(aquaporin, AQP) [l #3552 FD4 1B & 956 F
i o Kb i A
5.4 BEHEY

UTAER T A - - Bl 328 W e F 9 o EE R
VTR A R B I BBl ) < TR A SRR T AR AR
by E M, BFFERW, IBS-D A S il 65 A
TR A B 2R RIS T 10 SR AR ARG, DF 0 45 2R BB AP AE T
JEAE F2 B3 I WS TR A LR A T R T I,
FRRFRE LT b I R 1 & R i 15 B
PR R AR A 310G T, SCHR#E 1BS-D 855 1l i
&KW R ( Candida ) F B HE M, PR K H R
( Mycosphaerella) | 155 1 J& ( Aspergillus ) | B PF 1% 1
B & ( Sporidiobolus ) | 2 1 i J& ( Pandora) $I\ R
JEX 4y IBS-D WE bR R . Wi ik Y 2 ik
B RS Z R RS, H S IBS-D Jh YT HE
FUARTEE RS 1 S F AL, 1 AR AZ 48 A A
[ AR S WbR 25 ) 5 RRE O 08 PR B G A5 )
AR Ak, 0HRF fg T TR (355 2 T R T ) 5 A ags
W EENR IR BT RS AHA G T RE R & —E )
WG ) BREAAE AR PE O S 12 B 1 1 AR 2
— Ay IR 25T
5.5 HftEMZiEkR

W 5% & B miR-144'*" | miR-200a'*"" | miR-
292" ™ \miR-495"" 4F miRNA 7 145 i 1 i 375 P4 A
WIE S P AR, 2 — PR TE R AR Y12
Wik, 1BS-D KEIFFH#ZTT pPKCy 1 ERKI1
BN RBEIEE A RIS, RS S TR
SOMEBACHUE T P S S I b 2 S5 4 A
(enteric glial cell, EGC) BYTHEALAHIC , WEE EGC M il
GERE e Ho Ay T AR GFAP  S100B 75 [ 26 ik 1] i
i EGC 1AL FEBE) | Cajal 7] 5t 40 JfI ( interstitial
cells of cajal,ICC) J& & W 3l J1 i S 4 2, A I

C-kit 3 RIS 1CC # % A8 4k, [ A
BEULEE 1CC AL ST RE e

6 ERIMEIEE TN

1BS-D J&— 7 8L 5 4 iz i 5. 20 25 LM 05 , F
M IBS-D B R m ik 80% ™ R B
KAEFINE S5 = VA6, HuiE RV 5%
IGO0 K g S O ARk S
Y =3 = 4 AN B2 17 S M Al Y o
F T R IR

7 HERIESAEETN

Hh B 24 XA AR T U T A BT AL, R R
APEERA L, HALHAEER R AR, [l B SCRk
R BT A At R R R A 42 4 X i
UERY (E IR BTS2 A 28 | WK 75 ik
GAEH BEHRUE B — AN A LR AT AL/ o
BEAAR ST PRI 2R UEASCR A7 7 B % 25 )

7.1 BFABAR R IEAEEY
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[ Abstract)

Pigeons show flocking and homing behaviors, which require characteristics including long-distance

weight-bearing and continuous flight, with excellent navigation and spatial cognitive abilities. Pigeons have been widely

used in animal robot research in recent years. Pigeon robots achieve motor behavior control by applying neural information

intervention to specific neural targets in the pigeon’ s brain. This review summarizes research progress in pigeon robots

based on the sensory system, motivation and emotional system or cortex and midbrain motor area respectively, according to

the distribution of hierarchical multi-level neural regulatory targets in the pigeon’ s brain, with the aim of providing

reference and guidance for further applied research into the use of pigeon robots in space perception, reconnaissance, and

anti-terrorism search and rescue.
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Table 1 Advances in research of pigeon robot

HeHy Ay 5N FLECE WYE ik
Type Year Research institutions Control targets References
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%;zi%jg’%%%?ﬁﬂiﬁi%ﬂiﬁﬁ%ﬂ@ 2016 SDUST DIVA [6]
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motivation and emotional system or cortex 2021 ZA DIVA .PoA
SDUST DIVA (9]
2022 77U PoA (10]
SDUST PAG (1]
2012 NUAA ICo . ToS .SGP (12]
2014 NUAA 1Co . ToS [13]
2015 NUAA ICo . FRM ,LoC [14]
2017 SNU FRM (15]
SDUST ICo (16]
2018 ]
77U FRM (17
2019 77U FRM [18-20]
P RIE S KRHRERR TIEA 00 SNU FRM 2
Pigeon robot based on stimulus control at NUAA FRM 2]
midbrain motor area SNU RT.OM TN . TSM AV [23]
2021
HHU FRM [24]
77U SGP (5]
2022 ]
NUAA FRM [26]
77U SGP [27]
HHU FRM (28]
2023 )
NUAA FRM »]
HHU FRM [30]
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Note. SDUST. Shandong University of Science and Technology. NUAA. Nanjing University of Aeronautics and Astronautics. SNU. Seoul National
University. ZZU. Zhengzhou University. HHU. Huanghuai University. HA. Hyperstriatum accessorium. HD. Hyperstriatum dorsal. DIVA. Dorsalis
intermedius ventralis anterior. PoA. Posterior pallial amygdala. PAG. Periaqueductal gray. ICo. Nucleus intercollicularis. ToS. Torus semicircularis.
LoC. Locus ceruleus. FRM. Formatio reticularismedialis mesencephali. RT. Nucleus rotundus. OM. Tractus occipito-mesencephalicus. TN. Nucleus
taeniae. TSM. Tractus septo-mesencephalicus. AV. Archistriatum ventral. SGP. Substantia griseaet fibrosa periventricularis.
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Table 2 Specific location information of related stimulation targets in pigeon robot

FA! LESLIT LSRUS ALY
Types Control targets Specific location
BT EE R SRR R RS TALE A HA AP 7.50-14.50, ML 0.50-4.00, DV 0.00-2. 00
Pigeon robot based on stimulus control at sensory system HD AP 8.25-14.25, ML 2. 00-4.00, DV 1.00-2. 50
HTFBHLRIE 2 2 5585 Bz S a2 A A AL 32 A DIVA AP 6.00-7.00, ML 1.50-2.50, DV 7.00-8. 00
Pigeon robot based on stimulus control at motivation and PoA AP 8.75-9.00, ML 0.25-1.50, DV 9.50-10. 00
emotional system or cortex PAG AP 3.50-4.50, ML 0.50-1.25, DV 7.00-8.75
ICo AP 2.00-4.00, ML 2. 00-5.50, DV 6.50-7.50
ToS AP 3.50, ML 4. 00-5.50, DV 6.50-7.25
LoC AP 1.00-2.75, ML 1.00-3.00, DV 8.50-10. 00
FRM AP 3.00-4.25, ML 0.75-2.00, DV 7.50-8.25
FET v iiaz 3 DX 3 9 RS Pl A RT AP 5.25-7.00, ML 1.75-3.75, DV 7.25-9.25
Pigeon robot based on stimulus control at midbrain motor area OM AP 0.25-8.00, ML 1.00-7.00, DV 7.50-8. 50
TN AP 5.75-7.50, ML 4. 00-6.00, DV 7.50-8. 50
TSM AP 4.00-10.00, ML 0.00-3.50, DV 6.00-10. 00
AV AP 5.25-7.50, ML 5.00-8.00, DV 6.00-8. 50
SGP AP 1.50-4.75, ML 4.00-5.50, DV 6.00-8. 25
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Note. AP. Anteroposterior. ML. Mediolateral. DV. Dorsoventral. HA. Hyperstriatum accessorium. HD. Hyperstriatum dorsal. DIVA. Dorsalis
intermedius ventralis anterior. PoA. Posterior pallial amygdala. PAG. Periaqueductal gray. ICo. Nucleus intercollicularis. ToS. Torus semicircularis.
LoC. Locus ceruleus. FRM. Formatio reticularismedialis mesencephali. RT. Nucleus rotundus. OM. Tractus occipito-mesencephalicus. TN. Nucleus
taeniae. TSM. Tractus septo-mesencephalicus. AV. Archistriatum ventral. SGP. Substantia grisea et fibrosa periventricularis.
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Research progress on animal models of diminished ovarian reserve
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[ Abstract]  Diminished ovarian reserve ( DOR) is associated with a reduced quantity and/or quality of retrieved
oocytes, usually leading to low numbers of retrieved oocytes and poor reproductive outcomes. DOR may potentially progress
to premature ovarian insufficiency and premature ovarian failure, which have adverse impacts on women’ s health. There is
currently no effective clinical treatment to rescue ovarian function. The limited availability of human ovarian tissues and
medical ethics issues mean that animal models are crucial for improving our understanding of the molecular pathogenesis of
DOR and identifying preventive and therapeutic targets. This review thus aims to summarize the techniques and strategies
used to establish rodent models of DOR, to provide a reference for future studies.
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[ Abstract] Transgenic 5 x FAD mice are APP/PSI transgenic mice carrying five familial Alzheimer’ s disease
(AD) gene mutations. Beta-amyloid precursor protein ( amyloid precursor protein, APP) expression is related to the
K670N/M671L (Swedish) , 1716V (Florida), and V7171 (London) mutations, and presenilin 1 ( PS1) is affected by
the M146L. and 286V mutations. 5 X FAD mice express high levels of B-amyloid in the brain at 1.5 months old, and
neuritic plaques began to appear at 2 months old. The pathological phenotypes of 5 X FAD mice include amyloid plaque
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aggregation, neuronal loss, gliosis, and memory dysfunction, while their biological characteristics include changes in the

formation of brain (-amyloid plaques, hyperphosphorylation of Tau protein, synaptic dysfunction, neuroinflammatory

response, mitochondrial dysfunction, blood-brain barrier injury, neuronal injury, endoplasmic reticulum stress, and eye

lesions. As a classic animal model of AD, 5 X FAD transgenic mice can simulate the neuropathological process and

behavioral manifestations of late-stage AD in humans, and these mice are thus widely used in research into the pathogenesis

of AD and the development of new drugs. In this review, we summarize the model construction, biological background, and

biological characteristics of 5 X FAD transgenic mice, and the development and application of drugs for the prevention and

treatment of AD, to provide references for the application of 5 X FAD transgenic transgenic mice in AD research.

[ Keywords] Alzheimer’s disease; 5 X FAD transgenic mice; learning and memory; cognitive function
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— PR IR AT MRS , T E U E 65 & DL B A
TV AD BB AR AR DL UGR | A T R A A
R RIS PEAT £5 08 AT A5 1 Z20KG ORE IR . AR 4f i
A PHHL (World Health Organization, WHO ) )
B 78,2050 44K A SRR 1Y R TR
RE] 13942, Hafhiit, 2023 4F 65 % K L) bk
BEMIRIT KA 5 29 3450 1236 5T, Wit
2050 AEREIEAR T 1 74235501 BT IR P it BRI 45 4
YR I U TE H 35300

AD 1A & b 45 G P B A 2 1 AL A
Tau 25 [ 5 5 B MR L' M2 R AED | A AL D 3
( oxidative stress, 0S )k ki & 3h BE B 45
(' mitochondrial dysfunction, MD) g R s e
RO 22 fig 5 By R B i 2 2 9 ML o o S 1
W, [R)INF R = 2% 8 56 % 1 i B 2 AR PR AR T 5T, 4TS
HPAHBRIR 25, R I, 2055 R T 5 Y 3 R AL Ok
HTWE5EI6YT AD, M4 AT () AD & HLH B 5Y
e SRR 4328 ) AR T AD %6 B PR/ U
RIA 10 0 (R 1), A4 PDAPP TG2576 , APP23

1 AN AD FEILFENFE R

Table 1 Commonly used classification of transgenic AD mouse models

AD /B!
Mouse models
of AD

PNV LT
Cognitive and

RERH ST

Mutant gene Promoter S
memory dysfunction

) AR
e B 314
Pathological Disadvant Anplicati
1S van 1cation
change advantages pplicatio

PURICAZ BB ) 1 2

ABULEL 6 ~ 9 /A Fas ] 22 012 B,

m Tduﬁ‘}ﬁ%ﬁﬁ Tau ﬁfitﬂﬂlﬁ%ﬂ

% NFTs PZIRAT M FBE B
MWN%: =4 .14 At Appearance of recognition TE WAL IAIF5E
A [ 15-16] e ies
PDAPP  AppY"'F PDGF ﬁéf’\M . th AR El}]eposfl%lon, 6~9 memory deficit was later Slu(?l}lfb.‘ ) on th?
f flij(ﬂ e ?;T aljn(;rr;iflj, than that of spatial learning rec:rojirlz:liration a:d
ol age = memory deficit, and the ) o

phosphorylation; 14

months of age-

. laque formati
17] appearance of Tay P odque formanon

pathology was later
without NFTs

R AD BF5E R AR

P, MWL O - 10 YU T 0 BB B, MR L KR TE e
v Y 3 . 10 \ AR LR BLRS [ e, Tl 2 5 AD &
o s 10 AB B < 10 K Tau SN NFT: 5
sgle K6TON/M6711 < At Defects  of  recognition Early studies on AD
transgenlc TG2576 APP : PrP MWM: 9 ~ 10 .. . .
A the of Y AB deposition: 9 ~  memory were late, the time include AP  plaque
mice ZZ;‘P.S (1)0 di(j(:nthe 10 months of agc“SJ of AR deposition was late, clearance and  the
I'US ] ) and there was no Tau involvement of
of age pathology and NFTs astrocytes in  the

development of AD

AB VTR 14 ~ 18 A

MWM:3 H#,BM:

12 At
APP23 APPRIONMOTIL  Thy ]  MWM: 3 months of

age, BM: 12 months 18 months of age
[19] Tau

of age

months of age :

#1200 , Tau 57 % W
k.6 A
AB deposition: 14 ~

Ak ) 27 A 1C 12 Bk B

AR DI B

[20] Non-spatial learning and -
> memory deficits and AP

abnormal deposition appear late

phosphorylation: 6

21]




262

rp [ SEEG B 2024 4E 2 AR 32 B 2

Acta Lab Anim Sci Sin, February 2024, Vol. 32, No. 2

BE 1
AD /N FRAE Y - INAREAZ I g HL A
N A e -
Mouse models Mutant p . Cognitive and Pathological Disadvant Anplicati
of AD utant gene Promoter memory dysfunction change isadvantages pplication
MWM:6 A#12) Y
HEMT EE 6.9
APPKMUWMGHL H %\[23] AB {j'L E:3 ):J uﬁi’\[zz] jﬁ Tau ’Fﬁiﬁ*ﬂ NFTs AD iggﬁﬁﬂ:ﬁi
TgCRNDS AppYTIF PrP MWM: 6 months of AR  deposition; 3 No Tau pathology  Short-term studies
APP Uik age[zz] , Y maze and months of age'zz] and NFTs in AD
HH T maze: 6 and 9
JNEL months of age!*
APP double
1 Y IH‘D\I"IAE N St 1
transgenic Kap i gt ap EEIBUNGICIIER gy e
mouse 23 ek = [ 24 ] ) 7N Ex Q;ﬁ% R 23
oL 5 fih 1 NFTs ST @,xé{’]ﬁﬁn
APP . There was no AR .. Study on vasoid and
J20 ’ PDGF - .. There was no recognition .
ApPpY7I7F deposition and AP . neuroinflammatory
. .. memory dysfunction, no . .
synaptic toxicity s, changes associated with
- e AB deposition, no Tau AD
was present pathology, and no NFTs
23 0] % 2] 122 I8 15 F1 R
SCAZ B i 0 SR AR XS A/ BUEE IR TR &R W F
al25] g, AR BHAL S K MERITHELEL
RAWMGS T AR B 25 g (L R
K670N/M671L MWM_6 H ! : 28] . . -
APP/ APP PP RAWM. 3 ths of H i Spatial ~ learning  and  Human/mouse  gene
PS1 ps1hioor r [25] fmonths © AB deposition; 2.5  recognition memory  homolog studies,
age , MWM: 6 [28] . : biological di
[26-27] months of age 1mpairments progress  neurobiologic studies
months of age relatively slowly and do not  of neurodegenerative
exhibit alternating  changes
task impairments
N ‘ ISR 5 A 1
TC2576 Y RE: 12 ~ 14 AR UL Bl 23 g AR UIAUL BRI
APP/PS + PS1 APPKOTONVMOTIL PP Elﬁ'%[zg] }%ﬂf‘%'zo] Progression  of  cognitive _
. 5 psq Mol Y maze; 12 ~ 14 AB deposition; 23 memory impairment was
AR (M146L) P Ty mp
NER weeks of age[zg] weeks of ageBO' relatively slow, and AB
APP/PS deposition appeared late
transgenic
mice INHIEERS R e,
APP/PSI Endose. RAWM:O JTIEE AR ULAL 6 ST Tau LA NFTs
KI g RAWM: 9 months AR deposition: 6  Cognitive impairment  —
nous of age”” months of ager321 appeared late, no Tau
pathology, NFTs
ML ITHN ARy, T
K670N/M671L BM:3 A iy ik 287 P FITVE B 1
APP o M. Tau FEHLF NFTs 07 5 o 2 T ?’?Mf
APP[716\/ =4 ~5 Huﬁz\ AB '}an'ZHﬁ,‘\DM 1,).5%%»[ ﬁfﬂ%ﬂ:}ﬁkﬁj*ﬁiﬁﬂ:h
5 x VIl BM: 3 months of i T Studies  related  to
FAD APP Thy-1 (33] AB  deposition; 2 Tau pathology and the ABy-induced
psp Mok age ", Y maze:  onths of age,3“ existence of NFTs 4pminauce
S 4 ~5 months of o sial neurodegeneration and
PS1 (34] remain controversial X
age amyloid plaque
formation in neurons
AB WL B 12 1 15 AD i FILURRAIE 5 0
DL A T, (A IR R 1k A2 .
] o bk s s e o 55 58 fill D) T R 1
APP/PS/T: VWML 6 H BT Tan 5B it RO R ij;Eﬁa‘éjﬂjﬁﬂﬁh‘friiﬂg
o NOR:9 ~ 11 Hi#f%, mfk.12 A5 M T T
B 5k K670N/M671L. A [35) . . . ZOEE RIS
ML 3 x APP BM:12 A% AB  deposition: 12 It is most similar to the Studies of ol d
APP/PSb;T‘ TeAD psyl4ev Thy-1 MWM: 6 months of months of ageBS] . pathological characteristics u 1(::9 0] pa(?liﬁ ]an
transeeni ,au & TauF301k age, NOR: 9 ~ 11  Abnormal of AD, but the exogenous ‘m‘?}”(,),inie ba 00,%});
ransgeme months of age, BM: phosphorylation of gene expression stability is associate o
mice : NS y ) . . synaptic dysfunction
12 months of age Tau: 12 months poor, the modeling is and AD
of agem(ﬂ difficult and the cost

is high




P E SIS 2R AR 2024 4E 2 A 32 55 2 ] Acta Lab Anim Sci Sin, February 2024, Vol. 32, No. 2 263

TgCRNDS8 .J20 . APP/PS1 , TG2576 + PS1(M146L) .
APP/PS1 KI5 x FAD F13 x Tg-AD /N ™,

AD B E 2% R R WA BAR LR SR 1T 5
IRARIAH LY 5 x FAD BB EAT B A3 LT
AD JERYRER FUR B A 3 SRR AR A E A2 40 3 I
o FRAS b BRI (R A X R A R & M AD Y HE
B [R]IIZ R RIGT AB,, B A A 6 W K P
(1 BERLLY , AT TR 2200 AB,, 15T IR
AR MEFNVE M FE BEHIE B AE A 4R, 5 x FAD /MR
PN TE 75 AD F 2GR LT BT A 1 289 BRARAE .
TERYREBEER s 4N 3G A | b2 AL ash Bl | 2 kot
RAPNZIRI TG AR, M — B 2 Tau 54 B IR
1k, EAEAESL . 7] AD ##—4E,5 x FAD /)
U AD FERGEENT 408 3 ANBBE .2 H 22 A B JGAE
DRI, FL AR AR 2 A7 78 V8 #5500 1 B0 e I A 44
Az 36 R ZEAT R, LA 2 R A o 1 T A
FERE IR 28 RE | 3 A DA H BBl B e 22 4%
PR ;9 H 2 A (e IR B I LR AE 2 S IR 28 fik
MMk, BIASCREFEIZE S x FAD /NEURTE
Wi, k5 x FAD 3L /NRAE AD 855 o 19 1z
S H SEEIER.

1 5 x FAD #EFE/IR

1.1 5 x FAD %ER/NRHENFE=R

H T, AP ok X C AR AD e B PR/ B
FHZRRE R Rl A A5 il 4 T UG ik 22 6 R R /N R
o B2 A A 20 KRB I AT X AD Z2 A 3¢
PRI A AH FAE A TRIESR

T AR IE AR, 77 AR HESE AD JER R
FIAAY | [ N SR G B IS8 A BA 2 38— TR IR R
FESL ZHFEIN AD SRR Tl i AE APP/PST Bk
RTINS | AR 5 ASKTGPE AD 15848
(BRI e R/ A S OB B9 AD 55 A
N, R 4 RO B6. Cg-Tg ( APPSwFlLon,
PSEN1 #* M146L * 1286V ) 6799Vas/Mmjax, t A 3C
RN 5 x FAD Tg-5 x FAD 5XFAD . Te6799,
Z/NBREA AD FHCHY 5 A RA N, K 5 B-TE
HIRE R FTATA (amyloid precursor protein, APP ) 45
(#5715 % K6TON/M671L( Swedish) L1716V ( Florida )
F1 V7171 ( London ) , 5 5% 2 1 (presenilin 1, PS1)
FACM 245 A MI46L 1 1286V, I I~ 5% 3 Al (1Y
FiRZ 3 Thyl J73h 1w 247 oo ny a4 7k
M TTh R S RIKDT . 7E B6/SIL 2458 RT

5 x FAD /NRAME R 50 10 AL, IF e
HLF Ik APP HI PST LY
1.2 5 x FAD #ERE/NREEYFHFE
1.2.1 5 x FAD ¥R/ AYAT Jy R Ak

Morris 7K 2K B 5256 ( Morris water maze , MWM) 3=
P T I SI 55 20 %of 2 ) o7 i JR AN )y [ Jg% (5[]
SENL) B2E2J e 12 RE S Y L S TR i B AR A (wild
type, WT) /NERAH L, 5 A EY 5 x FAD /N B Dk
JE G RRAR 6 HIRI 5 x FAD /1N BRI 30 3k sh
TR 3 K AR B R A BRI S U
UL AW HERE 5 x FAD /NEUG H bR 5 PR 5 B8
BFE) 7 0 HE B R 12 A S 5 x FAD /A8
4y 3 i P RSB RTS8 ) s 5 B A5% B Ik ] i 2% 4
KU S x FAD /N2 ]2 2110 1CRE T T R

GIRARD F5* fff J —Fh 7 JF K 19 A 3 1k %
#——M5 H 5 (olfactory H-maze, OHM) , L5
2.4 F16 A5 x FAD /N5 H I A AL [R]85 1 3=
B, R4 F 6 WSS x FAD /NRUFEHEIR (9 58 BR AT
% (alternation task , ALT) | #iE3R [ 3F 22 B 4T: 55 (non-
alternation task , N-ALT) . %E iR f{) 2 % 1T 55 ( reversal
task , REV ) YR BT BIARIT B 24006177 > BE T TR

Y 2 (Y-maze, YM) 0] FF PEA% /N B JE 45
112, 2 B WG U Bl ) R AR AR BT O B Bl AR R SE I
R PRI 0 DI T/ R R A B =AY E Ok
WAL H & B ) L e =S )2 S id e e . 5
WT X IRAANEE 2 A WHENE 5 x FAD /NRF A58
EHArH TR 11 A S x FAD /N
WU HEAREC 2 TR BERA S x FAD /N
Whcicre JIREAR

035256 (open field test, OFT) M FRK MUAE SL 5
VN SIS YR e R T B AT R RAT
HEREKEN—FITE, 5 W X AML, 6 Hik
F112 A 5 x FAD /NI ShBE 25 8 33, Bk
LS TR AR

AR S5 (novel object recognition, NOR)
FHT R WG V5 28 sh A Y 27 210 RE ST . 5 WT X% iR
HAAEL,3 A 5 x FAD /)y UG 26 3kt 7 AR A
552 RIFMR B ETHE . 5 Hi% 5 x FAD /N
e H P AR TR B ) BT AR A I 12
FEHT 5 x FAD /IS A8 0 A4 U3 s T R8I 420 4 O
FREE W PR, 6 .12 HIRH 5 x FAD /MR HE
DUEIR ST E 2 TR

LR T 2K B S5 ( Barnes maze test, BM) #%) {2



264 P E SIS SRR 2024 4E 2 A5 32 %55 2 1 Acta Lab Anim Sci Sin, February 2024, Vol. 32, No. 2

T IAE BN R ) 19 25 18] 27 ] Fig 12 g
5 WT XA LE, 3 A @ RIEENE 5 x FAD /) UG
T3] s G P 4 B i i Y 5 ~ 6 AR S x
FAD /INEUAE I S5 RGN S0 v R 0 35 S 2 b o
T KB LK (T maze test, TM) 7] R IEAL B &
AT e A G 47 28 S ) 4 (8] T AR IS/ —Fh
ZHAT TR, 5 WT X HRAUNRAE 5 ~ 6 A
B 5 x FAD /NRAAEBRR B R 3 LI
FKHE 2+ R E (elevated plus maze, EPM)
SRR IEREAT R, 5245 5 x FAD /N UM

b2 HigA s A r4ia 5 x FAD /NRIFE A
T b, A IE R R R R A e Y

15 5% B8 52 565 ( rotarod test, RRT) A7, OBLAK
SRRV WT X HRALAEL 6 H A1 12 Ak 5 x
FAD /N SRR IR B /N BRI R B AE K

PLEBFSEAE R, 5 x FAD # 5L [K/N AT
SR U R AT I IAE 2 H W EOMEYE B[] % I
PEE D) kA, EE AR A )i ie )y . B £47
SRV TREE W RIRSC L fE T | TR 25 Fig B
DMERES (3R 2)

|2 5 x FAD FIER/NAT A A ARk

Table 2 Behavioral characteristics of 5 X FAD transgenic mice
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. ; RIS ASIIL
- i Hol g B EZRE S
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. EPM 2.5 . . Percentage of open arm 1
Anxiety Female and male  Heterozygote Detection period .
entry times
iz 3 I E R . N - N
2 B PR RE » e G B LB
Motor coordination RRT 4.6.12 wWT . . R 1
abilit Female and male Detection period The time stayed on the rod
ability
e T TR EN | BREOE - JE% R, (TER)
Note. 1. Increase or extension. | . Decrease or decrease. —. Indicates no difference. (The same in the following tables)

1.2.2 5 x FAD 53R/ BRI 9 BELRRAIE
TERIIE 5 I BE R B-UE M FEER 11 (AB) WL
0 JE AD (SRR BURRAE . /N AR KA A2 O TG
FRARBENE , 7 FH KA B AR ) AR JRLET 4k 21 B 11
TEMFEBEL N ZAE 5 S0 R e, AR R Y
AR MfERAT ) g — 2 S5 AD LT
BALCIZ Y AR B A AR ]
wbE AR, AURAIIEYE A, FEIEH A, AB,,
) B AB, B, APP, PS1 Rl B E £ 2
( presenilin2 , PS2 ) J K] (1) 8 Yo (0 f g PR 5848 34 fin T
AB,, 7™ A=Y APP B5 LR E ) FAD ( flavine
adenosine dinucleotide ) 5828 25 5y H BLLE B-1¥ y-77- 4
FiF 45 A0 5 FFFIT , 3R AR BB I (K6TON/M671L
H B ARIZEAR Y ) ol AR, N (1716V 1% HLIA 7 258
ARFIVTITIARERI AR ) PSENT $E I (y-43 1%
R (G AL 5L ) EAY FAD 287834817 AR,/ AB,, b
H, KZHAD HEMN/DNRTZE 6 ~ 12 A K
B[] A RETE A TE MY REBERR T (H 5 x FAD 3L/
U2 oTaife N i AR, M A 1.5 ARkt &t
B 5 x FAD /NELUPOMEE HLEYE APP S5 25K
W2 ARESEH T Thyl Ji3 o (S A G HR 7
TRl APP ¥ 5L ik, IF 7= A & K 1
ABY . BB/ A N, AB,, A FIBILT &
LRPERETIN T AR, M 3% il w4 AR, WE)E 2 ~ 3
AP SERYRE SR P AR AL iR TR R 2 TR
R R 2, Bl A /N BRI 3, 2 2 g o 1 B
Py w2 TR K )2 ] U0 19 TE K

FEBEHE,S ~ 6 At 5 x FAD /NRZ 2 A A
BEHCE N 6 Ak 5 x FAD /MRS DG X
AB BB i Y

AD 5 — FRAE 4 9 P i AR T 20 4F 2 g8 2
(neurofibrillary tangle, NFTs) , J& B i) 32 22 Ji K] &
Tau & (AL BEBERR AL . NFTs J& #4850 40 Ml 5
GRS E R LRI | B B, 25 3
PR TTZ [l M5 MG 5 A B S0 B I T 8L
ZICET: ) 755 x FAD /NEUA B R SE 56 4% 8
HitZ Tau AHOCH A 5 A W58 i ELISA
R 6 Hi# 5 x FAD /N ZFNITE H p-Tau 2
PR T BEE RIS x FAD /NEUR o
B Tau 52 BE BERR L b 27 2T 1042 B i H B A B LT
{0 MAAROUF 251V (58 v 5 % FAD /NEUIRA
P NFTs, AR S x FAD /N Tau 2 H & A K
o BRAF 5T 22 S AE R, T30S R R PR 9 i
FIREZ NP AEEY PE ) st L T 5t DL RO i 2E A
ST AR Y 22 5 X ATy R 2 — 2P I I SRR

iXiZ= 45 ( brain atrophy, BA) /& AD JE % B2 )
JILRRIEZ —, AD BB P 28 90 2% 2k 3 350RA G KM
XS 2= 40, S BONMANCAZ D Re R 21 T 3
R A FEBR, KT ANE-DHLL (hematoxylin-
eosin , HE ) Y& (0, 1 W 25 /N BRI 52 )2 FiE 5 DG X
HAVEENY 6 A 5 x FAD %5 35 K /)N B4 i 4% A i
ZICELE 6 HE 5 x FAD /N BUIR AR i J2
B HE UK 20 B rh A9 28 i 8K 5 B WT /D BRI 3 O
A R E B P W BE ( transmission
electron microscope , TEM) WEE 4 H % /)N Bk 2H 418
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A, KB 5 x FAD /NN B JZ Hh Y 5 fil 25 e
ol /L, IR B JZ I B v i) 2 fiph et 222 38 o 46 96 1Y)
ot/ 9 Al 5 x FAD FHEER/NR 256
SR AN AT i TR T R S i S UL N )
SEOFEERT 12 A S x FAD /N JZHE T8, & B
FEJ5E 5 AP 2 TR W Rl g f ek
Y6 (immunofluorescence , IF) #: 5 x FAD /)N
JEANET DG X B B A5 453 IE HL #4353 F 1 (ionized
calcium-binding adapter molecule 1,Iba-1) 15 35 A9
IS T 40 B R R 5T AT 4 TR P B (glial fibrillary
acidic protein, GFAP ) 1= 323k 1 B T e Jo 4 it 3% =2 91
TR OB VR G TE 2/ T

LG LL BFSEAE R, 5 x FAD B3P/ LR ZE
2 I 2 B AR UL, 5 ~ 6 J i It 3
Z; 4 JIRI 2 b o B b 6 H eI B 3%
Wb 6 FIRE I H B 2 T i 2545, 9 I I AT L
KPR MEICER, FLEHTEERM,5 x FAD
FeRELNEUEA AD (ML ALRRERAE (R 3)

1.2.3 5 x FAD S LR/ Ui A8 A AL 3R Y

F bR ic PN 22 fih % (synaptophysin, SYP) | 28
filt & 25 1 (syntaxin, STX ) F1 %€ fifl J5 2% 25 11 95
(postsynaptic density-95, PSD-95) B3k =Rl /)
ISR AR . SR FH ELISA Jy 34600 /) L 42 g
AR K5 x FAD %% 5L /N B4 iR 2 3¢
HoE il K PAE 4 H BTG T R, 9 H W I 2 A%t
HREHIN 75% , 12 7 e 10 5 filh i 10 900 19 7K P J 35
53 4 ~ 12 AR 5 x FAD /B R 2 #0111
il A PSD-95 B A ELA B
PRIXPIRIERICYI K B0 2246, AT RE = IR o K2 4L
WF5E HUE T B6/SIL RS 75 SR HENE/IN R, Xof IR 4
/I B 5 AAR [ 18 48 by o Ak ) 3K

21 it Ji] 30 2 AR B 1 B 5 ( eyclin-dependent
kinase 5,CDKS) 7E B KM & #5545 2% > il
I 5 T O T T CDKS 5 p25 &
(CDKSR1) 45 45 J&, CDKS i 1 76 M 22 2 45 ¥ s
(AD.PD I HD) "k % # 1l e & 3 B & 3%

R 35 x FAD FeREDN/ LR BRFAE
Table 3 Pathological characteristics of 5 X FAD transgenic mice

ks i X R A#e A e
Index Methods Control Months Part Change
- [34] K2
THC Wi 2 Cerebral cortex f
o T =
THC WT 5~ 61 . i SR t
Hippocampus and cerebral cortex
Tt Rz X
AB HEHE IHC WT 605t IS DG X )
AB aggregation Hippocampal DG areas
1
Hippocampus !
MSD WT 4.6 1204! N
4 figi B
Whole-brain
P
T ~ [40] ﬁ}%‘»‘ﬂ:ﬂmﬂﬂ
p-Tau ELISA T 6 Cerebral cortex and serum f
: : (66) IR DG X
GFAP Ibal IF wr 4 Cerebral cortex and hippocampal DG areas f
FUEZYIve == 11 HE WT 600 Je 2D DG X )
Neuronatrophy Cerebral cortex and hippocampal DG areas
s K e i L1
IR I BS wT 4l o) M !
Dendritic length Hippocampus
BS WT 6,124 K= !
TR 5 R Cerebral cortex
Number of dendritic spines BS 6 %5 x FAD s ‘ 2 !
6 months old 5 X FAD Cerebral cortex
BN G [62-63] HRAAIER B 13 )22 ) SR 40
BS wT 610 . . l
Number of synapses Pyramidal cells in the somatosensory cortex
Gl 2 T - 5 014 )2
. . . TEM WT 4 . !
Synaptic neurotransmitter vesicles Hippocampus and cerebral cortex
e e BS wT 1210 B L L
Number of neurons Nissl wWT gl34] Layer 5 of cerebral cortex !
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PEUO RN B R SIHGHEAT Western Blot 43 HT )
KBL,3 AW 5 x FAD /NREZJZ P9 p25 KR L
FHias FRZITN AR REW ;9 12 H T
5 x FAD /NEEZE Y p25 K115 i 38 ) 5 85 A= 1Y
(4 150% , [F A 4 B0 dob =55 1% o 28 20 A R R K ot 22
JLER, K, p25 KF BT 40 B R R 20T
N AB REXRETD],

IR IR o B 4G 475 H I =1 (riglyceride,
TAG) . JH [E EE (total cholesterol, TC) K% N8 E
M (low density lipoprotein, LDL) Fl = % i Jg 5 H
(high density lipoprotein, HDL) , H:H1 LDL I TAG
IRV T 2 28 0 i 12, A R Ml v JE By R R
BergptRRT 5 AD XU IEARSE il HDL 7K F-
5 AD U B ARG SRR AR L, METE 5 x
FAD Al WT /N9 LDL /K505  HDL 7K F S 1K,
W L [ P ) 3 22 e AP E T 4 ~ 12 DA
5 x FAD /NELZIE] . 4 HESEE HErE S x FAD #1 WT
/N B TR ) S [ B A P22 6 IR 5 x
FAD /)N 8 JE [ B A A8 3, 12 R I 5 <
FAD /)N BRI i JIEL 52 25 AR ARG

FHAHX 22 R 4t ( central nervous system, CNS) H1
(I IAEFR RN ZERAE , AL Ry Bl 1k 2R 458 £ 1 7™
Az B ORAP I ST L, 18 22 o i v i o i 4
YRR, 00 28 R RE W] DA AR P p 22 00 R 22 20
PCRERS 5 H AT TS A SO B 2 RAEIRIT 4,
5 WT/hEALEE, 6 AIERY 5 x FAD /N ROR K B J=
Y 20 A 22 -1B (interleukin-10 , IL-18 ) Fl i &
IRFEIR F-o ( tumor necrosis factor-o, TNF-a) e ik 1
BETE, B 3 A @RS TNF-o IL-1B 55
PhZE 9 AE PR 55 B R4 M 3 7 4 i S x
FAD /INEUR - J2 1 A T J5T 200 JHR 0% AT TNF-oc
KPR 6 Al 5 x FAD /ML M G A
K2 (IL-1B , TNF-a, APOE . GFAP ) 33k i & 4
mt 6.5 A S x FAD /N R 5 o 4 E A
TNF-a FIA 4 -6 (interleukin-6,1L-6) | [ IfiL %
R - Y| ( friend leukaemia integration-1,
Fli-1) mRNA /K3 i 10t

f#/N RNA-128(miR-128) 2 —FhfE M 4 R 4
FIIAHY miRNA TERZ RGN K F SOEH A4 FL )
REAAERF R P E ZEAE T, H S o 3R s 5 B Rk g
B 2 UIAH G, RS2 ) ZE & PCR ( real-time
quantitative PCR, RT-qPCR) £l 2 H #% (#14f AD
i dl) (8 Hi (FIL AD JHL) A1 12 A (18R

AD SR ) B/ BURE D rf miR-128 kK FA81E, 5
XA WT /N EE, 8 A% 5 x FAD /) ERUAY miR-
128 /KF- 3 T M, (B AE 2 5 12 H A 2
A5 x FAD /BRI BR Wk R AN IMAR (exosomes
Exos) miRNA 7E AR BEHRUTFATAFAAE Rk 25 57, 28
TERIZWT R AD YRR 22 A W br i, % T 5
WITHAD A EEZE T,

ZEG VI WA 76 5 x FAD B55E /N BUIG
W, 5MAESER MERELE MEREYIHE
IR 28 95 55 85 VAR DG 1% A= B AE AL R AV WT
INRAEE R ERAL (K 4)

2 5 x FAD hNREE A s

HATHTFE M, 5 x FAD #&FE DR/ Ry Hofth A4k
Yo7 e 1k AT RE W M 28 il X fE B B ( synaptic
dysfunction) £ R hE ( neuroinflammatory , NI)  Z&k7
1R I RE B f5: K i i J5# % ( blood brain barrier, BBB) $i
15 M 22 JC 145 ( neuron damage ) . P B M N 34
(endoplasmic reticulum stress, ERS ) FlHR 9 22 45
NPT
2.1 5 x FAD i sRfib I aE RS

GRS FA) S22 2] FCAZ ) A= 2 F il 5 g
HUE AD FIE Z M R AR R 78 AD BE W
RREA T 58 il 461 20 HE A2 0SB T B LT A
UK S A 22 5 floh 25 4 A0 58 ik % R AR AD FRIIOT A6
I EET | RO R, 5 il T RE R AR 2 5 i
FEMNE IR A R AT, HINHIIRE T B
HIHISE

G i 2% 2 NS fih 0 5 ) BB B R 2 AD A
W T 14 il 368 3 00 /) BRUPE R AU ST 55 TP 5%
filIIRE R B, 5 x FAD /N EUEE DB CAT DX i) i 28
TC A A 11 28 fi 3% B AE AE BREATY . 5 x FAD
/0N B b 2 ik v f SR A RO 19 i 1) B3 PR 2
P, AR fik ) SR AR T BB AR LA ZERR  UEW] 11
R MM RAR DI RERIRE A 5 x FAD /N FRUBE Y BT
B FEHLES | KIMURA % RFFE 2,5 x
FAD /N 6 AT IR B Al 3245, 5 x FAD /)y
B M 2o A 52 L 03 284 5 il 22 () AN T A, BV
KRS I35 2500, IR AR AT 2R B W Parkin i8 %
AT L e A WEAR e U A G 1 1 4555 3B- 11
( microtubule-associated protein 1 light chain 3B-1I ,
LC3B-T1 ) ZE4E GIEA 5 x FAD /NELH BRI 25 10 28
f R T BE R A
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R4 5 x FAD FEIEDI/INGUAY A= BRAR (LR Y
Table 4 Physiological and biochemical phenotypes of 5 X FAD transgenic mice

AL TR bR Tk Ak HRAL EER S
Biochemical phenotype Methods Months Part Results
AB4, ELISA 4 ~ 9[34] 4= Whole-brain 1
AByo ELISA 4 ~ 9B 42}l Whole-brain 1
SYP ELISA 4 ~ 93 42/ Whole-brain 1)
S fi A 1 Syntaxin Western Blot 4—1233.48.68] o 2 Hippocampus, cerebral cortex 1
9 1203 JiZ2)Z Cerebral cortex !
PSD-95 Western Blot t : ;
esem B 412134868 I J7)JZ Hippocampus, cerebral cortex !
P25 Western Blot 3.9 1204 J7JZ Cerebral cortex 1
. WEHT 4] A 2K Non-fasting plas -
JHEEE Cholesterol [ﬂlﬁﬁ’*)’l e - 7%‘ on-iasiing plasima
Analysis of glucose 12146 FJi6i Thalamus |
6\9[57,79—811 ﬂgﬁmgug Half brain h ate T
BACE1 Western Blot : o Al bram omogendle
614 J7J2 Cerebral cortex 1
TNF-a ELISA 4L75] i B2 )2 Frontal cortex 1
APOE ,GFAP qPCR 6% 5 DG X Hippocampal DG areas 1
qRT-PCR 6140 J7JZ Cerebral cortex 1
IL-1B . - _
Western Blot 3074] W5 Hippocampus 1
Fli-1 mRNA PCR 6 51761 35 J7 )2 Hippocampus, cerebral cortex '
IL-6 THC ’ 1§ Hippocampus
miR-128 qRT-PCR gl77] 1§ Hippocampus !

2.2 5 x FAD 2 5 fE R [

R PE Bl R 2R G0 R B , EL™ B RE
Sy RAEFEAE AN AR UL JE Y /N 5 4
J RSB A A A 2 T RO R 2 T, B R A B
REAE R fh 22 4 E 40 M X 7 19 & 8, T8 B4k & 1 R
i 5 A2 T 03, LA K2 2 8 12 I g R
B0 IR o 4 4 ) 2 A A A a1, f 4
PR AR B AT 48 40 B R 1 43 W DA B R R B L R A
W e o] BRI b % B G
BEROMEFEY S BRI T 40 R R A SR R A
PN, FOBOE REE 5 AB,, MIEMFEBER I /KT 2
TEEET TS AR /0N 5 I 200 B RS2 T R S 40 i o
YT AR DUBGRAL, AR BEHR 253 /1N I 41 i I
G UBAR A 20 L R R Ak R /0 e IO A4 7 £
RIS AD BhrEz—",

BEAE 4 0 2 ( triggering receptor expressed on
myeloid cells 2, TREM2) I f{fi % 32 (& 7F AD Hh EAT
PR XA E R, R BRI TR E RGN
I ST AR Y TREM2 7E 5 x FAD /) Ui
ep 223K B, 1 AR AH 28 W 7 (adeno-associated
virus, AAV) 9 5 i) TREM2 R BE @ &8 17 5 x
FAD /N B 25 w412 46 20 i B 17K SF i = T Il 0
Bepat™s 3 R ETHEE 5 x FAD /N B E A A
2 I 4 L o A 114) 2 R AR AR Dy B R, HLX R AR 4k,
ARSI G, WY 5 x FAD /NRTE 5 H i

RV B g Rk, E 5 x FAD /)N BB 7
o3 AIRET S THUR T R A B, EAEE
MSE , AR KBS x FAD /)UK O RIE T &, a]
RE I S B RAE T 10 AR R
2.3 5 x FAD HH)Z R A TNRERE S

LA IR 2 L PN 3K 3 A ) A L, R
FALTEIR AL A e TG S 4 it & . I Ah, Lokl
S 58505 5 A% 3 4 M A T 0 T A 4h M R T
U AR FERIKR SRS Ca” TR B T4 i,
TSR Ca® T ER ™, TERCRME AD /)N BB A
oA IR AR ORI AR 2877 W) 32 AR (receptlor for
advanced glycation endproducts, RAGE) A Bt 1IR3 )7
WA T Bz J2 FI0E I v 28R 1 IR W% 0 35 11T
5 x FAD /INBUR M 48 A0 38 IRt B e i 52 5 ) |
(NADH-iZ it S8 AL 18 i ) Hh Fe-S % LA I, ¢
TR AN AR A o S S AR S e S
NIE AT B SR B B3, 51 R 4ok K D) BE R
319705 x FAD /INEUTE 9 H i B IA 1 2 A i 1
P B 7 L DA 5 i 1% 235 g 8 S R 2R A4 1) S, Herh
LARART RER 1 3R B R 15 Ey b ATP 7K PRI W 4%
ZAY T IEERREART i R A H 43 A R R
TE 5 x FAD /INEROK il Kz J2 FTeE B ) 4 S5 | 28 fiok vh
TCUE LRI i N | T U SR Lok A Rl =
FIBLEL, SR T 5 x FAD /N BERBLIAAR 85 B
PRI AL, FaE— 20 3R WA 2 AR 1) g 179 4 2% mT B 3K 3y
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] AD AR B
2.4 5 x FAD HgIin i 57 B 455

UTAER K LX) AD o5 BEA= BRAY 2R 51 T
ATTHYSGTE o il 76 7 R B 5, 00 i of, 7 i 2> 11
I 5 B 05, B A R S AD &2 s AL I 1 L0 R G
FEPIER AN 5 R B 2 0 DA BRI B 3 v 3
B R S Ak BRI v B B sh R, DA R E
B ) KM 12855 IR ) BT, AR TR S 2352k RN Y
SO I R 1 e S R IV e
ZoREVEIN Iy R A RN, 5 B P S AT 28 RAE,
B & 2R AT AR 1 2 A 0 e R
B, AD TERZBAT YA IR FIN 25 4 Z ik 2
A B 5 B ) AR R AR R R S R
(electron paramagnetic resonance, EPR) 7 F T ¥
5 x FAD /N U it il Bt A5 S pih 22 U H A A A
AR ZS AR 0 LT ot A S i 1 U5 D
( prothrombin , PRO) Nish 1 E Sk 2( prokineticin
receptor 2, PKR2) (TR AT BE 3L 5 x FAD /MRAYIHE
DR AT YRR AR, O L PRI e ) TR
155 x FAD RERLH i fil 5 B 2 BE R g A UE SR 097 1L
i 5 B T SZ AR T AR T BRZZAR Y P R A g
B2 T GG T3 440 i 22 1) i 4 fk A2 A o g R S
PR R R i B RS
2.5 5 x FAD gt Tihifs

SR IR] 5 R A 2B AT B Hh Y fl 22T
403, % AD 1 5L 1 2 s R E JE A . 25 AR A
JATTUS AR AD R R D R HE A AR Il Tau £
RITHE R E AL B 5 i, 23 T BT fih D) R s 5 1 A1 22
T, PRZETTAr M AR LANR N 2 il 3% 21, AR S ik
Ko TR S ful A 33T R 7 BRI T RS LAAE Sy
— 7 B S AL R B s 28 7T I Bl K
T2 ,4 AT S x FAD /)RR 5 i b 200 1%
PETC W 2R AL, 12 AR ML R 2 255 5 R HER
SOt E 5 x FAD /N R B T A2
AD IR 22T 2%, B i B R X 40T
BURIC B, SR TV 2 HoAl AD SRR 3 3%
B AR 0 28 T
2.6 5 x FAD H89 A 5 Rz i

DAL P 8 S R AR TR 28 T, R A R RT
fedtp e oy D REIR Ak, AR I ) 2 8 T i 3k
K B RE DA IR B 1 s R A R BT BE 15 5
x FAD /B A #r & & ) (unfolded protein
response, UPR) , il i Western Blot & #15 WT /M|,

AL ,5 x FAD /NELURG UPR JE7A2 4k, 9 J5E I 17 84
EYEETED ) g bt BRI E 1 APP
F1PST 7EN M AR R 2351 & 12 1 ERS Fil UPR (1)
s A5 x FAD /NEUPIE A & B ERS, 1T AR 2
UMTE 1.0 ~ 1.5 A APP F1 PS1 %4 3L K 4] i
FIKWY B, ERS /K- 0 B 2 E 8 IF Re g 2R S
ML TP, DA A G I i 2 1 A & fer IS
B Z W UEE R, SK T AR ASTES X
FAD # /N AT UPR, {H3k 4 A2 AD B3
L ZU2E R ) S R X — ik, B NS AD FiEL
Tkl 2038 F5 ME SR, UPR 7 35 26 b 22 50 v Bl i
WU I, ROR SR TR AR 5 x FAD K
S LR R IRFF IR Z 100 AR FN 22 )5 43 591 434 P9 5 1)
N R 1K
2.7 5 x FAD HpyEREBHRE

HARE AD G s B BCAR K 22 A HE K
{HHSCHR RS B Z M B 2 —, Bkl Z
R I RS L S I N AP R
JEPEREAR AT B e R A 02 IR | B S
U855 LA B R 35k 3z 20y 0 11 7 R i S5 R0 DA RE B e AR

3 ARES 5 x FAD /N AL I B 37 31 0 = Rl AR
Teb5 R L AR, F /KRB e 5 5T
RIERANZE AD 19k BUAH—3%, BIFE 5 x FAD /MR
)RR Do 5 R B 2 2 e 2 UL 5% B AB,, KO B 3
N5 x FAD /)N B 0 i rp 77 7 4 280 P9 BE A
FEE -B E 2 (oligomers of amyloid-B,ABO) ' |
ABO BEIANIE AD ZE il B PEFNVE ML B 1 A A I G
25 TIRNAN AR BRAE M 28 fil 5 M AL 45 , LR
HERE AR BB TR G ALK
TR BEAE PR T8 FR, 5 x FAD /I BRI 190 55 J52 i )
AT R AR 5 B RN B, AR BE AR RIS Y 5
FAD /B, AN AR BE He s /b, 10 19 st J=2 5, 3
mtR Bz AT ML, S x FAD /MR
LD REE IR 22 1 1 DE M A TR 2 1 L B R AL VE #
FERTIR SR B AL I MRy YE M LA I . & Tau
H A FIBERR L Tau 2 AR5 KA LU Y
AL AT — 3k

3 5 x FAD #ERE/NR7E AD Bhig%s
Y & Y Rz

HTF 5 x FAD $63E RN ELA AD L8 TA 60
TR 5RRFARAE, 25 AD B RILH, HE #
HT& AD BRI (£ 5) .
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|5 5 x FAD FeHEH/NRAE AD Bt 25900 Hh B L]
Table 5 Application of 5 X FAD transgenic mice in the development of anti-AD drugs

ESESilhy

Y

EAESTNRIS

Hik

Bk S RIT ) e e . Jitk R 2
- Administration Administration Duration of Month
Drug types Therapeutic .. . Methods Results
dosage mode administration ages
W% HEF " bR R U
Gossypetin 10 mg/ke Gavage old 1.6 MwM Number of target crossing
reTes W R - % BB R ]
Pteryxin 16 mg/ke Subcutaneous injections 7d 12 MwM Time in the target quadrant
TR i - FFF 4 B R ]
Eugenol 30 mg/kg Gavage 30d 1 MwM Time in the target quadrant
gl e e 100, 300 and W %4 319 - bR 42 B 452 B 1 ]
Traditional Theracurmin 1000 mg/kg Gavage Time in the target quadrant
Chinese PR S bl iidi e ]
. ; [41] EXIN:
medicine PF > me/kg Subcutaneous injections 28d 6 MwM Escape latency
BT - SR (R0
4 3, 25 pe/ke Subcutaneous injections 60.d 3 MwM Escape latency
it o2 5422 B2
SLCP 100 mg/kg i 60 d 6,12/ MWM AEmRREENE
Gavage Time in the target quadrant
OABL 20 me/ke BT RS 21 d 6l40] MWM FIPRER MR B I 1]
&8 Subcutaneous injections Time in the target quadrant
i B i Sk SRR AR
N MOS 0.12%, w/v i 56 d 0.5 MWM B3R
22l Gavage Escape latency
Chemical drugs INCP 10, 20 and B R 28 d s - gl BM AR IKEL
40 mg/kg Subcutaneous injections - Total errors
o4 4 and Alzheimer’ s disease [ J]. J Geriatr Psychiatry Neurol,
4 15y =H 2001, 14(1): 52-58.

5 x FAD F 5 /NS BUE AFE TEM T AD
AHOGVE M3 BE B R B Y 32 2R AR, B 7 2 Hift
AD BB RYFT A 1Y fh 2 oe A3, T A N SR R
FUARTL AD S5 35 B0 0 A 20 Bt 7R I AT 3k
BB ET AD RAI R R R AR R 2 —
EHAEMRRE S x FAD 28 K& H 5 A3 AD 1K &
BF , WARAE—E 45 3 B 28, A AD e fi2 i 24
FAD R7AF5 R, I HAE 5 x FAD /N RAHS
AJRESXT APP AR FE = AR AR B B2 5 ok, 5 x
FAD 1 AB,,/AB,, W LLIERIF-m T A2 AD, Rt
T 5 x FAD AR, BT T 85 AD K
P RE M fie i, /N B A5 A7 76 48 D 2T 4t 9 25
(NFTs) A 4, Bk UL, iZ B RIMEHE T AR
R AD BYARZ R, LEIG R ET AL B 259 %7 AD
(BEITR YT 1 1 7 AT R LA ARG I i3
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