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[ Abstract]  Objective To explore the analgesic initiation mechanism of three-manipulation and three-acupoint
tuina in model rats with minor chronic constriction injury (CCI). Methods Fifty-six SD rats were divided randomly into
eight groups: normal group, sham group, model 1 group, model 2 group, tuina 1 group, tuina 2 group, tuina 1 + transient
receptor potential vanilloid-1 (TRPV1) antagonist group, and tuina 2 + transient receptor potential ankyrin 1 (TRPAL)

antagonist group. The model, tuina, and tuina + antagonist groups were established with minor CCI models. The tuina and
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tuina + antagonist groups received the three-method three-point intervention ( point method, dial method, kneading
method, Yinmen point, Chengshan point, Yanglingquan point) 7 days after modeling. The model and sham groups were
subjected to grasping restraint, and the normal group received no intervention. After the respective interventions, each
group was tested for changes in mechanical withdrawal threshold (MWT) and thermal withdrawal latency (TWL) to detect
different types of pain. The nitric oxide (NO) content of the dorsal root ganglion (DRG) was determined by the nitrate
reductase method, and changes in protein and gene expression levels of components of the TRPV1/TRPA1-NO-cGMP-
protein kinase G (PKG) signaling pathway in the DRG of each group were determined by enzyme-linked immunosorbent
assay, Western blot, and qPCR. Results Compared with the model group, MWT and TWL were prolonged in the tuina 1
and tuina 2 groups. Expression levels of TRPV1, TRPA1, NO, soluble guanylate cyclase-B, ¢cGMP, and PKGI1 in the
DRG were significantly decreased in the tuina 1, tuina 2, tuina 1 + TRPV1 antagonist, and tuina 2 + TRPA1 antagonist
groups. Conclusions Tuina can effectively improve the symptoms of thermal and mechanical hyperalgesia caused by
peripheral nerve injury after one-time intervention. Tuina can exert immediate and continuous analgesic effects via the
TRPV1/TRPA1-NO-cGMP-PKG signaling pathway.
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JE 25 9 R M K R ( peripherally-induced
neuropathic pain,pNP ) &8 i &1 J&l {74 8 ph 28 2R G2 i
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A R AT AT R AR —
M EAEGER T BEAMA , IR IR EXRYF VL pNP
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JE 38 4 #2458 97 ( minor chronic constriction injury,
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root ganglion, DRG) #4734 , A SRAL 45 R I 32 14 v
{37 ( transient receptor potential , TRP ) £ [ AH G HE K 78
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T 5l AR A= B A BR A 7 [ SCXK (52)

2019-0010 ] g A 56 H 6 ~ 8 Ji iy SPF 2% M 14
Sprague-Dawley K, /AHE 190~210 g, FIbatH =
2R EESG SR 3R % [ SYXK (5) 2020-0033 ] i
NEPEREFE T d, E R (25+1)°C, A XTI (50+
5)% ., ARUHFIT EL KA AL 3 s 2 K 24 sh i 18 B
Z 51 £ vE ( BUCM-4-2022082605-3043 ) . i 35 i
o b AR e S G Sh R B 3R BRI EA T, AR
ERE G EINGE RSP 7
1.2 FELFSUEH

TRPV1 #5317 ( MedChemExpress<_ |7 >4 B2
Al ,AMG517) ; TRPA1 #5415 ( MedChemExpress < I
HESA IR ], A-967079) ; TRPAT $i44 ( Proteintech,
19124-1-AP) ; TRPV1 T & ( Proteintech, 66983-1-
lg) 5 B F S 98U6e (BRI T B IR AR A e B A RS
A),R510-22-10) ; KRB IR 5 H (cGMP) i 3K 4
AT (ELISA ) 38050 & ( Ve BRI A= W R A PR
A}, ml003133 ) ; nNOS #i & ( Proteintech, 18984-1-
AP) ; sGCB PLIAK ( Proteintech, 11936-1-AP ) ; PKGI
il ( Proteintech, 21646-1-AP) ; BiAR FARIC 1L EHT
B/ /N TGl (AL mt il &M A B R A R A F],
7B-2306) ; —F LA (NO) M5 1857 & (B A d ik
Y TR I, A013-2-1) ; SweScript All-in-One RT
SuperMix for ¢PCR( One-Step gDNA Remover ) i &
(I FEYE R B A FR 22 7], G3337) ;2 X Universal
Blue SYBR Green qPCR Master Mix 7 ( 770 #% 4
IRBHR A RN A, G3326) ; RNA 45 Uik (201 FE 4k
IRBHE A BRZS A, G3013) s RNA I 0 (i 7 B8 4k
IRBHE A BR 2 A, G3029) 5 1 x ( Phosphate Buffered
Saline ) (ﬁ/ﬂ%éﬁ;ﬁﬂ‘&ﬁ R 23 7], G4202) ; Water
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1.3.2 FHimk

(1) B

HES 1+TRPVI FE P74 e &5 Tk RUE

KTEST TRPVL S50 (AMGS17) , TS E o 0.3
mg/ kg, BELLTES 3 V7 HESE 2+ TRPAL $5405I 41 7E
RS HEERT 35 min TR BB IS TRPAL 4
iR (A-967079) , FEEHHREE N 6.2 mg/kg'™

(2) 5

TR 7 d WHEE 1 H T2 A EE 1+
TRPV1 F5H0 740 =S 2+ TRPAL 5 317 4 ik 47 4
TR, A A e EE 4 T AR ( No.
71,2023 20511277. 5) S0 B0 0k ik PR IRAE
FHT AT 17 AR 7 BH B 3R 7 (U A 7 v
SIS ARG ) ) T ESEL. S 4 N
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FARY S AR K E I AT IR SREE 9 min, IE#
HASTAE] T T i
1.3.3 A1 h2ER

XF 4% 2H KBR300
FTWUBRAR 2 B I A FA A s S5 8] A 0, AR i
RIISCOREE L IE R A T RG] AR 1 4 w2 1
HFT s BP 20 2847 #8462 B 590 AR 1 (thermal
withdrawal latency , TWL) 17 A 2= K 5 1F % 20 BT
AR R 2 4] & 2 4T TG 24 h 545N
LA 45 2 S 9 B {H ( mechanical withdrawal
threshold , MWT) &:ijt*! |

(1) TWL 4]

Jo 1 PL-200 #3RA 5 SO0 - 2H R R 4 2
SR (TWL) AT P4, R K BB AT 55 A fL
G 1T 375 BH RS A 2 €0 1 DX P, 338 1 AR5 15~ 30
min, i K RASERSEIE S5 LE A TR, RS S5
BRI R BEE N 20 s, 5 % E N 50%, $a
HMEL RS B B K B R e, SR LD AN T T iR
RO, AR BRI R | R R I SR AN T Bl R 4
JE SRR I, S S 5 VK, U 1] B
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(2) MWT #:i]

W FH BIO-EVFS5 % Von Frey J Sl {3 X 44 4H
KRB ZE 2 55T B (MWT) SEAT 1A . K R B
TR PR B T Ay A% 11 375 B SRR P, 38 7 3
5% 15~30 min, £F K B IR 5T 16 2045 1k A7 A0,
W9 B I (U Sk B Bl 2 K R RS P e Rk 2k
PERGIE 7, R KB B R TR 2 B S A 2%
7N B, S 5 U, BRI & (BB 10 min,
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195 U b Z-8A AT R, 7 K B IR S SHTH 2R 5
B L, (DRG,T-80 CIRFE,
1.3.5 ELISA 346 L, ,DRG H' cGMP k7K

FALRA I -80 C VKA B J5 FREE, A —
FEHE PBS(pH=7.4) T vk B A 513 7843, 3000 1/
min .0 20 min 5 BCETF SRR, AN % RO B
IBEIR 51 (cGMP ) [l Bk 73 53 A ( ELISA ) 305 &
o U B A5 R B 2D SR AT, DARS I 45 20 K B
L, (DRG 71 cGMP kK-,
1.3.6 fHfRAJFEFENE L, (DRG H NO i

F KL DRG M -80 CoKARIUH J5 FREE , Hi Hi i
S PR KRR 12 9 AY ELBIEATHLR AT 3, T8
OHLA 3500 r/min B0 10 min, B0 G R
10%513% 11 300 pl 73245 , # B ) 6 i il 545
YEL 34T, IR 25 240 K B L,_oDRG H' NO %,
1.3.7 Western blot ¥4l L, (DRG ' TRPV1,
TRPA1 .nNOS sGCB .PKG1 FEik/KF

¥ DRG SN AZE H 25 T 0K E24% 30 min,
1200 r/min Z5.0> 15 min JFE_L3E ;R BCA % 1
T AT AR R B I 5 MR AR e 0 A5 SR A PBS
J Loading buffer #FfTECE E KR A LR N
30 pg, M8 5> 1 1 K/ 53>k 6% . 10% SDS-
PAGE BECHEAT LUK /3 B 85 11 5 49 00 25 )5 B 1 BE IR
K =R T R 2] PVDF L R AR
F W TR F 2 8EE A 30 ming R H PBST PEE
10 minx3 ¥ ; #F—PT TRPA1(1 : 1000) .TRPVI(1 :
1000) .nNOS(1 : 1000) .sGCA (1 : 1000) ,PKG1( 1
:1000) B-actin( 1 : 1000) ,4 CiFo ; W —i; %

FH PBST ¥ I 10 min x 3 ¥ fin AH B F J&§ — 4t
(1:10000), FHEIR F1BREZERIFE 1 h; kA ECL
RNET 2R RS FREENR, IF Image T 4K
PEXTEE R BE AT

1.3.8 ¢PCR £ L, ,DRG H* TRPV1 TRPAI,
nNOS sGCB .cGMP . PKG1 HE[H Fik/KF-

K FH TRIzol 3 71 £ HCRH 107 41 2 1 41 e
RNA, >k H SweScript All-in-One RT SuperMix for
qPCR ( One-Step gDNA Remover ) a7 & , AR 3 15 BH
P RNA FEAS T35 PCR Y 645 550 cDNA |, Fi
2% 2xUniversal Blue SYBR Green qPCR Master Mix
R UL B %Ot E i PCR A I 58 ¥ 14 =2 1,
GADPH .,TRPV1 TRPA1 nNOS .sGCB .cGMP  PKG1
SIFSILFE 1,

1.4 Sit=EFHiE

K H SPSS 26. 0 #A4%1 17 42% (ELISA \NO 7 &
Kzl qPCR A 45 A T8 7 H24 53T, R Image ]
BKAEXT Western blot 757 K BEAE #7441, 4l it
TP R T 220007, 24 P<0. 05 I 22 5 BA Si it

2 HR

2.1 BATAFERRIW
2,11 AR R AR I (TWL) ZE4fE & f5 B Z1 &
E

WE 1R GRS LT 22 5 TR
B — TEFEATREAL S = = O S T T AT,
HIEWA BT AR e, B8 1 4IRS 1 4
TWL 2 ZE IR (P<0.01) ; #EZ T 1 U B 200

&1 519755

Table 1 Primer sequence

S SIMFSI(5°-3") B UGB/ °C
Genes Primers(5’-3") Annealing temperature
) F.CTGGAGAAACCTGCCAAGTATG
CAPDH R:GCTGGAAGAATGGGAGTTGCT 60
TRPVI F:ACGACTTCAAGGCTGTCTTCATC 60
R:TAGTCCAGTTTACCTCGTCCACC
F:TCTTCCTGCTATT TTTT
TRPAL : C\ CCTGC GCE: GG 60
R:ATCTCGGTAATTGATGTCTCCCA
NOS F:GCCAAAGCAGAGATGAAAGACAC 60
e R:CCCAGTTCTTGACCTTGAGGAA
N F:CCTCAATGGCACTGTGATGGT
sGCB 60
R:ATGCGTGTTTCCACAAGGGTT
F:AAGCAGGCAAGATTCAGAACAAG
PDESA (cGMP) R:CTGGGCTGTTTAGAACCATCAA 60
F:GGTCACTGGTGTATGTCATGGAA
PKGI : GGTCACTGGTGTATGTC G 60

R:TCCGGGTACAGTTGTAAAGAATAGC
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HE N, SR 4R R 1 AR E BT (P<
0.01) , HAHRI 1 4% 2 i Jo g 548 1k, R B =3k =
FCHESE T 1k T A IR IS AR B, BLELA D 204
EH .
2.1.2 HUMRAR 2 S BE (MWT) ZE#E )5 24 h
TE Ficte

WNE 2 PR, GRS L T0 22 5 TR
X — , TEHEAT IR = = O T T ORI
R, 5 E % 1 BT AR e MR 2 4 RndfE & 2
2H R (P<0.01) s HEE T 1 3K 24 h J5 il &
B, S8 2 iR, EE2 4B E LT (P<
0.01), MARAY 2 4145 2 1 I i A8 4k, B =1 =

S M, T P<0.01,

o BT A AR AT UARRR
2.2 HAKXR L,_DRG F cGMP RixKkFLT L
=

WE 3A PR, 5 HGR O Sl b T U
FFIKES TRPVL #5405, S IEF A T ARH
P B 1 2 cGMP ki B 3 TH i (P<0.01) 5
SR 1 TR HEEE 1 4 HEEE 1+ TRPV 59057
H cGMP Fik i b FH K (P<0.01), 4nl&l 3B fir
71, ST HLAHRI R A O 20 T 0 R ek
S TRPAL $5Hi7)G , S1E W 41 MRF AR i, 1R
2 2 cGMP Fih & B T = (P<0.01) ; S5 2 4]
P #ESE 2 4 HESE 2+ TRPAL F5HH 4 cGMP %

Bl 1 A4 KRGS BRI (TWL) A 25 3 (x+s,n=7)

Note. Compared with model 1 group, ** P<0. 01.

Figure 1 Results of thermal withdrawal latency (TWL) in each group of rats

L SRR 2 A, * P<0. 01,

2 YR BT RO BIE (MWT) K2 IS5 R (x2s,n=7)

Note. Compared with model 2 group, ™ P<0. 01.

Figure 2 Results of mechanical withdrawal threshold (MWT) in each group of rats
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ki B EREN(P<0.01) . £ 1 RBI =06 =S
T AT A R minor CCI ALK KL DRG 4 ¢GMP
ERI5
2.3 KAKXKRKRL,_DRG FNO SETLIER
WE 4A Fi7R 530 SO Se 4l b, HE T 1
RIS TRPVL #5575, SIEW 4 B FARA
Fod 4 1 4 NO & i B & T (P<0.01) ; 515
B Ak, HESE 1 40 NO S B B (P<
0.05) ; SR 1 41 Hhd, #E 5 1+TRPV b4l
NO & B3 A (P<0.01) . tn& 4B Fiow, S5HL

BRI AE DG AL 3, 3 T 900 % R Dk v 4 TRP AL
PG, SIEE 4 BT AR i, B8 2 4 NO
R WFETE (P<0.01) ; SHE 2 4] L #, HE5 2
4 MEE 2+TRPAL $5HTHI 4L NO % i B EFEK (P<
0.01), ZE L, R =3k = 7O E T35 0 A 8 %K
minor CCI I K DRG P NO 153k,
2.4 &HAKXKR L,_DRG # TRPV1, TRPAIL,
nNOS.sGCB.PKG1 EARZEETIFER

WE SA Jrs 5 PR SO 4l b = T 1
FE#KES TRPVL #PiH)E , SIEFA BFRA

Ve HEUA 4UEL,  P<0.01; 5B 2 41 L, ™ P<0. 01,
B3 A4UKE DRG WIERR &4 (cGMP) I Z5 R (x2s,n=T)
Note. Compared with model 1 group, ™ P<0. 01. Compared with model 2 group, “ P<0. 01.

Figure 3 Results of (¢cGMP) protein content in the DRG of rats in each group

T RO L 4UARLL, T P<0.05, 7 P<0. 015 SRR 2 Z1ARLL, ™ P<0.01,
B4 S4RE DRG M NO KL (ves,n=7)
Note. Compared with model 1 group, * P<0. 05, ™ P<0. 01. Compared with model 2 group, ™ P<0. 01.

Figure 4 Results of NO content in the DRG of rats in each group
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P AR 1 2 4 M & BT (P<0.01) 5
SR 1 LB, S 1 41 TRPVIL nNOS sGCB
A (P<0.05) , PKGT & i B F AN (P<
0.01) ; SR 1 4L, #EE 1+TRPVI 550741 4
PR 1 2 i S0 5 R (P<0.01) . WL 5B s, 5
BUBE A e AH G 20 v, #2100 0 R ek e
TRPAL PG, SIEH 4L B F ARG A, Bl 2
HaMEASEEETS(P<0.01) ; 5HE 2 4L
B4 2 41 TRPAL .nNOS  sGCB 754 W i FAIK (P

<0.05),PKG1 & i b FHFEAL(P<0.01) ;4 2+
TRPAL 45 HT /4l 4 FhE A& 2 B F BRI (P<
0.01), Zi, R =3k = 7O E T3 v 3 8% AIX
minor CCI ##1 K fL DRG A TRPV1 ,TRPA1 .nNOS
sGCB . PKG1 KA,
2.5 {HFAHKXKR L_DRG H TRPV1, TRPAL1,
nNOS.sGCB.PDESA (cGMP) .PKG1 EE KX E
TiiER

WK 6A s 785 PR B SCH b e T

TE: SR 14U, © P<0.05, ™ P<0.01; 518 2 41U L, * P<0.05, ™ P<0.01,
B 5 %41 KE DRG I TRPV1 TRPA1 nNOS . .sGCB il PKG1 FikE M (x+s,n=3)
Note. Compared with model 1 group, * P<0. 05, ** P<0.01. Compared with model 2 group, * P<0. 05, ** P<0. 01.
Figure 5 Expression of TRPV1, TRPA1, nNOS, sGCB, and PKG1 in the DRG of rats in each group

T SRR LA, © P<0.05, ™ P<0.01; 5481 2 41 1L, * P<0.05, ™ P<0.01,
6 4 KE DRG I TRPVI TRPAI .nNOS . sGCB .PDESA (cGMP) Fll PKG1 Zik1E M (xs,n=3)
Note. Compared with model 1 group, * P<0. 05, ™* P<0.01. Compared with model 2 group, * P<0. 05, * P<0. 01.
Figure 6 Expression of TRPV1, TRPA1, nNOS, sGCB, PDE5SA (¢GMP), and PKGI1 in DRG of rats in each group
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KREFKES TRPVL F5HiHE, 5 E# 4 BFAR
Y PR B 1 2 S PR LSRR SRk i B E TR (P
<0.01) ; SAAY 1 2 L, #E% 1 41 TRPV1 sGCB
PDESA(cGMP) . PKG1 5 & B W.F&f% (P<0.05),
nNOS FEpH & ik it i PR (P<0.01) ; AL 1 4
L, #E % 1+ TRPVL #5415 41 TRPV1, PDESA
(cGMP) FE PH 2 1k 1 B 8 FE K (P <0.05) , nNOS |
sGCB .PKG1 JEPH FRik i b R (P<0.01) , W]
6B Fr , fE SHLARIIR AR SOG4 5 b, e &= T i AR
FIkE ST TRPAL 54075, S5IEH 4 BF R4
A BN 2 4] 5 RN A i i E TR (P<0.01)
SRR 2 40 AL, JHE & 2 40 TRPAL, nNOS . sGCB .
PKG1 K 335 & W] W f% % (P <0.05), PDESA
(cGMP) FEPH 33k 5 i R (P<0.01) s & 2+
TRPA1 F5Pi7 41 sGCR  [F £ ik it I B B MIK (P <
0.05) , TRPA1.nNOS PDE5SA ( ¢cGMP) . PKG1 3
ik BERT(P<0.01) . 25 b, R =1 =7
T 0] A B minor CCI A K K B DRG
TRPV1 ,TRPA1 ,nNOS ., cGMP  sGCB . PKG1 & A 14
zik,

3 it

WF5E 38 3 minor CCI AL RYUASTLLINE PR A8 1 Ff 2245
1 2B pNP e RS S R e A TR 1
WA TG AT AR AR AR L o TR 24
DAHOCHE R AR 4k, #E— 25 B UE T  HA )Y
ZVBRUF RN R L B0 VE D, O & 90 4 5 AT ot e >
TRPV1/TRPA1-NO-cGMP-PKG 15 5 i J% #H & 25 (1
(2235 i SRR, DA T & 42 4 5 RV 220 B s e
JYEM .

I G n] 3 i AR minor CCI #5581 K Bl DRG
TRPV1 TRPA1 (3538 pNP J5 I o i HORE IR
TRPV1 . TRPA1 & TRP % H B AU [ JE W A 5 44 |
PUAN A 2 FEE R EAE DRG W PR
PR TT A IR MU SR R 1) & R AR AR KR
JE FHUE T TRPAL 284k, TRPV1 Rk A8 fb 5 g
SR G 2 R YA OO R 2 A T A PR
CCI AAY ER A HILAK 4 /2 S 5T (B LA S TRPA1L K3k
BERTIE®RA, FRYEN B8 & B K R
59 TRPV1 BB G, 46 /2 AR IR Hp i (] 1 1 25 2%
TFIEF X IRAL, RS Ao &8, 5 20 d
Je T A AR /D A B 2 5 005 A K L DRG R
TRPA1 & 23R & R AEH , JF B7E#EE 1

YR I L PRI 7 v g 2 BT RH G TRP 2R 58 R 2%
IRASA L1 AR BIFSE TWL Il MWT 4 47 2%
K 7 v, ARSI minor CCT AR 28 R Bl B il g 5 A1
MUB AR S A8 A1 150, & B HE 5 i B 221 S0 B2 4
)5 24 h HUMR G152 ks PR IE TR
1 WA RBURIT AL, Bl S B & 21 KB DRG #E 47
TRPV1 TRPA1 £ [ S S PR 23k & ke I, & Bt
Hegmd] e+ Pimdih 2 EANEREEY D
EREAG, F B =3k = U & L T A B AIK minor
CCI AHI AR B DRG N TRPV1 [ TRPA1 B3k, o0%
LI Ao BRI T e A S ) B 2 B AR

Al i+ TRPV1/TRPA1-NO-cGMP-PKG {5
S A SR . YLK Az 20 45 RS
DRG PAIZIESE #2270 TRP 38 T8 FF i, f2 045 2
T, SE5HE H (CaM ) BB, IL[FE/EH T Hi 4
O — AL RSB (nNOS) LA2r T &M L-AE &R N
R A NO, 2 LAy 8ny 7 XA I 140 30 240 M 5
HFT TR, 5 M2 ] % 7 5 H IR AL (sGC) 1L
CLRBUAZE S AL S0 =85 (GTP) b I
HW#2 (cGMP) I8 i cGMP , AT 3#E— 25 305 cGMP
W) PG, £ 3 798 A 2 i B, 4040 3 PR B
E— g A T SRR AT 3 R,
B ph 22 oo — AL A G (nNOS) (N 2 Al — LA
AT (eNOS) Flifs 3 A — A AL A A 1 (INOS) ,iNOS
FE I E R A AR S RGP b AR, B
FEAH M AZ BVRIES A 2377 A 5 eNOS T2 T Il 55
WA NO, P Bl IR 9 1055 DI 6E ; 1 nNOS 2 7E T
HRRK S 2R G A A 2 41 80 = 4 NO, 2 5K
o6 VR AR B A B AR PKG & cGMP EZE
BN A%, A WAL RD PKGL F PKG2, PKG1 4345
2, FEATE TR RG T, 1 PKG2 {UAFTE TH
JE, AR T B /N B RS S J2 A3 0 AR
FRIEFE AMG517 . A-967079 £y TRPV1 F1 TRPAI
ZARFEDIF], K H] ELISA  Western blot \qPCR S5k
K HF i NO-cGMP-PKG 15 538 % PN AH 25 1 1Y)
Ak, BB 2 A HEELLR 2 MR+ PUA 4T NO
LI nNOS  cGMP  sGCB . PKG1 Ay A1
FEREAR, 2 B 4E 5 0] 38 5 X TRPV1/TRPA1-NO-
cGMP-PKG {551 %t oSG 2R 1 W3R8 T s LR AL
il N A R AE

ZE BTl AR A58 R minor CCT AR Y R Y,
B R pNP it Z 0T 5 A A Rk
BUE T HER 1 U BRSO IR IR T S T
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[ Abstract ]

atherosclerosis ( AS) in mice by regulating the gut microbiota (GM) and its metabolites. Methods

Objective  To explore the mechanism of Gualou Xiebai Baijiu Decoction ( GXB) in improving
Thirty-two male
ApoE™" mice were divided randomly into a Blank group, Model group, atorvastatin ( Ato) group, and GXB group (n=38
mice per group). AS was established in all mice, except the Blank group, and the respective treatments were administered
by gavage. Aortic plaques were detected by Oil red O staining and pathological changes in aortic tissue were detected by
hematoxylin and eosin staining. The GM was analyzed using 16S rRNA gene sequencing technology, and mouse GM
metabolites, including trimethylamine oxide (TMAOQ) , short-chain fatty acids (SCFA), and serum levels of triglycerides
(TG), total cholesterol (TC), low-density lipoprotein cholesterol ( LDL-C), high-density lipoprotein cholesterol ( HDL-
C), and nitric oxide (NO) were determined. Results
showed an increase in AS plaque area ( P<0.05). Serum levels of TG, TC, and LDL-C were increased ( P<0.001) while
levels of HDL-C and NO were decreased (P<0.01, P<0.001) in the Model group compared with the Blank group. The
plaque area was decreased (P<0.05), serum levels of TG, TC, and LDL-C were decreased (P<0.001), and NO levels
were increased ( P<0.01) in the Ato and GXB groups, while HDL-C levels were increased in the GXB group ( P<0.05)

Compared with the Blank group, mice in the Model and Ato groups

compared with the Model group. Plaque area was decreased (P<0.05) and the NO level was increased (P<0.01) in the
GXB group compared with the Ato group. A total of 6345 characteristic sequences were obtained from 16S rRNA analysis.
a-Diversity analysis indicated that GXB reduced the richness of the GM in AS mice (P <0.001) and improved its
uniformity (P<0.05). B-Diversity analysis suggested that the microbial community structure in the GXB group was similar
to that in the Blank group. The abundance of microbial communities differed among the groups at the phylum and genus
levels. At the phylum level, the abundance of Proteobacteria was increased ( P<0.01) in AS mice, while GXB intervention
reduced the abundance of Proteobacteria ( P<0.01) and increased the abundance of Verrucomimicrobiota ( P<0.05). At
the genus level, GXB effectively increased the abundance of Akkermansia (P<0.05). SCFAs were significantly increased
(P<0.01) and TMAO levels were significantly decreased (P<0.01) in the GXB group compared with the Model group.
Conclusions GXB can regulate the intestinal flora and intestinal flora metabolites SCFA and TMAO to improve AS.
Akkermansia may be a key bacterial genus of the gut microbiota through which GXB may improve AS.

[ Keywords ] atherosclerosis; Akkermansia; 16S rRNA sequencing; Gualou Xiebai Baijiu Decoction; gut
microbiota; metabolites of gut microbiota
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B Ik RERE AL (atherosclerosis, AS) 51 A4 0> ik
MGG 2 A 1 G Pk 5 o v Jgin N 26 £t o i) 5 2
Pt UTAESK , B X A (gut microbiota,
GM) MIWTFE B ER A, BOK B 2 R IESE R BT GM K&
HACH™ 5 AS IR R R VIMG, BiE GM
ks AR =P i 7= th BB 2 & AR AR
Wi S AER TR (short chain fatty acid, SCFA ) 5%1k
= W B% ( trimetlylamine oxide, TMAO ) £ 3% % ¥,
SCFA S8 55 RAE Sl RGEAAMH L G & 1
A2 AR BRAR I R RTBAIR AS A XU . TMAO g
It ZFHLE N E AS £ 45 1 55 6 UK 40 A A T A
T ARAE SN, AN T L e ) 2 i P 38 AR
PRI TMAO XA B I8 5 B AT 57 1

AN E"

I 55 552 56 W S 42 7S v 2 25 RE 3k K55 GML 25
Ha) , RS 3 o B D) BE B, B AR AL A0 P S A, fi2
PERR BRI, X AS BB R B BRI AEM
JREEHEH A AT (B ) | mREE FiEE
FA 3 B 2G4 B iR O W 07, A
il P AT RIRI D5, T g S g H )
HE R4, B il i )R, X PR %5
SBWmEAEREYICR, HAl, Mica s
JREEHE H HP 2 T BERE L 14 1Y GM KRB AS,
JREEHE 7 GM L AS 1956 2K A B i
B AW GM B i A R R
FEF AR AS BIME L]
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1 #eF7E

1.1 SCI8Eh4

SPF 2 8 JH i HEYE CSTBL/6N ApoE™ /N 32
HARHE 20 ~22 ¢, R IE T B AW O
(RA) ABRA T [ SCXK(75)2018-0003 |, 1] 5% T
JVE R BE 25 R E s i [ SYXK () 2019-0001 ],
SPF MR (25+1) °C , 1B (55%+5%) ,12 h/
12 h 6/ BEEER , I 5 45 BR 3R JR 75856, A
SEYR )T B 2 R AR L sh Y AR A S AR B D
2 AT ( DW20230830-166)
1.2 FERKFSE

49 22 5 PP P A0 20 200 381 5 Y ( bt 22 A B
FABRA A, 485 BL539A ) ; i FINM 4L O YL (0%
(AR ERHARA R, 525 . G1260) ; R E |
e (b 2 S A AR A RA R, 5845 ZLI-
9610,ZL1-9613) 5 H il = I (TG ) Mk & | s i [ it
(TC) W & | AR %% B2 B 2 1 JIE [ B ( LDL-C) P
& L 2 B AR AR 1 JIE [ i (HDL-C) I & (R vl 2l
WA TG, 585 A110-1-1 All1-1-1,
AT13-1-1 A112-1-1) ; &2 NO k5 & ( LiEE A K
EYRHCABRA ], 575 50024 ) 5 /)y BURLBE i 1D 2
(SCFA) ELISA 5 i 3 751 &5 ( b g J5RS A= Bk 4 v
L, 5845 YJ406150) /NS = H B (TMAO) 22 it
R £ (ELISA ) (IR PG &b A= 0 RHE A BR 2
AL, 525 YPI1180) s P25k W B v [ b T [l
(R A RA T ;10% Vol KW [ 55 12 7 B
A FRA

Tecan Infinite 200Pro BEHRAY (76 1l B A= BB}
HARAR) B (RR AT AHRAR) %
B A #HL( Thermo Fisher) ,
1.3 ELWHE
1.3.1 249 5%

Fie fR( A B MG ) PTiC 28, N SE 1 A4, 21 0.5
L, 1l 7 L, Z8A/NRY O 25mskes ) 205 7l i
ProEbrme, r P RESHEAM B2 1 1, &7
FI 52 o BRACKTE 1 L 24 200 mLM™ #2451 K
B 7RI PR 30 min 5ROk E R, Z S
/NKHIE 40 min, S 98, WG B E R 1.3 ¢/mL ¥
AR, B A T P 25
1.3.2 AREAUHENT

¥ 32 HBEM: ApoE™ " /INEUAY SE 1 3% | S5 56 i
A/NRGE N PERSR 1, B 8 H/NRUE N =
P2, DA S8 falb R R 24 /DN BT R 55 i )

K29 JH [ B, 10% 35 3, 0. 5% B R B, 10% & ¥
3,0, 1% TN 3% B 58 W6 B8, 5% 1 B, 72. 4% 3 il 1)
Bh) SR 16 [,
1.3.3 HENGZ

8 FL L 3 1 Ak PR R 19 7N BRUAE R 45 11 ( Blank)
24,24 HABARUIN R BEDL 3 A (Model ) 2H BT HE K,
BT (Ato) 2 JRZEHE A HTE % (GXB) 41, fi 4 8
H Blank 415 Model 41/ 45 T 55 & K 0. 9%
NaCl ¥, Ato 41/NRZA TR IE 0. 26 mg/mLL FiTHEAK
TR B, GXB 41/ FR45 T N33 H il 4 24
W, B /N 200 pl/d, BEE 42, BERZNZ 1R,
HELE 4
1.3.4 FEANUEE

RKIRG 25 2 h 5, 240 57 F bt UM 1 RR B 21
JNEHUAL, 4 °CTF 3000 1/min B0 10 min, B E i
W, -80 CIRAF, MIFFER /N B 25
B, ENKH 4% 2 5 W S 2 R AF, 25 N )
-80 CHR-AF .
1.3.5 £l O Bifn

R 2 4 1 S kL2, 280K 58 0 Uk i, 60%
SNBIR P, B AL O Yl Yt 2 10 min,
60% 5 PR s 434k 22 [ JoT v b , 2808k k. 1 76 1
o B A% TP B L (8, 2
1.3.6 HE i

T[] 5 4 0 32 Bh Ik AL 2, e 7 XA 3 1)
F, BRI 2K ARG IR R AP 2L e () W s
JUE S SUETE N
1.3.7  MARZKFRzm

Fiz R TR B B (5 I 5 3 5] A /)N B,
7 TG . TC HDL-C .LDL-C 7K,
1.3.8 NO KA

PG G UL I, (R NO 3R A RS N R
ML NO /K-,
1.3.9 168 rRNA W15 B 2F 0

PEIURE L S5 25 DIAEAS 5. DNA, {8 FH 51 4%t
YIBT 16S rDNA V3-V4 X PEA T4 48 | 5 1 44 dl S0
FEEH Qubit A1 qPCR X SCEHEA T & B 545
J ISR 4 T NovaSeq 6000 15 22 48 % H: i#E 47 X0
K, BEAFEARLE B 2t iy b B, 59
o R 118 5B T A ARG 5 e 2445 2 A 8
1.3.10  GM R /K F-Aa

Fie BRI B Ui, (i ELISA 870 S0 il /) B
IliL3% SCFA  TMAO 7K,
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1.4 Sit=EA*

ARSI R FH SPSS 25. 0 B kAT 40 iy
BT, B8 DP9 5 e R i 25 (wxs) Rn, B4 & O
YRy 2255, AL LU RECR T ¢« K646, Z2 40 1) L Bk
FHEALRI R 7 22 40 0, A AF 6 IE SRR AT E 2 80k
5, LA P<0.05 NESAHGIFEX,

2 #R

2.1 MREBBKHI O LBLER

55 Blank 2H %5, Model 2H . Ato £ AS BEHe i fH
¥ % (P<0.01,P<0.001) ; 5 Model £ H352, Ato
ZH  GXB B A > (P<0.001) . 5 Ato A [k
B, GXB HBEHTH AR (P<0.05) (£ 1,E 1),
2.2 /INREZEKHE £BER

W%EF Model 2H 3 He & A= 72 FE 48 Blank 200
1M Ato .GXB ZH# Model ZHi4% (E 2) ,
2.3 MAEKFRNER

55 Blank #H H 48, Model 209 1L % TG\ TC \LDL-
C /KT (P<0.001), HDL-C 7K V- F A (P <
0.01), 5 Model 41 %5, Ato 41, GXB 41 1fiL ¥

TG . TC ,LDL-C 7K~F-F# ik (P<0.001) , GXB 41 HDL-
C R F-THE (P<0.05) (£2)
2.4 NO #iULER

55 Blank 2H 048, Model ZH/NERUIMLYE NO A (P
<0.001) . 5 Model 41 .52, Ato 41 . GXB 41 H Il 15
NO 7K F-THE (P<0.01 ,P<0.001) ., 5 Ato 2H %%,
GXB ZH i NO KPR (P<0.01) (R 3) .

K1 ApoE” /N F SRR AL BES A (k25 ,n=3)
Table 1 ApoE™™ mouse aortic atherosclerotic plaque area

415 BRI %

Groups Plaque area
2 HH
0.71+0. 37
Blank group
eIk
15.72+2. 5™
Model group 5.72£2.5
BTFE AT 41 "
A 6.72+0.83 44
to group
JRFEFE H HiN A4
2.71x1.86%44%
GXB group

TS AR, * P<0.01, ** P<0.001; SHE A L, 244 P
0. 001 ; S PTFLAAMTT 41 H4E,*P<0. 05,
Note. Compared with Blank group, ™ P<0.01, *™ P<0.001. Compared

with Model group,““% P<0.001. Compared with Ato group,*P<0. 05.

1 /R FZKMAL O B AR A

Figure 1 Representative photos of mouse descending aorta stained with Oil red O

2 /NRESBIRTE HE B U IEIR A

Figure 2 Representative photos of HE staining of mouse aorta cross-section
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2.5 16S rRNA £¥EEEDIER
2.5.1 ASV 43#r

DU T A58 RCECHE 8 FH DADA2 [ 7= A= 1
AN %)) 25 H J5 15 ) ) ASVs ( Amplicon Sequence
Variants) , AW SR REEF 504 6345 4,4
i 4 ZHAERAE P F 4 5% Venn B (18] 3) , High IR g
75, Blank 41, Ato ZH . GXB 41 . Model £ B 45 1iF J5 %)
i 43 1 1063 A4S 3362 4, 1786 4~ .3022 4>, H

o4 ICERHEF IR 277 4, [ 4 4050 55
A EFIE 51, Blank 2H  Ato 2H .GXB 41 . Model
HARCH 25N 384 4~ .2193 4~ 518 41839 4,
2.5.2 o ZRHESHT

o ZFEVEFRECAT LU S TR R 1Y A Y
P, 2 chaol #8405 =F & B M 5%  pielou_e $5 405
ByATHEA e, ATFGCEE 4 R, 5 Blank 41H8,
Model 2 chaol F8%0H . T+ ( P<0. 001) , pielou_e

R2 ApoE”  /INFULARIKF (%+s,n=5)
Table 2 ApoE™™ mouse lipid levels

215 Groups TG/ ( mmol/L)

TC/ ( mmol/L)

LDL-C/( mmol/L) HDL-C/ ( mmol/L)

1.000. 1
3.7420. 12"

1.3120. 12 444
1.5520. 11 A44

25 441 Blank group
AL Model group
BTFEAAMLITHL Ato group
JREHE AL GXB group

1.57+0. 06
3. 14+0. 08 ™"

1.7720.06 444
2.13:0.06 4%

1.57+0. 17
4.50+0.13 "

1. 7420. 09244
3.07£0.19 205

3.24+0. 64
1.37+0.39 ™
1.78+0.47 "

*

2.08+0.25 %

T 54 AL, 7 P<0.01, ™ P<0. 001; SRURAL A, © P<0. 05,24 P<0. 001,
Note. Compared with Blank group, ™ P<0. 01, * P<0.001. Compared with Model group, 2 P<0.05,%4% P<0.001.

R3  ApoE” /NEUMIE NO K- (%+s,n=5)
Table 3 ApoE™™ mouse serum NO levels

2 %] Groups NO/ ( pmol/L)
=AY
Blank group 216.05+3. 69
T2 s
Model group 160.75+8. 8
G T 4 .
Ato group 181.00+13.5
s ST V4 Q
IR 199. 4610, 56 244
GXB group

TG AL, T P<0.05, ™ P<0.001; SHHAL AR, 4" P<
0.01,2%% P<0.001; SEIFEAALTT4H AL, ¥ P<0. 01,

Note. Compared with Blank group, * P<0.05, ** P<0.001. Compared
with Model group,““P < 0.01,22%P <0.001. Compared with Ato

group, ¥ P<0. 01.

B3 k14346 Venn F

Figure 3 Venn plot of feature sequence distribution

T Sa AR, ™ P<0.01, ™ P<0.001; 5B LA, © P<0.05, ™ P<0.001; SBTFCHAMIT 4 gL, ™ P<0. 001,
B 4 Chaol $5%L  pielou_e T8 £ B K
Note. Compared with Blank group, ™ P<0.01, ™ P<0.001. Compared with Model group,* P<0.05, ™ P<0.001. Compared with Ato group, ™ P

<0.001.

Figure 4 Chaol index, pielou_e index box plot
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TR B R[4 (P<0.001) ; Ato 4H chaol $5%%H & Tt
F(P<0.001), pielou_e F§E F % (P<0.01), 5
Model 41 L%, GXB 4111 pielou _e $§ 5T+ (P <
0.05) ,chaol FEEW] . T [ (P<0.001) . 5 Ato ZH
s, GXB 44 chaol 8% & F R (P<0.001) (1A
4) .
2.5.3 B ZFEMHSHT

B ZRENESHT O] IXEAS [ REA 1) M FF 75 4 B
AT B 53 M, FE AR A5 43 BT (principal co-ordinates
analysis, PCoA ) J& B Z MM E L HikZ —,
PCoA %5 5 % P Blank ZHEEAR 5 Model 2H A A IH
BT , #8785 Blank 41 HLHK, Model 21 T 75 44 % 2

HERERERAE s GXB 45 Model HHE i, 5
Model 4 b4, GXB T M5 MO HET5 #4 1 &k AR 3R ek
1% ;GXB 21 5 Blank %, $278 GXB 215 Blank
LHRETR G L AR L (L S)
2.5.4  GM HE&EZH /30

TENT K- HE & 1 5 899 F0 A . Bacteroidota |
Proteobacteria

Firmicutes | Verrucomicrobiota

Campilobacterota (& 6, & 7)., 5 Blank #H [b #,
Model ZH Proteobacteria - FETHE (P<0.01) , 254
Gt X, 5 Blank 41 HL#, Ato 4 Firmicutes |
Proteobacteria F- B Tt 15 (P<0.05,P<0.001),
Bacieroidota FTE F & (P<0.05) , EZR A% %E

5 AT unweighted_unifrac BT PCoA &
Figure 5 PCoA graph based on unweighted_unifrac algorithm

B 6 [ 1KV Wi hins AR A

Figure 6 Bar chart of relative species abundance at the phylum level
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Y. 5 Blank 4 %5, GXB 4 Verrucomicrobiota F-J&
THRI(P<0.05) , 25 A G A E XL, 5 Model 1L
8, GXB 4 Verrucomicrobiota &} & (P<0.05),
Proteobacteria FFE T (P<0.01) , 2R A5 iT¥E
Yo 5 Ao %L, GXB 4 Proteobacteria =F- & T
(P<0.001) , ZZSAGIHFEL(E4),
TEJEKFEHEA AT S B P A Muribaculaceae |
Lactobacillus , Bacteroides ,Akkermansia , Lachnospiraceae
_NK4A136_group (K 8 K1 9) . 5 Blank ZH H%%, Ato
2 Muribaculaceae % T [ (P<0.05) , 25 H ST

#7 X, 5 Blank 41 L%, GXB 4 Akkermansiaa F
JETHR (P<0.05) , 23 A G E L, 5 Model 41
Fb#s , GXB 4 Akkermansiaa FJE T+ 5 (P<0.05) , 22
SAEGIHFEL(ES) .,
2.6 TMAO.SCFA 7K F 4R

55 Blank 41 F4%, Model 20 TMAO 7KV T+ ( P<
0.05) ,SCFA K&K (P<0.05) . 5 Model 41 H
5 ,GXB 4+ TMAO /K F-FEAK (P<0.01),SCFA 7K
TR (P<0.01) . 5 Ato 4H FL#, GXB 4 SCFA 7K
F-IH R (P<0.05) (% 6) .

R4 1K CM 43Hr (x2+s,n=5)
Table 4 Analysis of gut microbiota at the phylum level
2H 51
G Bacteroidota/ % Firmicutes/ % Verrucomicrobiota/ % Proteobacteria/ % Campilobacterota/ %
roups
HHA
66.96+11. 38 25.69+8.24 3.48+3.74 1.24+0.8 1.51+2. 44
Blank group
11714 ,
Lt 56. 46+6.23 30.97+5.97 3.85+5.17 3.55+1.18™ 0.23+0. 22
Model group
(e B I RR | .
fefiiy 45.87+7.26" 36.32+7.82° 6.29+5. 14 4.79x1.827 0. 06+0. 06
Ato group
S 1P %4
IREAEL 1 A 51.736.37 33.12+5.63 11.57+5.42° 4 1.270. 824 0.20+0.2
GXB group

TS AILE, * P<0.05, ™ P<0.01, ™ P<0. 001 ; SHRIZH [L#, 2 P<0. 05,22 P<0. 01; SFTHEAATT4H L%, ™ P<0. 001,

Note. Compared with Blank group, * P<0.05, ™ P<0.01, ™ P<0.001. Compared with Model group,*P<0.05,%%P<0.01. Compared with Ato

group, " P<0.001.

x5 JEAKF CM 53471 (xxs,n=5)
Table 5 Analysis of gut microbiota at the genus level
20 51 . o R o X o N Lachnospiraceae_
Groups Muribaculaceae/%  Lactobacillus/ % Bacteroides/ % Akkermansia/ % NKAA136._group/ %
L]
47.84x11.34 1. 38+0. 85 7.72+3.98 3.48+3.74 4.64+2.09
Blank group
RS TR 4]
Lt 41.43+4. 67 6.84+7.6 9.11+9.65 3.79+5.17 3.55+3.36
Model group
e AT 4
PIFERARIT 4 29.16+9.92" 8.67x11.44 8.49+2.35 6.16+5.09 2.48+1.21
Ato group
B Y% 4
SRR F B m A 40.47+4. 11 2.75+1.39 5.2+1.38 11.57+5.43* 4 5.76+3.78
GXB group
57 AL, T P<0. 055 SEUBALILEL, © P<0.05,
Note. Compared with Blank group, “ P<0. 05. Compared with Model group, 4 P<0. 05.
R 6 ApoE” /NEIMLE TMAO F1 SCFA /K (x+s,n=5)
Table 6 ApoE™™ mouse serum TMAO and SCFA levels
A5 A=W/ (ng/mL) JEEERR TR/ (pg/mL)
Groups TMAO SCFA
2314
I 313.58+22.09 77.89+7.31
Blank group
pRILES) .
s 369.76£19. 87" 69.29+2.57 "
Model group
n 2
WTfebiT Al 325.91+55.74 72.96+6. 11
Ato group
\ZHE MiRF7E:
IE%?*“EEI WAL 298. 83x41.274% 81.06=5. 874"
GXB group

FI4LILEL, * P<0.05; 'ﬂ‘%&?ﬂlﬂ:?,AAPw 01; 'jmﬁﬁaﬁtmﬁtt& #P<0.05,
* P<0.05. Compared w1th Model group, “* P<0. 01. Compared with Ato group,

.57

Note. Compared with Blank group, #P<0.05.
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B7 DK LW meR A

Figure 7 Heatmap of relative species abundance at the phylum level

B8 JmAKF LR AR AR A

Figure 8 Bar chart of relative species abundance at the genus level

B9 JRAKF PR A

Figure 9 Heatmap of relative species abundance at the genus level
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3 Wit

ARk it A e A DU TR A B R R GM
XA FR S )2 6, CM S5 FIHLE R
THAL W AR R E 2T, —H GM Ay
AT, W GM (28548 D RE AT P 1 22 St 25
SN E IR G S AT, 51 R AR L B
GM R ) 22— TMAO, B 28 1A 4O I 85 95 95
AT fa s R FTRUS FE bR, GM JE 40 &9
(R RIS IRE EL B, L — PR B, H 208 M 7= A= TMAO (i
P& = H % ( trimetlylamine , TMA ) , 2R J& 7 A ML, 75
it — 20 54k TMAO, BF5E 3 & B, TMAO HE i 1o
PRI B L B AR NO A A4 01 FH B Sk 463473 1.
BN R IRE Y I A P R AR AT A T BE DS |
I/INVHR SRAE RGN | 1 200 B R B | O T v L A 4
AHAS'Y I R gT 2R W, R IfLAE AR
HIH TMAO 7K F B B %5 7, TMAO /KB |8 5 TG
RIEHHX .5 HDL-C £ A" 55— oM 10
Y1 SCFA REIE T VH T W pH (B FURL 7= A o 1
20 PSR | S e it B £ %8 1) A DA TR 5 T )
Be BB BRI, SCFA 7] LLS %4 H
E—F 5 G &H B AZ 1K (GPR41, GPR43 Al
GPR109A ) M52 me S SHEAR I 72, g s A L IR
JEC AR R R

FHEEZS7E IR TT GM BT AS J7 T A 5 MU 3,
GM Tl i 2 5 i 2 s o R AR, 38 i A1 X I
WS VE T, IR GM Eu], (2 3F GM 5 EE 25 i AH B
fEHZ 5 AS #tfE, ZIF5E L) CM A YIA L, W12
UESE T &R rh 2 Bk Bk rh 2 Kb 25 52 T g ad it
MRS GM 2548+ HUH 2 A ke K 2 53R, HA
SN 2Bl Feow BEbe PUBESEIER . B A
B, A Rl AL U GM 4544, 382> TMAO &
G, NI AS %Az & 'S S 21 ¥ nT A3 i 3
T GM, B3 SCRA AR 2 vk y7 g A K BRUPE
RN R A S — AR R PR T AN
U TIRYT O M B0, i BAG 58 W 3=, i i id
RS, TREEFE A A 7 1Y 8 2206 7k o e 3
ma A GM i AR, TR 7 (1 B e & NO 1
AYE R i LR R AR ER, il A
SRR I B /K B I R R AR R AR

HEABF Y 3T 16S rRNA 58 B 5 45 A, % /)8
KL GM R ZE 5 [ 11705 1% il TMAO , SCFA By R
TR, S5 JNEERE (0 B BT LAy T

PIRERFAT AS /NRUAY LA , #2T1 AS /N NO JKF-, AT
DB K BE S i T AR, B AT AS PR, AH
EBTFE A T, N B 1 7 09 PR oy 2
o ZFEPETREU I 45 SR R /N CM BER £ &
FERT IR AS () & AT T BETE ST FERT IR AS (K
AT RREARG, I 11 (0 e A AR AR L
JEARTHIEE S E i E IR E B IE R KT, B £
FEVEII AT SRR /N R GM ER A 123 ] AS 1Y
RABRI AL, 28 N HE H 7 T BUS iR
MR AS KA BB AR, AT A IR 5 1 il
VRESE/IN R GM R F LA 31— IR . AR HF
A AR 3 BEAE 1K B KT B AE 2%
5o TIKF B, AS INEGER S 282 5 Proteobacteria
BB JREERE 0 T B BB TR, N
3 1 T 7 1 Pl J5 BB 4 =5 Verrucomicrobiota 19 3
Ko J@AKF b TR T U BEA A
{5 Akkermansia W3R, /NRR A AS S$E A
P TMAO AR SCFA , fHURZE R H FIE A RENE AS
/N TMAO F#IR, SCFA T

Akkermansia & J& T Verrucomicrobiota ) J&
5T K B, B8N Akkermansia = FE BEVEE TMAO %%
1 3 ok 46 A A AL [ B, Akkermansia 8 i 32F
SCFA [ 73 , B0 15 IR 15 S AE SR, 52 10 JIES ARk Dk
AL GRS 0 & 28 & ™ R, TR 3
% Re 0 1L 32 TF Akkermansia W93 M REAK
TMAO R I SCFA F430 , B85 NO A4
FIHEE IR R 2= G, Akkermansia V] g & N ZE 5
H i GM 2k AS Y SCHER R 2 —

g5 bRk REEEE T i Be L 8 5 GM 1Y
K JE Akkermansia M AR SCFA [ TMAO , i#
ek % 1M B 2R AL, 39 NO AR Wy F) T B, e 25 Bl
¥ AS,
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Yin XX, Chen ZX, Yuan Y, et al. Sanguisorbae Radix alleviates damage in ulcerative colitis model mice based on PPARG and
SLCTAT1/GPX4 [J]. Chin J Comp Med, 2024, 34(7) : 20-28.
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Hi #5388 +F 520 PPARG 1 SLC7A11/GPX4 £k 4
597 MR 45 W 28 /)N B3 4

FNE Bk, E K, BZEEBE,E &, BRAE,AYE,E W
(AL BERIR A 25288 , A% E  050017)

[{BE] HH ET EYEB¥AEIT M ( Sanguisorbae Radix, SR) /N B TS I R PLH . ik
FIH R 550 80 1 5L A 2R 808 1 (GEO) Y GSE92415 BB HEAT IR 7 M 45 1 % (UC) 225 5 26 36 55 X 7 e A
FUSE B R 45 50T (WGCNA) |, FF 45 G FerrDb £ 2 , 3545 UC AHSCHSET-RRIEEER , XHARERH TR A
YR58 (PPL) FIAHSCH: AT, Bt UC BRIET R0 L, H 7 R R 4 ( DSS) W5 19 UC /DRI JF i 5 45
T SR KEEY 9 d, iSRS SR B ( DAL FEE KB, R A HE Yo (05 SR 25 1 20 20 B AR 1L, | TIBC 6 28 I FH )
SE ¥ (ELISA) Kl /N B8 i 4 LR AE R 7 g SR AE IR - (TNF) -o AR A 2R -6 (TL-6) , A= A i) & A6 Il i Jot i 4
FHIEF N (MDA) A H K (GSH) 7K, Se o Sevk Rl 45 4 2R B/ i B 1(20-1) 3Rk, 81 Sy BNl
7 (Western blot) #0145 1 42U EAL YRR SE T Y05 32 7K v (PPARG) (I BRI ZIG 7 iLiA 11(SLCTALL) A
B G AR 4(GPX4) B AFRE, &R GBI AEYREBFEMEES ] 9 4 UC HCHRIET ReiE SR, b0 2k
K4 PPARG, THICHESMHT RN PPARG S8RIETRIEAC, 456 AEW R B 2AIEas R, 495 SR gt /MR UC Ml
il , SEB A5 R & B, SR AT AR UC /N B DAL (A, 22 A 45 i 4 Ja, o35 1 T8RS RS 5t i DT B8, %) TNF-o \IL-6 MDA | GSH
KA BE BEEN , IR B 451448 PPARG SLCTALL #l GPX4 B335, &6 BT 5 UC HYIHE%, SR
FE Y  PPARG F SCL7A11/GPX4 1, ek % UC /MR b B A FITh BEBE RS, S UC 1897 SR $ it T
B,

[EggiA]  EWME B2 s tEas I & 50T B FE I Hif

[HE52ES] R-33 [CERARIAFE] A [XEHS] 1671-7856 (2024) 07-0020-09

Sanguisorbae Radix alleviates damage in ulcerative colitis model mice
based on PPARG and SLC7A11/GPX4

YIN Xiaoxi, CHEN Zixuan, YUAN Yi, MA Jingnan, WANG Jing, LYU Tianyi, TONG Miaomiao”™ , LI Li~
(College of Pharmacy, Hebei Medical University, Shijiazhuang 050017, China)

[ Abstract]  Objective To investigate the mechanism of Sanguisorbae Radix (SR) in the treatment of ulcerative
colitis (UC). Methods Using the GSE92415 dataset from the Gene Expression Omnibus database, we analyzed
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differentially expressed genes and carried out weighted gene correlation network analysis and FerrDb analysis. Core genes
were identified through protein-protein interaction ( PPT) network and correlation analysis. UC mouse model induced by
dextran sulfate sodium (DSS) was constructed and treated with SR via intragastric administration for 9 days. Disease
activity index ( DAI) and colon length were recorded. Pathological changes in colon tissue were observed using the HE
staining. Levels of inflammatory cytokines such as tumor necrosis factor-a ( TNF-a) and interleukin-6 (IL-6) were
detected by enzyme linked immunosorbent assay ( ELISA). Lipid peroxidantion factors such as malondialdehyde ( MDA )
and glutathione ( GSH) were detected using biochemical test kits. Protein expression levels of zonula occludens protein-1
(Z0-1) tight junction protein, peroxisome proliferator-activated receptor gamma (PPARG) , solute carrier family 7 member
11 (SCL7A11), and glutathione peroxidase 4 ( GPX4) were examined by Western blot or immunofluorescence labeling.
Results Nine differentially expressed genes associated with ferroptosis were screened and PPARG was identified as a key
gene. Correlation analysis showed a strong correlation between PPARG and ferroptosis. Subsequently, the potential
mechanism of SR in improving UC in mice was discussed according to the bioinformatics screening results. The
experimental results demonstrated that SR significantly reduced the DAI, prevented colon shortening and improved intestinal
mucosal barrier function in the colon. SR decreased TNF-a and 1L-6 levels, MDA content and GSH levels in colon tissues.
SR also enhanced the expression of PPARG, SLC7A11 and GPX4, which reversed the effect of DSS in mice with colitis.
Conclusions Ferroptosis is closely related to UC. SR can inhibit ferroptosis by regulating PPARG and SCL7A11/GPX4
expression, thereby improving colon epithelial injury and dysfunction in UC mice. This provides ideas and directions for UC
treatment strategies.
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bioinformatics ; ulcerative colitis; ferroptosis; core genes; Sanguisorbae Radix
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Note. A, PCA map. B, Visual volcano map of UC differential genes.

Figure 1 Screening of UC differential genes



24 rp [ A BE 2 A s 2024 4E 7 A A 34 555 7 Chin J Comp Med, July 2024, Vol. 34 No. 7

TE A AR IR e 45 2R 5 B« 2R R SR PR ] 5 3 e bl € SRR 5 1l PRAFAE AR SV
B2 WGCNA 4r#7

Note. A, Analysis of independence and connectivity for various soft-thresholding powers. B, Clustering dendrograms of
gene modules. C, Relationship with module eigengenes.

Figure 2 WGCNA analysis

TE: A UC 22 SRR ERAE T RHIESE K B A% O FE D 7 5 5 C : Spearman AHSCHETMT
B3 A% DA e ANAR SRR
Note. A, Differential expression of iron death characteristic genes in UC. B, Core gene screening. C, Spearman correlation analysis.

Figure 3 Core gene screening and correlation heatmap
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Bl 4 SR X UC /INEL DAL H 45051 B 45 95 BRAS Ak 1) 5 i)

Note. A, DAI score. B, Colon length graph example. C, Length of colon. D, HE staining. Compared with control group, **P<0. 001.

Compared with model group, * P<0. 05, ™ P<0. 01, ™ P<0. 001.

Figure 4 Effect of SR on DAI, colon length and pathological changes of colon in UC mouse

TE xR, ¥ P<0. 01, P<0. 001 ; SHERIZEAALL, * P<0.05, ™ P<0.01, ™ P<0.001,
Bl 5 SR X UC /RS IH LA IE RGBTt S AT 52 mm
Note. Compared with control group, " P<0.01, " P<0.001. Compared with model group, * P<0. 05, ** P<0. 01, “* P<0. 001.

Figure 5 Effect of SR on contents of inflammatory cytokines and lipid peroxidation level in colon of UC mouse



26 o H A PR A 75 2024 4E 7 A5 34 #4557 ] Chin J Comp Med, July 2024, Vol. 34, No. 7

TE 50 B L, ™ P<0. 001 ; SBORI4IHMILE, * P<0. 05, ™ P<0.01,

6 SR UC /UG L B2 B RESE i
Note. Compared with control group,* P<0.001. Compared with model group, * P<0. 05, ** P<0.01.

Figure 6 Effect of SR on contents of epithelial barrier function in colon of UC mouse

T SR I, ™ P<0. 01, P<0. 001; SEEEIZAARLE , * P<0. 05, ™ P<0.01, ™ P<0.001,
B 7 SR X UC/NREHAL PPARG SLCTALL Il GPX4 F KR
Note. Compared with control group, *P<0.01, * P<0.001. Compared with model group, * P<0. 05, ** P<0. 01, ™ P<0. 001.
Figure 7 Effect of SR on PPARG, SLC7A11 and GPX4 proteins in colon of UC mouse
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VG 7 B RS APOE™ /)y B 3 ik o5 A e 1 3 52 1Y)

B/
5 W
T OERERF KRR AR BCEER, R, KR, E
(At te BB MR RO A IR H] b5t 102202)

[{HZE] BB 8 TP R R b d @i Kkt APOE™ /AR M1 25458 S AL SUR B2 R4 IR, T3k
FH 4892 4871 APOE™ /MRl 489 481 CSTBL/6J 4T TiM, 430 8 41,43 I APOE™ i ZAmkl 4 (249 24 1)
T APOE™ PR B IREIL (24 @ 24 1) (C5TBL/6) 530 AR (24 @ 24 1) 1 C57BL/6) PR B IREIL (24 @
24 1), M3 AFLRIEIE, ) 20 JASCIREE R, SCUGAS AR SRAE MR Az L HE B , 43 8 B DKACR PRIk 4T o 4k
O, FE PR A B D) A A HE Jet, ZR W IRE WA B E NI APOE™ (R, (H ] LB E#H 5
APOE™" B LA Fe b | I R IR FE N B 1 L s % B i B 1, I 3 Ikt R B8 A BRE B A9 T i, A BRGE  F2 30 ik
KARBEHL 75, M RS 5 E kS IR BEHLE B, 4518 PR &Pkl v IR HE APOE ™ /)N FRUBh Tk ks R Al Ak 1
B B8 22 3h WM TR R B | 4 e AR [ it e AR 28—k

[%$8i7] APOE™ /INER; VY 5 IR &bkt s IR RERE AL, ; Az fb AR b ; AL

[FESHES] R-33 [ XEktRIREE] A [XEHS] 1671-7856 (2024) 07-0029-10

Effect of Western diet on APOE ™~ atherosclerosis model mice

WANG Lei, SONG Huiqian, LI Bin, LIANG Chao, CHEN Min, TIAN Yushu, WU Xuying, ZHANG Wenming, LIU Yunbo "
(Beijing HFK Bioscience CO. , LTD, Beijing 102202, China)

[ Abstract]  Objective To study the impact of a Western diet-type feed on biological indicators and histopathology
in APOE™™ mice. Methods Forty-eight female and 48 male APOE™" mice, and 48 female and 48 male C57BL/6] mice
were divided into eight breeding groups: APOE™" breeding feed group, APOE™~ Western dietary feed group, C57BL/6]
breeding feed group, and C57BL/6] Western dietary feed group (24 male and 24 female mice per group). Mice were fed
the respective diets from 3 weeks until the end of the experiment at 20 weeks. After the experiment, serum was collected for
measurement of biochemical indicators. Aortas were removed for oil red O staining and gross examination and the aorta root
was paraffin sectioned and stained with hematoxylin and eosin. Results A Western diet did not significantly increase body
weight in APOE™™ mice, but did significantly improve the blood lipid index and total cholesterol, low-density lipoprotein
and high-density lipoprotein levels, and promoted the formation of atherosclerotic plaques. Male mice were suitable for
modeling gross aortic plaques while female mice were suitable for modeling aortic arch root plaques. Conclusions A
Western diet can promote atherosclerosis in APOE™™ mice, increase the aortic plaque area ratio, shorten modeling time,

and improve modeling uniformity.
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APOE ™" /N Bl F [ B 2 B2 e 52 56 sl Wy F 52
ST 3 R g B 4 AR S CSTBL/6] /INERA 2R IR 26
E (apolipoprotein E, APOE ) JE K #E 1T /bR 45 , b5
Ao BLRE A Wy R B Oy A R 23 W T 2009 4F 51 A
APOE E:PRAL T/ 7 5 Qe AR, 320 B X i
LSS 3 A 2 7 AT MR, APOE 2 3L BE fUh:
(CM) MAKE FENE H H (very low density lipoprotein,
VLDL) . & % J& 5 25 [ ( high density lipoprotein,
HDL) A4 3 2 4 3, ml 98 o E [ B A0 g 2 A
[, APOE 7R3 19 85 14548 5 55 5 AL

BT AR T BT AR

APOE™"/INER2 3L & 1L 3 I8 i1 e, e 7 3
B 3 o = gl Dk ) B4R BT 2R 2, 451405 ™ R R B A
B 1 LTI R BBl DR ORI R RE AL ( AS ) 5 728 A B L
WA M AL ESPKAR Ry . APOE™ /]
BUEEASIR T 1 AS 55 748 1 BN S B A A BT L
A i HAEME B IR IR (high-fat diet, HFD) 575 2,
KB (Western diet, WD ) i BE % 5 HR b 4 2 72
KRN,

APOE ™" /N U A1 S sl Jok ot Ao A A A 70 G
SRETETE ) % 25 0T ] LA A 5 2 1 1L
AR FF R B AR 5 A AS AR B AT Eotk, &
AT A TR SR . APOE™ /Nl
FETE—SEBREE , A28 AS 728 o 72 rh i oy G BN 2R
FJEA % BE RS 25 1 (low density lipoprotein, LDL) | 1]
APOE ™" /) BRI 35 JIEL ] 5t 5= %2 52 i 4 11 AR kL iz 20
ANJE LDL, Ifii APOE 8 ik A HAL LB , A48 i
P2 | LG AN A R i J 2 4 BRI B8 4 10D e
AR Bl Uk kAR R AL AT 52 00, (45 70 A HAR 29 BIL 1l
SRIRMES . T B IREE S, APOE™ /) BUA

THEFEWEIR MG | IR BEIE | R 48 20 BRI & T 3l ikoks
PEREAL R S I I 5 8 25 A i | b 2R Akt g
BB

APOE™"/INEL A % H BRI 35 it B 4 48 A5 35 6L
BT R R — 2 e {H 2 RS TR] ) 55 G 1]
ALy B s 45y =X R [ 4SS 76 A4y g B ) 4 S
— W B IRERRA SV R AR SR 12 A, )
RN AE  , 7E S BKAR TR S R 1
JE BEHRARL AT B 1 22 | SR B LR ) B ik s R A
ARG ELARAE D ASAIFZT BRI TR 2 ) A 7 19 7 5 ik
BiEkE, A 3 R FER] 20 FEXF APOE™ /N 30 ik ok
RERT AL AR B, AT N B SR s

1 #E7EE

1.1 SRIEzHY

S5 B W ¥ H b s A B AR W R A AR
2\ AR AL SCXK (51)2019-0008 ], BEHLZ N 8 4>
RIS, FF4 24 H APOE ™~ 33 B T Aol 26 ( M I
%24 ) CAPOE™" V4 J5 1k & 1l b 41 (e Ik 45 24
H),C57BL/6] 3 25 1l Rl 41 (M 4% 24 H) |
C57BL/6] P4 )5t irl R (MEifESS 24 H) o 3 A
TEUR T MR AR R E 20 SR, HLURBE H s A 4 0
#1,

Ph b s A /N | SPF % G1 4l 3% [ SYXK
(5)2019-0022 ], B B8 I35 09 7 14 B R S btk
TP HIAE (2422) C XTI (50%+10% ) , K,
UEEE /NS 20 UK, B/ BRBR JE 4 12 h/12 h, 3l
WHBRESUOK, FrA s Scs 42 e a4
BRI 3 W 10 B2 D1 2 A LA AL & sh ) 12 28
2B OR RS 06 Bl W) AR B A A OC  E ( HFK-AP-

R AWM RN

Table 1 Introduction to the use of animals in this study

S P51 Big/n WA JAIE / week /g
Strain Sex Number Microbial level Age Weight
C57BL/6] ) 24 SPF 3 8. 60+0. 90
C57BL/6] ? 24 SPF 3 8. 40+0. 80
C57BL/6) 1 24 SPF 3 8.50=+0. 85
C57BL/6] Q 24 SPF 3 8.45+0.70
APOE™"~ 1 24 SPF 3 9.32+0. 43
APOE™~ ? 24 SPF 3 7. 67+0. 56
APOE™~ ) 24 SPF 3 9.42+0. 63
APOE™~ ? 24 SPF 3 7.60+0. 41
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20221116) . 7ESE 50, ) ) 37 F0 50 46 ) A v 4
WESZI6 S8 FH A 3R JEINZ5 5 A8 R
1.2 FELFSME

VU7 R b2 A A LR A W B e A
RN 4R 77 [ BUAAIE (2019) 06076 ], 3= 2 Bt 77 Ky 4
TR B 195 ¢ FHEAMR 3 g, B KTEH 50
o A2 ZFHEHIAE 100 g FERE 341 ¢ ZF4ER 50 g, Bk
i 10 g W5 200 g WY GY) 35 o IRIRES 4 g
MAERIRAY 10 g J0HL 2 ¢ JHFERE 1.5 ¢ LAk
F0.04 g, i BHE PELZ AL 5T A2 B AE PR I
A B2 B Az 77 [ 5L IE (2019) 06076 ], F 2 BLJ7
RS TR R RS 300 g Bk K7 100 g fa k) 70 g
BERE 10 g 50K 210 g 2K 237 g 501 20 g £33 A
BRIR EHS 35.2 ¢ Wik 2 o WA M AEER 6 g,
MAGE 4 ¢ MEF 1.2 g B 4 g,

To/K T ( E 255 AR 2= R A BRA AL 64-17-
5) s R ([ 25 S A k240 A BR 2 |, 1330-20-
7) s SRR G (AL R R R BB R A FRA ],
517-28-2) s HHr e o, (b A ik B 28 B4 & e A B
] 17372-87-1) s 58 (FE 255 A Ak 0 A R
A ,7647-01-0) ; /K ( E 25 A2 X0 A BR A F
1336-21-6) 5 AR A P e (b A ik Bl 28 B4 &
JRA R H]NA) A #RSEREAE B4 (BX4000) K i
ER5) IR RS (14381-43 F. S. T) ; W iwcsst | W iy
(WA3050, | i 4 8h); & X & B8 (ST2-ST,
OLYMPUS CONRPORATION, TOKYO, JAPAN) ; Jifi
21 O YL (a3 ( Solarbio, Cat#G1260) ; 141X ( Epson
periection V370 photo, J232D) ; B /K HL ( 27 7S B
TAHRAF L IT-128) AL (RBRASHE AR
], JB-P7) ;R FIYI AL (fEE R+, RM2235) ;4 &5
(DR AR AL IB-L7) 3 AU R HL (i
LA SR RHE R S A BR A | KD-P) 5 45 Al
CHH EAE R g BR A | H M E A i g A FRA A
DB-B2) ; 546 (PPN B ( i) £ FRZAH] L 101-
1BS) ; {88 . 8% ( H ARJEJE, Nikon Ci-S) ; % &
4 ( HAJE B, Nikon DS-U3) ,
1.3 EWH*®
1.3.1 20 JE{RE

T ER] 20 JA 5, PR AR, L BCPE D7 IR X
APOE ™ /NG C57BL/6) /)N AT B 5400
1.3.2 I AR

TFER) 20 J , & A sh AR e a3 R A s
EIA RS S G, MR I, FH CO, ZARAE, I

WAE IR 1 h, P 4 CUKEE 1 h, B0 3000
r/min Z5.0 10 min, 438 M35 . 0035 F A& 7% 52 e A=
AL (BX4000 ) F I FL 2 o6 &0 ( LDH) | IE 66k 75 it
(CHE) (% B I 45 1 (LDL) | = % J¥ I & H
(HDL) JEHZLE (TBil)  HEMHZLEK (DBil) 45
S Mg (ALT) 4 RUH6 2 (AST) | 0 P 0 2 il
(ALP) G H (TP) A H (ALB) & H i =g
(TG) GHEEE(CHO) SRR (UA) 54,

1.3.3  FEKRMAIL O e fa

HUE . A B A BRI, 76 AU T /o0 3p 2 )
L s o 8 AR ML 457 % 8, B T J5 BBCT (f et ) )
FEEERK ) .

Yot N MR AIET O Yol rh Y 15
min Ji5 U, T 75% £ T3 AR 5 155 AMEE 2 43R
7 , (o TCBE B Ak 22305 F 6 €635 B, 4R J5 8 1l 7 e T
TR b, 10% 48 /R A E 2

FORE R [0 5 4 0 A5 AE T R R b R
T, AT R ER

ST REEEUE S, B Image-Pro Plus K184
BFR A 00 30 3t TR e T R 0l A5 AR T L, B
et/ % = BEH AL/ 1l A B AR T A 100%

1.3.4  FEZKSREBA DR A HE J4

[ 22« FH 109% P 2R bR R 1 7 45 417N B
TIPS AR, B E 6 R EshIk S5 MR, vifT
YRR HE Jefa,

HA AHLUREA BUH 3 mm J& | B E 2B UK
70% 80% 95% .100% 4% 30 min, — F 2K i )i 4% 20
min, A1 1532 5 P G4 30 min, (U HE VI A 4 pm,
R

et “HHE (1 )10 min; —HZK( )10 min;
100% ZFE( 1 )5 min;95% £ ( 11)5 min;80% %
5 min; FI 2R7KYE 5 ming JIARZR YL IE YL 5 min; F R
JKYE 5 min; 1% R 1 3~5 s5 A RIKEE 30 ;1%
KR 10 s; H AR KPE 3 min; 281K PE 1 min;
0. 5% LY Y4 1 min; F R IKYE 5 min; 80% 2,
B b 2508 (85 FWEE ) ;95% 21 ( 1) 10 5;95%
()10 s; /K ZEE S min; —HZ( T )5 min;
THZR()S5 min; AR R E A,

1.3.5  FahkS REHES AT

fii FH K-Viewer X FFTJF HE G ELIE -, BE5KIR
B 2 R 4 B I Bl IRORR S ] 4 I S A4 44 Bk i
% R B A7 R TIF %28, {8 Image-Pro Plus /%
FTIF IR TIF #% XK R, Trregular AOT HEBE 3= 51 fik
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FRERPYBEBELRL | Count and measure objects 7158 BE L
TR, A5 OR |
1.4 FitEHZE

Bl R AR SPSS 25. 0, BU{H DL - Y B+ AR
2% (xxs) Frn, P OBCR ) ¢ K038, LA P<0. 05
HA WEEESR

2 #R

2.1 FHKREAMAEI APOE” /INRIEERI M

3R 2 ATLUE 8 AR 25 S 20 JA AT,
ANTR) ] et 6 [7] — it 2R A ] 501 /0N B B 9 52
VG5 R B iR M AT S S A CSTBL/6] e SR (P
<0.05), % & 4 hn c57BL/6) M FRIA E (P <
0.01) ;HZXFF APOE™ /NS A & 1 A &
FHTRVERIAS [R] & 2R, AH TR /0N B T H 4%, 3 3
ZHERMFAIE APOE ™ /)N BUAR A (2 38 K34 38 25
TERE CS7TBL/6) /NER (P<0.01) , P 5 Pk & 1 i)
WL APOE™" /N B 51 AN VG Ak £ 1l Ak 4] R 11
C57BL/6) /N EE R UL i 3 25 5 (P>0.05)
2.2 AAREFEES APOE” /IR M & KI5
=21

FH 2 3 AT AL, PE 5 DR DR AT DA S 2
C57BL/6] /NI B8 P 1 C57BL/6J ME BRI e 25 JiE
REE AT E LT R (P<0.01) |, PH 5 AR & il el al DA
WM C57BL/6) /N AR Y & 1 (P<0.05)
PO AR 0T DIAR (2 3 34 T APOE ™ /)N Rk IR [ 52
RN S A IR A, APOE™ ME RS FLIR
ot STt | VL 1 i 4 B2 U, APOE ™™ M BRI
FEH(P<0.01), & ZHEA Y C57BL/6] /1N
SRR RN 2 5 T 78 5 IR i (P<0. 01) , 3538 ¢
FEARMAII Y APOE ™~ i FRUR R & 3 &5 08 ik & 4l
(P<0.05) , 3538 ZHE A ) APOE™ I A TR 7%
SR B M B R Bl 2 T O IR R (P <

0.05),

FHIEVRDE, ARG &R RS0 H e, ol LA e
o] W3 B )R R VY 5 IR B RREEE , APOE ™ 5
C57BL/6) /IR AE AL i R 2555, X H I =g
[ | 28 B NR A 1 AR AR A, kAT — 20y
BT CHIRA AL, APOE ™ fh &, ANEIME I 25 5 ) R B
PO AR A M B LDL B S 2 s TR (P <0.01)
W B HDL A% & 2 5 TR (P<0. 01) , HE R TG
S T HER (P<0.05) , #E AN ERE BBy CHO JE i
FXaSE Ml BRI, APOE ™ Ml FURIAE B L 48
iR 4 AN ER TE2E R (P>0.05) .

2.3 AFREERX APOE” /INR EZFKBIRE
R

BRI 2 o T 4% 2H e RRURTE BR 32 sh ko 44
O Ly i E A, NE R Bl LU P 5 ik &
2T LR B APOE ™ /I R =5 3h Pk B B 1 B/
IMAE AL,

M 4 AT LLF B4 241 Fsh kR O 209 (o %L
P HTEE R WL T B KO O Y et
e A5 i A 1 AR b, 5 A iR APOE ™" 41 1
38 B R CSTBL/6] 2 BB 1w AR 5 1 4 T AR L
RGN (P<0.05) , PU 7 IR iRk APOE™ 4 Lh
A R APOE™ ™ 41, BB A5 1 4% 1 AR L
FEHEIN (P <0.05), 1 HAH R 4 RHIE T B
APOE ™" /NGB 32 3 Bk 1 AR B ot 4% 1 AR G,
24 ZAEHHESWIBAEYF I HE £
=

8 MNSLIR B 6 FANE sh ik = AR ER A 1501 A
FHE Yet W58 45 20 3 8 ik = AR FP BEHOIY s is 0,
WAV D kR Ak B A T B bk S AR R B
PRI R, AR P pE 1 HR A PR R (LR 3) i
AR I BEBR 2541 3 Bl ik 5 AR A 4 SR UL R 4
%5,

R2 VEIREEEXT APOE™ /)N AR 521
Table 2  Effect of Western diet on body weight of APOE™" mice

20 J& C57BL/6] T HKTE /¢

20 J& C57BL/6] Q KT /¢

20 J& APOE™~ 1 {kHi/g 20 & APOE™" @ {k /g

<3|
,177"@ ] Average weight of 20 weeks Average weight of 20 weeks Average weight of 20 weeks Average weight of 20 weeks
e C57BL/6J CS7BL/6] @ APOE™" 1 APOE™" 9
AL 27.31+1.88 19.910.95 30.17+1.81° 23.24x1.01°
Breeding feed
[ bk FS1|
P R RAA 28.98+2. 31" 23.03+1. 45" 30. 16+1. 98 24.06+1. 59

Western dietary feed

TF ARV AR ) 2R AR PR E L, * P<0. 05,4 P<0. 01 ; 41 R R [l 28 AR PR ARE gz, P P<0. 01,

Note. Comparison of body weight of same strain fed with different feed same sex, *P<0.05, *P<0.01. Comparison of body weight of different strain and

fed with same feed of same sex, "P<0.01.
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TE:1~6.C5TBL/6J Ml L3 30 %5t R 4 5 7 ~ 12 CSTBL/6J i B VY J7 TR £ 1R R4 5 13 ~ 18, APOE ™™ M L% %At kb 45 19 ~ 24,
APOE™ it PG 77 Ak & R4

Bl 1 AR FESIN AL 0 Yt
Note. 1~6, C57BL/6] male mice in the breeding feed group. 7~ 12, C57BL/6] male mice in the Western dietary feed group. 13~ 18,
APOE™" male mice in the breeding feed group. 19~24, APOE™" male mice in the Western dietary feed group.

Figure 1 Macroscopic oil red O staining of the aorta of male mice in each group
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TE:1~6.C5TBL/6J Mt B30 B 1R 4 37 ~ 12 CSTBL/6J M BUPE 7 IR & k4513 ~ 18 APOE™ ™ Ml FR M3 A G042 5 19 ~ 24
APOE ™~ i BLPE 5 ik e il kAL

2 HAMERFIIKRMIL 0 o tr
Note. 1~6, C57BL/6] female mice in the breeding feed group. 7~12, C57BL/6] female mice in the Western dietary feed group. 13~
18, APOE™" female mice in the breeding feed group. 19~24, APOE™" female mice in the Western dietary feed group.

Figure 2 Macroscopic oil red O staining of the aorta of female mice in each group
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Hi:A A1 CSTBL/6] /I R M5 A8 DL B B1: C57BL/6] /1N RN VG 5 Ak B DL ; €L C 1 APOE™™ /) Ul M58 2478 DR D
D1: APOE™ /IR MY D5 IR B ik s A~ Do MERR AL~ D1 HE R, TP Sk 02 SR 3 kS AR BE b,
3 A FK S HRERY] A HE B
Note. A/Al, C57BL/6J mice in breeding feed group. B/B1, C57BL/6] mice in Western dietary feed group. C/C1, APOE™™ mice in
breeding feed group. D/D1, APOE™™ mice in Western dietary feed group. A~D, Male mice. Al~DI, Female mice. The arrows in the
figure refer to the root plaque of the aortic arch.
Figure 3 Root section and HE staining of aortic arch in each group

F 4 HKAFIPKMIML O Y dE

Table 4 Aorta macroscopic oil red O staining data of each group

el
Groups

107 1T A/ mm?
Vascular area

BEYLE Y mm®

Plaque area

B TR 148 T AR

Vascular area/plaque area

C57BL/6] 1 -3 ZhE k)

C57BL/6] male mice fed with breeding feed 30434 67£2534. 49 0.00+0. 00 0. 000.00
C57BL/6) @ 3@ B Ak
C57BL/6] female mice fed with breeding feed 45432. 83+3837. 65 0-000.00 0 000.00
C57BL/6] 1 P R Bk
C57BL/6] male mice fed with Western dietary feed 48565, 70+4331. 15 0.00+0. 00 0 000.00
C57BL/6] @ PHJT R BBk
C57BL/6] female mice fed with Western dietary feed 459289. 40£4004. 44 0.00+0. 00 0. 000.00
/= A Mz e A 8
7/7AP0E . Eﬁﬁ%ﬁﬁ*’l’ X 49967.00+£3112. 71 888. 17+817. 02 1.78+1.76 "
APOE™ " male mice fed with breeding feed
-/= S i N
- APOE . e w ﬁ?%?ﬂ?ﬂ . 49133. 50+4439. 59 738.50+601. 57 1.59+1.64"
APOE™" female mice fed with breeding feed
/- 4 Fohe 5t
. APOETT TSR AR 53321, 17£2271. 01 7023. 83+1391. 80 13. 192, 82*
APOE™ " male mice fed with Western dietary feed
-~ Fohe 5t
APOE™ @ 7 iR bt 46003.83+3197.37  4951.50+3276.36 10. 82+7. 97*

APOE™" female mice fed with Western dietary feed
T BEHCRY 1L AR AR [ 1 5, AR [ B RE APOE ™~ 415 C57BL/6J 41ARLL, * P<0. 055 APOE™ ™ [l BRI i RHALM L, * P<0. 05,
Note. Plaque to vascular area ratio, compared between same sex of C57BL/6J and APOE™" feed with common feed, * P<0. 05. Compared between same
sex of APOE™" feed with different feed, *P<0. 05.

B4 AALESIK S AR AR A

Figure 4 Comparison of the plaque area of the aortic arch root in each group
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RS AH TS HFRBES

Table 5 Plaque area of the aortic arch root in each group

Aye Groups

BERTEFY mm? Plaque area

C57BL/6) 1 it BEAH A
C57BL/6] male mice fed with breeding feed

C57BL/6] @ 53 B FE kL
C57BL/6] female mice fed with breeding feed

C57BL/6) b VU5 PR B
C57BL/6] male mice fed with Western dietary feed

C57BL/6] @ VU5 ek e it
C57BL/6] female mice fed with Western dietary feed
APOE™™ 1 -3 S5
APOE™" male mice fed with breeding feed
APOE™™ @ ¥ 2584
APOE™" female mice fed with breeding feed
APOE™" 1 p )y iR &l
APOE™" male mice fed with Western dietary feed
APOE™" @ P )5 iR &l
APOE™" female mice fed with Western dietary feed

0. 00=0. 00

0. 00=0. 00

0. 00=0. 00

0. 00=0. 00
14973. 33£6906. 93
25136. 67+11293. 06
35403. 17+7722. 12%

50151. 50+13385. 027"

TE  BEH AR, AT iRDkE APOE™ ™ [RIPESI/IN Bl 3 3 bk =5 AR M T 0 AL BERR i AR Ee 35, ™ P<0. 01 AR TRV IRDRE, APOE ™~ S P/ L B Bk 5 AR A0

[RIEBA BEB AR EL 5K, T P<0. 05,

Note. Plaque area at the same root of aortic arch compared between same sex of APOE ™™ feed with different feed, *P<0.01. Plaque area at the same
root of aortic arch compared between different sex of APOE™" feed with same feed, *P<0. 05.

3 itig

A BT APOE & —FlBE & 11, 40 F KN4
34 kDa, VE IR % B2 A A A2 IR S5 L 5t e A4 fig
5 53 7L BE TR R AR A0 %% B S A 1 AR RS . Mil
AR ARG 2l A R A A 2V 7R ]
HBHH APOE™ /NI 25 B2 Al A 1 0 dnd 2 v 33 ¢
kL C5TBL/6) LA FE AR M dabr . A B T8
i APOE ™ /)N BUIE 5 PR £ BV AT 35 1) 48 5 1 2% G JIH [
fis 7K - (400 ~ 600 mg/dL) , Jg B A= B /N LG 4~ 5
F5 12 AR At A ARG I 5 SR 43 #, S 5 SRR A
FHET . AHRIEHEH APOE ™ /INEUIM S = BEH & i
A G T (H R A S R W R & B APOE ™ /R,
SVHM =R R, APOE™/INEL A & H B il v
M AEFEFRZEL (TG .CHOL .LDL-C J}& ,HDL-C #
BEAR) , 45 TRk & 5 i — 20 i, B ae it
(AST ALT ALP &35 T+ ) ) A B 55 46 W 74 5 1k
BAEHE APOE™ /NEL AST BT {HJ2 ALT F1 ALP
KU T, SCRR RIS i 3 O LS A ) e dE
bRk WLH 2 254k ( ALB ,.CREA \UREA) '™ A fff 57 3
BT 7 AR 520 ALB $8ARSZ IS B 25

AHGETE 1 12 A # APOE™ /)N §LC JIiE 1 AT JC
AT =g BN = AN = 0 = AN R N
A5 FREZH(UN) WLEF(Cr) FPRER (UA) BH B THE,
W o P R TR R ATV AR B I A
JUA FTfE S APOE™ /INRUA W #E A A0 A 8 K,
WLEZ 20 J& APOE™~Fl C57BL/6] 4540/l Ak 1k 3E
b, 0] U035 S A AR APOE™ M FUR R B & m T

PUJT IR & APOE™ ™ i B, 538 S FH iRk C57BL/6] /)N
BROA & L R I8 b 0 3 T W %5 ) ok
APOE™ /R (IR0 E 88 ), T i 5 AR 1 5% 1) I Y
Wit %,

APOE ™" /NE B Bk RERE AL ( AS) i 2850 5 K
FBkAR | E Bk SBT3l bk R H 4 3 Sig)
ok M =k S kR S kO B R Sk
BNk i M LBl ik B A3 3B Bl bk i 3l ik ek
ARk, (H LA 3= 2l B by = PR 30 ) e 1
APOE™ /N FE B AR FRAE 10 J& o by 20 38 11 (8 45
7, N IR AN SRR, LA B AR A0 i 5 PN R 4
FRLERPRG RR, 15 ] isf H0 B0 v BE o 28 | R I A R 11
T LA e TR A0 B AR ELIR 4%, IR DR 4 4l 41
FEFUUR 20 JEUS BLEAF dEBE e PE 5 k& 25 hn
HAS AR HERE S B0 BRI 2 e D AR i AR
A R Bt & IR AEAZ IS AL o I B, iy APOE ™~
ANERAT %2 AR B H S i e R Sk R B kR
AWFFEIN 3 JETF LRI B 20 JAS5 RS, il
S M 2 B0 IKBE B T ARt A R B AL, T LAR
APOE™" HEFRL He APOE ™ i FRUBE e ifiy FH55 1 45 1 AR
R (HE2Z R AR E (P>0.05)

AAFGEXF E K 5 ARF AT T A 5D A H HE
Yo, 0 AT AR R AL 32 20 ik S AR ER A S U R BE
P R, & P kB AT e 2 i APOE ™ I
SUFIME BRLA BREER TR ( P<0. 05) o AHIEVARE, AS R4
S APOE™ /)N BRUBE B 1 R b 452, 3853 ) ek 21 AN ] 4
5l APOE™ " /INERAR WL 25 5 (P>0. 05) , P4 5 IR & Ak
ZHMfEE APOE™ /N L HEE APOE ™ /)y BB e 1 A7
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K(P<0.05),

2R AR b oGT e BRCR R BT IR =R L SR
(o] P ARG 25 B B ey %5 BE IR AR R R 40, ZE
FH APOE™ I ik =Sl ik RAABE B b &35, H
APOE™ Mt flatk £ sh bk 5 AR S B e g A3, HAk &
Az T DR AT 8 R T AN ] 42 ) A B AR A A O R T i
— 05T,

A BT R AR H H A K B3k i
BEHemE S ARl T A iR R A P BE
1A T R I S A M PR % B B AR A I N R
B KPR BB L B L4 P B 35405 5 1R 1)
RRAE I, fith i 56 R F AR AP G 8 S g, ] R 2 i
PEBEHRIE A A 3 RO AR el mT A
Jn2~3 4% LDL {8, 322 09 5 IR & ek b i A A
ROk S FLEORL, UM Z R SR oK
TEKY FEZEARS RERE BB AT RORE , ThBE LA R
F, E EE R (Met) % A E 3 Ik ok FE B8 Ak & R it 72
Hh e 25 LA it 25 R 2 3 O3 A% 2 i 5 A IR
1k, DNA F LA B A 1k oy 3 Jk ks Ao B Ak kI ML T 22
— 1 Met JREEE Sh koK REAE AL Y B R AT fE 2 S— i
(7] 76 2 e 2 12 3 ek 2 i) i PRI R b DA TG 5 T 3
JOK S R LA DG 3 R 114 835, I 285 | S 3 Jok o A0
PR S 0 2 TR0 T A O e — ol 7 34
N EAERRF, & R 42 2E B 5 1 A5, B 1k B 105 7 T
PR, FokER et LDL A4 m Y 2 25
R RN JE AR N AR 2F A2, S 80 TG THi . Wi
B AR AN NG D R , 7 NG T ) A
S0 LDL KPR EEHE

25 L RRAGAE , VE B EEE A 3 JE e )] 20
B 2N APOE ™" /)N B 2y Jik ok A Bl A 1) 2 A6 £
TSR BEH A 3 B ik 5 AR BEHIE

S 3k
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RANBPY JE#E TGF-B %5545 1798 Colo320 40 M 1
R AL A A0 5

PR R, ERE R E R BAN

(1 35@ANRE, Wb Iy 2fBe bR o — BB b 5K 0 075000520846 RE bt Iy 24 B bR 55— EE B,
WL BKRFE T 0750003352805, Wb N RERE 4L AFKILE 050000)

[#ZE] B# BT Ran HAME LU 0S5 G 8 (RANBPY) I 1] 8 75 7 46 £ 4 A T B1 (transforming
growth factor-B1, TGF-B1) AUk, K HIXT 45 B A9 Colo320 ZUMITAT-HYSEM , 75k 40T TCCA BRI rh 625 14
s dh 2L K 20 BE 5 45 I 20 28 RANBPY 132354500 , KMPLOT 4381 RANBPO W) 3535 5 45 96 /8 3 A A T ¢
F. NBEAGRBEAMEIRE NN TCF-B1 #1EH 25 SV 25 i A 20U ) Rk B 00, 8 UALCAN £04 7 4
i TGF-B1 MRk SE5iE B A AF A R . BRI 01 RANBP9 Fl TGF-B1 [ F , ¥ pcDNA3. 1-
GFP-RANBP9 il pcDNA3. 1-GFP-RANBPO-NC 43l 7% Yt 25 ST U6 4 At R A A v, 55 G 5 1 A L 5 B 3, 03 i
SEIEH M, AN Zad e Ye i Ve | B LS 37 ; WEME H5 ( thiazolyl blue tetrazolium bromide , MTT ) 12 60 45 2H 41 it 1) A 1
T, AT A SR DN 45 2 20 ML A 8 1 38, JC-1 Y (o A 25 2 A0 L ) £ B4R B ERL 57, Weestern: blot 467 00 4% 2H 41 ffd o
RANBPY Fll TGF-B1 Uik, L8R  RANBPO 1i 25l A 41 kB W 411K, 55 RANBPY Rk (K B F AH L,
RANBP9 {5 33K 25 156 B 3 HA B A A th 48 TGF-B1 E45 I tH 4 Tk B BT , 5 TCF-B1 RikE
BEML, TCF-p1 INFRAEBEHE RARE AL, 2F W EA S B L (P<0.05), AL, RANBPY
RESD I R TCF-B1 MRS, SIEH LANMAR EL , SCO 2 A0 A AR I T T b (R A I LS\ TGR-B1 AR B
VA AR P T2 A RANBPY HYZ3R W o s, 22 ¥ B R L (P<0.05) , #5138  RANBPY REH )45 TGF-
Bl MIFRIE AR LS AR AN Colo320 MYA: K IE Sy AR RLIR RS i (o T 1%, 5 F HA T2

[%$8i17] Ran EAMEHL PO ESHED KR T BL; 45 B M
[HE53ZES] R-33 [ S EkFRIZAG] A [XEHS] 1671-7856 (2024) 07-0039-09
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[ Abstract)
binding protein 9 (RANBP9) and its effect on colorectal cancer Colo320 cell apoptosis. Methods

Objective To investigate the targeting of transforming growth factor 1 (TGF-B1) expression by Ran-
Gene expression levels
of RANBP9 were analyzed in 625 colon cancer tissues and 20 normal colon tissues in The Cancer Genome Atlas database.
The relationship between RANBP9 expression and survival time of patients with colon cancer was analyzed using KMPLOT.
The expression of TGF-B1 in normal colon tissues and colon cancer tissues was analyzed using the human protein
immunohistochemistry database and the relationship between TGF-B1 expression and the survival of patients with colon
cancer was analyzed using the UALCAN database. The relationship between RANBP9 and TGF-B1 was analyzed by dual
luciferase experiments. Colo320 cells were transfected with pcDNA3. 1-GFP-RANBP9 and control pcDNA3. 1-GFP-
RANBP9-NC plasmids, respectively, and normal control cells were established without transfection. The cells were
cultured and the growth viability of each group of cells was detected by the iazolyl blue tetrazolium bromide method,
apoptosis was detected by flow cytometry, the mitochondrial membrane potential was detected by JC-1 staining, and
RANBP9 and TGF-B1 protein expression were detected by Western blot. Results RANBP9 expression was significantly
reduced in colon cancer tissues. Compared with patients with low RANBP9 expression, patients with high RANBP9
expression had a higher survival curve and significantly higher expression of TGF-B1 in colon cancer tissue. Compared with
patients with high TGF-B1 expression, patients with low TGF-B1 expression had a significantly higher survival curve (P<
0.05). RANBP9 targeted the expression of TGF-B1 in colon cancer. Compared with the normal group, cell growth,
mitochondrial membrane potential, and TGF-B1 expression were all significantly down-regulated and the apoptosis rate and

RANBP9 can target

the expression of TGF-B1, promote the growth of Colo320 colon cancer cells, decrease the mitochondrial membrane

RANBPY expression were significantly increased in the experiment group (P<0.05). Conclusions

potential, and induce apoptosis.
[ Keywords]

Ran-binding protein 9; transforming growth factor-B1; colorectal cancer; apoptosis
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il e AL R G H WA B 2 — 24
BRIFREZE T 1565 U R 32 2 Jit IR, A R B o Ak 2%
ZEURE I AR S R Y R R AR T, OF B
RIRFERGE TR, TR B R, B0 Jo s
PERYIE ARAEIR , R 2 BB #1012 I B S fetE TR
PIBRIGIT I AL, 0 2 il b 52 %, 2 W LA SR o7
T A R I FRE R DT 1 U, AR
Fhos A S B TR Sl i TR 28 Kk Re . BFSE
T IR 240 i %) T PR G T M 5 e T T
VRGPS :E X SR (V) R R R R
PR TR Z A HV R E S, A M
FEAm N ML B 5k R 5% L B 2 (angiotensin-converting
enzyme 2,ACE2) N5t (3% AL 5% 5% [F - 6 (activating
transcription factor 6, ATF6 )  fil L 4F EH H 2
(neuropilin-2, NRP-2) ERZENS 5 S e
AU PR T R R B T A g A R T
S3FAILH 4 R 58 4 T B, AT SO IR L R SR T
%%, Ran 8 HHAE L 0454 H H ( Ran-binding
protein in microtubule-organization center, RanBPM )
SR I A I TE 22 b 2 2R 240 i v ER A 5 1 e
i R N e FHe 1 J 1) /N 03 1 38 1 BT, B S s
RanBPM 55 AN [R] 2 X (9 2 FUAH S &, HAT I 45 4 it

BB e KGR A2 sl T R S A WS PR R
H, HES#EAEERAF B1 ( transforming growth
factor-B1, TGF-B1) S5 ZFp LR & B e MR 45 B 10 25
Fala, LWk RANBPO ™ | SFARARZED 9% Bon
RANBPY 7¢ & (A 8 41 20 v 1 3% 3k B& AIX, 3 5%
RANBPY [W3iE)5 , B NG 40 Sa0S2 /4 # 1~ % B
BIE ., B 5 RANBPY 78 25 I 9 vh B9 46 JH
iR, FNIPRZ R AR PR TGF-B1 75
S 545 i AR 3 58 5 R T AR AR B AR AR
5T 5T RANBPO Fll TGF-B1 7E 45 I Jis 4 21 1)
35, M TGF-B1 {55 AT, 1T RANBP9 X 25 9
AL Colo320 JAT- HIHLH, LA by 45 W Je 19 I PR3
7 ¥R D5 0]

1 #RFAE

1.1 sl
L1.1 SERzshd

BALB/c 5,4 ~5 JE%, SPF 4%, (20+2) g, M
7,30 H, i oA R 2= B i 2 W b 5 BT A
[ SCXK (¥1)2020-0005 ] , m e b4t 5 2 B 1)
P [ SYXK (3L)2019-004 ], i FE R 7E 22 C A2
A7 BB (40£10) % , HEAT 3 N PR MR R 5 H T 52 5%,
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S W) Y B AR 2 A b T 2 B s 55— B2 B Bl
YIMEFRZE 5t 234t i (TACUC-2020-05073BN-001) , 7F
SRR G R P, AR 3R JE N, 45 5 s 8 K
NS = R E3mIRY LD
1.1.2  Zijf

B RR R R B4 B Colo320 4H Ak
ot g8 B 1B 2R W) (b mt) R BF 5T B 42 it
pcDNA3. 1-GFP-RANBP9 il pcDNA3. 1-GFP-
RANBP9-NC i b33 3 A=Wl 25 A BRA m 348
1.2 FERAFSNUSE

Bobt /b BUH R - 3 - B R OB A

( glyceraldehyde-3-phosphate dehydrogenase, GAPDH,
fIt*5 GJH-LRO1) . RANBP9 (#it 5 GJH-YB98) Al
TGF-B1(#it 5 GJH-HC37) H 5 BEHU IR (K E Cell
Signaling Technology 7\ F] ) ; BE M % ( thiazolyl blue
tetrazolium bromide , MTT) i 5f] & (it 5 62574) . —
FIZR (L5 37256) M (415 27539) Western
blot B & (L5 73691) (RDUR & L AW RHLH
BRSO R MR & (LRI ALY RL
HRRAT L5 85-EV-96) ; Bbi A I L 137 43 Hr it 771
£5,5,6,6" -G -1,1",3,3" -4 ZHEA I bk
AL LY (1,1 ,3,3 -tetraethyl-5,5° ,6,6’ -
tetrachloroimidacarbocyanin eiodide , JC-1) % {4, i 7
& (AU MERE AR Y B BOA IR |, it 37-AF-
83) ; # YLik 5 Lipofectamine™ 2000 ( ZE[F CST 23 # ,
L5 8763-4MT-001) , 5B DAL (HTTLOPRRL
I ESA PR ], TS YT-1LX2800) ; 1H I CO, 4 Jif b5
F#48 (32 [E Thermo A F] , HIE 1501 ) ;4 H ShEEK
AR FR G (B IS A R A R, #5 ]S-2000) 5
e 1 HL UK (BRI RS AR A IR A R B Y-
SCZ2) .
1.3 KBWHE
1.3.1 RANBP9 Fl TGF-B1 1E 25k h 23k

FRIUEIE 3 N 4 K3 (the cancer genome atlas,
TCGA) ' 625 (45 i Jia 20 2 LA e 20 1) 1E & &5 i 21
225 S RIR ML I R 0, AT R R Hoik
1T MicroRNA [ 51 43 A7, 22 il 3 PR AT ] isf i FH
KMPLOT ( https://kmplot. com/analysis/) 43 #r
RANBPO(JE K] ) 1335 5 45 I it 038 A= A 01 G
o TEAELE A #RE A 1L (the human protein atlas,
HPA) %4 J% ( https ://www. proteinatlas. org) i &
TGF-B1 £ TR I 5 45 I 2 SV 45 W 68 1 2 1) 3%
KDL, i UALCAN %45 %2 (hitp . //ualcan. path.

uab. edu/index. html) 7341 TGF-B1 )ik 5545 M i
BEAFHM KR . [FEZ ] ENCORT 2048 1%
(http://starbase. sysu. edu. cn) BeiT oM 7E S5 W feE
RANBP9 H1 TGF-B1 (KM R

[F] s 0 s A7 7 ¥eT b A T 2% B Bt I 5 — B e
S BRRIFTY 5 1 102 191 25 i 9 A1 RN ) 0L 1) 9 55 4
SRR R 5 AR5 R 25 AF i 28 ~ 73 (42.38+
9.56) % , 55 65 B, % 37 B, A REAR I R ik M 4G
Wdes , JF 2 A M 12, L8140 B B AR AE AR
W% M R 22 S A RA SRR L (P>0.05)
AR C R F B ERFEWMERZS, B
2k b 7 2 B B IR 5 — B e 18 B 2 D s it
(2020-003-THB-01) , MFFEARZ: PCR 43 Hr A il ifs R
FEAH o RANBPY 1 TGF-B1 31k,
1.3.2 BHSEER ML

M GENEMANIA %% #i& J% ( http ://genemania.
org/ ) £¥if] RANBP9 Hl TGF-B1 HIAHEAE I K Z ;R
JEAERGCR AR & (A R E AR YRHHA R
3] BR A # TGF-B1 28 48 A ( pGL3-TGF-B1-3-
UTR-MUT) #1 TGF-B1 %} A= A ( pGL3-TGF-B1-3-
UTR-WT) BiFBTHL, 7E Lipofectamine™ 2000 f) 4 Bl
T, pGL3-TGF-B1-3-UTR-MUT #1 pGL3-TGF-B1-3-
UTR-WT 435115 RANBP9 mimic ,RANBP9 mimic-NC
AT QLB AR RE I MUAEAE 37 °C (5% CO, &1F
TSR 48 h T, I ER il i 45120 S A 2l

R
1.3.3  ZHfufEye sl

¥ E A1 Colo320 4 M &2 75 J5 4 A 72 RPMIL
1640 H:373E b 1E 37 °C,5% CO, &1 F R 3%, st
B KO0y gn B gE AT B gy, MR AR R O IR )
Lipofectamine™ 2000( 3 & CST 23w ) (Y154 45 ER
# pcDNA3. 1-GFP-RANBP9 FlI  pcDNA3. 1-GFP-
RANBPO-NC 43 51l % Y 25 52 56 241 Fn %oF B8 4 40 i v
S S RUS AMR RS SR, O3 BT R A A, AN
PN L S Y (ST D S
1.3.4  MTT ARG £5 4 0 4 A 405 )

P4 Colo320 AR 2 1x10° /4L, I H8h
15 96 fLARH sl AL BRIR] b R 8 M5 AL, 1501
RIER CO, 4HMIE: 246 i E (37 °C,5% CO,) &5
3% 24 h, BALINA 20 pL 19 0. 5% MTT KR, =5 3
FWFE 6 h 12 h 18 h 24 h, FE45 F 35, K i 4% 41
YR AE 450 nm A0 B IEOGOG BEMH A H IR A/
Ay q X100% VTS AN A K36 T
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1.3.5  HLBWLEEA 2H 40 i i B i s A i

T Colo320 4 M ¥ BE 2 5x10° /4L, I #& A
7 24 FLIGFEMUT, sy AL BRI b BRI E 8 B
fL,7E 37 °C,5% CO, & FHEFE 24 h, {5 G Uk
A 2 UK, AFIK 3 min, BDJa ARK DA R R R
[, iR 46 28 vh RIS Ve S, K, b B A
I B APV O Y o
1.3.6 U CH A 45 2 41 i i TR i AR Ak

JHEE Colo320 4 A e B & 1x10°/4L, I #&H
7E 6 fLESFRAR T, Ay A B IR | A E 8 MR
fL,7E 37 °C,5% CO, % FHi5% 24 h, DL 5 pL
Annexin V-FITC H 2 4 i1, 1A 5 pL #fk Py i
( propidium iodide, PT) Y (i, Z i T , #EOLIFF 15
min , YL LSRN A S0 O T 20 B R SR T A A
DITBAEA 1] 17 3 AN B S K VA= W 1 o 1 2
b= v ] /G N S M ST Sl N P VA
1.3.7  JC-1 Yoo 45 20 200 B i A A i e £

JEHE Colo320 MLk BE 2 6x10° /4L, If 48
T 6 fLE M, A B TR b B s E 8 AR
fL,1501 #fEE CO, AR FRA ik e (37 C,5%
CO,) #5524 h J5 , 7 KRR, BALINA JC-1 TAE
W 2 h, B B, A0k A B R 7 A A Ak
2L AR A LR TR
1.3.8 4t FRURE R RGN 4% 28 4t i iy 4 P A 4

JAHE Colo320 ZH Mk B &2 1x10°/4L, I #&Fh
T 6 fLE IRt R, i Aab FEE] 1. 3.5, B F 37 °C,5%
CO, BN RE T4 24 h )5 B 30 H BALB/c #1FUFH
BLAT R IEF A X B SEged R 10 2, DU
RSB A AL AN A 4 ) BALB/ ¢ BRERIA N, 3
K Al WL B A7 Bebogd 2 FE S AL SE AR R, AR A A
/NE R L4 FRE
1.3.9 80 f g2 B A 45 2 40 i th RANBPO
TGF-B1 33k

JEHE Colo320 AR FE 28 3x10°/fLIEFITE 6
LR, AR FETR] 1.3.5, A E 8 MR
1L, T 37 °C,5% CO, WAHIIGFRAR 24 h )5, 4%k
R ZORIA TR PR A, BAE MUk, R R,
M, it A —$i (RANBP9, TGF-B1, GAPDH) (1 :
500) ,2#F 1 h, LA 1: 1500 B9 —Hifeke,3,3" - &
FLIE RN (3,3 -diaminobenzidine , DAB) . {8, &2 4t |
KUE, B CRERLK, B, H R B EMERYS
GAPDH WK BEHFAT AL
1.4 SitEAH*

iyt rim st SPSS 19. 0 B Ak HEAT , T A B

T A IR, LSE B bR UE 2 (x2s) HEAT 3R
7~ R LSD-t K301 7434, 4 P<0. 05, 3R/ 2 5
HEitm X,

2 #HR

2.1 RANBP9Y 1 TGF-B1 14515 E h IR

KH R A TCCA Bl e v 22 55 R ik iy 3
PRl 22l B A BT, 25 51 B, RANBPY 75 45 i Ji L 21
WA R IA I A, DL 1A KMPLOT A 4750 #r
/N, 5 RANBP9 3R iKfIL Y (85 #H L, RANBPY 5 3%
KM EE i B B AR m AL, 2 71
HAG %5 X (P<0.05), WK 1B; WA KEN
JoT G 28 2H A B B 2R AT A BT 45 R W, TGF-B1 78
Sp AL RIS B TR, WA 1C; UALCAN 4
MR, 5 TCF-B1 Fik @ MR FH M, TCF-B1
RS EEBA RS AfE L, 25 AR
GiiteFad L (P<0.05) , WL 1D ff ] ENCORI %45
JEXT RANBPY Fl TGF-B1 1E45 1% 6 el 2Ltk A7 3L 3k 58
M AR R TESS Wi T RANBP9 Fl TGF-B1 3
R A R G (r=-0.752,P<0.05), iL
Kl 1E,

2 PCR W85 R R R IR AT 5
55 E W A UM, RANBPY 1Y) mRNA TE 25 1 e 20
AR Rk AR, TGF-B1 1Y mRNA 1E 4 [ 241
A RBHUBTE, ZRYWEAASIT¥E L (P<
0.05), WL 1F,

2.2 XWHHEELW

M GENEMANIA 4z th 5% & 9 RANBP9 5
TGF-B1 fETEFR S E MM OC R, WWIE 24, #EW
RANBP9 WJYE A S AT REA TGF-B1, 47 W2t
REGSLE 45 R B i %5k RANBPY J5 , TGF-B1 B
A= TR SO ZE T 1 S B B B R BRI A (P <
0.05) , TGF-B1 Z87% T (%) 5 't 28 Wi 14 A1 6 I d A%
fh(P>0.05) , i H] RANBP9 fEHE [ 845 TGF-B1 1Y
Fik, ULIE 2B,

2.3 MTT #eNESENMEMERTEN

28 MTT R G A5, 5 IEH 24 Colo320 4 il
AHLE, SEERZH Colo320 21l Y AE 416 Jy B T B i
TR (P<0.05) X R S5 IEW A L, 25
ANEAG B L (P>0.05) , WLE 3,

2.4 FHAAMBHMEHTH

LA I W45 2 200 i 1) e e 45 SR i | TE R 4

S 0 11%) ML RETRT OB , 45 40 S8 4 R DL 5 | T 5 S
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A TCCA PES A 75 R AR I IN I B LA K RANBPO IR, SIEH SIS, ™ P<0. 055 B: RANBPY 1235 %) 45 M i JB 2 AT 1 19
$NA; C HPA H TGF-B1 TEL5 AR Sh (9335 ;D TCF-B1 I FRIA I 2 i £8 & L AP IS0 B 45 W i 4 24 b RANBPO I TGF-B1 4k
IRGEHT  F G PRFEAS H RANBPO 1 TGF-B1 ()35,
1 %5t RANBPY Fl TGF-B1 33k
Note. A, Heatmap of differentially expressed genes in colon cancer and the expression of RANBP9 in TCCA, compared with normal colon tissue, * P<
0.05. B, Impact of RANBP9 expression on the survival of colon cancer patients. C, Expression of TGF-B1 in colon cancer in HPA. D, Impact of the
expression of TGF-B1 on the survival of colon cancer patients. E, Co-expression analysis of RANBP9 and TGF-B1 in colon cancer tissue. F, Expression
of RANBP9 and TGF-B1 in clinical samples.
Figure 1 Expression of RANBP9 and TGF-B1 in colon cancer

T : A:RANBPO Fl TGF-B1 VEHIM 4 ;B IR LIRS HE . 5 mimic control AL, * P<0.05,
B 2 RANBPY $E[nJ#%E TGF-B1 [k
Note. A, Action network of RANBP9 and TGF-B1. B, Experimental results of double luciferase. Compared with mimic control, * P<0. 05.
Figure 2 RANBP9 regulated the expression of TGF-81
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MG M3 ) SRR T2 5, SR A XU R 25
FPEASTC I 6 A8 | U 25 4 58 3%, I R o 4% | U (8,51
PR LS 5 X A 40 i 5 1 A 200 b %) e Tl
PRI DL b 22 5 | 20 i LA R EL At 40 B 28 114 445 440 3%
W AT B, G b ik | BT 2 B 4 5 S 6 2 200 A ) A M
B I BH S ZAobr R o ik BH S, RUZ 5 4 B B
ik, 28 SR AR PR T I S5 R B AR T sk Ok BT
4 LA ) FHE R R 2T A ) B e B
UL 4,
2.5 RAMmME N R AEEEET R

ZE A AR T, 5 IE 5 40 Colo320 4 ifd

*H Hﬁ,"igﬁﬁﬂ C010320 ?Hﬂﬂ@ﬂ@ﬁt%tﬂ%? %Eﬂ' ?f:%m?‘%?ﬂ*ﬁﬂﬁ, * P<0. 05,

A H(P<0.05) , Xf IR4L Colo320 4fiffl 5 1F 4 41 B3 A4 KIS
Colo320 éﬂ]ﬂ@ﬁ@ﬁ%t%*ﬁ Hﬁ , %ﬁmﬁﬁ%i‘f‘%%\i Note. Compared with the normal group, * P<0. 05.
(P>0.05), WK 5, Figure 3  Growth activity of cells in each group

4 220 I R S AL (L6 Sk B b i Y 2K )

Figure 4 Ultrastructure of cells in each group (the red arrow was the swollen mitochondria)

i SIEW4MLL, * P<0.05,
B 5 SAHAMIA MR
Note. Compared with the normal group, ™ P<0. 05.

Figure 5 Cell apoptosis rate of cells in each group
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2.6 JC-1 Fa4ail & 48 4 A B 2% o {fk BR BB L

22 JC-1 P ik £ )5, 5 IEH 4 Colo320 4 Jif
FHLE, SR 2H Colo320 4f At 21 (5.2 ) 5 4 A 5l
1 ELAE BT B R R a3, Colo320 4l ifL £ ki
PR B A2 B R P (P<0.05) , X HEZH Colo320 4
JiL 5 15 H 4 Colo320 4 A f1f) £ A7 44 RS v (37 AH L, 22
SARAGIHE L (P>0.05) , WK 6,
2.7 BREREIEER

Colo320 4l IAE S WA N A K )5, 5 1IE # 4
Colo320 2 (IR RZHZUAH L, SEEG 4 Colo320 4 g
(PRS0 R 3 T B B R R A R 3, Colo320 4T ffa i
WAKMRE R TR, 25 BA 50128 X (P<

T 5IEFYHL, © P<0.05,

0.05) ; IEH 2 S5 sh ) 55 % B8 41 5256 0 9 B4 b 9
HAWREMIL, ZRAEARITFE X (P>
0.05), WK 7,
2.8 &AMAH RANBPI TGF-Bl HI&R A

2 M4 Western blot S50 J5, 5 1FE 4
Colo320 ZHAIAH HL , 525G 41 Colo320 4 g RANBP9
Hy IR B R TR i TCF-B1 (1) 3Rik 2 Bl
WM, 2R ARSI #E L (P<0.05),
1IEH 20 Colo320 4 i3 5 X% & 41 Colo320 41 Jifg
RANBP9 TGF-B1 MKk I, ZRABA G2
= (P>0.05), WKl 8,

6 AN Lo R i (JC-1 )

Note. Compared with the normal group, * P<0. 05.

Figure 6 Mitochondrial membrane potential of cells in each group (JC-1 staining)

W SIEEY4IAL, © P<0.05,

B 7 BREUSOR LR AR B 1 He g

Note. Compared with the normal group, * P<0. 05.

Figure 7 Comparison of tumor formation and tumor quality in nude mice



46 o H A PR 275 2024 4E 7 A% 34 #4557 ] Chin J Comp Med, July 2024, Vol. 34, No. 7

W HIEFEUML, © P<0.05,

B8 £A4Murh RANBPO Fl TGF-B1 1363k

Note. Compared with the normal group, * P<0. 05.

Figure 8 Expression of RANBP9 and TGF-B1 in each group of cells

3 itig

PEAHSCEARSE T, & 2030 4K 2R A 220 J5
WIS 45 s o 9], DRI i = W] R T A R B3R T R
I L 96 A L o) i A 7 ik 245 ML A A 3 i, oA —
AR SR LA A, TE— BB OR IR 1Y [ R B
X, & g 0 T2 340 SRy PR DR, B W g 24
W R ZIAN 22 5% . B 52 i T 45 i 1) 23 5~ PL ]
I A 58 42 B B 4708 245 ) (0 B8 i D) B2 e e X T
BT R BT H AR b BRI AR R 45 I 1
¥ B BILTR S g o 155 2 e AT SE Y 3 TR il
Wy, A B T3 i i e 07 =X Sz, 5 Bl R =
il B ) 112 VB 9 T 11 e XU, S B A B T4
FEPUMIRE 25T A A B T EGE B E BUS .

AR A PR T — > 5 bR S | R DL R TS
PIAHOC Yo B AR JBOR B 22 1) 2 0 R T 5 ) 4
R A JR T 5 43 F AL 5 1 . Zhang AT
WS D25 M 9 240 P %) A R 25 AT, T ) e
FEFEE Y 23 1 3k, 42 10 240 Af 245 44 5 D) fig & A B
A TS S AN B T S g B R Y T R —
ANFE LTy ) SORL AR 2 iR 40 i S v o A
ffLas N AN R G A AR A IR S Y B B, SRR Y,
P RAE R AR RE FITIRE R CHE A F. RANBP9 J&
— ML N T2 AR B A T SRR L TR R A
I S G R R SR T R AF R fE Y Das
VB AR IE LE T RANBPO 45 MR 45 & 4ok
VRS ()32 25 28 1 Il , S0 b AR 235 1) 2 A, S W Ao
TR, A MR T T, Wei ST BF ST BOR
RANBP9 17 [a] 42 (H =#5 B4 Z K 2 (leukotriene B4
receptor 2, BLT2) 1 3% ik, 417 i L I 9 41 2 MDA-
MB-435 HYHERIE P L) B (R 28 RE T . ASBIFE 3 5 %

TCGA B % v RANBPO 7845l Jies b 1 2 3k 45 1 i
/N, RANBPO TE45 i 2 h i 235 IR 8 F R, JF AL
B R E AL, A SR A R s, A
RANBP9 (IR 5 , S50 4 4 i i) A= K 06 1 I 3%
B, A Tl R 0 W J0, e A 1 S ml 57 B I o
S R P O T R ) R A L A N AR K R
Bz TR,

TGF-B1 155240 iy 9 BLAT Z Fh Dy BE 1) el 47 A1
¥ BFSE IR TGF-B1 15 S EFL M | B9 i 55
GNP 2R T i, BE B S Sl A0 B %) Rk
JRU ) Hu 2 VRIESE SR AE RS IR T TR TGF-
B1 1y ik, AE B WA i E MR R R BE R R 1 1
( positive regulatory domain zinc finger protein 1,
PRDM1) (5535, T ¥ i 20 Jifd 384 5 AL 4= 28 B RE /7
Tan 2 VBT /R G5E TGF-B1 IR ILJG , IE# A
I BUZT A 48 B e 2 45, 19 o JFL 1) 98 4 L 1 B
2T 2 20 0 1) 2 P B 4 T B 4 2 2 k44 R B AR
FASCHE ) R 3k 12 3 B0 5 40 ot AR 0L 2 08 1 i
A, ARSI N SR 5 G i 20 Ak A P
WF 5% & B, TGF-B1 7€ 45 I Ja 41 2111 3% 3k BH &g 7+
w, TGF-B1 /& A 1Y /B & 1) #il 5 B B AN f,
ENCORI % 98 FE W 7, 76 45 I % b RANBPY Al
TGF-B1 Fik EHH B IY FAHIE , WL H i 25
7~ RANBPO e 88 ] 6 ¥ TGF-B1 MK ik, 40
SEG 4% SR B R, T RANBPY 1Y £ 35 )5, TGF-B1
) 6 1K B S AT

Z5 I ,RANBPY el ] 542 TGF-B1 Kk, fiE
TEEE AR AL Colo320 Y A= 4 T J7 FER by 44 i i 7
TR ESHIE T, HRESWE D, % E ST
NIRRT T 2 IR AR R .
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[ Abstract ] Objective  To screen the active antidiarrheal components of salt-processed Alpiniae oxyphyllae
Fructus-Foeniculi Fructus medicines (YZYH) and investigate its pharmacological basis and quality markers by examining
its “spectrum-effect” relationship. Methods A spleen and kidney yang deficiency model of diarrhea was established in
rats. The pharmacodynamic indexes of YZYH in petroleum ether, ethyl acetate, and water fractions were measured,
including behavioral indicators such as body weight, anal temperature, diarrhea incubation period ( DIP) , diarrhea index
(DI), and biochemical indicators such as nitric oxide synthase (NOS), ¢GMP, and creatinine phosphokinase ( CPK).

‘

We analyzed the components of YZYH by high performance liquid chromatography, and analyzed the “spectrum-effect”
relationship between the chemical components and the antidiarrheal efficacy indicators using the grey correlation method.
Results Compared with the blank control group, rats in the model group developed watery stools after 15 days, which was
the key pathological index of the main syndrome of diarrhea. Rats in the model group also developed abdominal distension,
loss of appetite, and back arching, as secondary symptoms of spleen and kidney yang deficiency diarrhea. Administration of
the therapeutic drugs improved both the main and secondary symptoms of diarrhea. The positive drug and YZYH-M
significantly prolonged DIP (P<0.01) and decreased DI (P<0.01) after 28 days. These key indexes of diarrhea, as well
as body mass, 24 h food intake, water intake, anal temperature, and the serum biochemical indexes NOS, ¢cGMP, CPK
were all improved in the positive drug and YZYH-M groups. Examination of the spectral effect relationship showed that
anisaldehyde, chromatographic peak 4, and other components were correlated with the pharmacodynamic indexes of DIP,
DI, NOS, ¢cGMP, and CPK. Conclusions The ethyl acetate fraction was the active antidiarrheal fraction of salt-processed
Alpiniae oxyphyllae Fructus-Foeniculi Fructus medicines. It acts by inhibiting gastrointestinal hyperfunction, regulating
energy metabolism and immunity. Ingredients such as anisaldehyde and peak 4 served as quality indicators for its
antidiarrheal effect.

[ Keywords] salt-processed Alpiniae oxyphyllae Fructus-Foeniculi Fructus medicines; antidiarrheal effect; active
site; “spectrum-effect” relationship; grey correlation method; anisaldehyde
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YZYH T &b 2 ol 35 AL BH ik TS R B e B A
ARZGXF (PR | 40 53 35 it R B £ A R 0 I8 ANV

H R, ABFZE A HPLC B3 7 A 3l i 24 5% 2
WHSEIRIE YZYH -1 16 ML, R F K (0 DG i TF
FE 2GR TR R AR S, O YZYH I R
o7 AR S

1 ##m7E

1.1 ZIzh4

SPF % SD KB, i, 145 H 6 S, AT 190
~230 g, W F U R B SE 56 2h W) B F A B A
[ SCXK(#)2019-0003 |, sh#iml 5% T /e B= 24
K2 SPF 24804 % [ SYXK () 2020-0004 ], Z#
IR (23+4) °C , MIXHEBEE (45+5) % , Y6 IR JE A
B/ 12 h/12 h, S S25e 05 diin g vp B2 24 R
SEUS Bl A8 3 25 G 4 W [A] 3 ( DWLLGZR2022
02193) , SCEG sh¥p% 3R RN T A JE 1)
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DST210710-254,GC =97% ) , i JE 45 = ) R A TR
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AR w5 B 20 A i (S Y24N6S6391 , 41 % =
98%) .1 % (L5 X2406C4947, HPLC =98% ) .
I (45 HO04J10Z78823 , HPLC =98% ) #1
TR A RO BR A F S AT R A T SR
(1t 2106203) , [5 24545 A1 28 A i 2547 FR 2 = 5 Dd
AL(HES 20201101) , L PEARFR 25, 1 43 A BRA Wl 5
B % (GAS). H3h & (MIL) R B 5 1F
(cGMP) | —F AL A A WG (NOS) | W iR L IR 184 ity
( CPK) ELISA 7] & (#E5 202112) , VT 75 il 6 Sl
H BRI FLBR I S 8 ( LDH , it 5 20220119) . 383A
i i & B ( SDH, it 5 20220216 ) . Na*-K*-ATP fiff
(1t 5 20220114 ). Ca®-Mg™-ATP Jfi ( #it 5
20220111) 305 £, R 3 5 A i 7] & F ol ik
i R . N 38 o (0 3 4, FE 2R R R BHE AT IR
NS

R (L5 210406) /N (L5 210406) K
FG (it 210403) 0 [ 0 B A AR AL FH
A BRAA T 2890 pig B 24 2 AR Rl U 4 ol 2
REFHEY 2R A, oxyphylla Miq. A= JEBHE Y 16
T F. wvulgare Mill. 1145 BRSSO BHE D B
FE Cassia angustifolia Vahl. BTt Ehes®
7 /N i BRI AR & T 2 b S e 45
il 28, Ehas B BOg s B, H 20% & 57K (100
kg B FHE R 2 k) $40, FliE 5 h, B D HI A 2%
9,255 CHBHHil 9 min, HY B, OO B /N F AL RS
23R il A

Agilent 1260 B i 24 AR (435 1, PDA ( photo-
diode array ) Kl 2%, 3¢ E 2 40 R AT FR A Wl
GTR16-2 Rl iy VR 5.0 AL, At 5 B AR AL A B0 4L
ARRAF ;BT25S B4 T2 —H T KOF-, 5% £L
FIT Bl 22 A A% A BR 2 /3 EPOCH i bR X, &
BioTek Instruments, Inc.

1.3 SLEAE
1.3.1 ZiX 2yl &

BRI E /NI a1 S 2 )
SIHCER 35 BT Fh/INE A R K 45 400 g, %S5 L
Bk £ YZYH KR, I 45 °C B4 0 e 4
FEAE AR, T S AR R b ik S B AR, AR
WG, ZEPORT 45 CEZS WG 22T, T 60
CHZS TR T4, 15 YZYH-L 5B07 ;A1 ik 2
JETIATRAY MR LR TG I 2 AR B A L
WG, MISAER], e dn 2128, T 70 C Has T,
3 YZYH-M #5457 5 € BUS ) 42 5507 K 1 78 115 )

YZYH-H #fi, VA b YZYH £ 28 BUES A7 34 1 &
0. 1%F L ALEE-80 /KM 0. 60 g/mL (#5424
IR
1.3.2  PUMILIRAEI 15 /K BT &

I 8 PUMOAL, 4Tk, 3 6 50, K3 5 1R &
Te il 45 PO FALTE B (0. 2 g/mL)

PRSI E &, 2 30 min, /K& 10 min,
FH 2 A0 JEW T 45 °C FUUE I 4E 24 24 i
R 1 g/mL ()25 K pR S
1.3.3  rd iR K42

SD K EGE R PEME S 3 d 5, ALY 6 41, 4
Mo H, 5l khas F AL BRI BH R 25 4
YZYH-L 4 . YZYH-M 4 YZYH-H 41, B =5 (1 5 B8
WA, HERHARRG R LTRSS T AT R
TSR (15.0 mg/kg) , ZELE 14 d AHAK H B 1
DA% B BH S F YCORE B RVRRAE (RS IR — 5 15
FI) , FABALH BUE B, R 15 RIF IR 4
K EAHEE IKFETE KRR (10.0 g/kg) ,i%EZE 21 d
PR HER AR B AS [ AR B 1) L S R 55 TS
UCHE BLRUAFAE SR B 5 K B AORR, 2
RTAG O, ¢ B 7Yy 3005 BH R R AE , 28 1 % R 2 2
FRIGEARR 4K,

SRS AN HR A A B A A1, HEA 45 4 25 2 AR
15 RIFURHE S 45 24, FH M 25 41 45 7 DU p AL T B
(2.0 g/kg) , Hidx 3 44245 6. 0 o/kg FI 435I 45
2) L2 21 d, 75 N R B 2 25 7 SRR
alifboK .,
1.3.4  F5FRAEI

(1) REWAE HBEa Poka ALk

SEYG AR 7 d St K EUAE 24 h SR 24
h ok DR

(2)DIP DI

55 15,2128 135 K, N3 58 15 MK B A s
FEUR TR, 28 0 IR 58 S 28k R 158 = (8] %) B[] Sy 7
AR A] 2L 5 h,

JETSHE5 =W 3P MY, WMER =
fHEL FEAH BB X 100% , Fi 15 2%k 7 835 Y 1) € 4K
FIE Tl EARE RS KR 255 g 4K,
ARG 255 3 h WIRYHEEN O T RIE TS Te 48

(3) A=Ak dRFrram

¢ ELISA 870 G ibd B H 4R | 4G I 45 28 K B,
75 MTL .GAS NOS .cGMP .CPK 7K F-; B4 20 K BUIT
H AR & A LDH SDH Na*-K*-ATPase ,Ca™ -
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Mg**-ATPase 751k,
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1.4 FitFEHE

R FH R A8 DI B 43 BT A i 43 ol 5 HG JAL Y B
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FCHERELT | PR BRI B SPSS 22. 0 B4 x}
PG IEATADBE ARSI 25 R - I B e i 22 (ks ) R
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TR X A SC I B PP IR0 . B2 ) SPSS 22..0
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RAREENEY
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2.1.2 & 24 h B8 PUKE
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B 5 21 RIFARTROK & B 2 T, 1A o S5 R AIR (P
<0.05) , ZHA ML BH K 3z Ak 2k w1, 3 55 3 A ML PH R Ay
fiE s SRR R BRAR L, #4525 40 KR 21 d Je kR
YRy Ea s o IS4 YZYH-M AR RS 24
S W AN, YZYH-M ZH 0K & B A 1A
I R (P<0.01) , R W] YZYH-M #5457 B & 2
MRS LAY 9 BH s B A b, IR EAERILE 1,
24 h #EE JoKE LR 2,
2.1.3 DIP DI

WA 258 211 R A 52 48 S )5 ) DIP DI
Ry S TE B DG SRS I 48 B, R As X R A, e
AR BUER 15,2128 35 KHE B R IE M5 24 H 30
MG SERIAMLL, 5255, 2541 . YZYH-M
RS 28 KI5 DIP # g E K (P<0.01) DI )
W ERFR(P<0.01) , BEHA YZYH-M #B47 K 175 #Y
WA, A5 3,
2.1.4 AL

' B IR A AR T B URE , AT L AT Jz e
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RERZH A B, 25 25 )5 BH PR 25 40 YZYH-M 4K LS
28 ~35 RATIRWETHE, il YZYH-M &R0y % 3 2
SRR R B B PH IS YO R B bR . LR 4
2.1.5 HAbEts

CPK JENLA H— ke S v il S A2 A ml
FERZ A LA BE 5 R UR , A L R IR 4 B, JBLFH R A A

KRR CPK IS T IEH KR . 525 Fxd g
2K AR e, A5 7R 2H K BRI I CPK 7K - I 35 AR
(P<0.01); 42 ), SHRERIALAH L, PR 25 41,
YZYH-M #H K BL I 7 CPK /K F & & T+ & (P <
0.01) , 3 —L VLB YZYH-M #5457 B 5 g 36 45 780 K

BT AR BE R BRI AR

R1 FARBCFIERE RN (245,0=9)
Table 1 Average body weight of rats in each group

kg
205 >
4 Body weight
Groups
1d 7d 14 d 21d 28 d 35d
25 HXT R
238.67+7.57 256.44+11. 82 284.78+11. 64 333.89+13.52 346. 67+14. 65 368.89+16.76
Blank control
i .
Model 232.00+8. 56 244.89+10. 25 243.33+21. 17 240.67+18. 74 250.33+17.95 266.00+16.73
PR 25 ## i i
. 234.13+6.22 239.78+15. 00 240. 89+25.77 259.33+17. 68 271.89+19. 34 314.00+19. 10
Positive drug
YZYH-L 236.78+8. 14 244.22+11.02 254.44+16.71 247.89+10. 95 252.56+11.09 282. 11+14. 38"
YZYH-M 240.22+7.29 241.56+8. 85 260. 44+13. 54" 250. 00+15. 22 280. 56+15. 39" 333.67+17. 56"
YZYH-H 235.11+7.22 244.00+12.43 250.56+15. 16 251.78+12.00 263.33+11.49 279.44+14. 54

e 5 EX A R, © P<0.05, * P<0.01; 5H8IZH H#, ¥ P<0. 05, % P<0. 01,

Note. Compared with the blank control group, * P<0. 05, ** P<0.01. Compared with the model group, *P<0.05, *P<0.01.

T2 OAHKRE 24 h PR POKEZEI (2£s,n=9)

Table 2 24 h average food and water intake of rats in each group

24 h B H/g

24 h oKz /g

) . . . .
‘ Food intake in 24 h Water intake in 24 h
Groups
1d 7d 14 d 21d 28 d 35d 1d 7d 14 d 21 d 28 d 35d
25 EXT R
32.21 29.39 30. 00 27.51 35.17 37.29 53.44 50. 33 41. 83 45.85 50. 65 53. 06
Blank control
A
Model 27.03 16. 52 15.19 15.55 17.69 18.33 38.25 31.42 40. 00 61.58 73.79 78. 81
ode
PR 2y
.. 29.98 19.31 14. 46 17.83 22.52 27.89 48.71 37.02 32.90 66. 41 63.51 63. 09
Positive drug
YZYH-L 27.98 18. 84 16.02 16.91 20. 28 19.75 32.52 33.37 39.99 56.71 67. 65 67.50
YZYH-M 28. 38 20. 65 15. 14 19.96 23.59 31.94 41. 84 30. 36 28. 82 61. 14 57.40 51.87
YZYH-H 27.25 20.52 14. 50 18. 18 19. 11 22.04 29.35 32.07 35. 68 53.63 69.59 71.37
£33 KUK DIP DI LB (vs,n=9)
Table 3 Diarrhea incubation period and Diarrhea index of rats in each group
151 DIP/min DI
Groups 15d 21d 28 d 354d 15d 21d 28 d 354d
EEpopili
Blank control / / / / / / /
A
Model 148.00+15.68  138.00+11.94 167.89+9. 78 189.56+13. 46 1.20+0.25 1.29+0.30 1.28+0.15 1.11+0.26
ode
FF: 25 #h i # # # #
. 149.22+13.59  156.44+9. 83 196.22+13. 59" 223.67+12.51 1.15£0.26  0.97+0. 19" 0.67+0.16™ 0.48+0. 17
Positive drug
YZYH-L 156.56+18.76  139.56+9. 46 177.00£12.83  197.44+£10. 30 1.15+£0.39  1.06+0.28 1.11£0.25 1.13+0.20
YZYH-M  155.78+10.95  147.00+14.53  199.56x18. 08" 236.11x22.87% 1.4320.56 1.17£0.17  0.59+0. 10% 0. 42+0. 23"
YZYH-H 151.78+18. 12 140. 78+8. 42 177.67+17.31  201.78+15. 47* 1.17+£0.41  1.04+0.33  1.10+0.29 0. 87+0. 23"

T SR L, ¥ P<0. 05,7 P<0. 01,
Note. Compared with the model group, *P<0.05, *P<0.01.
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T Ffili NOS/cGMP {5 515 5 R Ge e FH 3G 5 (B
B FHRE A NOS 5 P35, ik LK &R A i &
[ NO, T3 cOMP A= il 38 ) S "B BH R IE 17 3= %2
Tz — ) Hax ot B2k U EE , AR 4 K B
I3 NOS . cGMP 7K - EFH iR (P<0.01) ; 4525,
SRR A L, PE A 25 40 YZYH-M 4K BRI v
NOS ,cGMP 7K F- 58 Z [ K (P<0.01) , it — 20 Ui W]
YZYH-M F4 BEAS B i o536 B 78 R BRI PH 2 o 2
Si=g

9L B R V5 IE A B A S W2 Bl U RN RE i

FRETZE L, R AE BE 1 A 48 A 5 LA 4140 LDH |
SDH Na'-K*-ATPase ,Ca* -Mg**-ATPase i PEHEATIT
W ot Na*-K*-ATPase 32 15 D) A iy %5 35
fEFE bRz —"' 528 Fnk IR 41K UM HE, AR 41 K
SUIF 40 28 LDH ., SDH, Na*-K*-ATPase , Ca*-Mg™*-
ATPase i VE R EFEAL; 4525 f5 , SERIAIAR L, PR
4 YZYH-M 41 K BUH4141 LDH, SDH , Na*-K*-
ATPase , Ca® -Mg™* -ATPase % V£ W 2 T (P <
0.01) ,MTL GAS 7KF#% & E K (P < 0.01) , A
M S moise et . 4581 0ER 5 Mk 6,

R4 SARRAGEAZLTTI (2£5,0=9)

Table 4 Rat anal temperature in each group

JH o
g3 \ JL i/ °C
iy nal temperature
Groups
1d 7d 14 d 21d 28 d 354d
23 0 IR
37.66+0. 21 37.52+0. 14 37.64+0. 11 37.50+0. 07 37.69+0. 18 37.71+0. 16
Blank control
A
Model 37.56+0. 18 35.41+0.80 ™ 34.59+1.12* 35.46+1.08 ™ 35.44+0.77™ 36.07+0. 60 ™
P2 , »
.. 37.60+0. 19 36. 06+0. 56 34.70+1. 36 35.52+0.70 37.09+0. 48 37.37+0. 37
Positive drug
YZYH-L 37.66+0.22 35.53+0.91 35.03+1.30 35.14+0.75 36.57+0. 65 36.79+0. 39
YZYH-M 37.53+0. 14 35.82+0. 74 35.000. 71 35.88+0. 75 37.13+0. 73* 37.39+0. 33
YZYH-H 37.58+0. 17 35.74+1. 06 35.03+1.33 35.48+0.72 36. 89+0. 66 37.11+0.72
T A O BRALIEE, 7 P<0. 01 SRR AL, " P<0. 05,7 P<0. 01,
Note. Compared with the blank control group, ** P<0.01. Compared with the model group, *P<0. 05, *P<0.01.
x5 KHKBUME NOS,cGMP ,CPK /K- (x+s,n = 9)
Table 5 Detection of NOS, ¢cGMP and CPK in serum of rats in each group
ZH 51| Groups NOS/ ( pmol/L) c¢GMP/ (nmol/L) CPK/(pg/mL) MTL/ (pg/mL) GAS/(pg/mL)
22 0 IR
155.82+15.00 68.28+4.52 138.50+4. 89 774.19+21.29 604.38+29. 11
Blank control
A ” ” o
Model 178.26+11.36™ 78.58+8.42™ 127.00+9. 17 843.94+21.81™ 687.88+36.76 ™
B2 w # w i o
.. 146.04£10. 12 69.78+6.24 137.26+7. 37 795.05+22.29 626.79+33.53
Positive drug
YZYH-L 169. 11+17. 58 76. 06+6. 90 129. 19+9. 25 819.59+22.71 685. 71+29. 89
YZYH-M 143.19=11. 46% 63. 14+6. 93 148. 88+9. 30% 769. 70+22. 32* 581.61+33. 48%
YZYH-H 162. 56+18. 69* 77.92+8. 72 134.27+10. 31 814. 69+30. 69* 676.24+35.22

T S O BT AL, ™ P<0. 015 BRI A, ¥ P<0. 05,7 P<0. 01,
Note. Compared with the blank control group, “* P<0.01. Compared with the model group, *P<0.05, *P<0.01.

F6 HKAKRETFA

LDH .SDH Na'-K"-ATPase Fll Ca®*-Mg**-ATPase 1G4 (%+s,n=9)

Table 6 Activities of LDH, SDH, Na®-K"-ATPase and Ca*"-Mg®*-ATPase in liver tissues of rats in each group

2151 Groups LDH/ (U/mg) SDH/(U/¢g) Na*-K*-ATPase/(U/g) Ca*"-Mg”** -ATPase/ (U/g)
ey Oni
= X 179. 87+4.22 7599. 26+782. 78 1098. 26+67. 90 1269. 50+63. 56
Blank control
Y
Model 161. 03£8. 96 6067. 94+684. 94 ** 943.51+58.50 ™ 1077. 63+92. 72 **
FD1¢% ## ## #i# #
. 175. 62+7. 36 7435.35+988. 03 1090. 49+88. 15 1203. 18+121. 16
Positive drug
YZYH-L 164.95+7. 17 6565. 95+897. 55 1007. 25+84. 84 1055. 20+123. 52
YZYH-M 178.70+11. 26" 8061. 57+637. 51% 1183.11+125. 73* 1307. 02+96. 64"
YZYH-H 164. 24+10. 39 6577. 31+1392. 90 977.23+130. 77 1033. 63+143. 93

528 AU IR AR, ™ P<0. 015 58RI [hA%, " P<0. 05, P<0. 01,
Note. Compared with the blank control group, ** P<0.01. Compared with the model group, *P<0.05, *P<0.01.
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2.2 HPLC Big

2.2.1 FikpHsg

PR | A 2 5 25| A 25 R 0 & il | T
B TR R R g R L 1, S50 RS 4 o
IYEE R, BT A H LR R BRE &
FEPE HEM AR R R LR 7, 45 R
NZITIR R
2.2.2  YZYH £ A (5 B

A3 YZYH £35S A HPLC 3% K] 5

ARy g 2 AR AL PR R s S
R | Aot 18] 7 9 BE R0 0. 1, 48 v or B0k A ok
MR G IR AT 2 5 IE M 4 % g DL e, 15 3
YZYH #5300 3 AP A7TAE i A 0 | g 1445 B 0L
% 8, YZYH ARIERA HPLC EiES & W E 2. W
8 AT, YZYH A il Bt A7 . LR L BREBAL /K
P 8,23 19 A~ AT 16| 28 X JE i b X %8 5
19.28.29 31,3233 S35 2 T mHFEE .
£ AEHIE A # R B, 2550 5 6 i

WS EIL 8,

B1 LREEERSR

Figure 1 Specific investigation results

B2 YZYH AFFRA AR HPLC B3 i
Figure 2 Overlay of HPLC chromatograms of different fraction of YZYH
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Table 7 Methodological investigation results
W5y 7 2 : B Sk :
Compound Regression equations ﬁcl‘iﬁi]—ﬁ/( ug/mL) *ﬁ&,ﬁ ﬁiﬁ @E@ IR PR
Linear range Precision Stability Repeatability Recovery
Nliﬁllﬁfne Y =4133.9X+29. 669 0.9997 5.19~166. 00 0.51 2.65 2.21 2.80
Ttiti:i%n Y =7403. 9X~-2.0908 0.9995 3.25~26.00 1.13 1.70 1.71 2.65
a?sf Y=11870X-10. 838 0.9990 1.96~21. 30 1.05 2.99 1. 69 3.59
Tiifnﬁgﬂe Y=19705X+19.433 0.9999 0.31~10.00 2.35 2.53 2.50 4.77
An:‘al%(:fh%lde Y =7997.4X+3.2563 0.9998 1. 40~40. 00 0. 96 0. 89 1.99 2.40
FT
Rutin Y =4872.9X+0. 4389 0.9998 3.50~70. 00 2.05 1.43 0.16 1.48
R 8 YZYH £ IPAE A IR B (25 ,n=3)
Table 8 Common peak information of samples from different fraction of YZYH
[P ] I T A/ (mAU # S) Peak area
. RT/min
Chromatographic peak YZYH-L YZYH-M YZYH-H
1 2.720 - - 13.412+5. 839
2 2.903 - 55.413+2.787 16. 063+6. 063
3 3.101 - - 19. 077+3. 368
4 3.185 19. 959+0. 956 37.563+3.376 20. 800+2. 406
5 3.735 - 27.145+2.791 20.235+1. 298
6 4. 240 - 35.600+5. 942 125. 878+5. 168
7 4.388 - 13.932+0.514 38. 111+3. 889
8 4. 668 - 77.607+8. 622 229.966+25. 706
9 5. 444 - 16.706+1. 311 60.093+7. 073
10 6.183 - 23.548+6. 115 99.470+9. 757
11 6.716 - 22.432+6.231 94.145+9. 216
12 8.255 - 49. 888+6. 671 214. 186+16. 593
13 11. 287 - - 91.382+5. 774
14 12. 682 - - 42.877+4.072
15 15. 268 - 37.660+3. 531 -
16 27.108 - 46.547+2. 184 -
17 36. 965 - - 51. 177+5. 037
18 46.389 - 17.061+2. 080 43.812+6. 961
19 48.617 - 26.569+1. 562 -
20 49.728 38.135+10. 180 209. 870+42. 047 441. 318+43. 637
21 50. 067 - 86. 187+6. 624 -
22 51.230 - 49.599+2. 985 -
23 51.985 - 36.308+5. 938 29.829+2.179
24 52.795 - 29.004+0. 752 43.341+6. 050
25 55.967 - 59.197+1. 821 -
26 56.228 - 32.810+4. 243 -
27 56. 587 - 32.472+4. 344 -
28 59.958 31.916+2. 406 23.454+5. 038 -
29 78.429 17. 569+0. 582 - -
30 78. 684 44.584+1. 501 - -
31 82.731 53.396+3.116 - -
32 83.570 52.786=1. 008 - -
33 83.904 82.900+7. 778 - -

T =" R PRI 2% A5 5

Note. *

3

”

indicates that the signal is not detected in the sample.
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K9 YZYH &AL 6 Fhsisr& it (22s, nweg/g,n=3)

Table 9 Content of 6 components in each fraction of YZYH

2.3 YZYH ILiB1ER“ER" K&

DIP .DI.N c¢GMP CPK #5%1 58! EHE
. oY ) VIVEL VYA YZYHH 1P DI 0S .cGMP ,CPK F8 55 I FH Az itk 75
ompoun KRERHY), ik YZYH-L YZYH-M  YZYH-H
BT y
Rutin 26.81x1. 60 - RS 35 K DIP DI J¢Ifi % NOS,cGMP  CPK 7K
BEE o ERBEEI YZYH & HPLC [T 1 i
A“';de;de T RIS Ay Ly 90 R AT B8 DG 166 43 #T , 435 SR DL
ZE
Chrysin 12. 46+0. 24 7 10,
J2 5 i IRHRE 1Y /N J e B 1 1 B 22 M) DIk 32
7.93+1.01 - - i X ‘ -
Trans-Anethole KR 197 TR, AP Mt ik i, ABFSY
WoF R 2 1 we s
Tectoohrysin 38.88x1.71 - - gERLRN | SR >0.700 DL L Ak 22 B4 A2 DL
A o1 38001 YZYH-M #0022 , ik — 20 R W AR AL Sy 115 15 7k
A + . - - AY = Y I — AY ),
Nootkatone WAL, HIFES 4 SEIEES 5 2GR IR OCER
=" RoRAEN S EZE S, " . N \
e R R . BEFI>0.7 AW 2 S5 R A ARG
Note. “ =" indicates that the signal is not detected in the sample.
£ 10 #£ILAHIES DIP DI NOS cGMP CPK K (i X IK i
Table 10 Relevancy between each common peak and DIP, DI, NOS, ¢cGMP, CPK
e DIP DI NOS cGMP CPK
= G EHEE B YA B Y Y B
Chromatographic  RT/min 0L e JTIKIE g JUREE g ORBE g Ry
Correlation Correlation Correlation Correlation Correlation
peak Order Order Order Order Order
degree degree degree degree degree
1 2.720 0. 601 24 0.599 21 0.59%4 16 0. 601 16 0. 601 18
2 2.903 0.710 9 0. 607 20 0. 673 15 0. 663 15 0.712 9
3 3. 101 0. 590 25 0. 590 22 0. 585 22 0.591 17 0.591 25
4 3.185 0. 904 1 0.741 1 0. 842 1 0. 833 1 0.901 1
5 3.735 0. 760 6 0.676 6 0.729 0.738 5 0.763 5
6 4. 240 0. 683 11 0. 672 8 0. 694 10 0. 703 10 0. 688 11
7 4. 388 0.711 8 0. 668 12 0.727 0.738 4 0.717 8
8 4. 668 0.702 10 0. 672 7 0.716 9 0.727 8 0. 708 10
9 5. 444 0. 682 12 0. 682 4 0. 693 11 0.702 11 0. 687 12
10 6. 183 0. 669 14 0. 668 11 0.677 13 0. 685 13 0.673 14
11 6.716 0. 670 13 0. 668 13 0.678 12 0. 686 12 0.674 13
12 8. 255 0. 667 15 0.676 5 0.674 14 0. 683 14 0.671 15
13 11.287 0. 588 28 0.588 25 0.583 25 0. 589 20 0.589 28
14 12. 682 0. 589 27 0.588 23 0.583 23 0. 589 19 0. 590 26
15 15.268 0. 607 18 0.514 27 0. 569 28 0.563 28 0. 601 19
16 27.108 0. 607 22 0.514 32 0. 569 32 0.563 33 0. 600 23
17 36. 965 0.589 26 0.588 24 0.583 24 0. 589 18 0.590 27
18 46. 389 0.719 7 0. 670 9 0.732 4 0.747 3 0.727 7
s T 48.617 0. 607 21 0.514 31 0. 569 31 0.563 31 0. 600 22
Rutin
20 49.728 0.763 4 0. 688 3 0.752 2 0. 765 2 0.772 3
21 50. 067 0. 607 19 0.514 26 0.569 29 0.563 29 0. 601 20
22 51.230 0. 607 20 0.514 30 0. 569 30 0.563 30 0. 600 21
23 51. 985 0.761 5 0. 669 10 0.725 8 0.733 6 0.762 6
24 52.795 0.775 2 0. 653 14 0.726 7 0. 730 7 0.774 2
25 55.967 0. 607 23 0.514 33 0. 569 33 0.563 32 0. 600 24
26 56.228 0. 608 17 0.514 29 0. 569 27 0. 564 27 0. 601 17
27 56. 587 0. 608 16 0.514 28 0.570 26 0. 564 26 0. 601 16
.ﬁl‘%% 59.958 0.773 3 0.702 2 0.739 3 0.723 9 0. 766 4
Anisaldehyde
b 78. 429 0. 586 33 0. 620 18 0.591 21 0. 584 25 0.583 33

Chrysin
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ZR10
e DIP DI NOS cGMP CPK
s - R o o R~ R
Chromatographic  RT/min ~ SEE gy T gy O g JORE ey SRR
Correlation Correlation Correlation Correlation Correlation
peak Order Order Order Order Order
degree degree degree degree degree
30 78. 684 0. 586 32 0. 620 17 0.591 20 0.584 24 0. 583 32
B i 82.731 0. 586 30 0. 622 15 0.592 17 0. 585 21 0. 583 30
Trans-Anethole
)%ﬂ:ﬁ% 83.570 0. 586 31 0. 620 19 0.591 19 0.584 23 0.583 31
Tectochrysin
i
Pl 83.904 0. 587 29 0. 620 16 0.592 18 0.584 22 0. 583 29
Nootkatone
3 R RV A ZF B RS A2 F s AR 123 A B
JTE

3.1 BB S5iEMEERFIE
AR5 N B R 5 DA B B R Y < 2 5 1+
AACTT BIRA” S AT TERE 15 d R B KRR
UK ;21 d 5 BERLZH R B DIP B .47 %, DI
W e, 2 I TS A5 2 W RAE

gt B A T AT 7K 52 2 e A 3 T T )
B DIP SE K (P<0. 05) , it 22 S e R WL Wi 4
(P<0.01)  IEHERRAL AR PERRAL ™ 5 25 95%
CBESE U A 90% LT 5k Jid ¥ 141 R . 285 %) B BRI
HRMENETS KBS T8 PR RS AN B A K BT 7 i
25 1 A N ) SEE R | P e AR A6 ) ) M e
A RFRMEERN S D LR RS RS
VR0 P T AN B 245 2 T s it 1 A A A KT i /) [
B, — 25 UL YZYH-M &B47 4 115 16 PR

i BT IR B R E, JT DL M 35t AR /N A
B0 22 PRUE WA, AT I 3 A P R S S Y
2B DIRE 4 (acute respiratory failure, ARF) T ]
FrECiy 2 PR AE, H AL 2 @ i K &2 E Na™-K'-
ATPase FUZRIXAKFS 258 @2 S0k AE 5
AR BB SE 524K JH 5 NOS \MTL Hl GAS 4%
IOV R HE IG5 /N 2 T R DT £ T I
VEF, B E iR e ™ /N A 5 3 A R L
{1, B 20 2% M e f A0 25 L AE— R 5 PE IR TS |
BIBEMERIR B R AR R RERY . 454G
ARSI X6 LS Ik v LI R BB M R R A A
RBR AT INAN 234, B YZYH-M #0767 8 8 5L
B IR T 75 9% L A 2 3 e 80 7 S 8 I B 1 AL I
FE B FE bR, DL RE AR PR SE B
3.2 “BREA—HVYREMERERTY

WA SCERERI, 22 B RS E I S TS =
PSR T R 2 oA G H R S AR

TR A% 2 0 2% W) ek 4 LAk 20 I AR | Ak - — 4
WS4 | 43 —F % 23R I A 25 1 38 W IS AH DG A 4l
TR 3 MUK IE R 4 238 HA B i i /e
FAUCT s /NG B b A AR 2R N B — /N i A 2 %
W2 A R B VS 1R AR A 2 T
DL EE 5T 3R BT, 4% 25 B 5% I8 AR R T AT RE 2
YZYH (V5B TE o3 o [RIA ) 25 R Eh 4 M il ik
R R O RAEXT AL, AR 5 i 5 b
FL/IN MR L33 R 6 5 AR 2 1520 A 7 A I 8 05, 34
HAM R BT 3R 5 4 R AL AL AR
SR ER AR IS AN, N
A YA A 410 ) 5% 5% H F- (nuclear factor kappa B, NF-
KB FYFRIA A DR I TR 5 S 1 R B2 T AR, B S A
33 3 G IR T R SRR R X i b R Al R 4
PRAPEI

ARSI A R MR A R AR R
IG5 T R AE 0. 560 ~ 0. 620 JEH P, #
B by 76 245 %8 10 V5 6 M b LA B A
o 285, YZYH-M #5457 9 YZYH 757 ML E BH 62 it
TEUE A 3 P 30 A7, JCA/E A AL W) T AB 2 58 2o oy
MTL GAS %5 B kR, 16 8 D ae i, Jf
PR RE A A G, DA R 40 B PR 4 2 R
o T AT B2 4 506 5 L 11 V5 R FH A O IK B Ak
MERE 48R AR EFR, ATl
FI R T G . (H 4 SRR MER T M
RYE BT — B E
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KR AE =B ARSI, B B FTOA 220 80 EGHZ 5w T e 258 . I 8 V)75 2T K — P T
FERMIATT 7k, it ALS S W AE AR IR BGE M TR AR TG B . P diE , 2GRS U HE A &=
IB(IL1B) Fi , 7E ALS #Efe i SC A A, ASHIFSY A BL3E o A AM R E 38 IL1B AT I8 Z2 ALS /) BB AY 1
R,

K5 OPTNE478G (WA, ALS JBF 1Y —Fh 52748 ) At # i i S B/ Nz sh 2 JZ N
il # ALS /INERBERYL . SERTAF S &L, ALS /NRBE AL rp ILIR 430 S 3 H i . AR SCIE Ok R ki S e TL1B
ok ep FISNEAEES ILIB, ELISA FI RT-PCR Kl 3] TL1R A28 1 RN FE R 26 38 K - B4R , TUNEL 60 51 b 25 2410
JBET, MAP2 Hl CASP3 (4 o Ye % B 2 T AR T, GFAP Yu 0 % B 5 TV Je Ik 41 e 1) 5 it Ul /0>
TEREFAT S 8 g P A A1 2 i ik v, 2 BT IL1B V87 5 1Y ALS /INERLIA ) & Fiiz 3h B e
HhE

TSR b 7R P2 JRAE TR ALS (O HE R, R, ALS /)N BRI #i 26 9 RE A ILLR A0 il Tt i, RSk
JEEIA TL1B J5 , ALS /N BB il 2 20 it R FE T~ R0 L TR e I 4 i 238 A k2D, WILIA) D7 1 132 3l e 1 15 31k |
25 ik BHWT TL13 k2% ALS #E A RUCR I

AT R K 36 T sh AR 5 5286 B2 24 (9230) Y WA T ( Animal Models and Experimental Medicine, 2023,
6(1): 18-25. http://doi. org/10. 1002/ame2. 12297.
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Ape-Kras-Cre Jig i J88 %% 355 PRI /)N Bl 52 780 Ay

REE, T4, R, T8 NI @, 5 &8, B fl
(L EZIF MR S P ERE, L 200062)

[FE] HH BWITHE Ape-Kras-Cre I M9 /N B S AL M B8 2535 5 0y =0, @S /DR, ik D
C57BL/6) BFAE TR/ NGO i e R X FREH . DI [RIVREE Gl | 45 24 I A B S I I 1 5 T3 RN B B 1 DA
FHEAEE G IF (5 mg/ke) 4425 1 d, 41 2 DAURFI S 5258 (5 me/ke) 452 3 d, 241 3 LAl 5 55 (50 mg/kg)
25 1 d, 41 4 iSRS E 258 (50 me/kg) 4525 3 d, 4424 4 Jal J5 M4 4/ N RUE £ 3 (R E L, W55 4 G
WEE 20 /N U K B AR AL W P9 BRI A KB A O, Bl i TR AR Prer e o il N AR M iE A 40 BRIR
FIAEEIENL, &R A0S0 A& IUME A A 3R T4 B (P<0. 001) , FET 365 Tl B (P<0. 05) , 4% 4H A [ vk
570 22 ) LU A A7 28 S B Gt 22 5 L(P<0. 01) o 25 24H/ BRUAREE AR AL 5 X0 B L 22 e B S22 8 X
(P<0.001) 411 5412,402 541 3,40 1 54 4 Z [ ZR&HG 122 L (P<0.001,P<0.01,P<0.05) , £4/NR
KA 5 X IR AH L AR B G228 L (P>0.05) 40 1 543 2R BEA5IH2#E L (P<0.05), F4/MNRAKIAHHN
HAA B 28T 4 i, 40 3 54 4 R 2 MR, G254/ R K7 BE O 5 fat e X FRZE A LU LR B A
FEA  BRAREH ZUHED 256 | 1 B AR HES AT W 8 B R AN TR, B8 BN RN L 20 3 4 4 AT RIE R AL 4 4
AT X IR FRANMIIRGE . i st 2T T Apc-Kras-Cre [ IR 55 5L D8 /N RSB 2l , 3 H it s, Al 5B 2%
WE 10 mg/mL. 5 mg/kg FFIRIFEST 1 d IR TR EBANEIE,

[iR) MR ; Ape IEH ; Kras LD 5 7 /N R
[HE5>ZS] R-33 [ xEktRiZEZ] A [XEHE] 1671-7856 (2024) 07-0060-08

Establishment of intestinal polyp animal model with Apc-Kras-Cre
genetic mutation

TAN Weishan, WANG Shuyun, YUAN Luyun, WANG Haoyue, SUN Kexiang, GAO Jiamin, DENG Wanli "
(Putuo Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 200062, China)

[ Abstract]  Objective To create a mouse model of colorectal polyps with Apc-Kras-Cre gene mutations using the
tamoxifen induction method. Methods Mice with Apc-Kras-Cre mutations were divided into four groups and injected
intraperitoneally with different concentrations and dosages of tamoxifen for different durations, with group 1 injected with low
dosage tamoxifen (5 mg/kg) for 1 day, group 2 injected with low dosage tamoxifen (5 mg/kg) for 3 days, group 3 injected
with high dosage tamoxifen (50 mg/kg) for 1 day, group 4 injected with high dosage tamoxifen (50 mg/kg) for 3 days.

C57BL/6] mice were used as a healthy control group and survival and changes in body weight were observed. All mice were

(BB ] L D2 LrgE— P prb B 254l &8 =ARA7 3 RIBTH (2Y[2021-20231-0302) 5 LB T AR (i BE R el
RERE LRI BEIH (2021ts2k01)
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euthanized 4 weeks post-tamoxifen induction and the colon length and number and size of intestinal polyps were observed.

Histological changes in the intestinal tissue and polyps were detected by hematoxylin and eosin staining. Results

The survival rate of male mice was higher ( P<0.001) and the morbidity rate of male mice was lower compared with female

mice (P<0.05). The survival rate differed significantly among the four groups ( P<0.01). All groups showed significant

changes in body weight compared with the healthy control group (P<0.001). There were also significant differences in

weight changes between tamoxifen-induced groups 1 and 2, between groups 2 and 3, and between groups 1 and 4 (P<

0.001, P<0.01, P<0.05, respectively). There were no significant differences in colon length between any treated group

and the healthy control group (P>0.05), but colon length did differ between tamoxifen-induced groups 1 and 3 (P<

0.05). Polyp size varied in each group of tamoxifen-treated mice, with most polyps occuring at the distal end of the colon,

while mice in groups 3 and 4 had more and larger polyps. Histopathological examination showed intestinal polyps with

uneven and misaligned glandular and epithelial arrangements, a loosely-packed intestinal mucosal barrier, and irregularly-

distributed crypts in tamoxifen-induced mice compared with the healthy control group, while mice in tamoxifen-induced

groups 3 and 4 showed signs of inflammation and mice in group 4 showed necrosis of cells in some regions. Conclusions

Tamoxifen-induced Apc-Kras-Cre model mice were successfully established, with the group 3 induction method being the

most suitable.

[ Keywords)

intestinal polyps; Apc gene; Kras gene; animal model; mice
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FR it A DA 2020 K9 ( colorectal cancer,
CRC) 2 e EL UMM 1B IR 2 — |, A i e Fst
TR MHESNSE = =L, R R S Ik,
[F) i} A AT R AR B W AR AR AL, IR ILAF I B A A
FELY L WRSE R I AR IR 2 R T 1 = B I AR
2P T K R R AR R R, T
AR 5T R 9 1Y & AL i A0 %S HE Y 5T 5
RITVERL, JE R 259 T A 0 5% $2 A1 5 3 i S A
P T R /N AR AL, R, FRATXS Ape-Kras-Cre
INERSERY R B EA TR

1 #FRFFxE

1.1 Wz

% SPF 2% 7 5% B6 Cg—Kraslmﬂ'vj Apc“"lT"O Tg
(CDX2-cre/ERT2)752Erf/Mara] ., Pk 2 H (A
K. WILD HOM HOM ,{&# 20~22 ) Mtk 4 H (5
%A, HET HOM NCAR & 18~20 g) , [ The
Jackson Laboratory 43K, 6 H 7 J&l{#% C57TBL/6 /M,
(M 18~20 g) ,SPF 2%, W4 [ L ifF b EL ARl 38 A Rk
AR R [ SCXK (971) 20180006 ] (4% UE4i 5 -
20180006048551) , 3L/ INERIFA T3S O B, 7=
BERAFA /N IE 48 HCHEME 41 2 M 7 2 1A
H16~20 g) T il BE 25 K2z fiHE 3 pe X o B
BE sy iR FR [ SYXK (971)2022-0002 ] ,7 ~8 J& %
HEATRGE . AR ST il T /N B 28 1 0 T B X
O BE BE B 18 B 25 D 23 Y A% It ME ( DWEC-A-
202206012F) , /NELT SPF ¢, i3 21 ~25 °C 1B

45% ~65% I 5L T I 12 h/12 h 7% [H] B i
B, /BB bR v k) BE B ORI R, 1 3R /N
Y IB] 3B ST S 2 A 3R R4S T AT R,
1.2 FERKFSMNE

1x/N R 2R (B A MR 2 R IRy
B2y F],B2292CAA) ;2xTaq Plus Master Mix 2 ( 7
SOV MERE A MR By A BRZA F], B2291JAA ) 5 Ape
S 854 53856F 53857R (A T/AEW TR (
1) Ay A B2 T, 1535528436, 1535528437 ) ; KRAS
FERP T8 0IMR9592 22907 22908 (4E T A T
TR (L) By FR N ], 1535528440, 1535528438,
1535528439) ; Cre Z: 43 59 M-Cre (trans)-R |
M-Cre ( trans ) -F , oIMR7338 . oIMR7339 (4= T.AE ¥ T
(L) By A PR W], 1535528442 1535528443
1535528445 1535528446 ) ; flb 55 55 ( & [ Sigma-
Aldrich 23 ), T5648-1G) ; £ K3 ( _F#gbIHr T 44k
RHZ B G A BR 2> 7], 8001-30-7) ; DNA 434 by i
Marker ( 4= T A9 TR ( B ) By A R A #l,
B500350-0500) ;4S Green Plus ¥Rk (4= T4
TAR( ) B A7 FRA ], A616696-0500) 5 B i
(B TAEY TR (L8 B R, A620014-
0100) ;50xXTAE Z& ppif (2E T A% TFE (L) K fy
F PR, B548101-0500) ;0. 9% 1k BREL K (£ F &
PUZAG BRA W) L 2303273602) 5 4% 22 B WIS (b5 22
ASHTRHE A BR A 7] Biosharp, BL539A ) ; 7 it ( 18 =
AT, 39601006)

PCR 8 BE4 (35 [ Axygen 23 A, PCR-0208-CP-
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C); 1.0 mL 7§t a% ( b i i [a) & blA R 2 W),
V274257 ) ; F DRGSR e 1R 20 A% (AL %R
YR A R 2 7, HYQ-2230/HY(-2231 ) ; T100™
PCR 1% ( 3¢ [# Bio-Rad Laboratories 23 F], 1861096) ;
Gel Doc™ EZ System ( 3% [# Bio-Rad Laboratories 2%
] ,1708270) ; PowerPac 200 FEff A, 1k 1% L I8 ( 26 [
Bio-Rad Laboratories 723 #, 165-5052 ) ; Sub-Cell”
Model 96 Cell ( 3£ [& Bio-Rad Laboratories 2% ¥,
1704514 ) ;4= H S BK AL (DR A T AR A A,
JJ-12]) s HEBE AL (R DR AN A R A ], IB-
P5) Fe R TS U AL (B pk R AR A BR A
RM2016) ; 7 &5 (IR AS HL 7 A BR2A 7], JB-15 ) 5
LW R BIL T VLA 4 e i Bhah ASR BA A FR A
A KD-P ) 5 HEFE (1 1 4 B S 90 A A% A R W
DGX-9003B) ; # B¢ Fi (VL5 T 2% 5L 45 4 A R A
H],188105W) ; #a 3% - (VT 70 2R S 50 28 b1 A PR 2
F],10212432C) ; B4 (CIC, BK1201)
1.3 KBWHE
131 FeRP/DR

The Jackson Laboratory W) S fit) e i 4% & D] R E
FragBe, B Az /N B 4 ] 07 OB 3 4 i DR 8 5 ([T
1) o S0 R BT Az ME e/ BRUHEAT S50, /N B
TE 7~ 8 Jal i o 45 TR0 B AR K AL B 5 A
MR A 5 A R R /N BEAT 52 56, /)
BUTE 7~ 8 JEIKS I 3 1 SPSS B HLECT BEHL AT 4L, 5
L 25T AN ) e B8 R i 1 Al 5 25 5 1 3 TR

A, I HL A BE P B A2 R CSTBL/6] /0N BROA fa B X
HE L8 25 2L/ R A R BERLE 000 1) el %
1.3.2 M ESRECHl DL 25915

PL2.5 mg M1 10 mg FCHIIG = v B 5 2%,
L 5 mg/kg 50 mg/kg 1K i, O IR S T
SHe/NRIE T . SRR 4525 1.3 d,JF TR
WA 2GR 4 K /N AL FE UM 5 A B 15 150, 403 )
WMENRAFFR(E D),
1.3.3 /NEUKM HE 4en

o /NRANBE G UK I, i KRI K R K
BIFF T 4% Z2 R EE[E 2 24 ~48 h, SR K
ARSI DL 4 pm BV R, 41 HE P05 T i
file WS /IN B T i A R
1.4 FitFEHZE

A SEH SR GraphPad Prism 8. 0. 1 2442
2R I&, LA SPSS 26 #EATEAE 73 B, Bl LT Y 8 £ bR
WEZE (xxs) B HHECRRIAX KB AT 08, 75 &
REAR L 0] LR FH 7 2243 BT, A 8] A A7 3 X3 L 35
{8l Logrank #5347 53 47, /3 Ar 4 R LA P<0. 05 X
RESHAGIFFEX,

2 #R

2.1 BHEMNREEE

55— B4 S0 K IUME BRAE AR AR IR B 14 At
PEINESIRS 11 RIET- 1 H B 12 KAET-3 H |
B1ARFET 12 M BN AE A 53 255 5 5 19 58

:1.17 . DNA 5> F AR UE Marker; 2~ 6 Ape FERI S L5 ;7 ~ 11 Kras FER S S5 12~16 Cre FEFISEELE R
B 1 /NRIEFEE S

Note. 1/17, DNA molecular weight ladder. 2~6, Apc gene. 7~11, Kras gene. 12~16, Cre gene.

Figure 1 Results of genetic testing of mice

R1 DR RG R G257 % K%

Table 1 Different groups of mice with tamoxifen injection of different dosage, concentration and duration

415 Ab B ST B/ (mg/mL) MBBE IF Rt/ (mg/kg) B/ d
Groups Tamoxifen concentration Tamoxifen dosage Duration
21 1 Group 1 1
2H 2 Group 2 2.5 5 3
24 3 Group 3 1
2 4 Group 4 10 50 3
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14 RIET- 2 H 5 22 RAET- 1 H U5 26 KAET: 1
S B A A T B P<0. 001) | FET 5 78 T M
FL(P<0.05) , 25 HA G125 3, N7 5 225
e PR UG A (£ 2, 8 2) . A/
PR (E 3) AR ARG R 25 5 A G2
=X (P<0.01),

®2 MRS R

Table 2 Mortality rates of different gendered mice

51 YE/n BT/ n BET=#/ %
Groups Number of animals Number of deaths ~ Mortality rate
i
7 71.4
Female 3 3
il .
Male 17 4 23.53

1 MERE R 2G5 SR AU TR AL, © P<0.05

Note. Difference in mortality rate between different gendered mice, * P<0. 05.

PTG R g, P<0. 001,
2 AN[EHERI /N RS BE AR i 5 %
735 AR AR £

Note. Survival rate compared between both groups, ™ P

<0.001.
Figure 2 Survival plot of mice of different genders

after tamoxifen injection of low concentration and low dosage

TE A A Z ] AR BAR L HUEL, ™ P<0. 01,
3 BN R EE SR 558 S5 5 B A A 2
Note. Survival rate compared between groups, ™ P<0. 01.
Figure 3 Survival plot of mice groups after different

tamoxifen injection of different concentration and dosage

2.2 HBHMREETWK

FUHNRAWiET 4 e REA BERE,
S SRR, R EN B EREARIT¥E
X (P<0.001), dHIAJHeEceH 1 542 42 543,
H1 54 4 RERBEAG I L (P<0.001,P<
0.01,P<0.05) (£ 3,K4),

R3 BA/PNRMEE IS TR EZ (n=6)
Table 3 Change in weight of mice in different groups

before and after tamoxifen injection

YT AR ¢

415 AT R R g
Weight before t if
Groups c18 . e-ore‘ amoxtien Weight before dissection
injection
ik
) XHRA 21.83+1.03 28. 88+2.61
Control group
241 e
16.83+1. 20 18.30+0. 99
Group 1
42
. Al 18.27+0.71 14. 76+ 1. 50
Group 2
23
i 19.99+1.34 20.37+3. 19"
Group 3
44
. 21.52+1.09 20. 87+3. 18"
Group 4

T 50 AL HAR, ™ P<0. 001,
Note. Compared with control group, **P<0. 001.

5 X IR 4L &, P <0.001; 4% 4 2 16 AH B IL %, " P<
0.05, ** P<0.01, ™ P<0. 001,

B4 Sa/NRTikEZL
Note. Compared with control group, P < 0.001. Compared
between different groups, * P<0. 05, ™ P<0.01, ™ P<0. 001.

Figure 4 Average in weight of different groups of mice
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2.3 BHMRKBEBEKE

BN S 4 R KK R 5 X g
FHE, KGR 2E R AR RS L (P>0.05) . A
1 5203 Z KK EEA S 152 L (P<0.05)
(%4,K5 K6),
2.4 FBFHNMRKBBARBEXNHE

2 2/ INERAS )R s vk B2 25 0155 3 0, K R
AR/ B A AR, 5 X5 A AR L, & 2/ B
N KA B, 2K ERBRWSE W, Lok,

H:AWiES 4 R/ R RBRE, © P<0.05,
B 5 A4UNRFRRIGKE
Note. Average length of colons between groups 4 weeks post
tamoxifen injection, * P<0. 05.
Figure 5 Average length of colons between

different groups of mice

43 54 4 BRER I Z, 5T 3 A IR B
RET),
2.5 FBHHNRKBHFERR

X BN S B AR MO 25 58 8, I 3 6 5 I e
SER R HESRE ST R ARG s AE b B O
VoSN 2L BN TR /IR A I IR IR 2L
HEFNZHL, OF o B E B 0 M 2 22 5%, 1 3l 24 e
JEBERAHL, B8 o WO RN, 41 3 4 4 KA RE,
M2 4 H LA 7 XA MR JE B (181 8)

Be6 SA/NRAYMTET 4 5K E
Figure 6 Length of colons of different groups of mice 4

weeks post-tamoxifen injection

B7 A4UNRAYIES 4 SN IR A R O

Figure 7 Growth of intestinal polyps in different groups of mice 4 weeks post-tamoxifen injection
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B8 /PSSR SR 4 i E IR D

x4 HKHAPERKBEE(n=6)

Table 4 Colon length in different groups of mice

415 KK EE/em

Groups Colon length
OpicEs

FHREL 7.85+0. 62

Control group

H1

Group 1 6.68+1.17
H2

Group 2 7.59+0. 52
H3

Group 3 7.98+0. 90
9 4

Group 4 7.56+0. 95

Figure 8 Pathological changes of each groups of mice 4 weeks post-tamoxifen injection

2 1 ia HILEFRATT S TR M R T B A
K B pLl , R T FAT 05T & Fh 25 Py x) 5
5 E I R IT LR WS R IR, RAE MR, B
097 M 45 W 98 (ulcerative colitis ) UL M 78 & BUR
(Crohn’ s disease ) #F & &5 H Wi & 4 1 G B
UM B Ok, AW b R H R

( azoxymethane/dextran sulfate sodium, AOM/DSS) i
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SR/ TR RS R F W UL )Tz A8 R R /N R
B AOM/DSS /)N BRURE T 1) s o i D R o B
TE SRR 45 W 96 M1 OCHE K Wi, AR« R I
AR R AE PR AE FOR R R R R 2 — I
A G R K 98 R 3 A0 8 Ok 1 R R E Tk
PN 7L S T SO RY  R R SR N o 2 N 7R )
RIS A AOM/DSS /)N BURSE B i) by 72 7 X de
HREALFRE , AOM FI DSS 43 90k B Fili kS
I ] 26 AN [ £ S 30 v By 2 R 2 ), PR b L
Wk e LA EAT H R A A S A, G W 5
AOM/DSS /)N FRURR Y 7F JE R 58 48 19 )2 1 I o ik AR
FOLIG PR P s £ ) 1R 000, 0 R ) A 78 /) L
FXF KRN 25 90 S TR SR AT e B
W, Ape-Kras-Cre /)N SRR Y fit A4 5 50K o b ok K i
AR 5 SR TR BT 0 10 12 g A DA S B

WFFE & IR Ape DR 2 PR o i S8 3 R 9 e
R TR R FE PR 2z — | [A] I R A fr 28 18 T B A
KA TG, W Ape™™ T SR /N B
R | & e AL 45 5 G PR K P 9 AR 3 S AL,
PRI L AN BOE A T30S Kb ) & R
BHA HELRNEZEE, b Wnt/3-catenin , NF-
kB TGF-B %% Wik T3 A AT K i pL i 52
R AL 2 — BRI, B Ape™™ ™ 3 PR /N B
RITEAE HRBF /N 1) B, TEiR B LI IR K
S BB A I AR O X I 2 AL PR AR
SRERZ TERENE

AN W KRGS Kras KRt 278 45 B i
W ULH G HE K 22 — 75 409% Y B b e it
Horp s Bicw W3S 1 G12 G131 G13 L%
AR NS B e R A A ik
A0 Al Kras FER /N U6 H R IbRE 6 97 32 22w —
GPEIRIT A TFIT, L N ZETT LI 3 e 35 PR /)N LA
TR RS v HiURFF 2 45 35F Bob R 10 & S 53R 97 Kras
SEPRUBCR T HETES AR A Rk S R 2
R LA R e IR T RO B AR BRIk,
WFFE RN B Kras 5K 278 1 /DN FRABL R 25 3 BUIR
BB TGO, TR AT Kras i PR 58748 (AR /N
B, 280G IR 25 H i & 8 LA Ape-Kras
XUHER 22785 | i e ASE A /N BRUFE T SE 56 I R AF 52 #46
HA B, RO AR S8 9 F ST H AR i
SEPIABEARL/IN B O B AE T 00T 2258 1o 235 S
Rt ol SRR AT R, N L Cre ZEF S
5, AR 2E s B 2R 2 s S B AT 2 — A

b W N N R RSP

Ape-Kras-Cre 3R /N BUAE AR R 9K T A4 52
FFHTER T T Cre-ER' 255 8 H, B AKHEM R Z
ﬁi( Estrogen, ER) HN Cre 241 B[R] 4T LoxP 44
JRAEPE DNA DI, HE1 , Ape-Kras-Cre 73 F /N
Fry CDX 5 BN T REEHS Cre TALMES| T 22/
)7 IEY 7Y 778 G AR RO R AT SE R SHIERE i AE 2
T bz 100 R, Ape-Kras-Cre 5% 38 DR/IN BUT 250
T B S5 05 S LA /N SRR W R AR 1 AR A
ARSI R T R B 55 S AR RN U N R A
A IR AR 2R 24 Tk B R S RN ORR, B Rk, PR TR
SCIGE T R % HE Ape-Kras-Cre 7 3 R /N Bl 25
W, PECHSH  TESh P i i AR P A B S
252505 A BT AR, &84 2 7% S AL 0t 22 1 5%
Je e B R 20 mg/mL'2 {HERIEE N Ape-Kras-
Cre SEFEDR /N BT A e 32, DR a7 Jb S 236 v AR 4
IS W R, —BA 2GR 5 my/
kg 50 mg/kg''" |75 mg/kg* ! 100 mg/kg'® |
200 mg/kg > AZRHKAEI 1~3 d, mE NS5 d, K
PR AR S IR 25 25~30 d Kl 7
I, BATRIESE b ZEH 555 S A - E
S B A&, Bl 5 mg/kg .50 mg/kg IR AT 45
MBI 1~ 3 d AT RS, O HAE T 58 0%
5 )E 28 d(4 EJ) ,ﬁlﬂ‘ Apc-Kras-Cre FEFLR /N AY
wAEH ST,

UEBFFE i B BER T 40 1 LUISh, 45 41/ R fl
WSRO SR B = T R I A A, A
A RS, B s B3 R REIR 2 BONBRAL 1 1915
T A A — 02, oI TE m vk B SRk
JERIREBLT .3 d 1Y 25915 S 8 2 5 BN BUR fieR
BRRIB L HE R LTl m, T, BAR
fifpv e PUAR AE DL ZH 4 A4/ BB 388, HE ZE 0T
W 2 2H 4 /N EUA R AR IEARIR AN IS & ]
THAT S S SO R R 2H 75 5 07 =

ARSI 25 R R B/ BB — A KA 2 T e
Ui, FEIM IR b, W 18 I o Ji 968 SR A% S0 i U7 AR i R
(traditional serrated adenoma, TSA) , AN SZ56 i 52 B T
4 B EUIRBL , 7T WAL B 6 45 1 52 2% 7 12 4 1A
AR W IERIE | S AL e HOR S ] BE R [
5 Kras 2 P28 BAHSCM:  {H TSA FEN R LA X
AL e pE LY (hyperplastic polyps , HP) il
ToHR B AR B A (sessile serrated adenoma, SSA ) %5
ZEWTH 3 /N EE SN, W T b ZE
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SR PEE AE BoktE BOR LA A B E ar S, Ho
A BEE S TSA AH LR (HAL 5 Kras FEP 2848 4
5 PENG R g a2 i HL, o B A T
REVO JR s P E AT ST T A, DI, 4 3 A
B S | 496 78 55 0 R R R o B e
SARARL, B A T K W A AL P A AR

Zr LR ) A R /N BRI AR K A /)N
U R e I, S i 1 R RE , (R B S B0 B
BN, I B A B 0 AR AR T SR S i, WL
SHRAE R, R, A& B S E TR E 10 mg/mL 50
mg/kg IFAIETES 1 d NN ZYE S I, il
N Ape-Kras-Cre fif i 978 i J5 DR /)N BRUASE 72 38 A5 A
1. Ape-Kras-Cre [ 35 e 55 DR /)N BRURSE 70 4 2 3 3
Wy SIC T 6 PR /DN B (PR 78 . WILD HOM HOM) |, M
PEFEE/INER (L) HET HOM NCAR ) #H & it 5
He LRI SE J5 AR AR 5256 Ape-Kras-Cre /N, IR
A B[R], T L5 1 R 45 B g 28 35 AR TN o
W R AR L Ape Kras FTA], PRI IA A #5570 HL
A7 S ST A R R FH 2 S, i A4 P44 Al DL
K T 1R K e R R S B A%

SE 3K :

[ 1] XIY, XU P. Global colorectal cancer burden in 2020 and

projections to 2040 [ J ]. Transl Oncol, 2021, 14
(10) ; 101174

[2] LIX, HUM, WANG Z, et al. Prevalence of diverse colorectal
polyps and risk factors for colorectal carcinoma in situ and
neoplastic polyps [ J]. J Transl Med, 2024, 22(1) : 361.

[ 3] PORTERRJ, ARENDS M J, CHURCHHOUSE A M D, et al.
Inflammatory  bowel  disease-associated — colorectal — cancer:
translational risks from mechanisms to medicines [ J]. J Crohns
Colitis, 2021, 15(12) ; 2131-2141.

[ 4] ZHANG F, QIAO S. Research progress on the relationship
between inflammation and colorectal cancer [ J ]. Ann
Gastroenterol Surg, 2021, 6(2): 204-211.

[ 5] DZHALILOVA D, ZOLOTOVA N, FOKICHEV N, et al.
Murine models of colorectal cancer: the azoxymethane ( AOM )/
dextran sulfate sodium ( DSS) model of colitis-associated cancer
[J]. PeerJ, 2023, 11: el16159.

[ 6] PANQ, LOU X, ZHANG J, et al. Erratum: Genomic variants
in mouse model induced by azoxymethane and dextran sodium
sulfate improperly mimic human colorectal cancer [ J]. Sci Rep,
2017, 7(1) . 2784.

[ 7] LIB, ZHANG G, XU X. APC mutation correlated with poor
response of immunotherapy in colon cancer [ J]. BMC

Gastroenterol, 2023, 23(1) : 95.
[ 8] RENJ, SUI H, FANG F, et al. The application of Apc™™*

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

mouse model in colorectal tumor researches [ J]. J Cancer Res
Clin Oncol, 2019, 145(5): 1111-1122.

YU S, YIN Y, WANG Q, et al. Dual gene deficient models of
Apc™™* mouse in assessing molecular mechanisms of intestinal
carcinogenesis [ J ]. Biomed Pharmacother, 2018, 108. 600
-609.

JACKSTADT R, SANSOM O J. Mouse models of intestinal
cancer [ J]. J Pathol, 2016, 238(2) . 141-151.

ZHU G, PEI L, XIA H, et al. Role of oncogenic KRAS in the
prognosis, diagnosis and treatment of colorectal cancer [J]. Mol
Cancer, 2021, 20(1); 143.

DINU D, DOBRE M, PANAITESCU E, et al. Prognostic
significance of KRAS gene mutations in colorectal cancer—
preliminary study [J]. J Med Life, 2014, 7(4) ; 581-587.
FITZGERALD B, CONNOLLY K A, CUI C, et al. A mouse
model for the study of anti-tumor T cell responses in Kras-driven
lung adenocarcinoma [ J]. Cell Rep Methods, 2021, 1
(5) : 100080.

The Lancet Oncology. Undruggable KRAS-time to rebrand? [ J].
Lancet Oncol, 2021, 22(3) . 289.

MENG M, ZHONG K, JIANG T, et al. The current
understanding on the impact of KRAS on colorectal cancer [ J].
Biomed Pharmacother, 2021, 140 111717.

PORRU M, POMPILI L, CARUSO C, et al. Targeting KRAS in
metastatic colorectal cancer: current strategies and emerging
opportunities [ J]. J Exp Clin Cancer Res, 2018, 37(1) . 57.
MAITRA R, THAVORNWATANAYONG T, VENKATESH M
K, et al. Development and characterization of a genetic mouse
model of KRAS mutated colorectal cancer [ J]. Int J Mol Sci,
2019, 20(22) ;. 5677.

CHUNG W J, DAEMEN A, CHENG J H, et al. Kras mutant
genetically engineered mouse models of human cancers are
Proc Natl Acad Sci U S A,
2017, 114(51) . E10947-E10955.

INDRA A K, WAROT X, BROCARD ], et al. Temporally-

genomically heterogeneous [ J].

controlled site-specific mutagenesis in the basal layer of the
epidermis; comparison of the recombinase activity of the
tamoxifen-inducible Cre-ER(T) and Cre-ER(T2) recombinases
[J]. Nucleic Acids Res, 1999, 27(22) . 4324-4327.

The Jackson Laboratory. KPC; APC Strain Details [ EB/OL].
[2024] https://www. jax. org/strain/0351694#.

Xin Chen Lab. Tamoxifen injection [ EB/OL]. [2002-2024 ]
https://pharm. ucsf. edu/xinchen/protocols/tamoxifen-injection.
Caleb Heffner. Intraperitoneal injection of tamoxifen for inducible
Cre-driver lines [ EB/OL]. [2011-07-25]. https://www. jax.
org/ research-and-faculty/ resources/ cre-repository/ tamoxifen.
SUN M R, STEWARD A C, SWEET E A, et al. Developmental
tamoxifen

2021, 16

malformations resulting from high-dose maternal

exposure in the mouse [ J]. PLoS One,

(8): €0256299.
(F#% 156 )



2024 4F 7 H o L B 2 2 July, 2024
$34% HTM CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 7

UG, 227 BRI, 55 AS 1 Rl F Rb1 S 08 M AS T B0 RSO BRAIAR AR SR AT o B /R R L (U], v e e
FARE, 2024, 34(7) : 68-78.

Bei XY, Jiang N, Yao CH, et al. Effects and comparison of ginsenosides Rgl and Rbl in depression- and anxiety-like behaviors
induced by chronic unpredictable stress in rats [ J]. Chin J Comp Med, 2024, 34(7) . 68-78.

doi: 10.3969/].issn.1671-7856. 2024. 07. 008

ANZ B Rgl Al Rb1 iz e P A v 1000 oz 1 25 K B
AR B RERETT N AE  HE 3

WERY, 2 7 8Be KA AR FREt F w0
AW X B R

(LR E RS, KV 410208 ;2. 0505 H 5 25 K2 8 25 & RIVR DI REME & TR ARIF ST Hh0 , KV 410208;
3 ET TR E 2y K P O IR IE L 5 2 YT AT R, KD 410208 ;4. E R ARl g dLRUHR AN EE 2 Be 25
TP, 65T 100193 ;5. T I K= 2RO GEBE , Wil 7% 315000)

[@E] HE HEASBHE Rel Al Rb1 S5 AN AT H00 5 350555 SR A S0 AR RS R A FE AR A OV &
WL, AiE  SPF 2% SD MEPERER 70 KGN 5 d 5 AT O 2 S 00 Al , AR A A K I 22 Fa 45k sh i o0 7 4,
RIS AL BEIUZH JRPETT 4L A4 Rel 24 mg/kg FIE 4 A S IEH Rgl 48 mg/kg FHEL A S 2 Rbl 33 mg/
kg HlE4H A ST Rbl 67 mg/kg R, BRXFIRAS, HARK B R BENLEESZ 1~ 2 FROAS [ 000 5, 2 A e [
35 do T 36 RFATHK N E W 5000 Ao IR S i il 5250 R B 0+ 2R B S0 G A K SR AT D 2 5
B, S HAG AR YU BEAE . SR ELISA ¥4I 52 K SR IE A 5 TL-18 IL-6 \ TNF-o #4E K 7K, 1375 5z S5 i
(CORT) KT, S8R SHEEEMIL, AR Rgl Rbl 20K FM KR Z TSR T, 1838 WUk R 3 ja) 820
NS BT Rgl 48 mg/ kg F 5 27 47 10 ) £ £ Ve AR 30 W0 2508 20, N2 817 Rl (24 1 48 mg/kg) 7 8 41 R BoF I )
oM i 2 T, KNS B Rgl \Rb1 PO/t 4 00037 v B ST A %t Wl 25020 , NS B Rgl 24 mg/kg 7l 20 1l i
HIL-1B A IL-6 (K- B & FRAK , AB AT Rb1 33 mg/kg FIRALME o TNF-o F1 1L-6 FY7KF BEFRAL, NS B
Rgl (48 mg/kg) \Rb1(67 mg/kg) F k4l i & IL-18 \IL-6 Al TNF-o B &1k BEFRAL, &6 Pifh AS BB AT
AL IRYT HPA Bl I 2 R AE | AT 503618 1 AS v T000 10 S35 B8R BRI £ R A TR, KA A S 2 Rel MHL
FEBAEET RbL,

[X#i7] ASEH Rgl; ASRH Rb1 18 HEAS ] 000 S AR S5 R ; PIERAE ; B2 RSE

[HEH3KS] R-33 [ EtERIRAE) A [XEHS) 1671-7856 (2024) 07-0068-11

Effects and comparison of ginsenosides Rgl and Rb1 in depression- and
anxiety-like behaviors induced by chronic unpredictable stress in rats

BEI Xueyi'*?, JIANG Ning*, YAO Caihong*, ZHANG Yiwen®*, SUN Xinran*, LUO Yanqin®*, LI Liang'?"*" |
XIE Mengzhou'*?* | LIU Xinmin®*

[E&mE ] i EBESFEB I TR (2021-1-12M-034) ,

[MEHERAN] N TE(1997—) , 2, B-EWE5EAE B 5E 7 ) . P EE 224, E-mail :294773448@ qq. com

[EEMEE IR (1962—) , 5, 882, A S0, BF 5% 7 (e . 25 b 2 25 3 RS2 5 1k . E-mail ; liuxinmin@ hotmail. com
R (1980—) , 53 1 02, W AR U B9 1ol P S HRUE 2 BT P BE2Y . E-mail : superliliang@ 126. com
* LR A R



o H A PR A k75 2024 4 7 A5 34 455 7 ] Chin J Comp Med, July 2024, Vol. 34, No. 7 69

(1. Hunan University of Chinese Medicine, Changsha 410208, China. 2. Hunan Engineering and Technology
Research Center of Medicinal and Edible Homologous Functional Food, Hunan University of Chinese Medicine,
Changsha 410208. 3. Key Laboratory of TCM Cardiopulmonary Syndrome Differentiation and Medicinal Diet Diet
Therapy, Hunan University of Chinese Medicine, Changsha 410208. 4. Institute of Medicinal Plants, Chinese

Academy of Medical Sciences and Peking Union Medical College, Beijing 100193. 5. Institute of New Drug
Technology, Ningbo University, Ningbo 315000)

[ Abstract] Objective To compare the effects of ginsenosides Rgl and Rbl on depression- and anxiety-like
behaviors in chronic unpredictable stress-induced rats. Methods Seventy male SPF grade SD rats were tested for sugar
and water preference after 5 days of adaptation and divided into seven groups according to their preference index: a control
group, model group, fluoxetine hydrochloride group, ginsenoside Rgl 24 mg/kg group, ginsenoside Rgl 48 mg/kg group,
ginsenoside Rb1 33 mg/kg group, and ginsenoside Rb1 67 mg/kg group. All rats, except for the control group, were
subjected randomly to one or two different stimulating factors every day for a total of 35 days. On the 36th day, behavioral
experiments including sugar and water preference, open field, novel environment feeding inhibition, elevated cross maze,
and forced swimming experiments were conducted to investigate the anti-depression and anti-anxiety effects of the
treatments. Serum and hippocampal levels of interleukin (IL)-18, IL-6, tumor necrosis factor ( TNF)-a and serum
corticosterone were measured by enzyme-linked immunosorbent assay. Results  Compared with the model group,
ginsenoside Rgl and Rbl significantly increased sucrose consumption in the sucrose preference test and decreased
immobility in the forced swimming test. Ginsenoside Rgl (48 mg/kg) significantly reduced the latency to eat in the
novelty-suppressed feeding test, and ginsenoside Rgl (24 and 48 mg/kg) significantly increased the percentage of open
arm entries and time in the elevated cross maze test. Serum corticosterone levels were significantly decreased in the
ginsenoside Rgl and Rbl groups, serum IL-1B and IL-6 levels were significantly decreased in the ginsenoside Rgl (48
mg/kg) group, serum TNF-a and IL-6 levels were significantly decreased in the ginsenoside Rb1 (33 mg/kg) group, and
IL-1B, IL-6, and TNF-«a levels in the hippocampus were significantly decreased in the ginsenoside Rgl (48 mg/kg) and
Rb1 (67 mg/kg) groups. Conclusions Both ginsenosides can regulate the hypothalamic-pituitary-adrenal axis and inhibit
neuroinflammation, improving depression- and anxiety-like behaviors in rats induced by chronic unpredictable stress.
Ginsenoside Rgl has a significantly better anti-anxiety effect than Rb1.

[ Keywords ] ginsenoside Rgl; ginsenoside Rbl; chronic unpredictable stress model; inflammatory factor;
depression; anxiety
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Table 1 Grouping and administration of CUMS model

oreH AL T CUMS B LAERIALS bk
Groups Whether CUMS stress was given Gavage fluid Dose
pogiE| gh ZEIRK
20 mL/ (kg - d
Control group No Distilled water ml/ (kg - d)
FAIZH b= FlRK
20 mL/ (kg - d
Model group Yes Distilled water ml/ (kg - d)
=TT 4 =} S TG TR
LCHES P %‘LﬁJ@@ 10 me/ (ke - d)
Fluoxetine group Yes Fluoxetine solution
ANBFF Rel 24 mg/kg Fli4 & AZ AT Rgl
. . . . . 24 mg/ (kg - d)
Ginsenoside Rgl 24 mg/kg group Yes Ginsenoside Rgl solution
NS Rgl 48 mg/kg Flht41 P ASRBA Rgl il
. . . . . 48 mg/ (kg - d)
Ginsenoside Rgl 48 mg/kg group Yes Ginsenoside Rgl solution
ABRAF Rb1 33 mg/kg 4] & AZBH Rbl 33 me/ (ke - d)
Ginsenoside Rb1 33 mg/kg group Yes Ginsenoside Rb1 solution &Lxe
ANZ 4 Rb1 67 mg/kg il 4l b AZ AT Rb1 W

Ginsenoside Rb1 67 mg/kg group Yes

67 mg/ (kg - d)

Ginsenoside Rb1 solution
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Table 2 Schedule of chronic unforeseeable stimuli

| SELCWIEEY Ak
Time Molding method Specific arrangement
8:50~9:00 PKKiiFvk
9.00~9.30 M
R VKKK 10 min+43IA 12 h+BE 35 30 min 9:00~21:00 #5iA

Monday Ice water swimming 10 min+strobe 12 h+noise 30 min
B AOK 12 h+2 %8 12 h
Tuesday Water prohibition 12 h+wet cage 12 h
M= L7 5 min+S R BifE
Wednesday Shock 5 min+day and night reverse
=S PORWETK 10 min+JA 12 h+EF 30 min
Thursdays Hot water swimming 10 min+stroboscopic 12 h+noise 30 min
R ASFL 12 h+[A T HERT 30 min
Friday Abstinence 12 h+intermittent lighting 30 min
=3 UV 2 3 min+HiN 12 h+BEE 30 min
Saturday Clip 3 min+stroboscopic 12 h +noise 30 min
SEIPS HU 6 h+§i% 12 h
Sunday Bind 6 h+tilting cage 12 h

8:50~9:00 Ice water swimming
9.00~9:30 Noise
9:00~21.00 Stroboscopic

21:00~9:00 {%E
21:00~9:00 Wet cage

9:00~9:30 il
9.00~9:30 Shock

8:50~9.:00 HUKiiFk
9:00~9.30 M3
9:00~21:00 A3i[H
8:50~9:00 Hot water swimming
9.00~9:30 Noise
9:00~21:00 Stroboscopic

8:30~20:30 A& ¢
9:00~21.00 [&]#r IR
8:30~20:30 Abstinence
9.00~21:00 Intermittent lighting

8:50~9:30 k2
9:00~9.30 M
9.:00~21:00 #3i[N
9:00~9:30 Clip
9:00~9:30 Noise
9:00~21.00 Stroboscopic

9:30~21:30 4

21:30~9:30 fi%

9:30~21:30 Bind
21:30~9:30 Tilting cage

BRI 35 d, B W ke R IR 2 Ja
PEATAR AT SRkl A6 00 45 o B 4 2L a6 A 7 A
P sl
1.3.3 WK 525

I 3 d L AHE 2 d BOBK IR 1 d 1Y
I .
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WAEER B A AR &R K , BERE 12 h B3 KO
PrE

YIZRISE 2 K (9:00) , B 9 K B RO
L1 M REREBEK (19%) +1 4K, SR R A
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B B R R 1A PR ORF B i Bk e it P B K R
gli/KIL 1 b, M EAR RS0 = N L,
1000 BCR i AR RSO . B FRAK LY

o, IR S K i 2 48 5 R K R BB
TRIHFEX 100% ) , K6 45 ) , <7 B 45 sh & in
KA KR A IR EROK,
1.3.4 UYL

DA Ry R € [ TE WA ( AR 90 em, 5 50
em) , TS 240 A BRI, 5 A AH 42 4G A
W AR A DU AS b g, o < TR AR IR S 56 T
U, BRG] 5 ming 5 min SEREEHE RS
(W S5 B ML S A AG I 43 AT A B 2R 40 ) 2R A5l
K, A Zhid s K RS shig e,
1.3.5  Frar e e i il se
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S BT E] Y 15 ming
1.3.6  KREmRTTHE LR

IIACHIT , Sk R RUBCHE T 8 5 L P 3 R 5 miin,
SEINAEY RPN Wi B ST S e 9 = SR PN i
B TR E W ITE T, IR SRR TS
min , SEH A5 R N T A R R R
RS o A b 62 156 2E AT I ) L 2E AT

BB,
1.3.7  KESEIEHEKILE

R BRI K 52 58 7% A I i B R
KEAA 30 em 7K 1325 B E 52 77 20K R A P
(EAZ 18 cm, 5 40 em) ,KIRGERFAE (24 1) C | %
22 d vk, B — R LT (BUE R ) 15 min,
24 h JE it AT B K B A, FH DV &2
FFEIESE 5 min N K EGZ SO, R FH BEHLSUE 1)
FEANTEG 5 min KBRS
1.3.8 HEARLE

A Ry 2 S I R I 285 RIS b . P A R BRCR
5 2 BRR I, BUKE 2 KL, MR T 4 C e
J 5, 3500 r/min . 10 min 4 °C 24 F 43 85 1077,
JE3T 0.5 mL BLOE N, T-80 CIRAFEH . HL
M5 BT R BB, 76 oK K5 TR 835 3 9%
PN B N S S e N W SRR
HA IRIGHERNT 514 THERTFR5 1Y 2 mL KT EP
B M AR RS — 2 -80 C KA T IRFE.
1.3.9  CUMS K R FRAL i A6

{8 ELISA 350) oA I < R i ¥ P B o i 1)
I G A BRI Y A 5 v 28 4 R 1~ TL-6  IL-18

TNF-o BI7KF-, % MU A3 2P JR R AT
1.4 ZitFEFE

ST 25 R SPSS 22. 0 B AF AT e e o
B AR RO R I B R fE DR 25 (x2sx ), Y P<
0.05 INAZESAEAGIHFE L, SRERTEIE
oA L 27 225047 (one-way ANOVA) | 2/
322 H0 (LSD) 22 H H Ay 1 LU AR M ) 22 55 o
Bl AR RS AT BUE 5 224855, ARS8 251
M7 ( Kruskal-Wallis test) ¥ 5, % J5 i . GraphPad
Prism 8. 0. 2 #fHAVER

2 #R

2.1 ABEFH Rgl 5 Rbl ¥ CUMS # 8 X R #E
KR EEEHI RN

A 1, 5 R E AR 2 R A B K Al 2
FEEFEAC(P<0. 01) ; SEERIAAI EL, PETT 4L A S
B Rgl 24 mg/kg i  AZ 21 Rgl 48 mg/kg
FlEH NS Rbl 33 me/kg FlEH AS AT
Rb1 67 mg/kg 32 /K M 22 F5 505 A $2 71 (P<
0.05,P<0.05,P<0.05,P<0.001,P<0.001) ,
2.2 AZE*H Rgl 5 Rbl 3 CUMS # 8 KR
3% R0 B B M

mE 2, 5xF A A, CUMS #E AL 4] K fU7E 2
Y98 I8 S R (em) CFEEEE (em/s) BB
W R (P<0.01,P<0.01) ; 5HERI AT I, 55148
A B PR IFE PRI A L B 22 S, A5 SRR, A
Z A Rgl 5 Rbl X} CUMS KEAY H 3G 301 L

B
5 u@ o

S0 AL s, M P<0. 01 SR LE A, * P<0. 05, ™ P<0. 001,
Bl 1 Rgl 5 Rbl X CUMS KUK Z A0 (n=8)

Note. Compared with control group,* P<0.01. Compared with model group, * P<0.05, ™" P<0. 001.

Figure 1 Effects of Rgl and Rbl on sugar and water preference in CUMS rats
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2.3 ABE# Rgl 5 Rbl X CUMS # 8 K R #7
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Rgl 48 mg/kg i 20 88 B IR IREAIG, HA B 2%
P2 (P<0.01) , HAF R4 B R A R %
B R B E LS
2.4 ABEHF Rgl 5 Rbl 3 CUMS EE AR S

R+FREILHEHRM

50 B g, ™ P<0. 01,

WNE 4, 55 %5 BRLLAH L, A5 A0 20 B4 2k A T s ]
) L 9] 4 3 R B (P<0. 05) 5 i AT OB L 1)
TR AEA B EEES ., SEAAM L, A
A1 Rl 24 mg/kg F1 48 mg/kg F - 4H H4 figfdi K
BRLE AT B R] Y BE ) B 3 BT (P <0.05, P<
0.05) , 1M AZ2F Rbl 67 mg/kg FlE4A LI
BABARENZE S, SRR AR Rk AT
UCB LU T B a4 (R o 2 25 5

& 2 Rgl 5 Rbl X} CUMS BB K B35 5250 M (=8~ 12)

Note. Compared with control group, ™ P<0. 01.

Figure 2 Effects of Rgl and Rbl on open field experiment of CUMS model rats

T SRR L, #* P<0. 001 ; SRLRIZH [ #k,

P<0.01,

B3 Rgl 5 Rbl X CUMS K RUB &5 BEE M 5258 4 Efum(n 8)

Note. Compared with control group, **P<0. 001. Compared with model group, ™ P<0. 01.

Figure 3 Effects of Rgl and Rb1 on novel feeding inhibition experiment in CUMS rats

T 5 HRAH A, * P<0. 05 SR [ d, * P<0. 05,

B4 Rgl 5 Rbl X% CUMS BRI B A TTE UCEC L 5 18] LE RS20 (n= 8~ 12)

Note. Compared with control group,

#P<0.05. Compared with model group,

* P<0. 05.

Figure 4 Effects of Rgl and Rb1 on the ratio of times and time to enter the open arm of CUMS model rats
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2.5 ABEH Rgl 5 Rbl X CUMS # 8 X R 38
1B i ik SE 6 Y B Ml

e 5, 5% AR L A2 R SRAE K TR A
ST E TH R (P<0. 001) s SR RIZH AR LE , SR PG 7T
H AZRH Rgl 24 mg/kg HlEH  AZ R Rgl
48 mg/kg FH4 A S B AT Rbl 33 mg/kg Fl 4L,
AZBAF Rbl 67 mg/kg 7l 5 4 A AS gy isf [1] 347 68 3%
FEA (P <0.001,P<0.001,P<0.001,P<0.001,P<
0.001) , REGRIAWEIKMZEREZMH, AS 21T Rel
5 Rb1 ¥30] DIFEAR CUMS K BUAEK B A st a]
2.6 ABEH Rgl 5 Rbl X CUMS # 8! X i
i R R R R 7k S B B2 i

WA 6, 5 %5 REZH AR LY, A7 20 R BRI it v B Jo
R 7K BT, B 22 5 (P<0.01) ; 5155
A, NS 2AT Rgl 24 mg/kg Flmdl NSRBI
Rgl 48 mg/kg 20\ A2 1T Rbl 33 mg/kg &
20 NS4 Rbl 67 mg/kg 741 BEME K BT
HH ) B A 5 B R [ (P<0. 001, P<0. 001, P<

U 50 B LA, ™ P<0. 001 ; S HERIZ LLEE, * P<0. 001,

0.001,P<0.001), 45R%EW, AZEH Rgl 5 Rbl
AT DAREAR CUMS #5270 K RIS H B o i) 7 o
2.7 AZEH Rgl 5 Rbl 3 CUMS # 8k iR I
i H AR E B F R R

W 7, 555 B4 A Eb , CUMS A5 8 40 19 1fi 375
RIEHF IL-1B | IL-6 7K1 18 2% EF+(P<0. 05, P
<0.001) ,CUMS 2RI 4] (7)1 3 H % 5 P F TNF-a
HIKFA LT B A B2 5, SR
M, NS BAF Rel 24 me/kg Fl 45 AS 24
Regl 48 mg/kg 7l i 4 HE % & 3 A AL 375 H TL-18 .
IL-6 4 7K F- (P <0.05, P<0.05, P<0.001, P<
0.001) , AZ 4 Rb1 33 mg/kg 75 41 5 3 FEAR 1M
7 H TNF-a | IL-6 7K (P<0.05,P<0.001) , NS
HAF Rbl 67 mg/kg 7| & 21 At . 2 M AR 1ML 75 P 1L-
1B .1L-6 [K7KF-( P<0. 05, P<0.001) ,
2.8 AZEH Rgl 5 Rbl 3} CUMS # & Xk Rif
5 R E E F R R

WK 8, 55X A4 e, CUMS # AU 21 1Y 365 & op

B5 Rgl 5 Rbl Xt CUMS BRI FUSRIA DK LR A SE IR (n =8~ 12)
Note. Compared with control group, **P<0. 001. Compared with the model group, “** P<0. 001.

Figure 5 Effects of Rgl and Rbl on forced swimming experiment in CUMS model rats

T S0 R AR, ™ P<0. 01 SRORZ HLAE, * P<0. 001,

B 6 Rgl 5 Rbl X% CUMS BERISA ER M Bz B 1520 (n=8)
Note. Compared with control group, *P<0.01. Compared with the model group, ** P<0. 001.

Figure 6 Effects of Rgl and Rbl on serum corticosterone in CUMS model rats
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SRR, F P<0. 05,7 P<0. 001 HUHALLEL, * P<0.05, ™ P<0. 001,
B 7 Rgl 5 Rbl X CUMS BRI UMY Hh R AE P T B2 (n=8)
Note. Compared with control group, *P<0.05, * P<0.001. Compared with the model group, * P<0. 05, *** P<0. 001.

Figure 7 Effects of Rgl and Rbl on serum inflammatory factors in CUMS model rats

U SR LA, " P<0. 01, " P<0. 001 ; SHEEALL AL, © P<0.05, ™ P<0.001,
E 8 Rgl 5 Rbl X CUMS BEIR B S S RE T I 820 (n=8)
Note. Compared with control group, *P<0.01, * P<0.001. Compared with the model group, * P<0.05, *** P<0. 001.

Figure 8 Effects of Rgl and Rbl on inflammatory factors in hippocampus of CUMS model rats

RAE A F IL-1B | IL-6 /K34 18 3% EF+-(P<0.01,P
<0.001) , CUMS #2121 /% 1fiL 35 H 4 4E - TNF-a
RIKA BT (HEA W E 25, SR
ML, NS A Rgl 48 mg/kg 7|1 2H BENE i & FRAIK
R BT b 4 0E I IL-18  TNF-a  IL-6 (7K
F-( P<0. 05,P<0.001,P<0.001) , AZ 21 Rbl 67
mg/ kg 7541 10 GE 08 . 2 BRI E rh TL-18 , TNF-
o IL-6 7K ( P<0. 05, P<0. 05, P<0.001) , HiAH)
WA TS IL-18 \IL-6 \TNF-o a3 {H
KR EELRS

3 it

TVARAE 7 B A4 2 2 — Fif i DL B R A e g
T, R ] Ak T 36475 AR T B ARAS T, B A
UZ5IEH B H W A6, SR FOR AT 28 5 Ik ) 15
AR ) 220 S0, SV 14 42 9o B At 28 7 4 22
B2 CUMS MR AT LA 8h ) 2 i 2 Fih i@ PEAS
A TRUR AR5 B2 B A, AT 8 3l 495 A TR 25

e —FP 2B DAL IE Sh AL Tz N TP AR
254 FH B 5%, e B AL 422 30 2 A AR
TG T AR R BR (PR Z | 24 R TR
PRk AEACTERE S TS ) 2

AL R F CUMS A5 78 E 47 K SR AR IR 745
B SRR 35 d J5 HEATAT R 2 A DN, A6 &5 SR
7N, CUMS 5 AC B 1E 5 AL AH L, B K I = 18 80T
Rk 3R 2 I DK AN B Bsf ) SE 4 A 410 o S I v
PRIAZE | i 20 2 24 B S0 56 30F A T 1) ] T B
PIHA B2 S RIABIR ST 1T, AS B
Rel 5 Rb1 ¥ B 45245 fei% i 24 5 CUMS BRI KRR
HHE K IHFE I DD sh ) 1 26 BB A7 2R, s KRR
TERNG 2 5 BLAb , R IBAT N 2 SE iR M 25 3k 3R, 5
CUMS BRIZHAA L, NS 2 4F Rgl 5 Rbl HZ4 417
AT P B S b K B R R s, NS
H Rel 41K B 28+ 2 2K 8 S gtk AT I R 7
SRR I R A S BT Regl 5 Rbl GREEA AL
AR R BR AT £ R 4
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T Fe G- A - E R (HPA Bl 2 51001
23] OIS A BRIE B, A ARE (9 & 9% 5 HPA
S TUMEAR B G R W R B R KRR ST
B HPA Bl Y B 5T 2 W e B R 1 —
i ZERBOIRZAS R, HP A Sl 7T 08 I R SR, B Joit
i vie FE 3 vo T R PR U b 26 00 A B ) BE T B0
220 EAREE NS B Rgl 5 Rbl #0] L)
IR R LML IR P e R K S TR, 25 5 BLA e 2%
Y, FE NS A Rgl 5 Rbl 2(3% CUMS #5
R ERIABEE FEAT SR WV AL 5 A AR ot ¥ B Joi i 7K
- AT i - SR - R B T G

AR, PIARIE A9 % 9 5 R E % V) AH 5%,
ARJE M 1L-6  IL-18 \ TNF-o 259k iF 52 0 IAR e 5 3
H R SR SORE bR AR T T 5 R 2 AR A (AR
PR SHARIE A & A R SR VAR OE ) i 2 30 o
B 5 e Rk SR 3 T U TR PR
SR B £ AR AT N, AR ST 45 R BOR B
AR E SR, AS AT Rel 48 mg/kg 4l
AER BV IR I G, M R+ R L A S
B Rgl AN 700 62 4 0 K Bk A s ] ) L £31)
B LT A S A Rgl 1l LI CUMS A

KM BHEEAT R, 1A S BAT Rbl AR w41 i
KBTI R & AT 2 Bk AR s IR 8250 0 3%
B, AZ R 1 Rgl 5 AZSEH Rbl PRI EATER
e, L3 59 S d ) 10-6  IL-1B \ TNF-o 7K 34458
BITHIA PTG (BN S BAT Rgl W57 6 41 1M
HIL-1B8 \IL-6 JKF T B A B, #2R A S BT
Rgl 380 F KBRS 5 5 i 9808 R 1L-18
IL-6 'TNF-a I35, AR PR DL IR MR
M BAEF SRR M SN T, A3 B Rgl bk
JEVERTSR T AZ 24 Rb1(3K 3),

25 |, AB A Rgl 5 Rbl fEMS 3% CUMS #&
RIK R HNAR A IR FEAT Sy, HAE FHAIL 1 7T fig 2 i
ot BEAR K BRI 5 1 5 v E IR A 3R, Bl % R
JiE NG, U /0 A0 R AR 40, 1k BT A AR | B AR R 1
Mo Wb FEshPy g, JA e & 8, [R5 Rl & F
ANZ A Rl MBtEIEERL T AS 21 Rbl, H
ARSI T L Rz S5 B 2K S 5 A g
JiE [ F TL-6 IL-18 .\ TNF-a AY/K -, UEIH B AP N2 2
TP BIREAE — B B I e 08 M AN AT 900 0 A 78 K R
FISNAR A SEAEA TR, (H I 4 22 0] () 22 S A Ge T2
B R IE LRI R AR oT

#z 3 Rgl 5 Rbl XF CUMS ALK FEL 8645 X H (n=8)
Table 3 Comparison of experimental results of Rgl and Rbl on CUMS model rats

w s

[IRCUR .
A GEATFIF ) p i ¢
wokm ., O CEAER e ‘
i 5 e T R AT AEDY AT
S e VRSCE I BB ERCE P
M| . S5 Novelty-  Elevated cross y . GRS
Sugar and water X K Forced Content of Inflammatory .
Group . Open field  suppressed maze experiment L Inflammatory factors
prefers X R . swimming serum CORT factors R R
. . experiment feeding (ratio of entry . in the hippocampus
experimentation . test in the serum
test time to open
arm) IL-1p TNF-a IL-6 IL-1p TNF-a IL-6
NS Rel
24 mg/kg 4L . " - . -
'mg g'n; /1 , y /1 ! /1 v ;o / /
Ginsenoside Rgl
24 mg/kg group
AZ B Rgl
48 mg/kg A . . . - o * . * o st
e T /1 / /1 /1 2 A A VTR BV AR
Ginsenoside Rgl
48 mg/kg group
AZ A Rbl
33 mg/kg FliE4
- / Y, Y, - - Y, * . Y, Y, Y,
Ginsenoside Rb1 /1 / /) /) /)
33 mg/kg group
AZ B Rbl
67 my/kg AL ., . .
me/ ke ME = /1 / / / A A AV 2 BV N A N A

Ginsenoside Rb1
67 mg/kg group
e SRR, P<0.05, ™ P<0.01, ™ P<0.001,
Note. Compared with model group, * P<0. 05, ™ P<0.01, ™ P<0.001.
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1470 nm P ARFESEIEIT O R BT YT BR AR 1Y
R Qe

wOE L EAWRL,ERA, K OELE RLBERABERFE LA OE'
(LA MERGERI A EOGE A AR A E S 230088 ;2.4 VL H BE 2 K2 sh WS i vhoo Bl 310053)

[H#ZE] BHE P 1470 nm P RUAEOCHRTTALCRIFR . B TE I X R BTSRRI AR, ik
PEBURAE IEPE Beagle K 28 H, B R 3 41, BIMEF AL 3 H kg6l 15 HAFRIZEXT IR 10 H; Hhikag 4l sy
120 W/50 W, 150 W/50 W, 160 W/50 W 746 U118 [ 1k 1 3 1~/INe 5 [R] 200 BRA S 43R 120 W/50 W 150
W/50 W AVRAL DD B/ BEE R 1 2 AS/NAL s B/l A 5 RS 2E RN (R 20 FR 2 35 78 e U0 T 2 e D47 R i
GIRRYIBRA . AR LR G 5V 38 O FAT S50 5 ARG BRI — M AR AT, AR AEAR BT AJFENZ] 3 d.7 d.28 d
st B S ML 908 AE AL ML 29840 s 20 WIFE RS 1 h 4 SRR A7 48 75 A0 U0 T W82 PR /i 27 i 34 o, I BT 91
PRADLHAT HE Qe ARG 1 h IBEREZ R 4 JJRE LR BEEEN, SR ARrh, 8 5o R 2 I8 5 i
TTRATHIRR VISR A A HAE PR R A7, B B B 7R A DI E FEE [ 1k i P A8 5 AR5 % R A — R AR AE | 1 8 2% 0 i i A=
ALFEFR IS AR LB S s ) 5 LR P R AR S B 20 3R DL PRIE 5K, FRGE L Bz [0 7 A 35 4 Jal s, ] L8 iR 40 2 5
JR AR BSR4 ST 40 AT A/ SR B R 2 GOk s S SR TR — 3, Mo b R g 21 AR
X IRALPRAL DI RIS AR A S B 294 0. 91~ 1. 33 g, VIR EL B35 17. 119% ~20. 27% 5 BLBETRAL VI B DR 380, ¥4
M ST s T 28 9 a2 T A D) ) R RN K RE 34 A BTG 05 AER S 4 5 W) et BR A LU R R L B 22 S (P>
0.05) . FLYIBET Al DR s 24 AN W) 280 FRELZEAR S 1 h B i 20 i PR G #5061 T 222 58 KA R e 80 T R E 8 R % b 2
ST ;4 JEEE TS AR AR B R OB VAR R B E B R I L R A3 PV, AR i B iR RS 1 h
At 8 4 R ) %) R 4 187 mT D T 271 i DR T 11 4540 B S, 0 T 22 T 2 ek F b RT3 BE 2D i R PR 2 M R AR ik
[ 2 BE TR 0.4 mm 7245 3 RJG 4 S AR TFARAITHN AR IR 1E FRIE AR A DL S5, 1206 20 R (W] 288 %of 20 33 7T D3 A
TR AN, RIS, T E RS 2B A T L, A B e A M S, AT A A kG A B i
L 90 e T AL ) SR i AR B 2 340 7T DL iR Ak & 2 s WA B R e A, A L 2 S TE SR IS, 2518
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[ Abstract ]

(referred to as a curestar therapeutic instrument) for prostatectomy in Beagle dogs. Methods

Objective To evaluate the effectiveness of a 1470 nm semiconductor laser therapeutic instrument
Twenty-eight adult male
Beagle dogs were randomly divided into three groups: sham (n=3), experimental (n=15), and control (n=10). The
experimental group was further divided into three subgroups: 120 W/50 W, 150 W/50 W, and 160 W/50 W for
vaporization cutting/coagulation hemostasis. The control group was divided into two subgroups: 120 W/50 W and 150 W/
50 W with five in each subgroup. Experimental and control groups underwent canine prostatectomy through the entrance of
the bladder neck under electrocision. The operational suitability and effectiveness of the product during surgery were
assessed. After the operation, the general condition of the dogs was observed, and blood biochemical and hematological
indicators were measured before, immediately after, and at 3, 7, and 28 days after the operation. At 1 h and 4 weeks after
surgery, B-ultrasound and electric resection were performed under anesthesia to observe the conditions of the urethra and
prostate, and prostatic tissue was subjected to HE staining for pathological observations. The thickness of the coagulation
layer at 1 h after the operation and repair of the urothelial epithelium at 4 weeks were analyzed. Results During the
operation, experimental and control groups had good operability and showed good vaporization cutting and coagulation
hemostasis performance. After the operation, no significant effects were observed on the general condition, and blood
biochemical and hematological indicators of the dogs. Ultrasound showed that the urethral expansion was visible immediately
after the operation, and the echo of the urethral epithelium was slightly enhanced. At 4 weeks, the prostate tissue had a
slightly low echo with uniformly distributed small point-like echoes inside, and the capsule had a linearly high echo,
consistent with the sham group. The weight of the vaporized prostate tissue in experimental and control groups was 0. 91~
1. 33 g with a resection rate of 17. 11% ~20. 27 %. As the power of vaporization cutting increased, the laser emission time
gradually decreased, while the vaporization cutting speed and efficiency both increased. However, no significant difference
was found between experimental and control groups (P>0.05). Under the electrocision microscope, a burn-like change
was observed in the surgical wounds of the prostate urethra in experimental and control groups at 1 h after surgery, and the
boundary between the wound and normal urothelium was visible. At 4 weeks, the urothelium of the prostate had been
repaired and flattened, and the boundary with the surrounding normal urothelium was blurred. Similarly, pathological
observations showed that experimental and control groups had significant damage to the prostate urethral orifice at 1 h after
surgery with a small amount of carbonization and coagulative necrosis on the surface of the wound, a small amount of
inflammatory cell infiltration, and a coagulation layer thickness of approximately 0. 4 mm. At 4 weeks, the prostate urethral
morphology of the sham group was normal, whereas experimental and control groups showed new epithelial growth covering
the wound with a uniform thickness and no coagulative necrosis tissue attached to the wound. A mild inflammatory reaction
was still present in the surrounding area, fibroblast proliferation was obvious, and stromal and epithelial cell proliferation
was visible in the surrounding prostate, some of which showed squamous metaplasia. The prostate capsule was intact and
the morphology of the surrounding nerves and blood vessels was normal. Conclusions The curestar therapy instrument is
effective for prostatectomy in Beagle dogs with good vaporization cutting and coagulation hemostasis performance. No
significant difference was found in postoperative physiological indicators compared with the sham group.

semiconductor laser therapy instrument; 1470 nm laser wavelength; benign prostatic hyperplasia; dog
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KP4 i 1) iR 3% A= (benign prostatic hyperplasia,
BPH ) J&—F & £ B T IR B AE IR (lower urinary tract
symptoms , LUTS) H 8L %0, W K AEAEH 24T
PEN L BHTE HIARIT TR AR IR TR
TRYT IR RN 7 80 A B 2 B mIAE T
TR 250G T mBERE {2 BPH /R — Fifid it
P& DI AT 22 1 BB AR5 W AT B 2 B LUTS
A RS T ARG W T AR P &R IE
AT AR H PIR (transurethral resection of the prostate ,
TURP) fJ& BPH JAI7 & bRED HA T AR5 H

i SRR ZE | PRIE B PR IE FURAE AE R R B0 IR
JERORAE T B N DI UE R BPH & 50
MR A 412 o0 3 T AR ) BE, An el A #3697 BPH
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FIHE R
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Al T, V) EIRCR S ;5 2140 nm K RO
e, 1470 nm SBOGHY 1k IMCRE B AR, BA B R AL
PIRIFIgER I dERE . SIAh, B TIRR B
VERRX ] B 2 ) il R B0 0 A, DR ot , 28 RO
1470 nm BOGHTH BRIAAR FHIER A S H FiHE
FARITA ABFTH HANS-D1 B SR MO
TRSFAL TR  BH AR AL) o2 — R YT T 91 i
A BBOGI A, 10 il 1470 nm BOG B XS
HAGFATIRAL I FI A EE [ 1k i, A e 2 BT Ay R 26
P 1 i BT AR VD e R S 2 R AT Ik F] 160
W, Rit—2 7R IR AERT S SR DR A
B B, AR 5T LATEPE Beagle KM A7 B 4y | A5
Fhm PRI VIBR A, 75 AT 1588 A H U0 B 28 1% Jbt 5
FUIAT 3 AT i PR IE TR AT H 8 AR DI BR AR | LAY
iR IR VRS AL B A M, R 1470 nm P FAREOT
RSP ACE I PR 8 o FH B S AR 8

1 #R7E

1.1 ZEEY

28 HF G A R BUAF: Beagle K, 18 ~24 H
W% AR 15~20 ke, W TR LS54 T T AE I RHECA R
") [ SCXK ( 75) 2021 — 0008 ], J&i & & k& IFE 47 5+
320729220100007954 , 1 5% F Wi 1. = 25 K ¥ 5h )
S A A 0 38 9 ST 5 & [ SYXK () 2021 -
0012 ] iR JE (22+1)°C , {LBE 40% ~70% , Y& IR 150 ~
200 Lux,12 h/12 h BRE28#% , M35 <50 dB, H H ik
K EEERA TR 180 g BALEEL, 1 d P4 155
T SR TL R B2 24 K7 s ) S o 0 90 v 0 2 56 3
Yy 5 (2= 51 24t v (TACUC-20220919-20) ,
IFH SIS YME A 3R R 24T A G819 e,
1.2 FENFESAF

AL (AST, H1L5 220425101) A NEA
fitf (ALT 5 220402101) JJURR BRI (CK, 4t =
210608101) . ZL % i & ( LDH, it 5 220107101 ) .
JRZ A ( BUN, #t5 220428101) . JULEF (CREA, it 5
220621201) I ( GLU , #it5 220613102 ) 7K =45
TR G I 26 R A W BB e A A PR = 5 i I 2
WA A A RERERE T LA RAR, K
¥ & HANS-D1 %Y 1470 nm 2 FRBOGIE T AL (A
PR BHm IR K R YR 160 W), B ALK
TR BRI A A BR 2 7 AR 7 5 ] 2068 B i - ML-
DDO1FT Al AR BOEIR T HIL (S5 K R 2 2% 150
W), BAT B AR e A7 FR 2 E] A 75600 um

JGEF A NERIGER B ik WOt & A BRA R 53110 42
H sl LT, H A H 5228w R419 B REFL sh 4
WP AL, DRI T B IR PR A A B AT BR A ] s DQ B r
VI Wi R B2 97 a8 SRR AR A R W] 5 XN-1000V
4 [ i 40 i 43 B4, H 48 Sysmex 2 A 5 HistoCore
MULTICUT 2 H 2 £ % U1 i #L, 12 18 Leica 2\ #;
GEMINI AS 4t L, 26 [ Thermo 23] 5 120P FHIH%L
FYI R 115 A, 1 4 R B T R A R A A
VETG60 # 4 22 3% 8yl 75 A A%, 75 )M CAR I RH A
FRAFE, .
1.3 REHE
1.3.1 434

28 H Beagle R Z838 N AR IR I , He A4 H 43 )2 bifi
Lok 3 41, Hohi g8 2 15 1, X4k 120 W/50
W .150 W/50 W, 160 W/50 W {54k 1] /5E [ 1
M 3 /N, BN A 5 L A2 R4 10 1, X
3R 120 W/50 W 150 W/50 W19 954k U 1) /58 [
11 2 A/ BN A 5 H PR 3 H AR
FAREIE, ARAERAL Y F & 1k, 2560 41 iR
KN IRL A/ NAAE ARG | h WEREALALEE 2 H 1K
LSUEULEI R 3 R 5RTFARABLEARSG 4 JHEF
AEBR ARSI
1.3.2 RETHIIRVIBRAR 5 1470 nm AR BOER
A N

AREEEE ALK 12 h J5, ORISR 4 mg/
kg FILPA ST 160 J7 75 5 3 41T LR AT B At
SALBR BT LA 0. 05 mg/kg BTHE i 13 51 LA
DA AE W, 15 min J5ERIKE S 4 me/kg TNYH
Py 3 SRS S 4 B BRI, & B2 AT U B R
RREEIE W HL, FH 1% ~ 3% S 6t 220 S8 9K 56 4 35 JbR
P, AR rf I Sl 0 R IR R R I A A A SR R
JRIRASE o, A0 M [, W RV Bl . W
ERYIE e ERENLZ B, o BRI, T
T IR G v e T — ey (i 4 S £, A far A TP e D) I
BRI RE Al ABOGHL DI BE , W R a5 2k, LAZE B
ERAKAE R TE T vV, ELAL T L U) 58 28 5 e 350 11
NGIEZ S H TSN X N N R o117 N S 2 4
LR, IR DI B , 1585 41 43 51 R A 120 W/50
W . 150 W/50 W 160 W/50 W TS A ) &) A [ 11
I [A) 285 R 2H 43 3R 120 W/50 W 150 W/50 W
PIFAA T B FNEE [ 1k i, K5 B ) 5 Bl S 2 Sk 38
HIFIARA L AT VIR, TR 2 1~ 2 mm, YIER TS
P8 A0 R % b e R 43 T A R AL 4kt G 4514
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HIGI PRI, REeLE A e, S s, AR5 S
3 d B HNUNTESE 5 R 160 J7 5008 H RkREG

4 mg/kg Vo5 i A THLAR FBUR AL 3L

1.3.3  MMEAEH

(1) GBI L

AR RE TR iy 0[] 2 B I BV E PR BE R
AT ENFIEEF 1k 00, LAPERS P2 i B3R BE

(2) —MBARTE ISR

ARG WEL BN RE o AT R VIRE IR — i)
T OLRN A R ARG O, 10 SRR T AR JF B A
ARJE 3 d. 1 JE 2 4 Fi s A

(3)B A

Iy BIEAR T ARG B Z) BB K A K A8 iR 4
21 M FTSI S B AR MR A B4, TR 9 AR
WA, TR IR P IR A S /g = (R
AT 31 B AR B em® — R 5 A7 51 B4R B/ em® ) x
1.05"% 0 RJ5 4 FRE, B B K245 40 R i 51 iR 41 20
B AG M

(4) M A=A S A2

SR AIEARTT ARJFEIZ] RS 3 d.7 4,28 d, X
I3 mL, 53 B IR , W8 43 B 4% S ( AST) A N %
SN (ALT) | L F2 8% M2 WG ( CK) | 3L R i & B
(LDH) JRZE A (BUN) JLEF(CREA) IfiLFE (GLU)
KRS A, A BB EDTA-K, HUEEINL 1 mL, I &
HAIM(WBC) \ZL40 i (RBC) (L £L 8 H (HGB) |
ST 40 M FE R (HCT) I/ ( PLT) %k H 97284k

(5) ARJ5 FAAEE 55 20 2127 W 5%

ARIG 1 h FARG 4 R, sh PRI , 28085 bk
FLUIBE IR A, 43 LS AR I 11 37 B8 PR 3 G 21
. SR RIC) BTSSR 8, 4 4%
ok RS 5, K A A ) R, AT B

AR K- (hematoxylin-eosin, HE) {7 M EL R
IR A H A B CE , JF &8 R J5 1 h
6 2H 0[] o) B2 ) g [ 23 SRR
1.4 SitFEFRE

A T OB T IR bR 22 (s ) 0K,
KA IBM SPSS 22. 0 R AF#E17 58 1H 508, R F HL
E 245381 (One-way ANOVA) , #5717 5%, H Tukey
AT ZREAR YRR PG LA, #5522 5F, M
B Dunnett” s 73 ¥, 150405 [R) 2% BAAH LU AR
FHARSTFEAR T K96 ; P<0. 05 Fn g W EMELF

2 #HR

2.1 FBEHAETIERBTI ARG A A
1EIEER

RIS T, 88 R 120 W/50 W 150 W/
50 W, 160 W/50 W Al [H] 2 X} B8 5% FH 120 W/50
W . 150 W/50 W 73 5ll47 R A5 R PIBR A, AR 0
LR 5 U 45 [ A [, 2 RS HE, e A AHE TR
AT TR) A e B [ A5 T X6 ot et 6 [ ke i 2 R
R4F AR5 BRI 20 AT WA H A B B AR ek 2 | R
I PR A o 2 B A0 R TR 48, 4 A A T A AT
DL 1,
2.2 —RRRTENRER

BHRARSG 2 h WBW I A BiEs, 1 d N
PR DL MR G PR AT, 7 d SRR H LG
UL AT A A 5 R e ) A5 R IR R 2
PRYJA WS 5 A REEAEARSG 7 d WHEEE B
M2 BT NE A FRAK, 14 d J5 WK E AR 1T BIK & %
WA, A% A IR) LRI AR UL S 3 25 R (P>0.05) , L
1,

B 1 REOLIRATER AT SR DIBRA A 1R 1 e

Figure 1 Operation suitability of semiconductor laser therapy instrument in canine prostatectomy
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2.3 FEBMEHNEBF T RETRTBRROER
470 B BB 2

AR P G A 9 AR D T S S R [R) 2
HELH A S5 B 2387 mT DL PR TE 975k | PR3 b Bz [nl 75 s A
HEaE 4 JEIE, AT LR 8 AR 2H 2SR B A R A Y
TR B0 43 A3 20 /I 5 AR T 7R A B 2 Rtk R el
SBFARA -2, WE 2, W58 Eos, 4 R
I, X AR B AR S B 20 115 3] B 2 4 AR R
BIA B IR AR VI TS IR 4 U 298 0. 91 ~
1.33 g, VIR FLWl5A 17. 11% ~ 20. 27% ; 0O & 5t
Vi) B A DD T 23R 4 388 i in s b v Ak 10 S R
KRB YA BE A YT H T 2 0 38 i A i 5 (E 5
41 55 [RI S0 BE A F A A ULBA B 19 24 53 (P>0. 05)
W2,
2.4 BAMBEFIERHENL

ERTARG A, 12856 41 1 i) 2 of HR 2 4% i 1]
SRR PR A ULBA 24 52 (P>0. 05) , HL[A )%
AR 2 0[] 28 X5 R 4 1L Y 2 6 A AR 4% I 8] 5 R

PR WA 25 5 (P>0. 05) , FE SRR L
X RGBT AR 5 IV 2 48 b oA 7= A B 8 1 52
M, WL 3,
2.5 HBAMBENERHTH

SRTF AL A, 1850 41 ) 2 of FE 20 4% i ]
S EDIRE s O WLEGHR R R WL 825 55 (P>
0.05) , H.IF 2 2R 4 56 20 Al [) 28 %) BE 41 H 35 R &
DU 22 5 (P>0. 05) , RUIPESARBOGIRIT O K
HIF R DI BR A5 I3 A= A F8 bR A 7™ Az B 8 B 52 )
W 4,
2.6 HBYNETXENE

HLUIBE TR o, iR 00 4L AN R 2 xt B R 5
1 h B FIES1) i AR G FR A T 2 B KR AR T OE R
% 1 e, BT R I R R B b R Ay B s 4 R R
GIRRER AT I B 58 & 35 R % Y B E RO,
FE I E # DR B L K 43 SHECEM, J0& I, Te IR 3t
HAE ARG L, WL 3, 55 i) I8 i
N B B AL 2R R UL B R 3

R 1 AARTIRUIRASGARE R LI (225, kg)
Table 1 Changes in body weight of Beagle dogs after prostatectomy in each group

FRALYIEL B D%

ARJ5 Post-operation

ZH 1 RNV
415 Vaporized cutting/ A . B!
Groups . Pre-operation . 3d 7d 14 d 28 d
Coagulation power Immediately
=] = Q
‘ﬂai*,ﬂ / 18.91+1.23 18.74+1.20 19.02+1.26 19.53+1.26 20.35+1.95 21.05+2.21
Sham group
RG24 120 W/50 W 19.90+2.79 19. 57+2. 65 19.32+2.48 19.49+2. 67 19.92+2.45 20.71+2.82
Experimental 150 W/50 W 20.22+2.03 19. 80+2. 11 19.90+1. 85 20.09+2. 10 20.34+3.03 21.63+3.22
group 160 W/50 W 19.72+3.54 19.36+3.51 18. 68+3.28 19.26+3.92 19.27+3.74 20.47+3.38
[F] 2 X HE 21 120 W/50 W 18.65+1.78 18.27+1.79 17.61+0. 69 18. 04+0. 96 19.39+0. 65 20.23+0. 98
Control group 150 W/50 W 19.50£2.79 19. 06+2. 68 19.01+1. 86 19. 13£2. 06 19.36+2. 06 20.25+1.55
TE AT ARG WA 3 2504 A RIS A& /N AR AR T FIAR G B2 B 38 5 R, 25388 3 H,

Note. The number of animals in the sham group was 3, while the number of animals in each group in the experimental group and the control group was 5

before and immediately after surgery, and thereafter was 3.

[EEANCNTE S =071

B2 AARASIEAARNS ZIF 4 J AT REL B U

Note. Red arrow indicates the urethra.

Figure 2 Ultrasound observation of prostate tissue immediately and 4 weeks after prostatectomy
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R 2 CERREOEHI T Beagle RFTFIIRIERA S RIS IR L B4

Table 2 Changes of prostate tissue in Beagle dogs after prostatectomy by semiconductor laser therapy

KA DIEl AR ARIER RADFIRIIRE RS B gt INGE A

21 51 T RIE S /em? Bem® HAFE R/ g I Le 5/ % AflE/s  #E/(g/min) A/ (&/K])
Groups Vaporized cutting/ Preoperative Postoperative Vaporized cutting Prostate Laser emission  Vaporized Vaporized cutting
Coagulation power volume volume  prostate tissue weight resection ratio time cutting speed efficiency
= > é
AL / 5.68+2.27 5.68+2.31 / / / / /
Sham group
il 120 W/50 W 5.40+£1.95 4.53+1.70 0.91+0. 35 17.11£6.07 73.00+30.97 0.78+0.35 0. 109+0. 049
Experimental 150 W/50 W 7.30+£6.01 6.05+5.08 1.31+1.01 17.77£4.37 69.60+25.21 1.01x0. 45 0. 112+0. 050
group 160 W/50 W 7.12+8.88 6.19+8.24 0.98+0.70 19.03+7.72 53.80+20.77 1.12+0.63 0. 116+0. 066

2 120 W/S0 W 4.50+0.85 3.64x0.74  0.91x0.25 20.27+4.73 84.80£26.32 0.67x0.22  0.094x0. 031
Control group 150 W/50 W 8.45+9.34 7.18+8.35  1.33x1.05 18.88+4.59 77.20+22.80 1.00+0.63  0.112+0.070
T BT ARASYECN 3 2 AR RS I 25/ NETEAR TR G B2 5 s #8098 5 R, 2580 3 J,

Note. The number of animals in the sham group was 3, while the number of animals in each group in the experimental group and the control group was 5

before and immediately after surgery, and thereafter was 3.

R3 SHARAIIIRVIRA S MAE-E AR 22

Table 3 Changes in hematological parameters after prostatectomy in different groups of dogs

) . A IE AT o - VR Post-operation
b a5 /B R
Indexes Groups \faporléefl cutting/ Pre-operation EHZ‘J 3d 7d 28 d
Coagulation power Immediately
;Ei?j::fjjp / 13.59+3.59 9.48+1.98 12. 10+£2. 97 13.29+2. 57 12.10£2. 97
R 120 W/50 W 15.87+7.29 8.93+3.03 26.04+6.01 16.21+2.50 12.04+1.20
y WEC Experimental 150 W/50 W 13.63+4.73 7.17+3.91 28.47+9.97 20. 55+5.39 14.30+3. 21
(10°/L) group 160 W/50 W 13. 67+£2.96 8.24+2.36 27.02+7.95 19. 62+3. 82 15. 60+5. 32
[EES gl 120 W/50 W 14. 40+4. 45 6.96+1.93 22.35+3.83 14.23+0.91 10. 86+0. 96
Control group 150 W/50 W 16.13+£5.79 6.94+3.56 20.45+2.01 22.86+8.52 15.66+2. 84
JE%I:::EP / 6. 89+0. 42 5.85+0.19 7.36+0. 31 6.75+0. 50 7.36+0. 31
ol 120 W/50 W 6.73+0.79 5.92+0.49 6.48+0. 25 6.72+0.24 7.39+0. 87
, RBC xperimental 150 W/50 W 6.93+0. 62 5.32+0.47 6. 42+0. 66 6.49+0. 26 7.17£0. 47
(107/L) group 160 W/50 W 6.87+0.59 5.96+0. 57 6.42+0.74 6.13+0.49 7.23+0.27
[EES R 120 W/50 W 6.41+0. 55 5.36+0. 31 6.09+0. 49 6.74+0.72 7.13+0. 80
Control group 150 W/50 W 6.90+0. 59 5.95+1.05 6.21+0.45 6.11+0. 44 6.75+0. 32
gi?j;ljfﬁlp / 158. 00+7. 81 132.33+4.04 164.00+1. 73 151.33+12. 74 164.00+1.73
K 120 W/50 W 154.60+17.62 134.20+14.53 153. 00+7. 00 159.00+7. 21 170. 00+24. 27
HGB Experimental 150 W/50 W 161.40+12.78 121.20+11.23 148.67+15. 89 151. 67+8. 74 165.33+15. 18
/(1) group 160 W/50 W 158.80+14.43  134.00+12. 10 146. 00+19. 31 140. 00+9. 64 164. 00+7. 21
EESa 120 W/50 W 149. 40+12.68  122. 60+5. 08 139.67+11. 68 156. 00+16. 37 161. 67+18.23
Control group 150 W/50 W 160. 40+15.22  135.60+27. 08 140. 00+8. 72 140. 67+9. 07 151.33+10. 69
J}Ii?:::fgp / 46.63+1. 17 39.90+0. 87 48.77+1.34 45.50+2. 17 48.77+1.34
Ol 120 W/50 W 45.56+4. 40 39.90+3.75 43.93+1.75 45.57+2.21 49. 60+5. 67
I‘/I(.;T Experimental 150 W/50 W 47.02+4. 08 36.62+3. 10 42.93+3.96 43.63+2. 18 48.23+3.26
? group 160 W/50 W 46. 68+3. 64 40.74+3.23 43.00+5. 41 41.27+3.69 48.50+2.76
[GES ol 120 W/50 W 44, 06+2. 97 37.10x1.41 40. 60+3. 40 45.40+4. 29 47.27+4. 87
Control group 150 W/50 W 46.62+3. 59 40. 48+7. 64 41.93+2. 66 41.37+3.07 45.30+2.43
A / 295.00+54.00 282.33+27.02 295.33+65.25 301. 33+67. 50 295.33+65. 25
Sham group
R 120 W/50 W 280.00+52.45 210.80+37. 14 205.00+14. 18 235.33+22.72 238.00+15. 39
p 1"0131) Experimental 150 W/50 W 279.80+116.66 219.80+42.32  242.00+123.84  308.67+119.56  295.00+114. 33
group 160 W/50 W 291.00+81.32 263.60+29. 30 237.67+23. 18 329.00+81. 66 311.33+102.03
BESa 120 W/50 W 320.40+52.86 249.40+34.76 268. 33+70. 67 325.67+43. 10 303. 67+17. 50
Control group 150 W/50 W 259.80+98.36  219.00+53.98 286.00+93. 74 286.33+71. 06 336.00+99. 83

T AT ARAZWECH 3 2RI RIS B & /N AR TR BV 2R f 3 5 R, 25388 3 H,
Note. The number of animals in the sham group was 3, while the number of animals in each group in the experimental group and the control group was 5

before and immediately after surgery, and thereafter was 3.
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R4 BHRAGIIRDIBRAS I A AR bR 922 1L

Table 4 Changes in blood biochemical indicators after prostatectomy in different groups of dogs

. EAL Y & /5 [E TR . ARJ& Post-operation
e 43 Hv{:ijrizid iﬁfj AH mzl
Indexes Groups . Pre-operation : 3d 7d 28 d
Coagulation power Immediately
ii::jffp / 32.40+13.15  39.93+23.56 42.40+23.22 39.00+22.73 42.63+26. 66
Pt oei| 120 W/50 W 34.86+7. 61 41.48+15. 65 34.70+3. 59 32.77+4.51 30. 83+3. 96
/(%L/TL) Experimental 150 W/50 W 42.08+7.58 39.72+8. 48 34.27+5.23 27.70+1.57 31.17+4.91
group 160 W/50 W 34. 60+6. 73 35.90+11.51 48.73+26. 44 57.07+29. 62 33.43+8.78
[EES oY) 120 W/50 W 40.54+10.46  39.88+7.25 40.57+17.52 35.83+8.83 45.23+12.31
Control group 150 W/50 W 38.60+16.48  36.84x11.79 38.23+11.23 36.30+10.93 38.53+5.89
Jﬁfj::ffp / 33.43+9.62 20.77+4.71 40.07+18.77 20.67+3. 11 26.20+5.24
el 120 W/50 W 29.76+3. 64 20. 76£3. 96 25.07+4. 83 20.53+3.13 24.20+3. 82
/(/LS/TL) Experimental 150 W/50 W 44.66+13.84  24.42+6.02 34.23+7.83 24.73+10. 26 27.77+5.78
group 160 W/50 W 33.62+4.23 24.28+7.12 35.77+22.63 27.63+6. 82 26.1+0.97
[EES oY) 120 W/50 W 33.34+8.91 20. 74+4. 90 26.87+11.77 22.37+5.79 26.57+4.96
Control group 150 W/50 W 32.76+2.19 21.62+3. 62 34.67+22.05 18. 03+2. 87 25.67+6.09
;i?jzfjjp / 4.90x1. 64 4.09+0. 68 4.17+0.92 4.59+0.79 4. 83+0. 68
R 2 120 W/50 W 3.93x0.71 3.68+0. 62 2.86+0.37 3.59+0. 83 4.06+0. 64
/( MBn:JOII\J/L) Experimental 150 W/50 W 3.68+0. 49 3.49+0. 66 3.47+0.91 3.78+0.99 4.61+0.58
group 160 W/50 W 4.13+0. 87 4.72£1.45 3.71+2.74 4.26+0. 55 3.96+0. 66
[ %) R 2H 120 W/50 W 3.71+0. 62 3.83+0.93 2.56x0.58 4.38+0. 52 4.36+0. 18
Control group 150 W/50 W 3.57+0. 87 4.54+1.05 7.18+7.51 6.11£3.13 5.57+0.87
giz?jzszp / 55.17+9.31 49.43+7.37 51.47+6.71 50. 80+8. 15 58.03+7. 68
1520 120 W/50 W 52.10+10.31  52.44+10.96 40. 50+5. 16 46.47+8.97 60.30+11.23
/( EEE{;L) Experimental 150 W/50 W 58.16+7.56 61.56x11. 02 45.00+6. 16 46.33+10. 10 62.73+9.30
group 160 W/50 W 54.98+4. 35 60.42+13. 02 41.47+19.92 45.20+4.97 52.90+6. 43
By 120 W/50 W 55.34+8. 66 51.72+13. 11 39.13+10. 98 49.07+9. 46 62.87+7.96
Control group 150 W/50 W 54.44+7.75 53.46x13.46 67.90+48. 38 72.27+36.76 69. 80+0. 50
:ffjj::ffp / 3.37+0.13 6.16x1.39 3.96x0. 35 5.72+0.20 5.29+0.25
) TR 120 W/50 W 3.23+0. 63 5.67+0. 60 5. 19+0. 66 5.51+0.41 5.43+0.31
/( m(rjrfo[lj/L) Experimental 150 W/50 W 3.35+0.35 5. 88+0. 69 5.01+0. 54 5.31+0.19 5.50+0. 17
group 160 W/50 W 3.48+0.19 6.44x1.11 4.11+0.21 5.60=0. 16 5.30+0.27
[EEOYEE) 120 W/50 W 3.47+0. 60 5.98+1.20 4.74£0.58 5.41+0.02 5.30+0. 55
Control group 150 W/50 W 3.10+0.78 5.37+1.34 4.54x1. 11 5.44+0. 40 5.22+0.53
;}ii:ffp / 283.50+145.84 82.63+17.06  300.23+134.32  79.10+8.35 98.47+28.79
. TR B2 120 W/50 W 212.18+83.93  126.82+48.23  158.90+31. 10 99.73+49.42  102.33+28.23
/(EI/<L) Experimental 150 W/50 W 413.58+265.87 178.30+116.99 276.03+113.83 185.87+150.37 124.17+27.87
group 160 W/50 W 194.16+75.07 134.38+86.87  358.13+360.92  132.20+69. 10 90.77+28.73
[ % R4 120 W/50 W 282.52+218.00 140.44+103.08 233.17+116.02  70. 83+4. 81 96. 60+40. 31
Control group 150 W/50 W 247.22+97.79 117.34+27.20 367.10+£230.95  66.17+14.26 92.93+36. 16
;}i?n:z:fjjp / 368.03+250. 37  45.60+32.36  121.40+100.88  23.83+2.63 75.20+62.91
B2 120 W/50 W 245.78+151.79  56.52+17.77 52.57+15.50 64.73+32.98 62. 87+32. 83
/(L[?/I—i) Experimental 150 W/50 W 410. 78+386.99  66. 28+42. 87 58.57+18.91 196.03+238.58  71.50+5. 17
group 160 W/50 W 172.40£65.82  36.26+12.39 55.33+34.97 42.20+10. 68 60. 63+29.71
[EESoRiE! 120 W/50 W 312.88+303.78 74.76+79.74 37.13+6.51 32.57+10. 19 57.03+45.39
Control group 150 W/50 W 273.52+122.97 49.02+4.38 34.67+8. 48 46. 63+£36.22 67.33+19. 15

TE BT ARSI WA 3 X IR0 A RIS B & /N AR AR T RIS BV 2R f 3y 5 R, 25388 3 H,
Note. The number of animals in the sham group was 3, while the number of animals in each group in the experimental group and the control group was 5
before and immediately after surgery, and thereafter was 3.
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HE G g R g 2 AR 2T B AR5 1
h B4 AT DR 2 R PR T 1A 45 B L B 1 2 A
skl , N H AR R BEFE IR AL, /D 5 2% P20 il
AL A BB A AU B K I, 158 78 00, IR AT R
I AL, JE) Bl Jmy &8 i 27 i ot | Bz 240, ] DL R
e B M, i 5 A R e 4 R LBl 48 i A TR AR R
LS UL 4A ~ A | 3 — 25 %) Bk [ )2 V88 R )
7N, IR 4 120 W/50 W 150 W/50 W 160 W/50 W
A BE [ 2 R B 2> 918 399.99 wm ., 400. 38 wm,
398.76 wm; [FIZENFIEZH 120 W/50 W 150 W/50 W

PR B8 [ J2 JBE B2 43 511 A7 401. 30 wm .403. 91 pm, 40
6] A A O B 2% 5 (P>0. 05) . ARJE 4 B /T
AR HTHI PR IRIEFS b 57 20 B HE S 2 A )7 R 3
A7, JE BRI TG AR M B N, JE) LG 371 Bt 445 449 358 Wi , TG BH i
FE4R WA SRR A S A I e A S R 8 0 A
TEAS AR LS 5 1 2 A ) 26 e B ZH 349 mT I |
B AT 15 A0 1 R R A 5) JC B [ PR SR A 4
FEAE R L, J8 BT A 52 BE 5 R, 2T 44 44 i
B A= B 5 S FRL A AR AT L 1) o RN L Bz 4 e A
B4 1T UL R AR A | A R A R 5 4, R b 2 i
ERARI ST, WE 4,

B3 U RS 1 h Hl4 J AT AR R E R 2 Ak

Figure 3 Changes of prostatic urethra at 1 h and 4 weeks after resection by electroscopy

W A~E B ARE 1 hik64H 120 W/50 W 150 W/50 W 160 W/50 W AT[FZEXTIEZH 120 W/50 W 150 W/50 W F~K 7305 ARG 4 FRFA
21 ARIR4L 120 W/50 W 150 W/50 W, 160 W/50 W Fl[a] 2%} BRZH 120 W/50 W 150 W/50 W 5 BT Sk R DRI, 2155 3k Frd8 ni 5 B o B | w5 Sk Br

718 PRIE TR R/ BE 1815 O BRAL | 21 =8 BT/ B A i PRIE L 0%

B4 SHARE 1 hF4 SR ETE IR LU AR Il
Note. A~E show the experimental groups 120 W/50 W, 150 W/50 W, 160 W/50 W, and control groups 120 W/50 W, 150 W/50 W at 1 h of post-
operation, respectively. F~K shows the sham group, the experimental groups 120 W/50 W, 150 W/50 W, 160 W/50 W, and control groups 120 W/

50 W, 150 W/50 W at 4 weeks of post-operation. The black arrow indicates the urethra, the red arrow points to the prostatic capsule, the blue arrow

indicates the carbonization after urethral vaporization ablation/coagulation, and the red triangle indicates the newly formed urethral epithelium.

Figure 4 Pathological changes of prostate tissue in each group at 1 h and 4 weeks after operation
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Method and improvement of implantable osmotic pump
for intraventricular drug administration in rats

SUN Heyong', ZHANG Gangli'** , WU Jiliang' , CAO Peili', LI Shuo', SUN Haoqin'
(1. Department of Neurosurgery, the Fifth Clinical Medical College of Shanxi Medical University, Taiyuan 030012, China.
2. Department of Neurosurgery, Shanxi Provincial People’ s Hospital, Taiyuan 030012)

[ Abstract]  Objective To introduce and enhance an experimental technique for intraventricular drug delivery via
an implantable osmotic pump. Methods Eight-week-old male SD rats were selected and the requisite equipment and
reagents were prepared. The osmotic pump was assembled and brought to operational status before conducting the
implantation surgery. Following anesthesia, the rats underwent skin preparation and the upper surface of the skull was
surgically exposed. A point directly above the ventricle was located using a brain stereotaxic apparatus, and a small hole
was drilled at that location with a high-speed cranial drill. The pump body was then implanted subcutaneously in the neck
and the needle was inserted into the drilled hole, and secured with dental cement. Once solidified, the needle base was
removed, the subcutaneous soft tissue and scalp were sutured in layers, and the animal was returned to its cage for rearing

in isolation. Results The osmotic pump was successfully implanted subcutaneously in the rat’ s neck, the needle was
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securely fixed to the skull, and the catheter interface remained intact. The rats were sacrificed and the brain tissue was

removed. Examination of the extracted brain tissue revealed no significant hematoma around the puncture site or needle

tract, and the presence of blue dye in the ventricular and adjacent tissues indicated successful drug delivery to the

ventricle. Conclusions The introduction of a brain stereotaxic apparatus to aid localization, coupled with enhancements to

the operational procedure, may improve the accuracy and safety of the implantation process resulting in a high success rate

for intraventricular drug administration.

[ Keywords ]

implantable osmotic pump; intraventricular drug administration; brain stereotaxic apparatus;

experimental method; technology improvement
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Note. A, Materials required for the assembly process of the osmotic pump, of which the flow regulator 2 and the gasket are not used in this

experiment. 1 mL syringe needle connected to sterile filter. B, Assembly effect of the osmotic pump is completed, and the length of the catheter

should be 4 em. C, 50 mL centrifuge tube should be used after high-pressure steam sterilization. The sterile saline should cover the pump body and

be lower than the needle. Incubate at 37 °C for 16 hours to put the osmotic pump into working condition.

Figure 1 Assembly and incubation process of the osmotic pump
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Note. A, Adjust the needle to locate it at the Bregma point of the rat skull. B, Set the Bregma point as the “origin” in the computer operating
program. C, Select a point on the brain surface just above the ventricle in the brain map, right-click the mouse to pop up a dialog box, and
select “Fixed Point Displacement”. D, Robotic arm of the brain stereotaxic apparatus automatically moves the positioning needle to this point.
E, On the actual object, the positioning needle is moved to a point on the surface of the skull above the ventricle. F, At this point, a small
hole is drilled with a high-speed skull drill, which will be the location where the needle of the osmotic pump will be implanted. G, First bury
the pump body under the skin of the neck, then insert the whole needle into the small holes, fix them with dental cement and cut off the
needle base after solidification. H, Suture the subcutaneous soft tissue and scalp layer by layer, and the protruding skin of the neck shows the
outline of the pump body.

Figure 2 Operation process of osmotic pump implantation

HAMARIG 3 REHETBEARK, 7] WAL EE 564, RE B O RBIF, SARN T IR T ;B BUH S8 M 4120, AT SoR %
TR, AT L2 ) P B G S e 5 € SERR IR SRR AR 2 AR G, B Sk R I [ E T L i N R B2 T DL (L ekt D R
TSR EHE, BHE ] B G A 0 P B AL SURT DL B ek R R 2

3 GRRMASCR SN E S5 R
Note. A, Three days after implantation, the surgical area was re-exposed. It can be seen that the needle is firmly fixed on the skull, the
catheter interface is not disconnected, and the pump body is located under the skin of the neck. B, Complete brain tissue was taken out.
The black arrow indicates the puncture point. It can be seen that there is no obvious hematoma around the puncture point. C, The drug
delivery system of the osmotic pump was removed completely, and the needle was firmly fixed on the skull. Blue dye can be seen in the
intraventricular and surrounding tissues. D, Black arrow indicates the needle path, and there is no obvious hematoma around it. Blue dye
can be seen in and around the ventricle, indicating the success of drug administration.

Figure 3 Implanted osmotic pump and successful intraventricular administration
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Table 1 Advantages and limitations of three kinds of craniocerebral drug administration

AK = JaiFR
Names Advantages Limitations
25 SR TE Y 5
Single injection of trace drugs;
SR AR P BRI, SRR S UL T S TR R AT B, 45 B8
T Experimenter can independently control the —JE&J,
Microsyringe rate and dose of drug administration;; When the experiment requires multiple injections, repeated surgery is
S 5E UG AN G SRR AR A required to expose the skull, which is tedious and easy to lead to
Follow-up imaging examination will not be infection.
affected after the completion of
administration.
—UCE N SR SR B2 ZW LG 5 LIRS I 3 ), TCRE A 275 5 S BUSG;
Repeated drug administration can be achieved — Repeated administration requires repeated capture and stimulation of
after once positioning and embedding; experimental animals, and improper aseptic measures can easily lead to
M AAEE SN GUR] H BRI G 2 RG22 infection;;
Micro drug UK 4 24 )82 R ] LS AR ] SR E Y B BRI BOB IR RIS

delivery cannula Experimenter can independently control the
rate and dose of drug administration, and the
rate or dose of multiple administration can be

different from each other.

—UE LR T RS RS Sk
2,
Once embedded, long-term, continuous and

AR GRS
Implantable

t. "
osmotic pump uniform drug delivery can be achieved.

Damage and infection caused by self-scratching in experimental animals;
FEPEASRME, TIRRAGA,
Catheter contains thin metal tubes, which will interfere with the imaging

examination.

— RS B SRR BAT ME— A 2 B R K O AR [R]

One type of implantable osmotic pump has unique storage capacity,
pumping rate and duration;

AR S I, JOT BOR &, AR A

Assembly process is relatively complex, requires high sterility, and must
not produce bubbles;

SRR TR AR DR,

Metal needles interfere with imaging examinations due to artifacts.
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Positive effect of the good operation of the CNAS-CLO06 system on the scientific
nature of animal experimental data

MA Liying", WANG Hong®, GUO Meng, LIANG Chunnan, YUE Bingfei, GONG Wei "
(National Institutes for Food and Drug Control, Beijing 102629, China)

[ Abstract ] The animal laboratory of pharmaceutical and biological product inspection and testing institutions
undertakes important basic support tasks for testing and scientific research work. This article summarizes the management
experience accumulated in the operation of our institution” s CNAS-CLO6 quality management system, providing reference
for similar institutions in operation to ensure the scientific nature of animal experimental data. In order to ensure the
scientific nature of animal experimental data, the experimental animal institution has successfully passed the CNAS
accreditation of the experimental animal institution, and has completed rectification on time during on-site supervision and
evaluation. At the same time, regular self inspections of the system have been carried out in accordance with the “Quality

and Capability Accreditation Guidelines for Experimental Animal Breeding and Use Institutions” ( CNAS-CL06). During
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the self inspection process, we examined issues while improving the content of the system. Starting from animal

procurement, occupational health and safety, animal disease treatment and care, and facility operation emergency drills,

we enriched the content of the quality management system, ensured the continuous and effective operation of the system,

and ensured the effectiveness and standardization of animal experiment data. At the same time, we contributed to the

management ideas of our institution in sharing animal experiment platforms, provide hardware and software support for the

construction of cloud platforms for animal experiments. This article aims to explore and form a quality management model

for the experimental animal industry based on practical work, being focused in the standardization strategy, continue to

deepen the reform of standardization work, and give full play to the basic and strategic role of standardization in the

modernization of the animal experiments system.

[ Keywords)

animal experiments; quality management system; shared platform
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— eSS T K G S, S R v A Al
B AR 9 I I O, 4810 n e R e R 1 3l S
56, A S 50 G BT E A 9], R B X 48] %
WHEAT T REIA YT 2 BHA YT, R ANVER &S 57 07
TEAT TG VAT I 1 AN H R B 4aisia s
A, 284 T VEAR I I 995 RGBT 7 S8 0% S G
S

P TN B4 S 56 e R B AG BB, n f B:
5 IS LI A R R A A R R/ANERSM
SEES /N B B B AT, R IR T 12 W R
7 HUG SRS TG R RS . S T 3
s B RS S8 A5 B E RIS, #h 70 5836 T HER RS SOP,
AL T IR R K, T kB sh Y R
TEOLIFHEATI2R iR sh P e N A B
3.3 HYPEWEA

ARAFUER " 0 2P S A > AR L B AT
SRR ARG E Y Bl W S AR X R T AR
BRI ARBR, PAG B 5 B T AR /NG AR 8 A6 50
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KA TAESE PRGN, g0 S T 2 W) SE o H AR #
VEFME, F5 e DY RLE N 1 B 255 90 3 4 2 5oufe
G, ME B 34y 4 R, N B P S I Y S A 4
RE AR ZGHRAE BB A5 5 T HEAT TR, R AR
P AT ME 5y 72 B X S [ B S 56 4 RN B2 gk A7 43 )2
BIAE S,
3.4 BRillgmzs

it 2 ) it P A A G U AT T 4 T A
JEHX A e 4 s 52 56 (B TAEIX) i
137 A1 AR B, P A5 2SR 331 H T J8 22 iy At
TR BEAE X B XU Ak % B 4 5 it 5 49 4
B G DA A5 G 2 HE A TR] 118 52 56 X35k, AN ) 4 G 56 oy
Fp 22 HEFEAS ) 4] 35 s 1)
3.5 SEEMAREII

AR AR E A, T AR TAE A B RN
2B 5 L IR R T A I
FE LI I 45 B ) S 5645 B R G 1 il
FH NG K bt R S 0 2 b 0 0 R 5
B )% SR AU — B R K PR ELR 5 5 ANy
T T T AR SR 22 AT TR A A 28 S S 38 i e
PRI SCER IR R N X T AR A B R e ATk
SEG S 0 R AT IR 4T 48, DAL &1 52 56 3
PrRRAH SIS
3.6 EMEIEITRAEMHEL

S ) B e 1A it 1Y) R 3 AT L TR AR B R
NG, — K AR EE N R EMEE,
W Xt s S MUK 77 A B K P A R G Be
A TAESC bR, e HE T 58 K 3 AN L 104 7 22078 2k,
AL B8 3% A ] 2 A BRI AR | 8 SR A5F HL B 0T A Ak
PRFLRR | 0] 55 JCH IS AT 458 K98 B Ah B R
AR N B3 A7 05 1 0 A B 491 Gk ) i e 5 T
L T2 05 B 2E AL

I A AR BUR R 932 174 it , P A e 2
STT AR BTG 4L S BEAE SR {4 T LR s A
FERIE A A R I A% i B CNAS-CLO6 55 55
Sl FR R FMLAL) S5 2 A0 RE 7 A AT o UL A A 5
SR IB AT ST A A BRI, SR B 7 A B4
LA I 1) BP9 4 TG 2 a1 20K 1R A It i
15 BRI B, FEAT 2 sh il 3% shi =
YRl At i 22 4 5 7 T ) 285K
4 CL06 FNZNMINENRIE RS LI H = F
BRIEHIEA

1987 4%, EPrpnifEfb kA 75— i

HIZR 1, Bl 1509000 ZR I bR, B HA Bt 5 %
J Bl TR O bR 22 ) 4T 4T A B A
I I RIS B B R 7 KR BN LR R Y
B, PR E 2 it CNAS-CLO1(17025) CLO6
CLO3 EZA i IR R UIE, 2K 50 A I BT AR SR
AR DL B2 ) A I B B SRR <
AR R — 24, U [R] B 2 AAS [7] b
X R = i S B A e e e ok, oA AR I IX
BALTE SRR AR TSI T BN

LS CF R T ) AR R T, A
& (R 52 55 2 ) 2 Bk 2 0F 90 1 B 4, ST A
1k Bk FRIE AL 0 52 58 3 ) Bt B it v] 2 it SPE
WAL B ) IF R I R S 5 Bl 0T 5 4R T B IR
B0 AR Bk, T A4 Rl A ) A RS 56 B
I, 1966 4, EE M A TR A AR E T
(IR ALY B R AR LAY 28 1 iy 5
KIB R RAGNE RN LW 30, & BE BT,
FH 2020 4 7 A RREE LAY N SER s ST AL
FE)E LE) TACUC B HERTEH AT T4 nie .,
1971 4F NIH #ifii 1 584y [ il 3T 1958 56 3 ) B
% (Care and Treatment of Laboratory Animals) , [F]Hf
AR S5 S i FH DY (Principles for the Use of
Laboratory Animals) , %] 2011 4, )& H 57 #5087 it
NIH( 5255 2445 20 5 1 I H8 ma ) & =10) 3 9 1 it A
Lol SEIR RIS Bt 1 BT E 1 | S IR S R 3R
S 115 (animal protocol ) S it W 7B H it |
X LR BN BRI SRS AT RSE T, 1973 4FE H
ABAT I SR 5 A Bk ) & H AR SCI s W 4
PRAGFEAS L ;1980 4F HS BRI ANAR T & 525 3h )
) B¢ 1 VA R S B0 sh Wy ) 7 e AR D) | H AR SIE 5
s SRR BN £ % A7 AT IS
HIMERR S HARBUN AT B % Kk TR
AT, T RITR ) S WAL 7 22 8 S B 2
(EBLIE S R LY/ M vE iR R A g A R
KA E PTG B BF 58 N 3 EE 30 AT sh B 52 56, 75
BUHIE SEI St R, B o 1 S S 5 i
Jiti, I ) 5 2 67 DT B BLAG B I AR R O A B
RS T 58 s Wy 525, BR T 58 #5 1Y AL 5 1
B, HASTE S5 50 ) 43k 1 B I H A AR B
G FEL TR R I SRR SE g s i R Ik R,
IR T X SER SR R R A

FE TAEF A NIH 3P B0R , © 28k B Pr A
S T IR RS TR R S I S PN ES P95 R i
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PR N IO A5 3% [ 15 S AL | (H AR N % 25
A EN,ENEA T ERR S A, R BT
A NS R R R SV LAY i - P Y o
23 3 SUH BEAR R R 4 P AR B, B o NI % R
PRAL TR R, e RIbE A i g dh e R
Wit AesE 4 AR S R SO R Y T R SR I ]
ML PR A B S 5 IR R A 2R 1 45 £
SR EAE R S 5, TGI8 AR I S S RLE, # FE 40 I
T IS I NI i3 2] T 3k W 42 1k 0 &
JE ST H AR A5 M X A R YA Al A B AR E Y
il ] LAy 2 2% 08 e AR 2K I iR 31— i 2L
SR, PR B e 220K, R RE e B T S i 1 S fi S ot o
ik

B S = NAM T B IR R R S 5
K- R IF RRMIT A A B S AT AR
K BEF S ST 5 O A S B — B, B
ST F A FIUKOE- AR W 1R, o sh ) S S R A4
AP = B 45 B SRS AT ML & A AR R
FRFFE 48 HuIX R HE T U f0 3 LB, 4T T 4%
BRAG JR), AT i | DX 0 5 A B R s 1 R S
YRR Y U AR R SR R S L&, &
TR RIRTITHY B 28 D W 55 3T, Bk 2 s i X Bk
B R ik M X, — 7 1] kA [] — M X P 8 5 i
A, B—HHERLF e A4 heEiTE S
i JOT (A BN S e T, R R B ) SR B AN S
5% SEES s it A 5 5 B A | s SE g A
FREREUI  SCU6 s AR RS BRI 25— R I 25
PR KI5 HERE N PR AE 2 Fh i 24 HBUA R
TR R A RGETT, 18 X HesE R ] DL
I Aot 5 AN [ X AR [ 4 i B B ) S i A
A S Sl 5 FRASE 50, I SE 0 s i/ T A L SR
SR A AS IR B SIS S WA UE A T A B L
WSRO I A S o — R RS TR T
SEUE BT R, O AR B W S5 A ) — Bk R R
=

B GShY)F & b, S256 3h 4 B IR
ST S YI LL A AR A0, S SE I B R R R
BHOFECHE i R SR, o i A 3R A8 U 0 O 3l 4 S 3 B
2E T RERBAAT, DA AT ) R U2 BRI AR 2K P B A
WA ANE TR PR R, Sh SRR e
S b A ERER ., i 6 0(sh
WS P H AR T X SR A T W
PSR, 53 N FEAS 1 Bl S H R A 22 4K

PEARE AT A T R T TR R X b
N SRR B R YR AL SR A T
BB

G BE 5 R E A 1 P RS RS T E B 2N AT
Z2 1 2 WA AT (https://www. nifde. org. cn/nifdc/
jeshzh/ zjynlzzh/2022040610323653581. html ) , Jf H.
1 CLOG6 Jit 45 PR 2R P 2 Rz 47, BERA TR A
SRS R R B9 23 LA IE BB, Rt —
HEC T RS sh P 5256 5 a3 R AE 3R
A5 M IX AN I3 i JR 0 s L, RE 8 BRI b, ) P B
AR S H TR R G, MR = B
B, BTk — 2 201, NS AT R SR s bl
AT 14 [ 58 R 3t DX T Joe WU B A Y A8 i 42 ik 4
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o R, B UL, B A
R BSRI %55 BEBE BRI BT 650000)

[WE] BT EEFERF RN P 2, 25 T 205 A SR, A0 i 733 7 (ischemia/
reperfusion, I/R) #5143 LR 1T HE$0 A%, Bl M4 (ischemia stroke, 1S) B Al 7E H S B P it = 78 24 B
VATFB M T2 5 i Bl il - 78 351473 ( cerebral ischemia reperfusion injoury, CIRI) 33 2, AIAYY 1S $24t T/,
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Research progress of ferroptosis in the mechanism of cerebral ischemia
reperfusion injury

JIANG Huan, BAI Wenya, SHAO Jianlin~
( Anesthesia Department, the First Affiliated Hospital of Kunming Medical University, Kunming 650000, China)

[ Abstract]  Ferroptosis is a newly cell death mode discovered in recent years, involving in a variety of
pathophysiological processes, such as ischemia reperfusion injury, neurodegenerative diseases and tumors, etc. At present,
there is a lack of effective method to prevent and treat ischemic stroke worldwide, and ferroptosis which is involved in
cerebral ischemia reperfusion injury. 50 articles were included in this paper after searching the related literature, which
published in databases such as PubMed, Wanfang, VIP and CNKI in recent years. Discussing the iron metabolism and the
concept, mechanism and regulation of ferroptosis, the role of ferroptosis in the mechanism of cerebral ischemia reperfusion
injury, and the method of inhibiting ferroptosis, this paper attempts to provide reference for finding a new potential
treatment for ischemic stroke from the direction of inhibiting ferroptosis.

[ Keywords] ferroptosis; iorn metabolism; ischemia stroke; reperfusion injury
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Fofr R A SAy B 5 A A 0 A A v R R R R R
FTPR LT A BT R R, 2019 4EFRE IS &
TRNELL N 287 J1 IR AKGR 2418 J7 SET- AKX
SRR3R 103 71 AT UL IS 2 R Y 22 T R R
yra ke e B A, (E AR BT IR IR R R 2 HL
IS AR AHESZ SCRp AP BIIA YT, 1 X — B &
BRPRZEFRATEFTR 1S A RBORIT IR A AR .
— o I O A R A B I R B0IE R ( tissue-type
plasminogen activatort-PA) ¥ 12, H FiZ 7 LA 4EIR
I I ) B 22 A e ) i R A il R b R 29 HAT 5% ~
10% W BE L2 2IRYT , BAEZ % RIRIT IR
H A R BI] —2f 1 SR 3 A I RAE AR 0 s
AL AN AR AT 1A DD 53 e 1 P (H X R
P AAT ISR ) 1 22 BT HLAG R R 5%
ARG R ] 3 BORE 82 2 % T IR T I R B D
REHIS HAFE TR B RIFEBE 1) D) RE i, BVl A isf
Besz 7N PR YT, BEAE A AY P I 2H 2
TEWRSE, CIRT U Bifi 2 1 2, 33X Al 4T o 0 28 2 i 5 R
FTRESEEAT 1Y, B L R i3 PR AR — MO 3R 97 T-BOR
BEEX— IR, REM R CRIELRSI TS5 T
CIRI 22, K s R FE T HLHI LA SR AT 2 5
CIRI HLI A BFFE TR Z0B 196 YT 1S 1 T B2k
WA LER,

1 %L

L1 SRETHE

2003 4 Dolma %[6] I erastin 7] FE Ras &
AFARMIAET  FE L FER_E Dixon 257 T 2012 4F K
FE T HIC T RIME G, BRIE T2 — Tl sy kMO
2 AR A T 2K O ELRT DAE 2o kB 5
Mt AR B IBOR TRy . PRIET-TEIE 2 Ak
gl fgE s ENTE T OHAAT T FRATT 2 A
HREIET T 2, T A SRR R IR R AR AR /) |
B ERG AN WD B O EE 2 AR 2L AN A R
ANIE ARG 5T 4 A e 4 5 2R WAk 2 s R I 4
P B T gk B OB R B A KT TR T
MZBIET I — TR TR AT AR T AR
FEFFPEAIZE T 7 =X
1.2 SRFETHXHERHIFE

BRI LRI H S A (0 2 /0 HATR KA AR
Frd B ALY (lipid peroxide , LPO) &R AT fix H2 1)
Z 5%, H W MEZ IR E ALY (lipid
hydroperoxide , L-OOH ) f4E HI, T iX P & 19 4 il 5

RN Bk | AR IR A B 7 R A A DT
K&
12,1 R
NERP BB RN 3~5 o, TEIR BRI & =3k
WL 2~ 4 mg, NERK AR RTFTFERI 1 ~2 mg
B my T LR Pt e W B R
Fe® A RERE T 48 Wk, Fe™ ilid —Mh &Rk iEE
F1 1( divalent metal transporter 1, DMT1) W I J5 55 4%
H 45 5 AT I A0 i b 808 i ks A
(ferroportinl , FPN1) M fiz 40 Jfd % o 26 A UL, 548
A HGE H (transferrin, TF) i3 £ 45 (B TF HiE
G54 Fe', BT LA 2 B BRI I I 1 1 1 K
Fe* %8kl Fe | B o 5% 2 45 M 3Z 1K 1 (transferrin
recepoter 1, TFR1) LA FAE K Fe’ iz 3% #F A 4 i
P, 6 IR AR Y R PR PR B v Fe™ BRI 9 KA Ji il
BN Fe™ HEZERE DMT1 5 %2 28 40 i 5, 0k
SEFRATT T U AT A A SRR e kb R 4
BRIET 45005 EZ B IR , Fe™ ] DL 40K A N
I = A 15 P 4R (reactive oxygen species, ROS) , NF%
FEA M - OH) Fid L& (H,0,) , B %
KT R ISR A L ( 0 0,) BAE
S AR LA N H,0,; R )5 Fe™ B R Fe™
(Fe’ + © 0, —Fe™ +0,) ; U fH &1 # FT 156 A% 2515
J Fe™* +H,0, —>Fe’™ +(OH) +( - OH); fixJ&
® (0, +H,0,—~( - OH)+(OH) +0,, X% ROS j&
BT A ALY R R 7, SR AR LPO RS
70 AR P AR E R e 1A 3 R (1) e
5O FHES Sz ZRENILEN,; (2) L
KRB 32 5 1 1 ( mitochondria ferritin 1, FtMt1 ) 1§,
FIM2 ¥z 2R (3) LABREE 1A JE it A i
A BRI  FPNT R RATHZ 40 1k
TR P14 240 L PR R — il AR R T B2 AR T 2
(nuclear factor erythroid 2 related factor 2, Nrf2) j&—
Pl SR 7, AT 380 FPNT 2635, Ul 5% 400 i P kB
# W E (ceruloplasmin, CP) R AR iz 4 B
5 H (hephaestin, HP ) t1 58 E4ZAEUE FPN1 HEH 40
PR, T JE M FE B I RTAR (amyloid protein precursor,
APP) St Tau 35 B Bl Oz iy 2 20 i R A2
FE FPN1, BEAh, APP B i3 S ik o o 52 20 i o e 7
BRAKF 52, APP Rl DURE R B R S8 E R
F TFR mRNA 255, 24 40 i 3 1% 25 2R K - i I
APP VR 11 Y B 1S I, D2 2k kA A AR L g
AT A TFRL 1Y RNA B F& A, 2R A,
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S e O T ) N O Al =
(ferritin heavy 1,FTH1) (FtMt CP .HP APP #J B
BRI TG PR, n] DLW N A FR O B E
FRT BB B30 (22 Bk e AN 2 KR ) 1T LLES AR
FRE Rk, A A S ATLAA B 25 4 A 1 8 75 1R R A B
YERT, SR AERF R AR A, — ELIXR P 4 4 T 1, 240
AR AT (K1),
1.2.2 ZAEEmA

SystemX_ -GSH-GPX4 %l : Bt & R/ 4+ & R I [w]
Bk SystemX. H#%4E SLCTA11 FIH 5% SLC3A2
ML, EREF MM IR SN A R AT 10 1 58
P, PR NS ARG B =R T 48 e HBK (glutathione,
GSH) f& i"* ', GSH ZAR AR E ZE Bt Al
), TEABEH BRI S AL P 4 ( glutathione peroxidase
4,GPX4) i Bl N A E AL B B H R ( glutathiol
GSSG) , [FEPKF L-OOH if Jiii A Jig i ( L-OH ) LAk
FIFEVE R, 958 IL 10 GSSG Fifi J S a4 it i i
TR AH Pk iz B W2 — AZ AT FRWE R ( nicotinamide adenine
dinucleotide phosphate, NADPH) [ GSH i i fiff i it
N GSHZH T - ", MAMNEHRENSE
Rl SystemX[ R G & Lz i, GSH 4= i3z
BRI, SEERIET- AR, R P PS3 7E 1S
Ja FEIRAKFH R, T AR SLCTATL Y2 A
PERRFET I A0 AU e ML WE A erastin 1T L4104
SLCTA11 UBEE BR %532 , RSL3 F1 ML162 n] ) 311

GPX4,FIN56 |2 #E3% GPX4 Fl4HEE Q10 ( coenzyme
Q10,CoQ10) I FHRAET=>" , Nef2 B LAY H E A
SR AR IO T R R R T RE A, B0 N2 R 35
A5 Kt 2 R 3 4E F, R 98 38 I SLCTALL
GPX4 F ik Mgkt ([ 2) P,

1.2.3  JEMim i

ACSLA-LPCAT3-ALOX . LPO WJE i F 2
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Figure 1 Iron metabolism and ferroptosis and their regulation
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fiEfk LPO JE A SFARSET- (1 3) ),
1.2.4 Hegk5H%Er

B LRk AR A0, A P450 A Ak IR IR il T
DA b iy R 9 38 ST I N B R IR IS %
HRRZE 4, 3% M NADPH 3R BCHL T 42 L 45 P450
it , AR ALOX 7 2UAE E 488 40 P () PUFAs &
Azt EAR R AE T

2 SRIET S hwEkin HEER G

IS WA HLH o3 B 2%, HRl M R og 4 T A iE
2 L/R A5 FIR I 10037 HH BT S Bk Ao LK
Bt =2 i R RE A P A | SR AR I L SR SN A
FRATPERE PR S AR SC &, T2 AL IRAE fR T
SFHIR SRR A IO T BRIE T AR AR R B

B2 AR SR T M

Figure 2 Amino acid metabolism and ferroptosis and its regulation

B3 R A S AT S

Figure 3 Faity acid metabolism and ferroptosis and their regulation
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CAV1 TETE AL I8 IfIeg v g oF 53 3
EEMERR, ZRRA, R B, E =,FEH"

(H R EZ R 2E R — IR R E 2B, BN P25 = Al sl TR =, Hiltd T E T 52508k
TSR 22 730000)

(FEE] W MR e B AT R BR iR WIRRE 2 — A5 &0 B P AR 4 B e 55, s
A VAT TN S — B, /NS -1 (caveolin-1, CAV1) 7E I Ak 38 g o HAG X0 55 16 T, BE 2 g 410
il P SOR B T, CAVL XHH AR g i) 4U ARG 5 1258 S5 I AE A ORn 24 it 32 1 2y T AT AR A
JAY CAVL B 1 B AR AR 5380 % T RE A IR 7 T AL e (0 S 2 — . DRI, ARZ5 3R 3 CAVL 45 Tk &
TRVRRE LA BT T Ak T8 bR b K — ) 70 5 %% 46 ( epithelial-mesenchymal transition, EMT) K L ifif 24 1% 45 J7 181 43 #7
CAV 55 Ak e 1) G 22 , LA A I PR Ak I 129 7 S i 1) S

[$RE]  CAVI; W ALIE IR ; EMT; i 25

[FESES] R-33 [ TEkFRIREG) A [ XEHS] 1671-7856 (2024) 07-0110-11

Advances in the study of CAVI1 in digestive tract tumors

WU Zhihang, TANG Mingzheng, LI Xiaofeng, RONG Yao, CUI Yan, PAN Haibang "
(the First College of Clinical Medicine, Gansu University of Traditional Chinese Medicine, Gansu Provincial
Engineering Laboratory for the Creation of New Traditional Chinese Medicine Products, Gansu Provincial Key

Laboratory of Chinese Medicine Formulas Excavation and Innovative Transformation, Lanzhou 730000, China)

[ Abstract]  Digestive tract tumors are currently one of the most common types of cancer, including esophageal
cancer, gastric cancer, hepatocellular carcinoma, pancreatic cancer, and colorectal cancer. Their prognoses are poor and
the treatments require further improvement. Caveolin-1 (CAV1) has a dual regulatory effect on digestive tract tumors as a
tumor suppressor and cancer promoter. CAV1 plays a major role in cell proliferation, invasion, metastasis, angiogenesis,
and drug tolerance of digestive tract tumors. The regulation of CAV1 protein and its related signaling pathways may be a
strategy for the treatment of digestive tract tumors. This review analyzes the relationship between CAV1 and digestive tract
tumors in terms of structure, function, expression regulation, regulation of epithelial-mesenchymal transition, and drug
resistance in digestive tract tumors to provide new ideas for the diagnosis and treatment of digestive tract tumors.

[ Keywords] CAV1; digestive tract tumor; EMT; drug resistance
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T A= 28R | A SRV PR O T Ak P b R
TR E

/NEERE H -1 (caveolin-1, CAVD) KA —T
5 IRk R A OC B Tz N Sy R R AR G SR 1, AT
PLZ: 55 i 40 b B 4228 IS | I e~ ) FE
WAFZ R MRIE L A, WRSE R B CAVL AEH]
i geE 240 B EL AT A3 AR P CAVL 78 BT 1 I R
AT AR DI BE , SR M TE K e e i) CAVL {2 afk Jib g
A A KRR T EOMREAE . BRTA IR, CAVIL
TEH ACIE I b 0 VR T R A5 B M AR, o T
W1 CAV1 5184k 18 g 2 18] (B AR B AR AR SCTR
i CAVI FIIH AL 18 i 6 1Y S5 8 F 58 iR, 4 iR
CAV1 T T g 240 i 3 7 | (= 2% R 4 A T, AT
S T A T8 e 1 5 A Sl S R CAV TEIR R
BRI S 2R OC R, S CAVL FIE AL IE i 1
2 o g R AL 1) AR B AR 2 CAVL Il IR
IVAEEIS

1 CAV1HIN4E

1.1 CAV1 HI%H

NGB S R R B R TN R A L RN b R A
Hh TR R BRI N B 4548, 52 50 ~ 100 nm Q JE (UL
K1), HoAT Bz i R oA Fn 4 {5 5 7 = 554
A, S8R A & A R R BRI R,
BRI FERI/NE R ALK (CAVs) & 3 FiOlE
%I CAV1 CAV2 F CAV3'™ | CAVI1 Fll CAV2 TE B

HALLVSMOET A A2 #4383k T CAV3 LR R
UL R IA A BRI R, 7E — BB REE 1 4 i sl 4 21
o U LR L) BT AR 263K CAVL CAV2 I
CAV3 X 3 F CAVs'® | /VES B P £ 2 A 0
CAVIL Je—Fhi/ N S R SR 1 ORI T A
Pt 7q31.1 F, 5 A 15 MR T, CAVI
DABAIETY o F1 B AEAE , R0 BUER AT gt — 3R
R RIS, CAV] o %47 24 kDa 585, 1l CAV1
B &A1 21 kDa FR3L, BFFTFIA 33X IR B Hh AN [F]
) mRNA 45" . CAV1 &IPS 4 D AFIS5H
BN RSB SRR IS5 NS5
WA C ARuREE IR CAVIL B C KAl N R
iR R R T AN, C AR Im A M A 3 AR
PR AL A7 5, o B TR P A A S PN S5 A 38k L U B A
AT it A BB Oy T2 iR N
AR St 2 A S A T A Ml TR A 7 o5« T PR o7 1 N 22
SR . WS R Y14 AT DLWk 8 & R 5 11
BRI IR 15 5 B 1, 22 2R o s S80 Wik i)
CAV1 ATLISE R RN S5 CAVIL B A ot >
(WE1),
1.2 CAVI1 HiThee

CAV1 et 5 Z Fh 2 (1 BT 45 A, 465 il 1R ] s A
AT A AT R, QAR R A R L
KAMERI G 5% S AT, CAVI AL
AN R 7 e B0 R L R A R
A A, — 7 T, CAV 1 FE % 2 Z2 95 HiT s 48

1 /N HEAA LA

Figure 1 Diagram of the mechanism of caveolin synthesis
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I 95 RE 5 A6, 5y — D T, T i AE B D) UL 2% 5
CAVI iRk et e  ZEm I 4t ML %A
KT CAVL BB A fE— 2 R LS CAVI
FEAIMI N 5E D B s 5 15 AT . CAVI B2
UESEAE Z2 T A8 g v AP e 22 Rt Rk e 8%
e B R R T CAVIE R R, R
i, R4S B v CAVIL 838 TR > (3%
1,E2),
1.3 CAV1 HIRIEIAE

CAV1 1y 3Rik5Z 3 Fho7 s . J K 41 W 35t

TEABNT B s R S J R ML, CAVT R 56 4
TR LB T 43 DNA F LA fI 4 & A &
Wi (B R 1k . S BRIE RNZ R Y MM R Z
R AL R IR RR S 5 | P 22 4l i b CAVI Y DNA
HE AL B 20 3R 1 2 S Ak, DT 3R 95 H mRNA 3%
ik Sanders 2510 % R B AR A KT B
(transforming growth factor-B1, TGF-B1) AbFH 1F % A,
SFYEANMEIG , CAVI mRNA 35 % 2 41 2 (118 i 1
FHTT 9, 3% 7] i 5 e A PRI £F 4e 4k A OC, Ah,
Yan 25V 58 CAV1 DNA B R4 A48 v il v 1

1 CAVI 7EEME g o i 2k 1 ol

Table 1 Expression of CAV1 in malignant tumors

Jitryed X A
Tumour Significance Regulatory pathway
A e R T AR
Esophagus cancer Promote tumor Mitochondria apoptosis pathway
g2 2l A2 fipr e EGFR/ITGB1 ;c-Sre/CAV1;

Gastric cancer Promote tumor

e e

Promote tumor

H?%.‘:.;:Zfrﬂ]

Hepatic cancer

g 22 Bt e
Pancreatic cancer Anti tumor
e B
Colorectal cancer Anti tumor

By o
Bladder cancer Promote tumor
iy 37 {2 b yeg
Lung cancer Promote tumor
ST 2 e
Cervical cancer Promote tumor
Bt L

Osteocarcinoma Anti tumor

e 5 04 {2 s
Glioma Promote tumor

CIE s Mg

Ovarian cancer Anti tumor

e b

Skin cancer Promote tumor
P2 T e

Prostate cancer Promote tumor

BN Bt e

Breast cancer Anti tumor

il et
Renal cell carcinoma Promote tumor
S e

Head and neck cancer Promote tumor

Wnt/B-catenin

Wnt/B-catenin ; Notch;;
PI3K/AKT/mTOR;;
CAV1/SREBP1/ACADM;
HEER a/CAV;
Integrin o/ CAV1;
Erk/Jnk/p38

CAVI-ROS;
shh/MMP2/bFGF/1L-6
CAV1/STAT;CAV1/MMP1

it

Unknown

CAV1/AKT/Bad

AKT/mTOR
i
Unknown

Wnt/B-catenin;
PTEN/PI3K/PKB/Src/CAV1;
TRAF4/CAV1

CAV1/p-gp/M2 BI 5 I 20 i ;
CAV1/p-gp/M2 Macrophage ;
CAV1/ACE2

A
Unknown

Wnt/B-catenin

CAV1/NF-kB/c-Myc;
TGF-B1/Smad

PI3K/AKT

CAV1/EREG/YAP ; TGF-B/SMAD
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TE SIERALIE, ™ P<0. 001 ; 7B (B TR | 5B AL8Uh CAVI miskik  7E B A I 40 CAVL iRk KR A

BHIHEL,

B2 CAVI {ETHAIE R R R B 1 Ol

Note. Compared with normal group, ™™ P<0. 001. In the cholangiocarcinoma, esophagus cancer, hepatic cancer, gastric cancer tissues CAV1

high expression, CAV1 low expression in carcinoma of the rectum, colon cancer tissue, and the difference was statistically significant.

Figure 2 Expression of CAV1 in GI tumors

FTREMLA , FEHRF R A 18 1 it o - 92 W RN 97 19
FIREREA, SR, B2 A AR AE AL W bs AR W
A REHE— 05T

CAVI MR BIFFHAFE 3 V& & G+C Y [
P ICE, AL 4E CAAT FE41 Spl iR P 51 filid &4k
WA S R TG AT 2 P i S JIEL R R ) 344
Jnn] PLjl 3% SRE 45 & & H 1 (sterol regulatory
element binding protein 1,SREBP 1) Y CAV1 j3ah+
Hh ) L B R T TR SS A, VR CAVI mRNA %36,
BEAh , HAp % ST GAT 254 R F 6 NF-kB AT LA
5 CAVL BB FHRZE & AT K0

VFZ RN Z RSS2 CAVI A5 55875, 4l
/N RNA ( microRNA , miRNA ) | K % JF 4 i3 RNA
(long non-coding RNA ,IncRNA) ¥Rk RNA ( circular
RNA , circRNA ) DR HABZE 1B A] LAXT CAVL BY5E 5%
Ja K SF AT R, HoH miRNA A §§ miR-199a-
5p'% miR-96"*" miR-124'*' miR-103/107"%"  miR-
204" miR-130a"* Fl miR-103-3p'®’ & Bk B AT LA
PUMFEJE CAV1 mRNA 38 CAV1 mRNA F#fig 41l
HBH%, IncRNA fU4% IncRNA ANRIL'®! Inc-BMP1-
1'"F1 IncRNA IMFLNC1'“" "] LAJE 5 CAVI &
Tk N HIRe . BRI EY], circRNA 7E CAVI
(G S Ja R PR OGP E R Li T R &
I circRNA TADA2A %4 £ 5 I miR-526b 45 &1L

"/

5, FA miR-526b 1 miR-203 14915 48 T ik, BE 0% {2
ik CAV1 ik, —SUE A BTINR G M [ A AR
A F ( polymerase-1 and transcript release factor,
PTRF/Cavin-1) JFMEEE 1 1 A1 RNA 454 & 1 HuR
WATLASE I CAVL i 8 1 5 A e e pE 7 B3
Z FIEHEN ZNRFT A AL S T CAVE 2R
A7 W G R AR O ( tyrosine protein kinase,
TPK) ATLAS CAVI RYBE R 14 (7 mi4h 3, BT H
BERRAL, 5 B CAVI AEAE B ™ 1Ak, CAVI
2 TP B AR A7 3 15 2 B, AT LU I R
REff . WF9T L CAVL Y H WERE AR AT LAAE HE 470 1R
(palmitic acid,PA ) 1755 119 2 TP Ji¢ Jo 400 e 0 1~ 0 2R
KESZI, CAVI I RESE PA PRS2 R G0
Uil EIR TR L 25 TR, CAVI YRR
BUEZAE g 5 RNA B 38 32, 1M HL ik A2 31 8 1 #8 1Y
T

2 CAVI1 X3ffJEE EMT B9 0m

CAV1 5ZF0 i 1 7 - 18] 58 B 40 ( EMT) A
S0 AR CAVL (9 184 53k ST6GALL %
s, AR i EMT 40 it # 228, 0F 5K
KPS BRIET drd) CAVI 5 EMT Z 1]
FEAE AR 95 B9 AH 56 Pk, AT DLAE 9F EMT i F2RY
miRNA-203 i@ #] CAV1 i PI3K/AKT {5538 %
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TG BN B R R IR A S A0 T, A
T A AN EMT R AR ZEDY . 5 EMT Al
R 8 T A MEAE R AH OC B JE [ CAV L FE HUIR iR
IV B R T R e A o R s B R
CAV1 1A i 51 A i 08 JRE 1) 6 B ok 3l [ 22 REAE 16
SR EMTUO X 30 ] Rl o 2 e, A3
A 1 2 (musashi 2, MSI2) RERG I CAV1 B A%
5, SR AR MSIL A] DAF0 il CAVL A5 09 41 il
EMT RS | fEFLBE R, CAVI 5 EMT #3¢,
Bt = CAV1 W AT 440 i mT 58 2+ /-5 TGF-B1/Smad
S5 PRAE EFL IR EMT gEFES) sk, e
2y A eI /N BRFL B 0 AR K EMT 3 1 g A
BEIA N T - 1a/CAVL {554 S CAVI TTER
Al e o [ R R Y B BMIL 3Gk JF 2 i
EMT™ , CAV1 7E ZFh iR b 5 5 FiR 22 5 VA
K, e b 8 BT RO b R 40 B Y EMT B A7 %

=AU
3 CAV1 5pEmzar xR

3.1 CAV1 5iH{EMEMARX R
FEXPAR K CAVL B S5 i 15 6 RS A M A 2
Pereira 2% J2 B 2 Bk 55T 15 96 AR TT 106 A5 1
DT AR, T 3 5 s DUk — iR 45 & R AR
N, R BESE R B CAVL 3@ o TS Wne/B-
catenin i % K 2 5 8 Ji 40 M6 IR i 245 1 1 R
R AEBRZ CAVI AT M 8 pg/mL A
AbEE B AN 24 b5, BRI TR B E T
CAV1 n] f& 2 8] it - b ¢ 40 i ¥ ft W 7
(mesenchymal epithelial transition factor, MET) Fl1 A
RKERERKHAFZIK 2 (human epidermal growth
factor receptor 2, HER2 ) {5538 4 =2 [H) 1F % AL 118 OC g
HEFEAA, W L R 1221 R 1222 v 5 ) HER2 8%
FRACARAM I TAH 75 T 1) B R 40 i 08 1, CXCR4 i
FIRFTLABE CAV {553 i, £ F 98 20 B ) =5
FEER S BTH 251 CAVI FAKFHE S 8%
BN B TR (overall survival, OS) AHIC, SR,
TEFE A M T CAVL T I ] fE -t 2 5 Z 2 i 1 5,
Kamposioras LIV W 24 CAVI 7E 825 4k 41 Jifd
H e ] A 3] B R R 0 RS P 2L A TR T
L0 /e 20 L S AR AL AR I, CAVT YRR AR T
BUR AL A AR 2 2450 . 45235 DU A I +
nab—$AZBEIRYT (14 8 T, T35 V4 U 7 o 4 B AT
I CAVT S A5, I 25 e 0 i Ji s 4 L i)

BB I 5 B R 4G 58 9 s 24H B XS nab— 55 A2 B
AR, il AN A T K TR
3.2 CAV1 5EEHEMBERANX R
T K% PLAN WA miR-1246 18 2 4 i) O £ 355 1
AR LI Y CAV1/ p-gp/M2 B 105 20 it b 7 4242
R 24 PRl 4 IR 2R 3R 9T AT aE i
CAV1 LA K EMT, 4176l Jii Jis 248 A 100 B8 I ol 45 i 9 40
HRL X AR A S A 200 B 0 T AR A R S — TR
F W] miR-204 13 KA E@ 3 7] CAV1/AKT/Bad
AR AT I 98 200 J XoF NG 401 1755 %) S 1% 200 M U T
U, CAVI F CRAF/BRAF & [ 5 — RALHSE &
5iRybE e #L1a] EphA2 AT 25 A G IR R JE |
RSB R A0 = A A 7 78 RO P SR
Wl ARG, B —E AR SR, R
IR CAVL 500 5L B35 10 B4 IS S IEA G, i
FRiK CAV1 A IG5 ARG IT 0 BURME, CAVI =
BRSO 1t O S 98 A0 B A fb 2 f 24 1) e FLIR I
W7, CAVI K F 1 5 nab— A2 BE AN 6 b 3G
I7 1R T e A AR A K At 35 G IBG s (IR BY Y1) N7 ) 38
PP CAV S ME R INFE IR T 3842175 5 FLIR
Je AN AR 25 1k AR B

4 CAVI1 X5 408 T4 B 19 =2 i

4.1 BHEE

CAV1 TE &% ¥ (esophageal cancer, ECC) H1{y
HEE WG ARE R M, Wang %1 BT R
B CAVI ik 2 ] 200 M 7 5% 128 O B A 1 4R
ROS 7K-F-, 1M CAV1 @RI BEGE i G,/ G, 1 ECC
YRR PR T 4L 1 AR ROS T BRI 457 s 240 i ] B
AN CAVT B3R5 g 52 1 e 35 40 Ff e e ¢
BB R GEAH R R 3R 22 1E A OG, CAV 7] fiE
W ECC S ia 7 BT 50 , CAVIE JEH 1
PR RE A R HL Rk DR T 38K o Hh e i s b, 5
Barrett £ % FL 4] o #F A OC; CAVE BRI 1y 238
M5 KR £ 8 R 1 B M AR T Tia
S Z AR RIS R, JCIR AT X CAVL 3%
IKHEAT oA, HAE ECC AP YRR K P I 4 T
RWITBGL AL IEH A, 5350, M| Rho/ROCK 18
PEAT AR WA CAVI MR/ NS HEEH-1(pY14
caveolin-1,pY14CAV1) MR IR y It B F /> ECC 40
HERYERE MR 2% CAVI \pY14CAVI 5 ECC 42 &
B LR 2 AR
4.2 BiE

CAV1 &2 B J# (gastric cancer, GC) FJ— i 7l
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T bR 4, Bertero 2503 38 11 PR | 20 4005 B2 1
I3 FAAERAH DG 43 B 13X — &5, [A] i 5 1l
AT A K T F 2K o (platelet derived growth
factor receptor alpha, PDGFRA ) %€ A8 A 3¢, i ik
CAV1 BH W7 % f% t4E K [Fl 7 3Z 1K (epidermal growth
factor receptor, EGFR) A9 #4 1% I B K GC 40 ff iT
L R AEE Y B 2 1 PTBP3 RS 1 F1E DY
He CAVIL, Y GC #6eA8 ™  BiR i B ik 5 N ok A DG 2
[ (fat mass and obesity associated protein, FTO ) #1Jl il
CAV1 & 3k T 40 i GC 40 M 54 51 L 3T B F =
7210, Cire CCDCY 19 g bl B, 0] miR-
6792-3p/CAV1 {5 58l , i/ CAVI ik, 3T i
GC g &A= . WFFE R B0, B B e 40 M - miR-
451a HYFIR 2 40 A 4 T B F iR 224, IR
PELH I 775 2R GE CAVL i, 3 26 AR ) o B K
) Wang 2512 B I CAVI By b g F ki 5
W08 S0 A Y 2B A7 30 0S A SE . Sun SR
CAV1 7R JF & Iz ik B2 25 v () 3 ] LT 48 2
AR SR BT B B I U AR SR, i
Hh, CAVI J A AL T BB 7E B BT 1] I ( gastric
cardia adenocarcinoma, GCA ) A% 32F & fr e 5 BAE H
AT LIVER GCA B35 TS 3L Ak A Wbn ' o
VFZRFTESERM] CAVL 5 GC i AERS 17 F1 A A7 151
Ja Z [RIAHICHR , SR, CAVL ¥E GC 3z 3|Fh g 2 5%
PE A2 R s HAREE T A6
4.3 BHE

CAV1 7£ JIF 40 if2 98 ( hepatocellular carcinoma,
HCC) By & e h i 4 B 21 1 5, CAVI Rk Al I
T JET- 440 P 9 e e, T T 1) AR W s 35 W R L R 0
FPHIAR " B RIA R CAVIL {2 O-GleNAc %
fiff ( 0-GlcNAc transferase, OGT) it % 15, fi 1k O-
GleNAc FRILAINE| Z P2 E H A I & v, 12
HEHCC AL TR (R8T b KIKEY CAVIL AT
DI Wit/ B-catenin {5 5 & 12 {2 i & B R s B¢
(hepatitis B virus, HBV ) #H ¢ HCC #f jd 5% %
CAV1 i 1A B L R Bl 8 335 BRI IR 1 /)
B HCC ARSI HE A 17258, CAVI BAE Wi/
B-catenin 5 5B W WHREBHREMS SR
FOREELL S A 3 HCC AT RZED, S —
TG & B, AL HCC /Y CAVI FE it Kb R i
Fim TIOHFEAL R HCC, X R CAVI 2 Fid &k
FIRE 51 & BT RE Ak BT 98 A2, 42 E JTF 40 I R 1 Kk
AT CAVE T LA_R TSR I O—4 b 5L A ity

1 KR E Notch 8, 15 /1Nl HCC 41 g 7614
W RSN R BN RS Y CAVIE IR REREHUS
PI3K/AKT/mTOR {553 [, fig #F % 5% [+ NR4A2
FIBERRAL RXRo JEIR, )5 STOGALL JH 8 45515
GRS Chai %1 R B HCC 1R S S
AR O, HCC 40 rh CAVIL 3 C B 2
(hexokinase 2, HK2) 19 2% 15 BE % 385 8 78 26 8 AN L.
WA, FECHCC 4T (1R3%, BLAh, i CAVL/
SREBP1/ACADM #4151 g 195 R 48 Ak 2% 3 AT LA
#EHCC RV, Z R T R, N T % 4 i
H I Sec62 N T 452 K A Sz U H K
Sec62 T A # a/CAVI 5 515 SE i HCC %
Bl Takeda %' KRB CAVI 7E HCC B EH I
IRARAS Hp e 38 5 A0 M 52 3 R B AV Ji i AR 2
TR (oleic acid, OA ) A I8 1= PR -t 28 o e 7K Aok
] HCC ML T, Zhang 2512 FFE £ W] CAVI
A LGE I MAPK {55 18 02 BE S 5% T HNF4A Al
Spl HYBERRAL , 3% LEHE S H 75 O~ MR IR 3-B-N-
O Wk = KL E O R F2 B ( recombinant  O-
fucosylpeptide-3-B-N-acetylglucosaminyltran  sferase,
RFNG) & 3 7 X345 &, 5 5 RENG #%3%; CAV1 1£
PR R TR AR, 25 HCC =
UL, fE i R 28 5
4.4 [BRRRTE

CAV1 J2&Ji I 95 ( pancreatic cancer, PC) & J&& i
PR —AEERT N T 1 PC AEFUPIRER S, B
CAVI BRI 5 LR 77 R ARA O 75 JFR IR S22 IR 240 i
(pancreatic stellate cells, PSCs) H', i flk CAV1 i
IHTES ROS (97742, ROS {77 A= i — L BEAIR CAVIL
%Kik, PSCs 1Y CAVI-ROS {5515 % & L 1F i3,
itk PC A KIFES PC T - MR R &,
CAV1 JUERAY PSCs FRILH shh FIRHINN, Poi e i
JEZANLE shh {521k, [RIRE, PSCs FLRAY ROS fi2
PEBEE AT A CAVI 7E PCJEREAR G
JIET 4 2 i ( cancer-associated fibroblasts, CAFs)
IR BE TS A KA, CAFs H CAVI /Y R
FEAL T PC ARt . S 4, il i fefhiT
SIHAE CAVI ] LI HOR g 42, % CD133"
PC AR AYFE RSV Rk 20
4.5 ZHHIGRE

CAVI1 J& STAT {5515 T AUMAL, 5 i S e it
EA G, CAVI i 45 H 9% ( colorectal cancer,
CRC) 20 Jitd 1 5 175 5 400 M 0 12 g 5 o R 3k
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CAV1 Al §lil CRC AR 45 A= L #E Xt 76 44
ik EGFR 1Y 45 | W b 9 f8 5 347 B 9%, Yang
SENOL I CAV A2 3K 5 ik T 45 Bz Ak i B 5
I, CAVI 3 R 35 1] e 30 il Iijyed 2 J2 | = 7K 1 19
CAVI Mg —A BTSN E, Lin &1 &
3 Ao R MAR 5 R 1 2 K B 07 LA K S e A B A2 mT
DL 12 B e BF 5% %, CAVL n] g J& CRC IF#% %
FIAREY) . CD26 J45 E 95 T 41 i ) i e b 7
Y, CD26" 45 H I Je T 40 i 2 e 34 5 e PR Tk
AT CRC %%, CD26 it il CAV1, B S5 R
4 JREH M 1 (matrix metalloproteinase 1, MMP1) 3
ik, 51 CRC iR REMIMAT AL

5 #5iE

L5 L RTIR, CAVL BEREAEAE Jhy b 98 #1017~ L
AT DMERBURER 2 5 Mg e il 72, 4 5 m# e
ZESE CAVI 5 ECC,GC HCC . PC %74 1k 18 Mg
FYIROC, CAVL RIRERLH TH A6 18 g i — b 22
FLIH T A0 105 AR AR A, XA B T R 1A
¥7 o BRI, B RGATIAEAE—LEn) B, (1) I Ak b5 1
KNG EAT ZHE S8 20, A8 A5 EE
ANTHRE A Ry e — 2D AT9E 5 (2) CAVIE 5 M AH G
() AR 5 0 F 028 H FTIE 2 AR 0 76 MR 1
AR KR T R H ) e B AR AR A D (3)
CAV1 BHMA BB FUS 5 & 9 09 275 s SHE B Rk
A UIRRTE R ; (4) H 178 A I R 25 438 50 17 B 1
MV CAVL TEIE AL S E M R fEH . Bk
SEAEAE R R RATE ZE T 25T CAVL 1358 1 5% K 1)
W1, AERBOC T Ak 8 g v CAVL 9 SCRR I, 36
TEEMARTE CAV FEMIEIE BURN A& S rh i A B A
HEFSERG S, N B 22507 24 1 T 9 4 L CAV
()28 138 ] LIRS AR IR 167 18 7 1)
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Research progress on the role of mitochondria-associated membranes
in the pathogenesis of Alzheimer’s disease
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(1. Department of Encephalopathy, the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000, China.
2. Henan University of Chinese Medicine, the First Clinical Medical College, Zhengzhou 450000)

[ Abstract ) Mitochondria-associated membranes ( MAMs ) are a subcellular compartment involved in the
communication and material exchange between the mitochondrial outer membrane and endoplasmic reticulum membrane.
MAMs perform various biological processes in cells under different conditions. MAM-dysfunction-mediated calcium
homeostasis imbalance, endoplasmic reticulum stress, mitophagy defects, mitochondrial fission/fusion dynamics
imbalance, lipid metabolism disorders, and inflammatory responses are key pathogenic factors in Alzheimer’ s disease
(AD). This article reviews the structure and function of MAMs, their involvement in AD pathology, and drug intervention
targets, and discusses the role of MAMs in the pathogenesis of AD and the latest research into their mechanisms, to provide

new ideas for the prevention and treatment of AD.
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BA] /R % 1 2R ( Alzheimer” s disease, AD) &%
AR I H UL R R AR | R BRI S A B
TEMFEFR H ( B-amyloid protein, AB) T AL F1 41 HE
tau b B BE W2 A 7 AR B M & AT 4 g 45
(neurofibrillary tangles, NFTs) . #R#E 2023 4F{H 5L o]
IRDMG BRI A WoR Y BRI RORE O T A
2019 4EHY 5500 J7 #] 2050 4EH¥ 2T % 1.39 {2, AD
B EERE 7 KT REY . HAiRED A
W2 At 2 AD BH NBUs 2k E i, HEEE
N H A B HE K, AD B A R ™ 5 5 3 3 FE A
FR At BFE 1) E R AL 2 )l

{Hid 2 HLAEA WFFEE 5T X AR il tau 2 1T
REE RS T Z2 WO, X0 1 & R 45 Jmy 5 el AN
KO AN RE AR R AD B AR YURLFT NFTs JE A
2T FEREAE | 40 B AR A R A | i o AR 1
(N VAR NI = LS A il AR
(endoplasmic reticulum stress, ER stress ) , M X 5%
FIURFE 35 5 2R A — P J5T 1) 445 ) A BB (B 4ok A4 A
N B MR, mitochondria-associated membranes,
MAMSs) Ty A i i 25 U1 AH DG, MAMSs 2 P J52 ) Al
SRR 22 1] 1 JEE P 422 fl 2, A0S PR 1 40 L 2 22 T )
HAHEE  FEDIRE B A BT B R LR iR, 2
Z 5N RE QS ORI 2 8] Ca®
il ARARIE S YE R BB BRI AZ 5 (ER stress |
AY1E 5 H N (unfolded protein response , UPR) 4§
R AR TR AD 2 012 B A Y B
2, i AL € By A i K B (amyloid precursor
protein, APP) 7= AB (1) y—/r Wb LA L F £ R 172
TE MAMs |55 B2 5 4R N J5T 99 — 2ok 44 o 37 K
MAMs DIREVE PEAE AD f35  Sh K An i A 2L v
FHIN 878 MAMs D RERE T F] RE 2 AD A 05 A%
DEHLZ—T

R, A SCRIZE Ca™ 225 (ER stress 2R Rk B
Wit ARG Bl 5 - i B A | A 55 D T
BRUT MAMs DB 7E AD & AL o 5 A Sk
DUWSAIRIT AD 0925 9 A 4 Bomr L, & iR T
B

1 MAMs HERLEHMFIThEE
MAMs A2 £ A4 BRI P Joi 9 158 22 (8] 8 2 58 finh

FEAG B AS LA 3, FEEE M R L/ Vance JE T 1990
AEAER B LR 43 B 0T A 44 1) | )5 G iE S ok
MR N 5T B — 25 BRI FE 29 7E 5~ 25 nm Z[H], B
IHARES, EZANE A Z U RE4 5 1) IR 4s
Fa A s , HAR A% 18 -5 W) o 52 J5 HORT 200 it &% =2 [7)
MURRIR I T MAMSs 02/ T 2ORLR 5 N BT 2
[ L3 15 A B A

MAMs J A 25 ¥ Hy P J5T 199 J155 | 2Kz 44 A1 5 i1
MAMs 25 FIZH R, PR 5 o0 i 40 i 1A i R ) 40 i %
EHEABUE N Fis 5 & N8 TTASE [E BE S ik
IKAE DI S A AE 1) £ 2 i I RBE T
7 2 MAMs FHOCH F1  00RE 0 B 25 40 L e 48 L T
PGSR A EL PR P B I Ok A B
A B MAMs P25 84 36ROk A2 B 41 i
WEEAYIML S, T2 S5 A MY A ET IR R fE
A R AR R, ORR D Al i < mg i T Y 4R
LA H P | S RN L 5T 28 B, AP R B 1 2 AL
T AT, FRO KL R 1 3B ( mitochondrial outer
membrane channels, MOMCs ) , £ 601K 7P IR BR T 4
FRARR G S Z A0, R LIRS 5 T e
TEEIZ 20 A A AN A0 MO T AR S T RE . WEOR
KB MAMs bR SR E P B2k 1300 25, ff 6
B HIREE 2, W R AR M B B T
(voltage-dependent anion channels, VDACs) | £ k7 &
A& 1/2 (mitofusin 1/2, Min1/2) | P4 J5 9 i |-
MIWLEE 1, 4,5 - = #% B2 % 1K (inositol-1, 4, 5-
triphosphate receptor, IP3R ) | %5 2 # ¥ 15 &£ 1 75
( glucose regulatory protein 75, Grp75) 45 F1 & & R4
fitg #H 5. 4 F 28 11 51 ( protein tyrosine phosphatase
interacting protein 51, PTPIP51)  AILEE 7 =K i - 1
(inositolrequiringenzyme-1, IRE1) %% ¥ AH 5C % 25
B ( vesicle associated membrane protein, VAPB )
SR SRR A MAMs R EE S 5T
Feim NG LRI o> 2 5 Rl G AR D RE 2[R 4k
FERIEY MAMs IO REIZ e, KL MAMs AL
AL g Z B AR BT R IR I 2 5 (5 5 5l
R A o3 R PR A2 e K A T Y 22 b L i
Wwat
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2 MAMs $5 AD £ /EHRIEN

2.1 AT CaRE

Ca> fE R UM NG S5 5 A5, = 5
ZICME T JGTH KA, fE e e 2o 24 Ae ik 2R
FEAR S PN Ca™ RS et R 28 fish T 8 14
05 W R AFE AR, Ca® RS T A 2 e AE T 1Y
L[ E B, WIE T R AR PR T G I 2, AR
WEALS AR VU tau & A T B R AL 16 P
A A N 22 M R A OGRS
AD KR EEJFE R 22— MAMs {1 R 555k (1
Ca™ 38 TS M B, AE 2 5 1E 8 b 22 JC D e 7 T
FEEEAEM, AT MAMs B IP3R-Grp75-VDAC &
BES HIRE N N bk Z [\ 1) Ca™ iz, 78
P 55 2% B9 0 B 2% 14 F, 38 2 3 5% TP3R-Grp75-
VDAC & &R EAER, 518 P W [0 R Ca®™
Feis B, SERIR Ca” A, WS KRB, B
RNA THEH AR TR F M R 2 IR I R4 i TP3R %
K FEARAI ML N Ca® KPR AB Ly, TR
i ER stress 7K, 7803 APP/PS1 W% E K /)N
R 2] e i R s A AL R e T —
TIER S5 W, Bl i FHi Rt o APP/PST /N U
AN Ca™ VR DB T U I AN BT RE L 5 | el
AD /NEREE 2R, i — RS T Ca¥ A
AD KR Z ] St Liang 45132 FI/N B
SRR 2 M9 N2a 20 R 20K, UE 52 3 3k ApoE4
(A272-299) A] B4 558 Grp75 BT, 34 M MAMs & %,
PEBEPI R - £ R AR Ca® e i8 TR Ca™ HE 2K,
PRI fih & ER stress , JIl R 22 70 28 07 74 1) BE [ 65
Wang 25 BF5E & 3, MAMs |- APP il a5 filiA%
T [ 38 4 IP3R-Grp75-VDAC %l tp 5] 9 5 2k {4
Ca® T RN e iz | R HE R RD AR Ca™ BETR, 4 MR
APP B o - il 4% 5K (1 3 R I, 2 5 30 S i 200
A ZRORLR Ca® 3L SRR A 0TI 1 58 Fl ER
stress , i 2 780 AD KRR i 4T BE M T A as
[ECAZRERS . B AL IT N Ca™ 1 R EGE A7
FE L R Y Ca® -ATP i (SERCA ) A2 2 fifg
P Ca™ KFHY SR T RIS MAMs 2 Fh &
S5 R = 2 N - o ol W SO O -3
B! ®' . Krajnak %% i F§ SERCA 1 3/17] CDN1163
AP N HeLa AR BT Ca® 7K, #2585 APP/
PS1 /NREFE2TICAZRE ST WD MAR R 5 58470, I
WA R, Ca® B E MM LTI T2 AD 19 12

R Z — AT DL i R 4 MAMs 248 19 8 11 LA
TR SR (1o ] 5 SRR PN B ) Ca™ P
Bz R RLIR Ca™ M4 ZEFF Ca™ FRd, dEdy
LRARIDNRE, HRPUAN ML T2, T BB I6 AD 1Y
HAY,
2.2 AT AR AR

204 240 T ok A 45 ) 35 4% 45 PR R I P J5 1)
RASEBBIN, SEEA BN Tk 2l K&
EHER RIS HE RN B RN R, FECER
stress ' HUATERI X ER stress B, UPR #8405 , LA
HHENTMEES; 2 ER stress 13 & I FF e A AE 0,
AE S T RN S S AN AE TS, UPR E %08
i 3B A, BV IREL 85 3R ROAE P9 0T 38
fiff ( protein kinase RNA-like endoplasmic reticulum
kinase, PERK ) FI 3% i& % 5% [ ¥ 6 ( activating
transcription factor 6, ATF6) K77 ER stress , Il i
5 MAMs 2555 2k P 445 PN Joit 0 1 2R A4 22 1) 14 #H B
VERIFIAE > . 7E PERK #1 ATF6 X3 P a4/ B
PR I L X R AL tau 25 H (p-tau) Al AR, TR
B, 2 WS I P RERE AR L FE AD R i R
AB B p-tau FFLEF R FEAN M Ca® 28 2R AR
A, T & 2B 2R T4 8 58 F1ER stress'™ ) BFST
R, IF AT APP/PST /)N U T P J5E o 4 O
1 IRE1/55 U1 Y X-box %45 A # 1 1 ( X-box binding
protein 1,XBP1s) i %, ¥ 4% ER stress #1477, i 5
Mz T T, S AD U B T A E 1Y
Sharma 45" 38 3 7 ] ¥ CS7BL/6 /MR CAL X
PERK Rk /K- LK 5 28 TC 1 4 A 1, S e 1 25
WAHEMEICIZ , PERK A7 B2 LA TR YT AF I 46 1 i 2
REREAT VTR S . N BT B AR A 51 3 Fh S
Sl FE I AR P ST AR AR TR A BB A B
2l 2 BR A IR T & 1Y EE 1 OR el D N T I £ 3
A B 1 & ORI AL 2 e 85 . i ok T L, UPR
TEHEAFIEE S Ao 2270 10 2 AR S | TRy oA Joit 1Y) i
B K AR MAMSs 45 14 A D BEAS &€ J7 T i 4 =
KEZEMIEM., T, A MAMs MCE AN 7
B UPR, i BEAS 2 ER stress, 24 AD J897
ST A,
2.3 ATEMEEE

AR A 9 Wik S — i 2ok A e P T 5 400 i B
DIRE RV RIS, DT G- FF 2 b 1A Ty fig 1Y) 56 1k
AR S O R F W, R0 il sz DL =
BF, WA A DR 104 F0 18 WA DG i A £ 007
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fr3] MAMs |, JFORFFTE LA B 2 H W/ MA I IE
WO RETE L, X — KBS T MAMs & A 4 E
ROR R SEEAE Y fE AD LR BRI AR A
SRBEPE Y tau 2 12335 515 P 4 (reactive oxygen
species, ROS) F=A:= 30 H 3L & 2, bR Th
RERERT, 51 L LRI PR A BRI . PTEN 5 S 3R
1 ( PTEN-induced putative kinase 1, PINK1 )/Parkin
PR PR LR A B I %) A S 3 i, O A
KGN VDACT |, H BEFT R 1 p62 (sequestosome-
1,SQSTM1) \E3 iZ 3R & 48 gp78 B T MAMs I,
P FIK Parkin AEHY 3R MAMs (1% 25 44 F1 2y g, 4
Ca” MNP BT o9 [l R 56 7 | B IMZRL IR ATP 11
Pk, Wang 850 1 1A AR 5250 52, Parkin 1 %
KRR AR 15 T IR E 293 4l (HEK293) 28
R REFRAT , I I 300 2 R0 A S I A1 itk R {4
FIWE. 4 APP %% 55 K] /)N BB 9 P 28 T Zohr 14 s v,
kA B AL BT, 5548 2 b /R R TH A9 Parkin 3
N, Sk AR R Y B MAMs BF 5T U
AWIRA , MAMs AHOCHE 10 Zobr i 5 I 1 52 0 78
I R A5 5] THESE, Castellazzi %5 1E — Tl IR
WFoE R, AD 5% BE DR 0 B TR 5 R R R
Mg FEA PR E M A R ICY ARER S
(autophagy protein 5, ATGS) Fl ki & A bR ic ¥
Parkin 7 R0 BEZH B A, o D fs 103 ATGS
Fl Parkin KPR FUHIZ Bl B T B0y 49
PRCH . D8 LRSI FUN14 S5 H4 306 5 4 1
1( FUN14 domain containing 1, FUNDC1) "' MAMs
1 VAPB-PTPIPS1 55477 LA B 55 3R AL 205 Hy Bk b
ZAKE 1 3(NOD-like receptor protein 3, NLRP3) %
P/INAR S BFE SRR B W bR 2 GV R
I CSEHE R B AD HERE A BT TAE A5
B
2.4 PVENESR-BENNFEEE

LRI T8 3 AN W7 1 23 LR R LU 2 40 D R
AR, MERARZ) )2 AL R w22
i 28 18 A7 M 9 A R R Y rpu R Horp
MAMs SRR 5 20 16 3 BT . Rk sh )
A& H ( dynamin-related protein 1,Drpl) f&—Ff K
LRI B It 43 24 B 5 BE BE 1Y GTP K fifk i, XLV
SEHONAR Drpl KO it ek, 23 5 B kLI 4 2
% D KeWEFr Ak, Manczak 2545 5 AD 5 DL
AD /NG 2 B 46 75 Y, Drpl 5 AR p-tau AH
HAEH, BRI T B R 2R 2R A R 5% firh ) g

BRI, e B 2 TR FA RIS BE T, Joshi
SEUAE AR AL PRA BTN AD £ O UK T 4t
AN B, Drpl dlid 5 2R A R 1 (fission
1 protein, Fis1) &5 &2 L ki (A Ak S T REFR A%
1M Fis1 #0158 P110 AT 45 5Pk #b4 ] Drpl/Fis1 A
HAEF], W AB,, 1751 Drpl SORIRSEEE | B2k
KLPREEF S 0 DRI B

SRR, GRi AR5 i 3 4> GTP il i H 4%
il o3 R TR SME Y Minl \Mfn2 DL K
LR R A A 2 2 4 H1 1 (optic atrophy 1,
OPAL) . M Mfnl [ C—2R 3 il 73 A T AHGB L hr
TRIY Mfn 53 22 [0] 14 5 5, A2 HF LR AR il &1
sigma-1 %2 K ( sigma-1 receptor, Sig-1R ) J& fi/ T
MAMs R PHRE A @ i 2Rk sh 2 5
AD BYPIRPERI I, SRR EE, AD S I 2
LU Sig-1R 5 R MG Sig-1R AT 0] £
R, LRLAR S 5 W TG PR S AR, JF AR
ZEALVR ROS [k P50 23 HOAE ) 3l 5 S 9 iE
B, %5 2095 0 7l o 3o MAMs | Sig-1R 24, fi
il Drpl #HEFN Fisl ik, fEF M2 Fl OPAL 3%
N VR R U2 o2 % TR N T L S R LT 54
L APP/PST/NEINHITIRE . i LT 41, MAMSs
SV LRI Bl ) o i A5 K Ok AR oy 2L/
P AD B FUS M5 IH
2.5 AT g R

L S i B i IR R I AR
R JEL 3] B ) A 22 T A LRSS 1) 2y, 2 5
FEMIE I, M2 T0 K A IR B AL B SR g, BFoek
B, AD FEFE iR P 4 B 0 IE et 22 AR
ZoBH I 98 i 25 Ok T e JIEL I I O AE 2 2L
HER BE 2% 58 2 RE R A LI D BE B, N AR A
tau 4 FGER )

TEZER b MAMs 2RI T IR, Z 5 BTa i
sk AR AT AR B AR SR R BT A R IS Y
—AHET 6 7E MAMs e 4R 2 R0 TG A2
A A R I e A RS - 1
( acyl-coenzyme A
ACAT1) 3-322k-3- HI % — WEAIAG A 38 Sl ( 3-
hydroxy-3-methyl glutaryl coenzyme A reductase,
HMGCR) | = # MR It H 1 % % 85 11 3A ( ATPase
family AAA-domain containing protein 3A, ATAD3A) |
=7 W B U0 7K H (y-secretase activating protein ,
GSAP) B4 JI5 9k 22 % B2 45 I ( phosphatidyl serine

cholesterolacyltransferase-1,



rp [ A PR a2 A 2024 4 7 H A 34 555 7 Chin J Comp Med, July 2024, Vol. 34 No. 7 125

synthetase , PSS) %, Bryleva %2 Bl ACAT1 %:[H
SR AT AN 3xTg-AD /Nl P 24 (S) =2 25 JiH [#] it
i, PRAK AR WS R DURL K A Al 281 41 B g 4
Ji0.(SH-SYSY i) i) ACATI K& PR A7 55, 770 2R AT ol %
ABos_ss B I A2 HMGCR A N M I
FORE A A PR B, Cao 250 X DU E A BE
HMGCR JEH 28 MEFI & 7 AD B9 A P92 b
KB, HMGCR i PR 128 52 i figi 25 20 45 +4) 0 4 26 4
AR, HE L7 A7 0 P MEL B 2 R e iy S 3 4, #E AD
AR R BTG APP-C99 B AE MAMs 4b 3K
AL, W LR R R A R MAMs 35 M B IR
ANMNE ka7, 2 AD 40 AR 5 () 51 5 26 B &
HARAET O ATAD3A 2 58 7 T 28 kLA P R 1
ATP i, e C St 0 LRI T P A SF I ATP il
Fpa), He N st i i 2R 51 5 MAMs A AR,
Zhao %V 2 FHZ Rl AD A5 % B, ATAD3A 3£ %1k
FFRAETE MAMs |l 4] CYP46A1 KA
S0 A T P B AR AR APP BT i R A AR
PR AD R, W04 ATAD3A ZE 810 A B T %
MAMs Z59 25 EL, 9 /0 0 [ B30 FR, Sk 2% 3 A FF
A5 3E AD M RIE . GSAP & —Fk Bk vy 43
P B A, Xu 25608 3 g 3 o S0 DA B 1 g o
SZEGAR Y FEA 4 90T GSAP 5 Fe65-PP1-APP JE
BE AW, T APP B2 1k ; GSAP SRR FEML T
APP-CTF 7E MAMs H 9 4345 Fl y =53 W il 1% 4k,
IV A0 P R T 2 N i 0 7 R M O K
S LAGERE AR TR S A, T A BORLAR 1 S5 4 5
UIfE. £ GSAP JEPIRERAY AD /)N BB AU rh oA 1 2
REfR 8] T —E R, F5EHE AD BE K
H R B GSAP /K- 1 3 TH ™, 24 GSAP ik A1k
251 AD /NEAEAURIAN M AR PR AR A
DXUELE LI, GSAP i HAE MAMs 5 {7 LAt 17
LRRiR ) EE, R IA KT BE S AD B sk i i
PR,
2.6 FTRIERN

P2 G AE S 4K AR VIR NFTs ZJ5 i) AD 55 =
FTIRBRRAE, Horp RAENMEE N —FMEZEAE S
AT SRR G SN A AR T R E AD &0
FIdEE . MAMs J& NLRP3 458 /MATE L) 22
FF % AW H NLRP3 3048 JHT- A 6 BE S RE R
H ( apoptosis-associated speck-like protein containing
CARD, ASC) Ml A R K& AR EH M 1
( cystein-asparate protease-1, caspase-1) 241 %, 7£ H

HIIBEFE T NLRP3 RAE/IMABIN N IE 5 MAMs 5
WM RIE/MEE Az — ) RIS AT,
NLRP3 RAE/MEZ A FHIFH, ATP & fL 8 % |
i EE RNA BRI T ) 9 B0 B R 246 , fil &
ROS 774, i i% NLRP3, % fk ) NLRP3 445+ ASC
HEB M AME] MAMs b, 7EFE RHFL T NLRP3 S5
It 2 58 H A0 45 4 385 ASC A 1R, #1455
caspase-1 HI/A& (pro caspase-1) , 4 B H A &
1B (interleukin-1B, IL-1B) 1 142 18 (interleukin-
18,1L-18) " | IL-1B,IL-18 /5 NLRP3 4 E /MA
TR FIZE AD P28 98 40 J T A 094 I8t Bkl 1)
. 7€ APP/PST /N FRAE A i NLRP3 48 JiE /)M A G
AR /NI AN M1 2 i) M2 B AL I AR UL
RO/ BF9E BT tau22 B3 RN B g S rp
S5 APP/PS1 /NN A1 W5 K& R, tau B 7R 1%/
SR P HE R s B W R AL B S, Wi FE ASC E{ NLRP3
FEPH R /N B tau 28 B R 10 AR 15 78 1 K
ST X — R BLFE W] NLRP3 #%E/MATE AR V55
() tau 25 1RSSR T —E M, AD SR
Al NLRP3 S HE SR SR h 3k 25 . AR HkHk
5 LOST NI RAFFZE R B, S5 fa B A REAH L, AD
I35 NLRP3 JK-F-BH G by, H S )™ e B 5
IEAHZE, ZWFIE i — A E 5L IS NLRP3 1 U]
RVERNLIF X AD F8 355 16 & J 7 kil 2 A Fl g
M, NLRP3 A] 68 B 4 K112 Wy AD o %209 2k P b
LY.

3 EB[E MAMs 897 AD BUR A&

MAMs 2577 AD i 229 #LGLIR 52 17, 8 1] 37
5 MAMs 255 S D) RE A 2035 AH L 1) 2R AU | ] g 2 1
B 53697 AD BY—Fh LIRS . Xestospongin
C N BEBEFRPE T 33 A4 TP3R 3fI5 , ¥015) IP3R A
T Ca™ ML, WG E X AR BEHUTAR, 41
AR, M Ca®™ NI, NI ER stress MK 3R
ik, B APP/PST /U2 0 I a7 4
— MBITAUHIE R EER S R e 7, BAT 20
PR SMGENE R . 7E 3xTg-AD /N,
FALER AT FEAI IP3R AR N TN Ca™ 55 579,
M e B B W IR kK P, 3 5 2R fi BT 8
PES A 1 36 R AL 90 K R B (soluble epoxide
hydrolase , sEH , EPHX2 J& [K 4 fith ) & — Fi 30 208 i
PR AT 1 DR i , 7 5 2 S AD AR Hp KO- I 2 3
W EPHX2 s EPHX2 % P w585 48 68
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I Grifidn-Ferré 45 %1 3iF 52 , FAKPE SEH #0041 3 AT
Tl AD Zh AR BN N 20 IR 1 AR N BEORT ER
stress ﬁ‘lﬂ%%%@ﬁ , Tfﬂ%'J tau :lig@é@ﬁﬂf., @V/I\ﬁ
W REBE A DR AD BEARLI RS 26 £ A
2y Wi B # )R] (food and drug administration , FDA)
HEHEFTIRYT AD 18245 %) £ 15k R H 15 40 ) 5] o 22
fl g A B rY B AP UESE AT REAR AR, ys 1Y
REUE b R 50 5% 98 2 f 4 i Bk PC12 48 i A
Y SRR TR 175 5 0O 0 B R L il 9 ER
stress FRICHIZKT 7 o /NBERAE Ry — A 2%
KIRALEY), EBIE L 7] A R FEAR ER stress, I35
UPR DJRERERH ™ 2021 4F, Liang %57 @ 1438 I 3
XTg-AD /)N R & 30/ N BE R BE % 38 1 PERK/ ELA%
40 B 2 4R N F 2o (eukaryotic initiation factor 2a,
elF20) 17 S M il B - 43 WA 1 ( B-secretase 1,
BACE1) % 5%, JETI I/ AB 77 A2, D% ST 1o 84 it
i pirp T,

AR P S T EH T MAMs |- ER stress AH
S B E R B 5T A R b R T O A
PERK/ elF2a i #, 10 1 A 4 £ 34 B2 653 2 B0 ER
stress, Jil /> AR R, BCE R = A S 2R A
DIRE T W, REEDT AD AR . % MR R 1 AT A AL
I APP/PS1 /NERIRE T XBP1 1 IRE1 25 [ ik,
W I I E TR T e HE AD /N EUA
FIIREMAE T MBS 7 S HL 5 i A B R AR
S3iE T HL ] ER stress 18 F MG AD BRI 2% 1012
Pt Horb TR 1R & R IR 1 R EK G 45 24 A 7R Ik
%2 ER stress A% P 3 453 FF BESR TTCAR T TH 2 A B3
&7

WFE 4 B, Drpl A0 5] Mdivi-1 R0 6k S5
Sk Rk A AR AR R, HOE O8RS
( Artesunate , ART) J& 7 & & I — Pl KIS AT LY,
A2 A5 B 3 R T A R R R A A A
PR, IR ART Al 4ERpZbr R/ 24 -l &
Bl 72 VA (R ) R AR T R AR 73 24 1 Drpl Al
LRRLURRLA B 1 OPAL WFR3K) DL AD BiAY
Mz ™ . ZEANIBEAL | S 263K Drpl Bk

T OPAL Al 2 4 BR ART X 48 4E K7 i gs PR 38
A+ —a( tumor necrosis factor-a, TNF-a) \IL-6 F1 IL-
18 BYAMHIVE . Sh¥sE RiESE , ART 38 5o Y i
PIRR 8 R , AR LR 53 24 -l & 3 0 2% °F- g i
5 TR NIE N i AN T e o o1 7 NI R
AB, _p K 18 AR TUAR, 238 AD AU A 2
it GSAP £ AR A=A Ag BRI 7 1 X AD s LY
ARSI A AR S B g K B I R Je 3 a4 il
GSAP 351 LA/ AR FEH'™ . Gupta 21 32 FTT
BHUEBL N GSAP K AR =44 i 50 i) = 4k 45 44 If:
IE Dy Ak, & BB D K SR 1L A 4 T B R
GSAP RYJFAVERT, & AD JRY7 VAR A5, EE AR
TN H] AD AR 28 90 ACATI 23K R MAMs
P14 R R 2 L T 6 i 7 200 1) R 4, g DAL ] e
IR T BE RS A7 AD B2 AEIRYT B R ™ . Zhao
20710 ATAD3A 24 J5 DR i B w0 17 T 4157 DAL
FHWT ATAD3A SEZAL , JE 177 MAMs 25 44) J2 JIR [
RS TEHAL M APP S 05 DR 258 fioh 5 2% | e
AD /)N EURITA SN T BE Je A 2 B4 A2

4 itig

MAMs R 2R A Py 5 0 22 (1) 2 D042 ik 114 4
BREEA I B I T Ca® B2 7S ER stress , 2RI H
W b AR 43 24 — B SF- A5 AR L AE S g 46
LA, AR A 2 (R 25 F D RE AR e, i
4R  MAMSs ThBEFE S AE AD 5 BEAF 9T 05 1 %2 %) T
Sz R W UE S T SR Ca™ AR R i
ZEAL SRR DI REREAS | W | A A T S ARE S
PRRRIE LT AR BEPTUAUR NFTs, 8 i 1 75 MAMs
Z: 5 AR IR BRHLE] AT BEAZTAYT AD YT AE S 5 A
B, B HET, X MAMs [BF 58 3 4b T W
R B, L MAMs 25 03 1) AD 2590 & 1Y
JYRCA REE— P UESE, FRATIIRE T 2 M B 558 R 4K
T MAMs /S FHSCHLEIFE AD &8 FNA YT P i B
YITWA/EN.

MAMs 7£ AD Bjjif H i v 7 VR F HE A B 25 n &
1 R,
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T ORI — P9 5 IO 25 K A 6 2 5 BT 2K A B 4 ) AL o) 3 6 455 )

SBT3 D128 ORR BUHE ; @ 9 L

DFGFRAS ; QN W B ; DL A s Lz i

l§l 1 MAMs 7£ AD By if 038 AE 1 F 5

Note. The relationship between AD and MAMs function includes (DCalcium homeostasis. @Endoplasmic reticulum stress (ER stress). &

Mitophagy. @ Mitochondrial fusion/fission dynamics. (3 Lipid metabolism. ©® Inflammation.

Figure 1 Potential targets of mitochondrial-associated membranes (MAMs) in the

prevention and treatment of Alzheimer’s disease (AD)
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[ Abstract]  Chronic lung diseases (CLD) include chronic obstructive pulmonary disease, asthma, and idiopathic
pulmonary fibrosis. Studies have shown that CLD are closely related to disorders in lipid metabolism. Therefore, lipids, as
biomarkers of CLD, may be of great value in the diagnosis, prevention, and monitoring of disease treatment. This review
discusses lipidomics from four major aspects: the technical methods of lipidomics, the selection of clinical samples for
lipidomics, the discovery of biomarkers for CLD, and the differentiation of traditional Chinese medicine syndromes
from CLD.

[ Keywords ] lipidomics; chronic obstructive pulmonary disease; asthma; idiopathic pulmonary fibrosis;

biomarkers; traditional Chinese medicine
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IPF) PR b o8 UL, TR 52 2% R AR PR AIR,
CLD W2 eI IR L3947 e — 2 RXE, COPD LA
AR B R A BR L B R o M it 22 Mg 1 RUE R AE
DHFIE e 2 S e R AR S I PR I R
R ORL AR WA | W T 9 B S R R A
S NGB E A SR R R
FRERR I, 0 0 VA H AT COPD I IR 12
W) D1 RIDSR T 3 1 A ] g
K1 (forced expiratory volume in one second, FEV1)
FNHH 77 i 3 12 (forced vital capacity, FVC) B9 Y H
(FEV1/FVC) 10 B ZE i BR A i < ik i ) 1095
bro SR, 1T FEVI SE48 bRt 2 BE & 47 i 4 K
B AR I, ACHTE I 7% 0 0 v i T Y S A
NIRZH COPDM™ Wi LA GHE 4 i Al AT 25 f BT
SRS RN RHE , 2RI R S i | WA |
PRIAFAEIR T g B 12 T 3 3 I PRI AG
LRI DIRERE AR B2 R I, WA AT COPD
SET KT AT e I IR A AR e g A IR, A A LA DX
GrT S RERMERG LT A4 (1IPF )t —Fp A8 HEAT
PR FORFAE S 36 - B 40 45005 | 2T
A 200 1 LR A L A e S AR 2R 5 0 £ A Y AN )
WL TPF I ARAE R B 2 R M RS R
TEAE T AL TR 2 AR, Bl #E A Sh i ke = A 2% 1Y)
RIT B UG 22, P 092 W FIR 7+ TR
BEETUE A B L IPF (12 4 b v i
MYV B A, H R T A 4% 4F, Ih K #1F
PRI 147

PR EY AR T UARIC RS A E L

P K% IV 40 i 445 ) 55 ) e K AR R AR A R AR
—LEfi SR W], CLD 5 i DG 25 AL DI AR G, 2
AIRBVES CLD WA= WIbR &), % T 1 0112
Wr TR b i 7 B v A W T BB R N L
BB A — e 527 7 ik BT R G B e
U A0 2H SR A AR R B A, O i Bt
THo AR B 5 25 SR AR, & T4k i2 B CLD 9
A bR B A 85 . AR R SRR, Al
WHE TR IR 2EAE R COPD IPF FIRENG IS A M b
WA BT B WE TS BUIR , AR SCRFIE N B 4 it
2%,

1 BER4A=

NE BT 2 A 22 1 — 00 3, R R G
AN ZH AR W AR P A TR BT I 5 R R A AL
PRAE B A% Y B A T F BT, BB ((mass
spectrometry , MS) DL/ RELRE & BB H
BB AT E AR, &N T 2 9506 1)
A YIARAE P T R T T Y B B4 24 43 B
SR T EAT 3 AR ] iR B o 1 i BT 2H A A
SOLRE o i S L 2, L AR AR LR 102 Rl B
BeH 2 R AR B H AR IR B s 5 B RO, X 2
IR RE S R BT iR 28 (BRI IR S ) AT 42 TH A
TR AAHT 2 %R SR R A op e i
AURRIESS B AR RE B AY BT (m/z) PR B I 1) B e
THARAE, JF 3l i 2 AR T A T i 2 5 BT,
A N ZE AR 4H 04 2 (human  metabolome
database , HMDB) . Lipid Maps }% LipidBlast %50 #& 14

B 1 AR R

Figure 1 Analytical strategies based lipidomics
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R T ORI o E B T I0E AT R E 3R
TR BAEMIbR G B BB (high resolution
mass spectrum , HRMS) i T H: 58 K 19 i 12 43 38 R Al
e JBURERE E R 01 3 ) PO JB 45 ) 2L B, o AR A
I6) i JBT 2L 2743 BT 8 B, 0 DU AT — R AT N (] B
( (quadruple ) time-of-flight mass spectrometry, Q-TOF
MS) . #l & B T 3% ( orbitrap mass spectrometry,
Orbitrap MS) F1{# HL - 55 - [ Jig 3 % 5T 13 ( fourier
transform ion cyclotron resonance mass spectrometry,
FTICR MS) ™", %48 1K #t K 4 ( data-dependent
acquisition, DDA/information-dependent acquisition,
IDA ) A& ds it 37 % 4 ( data-independent acquisition ,
DIA) B2 AR ] i 5 2H 27 vh P b 22119 MS/MS
B DDA/IDA J&—Fi 22 i () J AR 42 1)
ST AR BT RO SR R AR A R URE A S Pk ik 4
B e RIS 5y AR 88 1, A AR U A it Fi it
B IFR R T8 TG 18], (EA B 2 5k AR 1Y
TP, 5 DDA/IDA A H#, DIA HAT 5 & i1 R A
JE BTSRRI, DIA $AR AT UTE e I i
H A SRIBCIT AT 1R B 5 1) MS/MS St i, LAGRAS 4
JoF k91 B P S 1 MS/MS cdiE . {H DIA B 4347
B W Z R e 7 1 AR H DIA $ORAE
AR ) B T2 43 AT b AR B Tz R
L o) i Jo 4 5 S X ) AR AT AR ) I Y F s i Jo gt
AR P S AN B EA B e 1 A e R
P, 2 N Wi ( multiple reaction monitoring, MRM )
oy 1k $F Pk )2 B WS I ( parallel-reaction monitoring,
PRM) B2 HE o) i B 20 5 b E 2R 8 A, (Gl
AL WA BRI DY OB AT BT ((ultra
performance ) liquid chromatography-triple quadrupole
mass spectrometry , ( UPLC) LC-QQQ MS) Sy # a] g JiT
A AR 2 AR E T X E YR h R %
HRZER I BAT L3 Bl 9 | B0 A E P
SRR R B AL A 4 BT SR I v MRM . A
AT DA B Wi 00 -5 445 4 % D0 AH O 1) i A4 25 1
FARLH = W 1, A B T A A 501 )i, ik
T QQQ B9 MRM 452 20 AY iy SR B o M A A1 8 7y
T e 5 TR 2 R EA AT LA 2 B
JRUE B4 bR, 7E HRMS |92 PRM AT
DA S —Ff MRM A9 AEAR . PRM AT LUAE DY
BT rp R RIS A A 1, G A LAY R A A
B Hn s B B s T HRMS
SRS LN m/z, PRM AR AT LS B 4 51 i {4

BT AURE R, T BRA BE M, 9k 4R T MRM A6 2 A9 AR
JE ., UEAN, PRM AT ATEASTIIE 25 7 X (0 15 0 F e 4
R RE AR S X R A 3K S MS/MS {5 8, TS SR 7
S0 B AL O A0 Rl 4 B = A AT B 7 — = 9 i 1)
KX RMNAEZHERFBE FERAED . H
PRM 4 R AR X AR, Toik [m] i) o K i B ot 43
T TR ) B T A 2E Al A T AR S 1) i o 4 2 A R
T JI T 20 2 SR, B 35— 3 0 ) R o A2 T 1A
B2 AR PR 1 R S v 7 5 R 1 M I A 2 A R
H200 SRR JLHT i B TR 41 2 o B AR A Y
(1) 3EF HRMS (RS ] B ot 4 255 AR 73 Hr8%
FRRA A, AT 2 s T IDA 34, L
WA 1) MS/MS Fr BB+ (2) B TR 1] 5 i
Y203 HT 7 A B RRAE R B B RO I 1 B B T
SUBR IS F X6t 5 (3) FIH QQQ-MS Xt #4) 2 i) i Jo 14
T AT R E S S A MRM 30 #T, 25 1 AR fh)
I U 2 2 5 W3 3k 4 1T 1 g I 0 T, T O 3 S 4 4k
BRI 2 A R BT 22 5 05 T Sl g T 2 )
Jr LR g AR TE A 0 5 5 0 A O 1 A T
A bR AR Y 4l o A s o0 R B 3
K, R PRGOS FH]E TP, Mz
T, 0] B B 4 28 A 6 0 8 B bR B AT 2 BT
Ak i) MRM B =X AT LB Ik 5 R0 1 S i 4y
B2 R ) SRS A T 2], A5 A T AR )
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FATR] A HTEER] , R UEFEAT OB 58 1Y S 50 vh T
FUBE I —SerE > FEdE a8 b, 40 M 3 g
M /NBR L 20 B N L 40 i 2 R TS 5 b g I T i Jo £
AT, DT B I i SR > 5 — Dy T 8 i, ) B )
FNIRGEAE S bR A 2 72 b i e DA DR — 30
I, MAHEE 4 I AR5 A I L IR S S AT R
Je 2] A 40

WE H S ¥ %E W ( exhaled breath condensate,
EBC) RN S G Tt Y T Ve VR 55 5 W R 9 1
FHIC AR i 3 5t 1] LA T CLD A RUBS BEAR 7
FHEE T ROV ALAA 4 FR GEAR S B IR, 3% SRR AS BT fiE
PRIE AR s AR AL, W HH VR BT 175 R WK
JB& T AR R A AR BT B B i 7 TR A I PR A
oy Z B JEE 15 G | HORAR B 08 BEMRRE A
R THEASSIE X LUE AL A2 Ak, T 555 5 WA BE
S SR EE R I AR B T B 0
il R B B AT R AR, 2 Al K 1 s
HEATRAE | SR 2o AR v R W S 28 i T i A S
I T S AT R AR BB AR AR I AR 4R I
U] SRR BUT R R R R, 5 H AR
SRAEIT AR L, 38 52 v A0t ORISR EBC #4F
faj o, Tt & T H A A2 g SOE RAE, S
EYIRE 5 R AR BN 7T RE, H 32 2 A0 Bk 2 2 M
W5 gt P s S Oy EE AT AR ISR i
IEZIE A 200 ~ 400 pg V0 T REEE, SR )5 i 1 55
B oK, 7S 0 B, IR T 0 TR B SR
v, B R 23, B 0. 19 — A 3 B et A e
PR £ 5% ihEh K R, B LV W, A7 72 - 80 C A BE
R RS R T B RS2 I R RAE RO, I
TESCAE Jo 7 B3 BRI AL 3, TR IR Y175 3 AN BB AE 2 Fsf
[F) oA B S AT, BR A 0 AR IR PR S B i
FHUST o S i 96 3 0 VRN it 4 2 11 21 U S
R, Fpcdd BT ARG Y B Kk BRSO (H K
Bt FARMEAT KA, KA SRR Q05 M, AR A SR I
VRIAfE , A% SH A DL S BIG RA A>T

3 FERAEZFTE CLD EWaREW & 3 4 B9 Rz A

XFF COPD, Liu 217 e B 5 5] 4 B 2 i & Al
20 1l COPD AN[G)432% (GOPD T 2% ~1V 9%, 54 5
B FE s AT B A Ao, o o, i & -
FH i — 7K R R $ BBV AR A v i B T 43, R LC-
QQQ MS XFHE it A7 ¥ [a] J] B 4l 240 Hr . 205, ¥
X HEZH AT COPD H 35 i 0 S g ot 22 [ ) LU AE 264 T LE

1,38 Geit 4T K B 10 FIR BT (P <0. 05, fold
change>2) F1 10 F g H ( P<0. 001, fold change>2)
7E COPD BE MR AN Z M BA B % 2ER, 2
A9 1E A P i /> —. 3 F11 53] 43 BT (orthogonal partial least
squares discriminant analysis, OPLS-DA) 3Zi{#& T AE
T AE il 8 (receiver operating characteristic curve,
ROC) 43 #7715 i, % B /8t UL B ( phosphatidylinositol ,
PI) JH [# B WE ( cholesterol ester, CE) . #5 5 Ik JH B
( phosphatidylcholine , PC) . ik £ % 5 ik IH 6% ( ether-
linked phosphatidylcholine, ePC) | VI W5 N Bk AE
(lyso-phosphatidylcholine , LPC ) 45 i it 2 5| 28 {1k .
&, Hrh PI(36:6) M PI(38:4)/C16:1 CE PI(36:
2)/C16:1 CE 4% 10 Mg 5 L il G222 B COPD 1)
WA bR &Y, o ROC M1 26T i 2 (area under
curve, AUC) ¥J7E 0.9 DU (R 1) . AHEAH A AR
JRAL2E 53T T COPD N[l BB AR AR AR 1k
el /K -F B -MTBE Z 40 Ml i hH2 B JE )
PERINE BAR oy, Z IR e 1% A >R C8 e A (A,
TEAEAE N BE AR K- NG - NBEAE it shAH
FHAE R M ( Ultimate 3000 UHPLC system ) #3 B¢
Ji% (Q-Exactive Orbitrap mass) #1743, 25 R A&
PUAR # F fd BE N, 2 %€ #] COPD ( stable chronic
obstructive pulmonary disease,SCOPD) f3# B G i
KR, 20 BT R E ], COPD 2 i 8 1)
(acute exacerbation of COPD, AECOPD) & & IfiLi&
5 I 7E SN BT b i bl ) B, T w N e H
( phosphatidylglycero, PG ) | % 3& Fl 45 JE B A 19 85 g
M & B M ( alkyl-and
phosphatidylethanolamine , PE-O) ¢ JE A4 FL B A9
W Mg Bt BH B ( alkyl-  and
phosphatidylcholine , PC-0) I & A, 515 &
P M S 3 i mT R -5 A A 1A G, e T L i
T caspase-8 2K [T I WA IR — 1/2 | 1 H32 5 R 42 R
3 375 P 5 22 R RIL A T ik P B A B A R T
PG i 3 T80 3% 0 5 1) = 2H i A, XA
ACHALANTE I Dy RE AR 7 HE, &] L2 5 AR
MR I ), B B SR R 4R OE Y, 2 S
G PR R A DR L ARG 5 T S A i
TR AN, 1 PE-Os ,\PC-Os F 7K 14 AR S v T
PR S AL ORS00 T e, 2 Bk 28 H il Bk g (PE-
Os \PC-Os ) 72 4 Ji 5 11 50 20 o1, 3k 48 A Py i
T2 5B NG T & i, 2o 010 ) i 4 ) e B 15
SEAL I BORT R 8 ok SIS i O % R AI Tl

alkenyl-substituted

alkenyl-substituted
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Table 1 Summary of key findings on biomarkers for chronic lung disease

o

Number

PRI

Disease

bR S

Biomarker

Reference

15 14 R ZE P M

Chronic obstructive pulmonary disease

T 118 1 BE ZE P it
Stable COPD

SV E
Acute exacerbation of COPD

TR IE

Phlegm-heat congesting lung

PR T BELIIE
Phlegm-damp obstructing lung

I i
Asthma

PI(36:6) (AUC = 0.95)
P1(38.:4)/Cl16:1 CE(AUC = 1)
PI1(36:2)/C16:1 CE(AUC = 0.98)
C16:1 CE/C19:0 CE(AUC = 0.98)
ePC(38:2)/C16:1 CE(AUC = 0.97)
LPC(18.0)/C20:3 CE(AUC = 0.95)
LPC(16:1)/C16:1 CE(AUC = 0.94)
PC(32:0)/C16:1 CE(AUC = 0.94)
PC(34.3)/Cl16:1 CE(AUC = 0.94)
PC(38:1)/Cl16:1 CE(AUC = 0.94)
PC(40:4)/ePC(38:2) (AUC = 0.94)
TG .LPE PE-O .PC CE FA .PC-O
vs SCOPD .

SM TG ,PC ,PC-O DG ,PE-O Cer
vs SCOPD;
PC-0.TG .CE DG, .LPC PE-O
vs SCOPD .

PC-O0.DG .LPE LPC-O .SM TG ,Cer PG .LPC .SM

PE(38.1) (AUC = 0. 746);
PE(18:1p/22:6) (AUC = 0.731);
PE(20:0/181) (AUC =0.71)
PI(16:0/20.4) (AUC = 0.723)
TG(17:0/18:1/18.1) (AUC = 0.714)
SM(d18:1/18:1) (AUC = 0.731)
Cer(d16:0/27:2) (AUC = 0.69)
LPC(22:4) (AUC = 0.689)
PG(44.0) (AUC = 0.675)

TG(16:0/16:0/18:1) (AUC = 0.661)

PA(15:1/20.4) (AUC = 0.9239) ;
PA(15:1/22:2) (AUC = 0.9236) ;
PA(16:1/22:2) (AUC = 0.9370) ;
PA(17:0/22:4) (AUC = 0.8261);
PA(17:1/22:2) (AUC = 0.887)
LPC(14:1/0:0) (AUC = 0. 8688)
PC(18:0/22.6) (AUC = 0.8083)
PE(18:1/18:2) (AUC = 0. 8217)
PG(12:0/20:3) (AUC = 0.8457) ;
PG(13:0/0.0) (AUC = 0.9667) ;
PG(19:0/22:0) (AUC = 0.95);
PG(19:1/20.0) (AUC = 0.8217) ;
PG(P-18:0/18:4) (AUC = 0.8848)
PI(16:0/18:2) (AUC = 0.8087) ;
PI(18:1/18:1) (AUC = 0.8283)
PS(18:3/22.4) (AUC = 0.8761)
PC(18:1p/18:2) (AUC = 0.687);
PC(16:0/18:1) (AUC = 0.685) ;
PC(18:0/22.5) (AUC = 0.677);
PC(18:0e/20:4) (AUC = 0.676) ;
PC(18:1p/20:3) (AUC = 0.675) ;
PC(40.4) (AUC = 0.664) ;
PC(32:1(AUC = 0.655);
PC(18.1/22.5) (AUC = 0.641)

[17]

[58]

[60]
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Number Disease Biomarker Reference
SM(d18:2/24.1) (AUC = 0.923)
TG(10.0/18.2/18.2) (AUC = 0.92);
. TG(16:1/16:1/17.1) (AUC = 0.911);
3 A%}T;T;a TG(18:0/18.0/22.6) (AUC = 0.929); [61]
TG(18:1/18.:2/22.5) (AUC = 0.902);
TG(18:1/18:2/23:1) (AUC = 0.946) ;
TG(18:1/18:2/24.1) (AUC = 0.964)
4 HORE B PE(47:10) (AUC= 0.928) [62]
Severe asthma PS(40:2) (AUC= 0.923)
5 o] ) DG A B T 2R 906 85 %% — 1 - W B2 ( Sphingosine-1-phosphate ) (AUC = 0.705) ; [63]
Aspirin exacerbated respiratory disease 4% 5 ( Sphingosine ) (AUC = 0. 816)
StE(16:1) (AUC = 1) [10]
(E,E)-3,7,11-Trimethyl-2, 6, 10-dodecatrienyl dodecanoate( AUC = 1)
DG(0-16:0/18:1) (AUC = 1)
3-Deoxyvitamin D3(AUC = 1)
TG(18:4/20:3/22.0) [iso6] (AUC = 1)
DG(18:0/18:2/0.0) [is02] (AUC = 1)
TG(53.7) (AUC = 0.656) ;
. R LI TG(54:2) (AUC = 0.92);
Idiopathic pulmonary fibrosis TG(14:0/18:0/14:0) (AUC = 0.835); [64]

TG(16.1(9Z)/18.0/20.0) (AUC = 0.97)
PC(36:3) (AUC = 0.94);
PC(15:0/15:0) (AUC = 0.973)
PC(14:0/22.0) (AUC = 0.646) ;
PC(15:0/22.0) (AUC = 0.623);
PC(14.0/22.1(13Z) ) (AUC = 0.752);
PC(14:0/18:1(9Z)) (AUC = 0.661)

Zugtit s #r il RoC i & 8L, 78 TG . PC PE Jif
JTBR (fatty acid, FA) ¢ 1 BCPCEE (9 7 i 9% 1 15t JIE
i ( lyso-phosphatidylcholine with alkyl substituents,
LPC-0 ), ¥ I # M5 Bt & B M ( lyso-
phosphatidylethanolamine , LPE ) %5 g i 28 51 1, 15 4~
BB 7 RE WS L 4F X 43 SCOPD 5 it FE A |21 MR
J 53T RERS LT IX 43 SCOPD 5 AECOPD, P41 45 5
W1,

X TN Jiang S0 X 28 Bl FEZ 1A A 33
Bz R (18 FIEREE, 15 FlHh EE) M 3 k47 T
PRI 253 BT, B e FH K — oK P s - PP L T
fisk ( methyl-tert-butylether, MTBE ) {4 28 $& B IfiL 2% FE A
FRRE LA 4, Z 5, 5T UHPLC-Orbitrap MS X
FE S 2E AT JE B8 ) g B e o A R,
LipidSearch #{4%F 1E 1 2 AT 4R A5 BB 2847
VI GE i ar B 45 R R B, Bk AR Mt & B g
( phosphatidyl PE ). # B f5
( sphingomyelin, SM) | - H 7 ( diacylglycerol,DG)
= IEH I (triacylglycerol , TG ) | # Z8 ik B#z ( ceramide ,

ethanolamine ,

Cer) S5 BT I 284k i 2 b PE(38:1) \PE(18:
1p/22:6) SM(d18:1/18:1) % 10 FifE B4 15
Wity 25 DA G, T BE A X012 Wity 28 3 R gk B 3 1) 2
YitrEY ., PE(18:1p/22.6) PE(20.0/18:1) .PE
(38:1) . =M H il (wiacylglycerol, TG) TG (16:0/16;
0/18.1) Fl SM(d18:1/18: 1) /K2R fk 55 595 ™
PR S EAH G, % B I UL BE ( phosphatidylinositol ,
PI)PI (16:0/20:4) . TG (17:0/18:1/18:1) . Cer
(d16:0/27:2) LPC(22.:4) PG(44.0) /K FAE 4k
I i 1 7™ B R R A BRORH G, L AUC {7 0.6 LI I
(£ 1), Wang #1755 20 27 5 & o A7
T 20 ik FE 23 R0 24 (512 Mg R 1) I REAR
ST H M BERE Y 5 W 1 O R, XA
FH B I It 2% v g B0 4, PRIk, 2 SR B G 3
T AE DL B BT 4y ¥, Z )5 1 Waters
XBridge UPLC ® BEH T3 Fl Amide (4,341
SEAR, # Bl UHPLC-Q-TOF MS X g i ik 47 43 55 %
SE . Be)E, it PCA OPLS-DA %t 2% 5 i i 347 07
1, 3 Metlin 7EZE0HE 4 % 22 5 0 Hr A 64 7
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TR, IEARAE ROC 4B Bl PRAH SC 1 , 75 4 1 3%
Wi B8 MR ( phosphatidic acid, PA) . % B5 Bt 22 & iR
( phosphatidylserine , PS) . PG .PE PC Pl %85 /K- F
KA EFESE  Hh PA(15.1/20.4) PA(15:1/22.
2) J PG(12:0/20:3) %5 16 Fh 22 S IR i 5 2 W 412
W T I i b A AR 3 1) AH DG | RIS 32 DT g 1)
EkREY, HAUC fE 0.8 LU b, L3 1, Ffw]pT
Ao HPE A R S8 % (aspirin exacerbated
respiratory disease , AERD )t 8% A Bl ] DL AR AR
W, P =0 1) 7 2 1 0 | I TR M AR R N A A
AN B 04 75 Ak R R AR Trinh S 4347 T
44 5] AERD f8.35 1 45 {5 BT =) DT AR 32 14 1 i £8 35
(aspirin-tolerant asthma, ATA ) [ IfiL 7 FI IR 3B A
MESRE AR, B SEKs LT 0 DRV K R
ke, 20 mmol/L I RE W FR/K (W R = /K =
1: 1000, v/v) F1 20 mmol/L H 82 £ F IR FF I8 T
(HR - HEE =1 : 1000, v/v) 1E N % 3 M,
ACQUITY UPLC BEH C18 A%, #| H UHPLC-
Q-TOF MS X #1740 8 %5 . ZJ5 ffi ] Mass
Hunter Quantitative Analysis Z2GEX} S1P Fl#H 2 5t
17 i R et 0 A, 45 A9 I B B - 1 - B R
( Sphingosine-1-phosphate , SIP, AUC = 0. 705 ) ., JR #§
FAWE(AUC=0. 816) AI/ERIX 53 AERD F1 ATA Y3
TEAEYIbR S Y~ 1 - B IR Y G S o 2 Y
WERR 23 Z A0 WA SO 2B I, i - 1 - BRI
L EA N A T o Tl e A 7 F |
FHARSE ) g B 4 2 £ R X 35 9] Sl 2058 I i i
(EN2H ) LA K 32 {51l fele e o) 8 2 it 3 b A7 40 A, o
S i 7K - H - MTBE {4 2 SR HUM SR AS o g 5
4%, 47 UHPLC-Q-Exactive plus-MS {0, 4 3% 43
Mreh, %60 ACQUITY UPLC CSH C18 (A5 Aty [l 5
8,10 mmol/L W REE L NG /KEW (LG - K=6:
4, v/v) ,10 mmol/L B R %% £ 15 5 N B W ( L
D SFNEE=1:9, v/v) RS AT R SR T R
JIi 25 BB PC(18:1p/18:2) PC(16:0/18:1) .
PC(18:0/22:5)% 8 il PC 2/ 4> 1 nl BEAE My 1%
Wi IV AE A= P br A5 4, B PC AR 78 B Wi 205 v
A REETE B E M, L AUCTE 0. 6 LU B (1), &
5O A8 P MTBE 8 B/ I~ Bl ek 1 1 W A6 78 i 201
AUp R I, AE A g o, 8 ACQUITY UPLC
® BEH C18 it A 15  AH, 10 mmol/L H iR 4
BRI (R + 7K =1 : 1000, v/v) .10 mmol/L !
R e IR S N B OIS TR (SR TR « Sf=2:5,v/

v, R : RINEECIEHE W =1 1 1000) 24 i 3l #4,
UHPLC-Q-Exactive-Focus-MS & 4t X} £ i it 47 3F #E
00, S50 SM(d18:2/24:1) . TG(10:0/18;
2/18:2) 4 7 MR 43 F 1% AUC 7€ 0.9 DL b, W] fig
BUCHERG 2 W RE A PR B (R 1), FBLA
S5O S 3 B S5 4 2 R 4 T R I Wi 5 A v
Wi L2 %) I 3R J0T 0 2 7, 3 R 27 i 0 A 1Y)
BN A bR G %l A - (2
1,v/v)$2BUIR R, Z )5, VA 10 mmol/L £ 1R 4#% Z 57K
WR(ZHE - K=6:4,v/v),10 mmol/L L4k
HESE AR (NG« SRNEE=1: 9,v/v) Niidh
AH 33 R S B A D i 2 R I . 2 ongit
S HT G 2 25 S R B4, TR ROC WA ik
25 52N 0 4y —F 6 EERE B i 2 WA (8, R
th 39 Fh2E o1, Horb PE(47:10) F1 PS (40
2) Al g RIS W E AT B R 1 Ve A2 AR bR AR, JE AUC
B4 51553 0. 928 F10. 923,

%tF IPF, Yan %' 78 5 5t 41 2 5 5 o i 28
M (25% R \40% H AT 35% 7K ) $ BN 3R FE AR
Y AR BT EB 3. AE g 4 B P, Acquity
UPLCTM BEH C18 €& 3%+ 4y [# & 45, 10 mmol/L &
PR B 7K IR 10 mmol/ L ZFR4% 2 SE R BIR TR (2
B RREE=1:1, v, TR RN =1
: 1000) A shAH, | UHPLC-Q TOF MS X #i 4k
PRAAE S AT AR RO 1) 43 B, S5 R R, O B
( stigmasteryl ester,StE) (16:1) DG (18:0/18:2) %
6 FHR 43 1T R AR 2 B IPF % i v 78 A=
Yibri ), 2 AUCHET 1, W3R 1, Z50 R %
1 mL I 5558 R 3% B IR A IR A,
OASIS [E A1 # BUH: , f#f ;| UHPLC-Q-Exactive MS 7£
SRR X IS T A I T R AT R R oA
3%k ACQUITY UPLC TM C18 A%, IR K ( F iR
:K=1:1000,v/v) FIP R OIEHER (PR © LN
=1:1000,v/v) , 255845 TG(53:7) \TG(54:2) %
11 AR R AT e AR N AR 12 B IPF 0% T 78
AEYbREY, Kt 6 MR AUC 7£ 0.9 D L,
HARWE 1,

4 BERAFATRSAE CLD HEIEERHHR
Hh R IE AR TR AR LA IR A B 2
BB , A5 T B A9 DR i 5 A, AR
PRIESO MBI BTG, R R BT i B AR
PR hBERE R AT 2 M O R 2 A
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R, B, B 5 2 MR A A v I 0 A% R W i
K, R AR v | U B H I A R R T Bk
W, TE—SBRFSE R IR 2 2t gl 0 T T2 B CLD
AR AN ) HR B RE ik, i Jo 4 2 AT LA 3 7 1 5 B
SPGB R AR W ARG ) B A < E T 22 1E) Y %
U0 B R AEAR A AR AR T, coPD
SIS, ) H DL R FEZR N S FE IR R
PR 1 BEL A | 9% 5 pl 75 S5 IE, AR e 0T LA R
e [ W o) W s AN L = s AN = g A
FEAEUE' AT 2 38 1ot G 5 4 2 AR K g I
COPD JIF fi H B 52 mi) 1k 47 88 R A 52, 50 W & B
AECOPD ¥ $4 Z fifi UF 11998 12 BH i 1 £ 2 14 P4 g Jox
R 225 IR0 E T 6 ZEHINZE FlIE | 10 285 1B BH
PR S bR i R, T LA S AR T 4l
=25 B UE AR AT B T i, FF R oA CLD JiF 2%
PRI AR BUAR B 21 #0985 21
g TR I CLD i A Y IR S5 I8 %S R
ZE5  FHARARIUE R (4 4 B S fly, v DAk BE CLD
AR A 2 WAL | o T A IE AR R A o 42 R AR B
1B R A S5 20 27 %o F IS 3IE A 1 0T 5% 388 Ak TR R By
Bt ez FOA I S 90 58 Rl RS IE

5 HRRE

R BTA S AE 45 48 FA5 5 e = 5 1 B A
Y1 X, HAE AR AR IC Y T CLD 2 fn 2
PIIFROTAN AT RE L E B2 F oY . R 424 B
i T R AE R 48 1 i B AR 3, wT LA o B ot
VPRI R FEEARTFB, HAT, #@ i i
MR B RUE L — S F AL IR R B B IR % 5
CLD W& K A, (A2 HE B N I R 2 Wi ik
HVFLn) BT E P, i B AT CLD A RS B
AP FTREAR A /DN, B = 2 PP O AR 5T 56 UE A o
bS50 R B R ITA A R | AR 75 K i S5 2 27 5K
W5 Z AW AHEE &, RGBT o 72, DA
W30 o Bl RS A E R AE bR i (5 .
[T, 262K Sk B A 5 v, A7 B2 6 F 25 53 19 i o AR
IR T IC S 2 ) G, B A ) R 2 i T b i
Y533 D5 AT TR ) R I DA S A T
g A= bric Y CLD I RiZ W,
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Research progress on the mechanism of miR-138-5p in osteoarthritis
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[ Abstract]  MiR-138-5p is a microRNA that plays an important regulatory role in the pathogenesis of osteoarthritis.
MiR-138-5p regulates various biological processes, including inflammation, cell apoptosis and proliferation, and matrix
degradation in osteoarthritis, by modulating signaling pathways including nuclear factor-kB, Wnt/B-catenin, and
phosphoinositide 3-kinase/AKT. This review summarizes the research progress regarding the mechanism of miR-138-5p in
osteoarthritis.

[ Keywords] miR-138-5p; osteoarthritis; pathogenesis
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COL2A1 ) Bt & J& & 11 M ( matrix
metalloproteinases , MMPs ) S VTEBRE BT A 1
(silent mating type information regulation 2 homolog-
1,SIRT1) " 2548 OA 1Y % AE & Jad i v 39 o B4
LI BESFE OA B T8 B K 3h 97 32 1 8 B A
miRNA (microRNA) | WZAF7E T HAZE Y A, m]
DL A BAME R mRNA FISEH 2] DNA, i
AR N v I R RS ik o 0/ e T A7
miRNA H i miR-138-5p 7 AZEBN ke 51 24
HA 2 5 BT Mg RAE MR R
E " AP 5 R B R O R s s A
T L ANMIPR 5 I 4 8 E A0 U T B B e
RIFAEZFERFE M OA HER, A SO miR-138-
5p 1t OA HAUVE TP —253k , 9 AR eI 5E $2 it
PB S,

1 miR-138-5p /48

ARRPFH miR-138 FAZ% L 25 AR L, FE 4
FEL YN pri-miR-138-1 Fl pri-miR-138-2, Aij #°
MTFH 3 Sy ik (3p21) b, &0 T4 16 5
R (16q13) b, W # & 8 B2 1 miR-138, miR-
138-5p M| J& miR-138 Z % H i — 61", miR-138-
Sp KN 23 MEAFIRAIE TS RNA, (7 T 44 4
K Xq38. 13, B il i S mRNA | BEA BAMNT
G R0 25 B AR P B e L P (1 235 . miR-138-5p
CLBIE SR 2 i AR ) 2 B b R VR A
Anfigeg Y e A e DL R — e g

SEVEFCIEZOR T , A BFFEIESE, miR-138-5p
TE OA My R B ZAEH

2 miR-138-5p ¥t OA HIENH

OA J&—Fhi8 M kv e, RN K £
AR ZE, Hd, miR-138-5p 7£ OA A9 & & 4oy 1 &
B, 52 REH R E YIS, 1% miRNA AL
H X OA [k J r= A= 52, 1 3 i PR 45 RAE | 40 i
TSR R ELR, 25T oA it
FEUTCIE 1)

2.1 miR-138-5p BT iAIERES S OA HFIE

OA HIAE F IV T B BAE X5 BB e 45 ]
AL G 52 30 10 215 41 802 B Bl R E A Joi, AL 46
A7 51 B & ( prostaglandin, PG ). 1 40 il /> &
(interleukin, L) | il J8 3£ 3E P ¥ ( tumor necrosis
factor, TNF) 251170 330 6 J3 i 4 Jo 38 176 B 25 6 5001 4
Jf b S , B IR R R I, S O 1 3 ki
P58 TRV, S5 VT B O T B v R A S g 344
i, A A AR 25 0E W R W g v E T, ST
g ik, 86 h G 9 R0 R 7, S OB g A A
LAER A 25335 IL-1 F1 TNF 78 OA &% 1 A 16
AT T 2058, SEm A B, 76 OA & I BCE 4n
IR S 4 v R 638 TL-1 F0 TNF! ) IL-1 il
TNF 15 BN RE Al 2 AH B 52 (1), 1L-1 BEWZ 175 4
Y AR TNF, 111 TNF [R)A% AE 0 8 40 it
PR TL-1, HeAh, 52 3] TL-1 3003860 S0 20 A fE 1 3
YER, TR B TL-1, T 1 A TR G 26, 3 b 3 3

1 miR-138-5p X OA By HLH]
Figure 1 Impact mechanism of miR-138-5p on osteoarthritis ( OA)
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OA ) J&AE S IOE AN T HE NS, il 4 R 2 R B,

miR-138-5p i ¥ 6E 0% 41 il 45H 40 i /% CHON-001
FIATDCS FAANED 53Rk, I8 40 M ) 98 S
AL ( cyclooxygenase , COX) F& A B AT 51 AR #Y
HERE  EAAAEMAA, —F B A AR A
Rk, COX-1 IE AR B2 F T 7E AR R 4E Fr (R
TS RV T AR S, COX-2 78 9 AE 52 N T
PEE AR, HORE 5 8 SR N U L 1E 400 1 ) g

IR PR By S E 240 M DS 77 A R 2 1 2 AR R A
PEMATT 8 A Zh OA (& ' A s> 1 iy
TEIL-18 TR, 5B 40 i 1 Y CireRNA _Atp9b fE
b miR-138-5p W45 1 7 g i . MMP-13 | 1L-6 £l
COX-2 MYk, T CircRNA_Atp9b X %K F 4t fifd i
PRI PEVE T, id R CireRNA_Atp9b A% B I A fi
B AT, M0 2 4 miR-138-5p & AE
MCM3AP-AST J&—Fhse FPE A TR RNA (ceRNA)

T OA SBE B H AU Rk 2 FRAK, Hoad 1 iy
miR-138-5p/SIRT1 filt, 0% e 5 AR AE K K732 4k
(insulin-like growth factor receptor, IGFR ) F1 T {i# 1Y
IR LB — 3 — 34 ¥ ( phosphoinositol 3-kinase, PI3K) |
ez AL P AR 8 P & 11 % — 1 ( phosphate  inositol
dependent protein kinase-1,PDK1) JRELB Y AR
F U H ( mammalian target of rapamycin, mTOR ) Fl
HHBEE B (protein kinase B, Akt) , M 1M % fig 1k
MDM2 FE A #] p53 e A, 452 s 80 M A998 77,

A0 20 B TR S RE B SOX BEPRTZ 43
i T ANRAL D JREM N eE IR K E
ZRH JEIM AR KT B LU S I KR
R R B Y SOX-9 BT HCE R M 4y
o0 B A ol RAEEE RPN T BB E o2 1Y
T s, DT hn 32K (8] € 5%+ 490 i 1) 4B 40 i Y
') (R FIAHY miR-138-5p Al3@s i SOX-9, i
PERCBAE S WD RAEBI . OA JAE RV %
AR MO J5 H 221, S 40 2 2LV AR SE A
Jit, 4 PG IL . TNF, 33 M %5 i 2% 5 S aB 4

SOX-9 Al COX-2 £ 15 5 A S I A A #445 H o

miR-138-5p A 3 & i #5 A LK F 3k % i OA 1Y
Bii g

2.2 miR-138-5p A WMAA T 51GFEXT OA HY
E;ur]

OA PP A ] T 5 19 RS 7 A B 2 1 LR W) o
TR A R A T A 2 A R 1
LR, BCH A0 Y UH T S AN M A s > R T

B AHAHERCE Tovk HIRB ;IR 28 E 40 i | T
1 L % 40 O P 348 O B R S I, 5 O AR
HEARKDY 7 OA FHIBYEL, 4N Tl H
i%i&fﬁ,%ﬁﬁ%%ﬂﬁfméﬂ LB, SR, bl
& OA AR, —Su i i 2 22 32 50 43 38 5 LA 0 X6F 461
7, AEE VR 2 A BRI, IR R 2 DA & 32 460 1 41
gl R R, F I miR-138-5p REAE HE 4k B
YA M 3 FE AT AL T A0 B T, X OA kAR
FEAERC 5y ARG UE B R A A L WA
ORI F W% PR RE A% Bl 3t 23K 1 miR-138-5p JIrifil
2 B rP DR E Y P IR 1LC3 AR A s B
ﬁéﬁiﬂ’ﬂﬁm\%ﬂtfﬁ{ﬁ“ﬂo VFZ 0 B% S 5 40 M 0
7= oA Bk T 40 B R 0 ( BCLs ) AR 75 2
R 1) R A& IR B 1 7K A T ( caspase ) 7E 28 R {4 0
A A T R I E A A K
TR S 2 R R BT S O FCE 4 miR-
138-5p fY 2 35 b9, 41 ol A 4 R 24 R Bk R
( selenomethionine , SelM ) EI/J Ik S g b A ik
FIREAR , SR R A 715 538 B g0 , 1 5 5
B R TS, MCF2L 556 PR ] 448 fin o JeE ok 2F 4
A IE T A2 E OA 9 % A7 | IncRNA MCF2L-
ASI1 A MCF2L Y52 X RNA , e 5 26 10 o I8
miR-138-5p i i B AH & K B 1 % 1% 15 ( alkaline
phosphatase , ALP)  %& /N 5¢ 5 5% A -F~ ( runt-related
transcription factor, RUNX) 2 ‘& #5 & ( osteocalcin,
OCN) (23K 7K - T, A 15 A B 4 18] 58 53+ 40 i
( human bone marrow mesenchymal stem cells,
hBMSCs ) 38 3¢ A1 1 40 4k, ke i 4% B 98 i
miR-138-5p A B 4% # ] SIRT1 17 il A% B 40 il 43
A1) oA AT 1) 9 T MACF L 400 61 145 20 B 43
A0 A i Ay B R BT 6 ( cyclin-dependent
kinase 6, CDK6 ) & & 1 UG 52 & W i e Ak 0 i, 7
4IHE E 3 61 WPk R M G1/S 3 ad b R A]
AT 5 gk [A] B 8K 3 mTORC1 I E2F % ik,
CyclinD-CDK6 REM 1 15 21 Jfd A5 1 1 41 i J&] 01 A e
T Cire_101238 i 11 475 miR-138-5p/CDK6 #lifili
i A0 A, AT AR A PR T L OA Hh 4l i
PR 55 1 BRI O i X 2 R R f R E OC 2
BCLs Fil caspase 7EW¥E NI T- R HEEAER , Bt
G S S0 A S % P 7=, MCF2L., SelM , MCF2L-
AS1 Fl MACF1 2 5 P84 40 i /] T~ A3 5 . SIRT1
CDK6 Fl MACF1 520 20 it 534 FEFEFNJH T, Cire_
101238 il 40 M3 5, A 1 AT AR iR T, GxX 2t
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1 R miR-138-5p AT 43,
2.3 miR-138-5p A E FRFEMHEXT OA KRN

OA T 5 Joit 88 fift S — ™ B 2 119 5 2L A BT A
RPN RMEENEZ " KL
YRR AR S A0 4 T AR 1 L 2 2R O 2
PN A S T S PR T 55, A ik 11 U i S A 1 MR AR 2R
ISR, 5 | R 0 At DG ZH B IR AT MR AR
hE A I 45 R R, 5 U miR-138-5p £
U4 A 40 MMP1 MMP3 1 MMP13 miRNA f{)3%
KR ETE, Ho MMPT F S B L MMP [
fitk 4l 9 b FE i ( extracellular matrix degradation,
ECM) , #F1i51 & HCEB 1, Zhou %5 SEBGUEIA T
circRNA_Atp9b 7£ IL-18 175 F M HCB 4l i b 358 1
W, FE R miR-138-5p , HFR ik 05 miR-138-
5p MR 2 A OC, T 8 miR-138-5p #8431
BT cireRNA_Atp9b XF 11-18 S 4CE 4 i ECM
SRR JAE SR B AR VE T Seidl 24 IR
miR-138-5p fig % i@ i #0 1) ¢ 5 P 2 11 ( specific
protein, Sp) -1 FB4A 57 K- 2 (hypoxia-inducible
factor 2a, HIF-2c ) 3K 4111 il 3K ECM F 2% 43
COL2A1 AYZEik, miR-138-5p B3R ] LIA &5
M IL-18 5 5 19 OA B 41 il ECM B f, 411 il
miR-138-5p A L% IL-1B 17551 COL2A1 fREAR
DL biE 1L-18 35 S 19 MMP-13 THi 2 . OA it
JoT R A S i i Jre ) FE 2 R R 22—, miR-138-5p i
4 MMP1 MMP3 MMP13 DA K COI2A1 Ak, 52
M 4B 40 M EC ML B A R 9 RE SN, 348 38 38 L ] Sp-1
HIHIF-2a $14] COL2A1 (93535 , BRI HLEI FIGYY
FEWEATY T B — 2L (A 55 FNBRAIE

3 miR-138-5p EiEINE OA HXESERE

BZ4E5HEESYS OA BRI, 0 NF-
kB . Wnt/B-catenin . PI3K/AKT . TGF-B J% MAPK %,
miR-138-5p AT L3 axb 3800 s 417 il ik 22 38 % v AH ¢
HFrRE, 25 OA e,

3.1 miR-138-5p 5 NF-«B & %

miR-138-5p 5 #% A ¥ — kB ( nuclear factor-kB,
NF-kB ) 18 % 22 ] i) 5 R 78 RAE PRI | e A6 92
PR T RS, NF-kB Gl R AN
BLAAH M 538 B, 0T T RAE | G 95 SN 4 i A=
2R A Y AR A SR ], g R
% (canonical pathway ) " 40 s 2 5 65 . R AE
S8 0T, W M «B M o PLiK

(inhibitor of NF-kB o, IkBo) BB 1k FI 4 At ; AE 22
HiL3& 42 (non-canonical pathway ) ' f1 g3 TR 38 H 1
HH & 1% 85 H (TNF associated activation protein,
TRAP) JEFESFHE , ¥ I 1B K [ G B0 IR
PRI fife 32030 % 100G A 45 DL T 2B 3R LR A
NF-kB i 18 5 AL TARBTTIRES , IkB EHH 454 NF-
kB AL TGP kB 2R 0K NF-«B 4 2 75
Jrb BH Ak R A 2R A% 5 24 40 M0 32 B JAE K5
BRI 40 R 45 R B, kB B IR Ik, S8
Ho 5 NF-kB BZ5 5557 B S , BERR LAY 1kB B
2RI R, B NF-kB; IkB P& fift i, NF-«B
AL, 5 DNA 256 WE T Ui R 6 5%
X YL DR G i 22 Tl R RE A BT TR T AR R AR
PEVHAT N F, A BFSE K B, miR-138-5p AT LA il
SIRT1 AR I 0] $2 306 NF-xB 15 538 i, s 4
LU R BE | S8 I VBB N R 8 i B, 400 i 240
1080 W i R/ Y (SRR S N DUV SIS
BEAIC miR-138-5p 43 1k A BE T BT e 1 4 FE AL DA
h-NFKB1 .h-RELA il h-RELB A9 1k L&, M i 38
Jil NF-xB 2B, NF-xB 85 FE S 46 5
H NF-kB 38 i 1 T A5 5 20 1, B4% iz 2 240 A%
AR NF-kB i % v 3825 DY B 5% 5% NF-«B
5 1kB 23 B G AL B N, 1T S8 AE 4 PR 11
KL HEHNT MMP-3 Al MMP-13 2K 1 (0 35K,
AT AR R RER 3 0A & AP, Liu
25 U R REIERA T miR-138-5p 7] LA B 4558 5] NF-xB
p65 5t WAL TS 2 i miR-138-5p/SIRT1 4l
il NF-«B G 9EE , 2% OA BERE
3.2 miR-138-5p 5 Wnt/B-catenin i &
miR-138-5p i 1f Wnt/B-catenin ( Wnt/ B —i% ¥
FR [ ) 3 I R s P g R A U AR S AR 2 AR
PR REOE 46 T Wt 2 5 40 A A it 2
FI (Frizzled ) G2 45 &, Mo B il W 235 H B9
SRIBFISZ IR PEMELE & il & Y . Frizzled 243
T SO B s 2 A2 R A0 5C & ) (low-density
lipoprotein receptor-related protein, LRP) ZZJ% i, it 5
HIEWME A, WA Wt {5515 R S5 TR
Frizzled-LRP & & WE i, 2x 5 3L Disheveled %5 11
I, #F— 2B 1E Axin-GSK3B-APC & & WY L, /b
B-catenin [% f#, Wnt/B-catenin 57 #l ] B, Axin-
GSK3B-APC & G i B-catenin Wi IR 1k F1 FE fiF
Wt 15 5 ¥ 1% 5 2 Disheveled #7%, BH IF Axin-
GSK3B-APC E5 WK WL, 18 /b B-catenin FEfiF, >4
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Axin-GSK3B-APC & & W f# & J5 , B-catenin JC i B
AL Bf . 2 W) B-catenin 2 E A4 0%, 35
T 20§ 5 7/ ik 00 38 58 5 ( T-cell factor/lymphoid
enhancer factor, TCF/LEF ) ZJi% i % % N ¥ 45 & .
X—EEY LG T Wt/ B-catenin Wi ] &
(ot S3% | DT 52 1 40 it i i R g FoT e,
miR-138-5p A LI Wnt 8 %5 5% (41 Wntl ,Wnt3a)
5% B-catenin FHEAEH, RECXLEF F1) mRNA [
S B, AT ] Wt/ B-catenin 38 BRI
Wnt/B-catenin i} 57 & 16 1 5 98 () & A= % i AR
X, miR-138-5p Y I &3 ] Wnt/B-catenin i 8% i
%, 0T 0 S e R 200 B B AN 4R 28 miR-138-5p
AT LLEYE Wit/ B-catenin il 1% 2 5 8 4 2145 4
B2, miR-138-5p i £ ik & & M # Wnr/B-
catenin {55 53 [ AH OC 2 1 3R 35, 1 miR-138-5p #l
RUNX2 [R] i 2 36 )30 & 173X Al A T, 3278 Wi/
B-catenin {5 5B IKZ 5 T miR-138-5p/RUNX2 X}k,
AR AL B P 7E OA N BB P Wit/ B-
Catenin 18 BRSO , € 255 8 5w 40 L 1) B R 28y
A A A B 1R R AT AR P B, W/ B-
catenin {555 I 47 ZL BTG 7T REAIE 34 50 5 fige R0 o o
OA"™' . miR-138-5p A L\ {i Wnt/B-catenin Ji I
K2E H ( B-catenin Cyclin D1 Fl cMyc ) Fihm 0 |
REEARRR B AL T
3.3 miR-138-5p 5 PI3K/AKT i %

miR-138-5p AJ 7 ¥ PI3K/AKT i %, PI3K/
AKT 38 5 B0 980 2 rh 20 L A A A T 5 sl 4 i 1] 5
5 HAR IO 4 32 A (g TR W 52 A ) 4 A il R
fytet X — A AN 2 ik R 22 R R B AL, AT
AR T UE 515 5 BON AR S B IR e LR 3-
P (PI3K) i E— 2230 PI3K, PI3K JZ& PI3K/
AKT 3 % 0 DG SR il , B4 40 L R ) 18 O Tk JUL e —
45— XU 2 ( phosphatidylinositol-bis-4 , 5-phosphate ,
PIP2) B 1k O i B E WL BE - 3, 4, 5 - = B IR
( phosphatidylinositol-bis3 , 4, 5-phosphate , PIP3) '/ |
PIP3 () B B S PISK/AKT 3 % #4111 56 H A s
PIP3 J&—/MMREAF 5001, EAE4N M F Ry PR S|
KT IGEAF SR, PIP3 AR NS (500, &4
SRR WL BE AR M 25 11 U5 - 1 ( phosphate inositol
dependent protein kinase-1, PDK1) F1 P4 P iR it & B
B [5] T, B§ 2/3 ( pyruvate dehydrogenase kinase
isoenzyme-2/3,PDK2/3) , X ¥ H M B IL M = 5
AKT (3% . AKT & PI3K/AKT i §% 19 4% /0 8400

B, HOOE Ja nT DL 5 20 M B4 A7 R
R P A 330 6 240 i %) 1 B e AR 3
BB XTFE, PIBK/AKT i f& Pk f71E — 2 1 )2
AL, A B T4 o 3 ok BE s Y, ldn, PDKI
AIERAL PTEN SRR /D PIP3 3k | HE 1M R 1%
WG S AL S SIRT1 A Sy 2 b ysg 4 i 4 7
PTEN [ —Fh2s Z AL | 1 5 % & PI3K/AKT
T 1 0RO BRI R o A A K R AT
W O S, miR-138-5p 114 Bk 2k 43 B A%
PTEN 23k, 35813 SIRT1 #3% PI3K/AKT i &«
HE— A2 i ECM FEAF , 10 40 A3 4 | Jiang
LI A T [ R Y 4 i, M Nintedanib ] 11 il
OA i H5E W 4 A ML ARk 300 i T 4 i 2T 4
AL Bl 3 MAPK/PI3K-AKT 3 B& /0 6 15 3 B
A HH AR OA F P AL ™' IncRNA TRPM2-AS J&
—FP AT LA miRNA ABUE LAY, Cui %7 38
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Effects of ezrin protein on Helicobacter pylori-induced nodular gastritis

WANG Peng'?, ZHU Hongwei’, JIANG Shuyuan®, LIU Xiaolei*, GAO Bing”, SHAO Guo™***
(1. Department of Medical Laboratory, the Second Affiliated Hospital of Baotou Medical College, Baotou 104030, China.
2. Department of Public Health, International College, Krirk University, Bangkok 10220, Thailand. 3. Center for Translational
Medicine, the Third People’ s Hospital of Longgang District, Shenzhen 518100. 4. Inner Mongolia Key
Laboratory of Hypoxic Translational Medicine, Baotou Medical College, Baotou 014060)

[ Abstract]  The ezrin, radixin, moesin (ERM) protein family plays a pivotal role in cell morphology, migration,
and signal transduction. Ezrin, as a prominent member of this family, is highly involved in these processes. Ezrin
phosphorylation is particularly crucial, by regulating the interaction between ezrin and the actin cytoskeleton. This
interaction is a key mediator of cytotoxicity in host cells infected with Helicobacter pylori, significantly impacting cell
morphology. In this review, we comprehensively summarize the multifaceted role of ezrin protein in H. pylori-induced
nodular gastritis. We consider the relationships between ezrin’ s structure, function, signaling pathways, and
phosphorylation in the context of nodular gastritis. Moreover, this review highlights the role of ezrin protein as a potential

therapeutic target, offering novel insights for the prevention and treatment of nodular gastritis.

[(E&£THE] EEARB =R (82060337) ; TRIITT o i X B57 A BHE 1405 B (LGKCYLWS2021000033, LGKCYLWS2023025 ) ; i3Il i
B R B EEREFFT I EIH H (JCYJ20220531092412028, JCYJ20230807121306012) ; £33k 5 2 57 If R 5 2 + X £2 24}
BARHIFRE 4 (BYIT-DXK 2022047) ; 413k B 24 BBl 22 A 78 7645 (BYJJ-QWB 202212)

[MEERAN]TI(1982—) 5 it W52 07 19« AL R G B B9 FALEIFFE . E-mail : happyhours135@ 163. com;

[ ﬁfﬁ{lﬁg] AP (1972—) , 5 St HR ,1@4—%%% EFTH 1) AR B ARG . E-mail ; shao. guo. china@ gmail. com



rp [ A PR 2 A ks 2024 4E 7 H A 34 555 7 Chin J Comp Med, July 2024, Vol. 34 No. 7 151

[ Keywords)

Helicobacter pylori; nodular gastritis; ERM proteins; ezrin

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

ERM 25 1 5 2 20 il B 28 5 o AR A Y
PSR ,@Tﬁ ezrin . radixin 1 moesin &5 A s X Lk
S A WA FE B3 . NH2 - K 45 14 3 61 53
SRR ASEA, 1 -COOH 2 b4k F sl | 55 22 4R AL
FHEA(F-IshEN) 2560 EARmHERE T,
XA 2 A8 SR B AR Y R R 2 A T R AR
B RRIE earin B, 76 LB FE B P4 T
TRER ST, OF s T b R i i sl B
CEAMBY, REEEHE SN sh &R, ekl
BRI, K5 22 o A B T A0 93 4E 45 40 A 1
T ARG B 4 iz sh RUE S . Earin 28 1109 -
COOH K U1 % A7 75 2 TR 1 22 2 TR Ak Bk | 72 M B ek
AR AL O 5, The567 B Rho WGl 2 11 M C
(protein kinase C,PKC) iR fk, LA I 5 H A& H
A(protein kinase A ,PKA) /™5 A9 A bifi Ser66 1R
A AR BROIR 25 A2 i AR S . TEX A R,
ezrin £ [ A5 5 46 B A0 M I |, O = BE AR vh A
B REAR I T (R AR A MR BER
IR ezrin XF 45 2 G 1 A9BSR AL T 4549 Fn
DIRETESE , 7 —25 SR earin AE Ry T BRI WL 201 25
20 B AR 2 TR AR ) SC B D 2R T S BE AN
TEIMEA RGP G2, Earin AUAE F IS A BE 2
f ek R TR M E R AR I IR AT
KB, eain H FAE AN B X YT IR A A
( Helicobacter pylori, H. pylori) &Y i62 5 T4
FEANM Bk R TE S R AE 5L S T H pylori
SRR E B S exin HEMIEHCRE 2%, 05
BHEZ TR BB, R, AR SO I A ezrin 2R
FI S F A DG I RE (55 Il B ezrin 5 F BERR 1L
TE H. pylori JE&Gx 14575 P B R 1Y 1E R AT ) 2 1)

1 Ezrin EE M EHFIHEXINEE

Ezrin J& ERM S AR Z —, i EZR &
R i, 2B 08 H, 70 T 80 kDa, 28 H
ik G RIS T AR A0 B 2 R S X I
PRI R BEAR G (1™ Earin f 3 > R EE5H
a2l A% . NH2 — 2K % FERM ( N-terminal 4. 1-ezrin-
radixin-moesin , FERM ) Z5 #4388, AP0 o0 — M2 JiE 455 #4) 45
FI-COOH AU LA 45 A 45K, Earin 21
A% J& FERM 2544, i S 25 py Bl 2 25 5 H A

JET R AN BT A 8 AT %) AH A FH X6 44 o s
RN 3h B 400 B 2R OR AR s B e D
H XS o - SR BELS I B X A M AR 1
AHEAE R 3 CHEVE ] . —COOH 2K i 25 44 5
F—A5 F-Wgh & A B ER WG 0 R, Ti5h
I R Y Sk DX T o — BRBE 45 1 el -
COOH AU 2 [0 T HIRE T, 12
A F I 17 EAH earin AR 1 OR 355 B PR ZS, Bs 1E -
COOH AR Il L Ll 45 & i 257, L
BEAR S BT ezrin A7 T2 BT, > earin B 5 4R 5
& A WHIBBEALEE 4, 5- — B2 ( phosphatidylinositol 4
5-bisphosphate , PIP2 ) {51 [l [X 3k 5, PIP2 5 FERM
LERIRES A R 18 B A1) - COOH K it Thr567, B
J&i PKC Fil Rho i % i FR AL ezrin [ Thi567,
IR ezrin 43k R AYAHEAE T, WL B 45 G000
F i th R S5 NLBh R 1 2200 BLAR HT, AT A Jo 5 32 432
E) BNl s - S L = 2 S o A (B R e 3 X
T2 5E5EE

Ezrin /&5 5 1 22 40 -5 22 5 Jot AR BLAE F Y
HH BT IGER G , 15 1 RE A0 04 5 5 o vp & 45 A
o BELH T BR300 1 BRSS9 (H, K-ATP
TitE ) DA e Jo A 9 B THUBE %) B o7, JE A Y & F—
WshEA AT | ewin THAZS S H, K-ATP [iff
JEzk ) B2 ezrin MU S B E R fIEH
WAL, 5 27 PRG54 LB AR
o
2 Ezrin EBE H. pylori BEHETHEB KXY
ER

TV S B AR — AR i B R
SRk B DE AT B AN IR T L L H. pylori YL
SR RAE R EETE B R B IE R AE
G A AT IR ] UL B /NGS5 R BORURLRE g 72, 7T L)
SRR BN R XA R LT S Y
H. pylori # A5 )5 51 K Free &Y, & &  H.
pylori EARIE LRSIV RS0 R G A 206 A0 i
FERIFEA A (cytotoxin-associated gene A, CagA)
BOR AT E LRI CagA LABERR AL
S N 8 1R A A AROR I T =X 25 G DR 0 BOK TS
E5HEA"™ ) Earin 8 2 CagA 40 M0 F 28
AR TR Y H. pylori FI3 | Sre ZE M5 IR (40
c-Sre Fyn I Lyn) Fl c-Abl 2 Ji% 384 i vl LA 9% 18 6 AH
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KA Cagl 005, fik & Y-418 {7 /5. c-Sre A B R
6120 — BRI | c-Sre Fl c-Abl 1] LA i % 1k
BRIR - IH AR - 750 &R - B & R - N & R (Glu-
Pro-lle-Tyr-Ala, EPIYA) F31 HH Y CagA ™) SR 5, W
FRALHY CagA 38 i1 7 S BRHLEIE e-Sre 238 7%
S A PR BERR LY CagA 5 Sre I HIELE AT
PAL AL Y-527 MOBEFR AL AT Y-418 19 LRk, Y-
527 WIBERR AL AT FEJ2 CagA W MR AL I IS PR 3L AR oty
Src 3 B ( carboxy-terminal Src kinase, Csk ) 2k 52 i,
Csk YER Sre ZE MR G (9 T I8 [R5, i Sre A58 )
ezrin 2 A EBERR L, I/ CagA BIBERRIL Y .
W 7E0E FANME T, CagA TE S 2 R FR b1l i 1R 1k
IS0 40 M 2R A S, R =R Wl R 1L
(1) CagA W Sre ZR MG A MEALTE P, T 05 18 &2
20 L2 1 T R 2 W PR AL, CagA 41 1Y ezrin
FWERRAE R Sre JRTE A R Y SRR 1 £ 5t
MU 78 T 40 B HR BT B, pylori JEEGL B AR 4 1) PR
PHER . CagA PHMEREMR T 51 1 3218 M5 4Lk
e N5 R B R0, H. pylori i3 CagA
I S SRR Ak 5 RS T 3 4 TR 28 1Y) e 258 4k
JEHIE e 57 RIH)IFE T, CagA H AR F 41
P EPIYA-C 5(-D B3 8% Sre ZETERE A c-Abl 3
FwEIR L) , 55 Sre [RIRBENRR B -2 (SHP-2) & M2
EW) . SHP-2 HHE SRS MEK-ERK HURS B B
fiff ( focal adhesion kinase, FAK){E5 18 1%, S 3040 iy
JEAS U iz SRS, BEIRIE Y CagA 5
SHP-2 JE B G452 FAK (TGP, i — 20 fih &
Ras/MAPK/ERK {55 3 % , {& #F 2 A 38 5 1 o3 Ak
AL, B Rk CagA Y EPIYA-A Fl EPIYA-B 5 Csk
RS AR Dl & Csk B9 . Csk A Sre 401
b ezrin ZBEERAL , FF 8D CagA WL AL, ezrin 1§
AR WEIR LS, fE U CagA B IR AR 11 20 i 7
KO S Rh AT AR S T 45T M B 4 A AN
B e R L R AN AR R B A TR

H. pylori AT LI 7 FE 7RI & 10 | b, Hoag
JIHF25 B K A (vaculating cytotoxin A, VacA) &
75 1) 5 RE A M 1) T O 3 BOH IR ad b, VacA AT
S B RELE ML AT Ca™ YU, I UOE 5 AR 1, Bl S
ezrin TEE R R 469- IR AR 470 4b K EE KSR, 5
B earin MEEAIMBTSUBER ™ . 2RO S 1 % 40
A VacA 58 LR GBI Z K4S & 15 S
AUIA Ca™ NI, BEIE p38 MAPK 15538 i Al 5 2K
FI BT 7K ezvin, T T AN DR T0 s 174 200 e 22 AL 8

B VEER A, BHLIE H K-ATP i ) 50 00 /NE SE4E
T REA A ezrin 588 PR VacA BEIR T T
Uit 9% 6 T LB B (22 A T HESN Y X R
VacA TR T 15 BE 240 Jfd i) o o 5 — 448 - 242 (] 19 A
HAEFHRY,

Ezrin 52 JFUBAH SCHE H-5 WL S 8 140 M5 4852
HRAOPETHE AR 1, B A v e b B2 200 A T 3% T,
HE/Na M E R e, nm pylori 5 8 B4
M B 2% VI OC , iF R B 1. pylori 5 5 IR
20 R 5 T A ) e A 422 2 ph BRI B A R
H. pylori $ 95T B % 0 2%, Jf 8 i i BE AR ML A F
A4, TE H. pylori &G & 135 K6 vh & AN T
PR TE AL ZE 76 40 T8 7T WL B A I B s
TE H. pylori JEYLBE WG H L kA b, B 240 M 4
FEANE MR s Rk, H. pylori {LL-F- 75
E B ST . Ezrin 8 0] BEE X — i 2
TSR T OB E . TEB P, earin FEAE TR 20 i
By To N IR 5K I 5 3 WA R AR /) B 1) T
-2 PN 5 A8 5 B O X S A i ) A S AT 2
JELERE T ezrin (62 20028 B ARG EEM'T . BT
ezrin %ﬁﬁléﬁ%ﬁ’ﬂ—ﬁﬁiﬁj‘, 2 WLsh 8 22 R
FIZ IR (1 X AT REXT H. pylori SIEHZE
TP E R AL A
3 Ezrin BB UL AR ERH M TS KR
BEREES
3.1 FHEBRBRURARERESE

Ezrin B 32 $ F098 42 2h BE A 258 i 300
ZAEHEMR F R — A SO LA TE L 5 R B R Ak T
RANY . — SRR AL AL SR E TR R By 4 i E T
A FEORNF AN, 22 Z TR (5) Jr &R
M BERRALXT ezvin Y DIRETE MEAT ELEEE W, Ezrin (1)
THRETE T R BUAE AN I |, S 5 25 Tl JIE 3R 1 58 k2
HITE I, B 45 SO L T | 22RO 2 8 A3 AR
P o Earin 8 A B 94> 2R i X8l ) i 25
BLAE TSS9 NH2— AR S DXCISURI AT 168 5 W 1R 1k
Wl A RS F- L3l & F 455 19 - COOH R ¥ X
I, Ezrin [ -COOH ¥ X I & A Thr567 # 2 1k
f i Thes67 BERRALTTIHBR N-C 45514, i
ML ezrin WEAL S 3T BURZS (9 B RE4 A,
Thr567 [ K ezrin BERRALKFHLAR , 8 i R BERR
JEFE (cyclic adenosine monophosphate , cAMP ) #4241
AREBKARFE BY3E I (29 40%) . FHEE 11 96 2 g4
Tl AL BT M 5 30 Thes67 B R AL /K - Lb i 8 s 34
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T 400% 4, 7F T BELRM T, ~COOH A3 7 22 PR W
PR Ak 2 L3 b 0 40 i 2R 55 A B ) e B2
TR Y REAN AR R A A RO BE AN
Wit cAMP BRI B IR, B A emin EHHWTP 5
WRRR 2 R RS & R T E " L T BE 20 i
H ezrin 7E 22 A IRER I & AP (A8 J5 2 IR 5%
FPEEF TP, W Thes567 B R ALTE ezrin ) T i #E
] 55 R 200 43 0 T 1 AR O 1 SRTE R TS K
Ezrin 75 32 31 2 Fh 28 1 30 A9 877, 38 5 0
PKA, ezrin 7E Thr567 KA BEIR AL, [FIET, cAMP 1
PEHE T ARG B 408 293 7 PKA MK ezrin R
k., PRI, ezrin AT ESTHIME cAMP B 952 462 75 1
I PKA BEFH, 15 418 i B JORUE &S 7841
Ezrin 7£ Thr567 B #5 R 1L ¥5 & Rho @i(ﬁﬁﬁé, Rho
BRI 2 T4 earin 0 F A1 (R) 43 F
]Sk 225 A . 4] Rho I 1 AT 38 fin 2 4306 , 107 9% 7%
Rho TG AR 535, Rho 3G 1842 Xof B 200 Jid 43 06 1
A TS, Rho S0 A9 R WIFRUN 2 — 2 Thr567
X ezrin FIBERZ 1L, 51 A ThrS67D ezrin KA K )5, &
B ezrin FFE 0] 45 1R AN 433 R A 22 . Rho 36
WH 5 WL Sh B 2R 4 08 RN JR kLR A O, TR
REAI L HR 33 ] RE B0k L IS /M 2 1 2 % vk L
A M Y A I B S B, 7E ThiS67D 78 TE A
(1) ezvin FAEFE YL R B L e AR rh | SR 31 AT TG
PERY ezrin LR ] 15 PR B 6 A8 |3 55 08 iR
ThAE | I 45 RS R ok B 7R B LA 6, Rk
Thr567D 7% ezrin YL 2RI CFP-Thr567D
ezrin( cyan fluorescent protein, CFP ) ¥£ 3 JiE #Mill i A9
SENT, BCAE TR A M A A T, R R AN Y
ezrin 18 F 5 F M 1K ZARIE A L, Thr567 BER
PRI T3 earin AR RIHE IR, 0028 T BEAR AR Y
Ay AEGEAE A Thr567D ezrin JLF- 58 2 1E KL IS
AMUBE A | 38 F LLAECR B K R B R R
TE TR, A0 AR 11 3k i A28 1 o I RN 7 32 2
(Bilin H, K-ATP i) EH A A 05 5%
JETE A A A5 | B A AR F O BB H R &
I, 5L ezrin TheS67D BUAE T 4 i i B ARIE S, IF:
FAR T 2 )2 NI, Ezrin ThrS67D (1) 40 i 1 5% B
T RIS Y earin 78 40 RS AL R B, B8 7 1)
PEEHR R TheS67D 1 Je ik AR, 3k 7K T
6,76 24 h J5 EEA LR E A R, TheS67D 13
FIR FHEARISFZM N B (G145 H, K-ATP ) Kt
BAFLERE ™, A H] ezrin 76 PKA $EA7 45

Thr567 ABERR AL SN 6] ezrin 5 WL3hEE 11 40 