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[ Abstract] Objective By comparing the changes in cerebral blood flow, neuronal morphology in brain tissue, and

the levels of serum oxidation and inflammatory factors in models of cerebral hypoperfusion, three experimental rat models
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were assessed for their suitability as subjects of studies on the mechanisms and therapeutic drugs of cerebrovascular diseases
and neurodegenerative diseases. Methods A total of 88 male SD rats were randomly divided into a sham operation group
(n

(n = 24), and intraluminal thread technique group (n = 24). Bilateral common carotid artery ligation was performed on

16), classic bilateral common carotid artery occlusion group ( classic 2-VO group, n = 24), modified 2-VO group

the classic 2-VO group, while blood was drawn from the common carotid artery before ligation in the modified 2-VO group
(1 mI/100 g). Middle cerebral artery occlusion was performed on the intraluminal thread technique group. In the sham
operation groups of the first two models, the common carotid artery was separated but not ligated, while the proximal end of
the common carotid artery and the external carotid artery were ligated; in addition, the bolt thread was not inserted in the
sham group of the intraluminal thread technique group. Cerebral blood flow, infarct volume, serum inflammatory factor
levels, hematoxylin and eosin-stained morphology, and ultrastructure of the hippocampal tissue were assessed at 1, 3, and
7 days after the operations. Results Laser speckle interferometry showed a decrease in cerebral blood flow of the modified
2-VO group that was more obvious than that of the other two groups. On day 7, only the modified 2-VO group still had
significant differences in cerebral blood flow compared with the sham group, and it remained in a state of hypoperfusion
(cerebral blood flow decreased by 30% compared with that before the operation). TTC staining showed that infarcts in the
striata of the three groups gradually increased with time after the operation; 4 rats (about 26.7%) in the modified 2-VO
group and 10 rats (about 66.7%) in the intraluminal thread technique group had infarcts in both the cortex and striatum.
ELISA showed that the levels of inflammatory factors, such as TNF-o, IL-13, and hs-CRP, in the three groups were
increased after the operations, and levels of the pro-oxidation factor ROS were also increased. In contrast, levels of the
antioxidant factor SOD decreased. On postoperative day 7, there was no significant difference in the hs-CRP of the classic
2-VO and intraluminal thread technique groups compared with that of the sham group. However, the modified 2-VO group
still exhibited significant differences in all the above indicators compared with the sham group. Hematoxylin and eosin
staining showed that the modified 2-VO group had more severe damage to the hippocampal CA1 and CA3 regions compared
with the other groups. Transmission electron microscopy demonstrated that the modified 2-VO group showed more severe
damage to the mitochondrial and endoplasmic reticulum in the hippocampal region compared with the other groups.
Conclusions A cerebral hypoperfusion model was successfully established. Compared with the classic 2-VO and
intraluminal thread techniques, the modified 2-VO method can induce more complete cerebral hypoperfusion and more
severe neural damage within the same time frame, resembling the pathological state of human cerebral hypoperfusion more
closely.

[ Keywords] cerebral hypoperfusion; 2-vessel occlusion; intraluminal thread technique; animal models
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Note. A. Classic 2-VO group. B. Modified 2-VO group. C. Intraluminal thread technique(ITT) group.

Figure 1 Schematic diagram of gait model construction
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Note. A. Laser speckle was used to detect the changes of cerebral blood flow at different time points after operation. B. Changes of cerebral blood
flow at different time points in the three groups. C. Changes of cerebral blood flow at different time points after operation in modified 2-VO group.
D. Changes of cerebral blood flow at different time points after operation in the intraluminal thread technique group. E. Changes in cerebral blood
flow at different time points after operation in rats of the classic 2-VO group. Compared with sham group, *P < 0.05, ™ P < 0.001. Compared
with modified 2-VO group, *P < 0.05, ¥P < 0.01, * P < 0.001. Compared with classic 2-VO group, “P < 0.05, ““P < 0.01. (The same
in the following figures)

Figure 2 Changes of cerebral blood flow in rats after three methods of modeling(n = 5)
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Note. A. TTC staining results of brain tissue at different time points of the three methods. B. TTC staining results of four rats with abnormal

staining in the modified 2-VO group. C. TTC staining was performed in 15 rats in ITT group, and 10 of them showed infarcts of different sizes

in cortex and striatum.

Figure 3 TTC staining was used to detect cerebral ischemia at different time points of the three methods
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Table 1 Comparison of serum levels of TNF-a, IL-13, hs-CRP, SOD and ROS among three groups

at different time points(x * s)

HEH
(;E)ZIJ) TNF-o/ ( pg/mL) IL-18/(pg/mL)  hs-CRP/(mg/L) SOD/(U/mL) ROS(MFI/mL)
S
(23 ! N4
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Modified 2-VO group 3 days after surgery 35.28 + 3.58 24.38 + 8.69 3.80 = 0.87 64.86 + 4.62 206.09 + 4.62
R 2-VO HARSF 7 d . . - . .
Modified 2-VO group 7 days afier surgery 34.73 £ 8.82 22.58 + 4.67 3.58 £ 0.48 71.21 = 7.24 198.98 + 33.10
LREHAE 1 d ) ) ;
o BARIL AR 36.57 + 10.98"  23.33 £ 6.41° 2.87 £0.49" 81.28 + 4.87" 248.54 + 33.34™
ITT group 1 day after surgery
RIS 3 d .
RIRAARE 3 ¢ 53.60 + 9.47™ 27.64 £ 1.51™  4.27 £ 0.20™ 66.76 + 6.27 " 275.54 + 45.01™
ITT group 3 days after surgery
LRIEHAIE 7 d
SRR A 43.28 £ 12.28"  22.08 + 6.29" 3.06 + 0.67 69.09 + 8.69™ 224.80 + 60.87 ™

ITT group 7 days after surgery

w5 FARAMLE, ™ P <0.01,

Note. Compared with sham group, ™ P < 0.01.
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Zorgot Fw BRI HEF S A M K
VEWATIRIE R E 6 R,

RIF 1 d, 541D XA T . 488 2-VO
W ADF TR SRR (2L eafisk) b
ORI AN A (IR AT k) o Rk D i i
R Gs AR FE R, SR 2-VO 4. FHE T hT 2
4, A 2 IO SE A IR G

ARJG 3 d, 48 2-VO 44 CA1 FIl CA3 [X /b H4f
ZTCHARAS Y B 45 IR e, 3 2 9 P At R 3 A (65
k), LRREE CA1 X ZH04n M A% T4 25, 40 i
B, CA3 XA 2R ETL, SR 2-VO 43

oAl 2 2P A5 iE — 25 88, EERINAE D CAL
1 CA3 X 5 2 1) i 28 70 ML AR A8 T 45 4 R G A — A1
AW WS N G EZST 6105 A i R
e,

RJG 7 d, 48 2-VO 41 CA1 Fl CA3 X K
LU TR, JR /0 WLASHEU) 2 0 (¥ i Sk )
MR 2-VO 4149645 h 28 oo 5 dF — 25 38 , 44 0 20
HIER A ( SRk ) M THP N EE AL, 4k
P AL L B 5 35 %, R CAL M
CA3 XM Te a4 4n FHES 3L, oA b M4 .

SR, 3 FR O A B ] R EOR UG S CAL,

T LA AT B e TE BRI 2T ; U (3« A VEANML ; B Sk R I 25 3
B4 3FEETEARE1.3.7 dFFEKRIEDS4141 CAL il CA3 X HE 44

Note. Red arrow. Abnormal neurons. Green arrow. Normal neurons. Blue arrow. Inflammatory cells. Yellow arrow. Irregular physalides.

Figure 4 Hippocampal CA1 and CA3 regions of rats were stained with HE at 1, 3 and 7 days after operation
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CA3 X AZ 01, T A0 P B 5 el M Aof 1) 52 I AH G, I
H R 2-VO LR B 53 A 2 4178 HH [ 4 ) Y
AT AV T 4 200 H A8 o BB 47, R B R R
JE 55 3 KRN H B & 4 i TR IR SR I 4t DL K
22 B RN IR
2.5 KRBEDALBRHENUE

W 5 s, 3 By 3 AR TR A R BoR
I A ER S . RJE 1 d,3 Ry Al 5liE Lk
R B, B R 2-VO 3840 51 o M i
ik, BARMEELR . (1) MEIc. £ 2-vo A5 MR

2-VO LHAKLAY) S BURRE K i & 1Y) P J5 19 J s
A5, Lok A LR AR ER U I , 50 4 5 )
Wi, (2) BROAE - 3 oSS 28 ARt 4 ek I S 1 PR 12
NS R I, ZORL AU 45 1 1E | XU I 25 44 15
B, SR BRI . (3) B R . e S )
2-VO HR LR ARG FR K, HEZ AL, RS
PR P i B I R O LI A R AL
B B U

ARJ5 3 d,3 Fh 5 L AT 51 LRI R
HERIEEZAh, 2R 2-VO ¥4 R 1 A0 A T 190 5 b R

T W OO Sk ORI RS M OAE ; B AR Sk« ST DR P M s 2 (AT S - SR IE R S A SR AT Sk - A/ M
5 3FERBTIIEARNG 1.3.7 d X BUR R 41 B RS AR R (0 = 3)

Note. Blue arrow. Ultrastructural changes of mitochondria. Yellow arrow. Ultrastructural changes of endoplasmic reticulum. Red arrow. Integrity of

tight junctions. Purple arrow. Cytolysosome.

Figure 5 Representative images of the effects of three methods on the ultrastructure of different cells in the rat hippocampus

at 1, 3 and 7 days after operation(n = 3)
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Rk 0LV A0 PR 22 8 R R A6 2R 2 58 RS T 26 &R
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[ Abstract]  Objective To observe the effect of quercetin on mechanical allodynia, astrocyte activation, and

upregulation of pain-related transient receptor potential vanilloid 1 (TRPV1) and P2X purinoceptor 3 (P2X3) in mice with
Methods

paclitaxel-induced peripheral neuropathy. Twenty-four C57BL/6 mice were divided randomly into control,

model, and model + quercetin groups (n = 8 mice per group). Paclitaxel (total dose 8 mg/kg) was injected
intraperitoneally into mice in the model and model + quercetin groups to establish the model. Mice in the control group were
injected intraperitoneally with the same volume of vehicle. On day 8 after the first injection, mice in the model + quercetin
group were injected with 60 mg/kg quercetin solution orally and mice in the other groups were injected with the same
volume of vehicle. Mechanical pain was measured by the von Frey test. Activation of astrocytes in the spinal dorsal horn
was detected by immunofluorescence. Expression levels of TRPV1 and P2X3 in dorsal root ganglia were detected by
immunofluorescence and Western Blot. Results (1) Compared with model group, the mechanical pain of mice in model +
quercetin group were relieved. (2) Compared with model group, the activation of astrocytes and the expressions of TRPV1
and P2X3 in mice of model + quercetin group were alleviated (P < 0.05). Conclusions Quercetin can significantly
reduce mechanical pain in mice with paclitaxel-induced peripheral neuropathy. This mechanism maybe related to alleviating
the activation of astrocytes in the spinal dorsal horn and reducing expression of TRPV1 and P2X3 in the dorsal root ganglia.
P2X3

[ Keywords] quercetin; paclitaxel; pain; astrocyte; TRPV1;
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BETEIG R AR . PR, #R5T PIPN B9 & BL I
FHEARHIEST T BUEA BRI R X

Mt Hz & ( quercetin, Que ) /&—Fh ) IZAF7E THEY)
g EERZEY) BT, A PR PUEAL PLESFE 2R A
P2ETaet o BRULZ A0 iR 238 BEXT PIPN M IR
TP RIS IR 8O S 2 PR TR B A R
UFRIBRVE RS AT R AR A I 4N
HELA TS AL 5 80 PIPN S i R R R
2 T B A ] L O i J5T 4 B A T R 8 A R 2
fift PIPN AOPIR AR e o £F 4k R 1 28 11 ( glial
fibrillary acidic protein, GFAP ) j&— 7 Il Y v [] 22 45
RN, R T BIY R h, 2 2P K
AUMTEALAY , GFAP [ 33k 45 i 2 0 it 7 ’r)%#ﬁ
FR AT LA 3 977 g S5 A48 L ) T Ak, R AR 2 %TFWE
FILIRIT Z R 2 R G000  (FL B 3R 22 i
PIPN #9575 'ﬁi‘fﬂr&ﬁﬂ"miﬁ/ﬂﬁcﬁfﬂiﬂﬂﬂﬁ
TEALIE AR AT, AW R B, 5 R B2 (dorsal

A% ( paclitaxel-induced penpheral

root ganglia, DRG ) H I i B 37 £ HL A 7 FER 2 A 1
(transient receptor potential vanilloid 1, TRPV1) | IE
W BEFCAA 145 B8 13 % 3 (purinergic ligand-gated ion
channel 3, P2X3) 459 AH 5 B 1 18 7F A 58 I 5 4
HELF PG b R A5 OCHEAE T, X TRPVL AT P2X3 i
1T FR AT TS RO e 5 W RC T A0 B P s >
SR, Mt K B BEA I AL 40 ) TRPVT A P2X3 3R 3k
e 2 figk B T G o A L R T A3 A RR T
AT SN I 3 2 55 A2 B2 S PIPN /) RUASE

AU E AT R A W EE A K2 22X PIPN A5 Y (%) 48
JEVEH . a9 SR, FIH GFAP kil 2B

2 J5 240 L ) 5 A 1 0, 3 T PR T B R 2
PR AT REBLAE

1 #Mel5FE%
1.1 #

% f# PIPN

111 SR
TEHL 6 ~ 8 JEWA MK 22 ~ 26 g HUMENE SPF 4%

C57BL/6 /MR 24 H, /NI TILIR SR 2 2 B AR W
P B BR 2 7 [ SCXK ( #1) 2023-009 ) , I 55
T TL b B 2 K2 s S g ot [ SYXK (#7) 2021 -
0048]) , TAIFEABL IR B LEREAE 20 ~ 24 C W N
40% ~ 70% ,12 h JEFR R /N BLH B AROK K&,
ARSI T A 45 A O A W VL R 2 KA B2
247 (IACUC-202403-12) .
112 FEEGH 518

Hiit B2 3% (HY-18085 ,MCE) ; 25 SIS BE (K R
KT 5 /NPT GFAP $i44 (9205, Sigma) ;
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St TRPVI H4K ( ACC-030, Alomone labs ) ; %4t
P2X3 #i 1K ( APR-016, Alomone labs) ; J'Hi % IgG
594 ( ab150080, abcam ) ; f M) H 3 1fit ¥ ( SLOSO,
Solarbio ) ; T 2 £k 2% " # ( BL601A , biosharp ) ; BCA
B R E I 5 457 45 (P0010S, Beyotime ) ; RIPA 4
f# W (POO13E, Beyotime ) ; & [1_FFEZE wf ( POOLS,
Beyotime ) ; HAR IR Ry o0 Hral, WOEIL R A B
i ( Nikon ) ; VKU AL ( Thermo ) 3 £F B A LRI
(von Frey) ( Stoelting ) ; 155 3 ¥4 7 25 Lo 1L ( Thermo ) ;
B 4% 2 58 ( Protein Simple) ,,

1.2 A

1.2.1 SEEd 5iE

¥ CSTBL/6 /INERIR IR FEML 2k 3 4L, 4390
A H BRI R + M R AL gl 8 KL K
0. 9% A= FRER KW BE 5 19 2842 B 43 00 565 1,
3.5.7 RME 5T BRI AR RS + Mz 220/
AR N, B E S5 h 2 me/kg, 4L 4 3K, LLE %)
Zi5HIH 8 mg/kg, #37 PIPN A 23 [ 20 13 4[]
RN, B + Wit R T 8 ~ 14 X%
H B 252 60 mg/ kg Mt B2 2V, HAR P2 73 31 E
25 24 [F) 55500 B )

1.2.2 ULEHER S 772

(D) AT A2 - AU R 1 A« 4% 26 /N B4y
AT 0.2.4.6.8.10,12 14 KAGIATLA IR I B , 76
M7 92 M8 1994 4 CHAPLAN 45120 % 2 it SCik
PR ML) Up and Down ¥, K HET, oK/ Bk
BHTURAE LS e &N, & Bk, ik
g 30 min, /N EUE IR PR R R AR FGE S,
PEREHFTEL ., KBS, F von Frey £F 4k 22 J30 /N
BRAT S R IR P SRR s T 2 Y, FL B won Frey
LA 22 S T H B R AT I 5 s, /IR
SR AR R RN, B AR SCER 8 g A
/INELHY 50% AL 46 2 B (50% paw  withdrawal
threshold ,50% PWT)

(2) BB SR AR B S 56 25 40 SRR T« 3 A 56
14 K, B8 ST 0. 3% 15 B 2 AR e, R /N R,
i A 50 mg/kg,

T RE R FEAS . Zh )RR IS T O B i, &2 0t
SIKPLERE : 4 C BRI 1) PBS VAT, PRs B /N
B 3 ~ 5 JEMELL (L3 ~ L5) ) DRG, & T-80 °C
VKARORAT

GREDECAEAS . Sh W IR I 1 JF o s, &9+ &
SR PGERE T 4 °C TR 5 I PBS ¥, B J5 T T8 B

e 11 49% 22 58 F I | S5 /0N BRI (A, DRkt B
/N BB RS KA B BELL B L3 ~ LS 19 DRG, H-& T 7
B 4% Z R EEN EP & rh BB o, Rl KU AE
1 15% 30% MY FEA K W A3 R, T -80 C
A7

(3) PBET Y0 F 12U -80 °C VKA H HL
h, OCT A3 J5 (1 vk VR D) R 85 AT vk Ul o R
/NPT GFAP BUARbric 46 b (9 B % 68 5 40 i
FHRYT TRPVL Uik di P2X3 $iiktricd DRG
T TRPVL P2X3 [, LB BRAF . A PBS
Uk OCT W5, i 5% 9 1lL3 37 CHHA 1 h, b5
A —$t,4 CHER LI, BEEHEH] PBS I ¥E 6 Ik,
EFYK 10 min, I INAFIR. —PT,37 CHEOLIFF 1 h,
PBS ¥t 6 YK, Bk 10 min, i & HLE 6K
By 47, 6- " JpkKE-2 AR FEng| I ( DAPT) #4178 o
FHBOE 3 R A8 US04, B 5 ] Image T v1.8.0
HATGE AT

(4) GaRE B AG I . K5 ZH SV - 80 °C KA H HRL
HEET 1.5 mL EP & A RIPA 2R, b5
A 2 mm HAZNER, HEW AL TG, T 4 C
11 000 r/min &> 15 min, B _E 3%, 3 BCA B4
W, R 20 g A DHERITHE R AFEAK
L, IEIACS X loading buffer , ) 43 /A FH FH 24 i W #b
FLAAE] 10 wL 9 EAEREL, 98 C gL 5 min,
R EET 5% ~ 10% SDS-PAGE Ji& b k47 Hi
WK, IRIGHEENE PVDF I 5% BEAS W54 S5 141, 20 )
Hdi/NEL TRPV P2X3  B-actin [—HiHIIAK 4 °C 4%
PRIF B 0, TBST 3k 3 WK, &K 10 min, Jill AR
AR IC P PP R P IRIEE 2 h, A
ECL W (AR5 #1740 18, i F Image J v1. 8.0 #47
IKPESYHT , B-actin VERINZ
1.3 Sit=E4am

SEIRE R YA + FRifE2E (x = s) BFoR,
K H GraphPad prism 7.0 #4780 81, P4 kb
R FHMT FEAS Student”’ s ¢ K3y, 22 411 LA R
BAPR R OB R 2 B A 25 0BT, AL AR
Tukey ¥, DA P < 0.05 HEAL XL,

2 HR

2.1 #EEX PIPN R ERBER

KA R, 3 /RIS BT B I gt it2 X
(P>0.05), Wf)E, 525 AL L, SR 4RI Y
+ M Kz 2 A1/ B BL B R B SRR (P <
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0.01), HEEFFLLRIEE 14 K, X—45R5LRRIE H(P <0.05), E 1B HE 1A B4 4 ph £k T 1
— 5, $2 7R PIPN A5 BU i B a1 i 5 55 A 4 0 PR 2 22X PIPN /)N SR #0 ELAG IR #ff 14 4
FHE AR + M 22 /N BB HLWOR IR B S 2 4 TR,

TR A A 4L B AR + MR RN S0% HUANAE L BI(E . B A EIS A N AL, Lhas (4l bnidk
IA—Akgeit; 5o AL, ™ P < 0.01; SHBAHM L, *P < 0.05,%P < 0.01, (FEIF)

B 1 R X PIPN /N USRI LMIR R R AIE P EH (n = 6)
Note. A. 50% PWT of control group, model group and model + Que group. B. Normalized area under the curve ( AUC)
of panel A and all three group were normalized with control group. Compared with control group, ™ P < 0. 01. Compared
with model group, *P < 0.05,P < 0.01. ( The same in the following figures)

Figure 1 Therapeutic effects of quercetin on mechanical pain threshold of PIPN model mice (n = 6)

2.2 HWEEX PIPN /MR PEELBHTFHIER 7 AR ZH /N BB BETY £ R 0 L TR 5 AN T AL
FWFsE W, PIPN /NUEBE A TE I RANM AT 50N, i B2 25 A i 25 R AERCA 6 22 JF I o 4 e
1k, & G2 PIPN BRI 9 B Z A, W 2 BF 59354k, 28 PIPN AR/ L A e

T A2 UL AL AR + M SRAT/ D EURE GRAP S e IR B 23 UL AL AR + Mk Bz AL/ N GRAP 395
SREEHIA—fegtit . S M, TP <0.05, (FEFE)

B2 R XS PIPN /N RUE B I B B 40 s AL i T T EH] (n = 5)
Noto. A. Representative immunofluorescence images of spinal GFAP from control group, model group and model + Que group mice. B. Summary
of the normalized fluorescence intensity of spinal GFAP staining from mice in control group, model group and model + Que group mice. Compared
witch control group, * P < 0.05. (The same in the following figures)

Figure 2 Effect of quercetin on activation of astrocyte in spinal cord of PIPN model mice (n = 5)
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2.3 #REEXS PIPN /N DRG #45T TRPV1 i
FRiIEWFHIEA

TRPV1 J&—Fh 55 B UIAH O 1Y B il , A
52 W, DRG # TRPV1 it ik 5L EEE K
ARV C . WiE 3 Fios , B2 BERENS I 5 1R

E/NEL 13 ~ 15 DRG #1276 TRPV1 FHPEZN L
Bl(P <0.05), Mt & + #it iz 2% 2 b TRPV1 BHM:
S 6 %) LA RSB TR 2 A EL S 2RI (P < 0. 05) . T
B ENI 25 el g s AL ZH DRG H TRPVI 1Y 2R
HZEA B ETE (P <0.05) , M S AH L, #

WA I BRI B+ i AL/ DRG A TRPVL SRR E SR A5 EAR1E TRPVL, 2L @28 H6hRic JE IO/ B, 25 (4l i
20 BER + #i i Z4H/NR DRG H TRPVI FHMER 20T A — 4G (n = 5) ;C. 25 FA4H BORIA BRI + i Bz Z 40/ DRG o TRPV 19%E

H&A(n = 4),

B3 i EXF PIPN /NEL DRG #12:7C TRPVI it ik iy T HifE

Note. A. Representative immunofluorescence images of TRPV1 in DRGs from control group ,model group and model + Que group mice. Staining

positive for TRPV1 are shown in green. Nissl staining (red) was used to illustrate DRG neurons. B. Summary of the normalizedpercent of TRPV1

positive cells from mice in control group .model group and model + Que group mice (n = 5). C. Expression of TRPV1 from mice in control group

model group and model + Que group mice (n = 4).

Figure 3 Effect of quercetin on overexpression of TRPV1 in DRG of PIPN model mice
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+ Mt Z A TRPVI MR R EIFMN(P < 0.05),  P2X3 22 73 PIPN Y 1Y OG5 P 2 i oA UL 4R
2.4 HWEZEXPIPN /MR DRG BT P2X3 i3k i, 7EARMISEh &I, WEl 4 fros, 78 PIPN /] RS
% B FFE A R L3 ~ L5 DRG 1 P2X3 WR AR ETE (P <
P2X3 N — i U B B iE B 2K, ) 0.05) , -SRI AT L AR + M R RES B
ZE5TZMAaBKRNEAESERED H B P2X3 FRIE(P <0.05),

TE A2 A BRI B + i KA/ DRG P P2X3 BOLAUR K SO TOLARIL P2X3, L1 AIOUARICE [/MA B 25 H AL BEAIAL |
FEAD + Hi 2 /N DRG H P2X3 BRI ZIeiH— Ak Seit (n = 5) ;C. & 4 BRI BEAD + #it B R4/ R DRG 1 P2X3 I3 3R
iE(n=4),
B4 Hit RXF PIPN /NEL DRG #1Z:58 P2X3 i 33k iy T-FfE

Note. A. Representative immunofluorescence images of P2X3 in DRGs from control group, model group and model + Que group mice. Staining
positive for P2X3 are shown in green. Nissl staining (red) was used to illustrate DRG neurons. B. Summary of the normalized percent of P2X3
positive cells from mice in control group, model group and model + Que group mice (n = 5). C. Expression of P2X3 from mice in control group ,
model group and model + Que group mice (n = 4).

Figure 4 Effect of quercetin on overexpression of P2X3 in DRGs of PIPN model mice
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3 i
A ST HE ST T 52 % A 1A 4 2 05 3L
B, N RTS8 me/kg SEAZEEMRUS Y

A I8 AR R HR, LR 3 B M WL IS 9 13 3RO
)R E AL, 525 AU E SR A /N UG IS 2 1
50% PWT W EFEAL, JFR e 4e e 255 14 K, 145
RAE7R PIPN /N RS RY A5 5l 1)

HORX B L 2 T B 218 M R YOG R AL
il LS2T K R G A e TR 40 o R B Sk I
T 4ot R XA v, D i S SO A AR
FWFFE R, 78 PIPN BRI rh S 42 W) B I i It 4
LT , i R AR I G R P R
Bl I e B A MO0 I, K RO IR SR A8 R F o
(tumor necrosis factor o, TNF-a) | 3 57 20 B 477 A= A
F--1( Stromal cell-derived factor-1, SDF-1) Z&4¢ 4
F. A L-a-2 32 R ( L-a-aminoadipic acid, L-
o-AA) I BT B 5T 48 B 1 3% A E 08 10 35 e
PIPN /)N B B9 S AE IR, T TNF-o, SDF-1 B i AT
PRt RERS IR BIAH R AIEITRICR S AW & 2R, #it
K 22 et b S R AR 1 v AR 0P o 40 R 3 Ak, 10 B
M e ZRAR AT 8 2 38 3 3 AP rh A A b R & 4% 1Y) SRR
YEH .

SRtk — 20 R ST B 2R AT B R R I 5T 24 A
TR ELAARBLE] , A 05 0 58 £ s R HE T 40 A
DRG Jf /s TRPV1 1 P2X3 % 11 |, TRPV1 fEH
WA Z R B IR P I — 51 e 2R e R
Hh R R LR AR AR R A A 5T
L, TRPV1 £ PIPN 5 & #h 289 h & #5345 G,
] TRPV1 B35 407 AMGO810 fE 1% . # 2% i
PIPN HHIPC 4 T P2X3 4 g 5 — R e
IS AR A S (0, FE PIPN A7 e ) i D,
il , ARV, BBRANE P2X3 32 A8 1% 1 il
T DR 1 289 /I BRURSE TR A6 6 o 400 i %) 3% Ak, B AT
RIS ARSI A R R, 5 A ML,
PIPN /N L3 ~ L5 DRG H TRPV1 P2X3 BH £
I b ] 4 3 T, M KRR 98 B R
L3 ~ L5 DRG #£JCH TRPVI P2X3 I#E L, 5
DRI, A e 2534 BB 6 A A0 9% i i b L TV I o 4
FL 3% Ak, BEAR PIPN /N BRUAS TRAKBAL . F 0L T DA
HEDU At e 22 AR AT R 2 38 2o B AR A1 JR 8wt i 22 oo v
TRPV1 ,P2X3 Rk, 18/ i 22 TP 1 ot 240 1 1
b, 5T % A 52 A2 gl i ) A 285 FHRLG

Wit i 08 IZ A TAE Y P —Fh B R 25 9
HA PR PR PO % 2 Rl 2R e
BRFE SR, M 3R B R A B RoR 7R T
Xof 22 Tl Sk T S A 988 LA K TR 24 440 ik L A AR G i 4
FIFER O ELM R R 52 B, B0 I 2 42
FHEZEERIRAVER . LA B UEHEUAIA , £ P A
ZIRYT PIPN [ [R]IF, AS 23 52 ) 5562 W2 1 40 Ao 9o 1
o ARWF5E S it R ABAS B I DRG #h& ot
HRBUSE TRPVL 1Y FRIR, TTE A2 EE1F5 K 1) S T
P2 AR AR R 2850 | TLR4 i3 R kWA
SHTRPV] FiATHE 10 R & 42 BRAERF
e Wit R 0T DLl B TLR4 {5538 [ R 3k
FIFL R I AE PIPN BRI Hi iz K A fig
S A TLR4 A5 3Rk FEIL TRPVL MR35,

ZE BRI, AW 5T Kk B 2 R g 0 AT SR R
PIPN /RGP AR . AL AT e 2 i i P AR oh
J& DRG #2270 Fh s BUEE TRPV1  P2X3 ()3 3k JE ifij
R AR S5k T S A, A B SR 2 R S
PIPN ARV AE F 048 m tofs B0 Al i R S
SEREEH PRI IR i T 32 T kg fb 7 8 1Y
AT A
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(WE] BE WIEECWRHETT I S I &l f TLR4/p38 MAPK/NF-kB {55 53 47 AT
MR RN, i3k B 16 FUBrPa 2 SRR 9 IE 3 KRR 4 1E 7 Bz JIut BRZH ARt Bz DR Ry B 4L A
W B BT IR 4940 4 B, DI RRIEB A S EZ R B X oA KB TR (1 ¢/mL) 20 g, B X R4 5

LE R XA SRR AR AR BUA E (CH I R BIE SKMIRAY) , BRI, ELE 14 d, HHL40 HKRBENL R
EHA A SN RA FHEE M, A 10 B, SREHE 1Kk, %52 14 d, HZREEHFAE -0 (HE) etk
SR Rt Jr s B e 2 e P R P 22 AR K R AR ST R ST 20 I A 41 TR, LR B A 24 T R B T
B, IR B R RIS 98, T g AR 8 qRT-PCR 6 ¢ BUIT JE 241 vh TLR4 ,p38 MAPK FI NF-«B
mRNA YFRIETEHL, SR W F P 2tk d vk KO Ve, 5 15 5 R R AR 20 Ko e 8 1 Jikoo) B4 b e, IR
Bz RFEE B AL R S PR EE G S A8k SR R ot B 2 EL e, B L T R B A AR IR R e FH 24 1,24 48 72 h
FEHE PR AT BIE A 1.5.1,0.5 1 0. 25, JC B 2 B R IMME . XPREARIE R By g, SRR o i, R
AR BAEZS 14 d 25550 R B S0z s IRz 1 AU B kb, B S8 iH2% 7 3L (P < 0.05) ;TLR4 ,p38 MAPK |
NF-kB mRNA 7K AR, HA G R (P < 0.05) , S5 BRI REe B 0 2 0 K IR A9 A e R e i3
PEBUIN, BT A 1SN 25 AERHRRAE I K BRATR YT Hh U T 84 iy &%, FLVE ML T B 554 ) TLR4/p38
MAPK/NF-«B 15518 I 5%
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[ Abstract)
ointment on hemorrhoid-phased model rats by examining the TLR4/p38 MAPK/NF-kB signaling pathway. Methods

Objective To investigate the acute toxicity, irritation, and other effects of Shexiang Anhe hemorrhoid

Sixteen New Zealand rabbits were randomly divided into an intact skin Shexiang Anhe hemorrhoid ointment group, intact
skin control group, broken skin Shexiang Anhe hemorrhoid ointment group, and broken skin control group, with four
rabbits in each group. In the experimental group, 20 g of Shexiang Anhe hemorrhoid ointment (1 g/mL) was evenly
applied to an area on the rabbits depleted of hair, and an equal volume of solvent ( mixture of glycerol, lanolin, and water)
was evenly applied to the area on the backs of the rabbits in the control group once a day for 14 days. Another 40 rats were
taken and randomly divided into a normal group, model group, Maillard group, and hemorrhoid cream group, with 10
animals in each group. The cream was applied once a day for 14 days. The acute toxicity of the cream in the intact and
broken skin of rabbits was observed by hematoxylin and eosin staining and other method after treatment. In situ photographs
were taken of the perianal tissues of rats with hemorrhoids to observe the efficacy of Shexiang Anhe hemorrhoid ointment,
and the length and width of the ulcers were measured with vernier calipers to calculate the area. Quantitative real time
polymerase chain reaction was used to detect the expression of TLR4, p38 MAPK, and NF-kB mRNA in the perianal
tissues of the rats. Results Compared with rabbits in the control groups with intact or broken skin, rabbits in the
administered group showed no significant difference in body mass. The mean values for the irritation evaluation points for
Shexiang Anhe hemorrhoid ointment on rabbits with broken skin for 1 h, 24 h, 48 h, and 72 h were 1.5, 1, 0.5, and
0.25, respectively, showing there was no obvious skin irritation. In the hemorrhoidal rats, Shexiang Anhe hemorrhoid
ointment treatment significantly reduced hemorrhoid symptoms after 14 days administration; the ulcer area was significantly
smaller (P < 0.05) and TLR4, p38 MAPK, and NF-kB mRNA levels were significantly lower compared with the findings
in the model group (P < 0.05). Conclusions

Shexiang Anhe hemorrhoid ointment is a safe topical treatment with

minimal acute toxicity and irritation to the skin and achieved good efficacy in the treatment of hemorrhoidal rats. Its

1115

mechanism of action may be related to the inhibition of the TLR4/p38 MAPK/NF-kB signaling pathway.

[ Keywords]
signaling pathway

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

F59 (haemorrhoidal disease , HD) J& % WL LT
PI , WIEI PR e W &S Bz —"" 0
FI I i e AR | LA AR B KGR 20 B )
FEPE SR, 45 B ORI R MR v . HD IR
TR, A F) 87% " . ARIIGIRIGIT kK £,
LT ARG MEYIGIT £, FARIGITZ R AL
HMREEINL SCEEAR AT B TF U R R VTR
ARSI AR ; 259697 G 45 ARG ) A% ¢
25 A 20 R FLE IR T A X ST AR
REFE HD A 2RIk (B E R 2iamm H i, &
BURE BRI . Pk, S 4 AL
FERNRYT Tk AR U N B

3G 15 B 24 e I A e 97 i B 5, 7 HD 19YR
IY EATHRR R 7 1, AR R 2y 2 (R E U 22
55 3 AR REESS 64 FERFIEIARYE K HD 23 RERL
AR BRARAL A T A 6 AR B R
C HAE 3 AUZERL A BRI 2R, IS B T
Wl AT IS 5L, SRR TE G 2 S A A
T ELAT A BRI e Y Lk Sk g AR
JUHGE HI TR AL HD 5 R Ak | S BH R R, o8 1o

Shexiang Anhe hemorrhoid ointment; dermal irritation; hemorrhoid model; TLR4/p38 MAPK/NF-«B

R FERCRE S e AR . H AT Bk 8 2 1 B SR IR
S, HD AU R A S A0 i AN R RE R T
Toll #£3Z 1K 4( toll-like receptor 4, TLR4 ) J& LA G 3%
FIAAE U ZR 50 Hh (1) 2 B 5 A 11, 6 9 o
HEOCHE . TLR4 BEAr 5 MAPK 15 53 %, fit &
p38 MAPK Fl NF-«B, fig#F & P H K iy Rk |, S EOK
HRAEMIPE4E . TLR4/p38 MAPK/NF-kB {5 53 %
JE— SRR S 3E B, AT ARE S R, FT L, 3R
1F 25T U AR AR S AT 2T HD By E R
W PRI, AT 5 400 B A R 24 B A A R T
4 TORIB R RTHE T , He Had ik TLR4/p38 MAPK/
NF-kB {7 518 F4 1] 28 5 S5 0 Xof R AH I K B 1 T
YEM .

1 #H5EFE

1.1 8
111 S8R

10 JARIE T PRI 22 8 16 2 MERER 8 H,
RE 2.0 ~ 2.5 kg, WM PEMSFE 1 B EIFIRSEK,
TR FE 4 RBE (26 + 2)°C , FHRHEE (49 + 5) %,
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FRUERY 12 h/12 h (O6/05) T3, A B #E 1ROk, 8
JAIE S SD KR (M) 4 40 H MR 190 ~
210 g, /8 m 3%, B9 5 H R 23 C, MR &
55% ,FRUERT 12 h/12 h(O6/BE) TR IR FRIAEE T,
IEERE K, VL s 30 A5 17 #5F X A
MR A SR [ SCXK () 2019-0002] , 3417
FE TR EZY R SYXK (#)2020-0004) . 7
SEG 2 T P B 2 R 2R S B R B 5L A
# (DWLL202304100) .

112 EZEH SR

B 42 T R R AR B RS A PR RLALL T i G
AT BT T4 15 g, 3 7 7 58 7L AR 2%
13 g, /1 80% . % 325 mL,45 °C , M7 HEH 60 min,
VeI AR UEW 5 L O BRI A L AR R
Wby sk W REF ZREL 9 o, M,
100 Hi, k45 . BGE K Hl# % L o s
(R ER RN 25 4 AR TR &, L SE B AR RIS, FFImA
KR NTBEA 1 g, I8R5, AR 0 B LR
BT 2.5 ¢ ARy, P it 5 . 20220715,

Hit (G5 56-81-5, X EEH A A ; FEAR
(%% :8006-54-0, INARARGAME TAHBRA R s btk
Kl TLR4 .p38 MAPK NF-kB A (I T 4k /R A= 9y
BHE A R 2 71/GB15186 ., GB153380 , GBGB113882) ;
A RNA $2 BU R & (Jb o R ERHECA R A A/
R1200) ;38 FH 3% % 5850 £ L Real-time PCR %450 5E
HIK A & (LAY R A R A R
11141ES60 .11201ES08) .

JK-EAB-2140N HL 43 #r X °F-; BX43SYSTEM
MICROSCOPE ( H 7 ; OLYMPUS ) ; JK-PAUG-250DE
P Ve (LR AR AR A R A A )
RM2245 AV R HL(FEE ;3K ) ; TGL-18. 5M & 2K
RURES ML (0 A DL S A R A A 5
YD-6D AVZH UL (4 FeFb ) ; StepOne™ # 5T
2 Ot € B PCR A (38 B W H A= ) & 48 2 W
(ABL) s BUFIN T R HEST Al 48 bebf S g 4k
A,

1.2 FHik
1.2.1 RN e a2

BU16 FUBE 22 KA, LA 7 R R L3 4
2H , T R R R B 2H (NSZCG 4 | IE B Jz P Xt 1t
41 (NSDZ 41) WAt 5 Wk P B 41 ( BSZCG 41) A
P R XTHEAL (BSDZ 4) , Bl 4 2, FHZHT 24 h,
FRT B EAEPMALE , £H45 2 em X 2 em,

Wbt Hz e i 455 BSZCG 2 A1 BSDZ £ 1530 i 6
X REIG , Z BESCHR™ EB B BT, FF 24 h ),
BSZCG ISR L RHEH (1 ¢/ml)20 g,
BSDZ ZH IR PRAFARBIA B (Hh EBAR SRR G
W) . WUZLZ A0 IR 20 W 7 o w4 Ak, JE il i
PR A [ o

40 H SD B E K BUBEHL 4 o8 IE WA (ZC
2H) BIRIZH (MX 4H) E R R4 (MYL 4) FHEHE
H(ZCGH) B2 10 K, B ZC HAk, HAp 4 HTE
L&) B R [l —7 A 5 0. 1 mL 1 75% VKIS 3
AT JE B9z K BURPIE AR A 5B 24 h J5 LA
R, LT JE i A e P s B A g 2 2

SRR R BT A L HE 8, O AR R K
THHAT R A2 MYL 2K BL4S T AT R L 20 3k 5 1
To B R BB 2 mm; ZCG 4K A T 4
LRI H LIRS T R 2 mm, BK 1 IR, ELE
14 d,
1.2.2 FEACRAE

PRI 7,14 RFRE, LS5 R, hFER
B, BOH 2 JR il Bz 1k, 4 7R bR T

H 20% 138 5 mL/ kg BRI K R, X6 AT JE 41 40
JRACFA IR WS L g, I A A R RO 6 9 1
B, VIR ER, AR5 BOR BRI R 41 2, W s R
J&i T-80 CUKFE AT,
1.2.3  J&hnism

(1) MR AN HIFRE ., TILRF 7 A
14 d /3R, FFid s AR, MR R RIKE .
il KSR BET- GO, Jl B ik A AR 1k

(2) 252 s e R PR B2 6 h ),
IR K25, ST EDILESE %, e LR 2R
1.24 .48 F1 72 h, i 5% U BOER A6 A 0 21 B A K i,
R e A% 21 5% H B Dk A0S BT A, R R 9
REPEApRAEY P (1) BEAT IR, IF T T 1y
23,0 ~ 0.5, TCHIBE;0.5 ~ 2.0, 52 5 fil ;2. 0
~ 6.0, FEFRIEE ;6.0 ~ 8.0, SR E, ML)y
T 24 B R

(3) P AT A A K BUR FBAE AR AR AL - 36 7 J5 W
S AH A A K SR JE (18 Jm e Ik

(4) FFAHIE K BRI 2 AL L TR A R

(5) IIARZE L (HE) Gt 0 W E K G Jmy 38 Bz
JR A5 BRI 25 2 AR Ak, B 1. 2. 27 TR i 2 B R AR
JrrEB K Bk, ARG B YD A, HE Y8, OLYMPUS &
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Table 1 Skin irritation response scale

JiH ISRUSTEIN SME
Items Symptoms Score
BT BE 0
No erythema
BRELI B !
STREE B Mild erythema
Erythema T EE 2T B
. . 2
formation Moderate erythema
intensity LT E
LB 3
Severe erythema
SO EARBREELR
Bruise and mildly crusty
A BUK S 0
No oedema
215K 1
Mild oedema
N rEETK i )
Oedema Moderate oedema
K 3
Severe oedema
JE K
4
Extreme oedema
AR N ZLBE + K s B g

Erythema and oedema Erythema + oedema highest score

TR T WS G Jmy i Bz IR BRI 8284k

(6) qRT-PCR M T J& 2141 TLR4 .p38 MAPK |
NF-kB 1) mRNA FKiA5E &7 75 100 mg ATFZHZ
AFEBGAT , A TAH LU0 FEHUE RNA, I I H
WP Bl SR A MRS A R RS 9, R AT
PCR §" 381 Je Y S RE 7 = sk b AT, 4
M2, 158 5 5y JE A A X 3R Gk K, IF S it
AR,
1.3 SitESH

K H SPSS 24. 0 #EATGE 1143, T R 4R
FHEIME + FRdEZE (x = s) Fon, Z4H A e R 2 R
B 25500, 2R IE) R G DL AR FH /N o 2 P 2 Rk

(LSD) K55, 77 22 AN 5544 K H Dennett” s ¥: %, P <
0.05 MAGIE L,

2 HR
21 BERASAENRE—RERTNEEY

=AU

B HF G — MR OUAR W%, FEEL 14 d
WL BWIER  JCRETS, JRYT 14 d J5, 5 NSDZ 41t
5 NSZCG ZH R 5 JC WA & 48 1k ; 5 BSDZ 41 b %%,
BSZCG AR E IR Bk, W3k 2,

®2 E LR E N R AT (% = 5)
Table 2 Effect of Shexiang Anhe Hemorrhoids ointment

on the weight of rabbits(x = s)

415 i [A] KT/ ke
Groups Time Weight/kg
2525 R
WA 2.26 + 0. 10
NSDZ gﬂ Pre-medication
NSDZ group %7 K Day 7 2.61 £0.10
%M}QDay 14 3.16 £ 0. 19
YA Z5RT
SEA 2.25+0.14
NSZCG 4 Pre-medication
NSZCG group %7 K Day 7 2.58 +0.13
%5 14 X Day 14 3.10 £ 0. 18
oA i
T 2.25+ 0. 11
BSDZ 4 Pre-medication
BSDZ group %57 K Day 7 2.70 £ 0. 18
%5 14 K Day 14 3.13 £ 0.10
BT
M 2.27+0.18
BSZCG 4H Pre-medication
BSZCG group %7 K Day 7 2.67 £0.12
%5 14 K Day 14 3.08 + 0.22

2.2 BERUEFEBENREIET KKK K
2ESHENFIN

JryHBZH 255 UL AT UL, v A B K TG W S AR
o WA Bk 24 J5 B2 0 A A s I, L
K1,

B 1 B R T S RIE R BRI Bk SRR AU S 105

Figure 1 Effect of Shexiang Anhe Hemorrhoids ointment on the acute toxic histomorphology of

normal and broken skin in rabbits
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2.3 BREABEZAFEENBIREKRER
HBRY B B 22 0

SR B R A0 B 0L W 53 3 ) R0 7 225 20 3
A BALURAE B 722 10T R 8 8 X8 B 408 B2 ik 52 e Jmy
RIENEAS B0, 85 R A IR Bk A R, g e 1 ~
72 h B RAUAELG 25 1 h AR BE R, 24 ~ 72 h, X}
FKRBIRTCHN e, Wt B R AR, R 255 1 ~ 72
h 71 ~ 24 h ARRIERIE 24 ~ 48 h ToAili, 48 ~
72 h JCHI . WA 3,

F3 AL E KR o BRI
PEM R (2 + 5)
Table 3 Mean value of integral evaluation of local skin

irritation in rabbits by a single application of Shexiang

Anhe Hemorrhoids ointment(x + s)

o - PEA/ 53 YE/ 5y
C: ‘ Time/h Score/point Average
roups e 2 3 4 value/ point
1 0 1 1 0  0.50 +0.58
NSDZ 4 24 0 0 1 0  0.25+0.50
NSDZ
aroup 48 0 0 0 0 0
72 0 0 0 0 0
1 1 1 1 1 1.00 = 0.00
NSZCG 4 24 1 0 1 0  0.50 +0.58
NSZCG
eroup 48 1 0 1 0  0.50 +0.58
72 0 0 1 0  0.25+0.50
1 1 1 1 1 1.00 = 0.00
BSDZ 2 24 1 1 0 1 0.75+0.50
BSDZ
eroup 48 0 1 0 1 0.50 +0.58
72 0 0 0 0 0
1 2 1 2 1 1.50 +0.58
BSZCG 4 24 1 1 1 1 1.00 = 0.00
BSZCG
aroup 48 1 0 1 0  0.50 +0.58
72 1 0 0 0  0.25+0.50

2.4 BELRAFRENRZEEDRE AR R T
RAFRF

Jr B8 1 ok 2H RN S 3 W s G A At B ik
FHZA 28 Bk 820 55 0 448 55 )23 240 it I 1) AR AT D,
AR FERT WA AN B G:  BA 2En R e
YR FHRTRB A5 B2 R R S AN I d . DL 2,
2.5 BERWEREXNEHEIEXREIBER RN

ZC AR BATRALIEE 8, MX 4K EATH
HAUR IR FEAE RYES Y, BHAE 14 d ]S 5%
FER B MYL 41 ZCG 2K FRAE R A5 H AT
JHLHZ K, REB £, 4 14 d B2 )5 Lk
AR ks, DLIE 3,
2.6 BERWERENEHEILKRBRZERZIG

4 20 HEBE , MX AR U JE 4 2350 v L 2 44
(P <0.05) ; FHZG P4, MYL 441 ZCG 2H K BUIT
JEVH B35 97 T AL EE MX 4l R LTSt 95 T AR A 3 0/
(P<0.05), W4,

A LR AR LY T A Y

(% +s,n = 10)
Table 4 Effect of Shexiang Anhe Hemorrhoids ointment
on the area of ulcers in rats with similar

hemorrhoids (x = s,n = 10)

215 595 1 B/ mm
Groups Ulcerated area/mm®
7C 4

7€ group 0.00 = 0.00
VX A 60.17 + 3.43°
MX group hE
Wit 17.67 + 1.75"
MYL group Or=
7CG 4 b
7CG group 24.00 £ 1.79

5 2C AMIEL, P < 0.05; 5 MX 4141, P < 0.05,
Note. Compared with the ZC group, “P < 0.05. Compared with the MX
group, "P < 0.05.

B2 BRI BN R B IR SR A5 5

Figure 2 Morphological effects of Shexiang Anhe Hemorrhoids ointment on skin tissue irritation in rabbits
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B3 B LR X R U 2H 2 U 255 )

Figure 3 Morphologic effects of Shexiang Anhe Hemorrhoids ointment on perianal tissues of rats

2.7 BELRAEEEXNEHERRIIBAAR
TLR4.p38 MAPK NF-kB mRNA K&

MX £H K BRUIT JE 4140 TLR4 | p38 MAPK  NF-kB
mRNA 7K [ 2C ARKREBEAT (P <0.05),5
MX 4 H 5, MYL 4 ZCG 4R BT 44 TLR4 |
p38 MAPK NF-kB mRNA 7K F-R&A%, % MX 2H K ffl
HEi#E (P <0.05), WS,

RSB LR TR L K BUIT I 2121 TLR4 |
p38 MAPK Fil NF-kB mRNA RiKAIRZM (% + s,n = 10)
Table 5 Effects of Shexiang Anhe Hemorrhoids ointment

on the expression of TLR4, p38 MAPK and NF-«kB
mRNA in perianal tissues of hemorrhoid-adjacent

rats(x + s,n = 10)

s p38 MAPK/ TLR4/ NF-kB/
Groups 2—AAC[ 2—AA(1| 2—AA(‘.(
4]
26 1..00 + 0. 00 1.00 = 0.00 1.00 £ 0. 00
ZC group
MX £ . . a
3.94 +0.79 2,63+ 0.28%  4.05 + 0.82
MX group
MYL & 0.58 £0.19" 0.52£0.22"  0.60 + 0.19"
MYL group . - : - . -
7CG ¢
- il 0.61 +0.21>  0.37+0.11" 0.62+0.21"
7CG group
A \A
3 itig

HD Sl R H UL 22 49, i R 2 2R T AR A
J7 RBESE i AE AR, (HAR PO A, 5 OB AT A XfE
A 20 A A SRR ORI iy, 1 R I R A A T
St R 21y v ] R I 24 14 B A AR
75 HD BRAST AP B @, R SR AL IR R 2 5%
B R EIRIT HD PR3, B 2R

BR—PEAHR JHM R A ECR, 2 R
Ay G B LA 0 W AR 45 2 R 2 4R, O
LA BA IR AT M R IR
PR 1 B A9 TSR SE A2y kb 3R B, T
Bk, B AL, IR EE R B AR S R R B I
TRV T MERE W 2R, 1 B 2 BRI A A
T2, SR B B TS WA AL IR R, PR, 5
AT, REVE RN T 28 1R | VA Ak
JIFRRER 22 i E 55 5 B3 T E T i aE 1 5 A%
H AW AGUN T B E A H A D R
A EAT RS U SRAR | 1 E IR Rk, i
P IAR, B K, I RUBAE | I, BAAE , 78 B A LA
PUR U I B, R sk, N TR B T 55 1
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[ Abstract)
fecal bile acid profiles in high-fat-diet-induced obese mice. Methods Twenty-four 6-week-old C57 BL/6 male mice were

Objective To investigate the effect of ethanolic extract of Cichorium glandulosum Boiss. et Huet. on

divided randomly into normal, model, drug-administration, and metformin groups. Mice in the normal group were fed a
regular diet and mice in the other three groups were given high-fat diets. The drug-administration group was gavaged with 10
ml/kg ethanol extract of Cichorium glandulosum Boiss. et Huet. daily, and the metformin group was gavaged with 10 mL/
kg metformin daily. After 10 weeks, livers were collected to measure hepatic total triglycerides (TG), total cholesterol
(TC), low-density lipoprotein-cholesterol ( LDL-C), and high-density lipoprotein ( HDL)-C. Feces were collected and
analyzed. Results Body weight (P < 0.0001), liver TG (P < 0.05), and TC (P > 0.05) were all significantly higher
in model mice compared with normal mice, while LDL-C (P > 0.05) and HDL-C (P < 0.001) were significantly lower,
indicating abnormal weight gain and lipid metabolism. Alcoholic extract of Cichorium glandulosum Boiss. et Huet.
significantly reduced body weight (P < 0.0001) , liver TG (P < 0.0001) , serum TG (P < 0.05), TC (P < 0.01), and
LDL-C (P < 0.05) in mice. Methodsological validation showed that the current method could accurately quantify 52 bile
acids in feces. Analysis of the concentration of each type of bile acid revealed that alcoholic extract of Cichorium
glandulosum Boiss. et Huet. significantly increased the secondary/primary bile acid ratio (P < 0.05). Multivariate
analysis showed that the bile acid metabolic pattern was significantly altered in all groups. Eight differential bile acids were
screened in the drug-administration group relative to the model group using variable importance of projection > 1 and P <
0.05. A search of the Kyoto Encyclopedia of Genes and Genomes database revealed that the differential bile acids were
mainly involved in the secondary bile acid biosynthesis pathway. Correlation analysis showed that four differential bile
acids, deoxycholic acid (r,= 0.6445, P < 0.001), isolithocholic acid (r,= 0.5879, P < 0.01), 3B-deoxycholic acid
(r,= 0.6649, P < 0.001), and w-rhamnoglutaric acid (r,= 0.5387, P < 0.01), in feces were strongly positively
correlated with body weight. Conclusions Cichorium glandulosum Boiss. et Huet. alcoholic extract may play a role in
weight reduction and amelioration of dyslipidemia by modulating secondary bile acid biosynthesis and altering fecal bile acid
metabolic profiles.

[ Keywords)]  Cichorium glandulosum Boiss. et Huet. ; obesity; bile acids; metabolomics
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EHE NEB Y E A E (Cichorium
glandulosum Boiss. et Huet. ) [ 11 #8770 oiAR
SEHTHRHL R R AR, B EAE N
EORIRZ — Wk T 2020 fit A [ 25 355 — 5, 2AT i
PRI A, SR B R W], B4 &
TG 2 RS B SE H2E RN R
FAF HATUNT BRI i
W, B4 E SRR Y BT BGE RS IRE db/
db /NIRRT ZE FLAY DI RE , 6B 1 35 P il v AE
IR (ursodeoxycholic acid, UDCA ) 1 - AH R
( a-muricholic acid,, a-MCA ) /K, 35 M3 H i =
fig ( triglycerides , TG ) F1 &1 JH [& B ( total cholesterol ,
TC) 7K -5 TE AR S R L 4 00 =6 44 15 T il 3t 97
AT FR (bile acids, BAs) fRit & ¥ W iE1EH ., H
T 17 TG 76 28 X I S 3 A 455 A RE 3 1R A 5 el 114
E{FSIENS

JEL R A2 DL [T e 22 A a8 A i) — G 2 1
S [EI W53, 3 3 5 1A A B JIEL Y R A2 AR DA T 52 il
PLARRE B A RIS AR AR 25, AT AR Sy URIF B Jos AR
IEEALA — AR AR B O Sk
B FRAVE A A W s 3 0 78 T e A o P i g ol i vp
B FE AR H A, 8 AR )z 0

THREFEIRE T BRI 2 1L, R 25y
TR THEAR . QNP2 £ Mt 4 IO 38 ek 9 42 PR
Hh 1 SRR /KT B0 R BRI ST A R 3L g A
W 18 R IR T e IR S R UL BEAE T 5 1M
T ATE 1 T 8 AR JE MK AR G, H H i
NEJHEAR DG Y ZEE AR T IR A T 0, IR ik A7 3
(BT AR 2H S AT 58X 5 B 24 107 T B AL ] F 5
HAHREE N,

HETF U AT TS 7 R KR S CSTBL/6
/NEAE AR T | 25 5 6 4 T O B S V) 1 10, i
7 e A5 VR R €2 3 - ER B BT 3% 35 (ultra performance
liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS) ¥ [ fR I 4H A A, %o /N B S rp 1)
52 FRAIEI IR EAT E A, A 22 5T o A I 2
22 NRVHIR , R B4 EAE T 6 B e A IR
P, D B B G A /N BRI B 2L Y
ATREML PR I R L2 B

1 #R57TE

1.1 ##
1.1.1 SEEshY
SPF 2% 6 JE# e E C57BL/6) /INFR 24 H, AT
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(20 = 2) g, 4 [ 9 g 1073 S S TR SE B0 s A B )
[ SCXK (#i1)2019-0004] , T35 i B Bl K 2F h ) 52 5
Huls SPF 5 B [ SYXK (#7) 2023 -0004 ] 47 5%,
fHAERIR(25 + 1)C, MXHRE 55% ~ 65%, %5 H
JGREJEIN 12 h/12 h, "] A TG sl E R 5ok, &
WFSE T S 56 7 58 2415 31 0 it = B R 22 sh W 12 2R
72 4 23 A ME (TACUC-20220720-08) |, £ 4 SE 36 28
S S FHTEN
1.1.2 24

EHEWTHEA T SEE R, 28mER R
BRI R S MR E R AR Y B4
B T 5 SRR R SRR 25 B
113 FERAF SR

HEE, G M L% A LC-MS 2% (1 FE CNW
Technologies ) ; — H XU ( BR v il 25 (7195 ) A R
A),ACF2938) ; I8 B L2244 s TG I 0] 6 ( 1 ot
AR TAEWFFE T, A110-1-1) ; TC I 2 iR 7] & (7
SO REY T RIS, AL11-1-1) IR %5 5 i 2
JIH [& B (low-density lipoprotein cholesterol , LDL-C) il
ERF & (B R Y TR, A113-1-1) ; &
% B R & A A [A BE ( high-density  lipoprotein
cholesterol , HDL-C ) il % 057 & ( B mt gl A 1) T2
WF5E T, A112-1-1) , Vanquish # {5 20 AH €435 X
(Thermo Fisher Scientific) | Orbitrap Exploris 120 &
SR  Heraeus Frescol7 B5.UyAILYAIE [ 5€ [F 28 2K
KRB 23 7 Waters ACQUITY UPLC BEH C18
WA €0 3% ¥ ( Waters, 150 x 2.1 mm, 1.7 pm);
BSA124S-CW K- (1 [ 3% £ F 17 ) ; YM-080S 7
RN TT A i F A BR AR ) 3 IXESTPRP-24 %
I BRI BR A W) s B D24 UV 4K AR
(8 ] R o 2 )
1.2 FHik
1.2.1 BHE CEAEBY R &

BB E ST, 7E 80 C T H LRI
60 min  BHR FLZ0h 1:10, 5398, W 4s , T,
1.2.2 o s RFEARAE

24 H 6 JEIEHENE CSTBL/6) /N Bl B PR 37 1
J& BEAIL A A IE B AL, AL A 25 25 40 R0 — HORUK
4,46 N, IEHEALS T EEERATK, DL 1%
T 80 JHE B AL 48 25 4R WU 45 T i B
T REFIK , Hrh 52520 D) 10 mL/ kg (RFHE B B35 B
R B (LA 200 mg B3 1E BRI ImA
10 mL 1%t 80 1Y LU 3], 68 75 Vs A, il & vk B2

20 mg/mL E‘J%%ﬁl@?%ﬁ%{%@) , ZHAREH
H LA 10 mL/kg AYPRFREE B — H XU & (LA 100
mg - HIXUIHIA 10 mL 19%H:35 80 (I HL 3], #7517
it ) 4 18R BE g 20 me/mlL 4 FRUNK %5 ¥ )
B NEIESR 10 B ACBERT 1 d W gEZE, 2
NERIK 12 h )5, ZNELZE 70 me/kg T U L 22 490 TR P

Je, MR HE JBCIfL , 1l Y% 25 iR A 1 h 5, 3500 r/min 4
C LG 10 min 75 2035 . Wi sikb 3 5, Mo 4R 4
U0 LR HV RAE WA T, I T - 80 °C vk A
iy e
1.2.3 i B A AR Al

¢ R G U R A I 1 3 S TG\ TC | LDL-
C 1 HDL-C &,
1.2.4 R 2 B2A A

AL TRAR R DL (HE ) B2 (02 U845 21/ BUIT
HAURHEIE AL . 28 4% 22 5 WS & 72 I 19 iF 4
2R B A DD e B BT O
FFH LRI
1.2.5  ZEEAHIRTEEL

FREL 25 mg ZEMEINA 1000 L $2HUOR (P
R K =221, FWbR,-40 CHIR) , IRiEl
2730 s; IMASHER ,35 Hz BFEEAL PR 4 min, #8755 5 min
(VKK ) ;R 3R E—2 8, -40 CHE 1 h;
i 4 °C,12 000 r/min, 42 8.6 cm) , B0 15 min ; L
FIEWZE LC #ERE T T UPLC-MS/MS 43#7
1.2.6 Al

THERR AR HSURE L B 14 o o T 25 R, 4 B
HlBL 1 mg/mL AOBRIE 5h i 45 W SBORH I 2t 1) s 7
i fiff A TR TS s R TC R BOTR G AR HES VR . AKX
i BT HES AT — R INVE AT
1.2.7 UPLC-MS/MS A5 25 (e AR 1R 75

(1) 35 &4 . R Vanquish #8 =5 808 (4 1%
1,38 1F Waters ACQUITY UPLC BEH C18 (150 x
2.1 mm, 1.7 wm, Waters) ¥ AH (3% A % Hbrfb &
YT OGE S B, WAREIE A A8 5 mmol/L B9 2
FRECKIS WL, B AHR G, DEM 45 F.0 ~ 8.5 min
20% B;8.5 ~ 15 min 20%—26% B;15 ~ 18.5 min
26%—46% B;18.5 ~ 20 min 46%—99% B;20 ~ 23
min 99% B;23 ~ 23.4 min 99%—20% B;23.4 ~ 27
min 20% B, Wi A 0.3 mL/min, #:EN 45 °C
FEARFIN 1 pl,

(2) Biik 254 . i Orbitrap Exploris 120 & 43
B3 AL, LhSF AT RN W ( parallel reaction
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monitoring, PRM ) 8¢ X £ 47 B 70, 85 T IS8
R W55 LR + 3500/-3200 V,#5(N,) #i 40
arb, I (N,) Wit 15 arb, %l B 425 B 350
C,BAEIRE 320 C,

(3) Ik B g

Ak X 1.2.67 15 B By £ 5 AL E 5 W AT
UPLC-MS/MS 730, Y /R HARAETT AR AR 14
AR LE , X #7n BARETT R R L, R F e/ — 3l i
AT S A A BN 17X

A6t BRFT A S B < R IS HE VR VRO B 2 A IS b AT
UPLC-MS/MS 7p#r ., K50 R 3 B ik Bz pg L
P e B 7 SRk FR (limit of detection, LOD) | BHE
W LU Ry 100 BF i X6 7 F) B 3 R R BE A Sk o R BR
(limit of quantitation,LOQ) ,

KT G QC A B A2 R RE 7 Wiy e T AR
b UE AH XT i 22 ( relative standard deviation, RSD )
WA

TR BE 3 2 AR 1IR3 (recovery rate) BV QC
ISR B2 5 b ik B2 1) 7T 4 LU A VE AR
1.2.8 ekt

FIH TraceFinder 4. 10 34X} 5 i3 B P8 317 >R
AL X JE IR Bl TP R BB, L B/ME S
0.1 2 0. 5 i [l N K BENLEOH R A THR0RD
1.3 SitESH

K H SPSS 26. 0 Xt 2584 2 445 EAT ANOVA J5
2500 IEASMER B R H 42 ¢ Ki 56 (Student” s ¢
test) X X 40 4 B e AT SR B G, P o<
0. 05 TAH [H) 22 57 BAT W& M, IE T Mok B8 $h 4
DISEYIMH + FRrifE2ZE (2 + s) o, # /1 SIMCA
16. 0. 2 MEHEHATZ 0G0, A48 4B
(principal components analysis, PCA) FNIE A2 A B /N
T3 - 5 43 BT (Corthogonal projections to latent
structures discriminant analysis, OPLS-DA) , DA% —
F2 A3 1A A 5 7 FE (variable importance in the
projection, VIP) KT 1,P < 0. 05 Mgzt 70
TR, i GraphPad Prism 8.3 #4740 & 4047,
M R 22l 2R R AL

2 #HR

2.1 EFEZERIWER/NRMEE, MF R
TC.TG .LDL-C HDL-C B0

5510 JAXT /N R T R, 5 IE R AR L AR
ZH/NBUARTE BN (P < 0.0001) , 4 T EHE 2

PSP EC) R R OBUICRE A 25000 7 i IR K B 5 2 1Y
R BT (P < 0.0001) A6 £ 28 /)N BRI 3 A2
TC . TG .LDL-C 1 HDL-C /K, 5 R B/R 51 % 4
AR, B RL AL 1L 3 TG, TC  LDL-C 7K~F-3) i 2 7+ &
(P < 0.0001) ,HDL-C /KF-JC . &M 22 5 ) IF TG 7K
T REFE (P < 0.05), TC Ml LDL-C /K F TG i %
PE2E R HDL-C /K- 2 FEAR (P < 0.001) ; SR
HAA L, 25 25 41 fE i E PRI TG (P < 0.05) \TC
(P <0.01) LDL-C(P < 0.01) 7KF & TG (P <
0.0001) \LDL-C(P < 0.05) /K3, [fiLiF HDL-C JJiF
TC F1 HDL-C 7K~FJC i 1k 22 5, — H WUIRAE B 3%
FEAR IS TG(P < 0.05) ) TC(P < 0.01) \LDL-C(P
< 0.05) FIAF TG (P < 0.0001) .TC (P < 0.01)
LDL-C(P < 0.05) /K ¥, A48 HDL-C /K-, U
K1,
2.2 EWEZEREY ALK IFALRRKIER
A

IEH AU A0 R SR, HES B %
JHFZR AR O 5 455 760 A4 200 73 A S G, o 25 i A8 B
i NETULVE B2, 9 NI I S 35 S AR 4
LG, 2R 25 20 A — H XSURIZH 1 2H 200 A8 vl 5%, iF4n
MRS A IEH, UL 2,
2.3 UPLC-MS/MS WIREHERIRANEEE

XA /NS MEREA AT 04T, CA PR UL 1Y
52 Ff BAs, A4 b o i 9 O B3 B[] S o 5 FRE
TIEES T ARG 40 m/z = 10 ppm 4T 5I FE
i UL 3 4, RUR A 4T 051k nT A3 284 1Y
GG ARG SC I T A IR A (i 40 2
2.4 FEFEER

52 Ff JH 3 B2 bR E 9 R > 0.9940; LOD 7
0.43 ~ 7.14 nmol/L,LOQ 7E 0.85 ~ 4.29 nmol/L;
Recovery 7F 81.3% ~ 100.0% ,RSD < 4.3%., %W
ARTTIE A B WM RS % R A B R g
A ] 5 ARG R S AR P A IR R . 45 R L
£1,
2.5 BAETBEELER

AHFFE R FH UPLC-MS/MS 2, 5@ 35 BA HIF5 4
Mg, % =2/ P 250 iy 52 Fh© A1 BAs i#E 4T
TR S, S5 FR MR EE (nmol/g) R, W3R 2,

BT mEARRE S, BFEMEIRTR & 0
(P < 0.0001) 1M B4 15 £ BEHE IO A = OSUIKRE
1 R BRI (P < 0.05) . BT IEH
44, BB 4] DHCA F1 UDCA-3S /K F [ (P <
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A B E CEHEB RE N BRA R TESE06 (n = 10) ;B B E SEALECY XL/ N BN TG M2 (n = 6) ;C. B E ZEHERY)
XTI/ BUALH TC BYSENE (n = 6) ;D : BATE SBELR XL /N UL TS LDL-C BISZM (n = 6) s E: BAGE QBRI AL /N BN 3
HDL-C Y520 (n = 6) ;F: B E LEERIBCYIAIEIH/NEUT TG I (n = 6) ;G BATE BRI LR INEUT TC BISZMW (n = 6) ;H:
LA SRR XL /N B LDL-C (30 (n = 6) ;1. B4 L BRI AL/ BUF HDL-C M52 (n = 6) . SIEWAMIL, P <
0.05," P < 0.001,"" P < 0.0001; SERLEFIL, * P <0.05," P <0.01, ™ P<0.0001, (FE/FEF)
1 BAE LR 25 4N R L 13 X AT TG\ TC LDL-C il HDL-C {50

Note. A. Effect of C. glandulosum ethanol extract on the body weight of obese mice (n = 10). B. Effect of C. glandulosum ethanol extract on serum
triglycerides (TG) in obese mice (n = 6). C. Effect of C. glandulosum ethanol extract on serum total cholesterol (TC) in obese mice (n = 6). D.
Effect of C. glandulosum ethanol extract on serum low-density lipoprotein cholesterol (LDL-C) in obese mice (n = 6). E. Effect of C. glandulosum
ethanol extract on serum high-density lipoprotein cholesterol (HDL-C) in obese mice (n = 6). F. Effect of C. glandulosum ethanol extract on liver
TG in obese mice (n = 6). G. Effect of C. glandulosum ethanol extract on liver TC in obese mice (n = 6). H. Effect of C. glandulosum ethanol
extract on liver LDL-C in obese mice (n = 6). L. Effect of C. glandulosum ethanol extract on liver HDL-C in obese mice (n = 6). Compared with
normal group, P <0.05, ™P<0.001, P <0.0001. Compared with model group, P < 0.05, P < 0.01, ™ P < 0.0001. (The same in
the following figures and tables)

Figure 1 Effects of C. glandulosum ethanol extract on body weight, serum and liver TC, TG, LDL-C and HDL-C in obese mice
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2 BAT CRHRBN IFHLUES MR (HE 2L 6)
Figure 2 Effect of C. glandulosum ethanol extract on the histomorphology of liver ( HE staining)

B3 briEih A e BRI T ik K

Figure 3 lon chromatograms of standard solutions and sample extracts

0.05) , isoLCA , @-MCA . isoHDCA . MDCA , THDCA .
GLCA . T-w-MCA . HDCA . 33-DCA , DCA , DHCA , a-
MCA , HCA . isoUDCA , THCA . 6-ketoLCA . GCDCA-
3GIn ., apoCA , UDCA-3S, TCA , TUDCA , CA-3S . T-a-
MCA ,CDCA-24GIn . T-B-MCA #1 12-ketoLCA [ 7K F-

TR (P < 0.05) s MR TR 45 25 41 fig i i Hop
isoLCA . 38-DCA . DCA ., ©-MCA , CA-3S Fll GCDCA-
3GIn6 FRAH IR A K- (P < 0.05) , [A] A F+ & LCA
1 23-norDCA K- (P < 0.05) , —F XUIRZH B ik
R4 isoLCA | isoUDCA , MDCA . 3B-DCA . DCA Al
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R JNEFEEL
Table 1 Results of methodological study

e i B/ Ef/ bR
RN g PSERB (nmol/L)  (nmol/L) by Il i 2% / %
Bile acids Regression equation R? LOD/ LOQ/ RSD Recovery/ %
(nmol/L) (nmol/L)
JBt A R _
Dehydrolithocholic acid Y = 0.0061X + 0. 0059 0.9993 1. 66 3.31 0.6 89.9
B S
.#EH :M . Y = 0.0073X + 0.0073 0. 9988 1. 69 3.38 0.7 87.0
Isolithocholic acid
Hii
. E}LM . Y = 0.0038X + 0.0032 0. 9995 0.87 1.74 0.9 86.3
Lithocholic acid
R EE i 4 ARG
23 JRIT R SR Y = 0.0075X + 0.0002  0.9998 1.65 3.29 3.5 82.7
23-nordeoxycholic acid
6-Mi 17 REAR _
6-ketolithocholic acid Y = 0.0049X + 0.0014 0. 9999 0.97 1.94 1.3 90. 8
_fii | H iR
! m%/ﬁ )Lm . Y = 0.0039X - 0.0002 0. 9999 0.93 1.85 2.5 83.2
7-ketolithocholic acid
12 B 17 R _
12-ketolithocholic acid Y = 0.0057X + 0.0115 0. 9998 0.43 0.85 2.7 82.2
i
E}Lﬁi . Y = 0.0028X + 0.0019 0.9981 1.96 3.92 0.9 84.0
Apocholic acid
B 6 4 4 AL i
HREE Y = 0.0063X +0.0092  0.9992 3.34 6. 68 11 82.3
Isoursodeoxycholic acid
U A IR
‘ﬁﬂjﬂ%llﬂ%ﬁa . Y = 0.0064X + 0.0078 0. 9996 1.62 3.24 1.5 85.4
Murideoxycholic acid
=1 -4 HE iR
#%Iﬂﬁim . Y = 0.0066X + 0.0037 0. 9996 1.92 3.83 1.7 81.3
Isohyodeoxycholic acid
1 4 TS
ﬁ%ﬂjﬂjﬂ‘ﬂiﬂa . Y = 0.0044X + 0. 0066 0. 9996 0.94 1.88 1.7 85.7
Ursodeoxycholic acid
v 45 HH %
%Eﬁﬂﬂfi& . Y = 0.0182X + 0. 0180 0. 9990 1.77 3.53 1.8 86.0
Hyodeoxycholic acid
I 4 BB
3B mﬂﬂﬂf@ﬁ . Y = 0.0043X + 0. 0236 0. 9998 0.83 1.67 3.0 85.3
3B-deoxycholic acid
i 83 4 HH ik
M M . Y = 0.0071X + 0. 0054 0. 9998 1. 10 2.19 1.1 86. 6
Chenodeoxycholic acid
i 48 IH R
M%Hf@( . Y = 0.0020X + 0.0026 0. 9999 0.88 1.75 1.4 85.6
Deoxycholic acid
B 4 H iR
#H}Lﬂﬂfm& . Y = 0.0033X + 0. 0005 0. 9995 1.13 2.27 0.8 82.4
Isodeoxycholic acid
0
iEﬁHfﬁ& . Y = 0.0072X + 0. 0240 0.9993 0.85 1.70 1.3 82.2
Nor cholic acid
i U IE _
Dehydrocholic acid Y = 0.0081X - 0.0007 0. 9987 1.61 3.23 0.8 91.8
7,12-Z A AR _
7 12-diketolithocholic acid Y = 0.0122X + 0.0018 0. 9988 0.94 1.88 3.3 85.8
- Fi A fH R
6’.7 #.ﬁﬂﬁﬂgiﬁi . Y = 0.0048X + 0.0032 0. 9994 3.41 6.81 3.9 84.9
6,7-diketolithocholic acid
Tl % 45 AH Wi
! Mﬂﬁﬂﬂf& . Y = 0.0054X + 0.0107 0.9993 3.91 7.82 1.4 82.6
7-ketodeoxycholic acid
12- B
= 0. . . .53 . . .
12-dehydrocholic acid Y = 0.0042X + 0.0117 0.9993 3.5 7.07 1.2 82.0
3R _
3-dehydrocholic acid Y = 0.0024X + 0.0011 0.9991 3.52 7.05 3.8 90.0
A5 LA i
SRR Y = 0.0060X + 0.0273 0. 9997 0.49 0.97 2.4 87.0

Ursocholic acid
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k1
6t R/ FE R/ R
JEHRR LR PERE (nmol/L)  (nmol/L) Wi %/ %
Bile acids Regression equation R* LOD/ LOQ/ RSD * Recovery/%
(nmol/L) (nmol/L) -
s
3B H#@& . = 0.0041X + 0.0039 0.9983 1. 65 3.29 1.6 87.17
3B-cholic acid
B
o-RUMAL = 0.0030X + 0.0076  0.9995 1.73 3.46 4.3 85.3
w-muricholic acid
-FUIER
“ fﬂﬂ;?ﬁ& . = 0.0036X + 0.0144 0.9999 0. 89 1.77 1.4 83.5
a-muricholic acid
-FUIER
B fﬂﬂ;?ﬁ& . = 0.0039X + 0.0012 0. 9995 0. 85 1. 69 0.8 87.3
B-muricholic acid
i
%}LM . = 0.0061X + 0.0107 0.9995 7.14 14.29 1.0 85.3
Hyocholic acid
I D 7
%J}L.m . = 0.0056X + 0.0009 0.9998 0.44 0.87 3.5 84. 1
Allocholic acid
i3V _
e = 0.0025X + 0.0120 0.9998 3.55 7.11 1.5 81.5
Cholic acid
= g
ﬁﬂﬁﬂ#ﬁ& . = 0.0028X + 0.0046 0.9999 0.45 0.91 1.0 89.5
Glycolithocholic acid
A R ER-3-Hi R _
Lithocholic acid-3-sulfate = 0.0042X - 0. 0000 0. 9999 0.49 0.99 3.6 84.2
HEM AR _
Glycodehydrocholic acid = 0.0031X + 0.0032 0.9978 3.28 6.55 1.0 100. 0
Re 4 5 -3 7]
ﬁ%%\ﬂﬂm 3 B = 0.0033X + 0.0035 0. 9996 0. 88 1.76 3.0 84.2
Ursodeoxycholic acid 3-sulfate
i A H iR
. L'F.EAE}L.EA( . = 0.0085X + 0.0053 0.9997 0.89 1.79 1.2 87.2
Taurolithocholic acid
3-RAR AR _
Cholic acid-3-sulfate = 0.0013X + 0.0013 0. 9995 0.51 1.03 1.1 81.4
5 J A LR
FRURBLRIER, = 0.0063X - 0.0007  0.9999 2.07 415 1.4 87.5
Tauroursodeoxycholic acid
i i A2 IE R
t':ﬁh%ﬂjﬁgkﬂiM . = 0.0034X - 0. 0009 0.9993 6.90 13. 80 1.4 88.6
Taurohyodeoxycholic acid
%8 95 480 TH iR
AR %L}L@a . = 0.0024X + 0.0250 0.9987 1.62 3.24 1.3 83.3
Taurochenodeoxycholic acid
i 1 4 1) i
B :ﬁ& . = 0.0061X + 0.0367 0.9989 6. 65 13.31 1.6 85.4
Taurodeoxycholic acid
H & A R R -3-FR R _
Glycolithocholic acid-3-sulfate = 0.0080X + 0.0066 0.9997 1. 69 3.38 1.0 87.5
i -o- FUH iR
" o LSLLJLE& . = 0.0061X + 0.0059 0.9997 0.43 0. 86 1.3 88.9
Tauro-w-muricholic acid
i - - U JH iR
o RS = 0.0073X + 0.0073  0.9988 0.84 1.68 3.3 9.8
Tauro-a-muricholic acid
i - B - FRLUIH iR
R = 0.0038X + 0.0032  0.9993 0.90 1.80 0.7 89.7
Tauro-B-muricholic acid
R IR
th;,ﬁ%JL‘M . = 0.0075X + 0.0002 0. 9999 1. 05 2.09 0.8 81.7
Taurohyocholic acid
L1 5
tFﬁHHT@& . = 0.0049X + 0.0014 0.9999 0. 86 1.71 1.5 81.5
Taurocholic acid
ST AT 35 i
. Hﬁﬂfﬁ& .3 il = 0.0063X + 0.0092 0. 9988 6.48 12.95 1.4 86.0
Glycocholic acid-3-sulfate
5 2 SRR -24 -k 2 - B- A M R _
Chenodeoxycholic acid-24-acyl-B-D-glucuronide Y = 0.0044X + 0. 0066 0.9995 3.87 7.75 35 89.3
R U R -3-0-B- S I i _
Glycochenodeoxycholic acid-3-0-B-glicuronide Y = 0.0072X + 0. 0240 0.9989 1.59 3.18 2.1 84.8
55 1 4 IH i
BRI = 0.0031X + 0. 0067 0. 9991 3.36 6.71 1.5 83.6

Glycodeoxycholic acid
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Fz2 52 FETERE EEER (nmol/g,n = 6)
Table 2 Quantitative results of 52 bile acids(nmol/g,n = 6)

JiEba ] IEHH HERIZH W ZHXUIRH
Bile acids Abbreviations Normal group Model group CGE group MET group
-EUIRRR
w_n:’:,.ii;i}?aci d ©-MCA 393.10 + 177.43  2841.94 + 931.18*  1625.99 + 703.76"  22.11 + 10.98
4
Denib;f}foﬁ;ﬁtci d DCA 228.76 + 128.02  1518.51 + 185.98"* 99597 + 336.80"  56.51 + 26.20"
-Hn) [ E %
. zﬂ?ﬁgfﬁkdd 12-ketoLCA  161.98 + 63. 64 283.72 + 91.81* 388.19 = 133.40 0.76 + 0. 41
BRI . . .
Choic J:ﬁi_%ﬂfme CA-3S 149.17 £ 202.59  1656. 11 + 669.98"  601. 80 = 328.22 0.15+0.20"
B
B-mﬁri}ﬁ&m 1 B-MCA 146. 02 + 44,37 635.37 + 534.38 351.36 = 60.07 124.63 + 115.31
SRR
a_m‘f‘mfiii%aci q a-MCA 43.67 + 18.96 174. 06 + 70. 59* 124.15 + 53.09  1794.61 = 1420.15
i S RE R
Hyoﬁffyiif“md HDCA 22.85 + 12.48 123.46 + 69.91* 134.68 = 61. 16 2.36 + 1.29
it HH fig
Tauﬁ”h‘(iftci J TCA 22.56 + 7.32 41.42 + 9.61" 38.82 + 7.31 0.16 + 0.06
N
Cholic. acid CA 17.21 £ 5.81 30.30 + 20. 87 40.18 + 21.35 3.05 + 1.25
1C acn
R,
Del Fﬁfﬁg% " DHLCA 15.67 + 9.24 19.19 + 7.37 28.45 + 15.79 19.62 + 9.29
ehydrolithocholic aci
ﬁﬁ_ -EUIE R
Taujﬁ_miﬂfoffacid T-B-MCA 14.65 + 5.52 36.28 + 17. 89" 22.08 + 6. 89 3.74 + 0.54
o 14 4 HH i
Chenf:fiii;ﬁi acid CDCA 12.58 +9.93 74.90 + 58.05 73.27 + 16.71 39.00 + 35.39
3p-fRg A 10. 4 116 124.24 11.2 0.11 £ 0.2
3p-cholic acid 3B-C 0.49 + 3.93 .69 = 124, 36.37 = 11.25 11 % 0.27
_4 A JH i
. dlei }zﬁfﬂfmd 12-DHCA 9.89 + 3.73 18.01 + 8.24 22.90 + 8.77 9.26 + 3.06
-dehydrocholic ac
3B IR . .
3B_dgoifjfhficid 3B-DCA 8.32 £5.35 77.30 = 10. 15" 41.25 + 19.59" 96.27 + 53.53
EUIH R
Apoﬁgliﬁﬂaci d CA 6.81 = 5.07 40.76 + 20. 05" 29.98 + 9.43 225.03 + 61.76
IR AR .
Allecholic acid ACA 6.43 = 3.75 9.21 * 10.38 17.79 = 19.97 15.91 = 12.29
T v AR I iR
; k;ﬁg(’iﬁf L’iﬂﬁm d 7-KDCA 5.37 + 1.86 8.93 + 4.17 12.86 + 2.50 0.71  0.21
. sycholic
il £ BE R
G_kegff}hﬁﬁgl% acid 6-ketoLCA 4.38 = 3.31 18.72 + 7.13* 34.11 = 22.67 0.55 + 0.27
¥ -o- BN ER
Taurﬁfm":rffﬁfm q T-0-MCA 4.36 £ 1.32 19.17 + 9. 06" 10.91 + 4.07 0.07 + 0.09
(=i ST
lsol;;ﬁi‘h%‘aci d isoL.CA 3.73+1.28 27.21 £ 5.92" 16.96 + 5.34" 0.08 + 0.04"
anh’; ﬁfyiiﬁid d isoHDCA 3.36 + 1.97 29.29 + 11.26* 19.63 + 8.79 7.03 + 2.58
H 72y
Hyoﬁﬁfﬁacid HCA 3.21+ 1.84 14.95 + 5. 04" 11.06 + 4.25 235.25 + 100. 42
i -ou- FRIH PR
- tF:z\m"‘ ﬁf}fﬁfdc,l T-a-MCA 3.10 £ 1.20 6.47 + 2.49* 413+ 1.16 10.29 = 4.47
auro-a-muricholic acid
=3 Hig 355 ie
ﬂyii?;ﬂ:dzg'ﬁfm GCA-38 2.95 + 2.01 0.79 + 1. 14 1,42+ 1.20 31.27 £ 9.26
SR G2 iR
Muriiﬁiﬁ%m d MDCA 2.70 + 0.72 13.63 £ 6. 16" 10.50 + 3.04 2.45£0.99°
TR 4N R s
Taumﬁlenﬁeﬂfiiﬁ acid TCDCA 2.45 + 0.89 2.30 + 0.37 1.75 + 0.43 1.98 + 0.66
i A AR AH iR
LR TDCA 2.41 £ 0.92 5.76 + 3.22 3.68 + 1.43 1.51 £0.43

Taurodeoxycholic acid
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gk2
JIE PR ] EH 4 I B TR
Bile acids Abbreviations Normal group Model group CGE group MET group
LA A R
7 ;ﬂﬂthiahﬁfﬁ& " 7-ketoLCA 1.64 + 1.08 1.25 + 1.48 1.33 + 0.47 16.30 = 4.97
-Ketolithocholic acnu
HE 1 4 0 i
Urso‘i;ﬁ’fiﬁ%md UDCA 151+ 1.175 7.75 £ 7.60 6.07 + 2. 11 15.18 = 11.23
II:L\E o /:: E 2y
Taurﬂiiff;“}?ﬁ&m . TUDCA 1.47 + 0.6l 4.44 + 1.85" 4.00 + 1.61 867. 06 + 400.22
e
S_diy’iﬁiﬁ%md 3-DHCA 1.35+ 0.44 1.51 + 0.93 1.97 £ 0.79 14.90 + 4.79
& 25 SRR - 24- Bk J-B- AT M R
Chenodeoxycholic acid-24-acyl- CDCA-24Gln 1.21 £ 0.26 1.56 + 0. 12° 1.64 + 0. 15 0.48 + 0.62
B-D-glucuronide
= [ HiR
6 7_Z;zmlﬁﬂf£ffm J 6,7-diketoLCA 1.06 + 0. 49 1.05 + 0. 68 0.64 £ 0.15 0.54 + 0.52
B AL S 47 0 iR
Isouf;‘azoij;i‘hﬂj?aci d isoUDCA 0.99 + 0.64 7.15 = 3.90* 4.84 = 1.88 20.72 +9.56"
L= /f A%
ﬂwgiﬁi;fa% acid GDHCA 0.97 + 0.56 0.57 + 0.21 0.38 £ 0.18 0.03 + 0.04
-~ H %
Noiilﬂ;%d d NCA 0.96 + 1.22 0.82 + 0.48 0.63 = 0.62 0.00 £ 0.00
BE FL AR i
Urf:i?;@i‘ci d UCA 0.84 + 0.40 2.68 +2.32 3.09 = 2.07 1.28 + 0.25
_ il A
- 27 ‘dlﬂimhﬂfﬁ%m J 7,12-diketoLCA 0.63 = 0.37 0.23 £ 0.07 1.02 £ 0.79 0.11 £ 0.19
b 8 I
Taujh%ﬁgfﬁh%‘aci d THDCA 0.59 + 0.24 2.94 + 1.20" 2.70 = 1.32 3.24 +0.77
ﬁg \/‘ H f:ﬁt 733
Urso d;ﬁiiﬁ Vii’(;“?sulfate UDCA-3S 0.36 + 0.20 0.10 + 0. 04" 0.09 = 0.03 0.30 + 0. 12
T FR B SRR
2;;’3?91@1?&%(1 23-norDCA 0.18 + 0.17 0.28 £ 0.13 0.77 £ 0.36" 106. 10 + 34. 42
e
Dehﬂiifiﬁfacid DHCA 0.12 + 0. 10 0.00 = 0.00" 0.10 = 0.11 0.37 + 0.44
ydrocholic ac
Hi%_3- 73
Lithoﬁgﬁii ﬂy_ﬁfmﬁ . LCA-3S 0.10 = 0.07 0.06 = 0.04 0.07 = 0.02 0.12 £ 0.05
A R
Taujﬁﬁhﬂi%aci d TLCA 0.07 + 0.08 0.16 + 0. 12 0.07 + 0.04 0.08 + 0.04
&= A% -3 %
Flycitiﬁgﬁiwijﬁ%nme GLCA-3S 0.06 = 0.07 0.15 = 0.06 0.12 £ 0.05 3.80 + 2.76
= Hiig
Glyﬂii“fh%%aci d GLCA 0.05 + 0.01 0.18 = 0.07* 0.17 = 0.08 14.69 + 4.25
B 4 H i
ISO(ﬂUi%iffici J isoDCA 0.03 £ 0.03 0.05 + 0.04 0.02 + 0.03 780.36 + 475.90°
H A 1 AU R -3-0- B- T A iR
Glycochenodeoxycholic GCDCA-3GIn 0.02 £ 0.04 0.15 = 0. 05" 0.06 = 0.04" 1.54 +0.18"
acid-3-0-B-glucuronide
iR _
Lithffff‘aci d LCA 0.00 = 0.00 0.00 = 0.00 135.83 + 33.22™ 12.36 £ 5. 12™
B AR . .
Tauf:hyﬁﬂlf&aci d THCA 0.00 + 0.00 0.08 + 0.05" 0.13 +0.15 20.59 + 4.41°
4= 1 4 HA %
Glyﬁffyifﬂ%ci q GDCA 0.00 = 0.00 0.21 = 0.04 0.22 + 0.05 0.28 + 0.07"
F\l’» E 7]
SR TR - 1322. 41 7877. 70" 4816. 44" 4584.79"

Total bile acids

L SEFEMLL,"P < 0.01, (FER)

Note. Compared with the normal group, *P < 0.01. (The same in the following figures)
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Figure 4 Extracted ion chromatograms of the sample

CA-3S 6 M YT R K F- (P < 0.05) , I Ah i F A%
isoDCA ,GDHCA , TCDCA /K (P < 0.05), Jt &
LCA Fl THCA /KF(P < 0.05)

B AR R R BE S5 SR WL E 5, 5IEH
HAH L BRI KA (P < 0.0001) KA
R (P < 0.0001) Z5ARIAHTTER (P < 0.001) e
PEARYHRR (P < 0.0001) WRE T E ;AT EHE L
P H U B S0 2 A R 0 2 T v A R SR AR TR (P
< 0.05) FZERIARITER (P < 0. 01) KA R AN
T BN R A T RS ARSI #E L (P >
0.05) . 45T HUSUNCRE B AR B 25 55 1990 9 IE
TTHR(P < 0.05) IRHHEITER(P < 0.01) FZh &

5 HUAFZEBAET R E (nmol/g,n = 6)

Figure 5 Different bile acid concentrations in each group(nmol/g,n = 6)

JHIFER (P < 0.01) WF BRI ERA Rk (1
Gt L (P > 0.05),

F RPN R/ W NE T R e WL 6, 5 1E
WM AL A R P B (P >
0.05) , SHRIGIAH L, A 25 % HU(E B3 TH i (P <
0.05) , —H XU iz AT+ (B G243 L (P
> 0.05)

2.6 SISt HIT-REH B BEE ST

AHFGER ] PCA X 1E 5 41 BRI AL | 25 245 4 Al
RSN 4 g/ BRI S AR VT IR AR5 B EA T 4
Mr, R OPLS-DA Xt 4 41#E17 0 L8, IF %) 4 41
PR PR R B HEA T IR R 20T
2.6.1 PCA 4t

PCA 1343 S Bl LA ), FEAR 23 A F
95% B AFIX1], AP 7 1FH LRSI 4 0 1A S B

I 1 53 B, U 25 37 v DR IR B0flE /D BR S 3 IR
TR AR A A8 A s 2 25 21 5 R A 0 5 0 i 1
B I ) OB Al SR A 7 — 8 DXl 106 B
BT B E R G, /N RS R R 4 A 3
BRI R A Ak
2.6.2 OPLS-DA 43#r

sl 8 OPLS-DA 15430 I8 v, 1E 8 2 A A
AR A AL, — Y OSURICZE R 750 2 )
IO 432, R AR 2 Y B i R R R A, 3R
BHIE R AL B B 2, 25 25 L MR TR 2, — FH BUIR4L
FISERIL 2 (] () ZE0E IR T PR AL I A E 22 57, Tl
b ESRG B B5 3 OPLS-DA #5114 R40R | Q2 iy [a]
IHZRAE AL bR b /N T 0, 2 BH AR 7Y TG 3o
PIA G, HA B0 1 ] T 1 R4 B, AT o
Hin A E



P E SIS 2R AR 2024 4E 9 A 32 %5 9 ] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1133

B 6 SUHREATIR/ WP RIILE(n = 6)
Figure 6 Ratio of secondary bile acids/primary

bile acids in each group (n = 6)

2.6.3 RN

XF 4 2R IR R vk B AR R AT IR IR R I A, 0T
ol AR 5 E 9, MR T IE R AL, BRI A
T 42 FPREITER, FUE 10 FRAHTT R MR TR
EHE CRERE A LA T 20 FAEITER, FE T

B 7 PCA 3o &
Figure 7 Score scatter plot of PCA model

32 FRAHYTER , — HOGUIRAL L8 1 9 FhAEYT AR, R A
T A3 MR RR
2.7 ERBEHTEGE

PLVIP > 1,P < 0.05 Ak 554, I\ 52 Fiinit
i v O 3 A 2H 2 ) I 22 IR IR, 45 SR LR 3,
ARXS T IE 5 20, BBV 2 AT 22 Ff T R K - i 35 4%
s A X TROAL 2, 45 25 20 3 F+ S LCA (P <
0.001) 1 23-norDCA (P < 0.05) 7K, 5 2 A%
DCA ,3B-DCA . isoLCA , CA-3S . ©-MCA , GDCA-3Gln

A TR A BRI ZH OPLS-DA 1340 B B 45 25 41X B AU ZH (1) OPLS-DA 540 BIULS & C . W BUIRA X BRI ZH (1) OPLS-DA 154314
P, D : 1E 5 AR LH (4 B B B0 285 1L 5 B L 28 25 A PR R 4 10 8 R 0 8 1L 5 F . — PP XUDIREE o A 0 2 (1) S A 0 4 OR
B8 OPLS-DA 53 Hlni R Fl B4 AG B0 45 R

Note. A. Scatter plot of the OPLS-DA results comparing the normal group to the model group. B. Scatter plot of the OPLS-DA results comparing the

treated group to the model group. C. Scatter plot of the OPLS-DA results comparing the metformin group to the model group. D. Permutation test

results comparing the normal group to the model group. E. Permutation test results comparing the treated group to the model group. F. Permutation

test results comparing the metformin group to the model group.

Figure 8 Score scatter plot of OPLS-DA model and permutation test
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Table 3 Differential bile acid profile

A2 VS IEF A SHEHH VS BRI XU VS AR
o Model group VS CGE group VS MET group VS . .
NI Normal group Model group Model group KEGG %i 5 R
Bile acid KEGG ID Metabolic pathways
PE VIP {H Pl VIP {4 PE VIP
P value VIP value P value VIP value P value VIP value
isoLCA 0.000 1 1. 489 1.705 | 0.017 1.527 ] 0. 001 - -
Yo 28 iR N
w-MCA 0.002 1 1.487 1.533 ] 0. 042 - - C17727 (}\'&Hfﬁﬁai% e .
Secondary bile acid biosynthesis
isoHDCA 0.003 1 1. 480 - - - - - -
e 4% HH V- g
MDCA 0.010 1 1.452 - - 1.224 ] 0. 049 CI15515 . D\'&Hfﬁﬁii% A .
Secondary bile acid biosynthesis
THDCA 0.007 1 1.441 - - - - - -
TLCA 0.011 1 1.425 - - - - - -
T-w-MCA 0.014 1 1.385 - - - - - -
a-MCA 0.008 1 1.381 - - - - - -
HDCA 0.005 1 1.381 - - - - - -
Ve 28 IS8 A= 2
1soUDCA 0.016 1 1.362 - - 1.409 | 0.043 C17662 U\J](H#.#M?Ew ok .
Secondary bile acid biosynthesis
THCA 0.024 1 1. 359 - - 1.139 1 0.032 C15516 -
6-ketoLCA 0.002 1 1.340 - - - - - -
GDCA-3GIn 0.002 1 1.332 1.516 | 0.013 - - - -
CA 0.012 1 1.313 - - - - - -
UDCA-38 0.028 | 1.270 - - - - - -
TCA 0.006 T 1.248 - - - - - -
TUDCA 0.014 1 1.220 - - - - - -
CA-3S 0.003 1 1.213 1.583 ] 0.010 1.086 | 0.043 - -
T-a-MCA 0.021 1 1.073 - - - - - -
CDCA-24GlIn 0.022 1 1. 044 - - - - - -
T-B-MCA 0.042 1 1. 044 - - - - - -
12-ketoLCA 0.035 1 1.024 - - - ~ ~ -
23-norDCA - - 1.3911 0. 027 - - - -
Vi 2% HE - e He b A
LCA - - 2.1871 0. 000 1.890 1 0. 001 C€03990 K& H‘Md‘:‘% o .
Secondary bile acid biosynthesis
Y 2 M H- 1% NS
DCA - - 1.780 | 0.013 1.338 ] 0. 006 04483 . RAMTREDTH
Secondary bile acid biosynthesis
) ) . WA TR
3B-DCA 1.881 | 0. 004 1.355 ] 0. 045 20865 Secondary bile acid biosynthesis
1soDCA - - - - 1.504 | 0.030 C17661 -
WIGNATHFREE Y& BRI
Ve 28 IS i6 A A
TCDCA - - - - 1.503 | 0. 009 C05465 . U\J.ULH“.E&J.“% - EE
Primary bile acid biosynthesis and
secondary bile acid biosynthesis
GDHCA - - - - 1.255 ] 0.030 - -
e T DT L AR TR,
Note. T. Rise of content. | . Decline of content.
B R AK P (P < 0.05); W XKL 3% Jh i R4 ADNRUREMSERR IR A IS (n = 24)

THCA 1 LCA /K F (P < 0.05) , B E AL isoLCA |
MDCA . isoUDCA , CA-3S. DCA . 38-DCA . isoDCA .
TCDCA F1 GDHCA 7K (P < 0.05), #2540 —
OGR4 S5 A 78 2 22 ] ) 25 S AR R An & 10,

Wit KEGG $HE 6 2R 45 25 4 AR X TR R4 |
T U AR X AR 2 4 22 IR IR 2 5 0 A
YRR SR L3R 3, R BLAA 20 A 1Y 22 SR TR
FESHRENHTRA WA AR, = UK

Table 4 Correlation analysis of body weight and fecal
differential bile acids in mice(n = 24)

2 S Spearman HIX: F K P
Differential bile acids T, P value
LCA -0.2837 0.1792
DCA 0. 6445 0. 0007
isoLCA 0. 5879 0. 0025
23-norDCA -0. 0890 0. 6792
3B-DCA 0. 6649 0. 0004
w-MCA 0. 5387 0. 0066
CA-3S -0.3153 0.1334
GCDCA-3GIn 0. 5692 0. 0037
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B9 A4LE )RR

Figure 9 Hierarchical cluster analysis heatmap for different groups

A2 SRR IR 3 25 GBI TR A= W& U
IR PRA W15 AR
2.8 BIERRERSESETERIXEK

i1 spearman A2 2K (spearman’ s correlation
coefficient, r, ) AHOCHE ST /R (n = 24) 1A
LR 22 R TRV JE Z [ AR OGE . S5 RNk 4
JrR 288 H DCA(r,= 0.6445,P < 0.001) ,isoLCA
(r.= 0.5879,P < 0.01) .38-DCA(r.= 0.6649,P <
0.001) 1l 0-MCA(r, = 0.5387,P < 0.01)4 25
JETH RS M E LA R B TE ARG

3 it

AHEFE AR IR K175 T8 O e /D BB AR, 9
HAT T — MR TR R UPLC-MS/MS J7 346 7 [
Zefrh 52 AT RRIEA T2 ST, B AR B E
AR 2 A5 38 3k 91 A R /DN BRUA IR T R AR S
et R B R R IR 1 I TE A R B Y . HE
Pett e 253045 R o B CBER LY B 4E
NERENEUBE BRAR A I VE . 48 7 B2 1 LI IR
Wy ] el st HE R /0 BRI JHE A0 e A | k2 B T 4
T, FEARIE N AR & | LTS TG, TC . LDL-C FiJH
TG .LDL-C 7K~ fHUR B AR HE kN B TC A HDL-C
KA, ZH RN E 2 FBE R (type 2 diabetes

mellitus, T2DM) B —ZRIGIT 25 R TG IR Al
TRYTHEHEAR OGN , AL e 2 AU BRI | L) K 35 BT
JEBALG R #0525 W 5 S IR L A5 R BA R
TR A 3 L I i A AR RS B A A Y o
B - a0 = FOSUNIGE 32 35 1 ob/ob /)N BRI 2 ik fE
S JHFR (tauroursodeoxycholic acid, TUDCA ) 203 7 i
A=W AR AV A A IO T80 48 i % 3R SRRk 5 3
it AR 2 AU PR RE 3 T 8 i 55 40U 1R KO, &
Pk e X %ﬁi( Farnesoid X receptor, FXR) ERE
;I H & £ A H 8 ( glycoursodeoxycholic acid,
GUDCA ) Ay 38 i ifii v fi 5 28 S0k 0 Rk
AAIEFE DL FOBUNK Ay BH R 24 X6 T 6 36 1 1Y 2 38,
S5 R —WBUIKRE .25 FR AR AT /N B R | 1M i
FIRF TG TC LDL-C /K-, 2 3 Il 5 A0 F i 1Y
YER

AN T IE 8 41, R 52 FpIS iRy aR iy B &
WD EWN, O B YCE T 22 FOEERR E L R
UDCA-3S #b,DCA ,isoLCA & 21 FhIH 12 /K 5 25
TheE . X 5 R HGE — B, S IR IR S e T
53U DA T g v 4 R TR B R 1) JIE 9 R il 78
HES TR G HAMEZAK 5(G protein-
coupled receptor 5, TGRS ) [ P LA IMAILIA 19 i &
HAENY B E SRR T HiE, 52 Fh3t
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T A JBSEHRRYR B 2 3B- LU R M s C . A7 BRI EE : D A7 IH RV S S B« 3-BR R IR MK B F : oo- BUIB TR VR JEE 5 G o T 2 18 I S0 MH 7R -
3-0-B- AW B BE 5 H - 235 HP B0 S MR AR I 5 1. BB S ARV B2 5 J - S B R SR MR RR M JZ 5 K A BB AR RR VA I 5 L S i SR AR MK B2 s M.
BTG S I R e 8 s N HE U U I R
10 ARHZEHZEF AT R (nmol/g,n = 6)

Note. A. Deoxycholic acid concentration. B. 3B-deoxycholic acid concentration. C. Lithocholic acid concentration. D. Isolithocholic acid
concentration. E. 3-sulfate cholic acid concentration. F. w-muricholic acid concentration. G. Glycoursodeoxycholic acid-3-O-B-glucuronide
concentration. H. 23-Nor-deoxycholic acid concentration. 1. Murideoxycholic acid concentration. J. Isoursodeoxycholic acid concentration. K.
Taurohyodeoxycholic acid concentration. L. Isodeoxycholic acid concentration. M. Tauro-ursodeoxycholic acid concentration. N.
Glycohyodeoxycholic acid concentration.

Figure 10 Differences between groups bile acids(nmol/g,n = 6)

FEARTHRR B & B 0 35 01, /R B SR Y TR R AR AR I 3 IR o o W AR . W04
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YR 54 TR RN i B R RE 3 R /K S AT 4 R R
FHELTF IE 5 4, 55 20 2 4% 2 3% IR 7 1R K °F- 35 T
T AR TSR 2 B 2 1 B4R B i I 3 ARG 28
A PRI TR AN 25 A5 R BR /K ST, IR T R
AR B 1 AR T R K 2 R R g, ARTHR Y
B AR AR A 5 A L AL AW, TR) e R AR A
5500 F IS R 9 W b B2 IR 2 48 B 2 1k FXR
AR Z K G HAMBATRZIEK 1(6
protein-coupled bile acid receptor 1, GPBAR1)"®
DAL AR 2 AL A 98 1 0 i 3 A 56 52 4% 3 1 19
SCHRE A T, AR N AR R 2K P 1 S 6 AR
AR BB, AW B E LR
W T T 2 P R G IR BT R LA, AR
TFANHRAATT R, UK A - R DR B 6K A 5 A i o e
B, T S BOMLIARTE 2 A0 BE R, BT
B 78 = M TR MR R 1 /0N U g I A8 1 v Bt 7
UGN IR B O G R T 12 7= 1 B - 2L R T T Rk R 4
IR EFT BRI, A R T ARSI S MY
7 A T T 30 ek 46 s BRBDURT B R 1 A X = B T
RN R S0 SRR T R 1 L 9], e = s A Y
K5 MRS i FF 28 /N BRI FXR B TGRS Bz AHF
FE A A B I R R R T R KK, 1T YR G/ )
AR R LB I, 26 B B 45 1 £ B R IO FT R i
TR AR R 7= A TR B AR T R IR R
PEA G 5 R BRI B A i AR

Wit Z2I0GE T o BT R 2 S IE T R O | S0
IR RS T AR A Y 8 Fh 22 S AH VTR . LCA A
23-norDCA 7K & 3% FF 55, DCA |, 38-DCA | isoL.CA |
CA-3S .0-MCA F1 GCDCA-3GIn 7K b A%, Hrp
ZAT R BE W] B — RO LE W) T Pk, T REAE
EA 1 WL U IR T G 0 S A AR v R BE &
PR CHEAEIT . 0 DCA F LCA #BA5 M0 kAR 5C 92 0%
KFREY], DCA JKF-5 & 5 R BE AR A O
il , T R B I AR AR SR A L
SERTIFFE FEBH R I R £ IR AT 3G oK BRI Y, 45 W
FIZEME ) DCA K, B 7K DCA &34 I AR
A DNA, 5 SO kA0 G 09 I 40 B s, 1 B AIE
DCA 7K - Al A7 2% BHL 1k AE Jk /N BUAY AT 40 i 938 oF
JRO AT 4 AR R4 2 DCA K- 3 1
44T B E ORI & X F 4 . LCA
FLA SR K R A S B I (H R T A 5
FH LCA H1 UDCA VR-& Wl 3l i i FXR 38 % Al
16 52 i T I3 I 5 2 P DA BN v R I e ) AR

FHEHE CBER Y T E TR R/ By 2 fE
LCA & it , R AT RefE k7 iE h LCA /74, BT
X2 S IR R 1Y B AR W E T, AR I oY AR S A
KEGG $#li FE b 1 25 22 R IR = 5 A
T K PG 25 AR X T 4 A 2 R IR R
P IRGUBI IR A W) U A2, 3 — 2D EDIIE T B 58
B SR U e A2 1 7 T8 v 2 IR 3 1 1) Uk i
THEREE AL W HED . Spearman A1 ¢ P43 M & B 3% (i
1 DCA ,isoDCA 3B-DCA Fll o-MCA 4 FhH T2 5
T HAT BRI IE AR G R B 1 S B I
KRR AR AT g 5 R A 22 S AT R K PAE T %
YIAHE . WFFE 2600, DCA 78R 2% BT 1 F1 77 A< S st
MBI, 24 38 R A2 1m M1k 4= isoDCA,
DCA 725 isoDCA A F| T AT I & AR 1<, M4BT
TR B TE W 7 /)N BRURSE AR 8 408 ke 1) i 577 A Jie 1 1
P2 o-MCA H /7 BUAR N 8 22 19 90 90 7T R
B-MCA £ 6B-2 [m S fIE i, A SCHRFR 45 TV
TR /N R FEAR R S, AT S 0 B AT kb
IR BNR T R /K- (2 S 6a-F2 3 MAH R, W -
MCA HCA Fl HDCA) , B3 #H AR s 1 17
3B-DCA NJE& DCA /4 3B 22 S# Mk, BRI BR7E %
T8 R A I R R A R AR AR A e, DR e HE D B
A1 ST U AT e AE O 5 e A G B TR F B R Kk
(N
25 bR AT A A A R S0 8
Fh2s SAMEIRVTR , 20 SR P R B A
A, B E ] Re L P T IR MR A AL,
AR AR R A QI T, & 44 0 i R 2 i Qs 35
HLEVEHT, 3% 0 I 22 7 26 150 1) 24 BRAL R B o 4 At T
SIS R, PR R R FE A 5T Al L
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B3 EOCAE /I R T8 TR A 52 e T W R A N
RN TR AW PR
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[ Abstract)
of bleomycin (BLM) and the modeling rate and stability of the two modeling modalities were compared. Methods

Objective A rat model of pulmonary fibrosis was constructed using a single or two intratracheal drops
A total
of 150 specific pathogen-free SD rats were divided randomly into blank control ( control), single intratracheal drop of
bleomycin (BLM-S) , and two intratracheal drops of bleomycin ( BLM-M) groups. Rats in the BLM-S group received a
single dose of 3 mg/kg BLM by noninvasive intratracheal instillation, and rats in BLM-M group received 3 mg/kg BLM on
day 1 and BLM 2 mg/kg on day 14. Rats in the control group were given intratracheal instillation of 0. 9% sodium chloride
(1 mL/kg). The rats were euthanized on days 28, 42, 56, and 84 after modelling, respectively. Deep inspiratory capacity
(1IC), vital capacity (VC) , static lung compliance (Cchord) , and dynamic lung complication ( Cdyn) were measured in
all rats. Pathological changes in lung tissue were observed, and the extent of alveolitis and fibrosis was graded. Collagen-I11
(COL-IIT) expression in rat lung tissue was detected by immunohistochemistry. Results (1) The survival rates in the
control, BLM-S, and BLM-M groups were 100%, 80% , and 66%, respectively. Rats in the BLM-S and BLM-M groups
had significantly lower body weights on days 14 ~ 42 compared with the control group (P < 0.05, P < 0.01), and rats in
the BLM-M group had significantly lower body weight on days 28 ~ 42 than rats in the control and BLM-S groups (P <
0.05, P < 0.01). (2)Regarding lung function, IC, VC, Cchord, and Cdyn were all markedly decreased in the BLM-S
group compared with the control group (P < 0.05, P < 0.01) and IC, VC, and Cchord were significantly decreased in the
BLM-M group (P < 0.05, P < 0.01) on day 28. IC, VC, and Cchord were significantly decreased in rats in the BLM-S
group on day 42 (P < 0.05, P < 0.01), and were also significantly decreased in rats in the BLM-M group on days 42 ~
84 (P <0.05, P<0.01). (3)In terms of lung pathology, inflammatory infiltration and fibrous cords appeared in the
BLM-S group from days 28 ~ 84 and then gradually decreased (P < 0.05, P < 0.01), while fibrosis and alveolitis were
relatively stable in the BLM-M group (P < 0.05, P < 0.01).
significantly higher in rats in the BLM-S and BLM-M groups compared with the control group (P < 0.05, P < 0.01), and

(4) COL-II expression levels in lung tissue were

the COL-1II content in the BLM-S group was significantly lower at 42 ~ 84 days than at 28 days (P < 0.05). Conclusions
Both method are capable of effectively creating pulmonary fibrosis models. The single-dose approach is straightforward, has a
lower death rate, and the degree of fibrosis is clearly visible by day 28, but progressively recovers after 42 days. In contrast,
the two-dose instillation model has a greater success rate and better stability, with over half the rats still exhibiting visible
fibrosis on day 84.

[ Keywords] pulmonary fibrosis; animal model; bleomycin; single administration, double administration
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Note. Compared with the control group, ** P < 0.01. Compared with BLM-S group, *P < 0.05, *P < 0.01. ( The same in the following figures

and tables)

Figure 1 Plot of changes in body weight and survival rate of rats(n = 8)
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Note. Compared with the control group, “ P < 0.05. (The same in the following figures and tables)

Figure 2 Lung tissue morphology and Situation of rat lung coefficients of rats at different time points(n = 8 ~ 10)
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Table 1 Comparison of pulmonary function at different time points in each group(x = s,n = 6 ~ 10)

2H 5 ol
40 Hﬂﬂ/ d 1C/mL VC/mlL Cchord/ (mL/emH,0) Cdyn/(mL/emH,0)
Groups Time/d
28 11.35 £ 0.96 13.86 + 0. 77 0.61 = 0. 10 0.25 + 0.02
Control 2 42 14.67 £ 1.34 16.68 + 1.38 0.86 + 0. 14 0.41 + 0.31
Control group 56 15.48 + 1.28 17.27 + 1. 88 1.02 + 0. 15 0.64 +0.12
84 19.18 £ 0. 89 21.07 £ 1. 16 1.25 £ 0.13 0.81 £ 0.29
28 8.25+2.02" 10.72 + 1.86 " 0.32+0.11™ 0.18 + 0.02™
BLM-S 41 42 11.99 £ 2.17" 14.03 +2.32° 0.69 + 0.20" 0.30 = 0. 14
BLM-S group 56 14.82 + 2.38 16.03 + 1. 94 0.90 + 0.30 0.63 + 0.09
84 17.3 +2.03 19.05 + 2. 19 0.99 + 0.17 0.70 = 0.55
28 8.22+2.21™ 10.28 + 3.35" 0.34+£0.19™ 0.19 + 0.06
BLM-M 41 42 8.40 = 2.78%  10.16 + 3.29™* 0.35+0.12%% 0.20 + 0.07
BLM-M group 56 11.86 + 2.24 13.64 +2.77° 0.72+0.20" 0.50 + 0.08
84 14.79 + 4.75" 16.94 + 5.06 " 0.71 + 0.33™ 0.51 £ 0.17
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Figure 3 HE staining of rats and alveolitis scores at different time points(n = 7 ~ 12)
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Figure 4 Masson staining and fibrosis scores at different time points(n = 7 ~ 12)
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IRB T R0 B e B S ) 9 A R e T A
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COL- I & #3531 7 ey e, {H I 2 Bl Ao ] 9 22 <

P I H, COL-TT YK P R, Al 2 &2
5584 K,

3 i

IPF J2—FhZ K T 60 % LA I 3845 55 1 14 ] Jit
PRI , oy BEHL Al T 202 100 I 47 4 i 2 AR
RIS IE TR 1) 57 40 A | B R BN
PEAT VR I S £ 0 W TR A e ¢ DR I I 5 B i AE
T2 IPF SRR, VAT R A B, R AL
1 R W, ok 5 T JR i O LA T 5

SRR TR AR TR L] , T A5 245 Y i
&, AL S R s IPF B R L, AR
(R Bl ) T T 14 il £ 4 AR R AR ], H A1
LEAINEIEY/ St -2 S R A (R S A
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T 528 d ML, 2P < 0.05

5 KU E TR & COL-T Rk 1F i

Note. Compared with 28 days, 5P <0.05

Figure 5 Expression of COL-1II in rat lung tissue at different time points
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A RFSEHRGE — R TC A S N T BLM 2 AR
Dy 28Ik, HARRUR R , B8 ] KR SL B[R] A 21
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YR B R A T NAR e, Il £ 4 Ak m R 2
1 1T SO (NP G WA A B RE b7 - 1RV @7 Y (EF =1/ S
Wk By B X Sh W il T 2 kA . BRT, BARAE
SRR B2 RS NI I BLM 375 5 R BUM 21 4
ik — @G R AT TIRR B2 B R E b T I
BRI B N S PR T H R B A W5 Bl
WIR) B AR 2T R B R T A AT R
X AN () B ] A 3 B A s AR iR g b

EET I, A5 LL SD KBB4, R A
BB BLM J7ik 6 LR SR 45 245155
K ERUITET 2 Ak 1% BURRE 8 Ra e V0 AR 7 R 45 B
ENGLE NSNS R = W o o A E S B R
B TE R B Z 4 (3 mg/kg BLM) | R N
TR EH (E R 3 meg/kg BLM, 14 d B FE45 2
mg/kg BLM) , H-1EHL 28 42 56 .84 d 4 A~ A[a] fry it
[, SRS & , 2 M NI TS L, B
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BLM-S 4K VC . IC A ik & , )& BLM-M 4 7F
84 d I R IR . AN IPF 53 il v 45 A 3540 , 27
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3 HOMN FCEER T 2B (RASER) ,ERM 450001 ;4. FBMI AR R 228 FM 450001)

[FWE] BHM ARSI B M G 12 S8 % A B0 28 R 38 B3 473 ( chronic constriction injury of the
sciatic nerve , CCI) 1 K B AR AT A AN AR JEREAT M OS2, FEF 98 BDNF/TrkB-CREB i £ 512 sh 2/ CCI KB
PRI M BEBAT MM A LE . ik H% 32 HSD MM K SR IRIK = BEAL 7 53 4 20 AR TR (Sham) 41 7Y
(CCD A TR + 23 (Sham + Exe) 2H Wi + 158l ( CCT + Exe) 40, H: 7" Sham + Exe 2H .CCI + Exe 4 KT 4
JARIBE Nk, TEARRT ARG A [R] F [] A AR 25 20 K SR /2 (B ( paw withdrawal threshold , PWT ) FlF 45 12 V%
R (paw withdrawal latency , PWL) , 5% F i 28 -+ 0k B S50 R4 SR PP Al R BUR R IEREA T | SRT SE 9 5E it
%% 5% PCR( real-time quantitative reverse transcription PCR, RT-qPCR ) Fl 9038 25 1 B[ 0 S 56 A6 00 7% =5 25 283 rp 1% i Y
P 2878 3% R F ( brain-derived neurotrophic factor, BDNF) R PRI Bl AR ( tyrosine kinase receptor B, TrkB) FFBEAR
HRLW TeF4E A 8 H (cAMP-response element binding protein, CREB) B mRNA X HAFL, &R (1)CCIH KK
ARJF 7.14 21,28 35 d BIARM PWT A1 PWL 5 E KT Sham 41 (P < 0.001) , 55 CCI 4AH k., CCT + Exe 4IARM PWT
1521 d J BEIM(P < 0.05) A PWL AE 14 d J5 REIIM(P < 0.05) 5(2) 5 Sham AAALL, CCT ALK A= F1E
A K B E IR (S ) T 43 b PRI (P < 0..001) 75 A AR (R 18] 77 43 e 3 R (P < 0..01) ,CCI + Exe
HFFTBORF B RDE 43 L8R CCL 2 B3 FH8 (P < 0.05) 5 (3) CCI 41 R BRAEW™ 3 e X 3452 88 i B D 43 L, 42 Sham
H W FEREM(P < 0.001),CCI + Exe 205 CCIHM LB ERN(P < 0.05) 5 (4) 5 Sham HAH L, CCI 4K R 5
) BDNF . TrkB .CREB mRNA F17 [1£ 58 B FRIE(P < 0.05,P < 0.01) ,4 1A 1E 3§ BDNF TrkB .CREB
mRNA DU W FRIA R ER(P < 0.05) . &t VA E B Z# T CCI AR R BRI LR BOr #ui i, JF
B2 T MR A T IR AT M ;_E 18 BDNF/TrkB-CREB i [ 7] AE J& 12 s & /18 Ph o | i 5 R B 45 1 bl
iz —,

[kER] BGIE; AN ; ££8; BDNF; TrkB; CREB
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[ Abstract]

anxiety-like behaviors in rats with chronic constriction injury of the sciatic nerve ( CCI),

Objective  To investigate the effects of low-to-moderate intensity treadmill exercise on pain and
and to explore the neural
mechanism of the exercise-related brain-derived neurotrophic factor ( BDNF )/tropomyosin receptor kinase B ( TrkB)-
c¢AMP-response element binding protein ( CREB ) pathway in relieving pain and anxiety behaviors in CCI rats.
Methods

Exe) group, and CCI + exercise (CCI + Exe) group. Rats in the exercise groups underwent treadmill training for 4 weeks.

Thirty-two D rats were divided randomly into four groups: sham group, CCI group, sham + exercise ( Sham +

The paw withdrawal threshold (PWT) and paw withdrawal latency (PWL) were measured before and at different time
points after the operation. The elevated plus maze (EPM) and open field test (OFT) were used to evaluate anxiety-like
behaviors in the rats. mRNA and protein expression levels of BDNF, TrkB, and CREB in the hippocampus were detected
(1) The PWT and PWL on
14, 21, 28, and 35

days after the operation (P < 0.001). The PWT on the ipsilateral side was significantly increased in the CCI + Exe group

by real-time quantitative reverse transcription PCR and Western Blot, respectively. Results

the operative side of the rats were significantly lower in the CCI compared with the sham group at 7,

after 21 days compared with the CCI group (P < 0.05) , and the PWL on the ipsilateral side increased significantly after 14
days (P < 0.05).
the open arms (P < 0.001) and significantly more time in the closed arms compared with the sham group (P < 0.01).

(2) The EPM result showed that rats in the CCI group spent a significantly lower proportion of time in

Rats in the CCI + Exe group spent significantly more time in the open arms than the CCI group (P < 0.05). (3) The OFT
result showed that rats in the CCI group spent a significantly lower proportion of time in the central area of the open field
compared with the sham group (P < 0.001), while the percentage of time was significantly increased in the CCI + Exe
(4) BDNF, TrkB, and CREB mRNA and protein levels in the
hippocampus were significantly lower in the CCI group compared with the sham group (P < 0.05, P < 0.01). Four-week

group compared with the CCI group (P < 0.05).

treadmill exercise increased the mRNA and protein expression levels of BDNF, TrkB, and CREB in the hippocampus of
CCI rats (P < 0.05). Conclusions

anxiety induced by chronic pain in CCI rats.

Four weeks of treadmill exercise alleviates mechanical and thermal hyperalgesia and
Up-regulation of the BDNF/TrkB-CREB pathway may be one of the
mechanisms by which exercise relieves chronic pain and improves anxiety.

[ Keywords] treadmill exercise; neuropathic pain; anxiety; BDNF; TrkB; CREB
Conflicts of Interest: The authors declare no conflict of interest.
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R B 2 0 R BRI R e 4 TR
( brain-derived neurotrophic factor, BDNF ) J& — Fft &

B R R, IF ELAE TR 55 R R i i )2 s
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R BN, AR DRI Fp A o 28 28 G 1 P A% 1k i 72
R FEREEEAEA . BDNF/TikB {5 5 3#0% 5 vl
D fish %2 PBAE IR 2808 T 455 B 1 ( cAMP -response
element binding protein, CREB) BIB§ Rk , [7] i} i 1k
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ORI E M DR 18 M A B b2 I
i 45 153 ( chronic constriction injury of the sciatic
nerve, CCI) SRR LI 55 BDNF 35T i, I
SRBNPIRIEIR A & 5T BDNF 2635 1Y REAIC T DBk
WO BRI PR AR IR R AL T e i
i BDNF %, A W50 & B, iRyl LL iR
i 55 BDNF/TrkB-CREB {5518 fi# 4t 1k 5 filh o 234
B 30 2 i 1 P 0 P AT A TR R ) i I Al
FEAT VeI B IE 2 e 75 38 1 18 % BDNF K&
T U R B S BRI R AR
T, ARFITEE R CCT BRI R, T f5 R
FRTT A ER TR S B I8 S CC LAl
R SR IEREAT 520, JF AN BDNF/TrkB-
CREB 38 77 I ¥R 5T 12 3 52 it Y I S £ IR AL
NIz BRSPS b fE TEAE R SR AL S LAl

1 RS

1.1 ##
111 SEEsh¥

32 16 ~ 8 Ak, /KT 180 ~ 220 g MIMfENE: SPF
9% SD K ERIA TP A 27 2l 52 3 A8 L vt [ SCXK
(1£)2022-0001]) . 5% F AN R 22 A B2 22 Be
[ SYXK(#:)2019-0002] , 1l 37 #1554 SPF 2% , i &
22 ~ 25 C,MHXHRE R 40% ~ 60%,12 h BHEEAS
B SR A i EE R ROK, R 0 A FRUE PR R
HOBLE T T4, S0 R SRR Y45 A AR K2
A A Bh A A0 B A R, Bl S5 50 R Bl P 4 B AR
FEHRMN K2 A ARl 2 A0 B AR A 25 51 233 M ( ZZUIRB
2022-68) .

112 EZEH S

BDNF ( Abcam, ab108319 ); TrkB ( Abcam,
ab187041) ; CREB ( Cell Signaling, #9197 ) ; GAPDH
( Proteintech, 60004-1-Ig ); RNA ¥ A& & 1 %
(CWBIO, CW0592S ) ; RNA #2 HU it % & ( Axygen,
23518KD1) ; J % 5% i 7| £ ( Thermo, K1622) ; PCR
P 1912477 £ ( Thermo, K0252) ; SDS-PAGE % i 1 4%
& (CWBIO, CW0022S ) ; 3455 1 RIPA 22 i Wi
( BOSTER,AR0102) .

AE I METF AR JE 2k (318K ,4-0) ;von Frey £F
Y22 (Stoelin, 52 [E ) 5 A% 5 IR {1 ( UGOBASILES.
R. L, EKA) ; PCR ¥ ( Biometra, 5 ) ; Iz A3
PIRRBEDL i IR, BRI 5 = 28k (A stk
AR & R A R TR A AL L) s 073 (dh st A

S AIRHE B A R SR AR L) s m Rk
KR Z 58 (Bio-Rad, 3£ [#) ; QuantStudio JZH 5%
Y€ i PCR A4 (Thermo Fisher Scientific, 3¢ [# ) ;
S SEHE AL R RARE B R PR A R XR-
PT-10B, "),

L2 Ak

1.2.1 3y

PR E BEAL o3 20 05 26 32 2 SD R RUBE AL
I3 AMETAR (Sham) 41 KR (CCI) 41 TR + 12
Zf1(Sham + Exe) 41 A + &5 ( CCI + Exe) 41, &
Ay H,

1.2.2  CCI BRI &

KL 4% 5 e 5 FRREE 2 ~ 3 min, 2% HKE
HERRIRIE . O BURR 9 4 70 BB T R BB AL o] L 6
IR, A= BRER 7K R AR T B 0k i A7 1 75, Bl 40
BIRBZEMIB — K ML, 2 82 A i P42, 4% CCI AN
CCI + Exe 4K RS HIAEME T R)JE K2k (4-0)
RELEFL AL B IZE AT 4 DAL, B S5 LI Z 1]
[E]FE 1 ~ 2 mm, G5 LERLUR S AT DLTER 2R AN T 3l
L BSSES WA M B BRI AT . PR
YA b HZE IR, Sham 41 Sham +
Exe ZH H5 B 5 i KB Ze AL i #i 28 T JC 5 6 AT 45
FL, IR FH B0 ] U7 5 5 VA 48 6 L DR 0 B2 R O ik A 7
M,

1.2.3 izgh T

KEGER 7 d J5, %} Sham + Exe Z1#1 CCI + Exe
HRBAATH G I3 T3, APk I 4 J5 Y
TR B Bz sl T, R E e it 3 d Y3
g, Nk F %R % 1 K 6 m/min I3 iz 50
30 min,gﬁ 2 K7 m/min [ F 230 30 min,% 3K
8 m/min AYEEFEIZ 3l 30 min, 1 UNZRAYIIZ %
4 :8 m/min P EFEIZ SN 5 min, R LL 10 m/min A9
HEIZZ) 25 min, NGk 4 F B 5 d, #6 ToH
Ji, WEIE 3 7 5 0 B XV 42.8% ~ 57.58% X
VO, gﬁﬁ[m o
1.2.4 F7hiis

ML P 45 /2 9 {H ( paw withdrawal threshold,
PWT) : R MY« Up-Down” Be AT S B0 & 1 |
TEH 7 AR5 XS R0 9 9 BE 1Y von Frey 22 #4713,
2.0 g FFHRZE I8 N 26.0 ¢g(2.0,6.0.8.0,
10.0.15.0.26.0 g) . ¥ von Frey 223 i 4 J& M HR
e R 1) K U A PO B R B ORI 2 8 ~
10 s, BN, A5 K BRAE S FLI 8] P9 sl ZE RS HF von
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Frey 221} i 30 PR 38 (% 47 e SRR /2 SRz, Il 2y B
PE A TC R, T A B o SR 4t Ay B D)
FIF — 258181 von Frey 221345 K B, U
TEAHRRIL IR AT von Frey 22 EA T, SAa il ik 78
55 1 UK R SR PR T 4 YR I RIAT | [l 7R
M 2 R THRF] 9 YKy, Joie 245 BB 457 1k
i, DAAs S i “ Up-Down” 528 TH BB v JE
FWh PWT {H(g) .

PG L WK (paw withdrawal latency, PWL) .
K HARGREAVES 452 {1 J5 g | 76 364700 4
BT, 4 A R B ) T T — A a5 ] e 3 O 4 A
W, LR BRAE i O PR 3 B 30 min, IF4 AT
TR A A TR R A AR B DR AR 2 | )
AUCE R AR I, 5B TR 15 s 5 JARH
H3hCH . FER AL T2 HIE R AIRE T Rr4L
AT HER BUS I b g 4% T 3N IR T 5%
KB LI, R SEAT 3 K, ik ) 2=
)% 20 min, 38 HR 3 Y 5 - YA, 75 1O B
AR 4 2 v R

B2 R B SL B (elevated plus maze test,
EPM) « o 28 2K 1 S 6 2 A 45— X T U (50
em X 10 em) —XTHAE8 (50 em X 10 em X 30 em)
A X8 (10 em x 10 em) #4325 8 F 3G —
ZRLTAMEB I S B E S Ol, MNKT k2 %
Z PV BRI  TEAT, Ses K BUCE 17 R 2
MERZE ZEIREE TN 1 h, MR, 35 B A 406
SR 100 ~ 150 Ix, K I B Sk 70 o) O i T
e AR e DI N B30T R R A M A
X, TFIE SRR B R AR I 2 5 min, THEE T VS
DA 45 BRI B) T 4 LG

037325 (open filed test, OFT) : ™37 S50 %% B
i 455 B AR R BN SR £ 3 B R 8 7EAE TR |
T A AG Sk 0 s R BUTERE N TS Sh s Bl SE50
DR, SoRe R BUBCE TA7 8 7 A2 2 I R
TERNL 1 hy S TFAR IR BUBCE T 100 em x 100
em X 40 em FHFICHRAT H X3 (60 cm % 60 cm) |
ARSI ZE 100 ~ 150 Ix, 325 KB S min
DA B0 G R B R A% B A oy e DX RN o J] DX
ST
1.2.5 Hubt

S GRE IRR T O L, B O B 2H 21, 3R Y AE T
10 PBS ZZ v P, M H R i H R, Western
Blot A6 I 14 ¥ SO AR 2H 2R A 7 AR UL AVE S 12 R 4 4 L 2

H AT 92 50 Il ; PCR RS I B 5 5 (R 2H 25 A
RNA PRI, 4°C 121, Bl il H O 37 W 2 A7 592 56
g o
1.2.6  SEHF%¢ 06 & 6 7% 5 PCR ( real-time
quantitative reverse transcription PCR ,RT-qPCR)
KRV SH R A B RNA 385 TRIzol #E42HL, oligo
dT M8 519, 18 ThermoSeript 336 5% S, — A7k
Wi, BEARER 3 ANEAL, H AR BT e
A IE T R I 514 (WL 1) o REAESERE PCR A
ar i 7,65 ~ 95 C kM 4k, [ 5 i, Bio-
Rad Prime PCR #1473 B 5OUAE 5 4tk , 715845 %
REA Ct B, T35 LI GAPDH S A2 ], SR
27 PR H R TR A AR X R K

%1 RT-qPCR 319551
Table 1 RT-qPCR primer sequences
ElL/EA FIMFESI(5 - 37)

Primer name Primer sequence(5’ - 37)

F:GACATGCCGCCTGGAGAAAC

GAPDH R:AGCCCAGGATGCCCTTTAGT
BDNF F.CCCAAGAGGTAAAGTGTAGAAG

R:TAGGCAGAATGAGCAATGTC

_— F.TGCTCAAGTTGGCGAGACAT

. R:CAGGCACTTCCTCGTTCAGT
CREB F.TGTTGTTCAAGCTGCCTCTGGTG

R:GCTTCTTCAGCAGGCTGTGTAGG

1.2.7 Western Blot

LT NY N S R S g 2 ]
HIFE AP RIPA Z4ff 32 BUR R H |, BCA 1L
FEE IR, M4 2 pg/pl BAEEE A, SERE PR
FhAE 10% Tris-Tricine SDS-PAGE #E% HL K 4355,
EHEE K, BB, B 5 A PVDF RS, 7E 5%
BSA EHW T E IR B 2 ho BHISEHEIA —$i
BDNF(1 : 1000) .CREB(1 : 800) \TrkB( 1 : 500) .
GAPDH(1 : 1000)4 CHFHE i #& ., TBST k¥ 3 Ik,
FHR 10 min, A ZHUEFFF 2 h, TBST Pk 3
WE s RS 22 B R R AT A, Image ]
version 2. 1. 0 ZRAFXF 45 B AT AR X R 1 434
1.3 SFitESH

SCEE AR GraphPad Prism 9. 0 #E47/E K #1
GEiter o, LA R VS + 2 (& £ 5)
Fom o ANIRIEE ] SR AT A Y B R F 2 I
ZAT, BIALIR) FL R ¢ K56, 32 sh T i B 4 4>
21 Z 1] 1 bR FH AU 8 5 2% ( Two-way ANOVA)
IS8T, P < 0.05 R BEAGIAE L,
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2 FR

2.1 MIAIEEX CCI#EE A RMEITH IR
RIT LR R, 5 Sham 41AH E, CCT 41K
BRI 7.14 .21 .28 35 d WHLAR 46 A 190 A4 12
PRI BRI (P < 0.001, & 1A;P < 0.001, &
1C) ,Sham ZHF1 Sham + Exe 2122 [0] 25 5% JC . & 1

5 CCLAMIL, 128 W EZM T 21 d 5 BP0
JRE(P < 0.05,F 1A) Fl 14 d J5 FFRE U Y (P
< 0.05,&1C) . [m]E WL BRI AIL A 4 A2 159 (.
g Rk 225 LR EME(P > 0.05, & 1B,
1D) . S55EFR B, 02 e A B i 20 0 0 4 5 0 - R
FEAR T R B AL S 1 RN AR [, 1T 4 J8] A9 L 15 3
BN HUAHCIRR 150 1B R0 AR 15 (B A el R

T A AR PWT; B AU PWT; C . ARM PWL; D %0 PWL; 5 Sham ZHAAEE, *** P < 0.001;5 CCI 1AM, P < 0.05,"P < 0.01," P <

0.001, (‘FEIM)

B 1 AR BRI IIKER (0 = 8)
Note. A. PWT of the ipsilateral side. B. PWT of the contralateral side. C. PWL of the ipsilateral side. D. PWL of the contralateral side.

Compared with Sham group, *** P < 0.001. Compared with CCI group, *P < 0.5, #P < 0.01, " P < 0.001. (The same in the following

figures )

Figure 1 Results of the mechanical and thermal pain test in each group of rats(n = 8)

2.2 HWABEHIT CCIARTFEREEITAEN
B

EPM 17y 25 U rp K BUTE sh i n (&1 2A i
No ZER BN, 5 Sham A AH L CCI 4K Bt AT
S 455 BE 1 B R 43 B B R AR (P < 0.001, &
2B) 3 A A R B A B TR (P <
0.01, 2C) , &/~ CCI B AT S K R BT
MR, 5 CCLAMIE, CCl + Exe 2H K RUIFilE 15
BE IR 7743 b B 2 TH (P < 0..05, [ 2B) , {HAE ]
AR s BRI R E) 3 L 25 SO0 B A, ULIRT 2,

2.3 MAIEEHIT CCI XRY HIT AR

OFT 47 4 2 M3t v K BTG S 03 4n ) 3A Fr
N4 HRBAE S AT 300 S s AR T i E 2 5
(E13B), CCI A K ETE H Je DX S 452 B A Ik 8] 7 2
5 Sham 4HAHLE B EFEK (P < 0.001, 1 3C) ;5
CCI 1A, CCT + Exe 2l BRE A e DX 355 B g sl
6] 7720 B (P < 0.05, & 3C) , 7E4ME XI5
SIRET R E S T B 2= R (WL 3D) . g4
7N, CCI A R F iz sh R B, H 4 MGz
Bl i CC1BIRIR BN B2 IR TR .
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TE: A R BURIZE 70K B ST S 5] 5 B . K B i 2R b B PO 45 B I T0) 7 40 1L G R BUE W 2R+t T B R 4 1
RYBSTE 7 43 L s 5 Sham ZAH L, ™ P < 0.01, (TFEFA)

B2 HARRESRTTERELEIMILER (0 = 8)
Note. A. Activity trajectory map of the elevated plus maze test. B. Percentage of time spent in the open arms of the elevated plus maze. C.
Percentage of time spent in the closed arms of the elevated plus maze test. Compared with Sham group, ™ P < 0.01. ( The same in the
following figures )

Figure 2 Results of the elevated plus maze test in each group of rats(n = 8)

T A RBI ASE0 Sh UL A B KR BTEN 3 Th AT B Y SR B 5 € R BRI 3 v e DIl 452 B IR [ 1 23 L5 D 2 R BRI 3541 A X
S5 N ) 0 LE

3 BAKREN ZIEMIAEE R (0 = 8)
Note. A. Activity trajectory of rats in the open field test. B. Total distance travelled in the open field. C. Percentage of time spent in the
central area of the open field. D. Percentage of time spent in the periphery area of the open field.

Figure 3 Results of open field test in rats of each group(n = 8)
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2.4 HMI&AIEEXF CCI XK BDNF/TrkB/CREB #8
X mRNA RiEHI N

RT-qPCR 325045 & 4 Bz, 5 Sham #H E,
CCI KU & () BDNF , TrkB . CREB mRNA [ %
B EEM (P < 0.05), Sham + Exe ZH /) BDNF
TrkB .CREB mRNA [ 32iA%¢ Sham 412 EHIM (P <
0.05) ., CCI + Exe #1 KR 5 Ay BDNF, TrkB
CREB mRNA [ REHmF CCl 4, HEREA R
FAE(P <0.05) , #8278 CCILES AR ML BT L)
{8 BDNF TrkB ,CREB mRNA kWA, 1 4 J& 1Y #l
iz g v DL & K U 5 BDNF, TrkB . CREB
mRNA )35,
2.5 M&AIEEHIX KR BDNF/TrkB/CREB EA &
ey b

Western Blot 5L 5 25 R /K, 5 Sham 4 AH L,
CCI 2H K flifE & v i BDNF , TrkB . CREB & H % ik
WREREMK(P < 0.001, & 5A;P < 0.01, ¥ 5B,
5C) ,Sham + Exe Z1&H AR RIA T, (HEF T
FPE, CCl + Exe 41K EUE S BDNF  TrkB ,CREB

1. 5 Sham ZHAHLL, * P < 0.05,
B4 %4 KR DT BDNF TrkB 1 CREB mRNA [
Fik(n = 3)
Note. Compared with Sham group, * P < 0. 05,
Figure 4 Expression of BDNF, TrkB, and CREB mRNA

in the hippocampus of rats in each group(n = 3)

EHRIEE T CCI4LRE(P < 0.05), 4w CCI
75310 42 [ W] DU {# BDNF , TrkB .CREB 75 [ 15 f%
i%, VU & 19 B 5 42 Bh B A% 00 % ccl K RO S p
BDNF . TrkB .CREB % 1 %1k,

1 : A:BDNF 14500 BB IR A G TR B TrkB B 1450 AR AR AR C. CREB & [ & R R A iR,
B 5 &4HKEED T BDNF TrkB CREB &35 (n = 5)

Note. A. Representative bands and quantification of BDNF protein. B. Representative bands and quantification of TrkB protein. C. Representative

bands and quantification of CREB protein.

Figure 5 Expression of BDNF, TrkB and CREB proteins in the hippocampus of rats in each group(n = 5)

3 iTig

NP 2R B S RO i ol i BOR FE R
PRSI SGREAE B AL R PR B, 85 A

AR SRR BB O ™ ARSI A B CCT
RIAT LLF5 5 K B FE A AT O, 516 b BDNF
TrkB .CREB [W3RiA N FEBEUIA G, 4 a0 IR 2
M B s3] LA CCL R BRI M AR IR TR,
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JfEH W LA 9% BDNF TrkB .CREB By ik, #H/nR T
BDNF/TrkB-CREB i #% 2 5 iz 8 2% fit CC1 ¥5 5 1)
VIR SRR AT TR A E AL, S48 Bl k3 9K
T8 TR i P L P S

NP &ML 52 44, WF 5% v 8 18 BOAS 5] 1 3l 4
BRI 1) &M ML, & UL NP BiBIAS CCl
TR AR o3 Al #2845 FL B Y ( partial sciatic nerve
ligation, PSNL ) | # #ft 28 4% L #% i ( spinal nerve
ligation , SNL) | A-H it 28 73 32 25 FL B Y (spared nerve
injury , SNI) %12 ARBFSER A CCI BB B, ZER
JG 7.14.21 .28 35 d K17 R 2= A8 4k, 45 R R W
CCI A FR AR PR A 2 80 1 58 285 A ML A 802 1z A
FRASIN . P8 MR 2 A T 2 I BN
ST FE IR 205 BRI | 2T 4 USRS 18 P O 45
SRR A A R R R T N A A BOR,
PSNL BRI K RAEEHESS 5 4 JR 255 8 R
ERRIERAT R CCl BERNA SR BRI N £
WTF CCIARIG 2 ~ 6 AP AWFELE CCI RJGHI S
JE] TR ARG I 1) K ) PR AT oA, B b 22 P
PRI T A 15 25 3 1) £ SEREA T

H RTIGR L3697 K M IR 2 Y Pl £
TREVVE AR, K IR 25 | i 2 | g R | it 52 1
2= 2 FNRE S I L, T TR R ) BRI A T A
PR YA M AR B I AR 25 W06 9T kG I T Ok
ZHEMN R FBIEE N R ERITI—Fh F B C
TEWA AT LA 55 0 28 i 12 PR sl R0 iz 3
XS PP S B R AT 45 5 e AR B IZ R
Meta 7387 7 , LAY A 4802 2l AT LSS A [a) 4 22
3 FHL AR YA R 5 TR 0y W 1) AL 4 P T S 8 1 R A
25 VBRI R [ 2C 32 3 i it ok | i Pl
R 4232 20 4 BT ISR NP AH 5 1 AILBRR A
JRURTEDY . AR AP, 2 h 1 2t vkas sl
ST SNIL AR 1R K R fih o i U L 4 TR
WliEpkaz sl T SNL AR A A B A% 9 10 L R 1G4 =
%’:é‘VR’E?E‘IJIEﬁ%{E“” . CHO %—;[34] % 8 m/min
HEEARGR B M 542 80, B K2 ) 30 min 3t 14 d, &
PRIC I 2  B A 2 1 A5 J5 T 042 B, ¥ ] LA 2 i
SNI ARHY R B PP 22 BRI . A 98 SR T B
CCI ¥&# 1 A5t TGz sh, i 4 A, B iz 5h
SERE R AT Ry 2E A8 Ak 38 3 X N 42. 8%
~ 57.58% e KR A R E ", J8 T PR A A
iBE), AR BN PWT fEi2 31555 2 8 B
B, PWL 2 8h )5 55 1 BRI 22 1, KRR

[Fi] ()32 Sl s [0 %o AL AR A0 AR TR 50 e 1 2% e At
AN,

I RBFIE R IEESR 2 ~ 3 RIS iz sl
DA 2 i £ DB R I AR ECIR AR 8 T A IR
VT BB 1T LA S 3 A3 2T Ak UL ok R A R
SR AR AR S A R A ARSI AE 4 JE
HYIZ Bl T 25 o 5 AT AR AT o I, 45 2R R
CCI KFRFE EPM FF U8 AN OFT Hh ke [X sk 5= B3 (1)
6] B 43 Eb S AR, B 4 JR G 0 548 30 T D) 2% i
VAR R IERRTT R, X5 ZHOU 577 1
WAL, IEBZESE 15 d,30 min/d B EHEE5)
Al LA 8% G2 il 56 42 3 IR AA ) ( complete Freund ” s
adjuvannt, CFA ) 75 5 AU 18P 58 P A5 1 /)N BB 2 o
TR AT, LOPES 268 5% [RIRE R I, M i 45
JE 55 15 KLL T0% i KA A W i 2Lz 8 8 d,
AT DL 25 9 i CCL B RS K B B AR IEREAT R .
AT LS RS HF T ST AT, ISk 1 R0
LIRS , RIS B O 5 AR IR B 32 45 TR R
B

BDNF 3= BL7E A 28 70 R A 28 s J5T 210 i 179 B4k rh
B FETE T A K, I B 76 6 S 44 i Bz ot v v
Feik!" . BDNF 5 HARRMEZ 0K TrkB 454, il
VR Ih (R il AL e 11T AR PO A% 88 T A7 I 1 4
P R R EEAER . CREB #Fk A # 5%
BRI, S S5 MauERKET 2 Al w8 R
WIRCAZIE i 8 2210 | BF9E & X BDNF 15 3% &
TekB 454 )5 7 LI #F CREB (8 R 1k, %5 — 7 m
CREB 1 Jg 6 s A 1, T LA 38 BDNF %% 51427
BDNF/TrkB-CREB {5538 B E 4E 7 i 28 35 <, i 28
YA L 53 AH R 287 7 196 45 TR PEEE EEAE L, HR
FHE B A BT RE (o =2 5 45 o o o B A 2
SEWFST Y KBS 558 51 . BDNF/TrkB-CREB i
%5 97 THI A 26 S5 28 DIAR G, F 92 & 3 CCT #5278
KIS BT N 51 S IX CREB #l BDNF
TR A Y - BE) (nonylphenol , NP ) 175 511y
FE B K B P g I Bk 28 ST B 43 &2 BDNF/TrkB-
CREB 4 Fl mRNA ik R AW 57 45 1 A
FEE R CCIL K B 5 s BDNF , TrkB . CREB mRNA
N R TR, UL CCI R 1 R B A% 9 g 4 g
FEAT S} 55 ) BDNF/TrkB-CREB 38 [} (1) 52 445 56

LG W, BDNF 1] fiEJ2 12 5h 28 fi v
TR FE G AR AV F T i A IR 7, 38 sl DL
1 H 55 BDNF KPSl RS T 2 ooy
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AR Rk 2T AR RS R B CCT A

A BRI BETY 2 BDNF BYZ2 k35 0 5 b 2595 3

PRSI 0 & A 56, T TCIe S A 3 d IRz 3

WA 5 d B NS B (55% e KB A TR I ) )

AT LA I 00 A T AR R 2R R ST 4 A T b

BDNF ik Rk e v e MR 2, RS N il

Lyt BDNF (3R 35 5 FBETT /il BDNF B3R5 H 2,

WS KB CFA 175 5 118 4 R P ) v A 25 [

I S BDNF 235, 173X $E 52 W 5 pf 282 % A 32

PUREE A X B E AR S A EB g &M+

Tl 7 v AT LA #E6E £ BDNF Y323k LA S M4 & 1 92

SRR P B ) £ FEREA T O AR ST L 4 ALY

ML HLiZ SR T CCI B8 K B 5 v BDNF 119

mRNA S8 3R, i 8 T A 500 B TR PE A .

iz s [RIRE AT LUIAEE BDNF [T Ui 4 & 44 0 2 (4

YRR, F 9% 2 BHE UK I 25 mT DLl 3 3% 5% BDNEF/TrkB

17 5 380 AR S ot 22 DR APV T 328 10 400 SDARE DR o A5 A5

AN B2 JZ2 A A B 7= YANG %517 g &

PRAL 418 3 |4 & BDNF/TrkB-CREB {5 5 18 #%

PR S fih ] VB | JE 3] 2 i 12 AR M AR AR TR R

BRI SAMABFEA TR BIVE T . ASBIFGE R 4 J

Hizsh B CCl KR & iz 8 2 J5 i i X 1)

BDNF . TrkB .CREB f) mRNA % 1335 B8,

FW38 3] LI E BDNF TrkB . CREB [ i ik,

PEMT AR CCL R BRSSP 0 Lh SRR T o, iF

FEHE—ESE T BDNF I Vi % 85 1 ik 39 i o] 58

SR8 B 5% R 18 PR 5 00 AR IERE AT S A BL

Z—

ZE b AR T 20 FEPE R T SR
SR BB TN, B 4 B iz shimad i o
BDNF/TrkB-CREB 18 % 8 1 2 35 A B 5 A&
JEARAS | 18 Bh 2% ff 18 PR £ IR AR B AL B e
S

£ % X #k(References)

[ 1] #tsg PEPOREEE RS (M), JL5t. WA
#t; 2020.

FAN B F. Report on development of pain medicine in China

[M]. Beijing: Tsinghua University Press; 2020.

[ 2] FINNERUP N B, KUNER R, JENSEN T S. Neuropathic pain;
from mechanisms to treatment [ J]. Physiol Rev, 2021, 101
(1):259-301.

[ 3] YALCIN I, BARROT M.
chronic pain [ J]. Curr Opin Anaesthesiol, 2014, 27(5) ; 520~
5217.

[ 4] VANCAMPFORT D, HEISSEL A, WACLAWOVSKY A, et al.

The anxiodepressive comorbidity in

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Precision-based exercise in people with anxiety and stress related
disorders: Are there interindividual differences in anxiolytic
effects? An ancillary meta-analysis of randomized controlled trials
[J]. Psychiatry Res, 2022, 317 114803.

LEITZELAR B N, KOLTYN K F. Exercise and neuropathic
pain; a general overview of preclinical and clinical research [ J].
Sports Med Open, 2021, 7(1) . 21.

BLUMENTHAL J A, ROZANSKI A. Exercise as a therapeutic
modality for the prevention and treatment of depression [ J]. Prog
Cardiovasc Dis, 2023, 77. 50-58.

SHI H J, WANG S, WANG X P, et al. Hippocampus:
molecular, cellular, and circuit features in anxiety [ J]. Neurosci
Bull, 2023, 39(6) . 1009-1026.

GOLD A L, STEUBER E R, WHITE L K, et al. Cortical
thickness and subcortical gray matter volume in pediatric anxiety
disorders [ J]. Neuropsychopharmacology, 2017, 42(12) ; 2423
-2433.

LIU H Y, CHOU K H, CHEN W T. Migraine and the
hippocampus [ J ]. Curr Pain Headache Rep, 2018, 22
(2): 13.

ERICKSON K I, LECKIE R L, WEINSTEIN A M. Physical
activity, fitness, and gray matter volume [ J]. Neurobiol Aging,
2014, 35(2) . S20-S28.

PEROVIC M, TESIC V, MLADENOVIC DJORDJEVIC A, et
al. BDNF transcripts, proBDNF and proNGF, in the cortex and
hippocampus throughout the life span of the rat [ J]. Age, 2013,
35(6) : 2057-2070.

CAPPOLI N, TABOLACCI E, ACETO P, et al. The emerging
role of the BDNF-TrkB signaling pathway in the modulation of
pain perception [ J]. J Neuroimmunol, 2020, 349. 577406.
ESVALD E E, TUVIKENE J, SIRP A, et al. CREB family
transcription factors are major mediators of BDNF transcriptional
autoregulation in cortical neurons [ J]. J Neurosci, 2020, 40
(7): 1405-1426.

CHEN Z Y, JING D, BATH K G, et al. Genetic variant BDNF
(Val66Met) polymorphism alters anxiety-related behavior [ J].
Science, 2006, 314(5796) : 140-143.

SCHMIDT H D, DUMAN R S. Peripheral BDNF produces
antidepressant-like effects in cellular and behavioral models [ J].
Neuropsychopharmacology, 2010, 35(12) ; 2378-2391.
SAFFARPOUR S, SHAABANI M, NAGHDI N, et al. In vivo
evaluation of the hippocampal glutamate, GABA and the BDNF
levels associated with spatial memory performance in a rodent
model of neuropathic pain [ J]. Physiol Behav, 2017, 175; 97—
103.

YANG P, CHEN H, WANG T, et al. Electroacupuncture
promotes synaptic plasticity in rats with chronic inflammatory
pain-related depression by upregulating BDNF/TrkB/CREB
signaling pathway [ J]. Brain Behav, 2023, 13(12) . €3310.
HLR. SD | Wistar Il ik S ik )1 W8 HRAIE 5 32 Bl i B2
HE BALTS [D]. B HBIHER:; 2018.

DONG Y N. Quantitative study on aging characteristics and



1158

T E SR B2 A AR 2024 459 A5 32 5 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[33]

exercise intensity of SD and Wistar rats with maximum oxygen
uptake [ D]. Qufu; Qufu Normal University; 2018.

CHAPLAN S R, BACH F W, POGREL J] W, et al. Quantitative
assessment of tactile allodynia in the rat paw [ J].
Methods, 1994, 53(1) ; 55-63.

HARGREAVES K, DUBNER R, BROWN F, et al. A new and
sensitive method for measuring thermal nociception in cutaneous
hyperalgesia [ J]. Pain, 1988, 32(1) . 77-88.

T, WERAT, R, AE RV B BAT O SR T R A A
(). PESE S, 2022, 30(5) : 698-704.

JIANG N, YAO C H, YE F, et al
behavioral tests of anxiety [ J]. Acta Lab Anim Sci Sin, 2022,
30(5) : 698-704.

XU D, MA X, SUN C, et al. Emerging roles of circular RNAs in
neuropathic pain [ J]. Cell Prolif, 2021, 54(12) : e13139.
WILLIAMS A C, CRAIG K D. Updating the definition of pain
[J]. Pain, 2016, 157(11); 2420-2423.

ABBOUD C, DUVEAU A, BOUALI-BENAZZOUZ R, et al.
Animal models of pain; diversity and benefits [ J]. J Neurosci
Methods, 2021, 348 108997.

ABDUL M, YAN H Q, ZHAO W N,
glutaminergic projection involves in the regulation of pain and

Front Mol 2022,

J Neurosci

Overview of animal

et al. VTA-NAc

pain-related anxiety [ J |. Neurosci,
15: 1083671.

KREMER M, BECKER L J, BARROT M, et al. How to study
anxiety and depression in rodent models of chronic pain? [J].
Eur J Neurosci, 2021, 53(1); 236-270.

DANG T N, TIEN S N, OCHI R, et al. Enhanced anxiety-like
behavior induced by chronic neuropathic pain and related
parvalbumin-positive neurons in male rats [ J]. Behav Brain
Res, 2024, 459 114786.

FONSECA-RODRIGUES D, AMORIM D, ALMEIDA A, et al.
Emotional and cognitive impairments in the peripheral nerve
chronic constriction injury model ( CCI) of neuropathic pain: a
systematic review [ J]. Behav Brain Res, 2021, 399. 113008.

STONEROCK G L, HOFFMAN B M, SMITH P J, et al
Exercise as treatment for anxiety: systematic review and analysis
[J]. Ann Behav Med, 2015, 49(4) . 542-556.

BELAVY D L, VAN OOSTERWIJCK J, CLARKSON M, et al.
Pain sensitivity is reduced by exercise training: Evidence from a
systematic review and meta-analysis [ J]. Neurosci Biobehav
Rev, 2021, 120. 100-108.

GUO J B, CHEN B L, WANG Y, et al. Meta-analysis of the
effect of exercise on neuropathic pain induced by peripheral nerve
injury in rat models [ J]. Front Neurol, 2019, 10; 636.
RUIMONTE-CRESPO  J, PLAZA-MANZANO G,

ARRIBAS M ], et al. Aerobic exercise and neuropathic pain:

DIAZ-

insights from animal models and implications for human therapy
[J]. Biomedicines, 2023, 11(12): 3174.

ECHEVERRIA-RODRIGUEZ O, GODINEZ-CHAPARRO B,
GOMEZ-GARCIA M V, et al. Participation of angiotensin-(1-7)

in exercise-induced analgesia in rats with neuropathic pain [J].

[34]

[35]

[36]

[37]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Peptides, 2021, 146 170670.

CHO Y H, SEO T B. The timing point of exercise intervention
regulates neuropathic pain-related molecules in the ipsilateral
dorsal root ganglion neurons after sciatic nerve injury [J]. J
Exerc Rehabil, 2022, 18(5) : 286-293.

STUBBS B, VANCAMPFORT D, ROSENBAUM 8, et al. An
examination of the anxiolytic effects of exercise for people with
anxiety and stress-related disorders: a meta-analysis [ J ].
Psychiatry Res, 2017, 249. 102-108.
IZQUIERDO-ALVENTOSA R, INGLES M, CORTES-AMADOR
S, et al. Low-intensity physical exercise improves pain
catastrophizing and other psychological and physical aspects in
women with fibromyalgia: a randomized controlled trial [ J]. Int ]
Environ Res Public Health, 2020, 17(10) : 3634.

ZHOU Y S, MENG F C, CUIL'Y, et al. Regular aerobic exercise
attenuates pain and anxiety in mice by restoring serotonin-
modulated synaptic plasticity in the anterior cingulate cortex [ J].
Med Sci Sports Exerc, 2022, 54(4) . 566-581.

LOPES B C, MEDEIROS L F, STEIN D J, et al. tDCS and
exercise improve anxiety-like behavior and locomotion in chronic
pain rats via modulation of neurotrophins and inflammatory
mediators [ J]. Behav Brain Res, 2021, 404. 113173.

SUN B, LV Y, XU H, et al. Effects of vortioxetine on
depression model rats and expression of BDNF and Trk B in
hippocampus [ J]. Exp Ther Med, 2020, 20(3) : 2895-2902.
WANG C S, KAVALALI E T, MONTEGGIA L M. BDNF
signaling in context; From synaptic regulation to psychiatric
disorders [J]. Cell, 2022, 185(1) ; 62-76.

NOTARAS M, VAN DEN BUUSE M. Neurobiology of BDNF in
fear memory, sensitivity to stress, and stress-related disorders
[J]. Mol Psychiatry, 2020, 25(10) ; 2251-2274.

WANG H, XU J, LAZAROVICI P, et al.
element-binding protein (CREB) : a possible signaling molecule
Front Mol

cAMP response

link in the pathophysiology of schizophrenia [ J].
Neurosci, 2018, 11 255.

YE Y L, ZHONG K, LIU D D, et al. Huanglian-Jie-du-Tang
extract ameliorates depression-like behaviors through BDNF-
TrkB-CREB pathway in rats with chronic unpredictable stress
[T Med, 2017,
2017 7903918.

TANG L, LI S, YU J, et al. Nonylphenol induces anxiety-like
behavior in rats by regulating BDNF/TrkB/CREB signal network
[J]. Food Chem Toxicol, 2022, 166. 113197.

BAI J, GENG B, WANG X, et al. Exercise facilitates the M1-

Evid Based Complement Alternat

to-M2 polarization of microglia by enhancing autophagy via the
BDNF/AKT/mTOR pathway in neuropathic pain [ J]. Pain
Physician, 2022, 25(7) : E1137-E1151.

WALSH J J, TSCHAKOVSKY M E. Exercise and circulating
BDNF': Mechanisms of release and implications for the design of
exercise interventions [ J]. Physiol Appl Nutr Metab, 2018, 43
(11): 1095-1104.

CEFIS M, CHANEY R, WIRTZ J, et al. Molecular mechanisms



o [ S0 sh 2 2024 4F 9 AR

732 55 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

1159

[48]

[49]

underlying physical exercise-induced brain BDNF overproduction
[J]. Front Mol Neurosci, 2023, 16; 1275924.

SUMIZONO M, SAKAKIMA H, OTSUKA S, et al. The effect of
exercise frequency on neuropathic pain and pain-related cellular
reactions in the spinal cord and midbrain in a rat sciatic nerve
injury model [ J]. J Pain Res, 2018, 11; 281-291.

ZHENG J, JIANG Y Y, XU L C, et al. Adult hippocampal

neurogenesis along the dorsoventral axis contributes differentially

[50]

to environmental enrichment combined with voluntary exercise in
alleviating chronic inflammatory pain in mice [ J]. J Neurosci,
2017, 37(15) : 4145-4157.

CHENG S M, LEE S D. Exercise training enhances BDNF/TrkB
signaling pathway and inhibits apoptosis in diabetic cerebral
Int J Mol Sci, 2022, 23(12) : 6740.

cortex [ J].

[WFEEHA] 2024-03-10

S TP SOz O P H RN ) 2023 AR (BPEE

(PESZEHIYFR) BRXNE P X ZOPTHERZE)

MRS SCHR T 1 B R D7 9%, 29 58 N 53 X0 A 5C SRR ) A6
R G, DL B ZOEH, (b B S8 sh o 40 #IRA

FMAZ% L)

CRSCRU T H B R i

A AR TER G VY Z B2 AR T 2N A
FURIT, AR 1 v R 2 5| SCREE R DR ) | b [ 22 AR ) 25

AN BRI T 2 AR 2R

10 ) sh=e/ K32

VA 1 PR 2 AR K T

PPUT#d % (CAJCED)

GEIHIRAI T Pl A AR TR S ) A TR ) 5 v 24 9 2 SRR
i b R T (G 3 ) Bt e ) (R FERHEOE SO IR )
(P ERHAZOIIT)) (RSO O I T RS ) SRR A GR
S L AR B 5 SR Rl R A R A AT
JRZSEE . AT R RTINS E, AL,
IR TR AW BIHT 1 Tt A — I T 5T



2024 49 H o [ 5256 Sh P A 4 September 2024
Wk Fom ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 32 No. 9

M AL T 5 A R T A % DA B ML T 4 L0 04 B i R I Ay 1 TR AR Y (D], T E SER s R
2024, 32(9) : 1160-1170.

YANG Y J, ZHU Z B, ZHANG Y M, et al. Effects of acute lung injury on apoptosis in rat splenic T cells and the interventional effect
of Yifei Jianpi formula [J]. Acta Lab Anim Sci Sin, 2024, 32(9): 1160-1170.

Doi:10. 3969/]. issn. 1005-4847. 2024. 09. 007

Za PR 10 K U T 4N L T B
K 2 I 7 £ AR PR 5

MEE,RFPRLKEEX N ZFKEET KER

(1. HiR P BEZG R, il 2= i A H TR s, Bl E P EF I S AL
HGSCIRE, 22 73000052, HR P EZ AR E R IR A 22M0 730000,
3. HIREHERE, M 730000)

[BE] HE WE SPGB (acute lung injury, ALD) K EUE T 40MJE T K X-ESWAT-H E A H F
( XIAP-associated factor 1, XAF1) . i & 3R FE I F o (tumor necrosis factor-alpha, TNF-a) | E 7= #H & K F ( factor
associatedsuicide, FAS) 8 B E I, B0 25 Il 9 77 3697 ALL FIMLEIE T 5 T 9 XAF1 FAS TNF-o 25 335,
T T AR TA DG, AR 60 K SPF Gtk SD KB, BEHL - has (LAl BRI PR | 25 (g fg Oy s AR
Flid, PSS THZERINER 0.5 o/kg HEH , 2B 7 & b AR 046 TR R 12.6.3 g/kg 35
RN S R S A TERRKE S B RA2) 1 R, HEL 14 d, ShI D REAG I 2R Gk il 45 41 K
BT T BB 100, 5 W4 45 A K BRI A8 2 R I B NE 2R BRI 4 28 8/ T 3 (W/D) 84k SRR H-HRHET (HE ) Je
N4 20 K U 2E 28 148 B A A 5 90 2 400 R AR ARG 00 452k BRI T 4 3FE (CD47 /CDS™ ) Ko T 40 1 U 21
i, Western Blot Fr il Jiith XAF1 FAS TNF-a 25 HRIAKF, SR BAIL K G D) BE R, MG R0 R i 25 £50m
A IR/ TE(W/D) BEFE (P < 0.01)  MliFBHLUH RS B a5 S, R Iliscs
PLR K BRI 5 T AN MERE (CD4™/CD8" ) i 08/, XAF1 FAS TNF-a 5 1A & T AR T- R B E T (P
< 0.01) ; 225 M T 95 , K BUNAHLUE S/ T8 (W/D) B AR IR A I 2335 508 T 75 (P < 0.05,P <
0.01) , T 4R (CDA™/CD8™ ) B B4 i, XAF1  FAS TNF-o 25 1335 5 T 4 TR B FRE(P < 0.05,P <
0.01), £ AL W #5 kK KRR XAF1 FAS TNF-a % 35 B B T 40 00 08 1, %5 M 4 9 07 v g3l i~
XAF1 FAS TNF-o 8 {5, PIH] ALT i & B9RE T A0H08 T,

[88iR]  SPEMRIS ; 2 N 7 s T 40 1= XAFL; FAS; TNF-a

[FESES] Q95-33 [ XEkFRERD] A [ XEHS] 1005-4847 (2024) 09-1160-11

Effects of acute lung injury on apoptosis in rat splenic T cells and the
interventional effect of Yifei Jianpi formula

YANG Yujie', ZHU Zhongbo', ZHANG Yanmei', LIU Xiping'* , ZHANG Xuhui®* , ZHANG Zhiming’

[E£TE ] N ARHE R H (22ZD1FA001) , EFK [ AAREA 454 (82260889) , 4 Tt 4= R IR R AL T AABHE I H ([ B2 25 A
PR 20221239 %)  Hlr A AR AEE T (24]RRD002) .
Funded by Gansu Provincial Science and Technology Major Program (22ZD1FAQ01) , National Natural Science Foundation of China (82260889) ,
the Fifth Batch of National Traditional Chinese Medicine Clinical Outstanding Talents Training Program ( Guozhong Medicine Ren Jiaohan [ 2022 ]
No. 239), Natural Science Foundation of Gansu Province (24JRRD002).
[EBE N IR LT BFFE 07 0] J5 790 0911 R B FH B2 AE LB, Email : yyjwsry@ 163. com
[BIEEE IS, 4 802, 05507 ) . 5 A9 IE R B FH B AE LI, Email : Lxpd-257@ 163. com;
SRNLE A, 32 AR PR A A U WEFE 7 1)« P EESE B PFR . Email :863303509@ qq. com,
« JL[F] B 1EE



o [ S0 sh 2 2024 4F 9 AR

332 %45 9] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1161

(1. Gansu University of Chinese Medicine, Laboratory for TCM New Products Development

Engineering of Gansu Province, Key Laboratory of Traditional Chinese Herbs and Prescription Innovation

and Transformation of Gansu Province, Lanzhou 730000, China; 2. Department of Pulmonary Disease,
Affiliated Hospital of Gansu University of Chinese Medicine, Lanzhou 730000, China;
3. Gansu Provincial Hospital of Traditional Chinese Medicine, Lanzhou 730000, China)
Corresponding author: LIU Xiping. E-mail: Lxpd-257@ 163. com; ZHANG Xuhui. E-mail: 863303509@ qq. com

[ Abstract] Objective

To observe splenic T cell apoptosis and XIAP-associated factor 1 ( XAF1), FAS, and

tumor necrosis factor (TNF) -« protein expression levels in rats with acute lung injury (ALI) , and to determine their roles

in the protective effect of Yifei Jianpi formula. Methods

into blank, model, positive control, and high-, medium-,

Sixty male specific pathogen-free SD rats were divided randomly

and low-dose Yifei Jianpi formula groups. Rats in the positive

control group were given 0.5 g/kg dexamethasone by gavage, and rats in the high-, medium-, and low-dose Yifei Jianpi

formula groups were given 12, 6, and 3 g/kg Yifei Jianpi formula by gavage, respectively. Rats in the model and blank

groups were given equal amounts of saline by gavage. All medications were administered once a day for 14 days. Lung

function testing was carried out in all rats. We observed the imaging characteristics of the lungs and changes in the organ

index and lung tissue wet/dry weight (W/D) in each group, and detected the pathological changes in lung tissues by
hematoxylin-eosin staining. Splenic T-cell subpopulations (CD4*/CD8") and apoptosis of splenic T-cells were detected by
flow cytometry and XAF1, FAS, and TNF-a protein expression levels in the spleen were detected by Western Blot. Results
Rats in the model group showed reduced lung function, decreased spleen and thymus organ indexes, and significantly
higher W/D of lung tissue (P < 0.01). In addition, they had inflammatory exudation and alveolar rupture in the lung
tissue, accompanied by thickening of the lung texture and large areas of ground-glass shadows, with a significant decrease
in T-cell subsets (CD4*/CD8") and significant increases in XAF1, FAS, and TNF-a proteins, and in the rate of T-cell
apoptosis (P < 0.01). Yifei Jianpi formula significantly reduced the W/D spleen of rat lung tissues, significantly
increased the thymus organ index (P < 0.05, P < 0.01) and the T-cell subpopulation (CD4*/CD8"), and significantly
decreased the protein expression levels of XAF1, FAS, and TNF-a, and the T-cell apoptosis rate (P < 0.05, P < 0.01).
Conclusions ALI induced up-regulation of XAF1, FAS, and TNF-a protein expression and T-cell apoptosis in the spleen
of rats, and Yifei Jianpi formula may protect against ALI by down-regulating these factors.

[ Keywords] acute lung injury; Yifei Jianpi formula; T-cell apoptosis; XAF1; FAS; TNF-«
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WATGET 200 0T, A5 B IE S AR 1 = PR L2
= ARifERE (2 £ 5) Foom, ZALH LR R R T
ZE5THT, P [E] BRS¢ K556, P < 0. 05 S B
At E X,

2 HR

2.1 BAKBRMINEENTH

oz M, M4 PEF PIF TV EV EF50
P4 b 2 AR, 0T Penh 12 = (P < 0.01) , SH5EAY
AL, SR M EERG 7 4P Y PEF (PIF TV
EV EF50 B THE (P < 0.05) ,1fi Penh B Z &A% (P
<0.01), HEFEIR - SR (WKL),
2.2 BAXRMIMEEENTL

525 (A E, AR A Bl SO BB R, BT LR A
JEDEEERARY . SRR B, 25 I ARG O e R AR
TRV 2 1) S 3 B8 BT 5 38 A i e | R b 2 i ik e
o 791 A O R O B A IR AL (R 1)
2.3 BAKXBRMTRRELLPEFIEHMTL

5525 LA e, A A 21 R UM 11 o e L 2
Fhm (P < 0.01)  filizK Jib ™ g, 2K UM i R 48 K8
RGP < 0.01) ; SR A, 25 Mgy
FRI) 1t 2H K B B 45 W 0 S (P < 0.05) | g il £
JG 7 s R A S B E TR (P < 0.01) , 28
s G R = r 751 ek 2 K R T 3 T i b S A
(P<0.01)(W%E2),
2.4 BHAKXKBRMALREELSHEWL

25 FHA R BRI 2 80K DL B 8 55, Bl N 68
Y I RN S HHES 5T, S gl L,



1164

o [ S Zh 2 2024 4F 9 A2 32 B 9 W Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

®1 BARBMINEER L (x £ 5,0 = 6)

Table 1 Changes in lung function of rats in each group(x = s,n = 6)

it/
ZH 5
4Ll (#/ke) PIF/(mL/s) PEF/(mlL/s) TV/mL EV/mL EF50/mL Penh
Groups Dosages/
(g/'kg)
ZEHH
- 50.13 + 0. 89 46.87 +1.92  3.00+0.18  4.30 + 0.32 47.34 + 3.33 0.53 £ 0.17
Blank group
TR ZH
- 17.21 + 2.18 16.86 + 3.45™ 0.75 + 0.48™ 1.02 + 0.24 14.71 + 3.83™  3.18 + 0.39™
Model group
P4
[;H sl 0.5 46.87 + 1.53%  38.09 + 1.16" 2.70 + 0.28" 3.98 + 0.47%  37.79 + 4.14%¥  0.85 + 0.25%
Positive group
i B 2
m%.@ﬂ%ﬁmji il 12 35.62 £ 3.09%  36.23 £ 0.85" 2.34 £ 0.45" 3.35+0.71"% 34.57 +3.43"*  0.98 = 0. 18"
High dose group
5 il e 1| 54
Mﬂiuﬁﬁ*mm‘ﬂ 6 30.41 £ 1.25%  31.01 £ 0.85% 1.43 £ 0.24* 2.99 + 1.05*  28.57 + 4.22%  1.21 + 0.22*
Medium dose group
5 x| 2
7 AR Bk 2 3 22.00 £2.08%  25.51 £3.75% 0.83+0.13 1.55+0.49 18.90 + 1.63 1.81 = 0. 22"

Low dose group

T 52 HAALL, ™ P < 0.01; SEAMIL, P < 0.05,"P < 0.01, (FE/ZEFR)
Note. Compared with the blank group, ** P < 0.01. Compared with the model group, *P < 0.05, P < 0.01. ( The same in the following figures and

tables)

B 1

AR BUIERRAR 2 1A

Figure 1 Changes in lung imaging of rats in each group

BRI RN R v 1 151 D5
I S JEE | il 96 (] PR 14 5E | I UL K i R ORE 2 iR
e B B P50 & T (P < 0.01) g Jifi it
J 5 e L rb AV R ) i 2 2 4 47 1 6 35 AN T
TR MO AR, IR A7 48 P 40 3R e sk /0 | G b 25 il
ARG 7 TP R S I 2 2 A T o S RIS (P <
0.01) (WLl 2)
2.5 HRAARMALRS THRATER

S i, B4 KR40 Cba'/
CD8" AR (P < 0.01) , T A0 G - 8 & T}
B (P <0.01), SR AL, 25T &
KM 2 cpa'/eps' W B THE (P <

0.05) T ZHME I T30 i E FEAR (P < 0.01), LA4k
i Ry e R A o B (P < 0.01) , (LA 3,
K 4)
2.6
Fix

25 YL e, B 41 K R4 4L XAFT
FAS TNF-a 8 AR BAKEH 2 LEE (P <
0.05), SR b, 25 Ml fd i )y o b ik
FUMZH 21 XAF1 FAS  TNF-a 25 [ 9 R 157K F- 35
WETIE(P < 0.05) 1 2 i g ha oy (%55 i 41 Lk
FEAFRBKEARAR, ARG 2=E L (P> 0.05)
(MES),

£ZHAKREHLF XAF1 FAS . TNF-a &8
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F2 AUERBMESEB ML TR (x £ 5,0 = 6)

Table 2 Organ index and lung wet to dry mass ratio of rats in each group(x £ s,n = 6)

el FIE/ (g/kg) i i 0 KR4 T BT R L %
Groups Dosages/ (g/kg) Thymus index Spleen index Lung wet/dry mass ratio/ %
224
=R4 - 2.54 +0.40 2.96 + 0.33 3.97 £ 0.25
Blank group
T TR 4] . .
Ba - 1.35+0.28™ 1.70 = 0.28 ™ 5.50 £ 0.23™
Model group
4
P FEedl 0.5 2.12 £ 0.18" 2.84 + 0.56" 4.37 + 0.36"
ositive group
240 i
ARy R R A 12 2.10 = 0.30" 2.77 = 0.81% 4.52 % 0.31%
High dose group
5 A F| =4
Al IR o R 4 6 1.88 = 0.32 2.58 + 0.29% 4.64 + 0.19"
Medium dose group
i Ml e A R 2L

3 1.45 = 0.41 2.12 + 0.78" 5.10 + 0.31*
Low dose group

B2 HAKBMAL HE

Figure 2 HE staining of rat lung tissue in each group

B3 AARRMALU T AR (CD4"/CD8™) B2k
Figure 3 Changes of T-cell subsets (CD4"/CD8") in the spleen tissues of rats from various groups
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4 ALUURRURZUR T A TR B

Figure 4 T-cell apoptosis in the spleen tissue of rats in each group

W 5 A4, " P < 0.05,

5 KU KBMALIH XAF1 FAS fl TNF-o 8 13255754k

Note. Compared with the blank group, * P < 0.05.

Figure 5 Changes in protein expression of XAF1 FAS and TNF-« in spleen tissues of rats in various groups

3 it

ALL Sz —Ff5fa R A 5538 W7 P B 28 S IO AH S A 2
PSRBT , WETERIL, T A0 U T A S A
AT R Ak 3 — 5 B, D T A g AT
REA Bl T it oS 2L 408 475 1 9 A B iz, W THT P4 3
SMERER T TUS SR, R T g T
240 ML R T DA R G S e Al 45 47 v ) B A1 T AL

T E B —PATSE IR AT 8 T 40 8 1 A4 34
PERL S SRl s K e ) o & A B T SR R
FRIR T SR I R R A U

BRI S S BRI 5 08 £ 55 9 A S B 2% 3R % 4
BZA AL MG E, LR XH B iE f e g R
geio, o IR, BRI T fE, AE S A
TR SR AE AR, D/ 32 e A A 5, 4R v A
PETIRE, B AT B (R I B — 25 R R
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W B2\ T 4, ML 8, A R AE TR
PHAEH B ARG, AR B b S R R
Ak, I i 7K A A U AR R s <8 R B
PRE 2 (5] i A T 4k R AR 42 5 LAY
1 R EE 0 BEES KF, FE SRE R
[l (A AR 520 L FETRYT (B SR A - R O7) F8
TR A i 2 RE - BRI AE A, 2040 TR
PRLRG, B% b A 4 2 i L7 il R 5 YR 7 h B
R A AT IR I R A 2 A
B AN S % AR BRE B2 3% LPS 5%
(i 58 2 i BN, B R R S e T AR R B
G 3 Rl O e o SRl < 11
B 5 HATE BIWMSORIIT W Dy 68 (4 18 52, DA i 48 5 ML A4
BIEIIRE . 53 AME N B A S AR D b b 25 S
VA UE S B T R RAE IR SR | SRR K it
PSR, SR I R S TR e
T35, AWFFEFIrR I 5 590 i Jili e A 75 2 o 8 8 5 b
i TR, R 562 PR HIH 58
B RERE RS R KD AT T AR PR R
M, 407 LA SR ML 57k ik iz AR
Wiy , 5P R 3 8 A IR AL, 40 J o e 5 A R
T TEEA BAF R I R IT &, T %007 1 I IR R 15t
e SCHR RV, A7 5 LPS e K B 2 Al 4ot
iy, LPS A Sy e 2= [ B 4 a7 40 i BE 1) — Ao g
3, AT S8 S BRI e e B O 75 A0 L O T A e
it 2040 v S Ak K T 1 R S A BB 51 R ALTPOT
WFFTAE AR, 2 i 9 07 BE 08 A Ak 35 K Bt )
RE i ZH U505 B iR A . Il /K i 2 AL fi 32 %2
o AR AR 22— 250 b B R A 50 A PP A 1 =
FRERE S I BARHR P AT 45 5 & B0 25 i e g
T AMHBEIEREAT W/D Lo 1 2530 il i K fi | [w] fsf
A RE B2 = ML e R E g i B, 1Y N R B S g
Jy0 o AT 2 Ml R R ALL A (1 i
L A B GEEH]

T 240 i S Xof Jili #6858 i fa 47 P A 8 1 1% 0 i
GrUT L AR AR AR A AR L D) B, 2 Ay
WK T 41 CDATFI CD8*, CD4” T 4l il th F
Sk T B 0 L AR AR AT Y R YRR 4 i PR
B SER T HIfE ST, CD4" T 41y A 5 4l
. TH1 400 (THL cell, TH1) A BIPE T 400 2(T
helper 2 cell, Th2) FiBIYE T 4l 17 (T helper cell
17, TH17) RV M T 40 hE (follicular helper T
cell, Tfh) FIPEHFTPE T 4 (regulatory T cells, Treg)

AR DL RE A T RE T B R A T X SRR Y
BifH, ZHAFEYE CD8Y T( CTL) 4 At 2 - Wt g |
PURRGL A AR L, AT A S L R 32 B R R AN i
T il 3 e A 47 P e ) 5 CD4T T/CD8Y T R
V5 T Ik 0 200 55 40 i T 9 2 4 i =2 i) 1) °F
HRRAS , AU G 2 P IR B e B e LR A Y
BT A X RS A RE R N AR AR, B
ANTA A T 4 A Y 3 T B 8 S 5 1 R iy M 4 58 I
INE B2 SR T A T I L A 448 52 LA Bk I % 3 44 AT
JRYLIRF AGCAL I HESL Y AR IE A i 6 i
WAL, T 40 T RT BE S A2 M T 40 i A Y L
B0 [l T 4 AR SR ML AR G328 [ 0 v 1) S B A
R0 E R G0 h BB ARG 4, FLE T, AT
g Rt 0 K AT A T e i 2 A
S R R R AR, R AR TR R B R
Zah WS I], FAS TNF-ao XAF1 J2&5f 1 4
TE(BET-ZARIRAR ) RN TE (BARAAR R TR ) J5 3 4 Ml
JAT-HY BB 7 A FAS  TNF-o Fi1 XAF1 £
HeFp s R T b Wi E HE A A, Lo,
FAS 32 510795 T 40 B 41 A1 3 58 5% 15 40 i
SRR AN B 15 b | 3G B RO T AR MO ZE R
FEFA ) s TNF-o W J&—Fh Z DI BE M 40 IR 1, %
SYRLIR TR Z 25 R RN A e I8
TR RGP R E TR s XAFL 76 5 41
rh R, T 2 5 R T G A AR Y PR Tk R A
R D RE R K AR RIS BOR,
TNF 1 XAF1 225 T 400 T i 5 2w g% e A
B s R MBI SRR 52 76 i 350 2 E WY Wl 1) £ 35 471 ]
M & B XAF1  TNF-oo \ FAS 25 8 773 P& AH 56 5L A
S IR, BT 40 A B R = I s
55 BRI RAR AL, AR A58 A 0 =X 200 it A A )
KEWH A T 4017/ (CD4"/CD8") 5 T 21 fity
FIPRT GO, g B WoR | 25 Mg fi s Al
T E IR BB R cD4"/CD8™ He 491 i ) sk B i
fIETREM A T 4 I T, Bl 5 R & A R
PE BT X K U4 21 b XAFT FAS  TNF-a 8 H
TR AL AT RN, 45 R WoR 5 a8 A M L,
TR ZH KRR ZH 21 rh XAF1  FAS  TNF-o 25 84
XFFRIBIKY- 4t 2 M T I S LR AR L 25
{5 i H A R A R BRI T R 4141 XAFL
FAS 'TNF-o £ F B AHX R IB K, B2k g |
A 25 Al (£ A9 7 AT B o 2 3 Ao R AIG R BRI 4 21
XAF1 ,FAS TNF-a & [ 1355 5k 080 St i 45
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2530 min; 55 2 S A HUE R 15 m/min, 7F2E 60 min; 55 3 ~ 6 JHIA N 19. 3 m/min, 32 I HIFFEE 60 min, 5
SEILREIE 6 44904 5 d) s GTN 4LA1 YGTN ZLAEVIZRAT 1 h HE 5 10,0 ml/ (kaed) B9 Lactibiane Tki 26 A B (7
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20 YTN 20 . GTN 4 F1 YGTN 4H K B 25 18 ifin # ( fasting plasma glucose, FBG) | I Vig 5 2 ( fasting serum insulin,
FINS) AL I £T 2 H ( hemoglobin Alc, HBA1C) I 5 & HEPUF8 2L (homeostasis model assessment-insulin resistance
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0.05) ; YTN 41 .GTN 411 YGTN ZH A UL FINS /K-F-345 TN 4L LA A B TR (P < 0.01) 5 YGTN 41K B i
HBALC K F-EIEF TN 41 YTN 41H GTN 41K F (P < 0.01) ; YGTN 41K il HOMA-IR #6405 TN 41, YTN 41/
GTN LA PR3 (P < 0.01) o &5 RKWIA iz 35 45 42 8 T 4K B FBG FINS \HBA1C Fil HOMA-IR
T TR, (2) TN 40K 5ULTE SH [ B (total cholesterol, T-CHO) | H- il =g ( triglyceride, TG) %5 FF g 2
1 AH [ 5 (low density lipoprotein cholesterol , LDL) F13i# B3 Bg Wi iR ( free fatty acid, FFA) KRR T NC4H(P < 0.05),
YGTN 41K R T-CHO TG \LDL #1 FFA ACFEMET TN 41 (P < 0.05) , 54 R B NC 417K, TN 4R R
0L v 4 i 2 P O high density lipoprotein cholesterol, HDL) 7K~ F NC 241 (P < 0.05) , YGTN 41 K F M4
HDL 7KF& T TN 41 (P < 0.05) ,JA FWRIZE) NC 4UKF, R Sz s G 65 A i T 0B PR KB, T R
R PR % K U ¥ T-CHO, TG, LDL, FFA & &, 2 i HDL /K P2 W &, (3) TN 41 K B i N = %
(malondialdehyde , MDA ) Fl13i# B 8-5F Fij 5l it B F2a ( 8-iso-prostaglandin F2a, 8-isoPGF2a ) 7K -2 F NC 4 (P <
0.05 3 P < 0.01) , YGTN £ K BLIfiL 75 MDA 1 8-isoPGF2a /K F-EMET TN 41 (P < 0.05 3% P < 0.01) ;TN 4K Flifl
1E L A AL A B (catalase, CAT) | #8 A AL ¥ 157 4L i ( superoxide dismutase, SOD) | 4+ Bt H BK i 52 1L 9 1 ( glutathione
peroxidase , GSH-Px ) AT F AL HE 77 (total antioxidant capacity, T-AOC) 7K FEIETF NC 41 (P < 0.01) , YGTN 41 K i,
IfiL 3% CAT,SOD GSH-Px Fil T-AOC 7K-F-HJ7 T NC 41(P < 0.01) fHIEA KA 3] NC 41H07KF, (4) TN AR R
BT 2B & HE ] 7 (paired box gene 7,Pax7) ALK T ( myogenic determination gene, MyoD) LA AL
JZ (myogenin, MyoG ) FIA JLA - 5 ( myogenic factor 5, Myf5) I FIEBIE T NC 41(P < 0.05 5 P < 0.01) ,YGTN
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[ Abstract]  Objective To observe the effects of exercise combined with probiotic intervention on glycolipid
metabolism, oxidative stress, and skeletal muscle satellite cell expression in type 2 diabetic rats. Methods From 60 8-
week-old SPF-grade SD male rats, 10 rats were randomly selected as the normal control group (NC), and the rest were
injected intraperitoneally with streptozotocin, establishing a rat model of type 2 diabetes mellitus. The diabetic rats were
randomly divided into model (TN) , exercise + diabetes (YIN) , probiotic + diabetes (GTN) , and exercise + probiotics +
diabetes (YGTN) groups. The exercise groups were subjected to 6 weeks of incremental load aerobic treadmill exercise
(speed of 15 m/min for 30 min in week 1, 15 m/min for 60 min in week 2, and 19. 3 m/min for 60 min in weeks 3 ~ 6,
with continuous training until week 6, 5 days/week). The GTN and YGTN groups were administered 10. 0 mL/(kg-d) of
Lactibiane Iki probiotic solution ( concentration of 10" CFU/mL) one hour before training. Glycolipid metabolism indexes,
oxidative stress indexes, and expression of skeletal muscle satellite cell proteins were measured in rats. Results
(1) The levels of fasting plasma glucose( FBG) , fasting serum insulin( FINS) , hemoglobin Alc( HBA1C) and ( homeostasis
model assessment-insulin resistance index( HOMA-IR ) were higher in the TN, YIN, GTN, and YGTN groups than in the
NC group (P < 0.01). The levels of FBG in the YGTN group were lower than those in the TN, YTN, GTN, and YGTN
groups (P < 0.05). Serum FINS levels in YTN, GTN and YGTN groups were all decreased compared with those in the TN
group (P < 0.01). Serum HBAIC levels were lower in the YGTN group than the TN, YTN, and GTN groups (P <
0.01). The HOMA-IR indices of rats in the YGTN group decreased more significantly compared with those in the TN,
YTN, and GTN groups (P < 0.01). The result showed that FBG, FINS, HBA1C, and HOMA-IR decreased more
significantly in rats in the aerobic exercise combined with probiotic intervention group than the other intervention groups.
(2) Serum total cholesterol (T-CHO) , triglyceride ( TG ) , low density lipoprotein cholesterol ( LDL) and free fatty acid
(FFA)levels in the TN group were higher than those in the NC group (P < 0.05), and those of the YGTN group were
lower than those of the TN group (P < 0.05) and basically restored to the level of the NC group. Serum high density
lipoprotein cholesterol (HDL) levels were lower in the TN group than the NC group (P < 0.05), Serum HDL levels of rats
in TN group were lower than those of the NC group (P < 0.05), and those in the YGTN group were higher than those of
TN group (P < 0.05), which were basically restored to the level of NC group. The result showed that aerobic exercise
combined with probiotic intervention reduced serum T-CHO, TG, LDL, FFA levels and increased HDL levels more
significantly than other interventions in diabetic rats. (3) Serum malondialdehyde (MDA ) and 8-iso-prostaglandin F2a ( 8-
isoPGF2a) levels of rats in the TN group were higher than those in the NC group (P < 0.05 or P < 0.01), and those of



o E S B2 F R 2024 459 AR 32 5 9 ) Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

rats in the YGTN group were lower than those in the TN group (P < 0.05 or P < 0.01). Serum catalase ( CAT),
superoxide dismutase(SOD) , glutathione peroxidase ( GSH-Px) and total antioxidant capacity ( T-AOC) in the TN group
were lower than those in the NC group (P < 0.01), and those of rats in the YGTN group were higher than those of the NC
group (P < 0.01) and were basically restored to the levels of NC group. (4)The protein expression levels of paired box
gene 7( Pax7), myogenic determination gene ( MyoD ) , myogenin ( MyoG ) and myogenic factor 5( Myf5) in the skeletal
muscle of rats in the TN group were lower than those in the NC group (P < 0.05 or P < 0.01), and these levels were
higher in the YGTN group than the TN group (P < 0.05 or P < 0.01) ; basically, the levels were restored to those of the
NC group. In the TN group, myostatin( MSTN) protein expression was higher in the TN group than the NC group (P <
0.05), and that in the YGTN group was lower than that in the TN group (P < 0.05) and basically restored to the level of
the NC group. Conclusions The result showed that probiotics and aerobic exercise had a synergistic effect in improving
blood glucose and insulin levels, attenuating insulin resistance, improving lipids and oxidative radicals, and preventing the
phenomenon of disturbed glucose metabolism, thus achieving dynamic equilibrium regulation in type 2 diabetic rats.

Aerobic exercise combined with probiotics also promoted myoblast differentiation, which played a role in preventing T2DM-

1173

induced loss of muscle mass and strength as well as muscle tissue complications.
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Table 1 Detection of glucose metabolism indexes in rats of each group more(x = s,n = 10)

2051 Groups FBG /( mmol/L) FINS/(mIU/L) HBA1C/(mmol/L) HOMA-IR
NC 2 NC group 5.73 + 1.01 10.67 + 0. 81 4.89 + 1.06 2.59 + 0.96
TN 20 TN group 17.23 + 0.25" 24.61 £ 0.31" 12.34 + 0.95" 18.85 + 0.94™
YTN 41 YTN group 14.34 £ 0.37* 17.33 £ 0.35" 11.32 £ 1.01™ 11.05 = 1.02%
GTN 4 GTN group 14. 14 + 0. 67™ 16.42 + 0. 88" 10.89 = 1.06™ 10. 32 + 0. 88"
YGTN 44 YGTN group 9.35 + 1. 16" 13.02 + 0. 33 6.53 + 0. 89 5.45 + 0. 33%c0ccee

T 5 NC4IHIEL, P < 0.05,P < 0.01;5 TN 41H{H,°P < 0.05,°P < 0.01; 5 YTN 4141k, °P < 0.05,P < 0.01; 5 GTN 41, *P <
0.05,%#P < 0.01, (FIKE/ZIW)
Note. Compared with the NC group “P < 0. 05, “P < 0.01. Compared with the TN group, “P < 0.05, ““P < 0.01. Compared with the YIN group, “P

< 0.05, “P < 0.01. Compared with the GTN group, P < 0.05, #P < 0.01. (The same in the following figures and tables)
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HATIBEN | 45 A W Mz s kG g A T IS, YIN
2 \GTN 411 YGTN 41K Bl i T-CHO K5 T
NC 21 (P < 0.05) 1fiflc F TN £, Hod , YGTN 41 FR#
A, 5 TN 4 YTN 4 M1 GTN 4 Hedsf B &t
ZR(P <0.05), 5 NC4IM Lk, TN 2H K KL i
TG K- 7t , B BE 27 (P < 0.05) {0
TN 215 5 ATIE 3l 26 A2 o Sz sl 25 A e 1 T
J5,YTN 20 GTN £H 1 YGTN 4 ¥/ T NC 44, Hrp
YTN 401 GTN 415 NC H A B EEER (P <
0.05),1 YTN 41 .GTN 411 YGTN 415 TN Zi4H Lk
YA BT TR, P YOTN 241 FREECHA ., 5 TN 41 |

YTN ZHA1 GTN H b A R EHEZR (P <0.05),
5 NC 440, TN 41K B iE HDL ZKF T~ R4 B
W HABEZES(P < 0.05) {0 TN 443 5T
B8l g5 A KB s kG g AR TR T TS, YIN 41,
GTN ZH 1 YGTN 41k BUALYE HDL K SFX94 B FHis
Hr YGTN 4 K BUEAS [k & %) NC 41K, H
YTN 01 GTN A AEAR T NC 4 (P < 0.05), 1fi
YTN 44 .GTN 201 YGTN £H K KL 7% HDL 7K -3
T TN 4, Ho YGTN 4 ETHe B &8, 5 TN 4 AN
YTN 4 A BEPEZER (P <0.05), 5 NC 44
e, TN 40K Rl LDL /K0 &7+, B Wk
ZH (P <0.05) ,{H TN A5 3# iz o 254 B
EE A AR B TR, YIN 41 GTN 4 /1 YGTN
2K FUME LDL K-35 F NC 41, o YTN 41F0
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GTN 41K Bl LDL 7K-F5 NC 41 iAo 3%
Z5 (P < 0.05),1 YTN 244 .GTN Z{fl YGTN £k
FUMLTE LDL 7K 5 TN 414 Fb 34 B F B, Hop
YGTN 4 F AW %, 5 TN 20 )YTN 40F1 GTN 4H It
A RENEZES(P <0.05), 5 NCAHMI, TN H
KEUM FFA ZKFI R A, A R EMZR (P <
0.05) ,{H TN 20535l #4718 3l | #5251 Meds sh ik &
AW T HUS, YIN 408 GTN 41 K BRI FFA /K
SR E T NC 4 (P < 0.05), YIN 20 . GTN 4H Al
YGTN 20 KU FFA K5 TN 4 334 e
(P < 0.05), W2,
2.3 KREHMHIERSEE

TN 4 K BRI 3 MDA /K- F NC 4 (P <
0.05) ,fH TN 25 Bl#kA7i2 8l | 25 4L o Meiz shik &
AT UG, YIN 246 GTN 20 F1 YGTN £H K Rl
5 MDA K35 F NC AT TN 41, Hod, YIN
ZHF GTN 41 MDA 7KF-5 NC 4 b HoA 2=
F(P < 0.05), 1 YGTN ZH A FK & # NC 411y
K, 5 TN 41 YTN ZH A1 GTN 4 i B 3Pk
£ (P < 0.05), TN 4K FUME CAT /KK T
NC 21 (P < 0.01) ,{H TN £ 4 H k4738 5 | 25 4= 14
Kz sk #5 B T HUE , YIN 41 .GTN 411 YGTN
AR CAT AKSF-HETF NC 4@ F TN 41,
Horb YTN ZHF0 GTN 41K Bl g CAT /K-F-5 NC 4
LA A B E 2R (P < 0.05), YGTN 4Kk KL
1 CAT /K V-5 TN 40 YTN 411 GTN 4 i A B
FHEEZF(P <0.05), TN KRBT SOD /K Pk
T NCHH(P<0.01) 15 TN Hor9l#ktTizsh 254
W G2 BBk A 5 AT T S, YIN 41, GTN 41 il
YGTN £l K B IfL 7% SOD 7K ~F ¥ F NC 41, Hp
YTN 41 GTN 415 NC A AL R EE2ER (P
<0.01),YGTN 415 NC 41 It A W E 25 (P

< 0.05), 1M YTIN 41 GTN 41 1 YGTN 41 K K if i
SOD /K F-HI 5 T TN 4H (P < 0.05) , Hith YGTN 41
KERMLTE SOD /K-F# 1 F YIN 4181 GTN 41 (P <
0.01), TN ZH KM% GSH-Px /K AKX T NC 4 (P
< 0.01) fH TN 253 5381712 30 | 43 A2 W S iz Bl Bk
G B TS, YIN 40 GTN 4181 YGTN 41 K i
M4 GSH-Px 7K F-FHKF NC 41, o YIN 41 Al
GTN 41 GSH-Px 7K ¥-5 NC 41 b5 HA i H: i 2
Z5(P < 0.01),1 YTIN 41 .GTN 411 YGTN 41k
FRUIMLTE GSH-Px 7K F-X 8 T TN 41, H b YIN 201
GTN #1 GSH-Px /K5 TN H i B B 27
(P <0.05),YGTN 1 KM GSH-Px /KF5 TN
HILBEAWH R FEMEZER (P < 0.01), 1A,
YGTN 2H K B L7 GSH-Px KT @ B, 5
YTN 41 GTN 4 b W2 R (P < 0.05),
TN 20K FRULTE T-AOC 7KFEAKT NC 4H(P < 0.01),
B TN 3 54732 3l | 25 A2 TR Mz sh e 45 26 1A
T, YIN 41, GTN 41 Fl YGTN 4 K BRI 3% T-
AOC ZK~EHMIF NC g T TN 41, Horf YTN 4
1 GTN 4 T-AOC /K5 NC 20 o BAT ) H 8 3%
PEZEF(P < 0.01), 1 YGTN 4K BT T-A0C 7k
SEXE TN 240 YTN 211 GTN 20 Fb A i Lt & vk
Z5 (P <0.01), TN ZHKRME 8-iso0PGF2a 7K
T NC4(P <0.01) {H TN &35 1548 W &
BHEA AW TS, YIN 41 GTN 41F1 YGTN
HK BTG 8-isoPGF2a /K275 F NC 4L mifik T
TN 44, Hoh YIN 4 F1 GTN 4 8-isoPGF2a 7K 5
NC A b AW W M2 S (P <0.01), 10
YTN A Al GTN 2K Bl i 8-isoPGF2a 7KF- 5 TN
HBAH BEFEMZET (P < 0.05), YGTN 44K KUif
7% 8-isoPGF2a 7K F-5 TN 41 YTN 41 Fll GTN 41 b5
A EEZER(P <0.01), LE3,

F2 KEIBMREHEFRAEIMIEN (x £ 5s,n = 10, mmol/L)

Table 2 Detection of lipid metabolism indexes in each group of rats(x + s,n = 10, mmol/L)

205
i T-CHO TG HDL LDL FFA
Groups
4
NC 4 1.76 = 0.28 0.92 + 0.31 1.26 = 0.03 0.61 + 0.07 0.81 = 0.07
NC group
TN £ . . . . .
& 2.99 + 0.81" 1.78 + 0.52° 0.78 = 0.07* 1.63 = 0. 10" 1.78 + 0. 38"
TN group
YTN 4
il 2.81 = 0.15° 1.52 + 0. 12° 0.86 = 0. 12° 1.41 = 0. 09" 1.19 + 0.33%
YTN group
GTN 4
1 2.71 = 0.12° 1.50 = 0. 15* 0.91 = 0. 09" 1.38 = 0.05" 1.10 £ 0. 11
GTN group
YGTN ¢
i 2.23 £ 0.11%* 1.21 £ 0.11°# 1.16 = 0.05* 0.76 = 0.07°¢ 0.93 + 0.07°

YGTN group
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3 KRERIMERN IR R (2 + 5,0 = 10)

Table 3 Comparison of serum oxidative stress indexes in rats in each group(x + s,n = 10)

4151

Group MDA/ (nmol/mg)  CAT/(U/mL) SOD/(U/mL) GSH-Px/(U/mg) T-AOC /(U/mL) 8-isoPGF20/ (ng/L)
s
NC 4
6.01 = 0.11 10.31 + 0. 19 170.30 = 1. 16 110.21 + 1. 11 9.32 £ 1.17 290.33 + 18.11
NC group
TN 21 ) as as ai ) )
8.35 £ 0.09" 5.19 = 0.20™ 90. 14 + 3.55" 52.21 = 1.31*"  4.78 £ 1. 15" 398.22 + 11.21™
TN group
YTN 41 a
8.12 £ 0.11 6.17 = 1.01 109.21 + 1.16™¢ 78.20 = 1.51*  5.37 £ 1.18 360.28 = 11.34™
YTN group
GIN #H . ‘ ai
- 8.02 + 0.08" 7.18 £ 1.20° 111.23 + 1.21™¢ 79.34 £ 1.10™°  5.57 + 1.20™ 359.28 £ 11.39*™
GTN group
YGTN £
i 6.32 £ 0.10°%  9.21 = 1.21°%  152.31 = 1.22%°"*¢ 106.27 + 1.08°* 9.20 + 1.08°* 301.73 £ 11. 78
YGTN group
2.4 BENDEAMEXEAFEKTFER 3 i

A 1 A%, TN 20 YTN 440 GTN £H Kk BB %
L Pax7 # A B HMET NC 41 (P < 0.05),YGTN
AR TN Pax7 HARBIH T TN 4 (P <
0.05), TN £ YTN ZH 1 GTN 4 K FlH 8 WL MyoD
EHEFRIBHMCT NC41(P < 0.05) , YTIN 41 .GTN 4
FYGTN ZH K BB #% UL MyoD & R iE ¥ T TN
H(P < 0.05), TN £ YTN 4451 GTN 4K FlH #
WL MyoG 45 H & IE BT NC 41 (P < 0.05),GIN
HH YGTN 24 K B # L MyoG R & T
TN Z41(P < 0.05), TN 41 YTN 411 GTN 21K FUE
B Myf5 B R IA LT NC 4 (P < 0.05 5 P <
0.01) ,GTN 41 H1 YGTN £ K FUE B UL MyfS B %
IRYIEF TN 4A1 YIN 44(P < 0.01), TN 41 . YTN
ZHFN GTN 2H KBB4 L MSTN 75 13635195 T NC
(P < 0.05),YGTN 21K BUE B MSTN £ 3%
KETF TN 44(P < 0.05) ,

3.1 EHEAMERETHX 2 BIERKARER
1§t 7Kk S B B2 i

2 RUWH PRI 2 — Bl i L G 4 By 1R T B A5 0
TR HIL LR P R R AP S B 4N
W Llifie 3z 45t , Hofs BL3E AR I 45 47 2 FBG Al FINS,,
ZIREFE R 32 3 REAS 0 D UL A% fr) I i
IR, R AGK At 2 20 i 5 2 A 4 AR F
FER BN, TN 41K B2 I | I35 19 5 28 B 5 3%
HEHUHE B, 0] B T NC 41, (H 3 1 40E 3 T3
R IR 354 T I, K R 2 I | 375 i 5 2% 0 Jle
Sy ZARBTAR B T R, R R A AaB s A 2R
AR TR T TIZE R RS TR AR | IR R 5 2R R ) R K
PUHECT B3 ., 6 WA 25 2 v RA 4202 3 B [ D
A B FABT , TS SR T LA Y A sh A Al

HbA1C AL P LT 40 i b il 21 3 (5 17 b

B1 AR AL TR A AT G H RS

Figure 1 Skeletal muscle satellite cell-associated protein expression in various groups of rats
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WEISAHSE G 0=, 2 PP 0 2 UBE PR R85 42 il i
MR ZIE AR . & REE Y R AL, 7E 2 Y
WEPR I H b BRI HbALC BRI A I &
SE R AR TIEHWE HbALC B A5 s,
Pl A 4L iz B T Tk Rb 7 5 2R TR R TR PR 9 R
FUHBALC KA B A Az sh Bk A 5B W1+
PR PR R B, I3 HBA1C /K278 A T TN 41
FPAALAT E2 Bl S 35 A T AN T, X 5 o g 4L AN
ZEPR RS I ST A AL, X AT RESE B TR
12 Bl BB A% 1 5 IR 5 22 A0 AR L P 4 2%
ZEIHE R FR IR, T 25 A= B RE A el /D BT AR D T 1
SN A FSURRE P TS o 2 480
3.2 IEEhEEEEAER T 2 BUHER R X R mAs
Kt 2

FFA 2RI 0 7=, 2 AL ) 2 R ok
Ui 5 LG FFA R T RE A% S WAL A4 ) AR5 0 15 A1,
REAZ S WL AILAA N 119 4 BT RE sl BUR S . 24 A
VTS R R, A A2 B RERE AR UE FFA (445 BURN
I, B TG AR s, vk B T B, Wi RS T
LDL-C #r fFI$ 25 HDL-C 7. /P &S pf oy
KB, BRAL A S B T T Ek kb e A S I 2 RE 2%
fift T2DM K ERBR AT, (AP0 & 56 & A T B — 14
. ABFEES R R, ol 4G 08 3 T el kb 78
A2 PG PR AR R % K B T-CHO TG\ LDL  FFA &
A HDL KA & (H 3554 0] B AR IR
i A BLIM TS T-CHO , TG . LDL FFA &+, 425 HDL
KPR, R A8 s Bk A 25 4 i B AT oo
M AR A VE T, X 7] g2 T 25 A2 T 72 A 4z 3l
FFERTT 3L T A A e ) R SE AL P i
TWAEER , BUE LIRS 58 22 (04 RE U5 AR IR 4 A m
U ALY TG A B, DA s B0 il B 7R L (H
HAHLHEA Rt — B HE5T
3.3 EPBERER TR 2 BBREARENL
R 7K T B 52 i

MDA, CAT, SOD. GSH-Px. T-AOC Hl 8-
isoPGF2ou 2 4 M PN Bt Ak 1) 252 20 Bt 4, o
REIAILAAR P S0 7 38 1Y) T AR A, HLARTE 2 F 4
S, MR P40 L SOD F CAT Xt 4k F5 AL A
A SRS P AL R Al e E Y MDA
AT WRAILAAR P A 5 2ot ST A 47 18 Ak 7 9 ) 7
FEREY . GSH-Px S AL A PN 5 22 (1 33 SR AL 1 5 1
fit), 7T BE A SOD Fl CAT ¥ BR#E A P& 1, 1Ak,
GSH-Px FLAT B 45 1 % ok S A0 AR 0 0 3 4 40, DA

AR 1k WL P9 R B3 . B PR AL RE T (T-
AOC) J& 2 AL A [R) 1 4L s i Bk i S5 B4
TR AL RE T, AT ] 422 B AL A4 20 2 4 g I i 4
ARG R EE ) 8-isoPGF20 ST WL Py 84k 1
W UBIR bR R A bR R SRR E Y B 5
KIL, PUBHER A7 2 o)) RE 0 I 4T Ui 014 PR
HIMBE R A AN oK T, BT B 5 R, e A
GTT R A RS 51 4 AT st T2DM AR S8 Ak I B2k
iy, ARBFFELER R, RAi A Fis s T e T
% 2E TR VT 42 55 0 PR 9% K B CAT, SOD | GSH-Px , T-
AOC AR MDA 5 8-isoPGF2a 7K A
EAT 4802 B KA o A TR T T 44 i W PR o R Bt
1% CAT.SOD  GSH-Px , T-AOC & H FI[&AE MDA 5
8-isoPGIF2a 7K I, | FeAC R 3 NC 4H/KF-,
PR R s G 1 AR T B EGE T2DM SRR 3
PR, DA T e R OB R
3.4 SHBHKAREFTHX 2 BERFAARBE
D EMBEXERRIENZME

JULTE B2 40 M2 A7 A T B B LT 2 i 5 3
JEEZ 1) B MR T 4l B, LA 2 5 8 B LA 4 i 3
B AR UL B B WU B, & B B R AE AR
FH . WS PR 8 Bt 6 17 10 e i i UL s L
PR B o P9 3t 2K R g i B A IR B L2 2L 1
HRAE, WIFE IR, B VRS HE R R A LY
SV I HE RURT UL TR A0 A B BE L, PaxT 2
Pax7 3P MRS M2 0 A 61 =2 — , 2 T2 A 1)
FARE, SRS L, 512 s AL 35
Pax7 Fik W& THE . 228 BESEIESE, Pax7 2 5
PEET Jyukis 2 S G | R LSS B TR A
ML BE A AL B AR5 R R, B Al s
BT F s b 78 25 AF BB PRI R BB S WL Pax7 2R
F IR INASER 8 (B AT 5052 sh B & 25 2k 7 1 T p
PRI R BB B WL Pax7 25 11305 8 T PR A% 0 21
FINC 41, $7~ A 2 sh B4 a6 24 B T H0R0E HE
WL BB LT AL 40 44k, 4T B 1 T2DM 515 LA 5
SIS T 7 T R DL R 2 2R R I A ke
—E MR AR LA A Rk — IR A S

MyoD , MyoG 1 Myf5 J& i UL 9 35 H + 5 %
(MRF) TR 5L, MyoD J2 /UL T3 5 4 g 38 375 g
FERIARAE ™, MyoG FEPRJ&—Fh- 5 b P LEF 251
HA LRI, 5 MyoD J& K 5% 76 1 85 L 41 i 14
RN R R VAN S8 IAS R E R
e BRI 13 5 A8 52 e b 2 55 4 5y T B A
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B RAEPY Myf5 & Myod 5 Hh A [A] 2 BE
T, R NUH A R s S REWEF, 5
MyoD ELA HAMYTUARIIREMEH . 2B Rk
LT 2 A AE LA N A2 B10E 5 MyoD R 568k
Tk IG5 MyfS HLP0E MyoG, fi & 3 ff L 1L A
A EY 43462 . SNIJDERS %53 B 5% & I, — kM
KR JE S13832 55 MyoD MyoG HI Myf5 0% 845 1T
LTI S0 M 34 5, 25 05 45 W 98 R B, MyoD
F Myf5 SEHUA N BB B E 2 WS T, 250k
IRPURR R R R, 12 A B A A is 3 2O B R L
MyoD MyoG Fll Myf5 £ FHFRIEKE-THE, AWFIESS
SRR, FRAl A EGE ) T TR kb 78 65 AR TR B AR
95 R EE B UL MyoD \MyoG il MyfS & FH k34 A
Wi (R 4R B I 4 A TR T J00KE B s R B
L MyoD \MyoG Fi1 Myf5 £ 4 F23k i T 1 PR R 21
HINC 4, $27n A Az shk A o A2 T8 T FFE — 2 e
& ARHE T WA 434k

MSTN J& b A= K 73 Ak I P ( TGF-B ) #8 K %
B, S 5 400 L T0 2 200 3 A AR JUL 200 e 34 5
PINLR R, FZRIK T AN, 220U h d A
ik AR ILA & T R IR & P A
IR AL T A i Y 3 A B 8 3R R g T i A
P GARCIA-FONTANA 257" il 55 & ¥%, MSTN
Z 5L AU 5 TR S R AR BL, RAE LA AR
K, SRS Z M B R, 2% i
RN, T 3 Y1 25 ] R AR DR s R BB % L MSTN
PR AEHE T HH fa WU B A i, ERA
RS B, 38 S EUE K BUHER L MSTN 3k F
B, U 2175 T 0 B 65 UL 25 A4 15 380 g AR A o) B UL
AT, IR R B, s SR A IR AR
HKEHERA L MSTN 2 [ & 1k K7 B3 g $2R
8 JAM I Gz sk & =R K 1A S T K EUHEM L4
M RAEER, ARG R BN, A f fis s T
TRECR 78 4 A ROSHE R K B UL MSTN 2 11722
AR B 02 S kA 25 A TR T TR i s K Rl
#ENL MSTN 28 1 %3k W 2 T B OF 8T RS TN
4, FA B B NC ALK $en A Fis sh ik G
fi 25 PR T TR R 9 R BUE B LT [ MSTN 2Rk, if
B2 (2 2% L2007 28 W B IR AR

ZE LTk M T Al Sis Bl sl pb T 2 A TR
M, A As sh A 25 AR BT 2 RUBE RIS A R b |
I AR A g A5 2R B A, T B Ok A AR A O
JE AR E LA M 9 4 Ak, XF By Lk B8 DR K BRUBE IR 1€

AL LU I AR B —E HPEH]
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Effects of Mosla chinensis seed oil on sleep, olfactory ability,
and antioxidant indexes in D. melanogaster
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[ Abstract] Objective To investigate the effects of MCSO on physiological behavior and antioxidant index in D.
melanogaster. Methods One-day-old wild type D. melanogaster was divided into control group, 0.25%, 0.5%, 1%,

2% and 4% dose groups, as well as male and female groups. The control group was exposed to the base medium, and each
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dose group was exposed to the MCSO medium added with 0.25%, 0.5%, 1%, 2% and 4% concentrations, respectively.
The optimal dosage concentration and time of administration were investigated by climbing experiment. Then the flies were
divided into control group, model group and MCSO group. The model group was established by depriving the flies of sleep
through repeated nocturnal light stimulation. Period of drug treatment, appetite test, negative geotaxis ability test, stress
test, olfactory memory test, and sleep-wake rhythm detection were used to explore the effects of MCSO on their
physiological behavior. The activities of super oxidase dismutase (SOD) , catalase (CAT), and malondialdehyde (MDA)
were detected by enzyme-linked immunosorbent assay. Results MCSO enhanced the locomotory ability of 30-day-old D.
melanogaster (P < 0.01) , increased the activity of SOD and CAT (P < 0.01), and decreased the concentration of MDA
(P < 0.01). Improve olfactory memory of senile fruit flies. After sleep deprivation, the night sleep time of female
Drosophila model group was reduced (P < 0.05), and that of male Drosophila model group was reduced (P < 0.01).
After feeding MCSO, the night sleep time of female drosophila model group was extended (P < 0.05), and that of male

1183

drosophila model group was extended (P < 0.01). Conclusions MCSO had a certain antioxidant effect, prolonging the

sleep time and improving the olfactory memory of sleep-deprived Drosophila.
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RRVLAEET AR A VLA RV Y
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6 10T 7 4 8 €3 B A i RV B Al
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fatty acid, PUFA) ,PUFA 5 T A= ¥R A= BRE 45 )
WL JrmE  Hd o-BRR ( a-linolenic acid, ALA)
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T3 BREAEAZ I R a AR P AR
AR A AR B | AR M AR | I i )T | 4
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melnogaster ,D. melanogaster) , BEREEEAN, 5
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245 HP-E22158) I F i i2 ( i) AW R AT
FRATHE]
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F% 30 d, A2y 20 B e LRI B R ILR F5 20 d A

AR FRILEEFE 10 d, T4 31 KAk,
1.2.6  MCSO X SEME4T N 35 AE F7 552 1

1. 2.4 AT g 2, A 10 HL IR E 3
ASEATE . EAR AR E 0 . TR SR 21 d F AR R
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1.3 Sit=ESH

BAR - « briE2E (v + 5) R, KA
IBM SPSS 27. 0 #7452 04, P < 0.05
HEit2FE L, i Graph Pad Prism 9.5.1 £ 8,

2 FR

2.1 RERBGREMNGIE

I FH SR8 11 7 b R R AT R TR S 50 | BE S AR 4
M HIZ SR JT . AN [R5 & A MCSO X 2R Cl
SR BRI UL 28 1,0. 5% ) 1k 2H BE 0 $12 v
CI, 2253 B4 W E 1, 0. 5% 297 24 3576 $ v I
PRI CT A HAESE R T A R, 2% 5] it 20 ik

TG 0. 5% v B e SR MR A LU BT R4 =, 4%
I ZE 1) SR AE 1 AN 83% ., AT HE SR HH T
ER R Sl SUR/ IS I RS X4
T2, Kk, 5 d 25 R RS 0. 5% R fEAE R
AL
2.2 MCSO st RigEREMN I
ARG HRAE 22 B, 35 2 9 TR PRl AT 4E 28 B4
WK Ay, AR ALK BRI EE T
1 Al e e SRR MCSO J5, 5% IR AR 1L, 1%
R To i E RS, CHERR TR & BRI X &
YR B2

1 ARFEWHEER MCSO XT SEMEZE R BAIREI (x + 5)

Table 1 Effects of different concentrations of MCSO on the negative geotaxis ability of female D. melanogaster(x + s)

. TENER/ %
n CI . -
45 Survivorship/ %
Groups i i3 W e W e
Female Male Female Male Female Male
FHE4
0. 25% AL 27 25 77.77 + 3.03 92.33 + 1.89 90. 00 83.33
0.25% dose group
%Y
0. 5%l 44 28 29 94.05 + 1. 68" 93.10 + 0. 00 96. 55 96. 67
0.5% dose group
Biilhee
1%l 27 25 71.60 + 1.74 90.67 + 1. 89 90. 00 83.30
1% dose group
o, FI| -4
293 4L 29 25 82.76 + 2.82 97.33 = 1.89 96. 67 86.20
2% dose group
(S| E=4
A% AL 20 25 65.00 = 0.00 90.67 = 1.89 66. 67 83.33
4% dose group
oni¥4
X HRAL 28 28 88.09 + 4.45 90.47 = 1. 69 93.33 93.33

Normal group

T SXHRAAALL,*P < 0.05,
Note. Compared with normal group, *P < 0. 05.

1 MCSO X SRMEEEr e (52 00
Figure 1 Effect of MCSO on food intake of

D. melanogaster

2.3 MCSO X RigZEEaE S a9 3200
Bifi 5 SR AR I A BG S B Bl MR A ) fiE

MBI iR ™ & 2 vl 7
IR MCSO J5, RS eRe 1158 1T e,
W SRR CLHE = 20 38. T7% 1 46. 08% , 5
] MCSO REWS e R M 5 2 R 3B 3liie )1 TR,
F2 MCSO Xt 30 d HMRELCRE S M (x = s,n = 20)
Table 2 Effect of MCSO on the negative geotaxis ability of
30 d D. melanogaster(x + s,n = 20)

iRl HEYE CI HEvE C
Groups Female CI Male CI
23114
=R4 44.44 + 1.92 49.44 + 2.25

Control group
EEEEN

61.67 £2.21™ 72.22 £2.03"

MCSO group

S5z AAAMLL, " P < 0.01, (FE/ZER)
Note. Compared with control group, ™ P < 0.01. ( The same in the

following figures and tables)

2.4 MCSO 33 R #& g5 BE RN
SRS N RE T St 2k S5 AR A O 18 T AR
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ASTEE HS LR R i R Y Oy — >
W, AR SRR ST MCSO X ST N 74 A
SN, G RN 2 B, AE ARt e e

5528 AR L, 25 24 2 R 1 SR i e v A A Pk ] JC 78
b (AR A K 4. 2% 5 76 R IR BT b M
TSR 1) A7 i T S AR

TE : A - MCSO X S AT 13 MEVE SR 0 77 i OS2 5 B MCSO o A 52 03 e SR 088 75 i RS2 L 5 C - MCSO X A 85T 2 98 77 i )

R ;D - MCSO X FASRI T Al P S 008 75 i RO S

B2 MCSO X S 5 A AR R A7 A IR (n = 30)
Note. A. Effect of MCSO on the life span of female D. melangoster after oxidative damage. B. Effect of MCSO on the life span of male D.

melangoster after oxidative damage. C. Effect of MCSO on the lifespan of female D. melangoster under heat stimulation. D. Effect of

MCSO on longevity of male D. melangoster under heat stimulation.

Figure 2 Effects of MCSO on survival time of D. melanogaster after acute oxidative damage

and heat stimulation(n = 30)

2.5 MCSO i 5B 5 i B AR A9 22 11

I8 3 43T AT 2RI, Al RS e A5 75 21 £ I e MR e
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R 3 MCSO X7 H A AMEMEAR I ] U520 (2 5, = 32)
Table 3 Effect of MCSO on sleep time of 7-day-old D. melanogaster(x + s,n = 32)

SE-A47 1 8]/ min
21151 Average time/min
Groups BRI ] EPS NG e WD ]
Total sleep time Daytime sleep time Night sleep time
e 790. 16 + 103.98 267. 83 + 80.52 522.33 £ 51. 11
24 Female
Control group 1
MLfle 1072.9 + 215.53 448.38 + 133.79 624.54 + 103.03
) 3 e 609. 33 + 152. 60 204.17 £ 75. 17 405.16 + 112.57"
R 2 Female
Model group e
lele 946. 67 + 251.91 457.16 + 122.47 488.86 + 155.59 ™
. e 778.60 = 185.91 205.10 + 98. 11 573.50 = 111. 61"
VAL Female
MCSO group i
Mfle 898.78 + 158.91 325.71 + 107.977* 573.05 = 64.57"

T 52 FAALL, © P < 0.05; SEAMLL,"P < 0.05,™P < 0.01,
Note. Compared with control group, * P < 0.05. Compared with model group, *P < 0.05, “P < 0.01.

T A MEPE SR MR AR ST P 5 B AP SR MR I AR S ]
B3 MCSO Xof S B - ok F 75 H A 52 1)
Note. A. Sleep rhythm of female D. melanogaster. B. Seep rhythm of male D. melanogaster.

Figure 3 Effect of MCSO on sleep-wake activity of D. melanogaster

T A PSR R A TG R 0 0 A R A 2 1 5 B o A PSR R PR A T R L A B R fth 2 1

4 PR A JCRERG RO B B2 Il
Note. A. Variation curve of the number of female D. melanogaster entering the barrier-free centrifuge tube. B. Variation of the number of male D.
melanogaster entering the barrier-free centrifuge tube.

Figure 4 D. melanogaster numbers entering the centrifuge tube and eating food
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AR, RS AT b2 24 41 SR SOD I
P TAE AN, Z 5 A BEE(P <0.01) , K
MCSO REGEHE R LB SOD W 1,

5 MCSO X2 SOD i P52
Figure 5 Effect of MCSO on SOD activity

in D. melanogaster
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Bl 6 MCSO Xf5Hs CAT {& HE A
Figure 6 Effect of MCSO on CAT activity in

D. melanogaster
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Figure 7 Effect of MCSO on MDA in D. melanogaster
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Progress in the study of bone metastasis in prostate cancer
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[ Abstract]  Prostate cancer is a prevalent malignant tumor in the male genitourinary system, characterized by a
high propensity for bone metastasis. It is a leading cause of mortality, with approximately 70% of deaths attributed to this
form of metastasis. Mouse models provide a crucial tool in the investigation of prostate cancer bone metastasis, and play a
pivotal role in elucidating the underlying pathophysiological mechanisms and in the development and assessment of
therapeutic agents. In this review, we summarize research progress in the construction method and evaluation strategies
used in establishing prostate cancer bone metastasis mouse models. Notably, this review focuses on the exploration of the
mechanisms responsible for prostate cancer bone metastasis, using mouse models, with the aim of offering insights and
serving as a valuable reference for prostate cancer bone metastasis.
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TN A g SE AT ) T R AR R, R R BT
Gt L HE— D PR T2 1 i 200 e 7% 1) ELRBIL )
R E AL AL, LE 8 BREE A2
AT B HE T 2 115 SIS

B2, BLE 3 oy g N 1 S R AL A H
R IR, 5 A4 AN 1] S 36 5 1Yy, 955 1Y)
TR TT I8, IS Hi S B e # B AL S A AL
ISR 15

3 ETEBHB/NREIFRATIRE
BEEBILE

T 98 B e A% 2 1T 00 s WG 30 L 8 O
i, TE RS I8 B A% 2ok B b | B I 51 it Ja A i
PrE g o et e s [ B R A, s>
5 ] 200 P RS B, B A i i R R 2R ),
TS SR KA ™ I 1 8 GOR B R
FR B A PR ] IR 5 | T 91 9 400 e 1) - 28U B i
s 200 3 3 0 A S 1) 400 L PR 1 R gk — 2B T
SEAHEREE M Z AT [ S AE0G S0 Rl
A S IR Z B A AR i — 2D S 80T Bk
K S IIRERVE A A, AR T2 g e e
AR AL 3T e A% TR 4% T B A
3.1 RANKL ZERISIBREEHB P HER

T30 P s 2 6 3 ok 1 VAP B 2R A B e
T A0 MR i B PR 7 AR R O A 3R A
RANKL ™, RANKL 5 % 5 4 il 1 11 #% 5 7 -<B
ZARGE ALK F (receptor activator of NF-kB, RANK)

WG B AR, S B i 0T A A A R PR e
AR ORI F A B9 RANKL 5 RANK 4545
VAT B IR, O R A0 ) 3 A R A B B
i A

FE—IGRIESE KR8 B AN PC-3 1 5 ) e
P CB17 H B BK & 9% 6t B4 ( server combined
immune-deficiency , SCID ) /N B9 12 B N, MR A&
B, T PC-3 ZE B BR B AE , 1 LAY RANKL
TE 4 B R R 2 90 S a5, IF L RANKL 5 #i o
Jr AR E R AR 22 R kY RANKL DL%%
Rkl SV Sy S M RS b R 4 R VE
M B R T RANKL/RANK 76 -BAH ¢ g v iy
AR, FEUE B T HAE R B 0367 S
w71,
3.2 EMT ZEwIFIREEEBTMNIER

EMT J& I 57 % 14 e e 2 1, 76 2 70 IR R
SER 095 T, iR 40 i AR A5 1] 78 i R A, X AN
ALREAR T L B 20 AR ) ARG B 07, 35 T A Tx 3
JEERSE Y 12 28 fig 1, afF i A aF T PR A0 R HORN %
BV 5 EMT MHCHE A, B PTHeP 3% 25 8 1
(snail ) . ¥ ¥ & B ( vimentin ) . E-85 K5 & B ( E-
cadherin) %8 B A5 ZFh A B D) | 32 2230 A2 2F i
Sk HE Bl g O Y E R, U LR TR B R i
ONGKEKO %'/ #¢ DU145 41 g i # 3% PTHrP ()
1-141 8% 1-173 AP #UET, Snail F1 vimentin %’%ﬁil}%—],
E-cadherin ¥, KX 653 % ik PTHrP A DU145
AR S B AR B B R, S e ™ A IR,
MZEA DU145 41 JL-F AN 238 B B IR, G i
5T 200 PTHeP 1] G 3 EMT 42308 1 51 iR 928 A4
¥, PUTZKE %7 3t F E-cadherin (1) % 15 M
DU145 Zifim & P fig A Y 3 Rl e 10 45 56 DR 41 il &%
S-DUL45 ([ FE i & ) \R-DU145 ( F &) | T-
DU145, -4 B AT 512 SCID /MU v, 45 9
7, R ZR 0 A i AR K e 3 BR T ] 72 BT I AR )
K,

XUEZE LR ] EMT 75 7 81 I8 B B il &
2 XCHBEMVEN, L5 Mg 22 A% )
M, T f# EMT 16575 B 78 T AV G T F
RFTHRYT R A8 s Tl s A R X,
3.3 EIRE R (wingless and Int-1, Wnt) ZE 5] 5 iR
EEEBRMNIER

Wnt J& 25 4 5 L a1, HE
PR 32 2 IE PRSP 1 (dickkopf-1, DKK-1) 1Y
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P, Wnts 25 11 E R G B85 9 1 B & 4 G it
YERPT BEAh, Wats © 9% UFE BB A 4 10 b8 12
VETIIRE , A 45 396 560 200 A 184 2 A ol A g =

DKK-1 j& H A Wnts [ 55 5 P 51 i 57, HALL
S0 ot A A R ARk A DKK-1 3% H g 34k
B AE C4-2B 4 i rh s e i YL 91 BH BT Wt {55
TEPE, SRJE, B SO i i g T G B M CB17 MR
G E BRI /N B IR g v, DAPEAR T8 B A0 A= 1Y
DKK-1 FiE X H R B g, 58 & $ Wt
A B HrS R TR A0 P AL [
B DKK-1 1 Wnt 235 22 [8] ) - 76 11 51 i 98 B
R R R i 7 5L, DR T 4R s B[] b BR A 2k
RV B AE 7 A

%1$ﬁ%§i@§{§iﬁﬁmﬂ1%{$ 2( receplor tyrosine
kinase-like orphan receptor 2, ROR2) E—Fh AR & i
() Wnt Z 1K, 76 B 85238 & A a0 i A0 Fn i
b e S 0 TSENG 2505 PC-3 41 il
BRSBTS R . B & B, ROR2 i@
1Y PIAS3-PI3K-AKT2 {5 5 #li A 20 1 1 5 41
PRI I e B o X B8 R B IR A B Wt £ 11 51 iR
A RS AR ML B AE T8 A
3.4 BB EEHAE. EEHEBEZENEERE
€A

I8 T 5 22 T) A 7 A — o VR A B A A 1
YEFT . Fivses 4 i 0 1% PR 7 RE 8 80 - A G,
20 it U R il A DR R0 40 PR R s R 4 T b
TEANM . BTV TS A B, RIVAE A - R
BEAH EAEF I 8% % s 5 RSkt

JIN 251205 8% [ 7 kB ( nuclear factor kappa-B,
NF-kB) #07% () LNCaP-EE 4 i 4 12 5 N 7 5 3%
) e JC R R AR B ( BALB/ ¢ i #R) B, St
W], i 25 24K ( LNCaP-EV ) B Y4 i LNCaP 4 Y
YENXTIRA . 4550 % B, NF-B #05 9 PCa 4N fE
A TR B A LAY 3 A, 32 T A s 240 e A 1 e A
PE PCa HH A A A7 385 A R 1 VR 4R RS A
TERET

MORRISSEY %530 PC-3 4iiJifd 7 E 4575 SCID /)N
SRR B, 5 30 5 PR 22, B9 AT BAAR ST T i
S AN AL AR Bf S 75t % 1K 3K 6 B 440 i 431 17 40 i
-, 255 R, o 40 i 3R 35 19 1L-6 Re 6% 12 i i
B i B e RS TR A B B L SO, A A A
PR 114 Jmy #4022 38 A B o 200 L 5 i+ 200 o 7 A 4
M 22 ) P9 32 A4 AH B A P, A 20 i 9 e v e 1 4

I B R R G IR
3.5 BRESBHEMETFERMIRESER D
R1EH

FEE BSOS B 5 0 R 40 e o K
3240 L DR, 3 S PR SRy TG A1) R 0 ) A A A
Fein) X AN BS540 M [E] A AH ELAE A
RRERTT R A HE T AR 28 A T I A AR
LR BIIIRE

TGF-B A1 & B & & £ & H it ( bone
morphogenetic protein , BMP ) i J n] #7558 YK 1A 145 i
PR AR A1 A AR STRAIGN 45 fifF 5%
T, LA Ve 40 e A A N 2K T 87 B g
BHERIEREA T SR T AF A BMP 5 TGF-B
F i T ZR 0 BMPs X B AR A SR BH R
IR N B MYC-CaP /) BRURT 5 IR 40 i &R )
FVBN [R]FE RN B, dh 2 7E O 57 9 i F B B
BRI HI  BMP 1 4R, BMP 52 A& /N4y T 5 40 7
DMH1 3697 89/ ERZE A 52 e i g 2B K S 0 T, /I
TR 3 U D, 8 P v ) I L 40 RO 0 S BH T X
BRI FTS I8 T BMP 0 B4R

IGF B i F & A K H T, & IEw a8k
REMINBERT AT, TGF 38 1 0 I 5 25 4k K
F-1 ZAK (insulin-like growth factor-1 receptor, IGF-
1R ) FIAE S i 5 R A2 ORI 1S 0 1 8 | 42 28 R T
2tk IGF 55 W12 E R BIAH O , A B T # RS T 1)
5 PRHIR GERIAY 1 KM1468 & —Fhdi IGF-1/
2 A TS 30 e 200 1) A B R B
ok JEAIHE DY GOYA 25700 AR %) i 98 40 i
(MDA PCa 2b) {5 B AN B AR
W DR/ T E R B 2 B /N BRR Y KM 1468 TETE
SERTZ e AT SR S S 4 A T, AR A
KM 1468 5 3 F01 il 37 15 i Jgd 10 & JE 0 8 42 ST 1 e
AR AR R | X R I LA VT RE SR T IGF Kt
Pk, PG IGF Bl 036 7 0 ) vl BE IR T B RS 4R
He—Fa Rk,

FL T 4R M A7 A= IRl F--1 ( stromal cellderived factor-
1, SDF-1) J2&— 7 iy - 56 25 o 441 B 0 b ) & A TR 1
TEHT S AR 1 55 R L ZUh i k™ SUN 281904
SRS VERTS AR PC-3 41 M T 5 21 JC M B 2 /N B
250 25 v R B R RS ALY WLSR 3] SDF-1 3Z 1K
CXCR4 (BRI T PC-3 i S 158, LU K JE B
WEEH (1Y) SDF-1 HRTER S > T PC3 HFH , #
A BELWT CXCR4 A 1 i o) 13- e iy 90 B8 10 2
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R, ¥ PC-3 4 2ot 1% P9 v S 20 2 B4 P BEL I
SDF-1 & CXCR4 n] fiiifil PC-3 175 A= Iied 18 A& e
BUAN W IE  I B AL 08 10 & SRS T SDF-1 A4
‘{;/(O

4 RHEERE

HIA e i) ik e e — NI e 18 Z Z R R
M, ST — S RES R B e A A8 i kR
RS 1 R I R /)N BRUSE AL, F T R A B HL A A=
PL EERE L TR 12 Wy 25 W) 0T R AR T BAT
R S, MREDEST BAR, PEERE A 0 /) B AL 2
RHEE SR, BUA 15 IR 5 B e B8 /)N BB 2 1
FEAEAN R, AT LAGE A L SR R 5 TR A7 350k
4.1 GIFIFTRIEEE R ILAE R R R 1%

S TP e 200 i 9% B AR AR AR 3 3 A A Y
Ok B -1 ASE AU i I8 PN PR AN [ 200 R AR 22 1) £ FH B
YERE, AT AT DL 9 4 14 4 7 5 e B2 i Bl . LE
¥k NG b 98 S Fh R AT AL A ( patient-derived
tumor xenograft model , PDX) , %45 7Y & 1% B 47 b {1
B Dy e 8 R AR A AR T T I R Y O A9 A
RYLOT  FERSR b 2 FR O OR BT R R s A0
Tl L A o 4 i R 4 A R B A RO
755 e 968 200 %) AH B AR TN B e R A R
LA, oK R 25 48 B (patient-derived organoids,
PDO) s BEGEASALL L A Fifr e 114 T 00 45 4 701 200 i 5 o
PR, AT LR 00 50 I g o 455 v 1 40 i 1) A B A
o 5350, TSR b Jed 240 it 3R B 4% A A [R]R 4
i, AT LAZE G 55 221 v 388 40 3%, S e A 4L e
NSRS Bk, R SEmE BTN B AT DL
VR M ASTADU R 119 S B, DT B %ol JH e T 91 AR
BRI A Y R RIS YT 7 i OF
FERZIIT R
4.2 ZEERAATEXRBWEZIELIETREBE
BHE M

HY TR 9 B i e A% S A 1 S e R — AR A
TCEA R R A A it e ) ML, 5 2 22 R AR Y Y
LRGN GRS MATAY 3D B IR RIS 57
RRAL A P g A B RS ABL RSB RT PDX A (1 25 5 1
FH, FT AT 4 T AR A0 R 91 98 1 7 7% 1 5 2 1k
M b IR R SNSRI Bl MR I S A R, AT LA
B8RS IR A0 B B TR B R TR AR ELAE ] i
SRR 0 S AT 3 I LA R e T8 440 R 24 0 Y
TRF 25155, T B T D 537 J2 T S S e L i e 98

R
4.3 HENFEEEABREEBEBHNAE

HE 7 F s AR R, WG AR B 1%, Micro-CT
2B AR AT A ROTAG T R g B e 7
W RAER R, X R BRI AR 4R A M 058 M
Y AE AR P 1 B 25 A8 Ak, A3 R 0 KN A7 DA
FORTA B T B, RE 98 A5 Bk 97 3 S it
i g7 %, W™ F-NaF PET-CT, ] 52 W 0 i e
HAE R FNFE RS | 75 B i 7% ro s il v 2% B0 s v Y
TR | DT SRS B L PR A IR T RsR

BRAE T 5] B T e A A5 R 5 28 T o A
RV R A2 B B e B ) el R, AT LA Sy 9 3 g 3L
R FE YT BE AL BT L fA vk, ARAE Bl A LA
T AR AN Wi 56 2 RN, ARk B/ B 25 5 N
P AF L2 A v, T LA B o i o) 36 i 47)
B R AL, DT AT B A S R iR
I7 A, I T2 B R I AR AR SN A TR T
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[ Abstract)

leads to excitation and conduction dysfunction of the sinoatrial node,

Sick sinus syndrome (SSS) refers to damage to the sinoatrial node and its surrounding tissues, which

A better

Resultsing in arrhythmia diseases.

understanding of the pathogenesis of SSS is required to provide a basis for its treatment, including establishing an animal

model that can simulate human sinus node dysfunction. In this paper, we review the animal selection, the principles and

method of modeling, and the evaluation method and detection indicators of the models, to provide a basis for further studies

of the pathogenesis of SSS.
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Wik e, AT H SAN B2 SSS A —A
B 2 WA A 3 55 15 4K ( frailty index,
FI) SRR R AR /N R T ik, &3 F1 284k 5
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F 1 SSS IR EAL T VR S bR v

Table 1 SSS animal model establishment methods and evaluation indicators

RN S
Modeling object

BRIk

Modeling method

FH

Performance

SIPN
SD rats '

B 1
Zebrafish"®!

ER S

Experimental rabbits/ >

SD kﬁ[}ﬁ]
SD rats!¢

C57BL/6 /MR
C57BL/6 mice ™

CSTBL/6 /N LS
C57BL/6 male mice!>

ERS =4

Natural aging

HAREE

Natural aging

40% T IE
40% formaldehyde

wet compress method

SR PR bR
10% sodium hydroxide was
administered intravenously

D-2f 2L E T T4 200 mg/ (kg-d)

Frgk 8 J4

D-galactose was administered
subcutaneously at 200 mg/ (kg-d)

for 8 weeks

KT B E RS AT KR 1
3 mg/(kg-d) , #4228 d
Angiotensin Il 3 mg/(kg-d) was
administered by subcutaneous
microosmotic pump for 28 days

1. JREERBN SAN L4 ik 2 ;

2. Ytk EN A KA F-B( transforming growth factor-B, TGF-B) | o
AE o Fool 3(sterile alpha motif domain containing 3 ,Samd3) | a-"F- 5 L
WLzh#E 1 (alpha-smooth muscle actin, a-SMA ) ik K F-FH 5 ;

3. A & (malondialdehyde , MDA ) /KT B& , R A AL W fL i ( super oxide
dismutase, SOD)  #* Bt H Bk ( glutathione , r-glutamyl cysteingl + glycine , GSH)
KT

1. Pathological manifestations were SAN fibrosis;

2. Increased expression of fibrosis proteins TGF-, Samd3 and a-SMA ;

3. MDA levels decreased and SOD and GSH levels increased

1. PP [H]F@#EIT 1.5 s, 8K AY.L R (heart rate, HR) , #H4E 1F & .0 3 JE ) 22
HRIH T (root mean square of successive differences, RMSSD) bl ,QRS/
P ILIEIN, P R RIS

2. BUUHE G 5 2 A 3 BT Eh ) HR BN B] 1E 8 B 5 (KT

3. B NED AR

1. PP interval of more than 1.5 s, lower HR, increased RMSSD, increased
QRS/P ratio, and decreased P-wave amplitude;

2. Atropine administration did not increase the HR of aged zebrafish to the
level of normal zebrafish

3. Mild cardiac dysfunction

LD EBHEAR, T I 30%;

2. SAN J B ULET AL Th 7

3. iﬁi’i]fiﬁﬂﬂ](%mus node recovery time,SNRT) | 15 1F 52 5 45 % 52 i
[] ( correct sinus node recovery time, SNRTc) %2 5 15 5 i [f] ( sinoatrial
conduction time ,SACT) [~ F;

4. HCN4 Fik T

1. HR gradually decreased by 30% ;

2. SAN pathology showed fibrotic changes;

3. SNRT, SNRTc and SACT increased;

4. Decreased HCN4 expression

1. HR I 30% K L
2. SAN Jpg L UL AN el b, S5 MO RER , T0] BT 4 UG 2R T A 258 L, I
IKAF
3 SAN ZH41 HCN4 15 T

. HR decreased by 30% or more;
2. Pathology of SAN showed that the cells decreased, the structure was fuzzy,
the interstitial tissue proliferated, and there was vacuolization, and the collagen
level increased;
3. Decreased HCN4 protein expression in SAN tissue

L ATBREE KSR HE 0B R IO A B 7 , A 3
2. HR B RARTIE#H /M
3. AEH 535 (left ventricular ejection fraction LVEF) 02 R 4R
# (left ventricular fraction shortening, LVFS) | Ifi. 7 BNP DL B i Il 75 &
TR
. SAN FLC WLEH 255 38 0] W A B8R BT, - itk TH
. SAN 1 HCN4 KK P Tl ROS /K F- i
. Slow movement, listless spirit, dull back hair and loss, weight gain;
. HR was significantly lower than that of normal mice;
. LVEF, LVFS, serum BNP and cerebral blood volume decreased;
. Increased collagen volume fraction and fibrosis were observed in sinoatrial

Eal S TR

node and myocardial tissue pathology
5. HCN4 expression level in SAN, clcvated ROS in SAN

. HR B, 28 d J5 HR BORHI/MR HR 18K T 30%
/NS RTIITER R A7 3l AR B T S S R IR EB T e

ﬁ‘ﬁk/\ﬁ,*&”‘*ﬁﬁj\d\ﬁ S BT AR Bl e B
1. HR gradually decreased, and after 28 days the heart rate decreased by more
than 30% compared with the preoperative heart rate of the mice
2. Spirit of the mice gradually droop, poor action, dry and erect fur easy to fall
off, weight loss, poor appetite, a small number of mice also showed low
breathing performance
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&gx1

TR 4
Modeling object

Rk
Modeling method

FH

Performance

SD j(El;J“[:;G]

SD rats' !

(3 S NENEE
Healthy big-eared
white rabbits[

AR R

Adult dogs[m

B
Zebrafish"®!

B a7
Zebrafish'”!

AN B R ) H
Mice ( strain was not

mentioned ) [49-50]

ANBLCREE R R T
Mice ( strain was not

mentioned ) (18]

e L P T 7

Ischemia-reperfusion

SFPARIN RV
Radiofrequency
ablation method

AT

Stimulating the vagus nerve

SCN5A 5875
SCN5A mutation

ABCC9 w5k
Knockout of ABCC9

HCN4 5375
HCN4 mutation
HCN1 BB
Knockout of HCN1

KLOTHO il
Knockout of KLOTHO

1. HR T 30% %L

2. SAN Jpg L UL AR Mol /b, 45 KBRS | 18] B4 U8 £E | 0T AT 2508 i, MG D
TR

3. SAN Z141 HCN4 KA T %

1. HR decreased by 30% or more;

2. Pathology of SAN showed that the cells decreased, the structure was fuzzy,
the interstitial tissue proliferated, and there was vacuolization, and the collagen
level increased ;

3. Decreased HCN4 protein expression in SAN tissue

1. HR FF%50% ~ 60%;

2. SNRT W 3E &, B HIRTF 110 ms

1. HR decreased by 50% ~ 60% ;

2. SNRT was significantly prolonged, and the time was more than 110 ms
YN | SR SR

HR slowed, and sinus arrest occurred

L. PP [ 1.5 s, BAKAY HR, RMSSD M1, P PR s o> ;

2. BUUHE S 45 24 R A 3 L B E A % HR 303 1E 5 B 5 i K7

1. PP interval of more than 1. 5 seconds, lower HR, RMSSD increase, and P-
wave amplitude decrease;

2. Atropine administration did not increase the HR of aged zebrafish to the
level of normal zebrafish

1. BEDhfa HR B3 FEK;

2. BECh O A AT IROR 0 A B R AR 0 5 A U 3 R AR, 5
1K ST e =1

1. Zebrafish HR was significantly reduced;

2. Cardiac output, end-diastolic ventricular volume and end-systolic ventricular
volume of zebrafish were significantly decreased, and the ejection fraction was
significantly increased

1. HR [ 32 P 45 K2 IR (] S 1, HR A8 S P

2. SAN IR IV LF AL B

1. Decreased HR, prolonged sinus node recovery time, and increased HR
variability ;

2. SAN pathology showed obvious fibrosis

RR [HJ#IZEK  HR TR#

RR interval was prolonged and the heart HR

4 BESHR

TR A 201 AN [R) IR 8 4% 1 ] REAT 76 BRI 22
S, SRR T E R R AL,

g5 1, 3 A BRI PRORE R 0 5 W PR & 9 L
il , TR [ P AMIE ST M BEAE AT ST T
BAEAE ARIFLEL SSS SR . FE
5 AR LT gk IR R DA SR AR B
I E FE Tk L IR AR, B2 Ry
BT SSS HLHIBGE JRYT LA YT & HE
Bl SSS WY MFFT k2, {H SSS 1 BT IR A7 AE LL T 1)
B (1) 3= G — B BEPE A bl . H T SSS 4
RRHY ST T ) b o B AR Ge T O iR T A
TP, BR B0 5 VE 48 br . — |, AU 50 R
Ak, (2) N SSS kR EZHHE 4, ZHEK
HAE SR FHBA AR T 25, B T8 SSS A
B 2 LA S IBR A PE AT AT vt A Rk — 2 BT
(3) NRIE B IEEAF LR A Fsh P Fp g

H T SSS KRt 4 H 24, L AE B
A T AR B 5 15 DL A T e 85, IR T 0 R %
i SAN TUfRESRAL, T LA gk 42 e o PR T i 259 /R
AERAAIR O AR 27 PR B TR E S AW
TG, T DA BR[N] 58 AR B R 5 7 SR A 50 o 2 TR
SSS, WIAT DLk $E D-Gal 175 F58 M H SR Z 13
O R . DR ARl F 9 e AR AT R
PIRERITE E U E S, Bl AR R W I i AR
NZAESE T BN W R IR LT, 25/ Z N R I8, 1
GG MEAE T Ik b AR A I N A AT R A 1
BOTESESE, L TG R IR A FERY SSS SR Al
PRI A e 75 B2 B T EE AL SSS 11 & 9 ML R At
i, P 22 35 R R Al PR 38 AR, BG40 SSS 1Y
Bii iAo S LA
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Progress in the study of animal models of dwarfism
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[ Abstract]  Dwarfism is a globally rare growth disorder, usually caused by genetics or disease, with the most
prominent phenotype being short stature. Animal models are important tools for studying its pathogenesis, prevention, and
treatment options, and identifying potential therapeutic targets and biomarkers. The development of genetic engineering
technology has greatly promoted the application of gene-edited animal models in the study of dwarfism. In this review, we
summarize and discuss the existing animal models of dwarfism in terms of their theoretical basis, model characteristics, and
research applications. This offers a reference for researchers and clinicians aiming to better conduct research on the
pathogenesis and prevention of dwarfism.
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GTP & 1 RHEB J& mTORCI fYF EAH ) fik
INEER S AN T Rheb PR, /INER 2> S0 H S R {76
PRAGIE, B ERAE K E A2 A B b
FABT . Rheb KO /NPT VE R 8F 58 #0175 IR F bl
Tl SR
2.2.3 Nell-1 /MR

P PR R A K R 48 F-1 (neural
epidermal growth factor-like 1, Nell-1) J&—F 815 5
A, EUERA AT LR AT B e Nell-1 %€
TEHBERE A R RGEE KR,
Langer-Saldino MEEBAE Kiest FEAR | 1
Stickler ZEA1EFI Strudwick BV EFHEEH R AT AR A
el QU A S 1 BFSE Nell-1 E£3K Col2al 1
Y Z2 P AR S R SR R Nell-1 7R3 INH 1k
I . Nell-1 4l 5 5728 B0 £ JLAE T, L
PR T — P AL B M 1Y Nell-1 28 78 {45 B | Nell-
18 NS, R 1 A A3 A
Nell-1 &3 S B R At i E B AR, Nell-1
/N AT TSR CE KB IR AL RS
2.2.4 Shox2 KO /MR,

AL NS0 e 4R XY % /D [R] IR & 4k A
(short stature homeobox gene , Shox ) 7E B & & & 1]
AR TR IR Hh R o, TR T U — 25
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(i) P9 [ 52 5 200 L DA B A 3 A B0 I i A 7 b iy
HERARE T PR A R Shox FEHIE
PR AR R B A R as R G R AR 4
T3 Leri-Weill KRB AF AR, 4i GRS H
HIPRAFRAE , AR A Langer B & H A B SHOX2
J& SHOX WA A& H , A 5 SHOX 83% 1 [R]
PEFAR ] 5 W] PR 25 A0 35, RS 7 2R Wk Akt A v
FRT Shox FEH HAEEA T Shox2 FEH, Shox2 KO
/N EREE SR A A3 f R o BB R ™ E IR 2%, 3%
U5 Shox F R BRI R AR L ,JTLL Shox2
KO /N ATV AT Shox BLPRITNBENY B If A

3 HittEEmENYEE

3.1 HMGA fRZ 3%

LK% A B H (high mobility group protein ,
HMGA) 2&/NYARHE F A, 5 R R A4 A=
Vel R VF 2 07 A K, A4 HMGAL Al
HMGA2, A LI45 & DNA JFBUs g 6 FOIR 2 58 it
P53 DNA QAR5 5%, 2 5 R
P ROk, TE R G A A 1 ) K R 5k H
FERAR AL AL U R Hmgal/Hmga2-KO /)y
BRI < BRI 2 S /N Hmga2 35
R T PR 2 B A A A R | Sk R A
S, AR/ N U ER 24 TE R IR Y 409 . Hmga2
KO J 1 P B A 58 1F PR B/ 35% ~ 85%
CARNEIRO %5 & BURME R A Hmga2 (s 12. 1
kb 65, Hmga FE [N 9 58 5l ) al 2 B 58 4 3 ) B
HMGA RYIIREIR S,

3.2 Syndecan-4 KO /iR

Z AR 25 11 R -4 ( syndecan-4, SDC4 ) B # 4R
TSN BT 2655 | 78 BULAR L F0 540 R 6 LA
JEL PRl e B 2Rk, R R B R EE AR R R 1R DY
Syndecan-4 KO /N3 PR A5 22 284, IR dE i i, UL
PAVEE D LA 2 40 S ok A LA AR K 221,
IWLET AR A e AR/, WLIRPE I 0 5 S PR 7~ i 3Rk
Y/, Syndecan-4 KO /NEURTE R 858 WLIA 434k
PR AR,

3.3 SMC5 “'del /NERFA SMC5 KO Bi 5 &

Yu i AR 28 4 4k 35 57 Ji% (structural maintenance of
chromosome , SMC ) HH 1] SMC5 28 4% & #f i1k B n] 52k
JL R DR ARG A 1 IBR 5 SR AIRHT BB IR . SMC5 KO B
Lh A fRAY I 25 4 /0, R TR R /D BRI iR Bt
PE,SMC5 K515 371 o7 28 e iR Bk 2% 52 B0k i

SMCS5"™" del 7] AR5 2 A 38 B BE /N RIS
BRI Z AN SMCS /N BRASERLAT S A 1 R
FRACRDE R A s DL A BIF TR
3.4 Spred” INR

B A EVHI 45 500 2% 8 11 A DG 1 (sprouty
related EVH1 domain , Spred ) J& K 171 [] 5 17 D\ & 2 iR
%) Ras-MAPK 38 #% 0015 51 5, B Spred %
PRIt e 25 T 04Ty i) AR A AN 2 Fh HoA R B £,
5 1A I 95 XU 3 s Spred”” /WA B F T fi#
SPRED IR DIRE , 1 TIRY7 B Ras {5533 B
T ERAE 25 EAY RAS (55 18 B AH G LR B AR FVAE
3.5 BubR1"M™P B

A 2257 54K A s 2 AR/ 7 AR B (mitotic
checkpoint serine/threonine kinase B, BubR1) 5 5 4t
ORI ES il 5 5 Y7 ER AR A ST RE 1Y A
BubR1"71%" /I B 2 L 43 dix 2L S A 4K 25 5 1R 47
Tk, A0 35 o hE 2y S A 2% b IR R Y 451 A L
PRATS NEWTE IR AN B UL PR 98 i AL IR 7 3% it 52
FEAR' . BubR1 /NI KN BubR 1 728 Ak e
Xy 52 2 14 g B i AR i ) AL DL
3.6 Runx2 KO /MR

B /INFH B S L7 2 (runt-related transcription
factor 2, Runx2 ) 42 B¥ B 4 ffd e 5 PR % s N -,
DNA Z5H I 50855 W T B IE IR 3R AR, 5
SRR & LA A, RGeS AR A R
WA 12 e It 25 il B 6 PR ) 2 3, o T 4 i 1)
L AR 1) 53 R AN s A i A o3 A i
R A A ST Runx2 KO /N REEBLIRAT
TR AONESE Runx2 758 [FLR B B B T fig 2
2%,

4 SHEHFRE

ARSCRT R A A AH O 1 — L8 B Yy A R A T A 9
MG WL 1 IRIERE S 0 UK A 3R AU R B A K
RELZAE BB B AT LR R B R4 0 45
Ao BFSEE PTAR SR A 98 T ) AN (W] A sh A A A
L B PR AT R AR TR 3 9 an FROFNRE & B L8,
PRI AR IR B 2 0 B W 1 P 5 R 10 R 4 LA
AT LAEHE Ames /N Snell /MRS BTG RAFFY
MR 45 GHR KO %%, (IR TR sh ¥y, Horb s
R FE R e 3k DA KA 56 B AR a4 48 e AR, vl LAE 5% 3
s 3k R FE AR AT A s ik R b B VE I PIL A, B,
SRR EARE R 5 0 S A5 Y n] s A4 A AR
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Table 1 Summary of animal models of dwarfism

EIE R RASHE S TIfiE A
Animals Mutant genes Gene function Phenotypes
pit-1 (BLFR el 6 A B AE LR e A s LA 2
26t 4o e [8-10]
Snell AR P e .
Snell dwarf mic Pit-1 (now Dwarf; increased life span; delayed aging; low
net dwart mice known as morbidity ; low body temperature ;
Poulfl) reduced fertility'sfm]
G T AR S e A SR PR 1 N e
Encodes a pituitary-specific transcription factor ﬁTﬁ%,ﬁﬁﬁK,ﬁ?ﬁﬁ%.ﬁkﬁ?,ﬁﬁi(ﬁ,i
2 [11-13]
Ames Pff 1 L 1 R | |
Ames dwarf mic Prop-1 Pygmies; increased longevity; delayed aging; low
fmes cwart mmice morbidity ; low body temperature ;
decreased ff:rlilityL 11-13]
GHR Bl /B MR R A R G 5 FFATAE K 24 7 g AR 0
o GHR Postnatal ~ growth  retardation; increased life
GHR KO mice e [20-25]
T GHR expectancy ; reduced fertility
GHR % - Encodes the GHR ULKEE%‘E;Hgﬂﬁd\[ZI'Z&MJ
GHR KO pig ’ Slow growth rate ;small size 220731
GHRH i/ il CHry VAT GH AR TRA s A R 2
GHRH KO mice Regulates GH secretion pattern Dwarf; growth retardation 3234
i /RO gy EEK B AR
Fgfr3 mouse model 8 Regulates bone growth Chondrodysplasia[%_”]
i3 4 mTORCL IS 5 AN I 5E 5
ey ;D § S, 3 - —. 1
Rheb #: i fe T . R R AT
Rheb KO mi Rheb Involved in the regulation of cell proliferation, T - [36.40-42]
¢ fmice differentiation, and apoptosis through the regulation Chondrodysplasia with osteoporosis
of mTORC1
NeLIOUNRL IR e B F AR )
Nell-1¢ 21 mice ¢ Regulates bone formation Dwarf; stunted 4374
Shox2 /ML P HCE I Pt s ol AR R )
. Sh0X2 . g . [46-48]
Shox2 KO mice Regulates cartilage formation Dwarf; chondrodysplasia
Hmgal/Hmga2 Hmgal :ZSIRNG & E s 5% 4L 7 Ak 40 B U4
UER /N Hmgal /Hmga2 1 RIS EA 19 QML 7 IR
Hmgal/Hmga2 double Hmga2 . 8U% N T, il it PI3K/AKT/mTOR NF-kB  Superpygmy!’')
knock-out mice S 3 e S R (s N (Tl M A LB 2
Hmgal ; involved in basic cellular processes such as
Hmga2 Fl5 /N embryonic  development, tumor transformation, {4 % ; B4
Hmga2 KO mice Hmga2 differentiation, apoptosis, and cell metabolism; Weight loss; head shortening [52]
N Hmga2: carcinogen, activates signaling and e (53]
Hmga2 E&F’%% Hmga2 promotes  epithelial-to-mesenchymal ~ transition LRGN o
Hmga2 KO pig through pathways such as PI3K/AKT/mTOR, NF- Attenuate >’
KB, et e A TSR LA T LT 4 B A L
BN s WL S TR 7 0 2 s i 1573
Syndecan-4 R/ R Syndecan-4 Z5A 01k Dwarf; weight loss; reduced muscle weight; smaller
Syndecan-4 KO mice yndecan Involved in muscle differentiation muscle fiber cross-sectional area; and reduced
expression of myogenic regulatory
transcription factors [55-56]
skl TEGL ARG RN Sy il AR TE 2% By b/ N R 2 1 R
SMC5 del /MR i i X
SMCSS™! gl mice SMC5 Plays an important role in chromosome structure and ~ Poor survival ; short stature and
i dynamics glucose intolerance "}
PH T N T R VLG 31 Ras-MAPK 3 % 19 5 5
Spred R/ B Spred o A 1A e

Spred KO mice

Regulation of signaling from tyrosine kinases to the
Ras-MAPK pathway

Behavioral problems; dwarfism"**!
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Zx1
Ik R RASFEN FEN g A
Animals Mutant genes Gene function Phenotypes

BubR1%/1902 |\
BubR1#H0% hice

BubR1

Z S5Y ORI B A 207 B A LA

Involved in chromosome segregation, mitotic

checkpoint genes

T 290 ) S 0 R 1) A B A R 4
BRI R SRR B B S K T

RS VR AT s BB B 3RS R 5 UL P DA i o
7 AT B P {506
Short life span; dwarfism; lipodystrophy ; sarcopenia

. 59-60
and low cardiac stress tolerance! !

ﬁi{%"ﬁl—(xz]

Runx2 #gBR/N R
Runx2 KO mice

Runx2 Critical  transcription

differentiation of stem cells

factors

the
to osteoblasts

directed  Dwarfism! ¢ 62!

and

osteogenic differentiation of immature osteoblasts

JE39,

N B G TFEAHSCHERE DT e it B 22 n] SE i die

FLIH TR S A H A T T A L
HIBTFE KT 036 97 07 1k T R AT 25 R 25
Gtk . ARXT TSR Sh I SN T R sh Yy fig
SRS B AT S0 O JE DR P i A R vh B 1
TSR 22 1) 5 [N 24 46 3l 00 i 1L P 30 2R B0 BT ¥
WHFErh, TEShYIR Y A A b 8545 I RAEAS HEA T

o,

A B — B R R IR AE I S L, IR

KA T 2 B 53 ) DR A S A B i e 7, M B
FT NFERMAEDTIT , LB R R A0 A ST 2
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[ Abstract )

Maternal separation is a kind of social deprivation in early life that has been shown to impede the

learning and memory abilities of rodents ( mainly rats or mice) in adulthood. Animal models of mother-infant separation are

commonly used to study the manifestations and mechanisms of learning and memory impairment. In this paper, an animal

model of maternal-infant separation and related mechanisms of maternal-infant separation that affect offspring’ s learning and

memory are reviewed to provide a basis for subsequent research on maternal-infant separation.

[ Keywords)

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

Bl A — IR IBOR (9 4 IO, = 8% 42 77 4 L 451 A
XTHEAN , WU G IFE B 5 fE 28 7 A L ) b T e
T s e A L B BT, mfe A LR AR £
e or RS A8 JLEERE WS 5799 55 ( neonatal intensive
care center, NICU ) #1795 18 W88 SR 97, W oy K4

[E£TH ] WA R TEARHE 55 H (2020YFSY0032)

maternal separation; learning and memory; animal model

R/} B (maternal separation, MS) '™ MS J&35 Kt
WiFL AT A2 J5 1 ~ 21 d(postnatal day 1 ~ 21,
PND 1 ~ 21) W4Egh MR S B R 0 JF | Rk A i
BB WA ARz — SRR, MS &%
BORMZ el s, St 2k F , BT

Funded by Major Science and Technology Special Project of Sichuan Provincial Science and Technology Department(2020YFSY0032).
[MEBE A 1200, 20, FE BRI LA FT A  BIFST 7 ) - I PR AP B2 B A SR B, Email: 1009207560@ qq. com
[BEEE 1 IMNSHE, Lo Wi, AR, B0, AR S0, DF8 0 1l I R4 B2 JE RN S5 /0 3 . Email : shy2002@ swmu. edu. cn



1216 P E SIS SRR 2024 4E 9 A5 32 %55 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

ICICRES FREN  EARESE, MS A 2T
REJT B S E N 45 A, (R A BL AT R T
o R TREAE RG], MS 52 m 5 2T e A2 i B
FERMREELUSY N T, A SCEEE SRS MS i)
BRI K MS S 127 2T ICAZ YR AL AT 5
1783k BN R ek AT MS BT 727 > e 1e 4t
D3 EAR T SR A AR

1 BESEINYEE

1.1 BERHEIHYERIETIR

MS 7€ 525 AR B ER A IR g, (H2 MS
SRR (14 K 5 0k R RO/ LA
22335 (early social deprivation, ESD) J& 48 78 A= fiy &
R TR A T k2 A ot Bk s
T H S B SR KRR, FE AR 1) A B B
TR AMELAH 2, S8R MK AR OC R Ok R Z LI — Fh
WA, FHAF 701 (early handling, EH) 1 MS & 5.
Wik F PR X, EH 245K PND 1 ~ 21
(F B S5 BFBR4FE 3 ~ 15 min; I MS 24811 m %
AT I Ay 8 B 1 ~ 24 W' EH 43
) LT LA SRS T 5 7 B B 0 B ]
NTTAN 38 ™ B ) 2330 25 5 A S, MIS 3 125 s [] 48
K, PR R P A R ZE ) MS AL — Ff
iRt SRR R 2 HATHRSE MS 5l R R FH 1T
R BT sh il —
1.2 BESBHYRBHE
1.2.1 SEE RS

MS B4R R a] 3E F CS7BL/6 /N SD KB,
Wistar K EUAFMENAFFEXT G2, SRl P 31 DR 2 06 52
B 55 F 5w, BF9E & £ ik BUME AR b BIF 5
POE EE
1.2.2 4reSital

/NEU A Y HAE 3 PND 0, 8BS T BLAG 40
BRI , 7= A i3 o i 22 57, R 2 1F582%
HVEHEAE PND 2 ~ 14 3 PND 2 ~ 21 #47 MS'" |
MS B[] 5 17 98 A1 B o ) & A o 2, F BRUFE AR BF
BEARASTN AR5 04 2 JA R R T 7 SRS B A
BTN L, T R R ST B R AR B
AE 1 T RE SIS MS fs2
1.2.3 JyEiiR

MS L5 Bk 4y B P B2 42 o s . R 2 8t
FORMESEE 8, FREBRSERET L ~ 2
WHE HERHBRSE, MRARAKREZSE

PND 9 ¥+ B S5 8F RabAT K iR A 432
1.2.4 Sy +pSmt(a]

KBRS FHMS xx” F0 55 7R 43 B FpLL it
6], o A0 LAl Ry BT I 3 B 1) RS TR
BB 28R BN MS 180 . MS 360, 2% 41 BA
PEPE MS 60 \MS 240 \MS 480, 1 K43 55— A8 3t
360 min' "', TEFLIR GBS LI, B OTH 2k R
23 24 h( 1440 min) , 2% XA E oD Sl
4y B AR A 225440 , D/ Bt sl R A1
1.2.5 XfHa4H

LRI IE B ST IR 2k B AN HEAT MS, ER 5
PIBN 233t i #6417 EH SR AR S X B B EAT MS 3 ~
15 min""® 33 Ak BT O 3T S B, R A B A B S
WhEh  BRS G RBA S —ZIAE

2 BESEIMERNZEIEIZITA
R
2.1 Morris Kk E

Morris 7K 2K B 2 H 9 5] #f 228127 5 Morris T 20
22 80 4FARIF & B BUAKGR B & PRAh 2% 2T iE 42 1
22 gL ) g A SRR R ALK B3R B
JECT- 15 1R [B] 55 30 DK B0 >R P A 2 2 i g
WFFE R , MS F BRUAE 7K 24 B v 3% 30 A 30k ok v K 10
BEINPA K ZE 8O- 5 B0 $ R 28 gL e ) a2
B A IR, R MS 3R] LA i T
FRASIN AT S 22 [MCAZ 8 11, 3X 0] 58 5 40 8 14 A ) 2
F KR 2RI ) 22 HE A 5
2.2 YEE

Y A E R T S A SRR R AT O AT
D 2 i A & 388 AT ol Il s i
gz ROACRE 41, H R BRI A Z i sh 3t T
BB R R M R A, 5250 10 78 h 321 3 Wy R I e 4
TEZH 7 T AR B A 2 Wi S5 59 5 1, ml A
R s Ric i eE Sy, ARG B, FIR&
MS JGHE Y 288 330 38 B B AT, 4w 2
2eML g 12 Y i ZHANG 257 R, BAR
MS(PND 1 ~ 21,3 h/d) t B B F&A% T SD K LAY B
RASEUE,H MS(PND 1 ~ 21,15 min/d) %I
AT HEFE R R 43 5 B ) AT RE R 5 e R RS )l
TCRESI RN R 2 —
2.3 iR BRI

AR TR S 36 S — Bl AR 22 5 M I e AL
SEEGAREAY | S R KRR N B ) T SR



P E SIS 2R AR 2024 4E 9 A 32 %5 9 ] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1217

YR i, T S 0 B BRI R 5 5 R A Wik
AR 22 K SR 3 T 3l 4 9812 B 711 FADAEIL-
KENARSARY %5 5 K B, 5 % FRZH A HE, MS 21
KA 2T 10 A2 8 1 78 8 0 AR U0 I3 b 4 A
FRETC R E S PR e R Z W, Ti—
RGP i, MS AR R /N BRUTE BT 4 4L
S R S TR TN VA3 17
2.4 BEE®RERE

& B K B ( Barnes maze, BM) & — AL T 5
b B4 K7 2K By Y I LB TR 5T A K 18T
T IC Sk B R B H AR FE A B[] K iR A 73l B IR
BOH T VEAG 0k 15 3h 8 09 23 18] 2 S 3842 BE 10,
CORDIER %" #f 53 & PR, 7F T4 18 37 o 5 I3
MS KRR H bR A A0 B a] e X BRZH K 378 MS
K FRAEZS (8] 2 > FNCAZ 7 AT FE B

3 BESEHINESCIZH AT RENLH

3.1 RRHEMER
3011 RFERRISH 218 T

AR R ( glutamic acid, Glu) Fl y-2 5E T R (-
aminobutyric acid, GABA ) f& X 28 R 45 b 2 A9
DL PR P o 22366 BT, %o A R A %y 410
B A EE VA A G ] 9 5 4 ] O A 2 X
SO RE P A B Y Glu & K
TR R R IERR, —E YL Glu ZKF- T X IE
AR BRIy a = IS L IR G o BT VAR S B i
Mo MR, BB Glu K2 X 2 23242 7 A il
YEH, T GABA AT LA Glu MVEHT, 5 Glu JL[F 4k
R 1 2% A5 -4 7 B RS AR R,
PND 1 ~ 21 285 MS AR HEPE R Bl > e 12 Ak
TR, T e 5 S A R K FEAR L B GABA 7K
I A
3.1.2 AR

PRSP 25 338 T T EEL G £ EL I ((dopamine,
DA) 5-¥ (A} (5-hydroxy tryptamine,5-HT) 5%, DA
J 2 53T T 55 2T AR AL R A VDA O B R X 8
(ORI NN = R /N N R N Sl ]
Z e D1 32 4 32 2471 5T ICAZ I AR L, W0 X 26 32
NTIVE: i R 5 2 o TR VAR A WY (7 oy Y =
( dopamine transporter, DAT) J&—Fj IR 4% & B9 2 firh i
AT PR B R CR A A Y 22 B, AT
PR 2 EL AR 5 A% 5 1 W B2 AR 22 ) i), 22 2
T N A2 AR 2 ) 1E A RN 5 fish T 88 1 2

A FE Y . GROCHECKI %3 BF5E & 3, MS
BT TR DL 6 D) Re R , 2R
P DAT 3L FIA L B D1 524k LR, i 30k
Bl s (IO AZ R RS, T 5 45 T — Fh AR ML 5 DAT 4]
M CE-123 J&, 2 B IR 5% T IEH 1k, MS KLY
2 eACAF B . S-HT S — Tl BB 20 4o 20056 o
MARIMGE R, EEZ 5475 219018 AR A 45
SEEFRIIRE, NIWA S50V BF5T R, MS KL% )
ICIZRETI T I, T RES R rh 5-HT J2 HAR ) 5-
FRELM|WE R KT BRI A G
3.1.3  JIEBRER £ i

TR (acetylcholine, Ach ) VE b 51 %L 1) #f1 28
B2 — TR ARG EEAEH], Ach {5 5 1%
S 5 2 2 1014 ) Al BE A A DDA OC A
(choline, Ch) J& AR —FPhdi 5 37 2, 7] LU
WAL E W 2 ik e A B T A 288 BT Ach
(6 AR HOR AR 24 S e A2 BE 1, B k3L,
XFMS KR4 T8 & Ch MIRE S 2 id1eY)
RERRA
3.2 TEM-FER-S EBR

T B -2 AR R Bl (hypothalamic-pituitary-
adrenal axis, HPA ) J& 1 25 PN 43-0h 2 4t 1) B 2L 4 ol
g3 RN MS 22 20728 HPA Bl (4 3 BE 1 I 15 97
W, FEORAE S B eI T e A Y Z F N
PR i 2 559 4% 23 WAIE B i e o R R K
Z ( corticotropin releasing hormone , CRH ) K5 Z ik fil
% (arginine-vasopressin, AVP) , il CRH il AVP A
DA% 3 K BT i DL gy W A BB IR B BT R
(adrenocor ticotropic hormore , ACTH ) , H: 5z i3 > i1l 3%
B L R 5 4 AR i HP A il 174 e 28 7 ) — B JB 2
S QNG NI i - L R vl B 7/ S il ]
( corticosterone, Cort) . WEI 251 ifF 58 2 8], MS /)
BUAICIZRE ) T AT BE 518 D IX 1) CRH ZKF- T
K, TR, HEPE Wistar KB MS BU4EJ5 7E7K
BRI A ) DA BE AT HALH T RE 5 i 2K
ACTH Hl CORT 7K F F+ & A %, i ROQUE
S I PP AN & BB 1R] A HPA Bl 05 K T
KB, MS 180 KA TR M AIE S CRH Y%
ik, A S0 AVP 8¢ CORT /K, I B F e i
CRH HYRIX M — H R B AR, T RE S MS KR
WLAR IG5 20 RE T RRARAR G
3.3 RpRATEM

G A 28 T0 22 (B HEA T {5 B AL 328 1 OGBS,



1218 P E SIS SRR 2024 4E 9 A5 32 %55 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

FERT BB 3y 5 ik AR T AR 22 R GE, A k]
SRR AR A 48 70 =2 (8] 3% 42 109 B0 i B i 58 fink D
PZETTIE S AR A T e A2 U B4 5 14 188 L RE 1Y
A WAL AR TE S S5 48 10 722 4k, 40 58 fink J= B0 W) 4
JEE B AR | 9 il mT 48 P A 2 S FC AL )y T R AR A
HEAE . SHAHRAKI 45 BF 58 % 8L, MS B A1
THEPER R CAL XA LTP 755 NI 2~
ARG T HL BT AT 38 3 VK 52 1 By Schaffer 4%
CA1 X ZfAb iy LTP 55 ok Bt 5 BE A4 43 55 3h 14
SES]ICAC B BE Y S e Ah, TR M b 2 B 3R IR T
(brain derived neurotrophic factor, BDNF ) %} F 5 fih
(A K & B B HmT Y8 A o W L R AR Y
MARTISOVA %11 )0k MS K B3 i 12 66 J1 T %
Al HE5 BDNF 15 filbric 9 22 filt = ( synaptophysin,
SYN) Fll %€ fiilt J55 % B 85 1 95 ( postsynaptic density
protein-95, PSD-95 ) 1Y i /> A 3¢, BACHILLER
SRS, MS 520/ BUSE ik 2 16 AR 56 FE A
SYN k(K
3.4 THERAE

P2 RORE J& B H X 28 2R B8 (central nervous
system , CNS ) 1% /]N 5 J5 44t A 11 2 T Jie Jo 248 L 55 4 &
) — FR B G B o7 24 /N S8 O 4 2 i v
R R IEE SO AT L, 1IN A NS HR Y 5 —TE Bl £k
HINHEXS CNS WK B B R EZ, m A& Rk R

fi LRI 28 2E A AT TR B /DN IS I A0 B T LA
Bt ph ot E KR AR 2 B R+, K
T, 2 B2 0TS 1 /0 e Jo 400 B mT D7 2R L A R-1B
(interleukinl @, IL-1B) Fil 4 4 -6 ( interleukin6 , IL-
6) 55— RN ML A 1, TS X S S B I
Hb, RAEAR NN T 1 3 B R R 2 B o o R /N R o
g4 i I 9 0 o B 2 N e ) [ EME B LS 2
KA B 25 ST IC I REDY . BT I, MS 5
T TR IO R, BEAR T 2 B KO, T
7 F UG L6 TNF-a KFP" . HAO %5 5%
W, 4 MS W20 AR SD R LA 2T id
TCRETIA6I3 , FLISEER AT B8 15 /0N 15 Jo 4 M 50 ot . 35 1
I3fEEA TNF-a IL-18 1 1L-6 FiHA X%,
3.5 |EWNH

FALILEOE 48 B 7 A 5 Tk R S HAH
KT BRAE ) e A, 5 B AE R A A8 SR
il IR, DA TGS 2 45 4 A0 2 8 Hh B 4 A 3R
BLEY L BFIERRE  MS K BUZE SIS A A R
Lotk 817N 2 A 28 e v 3R B AR A N bR AR
Yy 8-oxo-dG HYFRIKIG I, 2% 2T i 1L 58 J1 KK T B,
PR AR LB AT g R 2 B MS KR A= i kR
TSR ERSHADI %6 fF 58 & B, 45 % 1R 20
AHLG, MS 4L/ 2 iE 2 Be T A2 40, T o R
( malondialdehyde, MDA ) 7K ¥ F &, & Bt H Bk

B 1 R R s 2D Ie 2 B T REAL ]

Figure 1 Possible mechanism of maternal separation affecting the learning and memory of offspring
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Advances in non-surgical animal models of vascular cognitive impairment
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[ Abstract]  Vascular cognitive impairment ( VCI) includes a range of illnesses from mild cognitive impairment to
dementia, attributable to cerebrovascular factors. Although appropriate animal models are needed to allow
clinicopathological research and drug development, there are currently no animal models that can perfectly simulate the
pathogenesis of VCI. At present, carotid artery and vertebral artery stenosis or occlusion are the main method for VCI
modeling; however, increasing numbers of non-surgical method have recently emerged, providing new ideas and prospects
for the study of this disease. In this paper, we consider the construction method, model mechanisms, and model
characteristics of non-surgical animal models of VCI, to provide a reference to help researchers choose the most suitable
animal model.

[ Keywords] vascular cognitive impairment; non-surgical animal model; modeling method; model mechanism;
model characteristics

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

I 45 M N 1 T B B 5 ( vascular cognitive I I PR R v O LS A5 ) S AL A A ik A% B
impairment , VCI ) & H /I 1L 48795 7 B8 PRV 28 (v 1l FAG H4 11 ( cerebral hemorrhage , ICH) | AF &4 i 1fiL %

[EETE ] 2R A R E ST BT E (2022-5-116) , R 25 A ARS5 e Ty 9 HTHITH 002081003 (2023KF-03) , Hl & BHEIT 2022
FARB 225 & — BT H (22JR5RA609) .

Funded by Guiding Plan Project of Scientific and Technological Development in Lanzhou City (2022-5-116), Chinese Medicine Rehabilitation

Service Capacity Improvement Project 002081003 (2023KF-03), General Program of Natural Science Foundation of Gansu Provincial Science and

Technology Department in 2022( 22JR5RA609) .

[{EE RN ]IV, Lo, FE el Ao A WF5E 1) 61 R B . Email : 2781053590@ qq. com

[BEEE] LM, B, R B4 R, P58 510 5% MR . Email: Kyglh912@ 163. com



P E SIS 2R AR 2024 4E 9 A 32 %5 9 ] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1223

o3 (T SBT3 o = 4 A A i ke I, ) 45 | kS Y
N BEDRIA0 3 BB 2R 1Y I PR 25 B iE, 2 R R TA
DRV 81 00 A PR R A — B B RS A 0 2 4k B
IRIRIEERAE ( Alzheimer’ s disease, AD) FYEE — KA
HIBERBG , JARSR VCT [ R R AR 1 g, 6 42
ERVGFRIN , R AE £ AN 1990 4R 2020 J7 4
N 2016 4F 4380 T, X — K7 Hit7E 2050 4F
mmifE 2t e E, 2019 4F 65 % LL B ARE
R B R R 5.60% > . HRT, FZIRRLERE
JER Hh— BE B A AR o H 33X 2 26 v 8 A R 2
AE S A B AL AR 005 Y, R 75 SR B e i A 26
(RS AL | Ay 95 114 T )5 0 245 ) T i i pHE AR 30
B VCI B A LER A 2%, [R5 O 2R Pk N R
PRI Xof A AL B I 2 A A0 T s R Pk A

FHR 1k, G PRBFSE 9 VCT Wi 15 25 sh P A A
FARBERIFIAE T AR S PR PR, T AR RL L85
Shiope 7 s P 28 00 3, A3 45 KR b 3l Bk P 2E (middle
cerebral artery occlusion, MCAO ) | XU £5i 21 Jik F4] Z€
( bilateral carotid artery stenosis and occlusion,
BCAO) UM% 5 5 ik 32 %% ( bilateral common carotid
artery stenosis, BCAS) . 2 Ifil & M ZE 15 ( 2-vessel
occlusion,2-VO) 4 Ifil % ] %€ 1 (transient 4-vessel
occlusio,4-VO) , AE F AR AR FZALHEE B & & i
JE/7 i gy & P ( spontaneous  hypertensive  stroke
susceptibility, SHR/SP) .2 BUHE IR (type 2 diabetic
mellitus, T2DM ) #2 &Y i 3€ #5 FF 1L %5 8 ( cerebral
amyloid angiopathy , CAA ) | & Y& € {4 5 4 8¢ 1% P i
Bl K A B2 5 BEFE AT IS ( cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy , CADASIL) . /=5 [) 751 2 Jj % 1 1L
JiE (hyperhomocysteinemia, HHey ) . H T F R ¥
TR ERAEME BE s BOE A, i S A TR S P A
RUSEIAESE | 225% A A B sh iy i 05 3 50N,
ZH0 VCI 1Y &A= I AE th 3l ik B4 P 2E 51 5& , 1
e BEIR G AR RSB s PR AR D i A i A A
YPuTRE R A R R XA AR AR T AR AL AT BB A N
HEA LRI, AR SR ERWTAE T RS
BEAITE VCI i Y, S B8 AT e 458 50wl A7 1 1
VCI SRR 225 M (8

1 ZmHE

A BT BL VCT I il At vek L, 5 252 5
F18 i DX S 2 e 0 R R 45 4 D REAZ 40, IR

FONAIERT . H AR LR S 45 BE S5 | Bl AT
B /NS IKRE AL A 2R 2
1.1 BRmEE

MAE R ZE , TCie K/, # AT Re 51 & VCI FIHiR,
HE R & aa B 25 1, R I 48 FH 2€ 40 sl if
PR, 2N A BHZE I sh kg b, 4Rl 38 vel, 7E
rh XU Il A5 RE T S8 RE H 5T R TE R A 2R T DT
B VI B & JRA EE R XU INATRE
T T B P (F T HAE W ver, A #—
AF) O T 0N L A L ZE D) Sz LS O K S A i
HEAR, TR B AP BT I T RE R AR T
W, e 2 R B AR AT Az 24
1.2 HmE=E

ICH J& b v] 68 & A= If % Ty fil B 15 F1 D\ A0 a5l
a0 RHR A Aot A BELE ICH 5 5 4
AR 2] AR il At B ™ R TR R R SR 1 1
BE ARG 2 R AN I AR 520, CAA 515&
B PN H I T BB s T EOA FT DI RE AT, I T BUN K
Jp IR R PRSI, AN W DR R S it SR i
Ih AR X, 0] 5 B0 68 2 (R E A2 NS 5 SR
ZEGAETY ) FERXRRIE BN, VCI /Y & A ] 5 i i
WRE SRz g
1.3 HftFEXH

VCL A5 AD G589 G F 1 B, ok S0 5 i 3
F I R 20 4L RS AR f B 1R ) oedh,
IS PRI 2 AD Al Sz KU PR & T 5 VET &
If, WR A E Sz RSN R AR E
KA A RWATRES VO A 56, SR, X
SBIR X VT IANATBLEE A5 B B e il

2 SFEYFENH

SRR AT 5l A 45 1 1) R rp
RH T84, DA B3 e 748 Ah fe 2 4n ] 5 2 A Al
BB BROEIRORIE T A2 8% Y IV i % 3 K Ak, Bk
S BN I O S 2 T e O 8 1 4 R P B
TR ) 338 3 RN A I R ) 1) 3 5% 2 1) 1 S A e A
SEINFNSRBET 7, 9 AL AT A8 I 55 A A0 i 2]
A8 B AT 5 I W) a0 B-TE ¥y A 25 H (amyloid B-
protein, AB) , LA K A 28 58 5iE 2] /0N 5 41 it 22 9E
JUE 5T 44 RN P B A BEL D R AZ 4. T TR U LA
J7 TR VCT 1953 HLH
2.1 EERRMEMIIER

W5 R, B I o 4 if 2 5 3 VCI 1Y E 22 (A



1224 rp [ S E AR 2024 4F 9 HES 32 545 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

2o VB pha i A BT Y E A S A, BRI IR
20 M %) 32 B T2 9 T B I A R R 2 i
P i Guges S0 AR 2 0 A ALY TR A A I
IR 2T BERE BT T R PR B OCH EE]
LT SRR AT 1 2R ( RV AN M v A ) 5 i ] R
OTA TN ) I T TR i A=< |
20 B 1y s R AR R — A R B, T B R AR R R
THBERSWEN ., AUk, i IR 255
oI e BT A0 M 3 A R AR R AR PR R R
WEEKMAN 4RSS 7 R 1 72 v, B2 0 I o 4
M AN v A2 BT ORE N R BT 4 B B A B ( matrix
metalloproteinase , MMPs ) [ B¢ i 177 & 4 A8 V£ , MMPs
H B IR v RN R GBI B B ILEFRA
REWE AW, w8k SR 2 B G2,
HEMT I B ARAS ) (i b 28 O X A PG N, R4 R 3
IR Ah, BRI I At ] DL i 2 TR
JBE 5T 40 Bl CN/Y& AL T 40 il #% BBl 7 (activating t
nuclear factor, NFAT ) AL , £1& 7F 58 A 20 A A 1) B¢
T, BTSRRI DI BE o
2.2 /MNERZERERIE A

S L B TT A5 R 22 i A R ET . IR,
VCI 5 B AR B R Al 5 RAER 74 6 XKk
SRR A (R 53 A B, /0 6 J5 200 B AT L7 e I k4 2
AR B MMPs , i 1fil i 57 B ( blood-brain barrier,
BBB) B3R, I HL i A5 B £ 4 Bl i IR0 1 7= A U
BER AT, A0 /NI 5T 40 i AT LA 1 40 A
% (interleukin 6, IL-6) | Jif 98 ¥K 6 K F o ( tumor
necrosis factor-a , TNF-o) %8 & [ 78 VCI W & 4%
HEAEMY TERA PSR R T A
S IS RGP TL-6 KA Tk P
AN A BT o X T I fa R PR3 1 I
6 JKF-T1 =1 T RE 23 3G I ABATT A8 0 2 B U . PRI
£ VD BE I P IL-6 KCFd ke 3R Vel
R A RAE I AFTE
2.3 HETTAEHELMHIER

SR AT H i AL A8 N B R i M A (ractive
oxygen, ROS) #1 i 14 Al ( reactive nitrogen species,
RNS) (7= A= B i 2 7, ZR AT f a8 AH 56 149
PR GRS , 145 i 1T O PR A0 3l ik B4k, e
Hb A WTSEIEN] , $l 2B AT PE R Y — Fh i WL R |
S TRy A B A, X B O 5 A Bk B A
S CARIAE VCI h, Z 55T BIIE S A
ARG A ) E 2R

EAMIIEIRR T sh Pl vh S AL LAY 7 1
Bl ROS [958 32 A AR R AE )3t
S L5 95 B AR B R 2 R AT M AR 1 S
M TTRY S Ml I Sl A Ah 2245 3% TT BE th T ROS At
AL B R R AT N 52 3] 1 H2 520, AT BOA A1)
RERRERT . WT5E A& B, 70 N0 R A5 v, A Tt g Jig I e
¥ TR Wi 12 ( nicotinamide adenine dinucleotide
phosphate, NADPH ) %L Al 1] DL 512 ROS Y1 42 7™
AP NADPH S AUR I — Rl A7 75 T 22 Fh 240 g
Z2 PR, B 455 e PR 0 A I A A, R 2
PUHAE il 1M 8 Hh A7 7R, R IR T NADPH S AL 1 119
ROS 2 fii 1L 45 2K 1 1) DG B B0 880 ) , 31X b 2% i ]
RET | A 4H 1 Ty fiE W 15 040 Jf 28 T, 326 1S B0 A
R E
2.4 B4R

i 2 e 2 2 A AL A AR Dk b P B A i )
ZUIREREANAR TR A0 Y B HE 4 45 BBB
SEREVE, W R b RGBT A A T I R
( cerebral blood flow , CBF) 4 i %5 £ L HE )
YERL,
AWFFEZE W], 40 M PT 3R 0k 2 BhbR AW, i A
B A0 AR S A HE - o F- 3 W3 1 (alpha-
smooth muscle actin, -SMA ) fH 28 J0 1 28 1 T 71 IR
(neuronal glial antigen, NG2) I IfiL /)y Hg 37 A= 4 <
F3ZAK B (platelet-derived growth factor receptor beta,
PDGFRP) ™, 3 b 1Al 33k 46 b 75 40y 76 J&] 40 i v 1
FIRNEOL, AT HE— 2L A5 R A B T2 Y AR,
H Ry 1k, 3 6 bR 75 09 4 AT A7 A — 2L PR A,
X BEpR AR ) AE A S B A M b b gk Al
RPN B 40 8 A A PR S o B 28 3 T B 3
FRR ELAE P GT 79 o 240 B 1 2 A7 R RE 75 1 A #5 H
THREAR 22 O H B A B 40 A8 AR A AR AR T )
AN, [R1EE, PN B 200 R T /N AR AT 2B A R
(platelet-derived growth factor, PDGF-B) X J& 4 i1 %)
BEFEANIERE BAT R I EEAE ], PDGF-B 510 T
JR ARSI 32 1K PDGFRB 454, OIS AL ds S b AR K
F-B ( transforming growth factor-beta, TGF-B) Fll
Notch TENHUAE 5 S 4%, i S 240 Jfa 38 58 06
TR A MR b PRI, o 40 M Y s 2 25 X6 9 B
£ L R 000 ) 38 3 7 RN RS

75 VCI B8 B FIBE 5 4 4L 58 v, VCI
e 200 25 2k B AL AR o R BB A e s A
PR3 (i s A ), PT SBOUR Al i 2 T



P E SIS 2R AR 2024 4E 9 A 32 %5 9 ] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1225

I, o 200 B 25 2K AT 5 | PN B AR AR T, O AT
M55 T e B 5, 5 B0 4 R Ak, #F 1 5 3008 1
R4

IXSERIFTE R I R 40 A 175 & VCT B2 12 Bk fE
AT REA 1R T, I 4 M B el 375 4 VCT e
it WEIT
2.5 AR —SLR (nitric oxide,NO)

P 240 LT 1 4 B T AT LA £ P R 0 R b
A STTHY— &R, 4 S5 7E Ik A8 i N R, 172
TR, N 4 AE VCI Hhild 5 E2AE R, A4k
LA %) PR 2 4 T 3K o 5 4 R el 2 1
AR o BRILZ AN 3R 5N HI D RE R 65 1 1 &
RS2 R T S 4% NO P A Ay )

NO &% LA G i Y N B B AE N B 4 i vh
I3 WAR) — b SRR A, B o BRI L A ] X
M ZRGE 0 NS K Rl 2ot is g, FE1E M VCI
Ji T T 3 A 07 R R B P, R B Y
BEURNE NO A=W 1] 1 BE BTG, 3 A [ AR 7T e 2 A
PR LA, X R A2 S H R A AD 3h4)
BALAAIE ST, b, NO B8/ H 0 T AR XA HTHY
SRR, 1 NO X AR YURUA -y 1E

HHETVF 208 R hEW . VL BERLIE 3 4%
4R NO ZKFIRYT o NO X IR A FE 152 m E
ST, K EATZ h ZFHLH N S, — %
A% A B (nitric oxide synthase, NOS) 5 N-Hl J&-D-
KA FR ( n-methyl-d-aspartate, NMDA ) 32 {4 58 fith J5
HIENL, Ca’ NI HE A5 # & TT )5, NO 1EH
— PP AT E T, R — B IE ST AL R R 4 4 5% fik i
WRIRBER, F AR S &P R Ml J5 NMDA 3Z (k45
B, s IO AZ AR DGR B A 9T H A3 5 (long-
term potentiometric enhancement, LTP) , NO if i 13
2 55 5 il A% 356 0 240 L P4 38 i 1 4 1 R ) R S 1B
M (S-37. AF KE Ak R 3l 2 R 1k ) A 4 A
W,

SR, [R5 BT B0 02, NO B4 7 4= Wl
LA BRI NMDA S2 4K (4 As PEREME ) 7 A= B i
SRR R TR OUT AR NO i@ i 5 5 I iR
1 (eyclic guanosine phosphate ,cGMP ) 45115 -3
FEORHCTH A S B, P i NO B
ol /L P B 7 ik T 100765799 728 AR R0 e i =2 ) 1) 56 R
HORSE TARR B AE . SR, O T B M E
NO 7£ VCI g #f 2 fr 37 AE R AN 2 24 i
ity 2 HABBISE .

3 FFARIYEE

PULSINELLI %' %/ 1£ 1979 4E#2H1 T 4-VO )5,
SRR TRy ARk B, T ORBEAY 322 LUK
H B M IRTE BRIP4 1 S HLRI 75 & VT H
P 435 S B0 40 i 0 100 DA L AR A /) B
FET- B i ™ WA LR B A A AR T AR sh P
R, FEARTFAR SN BAL h F58 354138 2o X 3 1
R RS TB, 55 12T A 2K VAl
(R B AR AR XS BTRL R AE R VCL 1 £
A5 T, G455 i R ot B A AT ot A R A
LR R A B i) 3 52 1 iR 25 R AL, 7 VCL 5T
T B TIZ N HTHT R
3.1 RieEER

JEAEFTA #Y VCI o R 24 2 R i A8 728, 13
R MR ZE AL AT RE SR BN IR 2 — (i ZE A
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Table 1 Primary nonsurgical animal model for the study of vascular cognitive impairment

[t diEHiEa

Sr TR

R i (L EN Brain injury Molecular pathological 2% 3k
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L. 16 55 P Bk S L e
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L 2. IR 06 A8 1 SUA Bk
et ¢ Bl " NTRTN
e b e, R SR A
S IO 3 WEAAMAERFR T SRR R DR e
ek s fi s IDURR, it e SRR FUBREA L
Microembolization o 1. Inject cholesterol crystals into Cortex | striatum | Activation of microglia, [46-49]
Male C57BL/6J mice ) .
model A CRT the ICA; hippocampal | macrophages
or CX3CRI-GFP . .. . L
o 2. Microspheres were injected into  subcortical tissue, and astrocytes
transgenic mice, .
. the ICA using a polyethylene thalamus
wister rat
catheter;
3. Inject different sizes of blood
clots into the ICA
- S, WT F1 APP/PS1 ;
= Z—ﬂ””/—h 9 N ﬁﬂ R Y8 L5 S FEN
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T2DM model db/AD mice Reedit after gene knockout Cortex ’ ” AB nange
{4 5 I SHR/SP KL 4 T T A .
SHR/SP model SHR/SP rat Inbred line operation Cortex White matter injury
W EIRRIEF e iR B
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I3 S R e 1 S A Notch3R169C /)M i, HR R Callosum , corpus Eﬁﬁ@l'fﬁ o)
o e TgPAC- . . . White
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CADASIL model oS endocystand matier nyury
mice .
hippocampal
APPDutch /)Nl AN 3
NS SwDI FE 3L/ N A R FR TR AL i 1
H[ﬁlﬁ*ﬁﬁmﬁﬁ*ﬁﬂ Tg SwDI %%I_I J\ﬁs\ %T’?’t@’ﬁ: Az ‘I—EZE d‘ﬂ')&fﬁi‘éﬂﬂﬂ@(ﬁ'ﬂﬁ (6]
. APPDutch mice and . . . Frontotemporal -
CAA model . Gene manipulation Activation of astrocytes
Tg-SwDI transgenic cortex . . .
: and activated microglia
mice
R2 ARTARZYBEIR B R AL
Table 2 Comparison of advantages and disadvantages of non-surgical animal models
iy s B
Models Advantages Disadvantages
ke FER Y XN R Gtk /N A HETR 2 VT AR T o Wk Ak )
Microembolization It is less traumatic to mice and precisely regulates Cerebral ischemia time cannot
model the course of VCI be accurately controlled

v T 2 e R R M A Y
HHcy model

2 AUBE PRI R A
T2DM model

[ Pk v AR
SHR/SP model

Y A L PR A T R B ik
o Pt B2 I3 A SE R 5
BT
CADASIL model

I R A LA S A A
CAA model

TR m] A M, AT A ) AL T 2 D R 1 KT
Modeling method is reproducible and can artificially control the level of
homocysteine in the blood

RERIHRAE 2L B i e

Model is easy to operate

APPSR

Strong controllability

AN A il o PR 2 5 N R 50 8 e (A e P s P sl s 14 B
JBTT REAE R 1 S 14 A AL o 1 PR AL 34 s DA i A 2
CADASIL can be artificially controlled gene expression and
artificially studied and the pathogenesis provides an
ideal preclinical model

RSB AS CAA FISE A TARIBRERS: , Dy A 67 443t
BT A
Faithful simulation of human microvascular CAA-related cognitive
impairment provides new potential targets for the treatment of the disease

BERIFETC , SR AR A —E
Model takes a long time and the
experimental results are inconsistent
FRE R 2, JRBC , 2B A
Molding process is complicated ,
period is long and the experiment
cost is high
X P R 77 A 4

Damage to the kidneys and brain

S DR 3 0 4 ) T RE AT B 22
Control of gene expression may
be biased

SRR AR At R
Experiment period is long,
the cost burden is heavy
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1 AR PR

Figure 1 Diagram of non-surgical animal model

S Y G X R K BT | SR A S R R TR 4
A0 BN B T AR I | W A R A LR R T A N T
fb, MhETT s FE TR B A H A 28 d
Je Bt e R g i

(2) PRS- ) ke FEAR Y

TR 3 MIYAKE 2568 i 5 (i R O 94
(RSF3F, 142 1.0 mm) 48 0F 78 20% 5 58 M A
HIR) 700 ~ 900 S ELARN 48 ~ 50 fiEk vE 4 B 47
ICA 1,

RERUAL] . v] DLAE KRR i 19 12 J2 L SR A4 A
IR T 2 R AR AT, AE RN e it ) U8 % 3]
CBF BRSSP 28 o4 405 LA B RE 12 il 4838 5T
FRBFAZ A, 3 S e i P 53 4 = BON N B AR . A Il
ENRRZE 5 24— Ja B K ok B3 W 8 B B 1Y
R TE LRI, 2% BH 23 (0] 2 2 B 15 F0 32 8h | Bk ) [l 3k
FIAME,

(3) AL 75 () iR ZE AR A

AT 2 AR R R SE AR F (150 ~ 178 pum
74 ~ 124 wm F148 ~ 74 pm) FESFNE ICA H LU
PR MR AR FEEAEAE . FHAE BRER KR 0. 3 mL 3%
¥ (BE) IREW , RIS TEA ICA, M\ Wistar KB
) R Sl KR E F2: 9 LY, SR )5 LA 4000 1/ min 250>
10 min, JERGEESR 5525 M3, B A% M AE 37 C
HEFRFE TR 72 h B BE . ZEFRHT 36 h R
i, AR 1EFET= 17

BEHIHL] - i 5 S AR 8 35 22 % AE 7F KMk iz
JZ D FERFISCIRIR X I, AR R, g
IREB TS L 58 T AR E VAL XIS
HRUE T HESHANE, 7R YT ZE R A E KD
PRS- > A g R BT AR Ot R O A P R G B
B
3.1.2  BEAUKEAT

IZAERY AR T 3 A R, /0N BRI A
BN, AT O/ B AA 6 2R 38 ek o8 i ZE ) T
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AP RIS B0 B 7 sUAF S5, DUKS 42
T ZE AR BE A R, AT XT VCI A 72 vT LUOKS
P SRR [R] Sk ZE ) B i R 2 RN
() X 255 T8 ) 5 5 Wi R AN ) A 28 e 1k e
42 T e 1t 1 T PR RO P A B R X A A
o R BE TC i T

3.2 HHcy 18!

HHey 223 TA R AT 57 S 20000 il 1L 52 99 119 e
PR ) B2 e 2 R S — b IR 2R 1 SO i ik
W2, 2 5EEARACE AR 7= U A
iR 34 JiL [ ( methylene tetraphilic folate reductase,
MTHFR ) 3% Jit i Z R B & B ( cystathione beta
synthase ,CBS) JE[H ) RS 44 % By, B, F1 B, 7K
AR AT T B i TR R B AR UK SR T PR Ol
HHey, A5 A, M1 [R5~ e = K 5 2k
SRR RE L GAH OC , I HL I A5 DA R0 e 4
Jii & ( vascular cognitive impairment and dementia,
VCID) [BH IR FTHE t AD B T W, BARTF
FER IR B P R K - 5 16 S 2245 | 1 50 28
JEBRMEAAE Z [A) A7 AR SR, H ) 21 4 Dt 2 R 75 5 1Y)
BHLRIRA Y
3.2.1 MBS L

i) SUDDUTH 482 7Esc 6 b % B, i iof
%6 ~ 12 JTRH WT F1 APP/PS1 /N & & 4 A=
K Bg B, I B, E IFAA MR 3 ~ 6 A K
P5F HHey, X 0ok & 1-a A ik 42 ™ 4=
HHey , MMt R R R D, IR X Fh
KA ,6 ~ 12 4K WT 1 APP/PS1 /NRUP#R S
T HES i 5 ] 2~ e 2 i 7K~ ) S 2 T

BRI 7E HHey /N BRUBSERL AR | B2 IR Ji ot 240 i
TE 72 h AR IE 1E A K TE 4 BRI 23
D IFAEX AN ] SOR B R AR, /DA AE 48 h
SR RR Y BT HBE S F) 72 h 5, $e
REREWRIBCE M, N AMIAE 72 h R
EREE S YUK (claudin-5, claudin-5) A9 & &2 [
Tk ABAE 48 h Inf A 28 8 B0 8CR Sl HLAE IR
U rp R B, R 28 50 1) 1 S0 T Ja 5 ol e TR
fif-3B ( glycogen synthase kinase 3 beta, GSK3B) Fl &
FIBERR i 2 ( protein phosphatase 2, catalytic subunit,
alpha isozyme, PPP2CA ) 34 Jin, DA & ¥t R b5 HE W)
st
3.2.2 MREAURF RS

1T HHey J2-O ML 955 | 0 14599 A1 DA R e

AR ST AL R PR 2R, PR I i B 76 2 o S A A4
PEAR PR A B TS VCT R, X T4
ARG R T IH , AT LLE o P A S iR, ok
N Ay B ot 9 e ) B~ e 202 19 7K DT A 5
ANEFREE A HHey XTINFIDNRERGFZ IR, LA, 12
R AR Ty i AR A, U ™ A A ol S 0 A
AT DS RN — BN S a5 2R, BA R4y ) &
e, (Hl THRERK WA S IR e, Dk
FIFRE B HHey R, HIL s A BRFE AT B IC, IF:
HEhW R E IR 5 R [FX HHey B9 BRI
RN ARBE T REfEAE 22 57, X A B R B I 45 R 1Y
A—Fk,
3.3 T2DM /MRIEE

T2DM EZERIMA L ZALHU B 40 ML e~
o, 5 AR R 2R A ELARE S 30 ok .tk Ah, T2DM
W H AT MR S5 R I RS 55 0 R AE , X BB (R &
XEGZNMERGHBAAAREW, KEiEdE
FWIWE PRI 25 5 5 2 IF I A i o B e A
T2DM H Hi # I\ 52 8 B2 A 0 ) e B % (mild
cognitive impairment, MCI) Fl AD [t 57 f& [ [ 2
AR EL AR A 35005 T R v N T 2 A A 9E s , T2DM
5—Z 5 AT G B0 R0 2 e A7 10 0 L 7R R
AHOC, AL 45 N B D RE T B L BT A2 | CBF Jik 2D | i
E N TRIAD ST EEY S ST R R I 171V 3
B, T s DR OB/ W DR e 23 T BOE E (IR (]
ZEICHE BEI D A X O T BUAT S A 2R A A G
L, R, 1 X 28 B T RE R 5 | AR T
REREAT I SN R Z —
3.3.1 AT S L

(1) @By 20 NIEDOWICZ 255 ) et T —4 45
4 T2DM Fl AD FEAE A /)N BRUBEAY | 35 oo 455 A0 S 4
PR /N BB B 5 APPDNL/DNLOPS1P2641/P264L
FEPR R A R AR A AT 22 28, X B db/AD /N R
BEORER T 2R A 22 0 R, 310 dn 7™ 26 %) B Ik s
AR FUUTAR, I HE BE 1 oAt 1 g 3~y e 28 | 2 i ™
IR 2 B4 Bl KR AN X

(2) BERIHLH S B AR L (presenilin, PS)
RIS s /N B K2 BT AR DRI %
A EEG N, AR WA EIKE REH U S
BREIME . S5 FEE K db/db 5 APP/PS1 /N FUH
Fe, db/AD /N ERAEFR B BT ™ 8 A A HIBE A, aX 4k
SEIRBRIR /BB PR A ( 80) B B T B 20 45
RYATRE , JE 151 & RS 11 33K Fh A5 6]
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RES AB TCK.
3.3.2  ARAURERS

ZIT IR AL R IAT 8, 15 A5 ) /N B Hh L2 3
BRERS, 3E S ASTLONE PR s & e AL, T 350N B B
BRERAS H5IGR VO 2R R KR ARMI, %
BORY (ke g AR AT 2 R A SIS AR
3.4 SHR/SP ##%!

RIS VL W E RN 22— alff VCI B
HH B B B AR R 5 {45 (whitematter
hyperintensities, WMH ) ., 45 #F 57 & B | &5 1L & 23 51
TEC i I 38 A R/ B I B A LS P B AN L Az 48
M EUN MR (small vessel disease,SVD) |, 52
LT R SR S AR R T A5
3.4.1 BT S P

(1) 37 2. YAMORI™" B H: A BA7E H A X
WKY KRG s 588 T B &Rk
FUBHS (SHR/SP) fh & o DL AR K BRUTE 12 J e
J R Ay R v L B4 s 3 R 2 200 mmHg,
TER B IO T , RIS 7 R LA G 348 i 37
TER X IF /D | SF-35124 36 JE1 0% BRIV HE B0 i 4 ZE 5% ICH

(2) B RYAIL I Kl 1 53458 473 17 L #E SHR/SP
KEBE R 5 VO & 78 MR FJLF—55Y
SHR/SP K BRI TR 11 o4 493 R iz I e i 44 ot 7
Y5 (SIVD) B VCI FE AL, TEAEE SR & 1 ol
T ,SHR/SP K EUE1E 4 ~ 5 A I iR W H AR
1k, IF7E 9 H il it & A AT A oL, 243X 28K AR
K F] 52 ~ 64 AR, EATT4 HINAE AL A
M, FBEET, EaE R R AR, Xk
Al ge st —2aEE 4~ H
3.4.2  FEAEES

YAMORI 257 % 3 SHR/SP #5554 4 1fiL 4 5 e
PEEE WKY K, MR 4E6F 58 H A9 19K 6], 7T LAXT SHR/
SP BRI T4 Fh B A, v R 45 P o, T ELIZ s AU 3
IR AT DA 4 R S i ] A, SR AR SE
PTG O, 0] DL A A R 5 R AR R R R (8 i IR
SEA AR TR 9 1 0 e A8, L AT v XU %2 2
R TR RS X E G RS E, AR
AR S AR 2 i SRR i i 7 A 5 XA
FREA 5 N80 28 PR ROR, Wi i R 5 R VeT 1 &
S bILER AL A58 o TR
3.5 CADASIL #&%!

CADASIL /&t — # f7 F 19 5 Je a{k 1Y
Notch3 JE PR 945 7 [ 1) a8t A% £ /N L4579 , 117 Noteh3

F WAL SR NAELER 4 B Notch HEHZ —,
FELH AU AR G 45 Fh G 3, CADASIL 9%
TIEJE FURLR B B Y5 ( granular osmophilic substance ,
GOM) 7 H /)N 3y Jok A AR DL R it 45 SF ¥ L 40 it
(vascular smooth muscle cells, VSMC) iy & &%,
CADASIL fE 35 M BCAE 5L 7 46 0 90 2 0 s B 1
HATHER) WML, S 2R BONMEE T FREM B2 M
WK, R, CADASIL 225 Fp I 45 4 26 1) e
B LA A
3.5.1  wERET S L

(1) 387, WALLAYS 28V 338 7 —Fh o
F A R169C /N FURBEAY 3l 55 | A N TEPE Notch3 %8
AR AT 29 20 A4S H KA CADASIL I R R AL,
5% & B, CADASIL it JK §7 /)y B B £ TgPAC-
Notch3R169C /)™ [ b 5 A W8 i385 < 1 Bt A 7 4 A0
Bt A B As . @b f 51 CADASIL 1Y Notch3 %
ol A KA pl A7 4 N T3 4 K (artificial
chromosome , AC ) , 7] UL A1 & 5 9 CADASIL /)
B

(2) BRI . 22781 Notch3 i Fik 4 f5 054
B/ USSRV AT LA CADASIL 1) 32 S005 FAR1E
1 Notch3 ZHAEAMAS R F GOM TR 7E ik 1 4
(5 AR, e s (29 11 ~ 12 A#R) e
18 ~ 20 N H KBy sy, 2378 K i B 265G 5 IX
BCIPFRRAR | SORA N RN B K o 12
Y BT 2
3.5.2 BEAUKEAT

CADASIL %% J A /Iy BB AU B 8 A 400 N 26
CADASIL A3 RORHAE , G455 1 BT A2 i I 37 £
I8P LA R Y 22 T8 IR FE DL e GOM 7E /N3
KA FRERAG L, AT, 2R AU AT LLSE 3 A A 42 ]
FEHFRIR BE IR M 4 B ZOIRIESY CADASIL 19 & 9%
B, AAF5E CADASIL 1) A& AL il $12 A5 ERAR (1) 1 PR
B RL, B AR CADASIL /)N B AU fE % R 400 A 2
CADASIL %55 [ 17 229 B A= Bl 2 | (F R eSS AU 3
PRI A, e R 3R 3K o (9 48 0 A I 7T 68 1 B0 0 22
BEAN BT /N BRI S 28 B A ) R0 AR 1 45 1
FEAEZE S, L R BB A5 52 2 5400 N 28 9595 19 o 3
Jr
3.6 CAA t&#

CAA J2—FhH WY SVD, 238 B-TEM IR 2T 4
DURTE G sh iR 11 —BIA B ICH iy 52
il ITAESR  CAA WA IA N & VCI FVRIR (1 2
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fER R ZE . BRI 4, CAA IR 5T 121
SR ZH U 5 A %, AL 5T 2 B RO BE
AB TE CAA TR R AN e 2828, F Y 2
WIAN, CAA HiY AR EL 320 U5 I A5 BE (1) °F- ¥ AL
i, FOERIMTFR A SRR Y], CAA iy AR F 2
I A SR G T AR T BR 32 40 TTOARAE i 4
BE T,

3.6.1 =S5 HLHI

(1) 3477 2. APPDutch /N BUHI Tg-SwDI %% 5t
PR/ BB PR RE RS AR JUL o P AR s . IS 4l
APPDutch /NFUZi#E i3 323K E693Q RAEMY N5
EUE R BEHT R 2K 1 (aging of the amyloid precursor
protein, APP) P2 A= (1), KREAFE 22 ~ 25 A~ H i), ¢
/Nl RS B 0 It A5 v O U T S I A R R B 1 DT
R PR /N B B R s v REBE L 5 B )
52 55 4 APPwt /N A ], APPDutch /)N BB R i
WA R PSSR B, R 1 1 G 52 o BB AL AR 2
M, Kk, E693Q 2z B B 1% AR 5 ) 2
J A5 RE -, T Tg-SwDI 7N BB 2 55 — Fb 32 22 H
THHIE CAA BYHE B/ RS, G 28/ R SR IR &
B 1 K6TON/M671L Hl faf 22/% faf 4¢ E693Q/
D694N {2 Il 4 522 1) N2 APP,

(2) BEAIHILE] . AR 4 A i A5 T AR 2 BEAE /)N
BRUAY) B g Ak R W g B RLAE 3 ] R, Te-
SwDI /MR o i T e il At 4 o 7 U8 s A 2R
TP i M A FLA R, CAA 4 3 A
HEATE IR MEE , 50% B A FE 12 7 i i) 32 31 5%
Wi, 75 24 H S BF 8 m 5] 85% ~ 90%, 5 Fr ik Aiilk
B AH L, Tg-SwDI /)N B &0 i e J2 1l 45 2 A2 3
e/ PRBEERSE , EATHE 3 D H R R B 23 (]2
IFEAZRE 132, X 5 Wk T okt 7 R 2R
() % 7 LA B 17 M B TV ¢ o 240 ot A3 Ak /0 18 o 200 g
Bt ) R R0,

3.6.2  FRAUEE

Tg-SwDI /N R 32 275 B 4l il 3 &k A 5 &
CAA TR I AE AH O S 00, IR B 3R IR N 2 A it
B CAA FHICI AR , e 30 HH SRZU I b 28 R AE
JIVE, IR 512000 1) 2 2 R JR A DG ) ol 28 5 0 A
11 A ] I8 o L B AL 1 3 i) S DL e, hy
RIS TR T FEIR YT L 8. APPDutch /) R
LA ) J2 I ATt AR X B B, 2 45 ok TR I S
JETR A B 0, T LN BRI AN TR 6T 0 1 5
M) JET I AR, A [T, 356 X6F 9 9 ) P 9 7 SR 5 R 4

Ak, APPDutch /I BRSEHY A fii v i) 0% | VR IO B
HOUZEHEL D 306 CAA P35 ) & HIL I I 53 ks e
—7E RIXE,

TR 5 2, S AL/ A 1 APPDutch #1 Tg-
SwDI RE % A5 #0 R 7E A5 =X, 20 0 ] T iF 58 AR A
CAA . FRTI  iX SR A A Bk i, 75 AR AT 58 H
PIRERE A TG R AY  ILAh , D 28 T8 1 JE My FE 2R 1
AL EIAT Y CAA IR, DA B b 22 1R AT PR A8
MERERR, PRI, 30 2 /) BRUSE AU G 380 TE M A 2
DURRR LA FH 45| % 1) VCT L], AR T4 FR Y
DL

4 BHESRE

BT, VCI EFAR S s il 3= 253 18 259 11 |
FEHHAE SO AR R AR T BOREAU VCI Y95 2
AR X2 VO 1 FHEAR Sh W BB & A Lk i, 5
XTSI T SR BB AR, JE TR Sl Py Al
RYEE & A B 098 & X5 VCIL A9 & 9% HLER A4 T L
HHATEIRARIA, HoaxX A o I8 B s Y
RE AIHESER R R AT T, A B T ZE VCl
FITRT IS, AR VCI 3BT R ol Py 155 78 g 1 7 ok
KA —EHE R EXT VCI 86 b0 BEEALE J6 97
AR A AT AS 43 B, BTy B 22 A G 58 il
e i ] A ISR A AR
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