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Effect of ovariectomy on cognitive function and hippocampal estrogen receptor
expression in APP/PS1 mice
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(Longhua Hospital Shanghai University of Traditional Chinese Medicine, Shanghai 200032, China)

[ Abstract]  Objective The present study aimed to observe the changes in AR deposition and estrogen receptor
levels in the hippocampal tissue of female APP/PS1 mice with Alzheimer’ s disease ( AD) after receiving an ovariectomy at
different ages. Methods 3-month-old APP/PS1 female mice were divided into three groups, with 20 mice in each group.
Ten mice were treated with bilateral ovarian resection via abdominal surgery as the model (ovx) group. The 10 mice in the
control (sham) group underwent surgery in which an equivalent volume fat was removed from the corresponding area. After
3, 4, and 5 months, APP/PS1 mice were assigned to 6-, 7-, and 8-month age groups. The cognitive function of the APP/

PS1 mice of different ages was evaluated using the Morris water maze. Morphological changes to intracellular organelles in
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the CA1 area of the hippocampus of the two groups of mice were observed using transmission electron microscopy.

Immunofluorescence staining was used to detect the deposition of AP in the CA1 area of the hippocampus of the two groups

of mice. ELISA was used to detect the levels and contents of serum estrogen, ROS, SOD, and MDA, and Western blot was

used to determine the expression levels of ERa and ERB. Results As the ovx group mice increased in age, their escape

latency in the water maze test gradually lengthened, the deposition of AR in the hippocampal CA1l area increased, the

mitochondrial swelling of hippocampal neurons increased, and larger amounts of lipofuscin and amyloid deposition were

observed in the cytoplasm. Their serum E, levels and SOD activity decreased, while their ROS levels and MDA contents

increased, and the expression of ERa and ERB in the hippocampal tissue decreased. Conclusions Ovariectomy in mice

with low estrogen status may exacerbate hippocampal AP deposition and age-dependent cognitive decline.
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Figure 1 Time flow chart for the preparation of APP/PS1 mouse model
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Figure 2 Effects of ovariectomy on spatial learning and memory in different months of APP/PS1 mice
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Note. Green fluorescence represents A deposition. The number of A deposition at the same month of age, compared with the sham group, “P<0. 05.

8 months of age compared with the ovx group at 6 months,* P<0. 05.

Figure 3 Effect of ovariectomy on the expression of AP in different ages APP/PS1 mice hippocampal CA1 region
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Note. Blue arrow, Chromatin. Yellow arrow, Mitochondria. Red arrow, Plaque.

Figure 4 Transmission electron microscopy observation of the effect of different month old ovx on the morphology of

hippocampal neurons in APP/PS1 mice
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Figure 5 Effects of ovx on E, levels, ROS levels, SOD activity, and MDA content in different age of APP/PS1 mice



] LA R 2R 2k 2024 4F 10 A% 34 55 103 Chin J Comp Med, October 2024, Vol. 34,No. 10 7

¥ : 5 sham ZAXFH, “P<0. 05,

B 6 ovx X AEHE APP/PS1 /NI S 2HE4 ERa A ERB 7K B3N

Note. Compared with the sham group, “P<0. 05.

Figure 6 Effect of ovx on ERa and ERB in hippocampal tissue of different ages APP/PS1 mice

4P ERa ERB 7KF- I 3 4G ( P<0. 05) .
3 g

Y ZIRAS — ELAOA I 5 R IR BE A 2
PUE, FRI A 2017 L 1 A DA R0 B R B i 1) g )
W AN AE  ERCR KPR M R 5 AD XU
S O, RBEAS I ST 435 i [l 20 22 30 ol 1 R
BARIRYT I METT RE 22 AR AD U, 7R
i R KF S AD KU TESC ™ R, bk 4s 2
AP AD R XU B DA DG R i 2 S
SR A ar B A i 5 L Rl 2 22 R
IKPRRARAT G, 4 22 i o P O 3R Ll AR
AD 5y JHE T L 1, X 40~ 60 & Aot AR
T AR AT FE W] | 15 260 22 iy L P sl AT i DS T F) F5 #
HALE, Bl 24 28 )5 Lo rE RS AD g BER BE, 45531
RMVERFEE T AR VIR E N

AB 1 5K ULRR R AD & W5 AL Y OC B A
R AR PR AR UL E AR, LL AR O

I B AR BES A LA MU AT RE S AD AL 9
ZABIH RS BRI 1 T B i ph 4
ARG B AR > 2 — , 25 KN B A7 A
ICICAEE L IIRE, 1257 ) AL IZ R 26 B0 7 o
RAREARTEARAE R, AEARBFTE S T HE S
YR ELDIBRXHA DI BE B 20 , DL KRR IR 2 S 3 ok
ST IS A], 35 29 SR S AR , SOk # 3 A
WIT IR IT IR R 3%, IITE 6 ~ 8 H i b e U B AR
DUBUNTA KN D) RE Wi 1Y fre 2 A i RO 4R 25 1) 1 1
AR TR] , ASBIFFE K 2B B S0 B A 2% e (5 R S e
Bz RAESE, BEAE /D BRAF S B934, APP/PST /B
AN REZ T TR, AR LA

AT, WEFCR AT DL AR I RE AL
J1, Bk AD B9 %o R, O B R AD B9 X
W2 W R MEBCR T REE G R AR LT
PERR 2R SRR LA MR 2R
WESCER 25 G VAT 2 R e 5, DA A Bl ) 9880 A
KEH By RIEEZEN ) ERs A



8 Fp ] P R 2 2 ks 2024 4F 10 A5 34 2545 10 3] Chin J Comp Med, October 2024, Vol. 34, No. 10

ERa #l ERB P AH VA | ERo 32 22 75 i Hh JIE B R fol
Zoth Rk, DR DAL A, I ERB 1 E
PR B J2 RNt o X Rk Senn i gE & B,
APP/PS1 /NEAY ERa mRNA FI4E 14 5t LLAE 3 44
PR 5 Rk D, HEK/APP 20 il v ERac 38 32 35 1 Uik
> AR PR SR ARV T R 2 BT R K
ERB mRNA ik, X £ ERB Al fEJ22# e 2 12l
AEbEZ IR X SRR R —8, FEARMI T,
APP/PS1 /N ik U B B 545 40 248 28 J5 2 1 {1
WEABIRE, MiE H B3, 5% ERa M
ERB 2 L. 5 sham ZHAALL , ovx JNEE T iX 645
b, ARG RERY], MEM R Z RN RIL 550
NCEEYIARDE I T REXT AR AYTTRL = A5

BEE X AR ORI UUAR, B8 9% 40 bl 28 40
J e A KRB ROSPY | it i Y ROS AN BE Bl K B 3
W, E—25 o A= W I 1R 5 XLy 2 4548, 1 38 4
JHL B Y 45 R RN B, A2 A A MDA P MDA J2:fii
B AL B A= bR B, T SOD 2 Hi ik, vl
THBRLE A ROS, — HLIGHEREAL, br At R 1055 ,
AN TFAI LA T 535 1 90 B o 2H 2 v 4 A Pl 26, o o
i S B4 4 A 23R Ak, B & B 2 T R T IR
BE,fEHE AD FEIEINE ™ AR ITLE R R, APP/
PS1 /LAY ROS /K F-Fi1 MDA &5 &Rt H % i 38 fin
3G, SOD T J1 BEAK, it A AL 45405 8 1 9855 , ovx
JNEE T X FpAE AL,

WG R APP/PS1 /NEUAE 6 H i BLIA
HMTIReRRAT 8 H W IAFI DI BERE AR AR DB S B
i SR E IR I TN RS & AR AE 8 H AL
R L, ASBE S W] R 5 R 4 2 5 N N T g R
TRAFFEH APP/PST /N 5 1 B 5 [, /N B O
HUIGR G IR ZRAS T RE S INRNE D AR TR
S EAD HIPRE KL APP/PST /NI 4T
WS R 2 (R R R R AR 5 B A AL RE T /K FEAIK L AB
p/ S 3 =S R S BV ] (AR T R S B2 R O [
J& 7€ APP/PS1 #E5E PR /N RS AL i S v ) 9 R A2
PRS- T ]2 75 38 5 {7 38 B e SR AD Ik
R APy 2 SR

SE 3k

[ 1] MCCARTHY M, RAVAL A P. The peri-menopause in a
woman’ s life; a systemic inflammatory phase that enables later
neurodegenerative disease [ J]. J Neuroinflammation, 2020, 17
(1). 317.

[ 2] XIONG]J, KANG S S, WANG Z, et al. FSH blockade improves

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

cognition in mice with Alzheimer’s disease [ J]. Nature, 2022,
603(7901) ;: 470-476.

MARONGIU R. Accelerated ovarian failure as a unique model to
study peri-menopause influence on Alzheimer’ s disease [ J].
Front Aging Neurosci, 2019, 11, 242.

SATO K, TAKAYAMA K I, INOUE S. Expression and function
of estrogen receptors and estrogen-related receptors in the brain
and their association with Alzheimer’ s disease [ J]. Front
Endocrinol, 2023, 14. 1220150.

OSSENKOPPELE R, VAN DER KANT R, HANSSON O. Tau
biomarkers in Alzheimer’ s disease: towards implementation in
clinical practice and trials [ J]. Lancet Neurol, 2022, 21(8):
726-734.

LIN T, TJERNBERG L O, SCHEDIN-WEISS S. Neuronal
trafficking of the amyloid precursor protein-what do we really
know? [J]. Biomedicines, 2021, 9(7) : 801.

JUCKER M, WALKER L C. Alzheimer’ s disease; From
immunotherapy to immunoprevention [ J]. Cell, 2023, 186
(20) : 4260-4270.

SODERBERG L, JOHANNESSON M, NYGREN P, et al.
Lecanemab, aducanumab, and gantenerumab—binding profiles
to different forms of amyloid-beta might explain efficacy and side
effects in clinical trials for Alzheimer ’ s disease [ J ].
Neurotherapeutics, 2023, 20(1) : 195-206.

SHEPHERD A, LIM J K H, WONG V HY, et al. Progressive
impairments in executive function in the APP/PS1 model of
Alzheimer’ s disease as measured by translatable touchscreen
testing [ J]. Neurobiol Aging, 2021, 108; 58-71.

WEBSTER S J, BACHSTETTER A D, NELSON P T, et al.
Using mice to model Alzheimer’s dementia; an overview of the
clinical disease and the preclinical behavioral changes in 10
mouse models [ J]. Front Genet, 2014, 5. 88.

UDDIN M S, RAHMAN M M, JAKARIA M, et al. Estrogen
signaling in  Alzheimer > s disease: molecular insights and
therapeutic targets for Alzheimer * s dementia [ J ]. Mol
Neurobiol , 2020, 57(6) : 2654-2670.

MIFFLIN M A, WINSLOW W, SURENDRA L, et al. Sex
differences in the IntelliCage and the Morris water maze in the
APP/PSI mouse model of amyloidosis [ J]. Neurobiol Aging,
2021, 101. 130-140.

TAO R, WANG N, SHEN T, et al. High-fidelity imaging of
amyloid-beta deposits with an ultrasensitive fluorescent probe
facilitates the early diagnosis and treatment of Alzheimer’ s
disease [ J]. Theranostics, 2022, 12(6) ; 2549-2559.

WALL E G, DESAI R, KHANT AUNG Z, et al. Unexpected
plasma gonadal steroid and prolactin levels across the mouse
estrous cycle [ J]. Endocrinology, 2023, 164(6) : bqad070.
CHEN J, CHEN Y H, LV H Y, et al. Effect of hyperbaric
oxygen on lipid peroxidation and visual development in neonatal
rats with hypoxia-ischemia brain damage [ J].
2016, 5(1): 136-140.

LAL R, DHARAVATH R N, CHOPRA K. Alpha-lipoic acid

Biomed Rep,



o ] H A PR 2R 2k 35 2024 4F 10 45 34 555 10 ] Chin J Comp Med, October 2024, Vol. 34,No. 10 9

[20]

[21]

[22]

[24]

[25]

[26]

[27]

[28]

ameliorates  doxorubicin-induced  cognitive  impairments by
modulating neuroinflammation and oxidative stress via NRF-2/
HO-1 signaling pathway in the rat hippocampus [ J]. Neurochem
Res, 2023, 48(8) : 2476-2489.

MISHRA P, DAVIES D A, ALBENSI B C. The interaction
between NF-kB and estrogen in Alzheimer’ s disease [ J]. Mol
Neurobiol , 2023, 60(3) : 1515-1526.

PIKE C J. Sex and the development of Alzheimer’ s disease [ J].
J Neurosci Res, 2017, 95(1/2) : 671-680.

MISHRA A, WANG Y, YIN F, et al. A tale of two systems:
Lessons learned from female mid-life aging with implications for
Alzheimer’ s prevention & treatment [ ] ].
2022, 74. 101542.

SOCHOCKA M, KARSKA J, PSZCZOLOWSKA M, et al.

Int J

Ageing Res Rev,

Cognitive decline in early and premature menopause [ J].
Mol Sei, 2023, 24(7) . 6566.

SCHEYER O, RAHMAN A, HRISTOV H, et al. Female sex
and Alzheimer’ s risk: the menopause connection [ J]. J Prev
Alzheimers Dis, 2018, 5(4) . 225-230.

ASHRAFIAN H, ZADEH E H, KHAN R H. Review on
Alzheimer’ s disease: Inhibition of amyloid beta and tau tangle
formation [ J]. Int J Biol Macromol, 2021, 167 382-394.
ZHANG Y, CHEN H, LI R, et al. Amyloid B-based therapy for
Alzheimer’ s disease: challenges, successes and future [J].
Signal Transduct Target Ther, 2023, 8(1) . 248.

SALLOWAY S, CHALKIAS S, BARKHOF F, et al. Amyloid-
related imaging abnormalities in 2 phase 3 studies evaluating
aducanumab in patients with early alzheimer disease [J]. JAMA
Neurol, 2022, 79(1) . 13-21.

HUANG S Y, ZHANG Y R, GUO Y, et al. Glymphatic system
dysfunction predicts amyloid deposition, neurodegeneration, and
clinical progression in Alzheimer’ s disease [ J]. Alzheimers
Dement, 2024, 20(5) : 3251-3269.

KIM T A, SYTY M D, WU K, et al. Adult hippocampal
neurogenesis and its impairment in Alzheimer’ s disease [ J].
Zool Res, 2022, 43(3) . 481-496.

ZHAO W, HOU Y, SONG X, et al. Estrogen deficiency induces
mitochondrial damage prior to emergence of cognitive deficits in a
postmenopausal mouse model [ J]. Front Aging Neurosci, 2021,
13, 713819.

TECALCO-CRUZ A C, LOPEZ-CANOVAS 1., AZUARA-

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

LICEAGA E. Estrogen signaling via estrogen receptor alpha and
its implications for neurodegeneration associated with Alzheimer’ s
disease in aging women [ J]. Metab Brain Dis, 2023, 38(3) .
783-793.

MARBOUTI L., ZAHMATKESH M, RIAHI E, et al. GnRH
protective effects against amyloid B-induced cognitive decline: a
potential role of the 17B-estradiol [J]. Mol Cell Endocrinol,
2020, 518 110985.

LATY J, ZHU B L, SUN F, et al. Estrogen receptor o promotes
Cavl. 2 ubiquitination and degradation in neuronal cells and in
APP/PS1 mice [ J]. Aging Cell, 2019, 18(4) . e12961.
MOORS T E, LI S, MCCAFFERY T D, et al.

Increased

palmitoylation improves estrogen receptor alpha-dependent

hippocampal deficits in a mouse model of

synucleinopathy [J]. Sei Adv, 2023, 9(46) : eadjl454.
MAIOLI S, LEANDER K, NILSSON P,

synaptic
et al. Estrogen
receptors and the aging brain [ J]. Essays Biochem, 2021, 65
(6):913-925.

BORA S H, LIU Z, KECOJEVIC A, et al. Direct, complex
effects of estrogens on basal forebrain cholinergic neurons [ J].
Exp Neurol, 2005, 194(2) . 506-522.

TANG Y, MIN Z, XIANG X ], et al. Estrogen-related receptor
alpha is involved in Alzheimer’ s disease-like pathology [J]. Exp
Neurol, 2018, 305 89-96.

GU Y, ZHANG N, ZHU S, et al. Estradiol reduced 5-HT
reuptake by downregulating the gene expression of Plasma
Membrane Monoamine Transporter ( PMAT, Slc29a4) through
estrogen receptor 3 and the MAPK/ERK signaling pathway [J].
Eur J Pharmacol, 2022, 924. 174939.

ZHANG H, SU Y, SUN Z, et al. Ginsenoside Rgl alleviates AR
deposition by inhibiting NADPH oxidase 2 activation in APP/PS1
mice [ J]. J Ginseng Res, 2021, 45(6) : 665-675.

JOMOVA K, VALKO M. Advances in metal-induced oxidative
stress and human disease [ J]. Toxicology, 2011, 283(2/3):
65-87.
BALENDRA V, SINGH S K. Therapeutic potential of

astaxanthin and superoxide dismutase in Alzheimer’ s disease

[J]. Open Biol, 2021, 11(6): 210013.

(YeFs HH#A)2024-04-16



2024 4F 10 H HE R E R LR October, 2024
H34 % 10 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 10

EHWE RN RGERH A, JE TS BESZ 4K P2XTR AR UM G T SO BAIT5E [J]. P [ le R R 23 2Ri, 2024, 34(10): 10
-17.

Wang YF, Liu ZY, Yin XY, et al. Pathology of gouty arthritis based on purinergic receptor P2X7R [J]. Chin J Comp Med, 2024,
34(10): 10-17.

doi: 10.3969/].issn.1671-7856. 2024. 10. 002

JET NG BEAZ IR P2XTR A AU 515 48 9 B 5

THEE FEF, REM, 2 ME/E",K K
(demrhBEZ Ry Jat 102488)

[WZE] B# WSRO RS R B AR (b (52 IR = e P2XTR WAL, Bk M
P SD KA A IEH (NORM ) 1 FISEER 20, SC 56 A A 468 WO BR( GC) 41 MoK IR (IWS) 1 Fi5 i G ( BBG, P2XT7R
A A, TR K B AT PR R B H75 5K A Coderre Y5 #1 1 5 FR R ILAE 45 I8 WUPE G T7 RAERL, VKoK kB 4
KEAE Coderre YEEEARS Y 0 h A1 12 h, 703 TR 0.5 m BY2KKIE S8 h 34T 5 min BT J197K , BBG 410 7E i
1L 37 RIS I 5 BBG VA 1 1K, ASTUTHRBRIC T T B e 450 1 ok A Y00 K BRL it ¥ PR iR 7K T 5 ELISA 4G 1fi
7 IL-1B IL-6 F1 TNF-o £ 5k s HE Y (2 S BRI R R 20 20 ) 995 B A8 4K ; Western blot 16328 2H £k 43 551 4G 0 g
A P2XTR FINLRP3 3%k, &R SIER AU L, 25021 BRI PR R /K T B B0 7 b Bk e %50 i 25 7t
1R (P<0. 05 B P<0.01) , H ¥ RIAFTEA [FIFR B ) MR E o 5598 XU REZEAE B, DRoK Kk v 4R OG5 b ik 4
BOE 12 h BEETHE (P<0.05) , ML3E 1L-18 IL-6 I TNF-a 75 & ( P<0. 01) M ¥ L4 P2X7R NLRP3 & A =2 5H
3B RIK (P<0. 05) ;R FILE R W/R B R AL, T 2 20 ™ S B A SRS A R R AN R 5, BBG
ZH R BT REZH U P2XT7R NLRP3 5 [ 3835 1595 B 5 50 XU BRAH TG W 2728 4k (P>0. 05) | T IfL 3 IL-1B \IL-6 I
TNF-a FFRIAA B EUE(P<0.01) . FHiE VOKIKVAREILLAY FE 8 J AR 2052 2 AT i 8 9 XU OG5 48 1) s 2
405, FAILH AT B 5 56T R P2XTR BSR4 6,

[E8BIR ] FRER ;I8 XUPESCT R EES REAZ 1 P2XTR ; PKAK IR 5 I ARS8

[HE53ES] R-33 [ XrEkFRIZAG] A [XEHS) 1671-7856 (2024) 10-0010-08

Pathology of gouty arthritis based on purinergic receptor P2X7R

WANG Yinfeng, LIU Zeyu, YIN Xiaoyang, LU Chengjin, LIN Zhijian* , ZHANG Bing
(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

[ Abstract]  Objective To observe the effects of ice-water swimming on pathological changes in model gouty rats,
and investigate the relevant regulatory mechanism of the purinergic P2X7R receptor. Methods Male Sprague Dawley rats
were divided into normal(NORM) and experimental groups including gouty control (GC) , ice-water swimming(IWS) , and
Brilliant Blue G ( BBG, a P2X7R inhibitor) groups. Rats in the experimental groups were modeled to simulate
hyperuricemia and gouty arthritis by inhibiting uric acid metabolism combined with the Coderre method. Rats in the ice-
water swimming group were treated with 5 min of endurance swimming in an ice-water mixture at a depth of about 0. 5 m for
0 h and 12 h after modeling by the Coderre method, while rats in the BBG group were injected intraperitoneally with BBG
solution once after modeling. Ankle swelling index was calculated using a formula. Serum uric acid levels were detected by

uricase assay, and serum levels of the inflammatory factors interleukin (IL)-18, IL-6, and tumor necrosis factor ( TNF) -
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were detected by enzyme-linked immunosorbent assay. The pathological status of the ankle joints was examined by
hematoxylin and eosin staining. P2X7R and NLRP3 protein expression levels in synovial tissue were detected by Western
blot and immunohistochemistry, respectively. Results Serum uric acid levels and the ankle joint swelling index were
significantly higher in the experimental groups compared with the normal group ( P<0.05 or P<0.01), and the synovial
tissues showed different degrees of inflammatory infiltration. The ankle swelling index was significantly higher in the ice-
water swimming group compared with the gouty control group at 12 h (P<0.05). Serum IL-1B3, IL-6, and TNF-a levels
(P<0.01) and P2X7R and NLRP3 protein levels in synovial tissues were all significantly elevated (P <0.05).
Histopathology showed that the cartilage surface was broken and the synovial tissue showed severe hyperplasia and erosion,
accompanied by numerous inflammatory cell aggregates. There were no significant changes in P2X7R or NLRP3 protein
expression or pathology in synovial tissues in the BBG group compared with the gouty control group (P>0.05) , but serum
IL-1B, TL-6, and TNF-a levels were all significantly suppressed (P <0.01). Conclusions Cold stimulation and
strenuous exercise simulated by ice-water swimming may exacerbate pathological damage in gouty arthritis via a mechanism
related to high P2X7R expression in the joints.

[ Keywords ]

uric acid; gouty arthritis; purinergic receptor P2X7R ; ice-water swimming; gouty model
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Note. Compared with NORM group, ** P<0.01. Compared
with GC group, ™ P<0. 01.

Figure 1 Serum uric acid levels of rats in each group
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Note. A, Ankle swelling index. B, 12 h ankle swelling observation. Compared with NORM group, “ P<0. 05, ™ P<0. 01. Compared with GC

group, P<0. 05.

Figure 2 Ankle swelling index of rats in each group
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T S IERAUALL, ™ P<0. 01; 59 MR HRZLAf L, " P<0. 01,
B3 ARG IL-18 IL-6 il TNF-o kK- AL
Note. Compared with NORM group, ** P<0. 01. Compared with GC group, " P<0. 01.

Figure 3 Comparison of serum IL-1B, IL-6 and TNF-a expression levels of rats in each group

T A BRSCT S UR BT AR, RTS8 (R Sk W AR R TR ; B IR SURBIIE A, 0 @ 3k 0 A MR A IR 0, 38 (3
KN AR AL

B4 A AREBROCT A HE S WL (HE, n=3)
Note. A, Histopathological pattern of ankle joint. Black arrows are synovial hyperplasia, and blue arrows are cartilage surface breaks. B,
Histopathological pattern of synovium. Red arrows are inflammatory cell infiltration, and yellow arrows are synovial tissue fibrosis.

Figure 4 Pathomorphological observations on the ankle joints of rats in each group (HE, n=3)
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1 A: Western blot #53ll P2X7R ;B P2X7R AN k401t (n=4) ;C.NLRP3 % 1 FHPEF R WA 5 LS (n=4) ;D A RE2H 4046 I
NLRP3, SIEH#AHMIL, * P<0.05, ™ P<0.01; 5% XX BRZEAH L, ¥ P<0. 05,
5 REERSEI ML L P2XTR il NLRP3 /& [ #5150

Note. A, Western blot for P2X7R. B, Relative expression of P2X7R protein (n=4). C, Percentage of NLRP3 protein positive expression area

(n=4). D, IHC for NLRP3. Compared with NORM group, * P<0. 05, ™ P<0. 01. Compared with GC group,”P<0. 05.

Figure 5 P2X7R and NLRP3 protein expression of rat ankle synovial tissue
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V5T PR IR BRI GA I EZHER T,
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[ Abstract]  Objective
tumors in C57BL/6] mice. Methods
mice to establish a subcutaneous tumor model of colorectal cancer. The model mice were then divided randomly into
model control, Houpu Sanwu decoction( HPSWD) low dose, HPSWD medium dose, HPSWD high dose, 5-fluorouracil
(5-FU), and combination groups (5-FU+HPSWD medium dose) (n=6 mice per group). The mice were treated with

To investigate the effect and mechanism of Houpu Sanwu decoction on subcutaneous

Mouse colorectal cancer MC-38 cells were injected subcutaneously into C57BL/6]

normal saline and Houpu Sanwu decoction by gavage, or normal saline and 5-FU by intraperitoneal injection once a day
for 24 consecutive days. During the intervention period, the mental state, diet, and other general conditions of the mice,
as well as changes in tumor volume, were monitored regularly. At the end of the experiment, the subcutaneous tumors in
each group were removed and weighed, and pathological features were examined by hematoxylin and eosin staining.
Transmission electron microscopy, Western blot, and nanoparticle tracking analysis were used to identify exosomes
derived from colorectal cancer tissues. Tumor mRNA and protein expression levels of Rab27a and the exosome markers
CD63, TSG101, and ALIX were detected by reverse transcription-quantitative polymerase chain reaction and Western
blot, respectively. Results Houpu Sanwu decoction inhibited tumor growth in mice. Tumor growth was inhibited to
varying degrees in all the HPSWD dose groups and in the combination group. The HPSWD medium does group showed
the greatest anticancer effect, and the combination group showed a synergistic effect with 5-FU. Houpu Sanwu decoction
induced tumor necrosis in a dose-dependent manner, with a similar anticancer effect to 5-FU. Houpu Sanwu decoction
also inhibited the protein and mRNA expression levels of Rab27a and the exosome-specific markers CD63, ALIX, and
TSG101 in mice. Conclusions Houpu Sanwu decoction inhibits tumor growth and the secretion of exosomes, possibly
by regulating Rab27a.

[ Keywords] Houpu Sanwu decoction; colorectal cancer; Rab27a; exosome
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25 H W9 ( colorectal cancer, CRC) J& 4> 3R %
FEAE B EPNE Z — | LI I8 A A DCHE T At 171
PMEEAEY . MTAT kR ATy SRR
A% CRC WY &R R AL - R K E AN AL T FTHE
W HEN RN RN E RN R F SRR, W
RENHBRZAN BRI 25, BA AR A BRI
REIRT . AR R GE AR TR M VD BR R il B ALY AT LA
IRBERRANAITRCR (B 2 85 I IR
TR ER A A 3  AR BRAR HARYT 25 W K D1 il
JEAFETE Y T AN BN 2 AR I Y KR AT
WESE T w24 K 40 AT LR R 7 8RB
MDA BSONE , FE LS BV g B TG A AR 3 T
G

UTAEA , A UAMAAE Sy 380 2% 8 20 K 5 A W R
TE IR IR 7 U Bk B SZ 3 G T, A I AR 2 4N i
TR 1) Bl o U2 BB, AR Y 30 ~ 150 nm
TERAZIR R T SRV A5 A T v
R RN R R, RN T AMNATE R AE 12
Wi 397 R 2 W3 2% O 1V Y S Rab27a JB T
Ras GTP fiff# % 1% ) Rab (Ras #H1XE M) , & 54
WA Ay AN Ay b AR Y EAT, Rab27a B
e T CRC K &M & H, W AEZ CRC ¥ 1k
(UREVAE YRR

S H IR EE Z A B TIRE R IR
A AL SCHLTH R, T IR B PR Sl S G E
i, LASB A b, A A B o 2 A (4 B ) 1Y SRR A
=¥)7% ( Houpu Sanwu decoction, HPSWD) B 71T,
eI B DA 3 W EZY i i | P IR Ve 7B 23
B, JEEAN =Wy g BLJEERD rp i SR AN | R B rp Y R
FRBLB A YUEm R ) BRI IE B K
H R B R A P MR R JREAR
=WAtE CRCIAYTIEN . ABFFELL CSTBL/6] /N
SR BIF 98 X 42, 3E T Rab27a R 157 JE Ab = %) 17 Xt
CRC 2R/ B A e 90 28051 LA B XoF b W A4 4 i 1Y

A
1 #E7E

1.1 SEIe#
1.1.1 Z0jfg

/NEEE B MC38 4 ie [ b s b gn e A=
Y AR BT, 845 BNCC337716,

1.1.2 ZEBsh¥)

36 HIfEME SPF 4% C57BL/6] /N (6~8 JIRE)
IREE (20+2) g, I Tt 5t A B AR Wy BH 0y A PR
8 F][ SCXK(F)2019-0008 ], T 5 H 25 25 K220
— B B B sh 0 S 56 H 0 [ SYXK (#) 2022 -0004 ]
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T PEIRFR 1R S b S A9 A 3 T R
B2 2 2 2 — B i B2 e S 0 2l ) A R A B A 2
B2 (YFYDW2022015) . fRl35 4508 = i 24 ~
26 °C, HIXHRE 45% ~55% , e IR JE ) 12 h/12 h B/
MEACE , LR AT A 3R BRI,
1.2 FERLFSNE

JERN =037 (JEAD 24 ¢ K12 ¢ B9 o) H
)R s 2 R 2R 5 — B s o o R e B AR, 5 -
FIR WEBE (5-FU) (R HE 4 W 25 A IR A A,
H12020959 , Ki#& :25 mg) ; RPMI Medium 1640 ;3%
B (E K, 31800); 1 x PBS 2% mh il (R ¥ %,
P1020) ; 4= ML (335, 99020) ; BEHE P (23K
F,T1300) ; HE 4 53850 & (R 365, G1120) ; BCA
B EWRBEERIH R & (% 3%, PC0020) ; — ik
Rab27a. CD63, TSG101, ALIX #i 1k ( %% 4t /K,
GB111106 ,GB12620 .GB111106 ,GB124080) ; —#iPt
& Rab27a, CD63. TSG101 | ALIX #i {4 ( F€ 4k /R,
GB23303 ,GB23301 ,GB23301 ,GB23303) ; RNA #2 1)
R B (RIS, R1200-50T ) 5 9 6 1 H b % a5l
B (FEHEE,RRO4TA) ;9O kMR & (£ H
<, RR820A) ;2% Wi (‘R F, G1871) . BRiX
( Bio-Rad , Model 550) ; . i %% ( Leica, DM3000) ; %
L FELE R, MS6000 ) 5 4= 528 H L (3D-
histech , Pannoramic DESK ) ; & B Hi, 7k 1 ( $& 4 /R,
SVE-2) ; B EIHLIKAX ( FE4E/R , SVT-2) 5 {2 % X
( CLINX, 6100) ; # fi & 43 ot J% B it ( Thermo,
NanoDrop2000) ;56 5E t PCR ¥ ( Bio-Rad, CFX) ;
BB ( HAR jeol AT, JEM1230) ; 44 K k8 &
S ( Particle Metrix , ZetaView PMX 110) .
1.3 XWH*E
1.3.1 4ifasssz

¥ CRC 40 Rk MC38 B T 7 10% it 4 IfiL 7% 1
RPMI 1640 355 A #5538 & T 5% CO, 19 37 C
KRR RE SR e FH T 40 55 5= 00 6 28 1T 34
164 °C st B0 (1234.7 o/min) 38774, LLHf
PR BRATAR] i 2 1375 2 TR AR AR
1.3.2 SR AR A R ST

B S 2 BROSCHRT T MC38 4l Bz R v G
(n=6,2x10°/H) ,5 d J ML s 75 O
1.3.3  sh¥ordl K Ab PR 7 vk

36 HUNRIIERI ), BV H R 6 4, 41
BIAERL R R AN = WA AR A R AN =9
DRI AL AN =0 iR R A S — PR W RE ( 5-

FU) 41 K5 41 (5 FUR BEWE + 5 kb =W 17 v ) i
M), 6 H, HA BRI &R T/ R
HERKES | JEAN = e R A RS 4
FER LT/ INBURHE F 52051 11 g/ (kg - d) (22
g/(kg+-d) 44 g/(kg-d).22 ¢/(kg -d),5-FU 4,
e M I TE AT 5-FU S, 120500 0. 25%107°
& (kg d), HELEIAZE24 d,

134 /NREC MR AR E

B ERRC NS 0 K, B 5 d M5/ N TR
pRAR S AR I AR~ R AR A KA (a) 5
HAw { Oy m YRR (b) AR =0. 5xaxb?,

1.3.5  MRALUEAR HE B @

g ZH UM T 8 PP BB, EA T A AL,
PO G A BRI T, B 0 s T R
TR, A VA . A AT REAR U KAk, K
a8 U1 R 347 98 AR K — B 41 ((hematoxylin-eosin,
HE) 3t e M IF IR PR IEE R, T 45t
P AAACR IR
1.3.6  RNA #& B2 & 3% 5% 5% PCR ( reverse
transcription coupled to the quantitative polymerase
chain reaction, RT-qPCR)

K RNA 4R EGAT S 42 USRS RNA SR AT Bk
HPOEEE TR T RNA ZERE I 1058 A/ Ay,
(B, FOE f i SR GORF B RNA EAT 300G 5%,
SR 2¢Ot s 1 R IR & #E AT PCR 971G, LU
GAPDH fERWN S ] 274" J5 ki F AT mRNA
KB, SIFINEE 1,

1.3.7 HHBPEEIE ( Western blot) 56

J11 PBS WA L4, T G B 2 UK 4

LU NIOIE & TS T I A SUR I A

x1 519F5)
Table 1 Primer sequences
Hep £ R 514(5°-3")
Gene name Primer(5°-3")
F CGCTATGGGTTTCCTGCTTCT
Rah27a
R TCCTCTTTCACTGCCCTCTGGT
F AACATAACTGTGGGCTGTGGGA
CD63
R GATAATTCCCAAGACCTCCACAAA
F GTATTGGCTTCCCTTAACCTTCC
ALIX
R TCCAACAATCTTAGCGACTCCTC
F CCTCGTCCCGTAGACAAAATG
GAPDH
R TGAGGTCAATGAAGGGGTCGT
F GTCAAACTGTCAATGTCATCGCT
TSG101

R CTCGATAACGCACTGGGATTG
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EEAIRIF . 2500 15 min(4 °C ,800 r/min) , W& 1%
WA ] BCA B VR FE A I 30 8 I o2 2 VR, 7E
NG il A& B HE 2R 15% SDS-PAGE 4b
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XTBST Pk 3 K., ¥ i ke, 5 5% 45 MiE A&
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30T .
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258.7 r/min #.0 2.5 h, BUHE R EIETIEY) , &
2T PBS 1 FRAFSMMA S FTAELOITE 4 CH
OB 5 T S
1.3.9  HMNBMAM % E

(1) Western blot ¥l

HAELBS%1.3.7,

(2) BHH T B MR

FHWRAEFe— /N RE S CAE B 5 TR I
A PRI B S5 A R T A, #E S min, X

HE 0, FHIB AR A5 W B 22 A W , R T IR 2%
BRI RLIR T W £ b K A AR o ) o T
VAR (AR 5 Qe W Ak ), B 5 ming, KR
WO J5 IS AR A58 28 O WO Wt SRS T8 BT
T A AT

(3) 4N K KL B 5% 53 B ( nanoparticle tracking
analysis,NTA)

Sy ANREE S I xPBS 28 vl i fi B, I i
RARFIMREE . 76 11 MLEIC R I T NTA I &
L5, ZetaView RGLH 110 nm ) FEIE 245 0k ik
Fricife, WEAERFE 23 CHI 37 C
L4 HiTEFE

KM GraphPad Prism 9. 5. 1 Fll Adobe Photoshop
2020 BRI g R A AT A BE K P AR 2 e
BORZH ] LR F V- S B AR 22 (n2s) Rm, £
Y8 LA T I7 22 03 M, O 22 5% ISR B IR 3R 5 22
PHT(ANOVA) 5 J5 224855, AT REFIRG 360, LL P<
0.05 NEFAGI AR,

2 HR

2.1 HPSWD /NG TR A0

W FrR, SRR REALAR L, AN =975
1A RN e 10 e B S e o a2 L e el
ANRFRBE ] (P<0.05) , RBLI 5 5-FU 44 [F]
B ARV T, G LU G 300 ) Ao 2k K B T
(P<0.05) . FESEAN =4 smdld, L gl
P bR A PR B A i 3 (P<0. 05) o 452K W] )R

TE: A JEAN =W T HUR /D RUMRE A SRR AL B JSAN =800 T BUR | O /N UM U o SRR IREEAR 1L, ™ P<0. 0001
B R AR A K 2 R/ B 2

Note. A, Changes in tumor tissue volume in mice after intervention with Houpu Sanwu decoction. B, Pictures of tumor tissue of mice after intervention with

Houpu Sanwu decoction when the samples were taken. Compared with the model control group, *** P<0. 0001.

Figure 1 Tumor volume growth curve and pictures of mouse tumor tissue
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AN =0 mT LA ) g A 4, b DA b ) £ 8 1S T
RO A, B 5-FU IKH (BRG4) 2 URVER .
2.2 HPSWD X/NRMEHEAEEM I
SRR FZH AR L, SN =i h ) e 4 5-FU

ZH RN G 2 1) s o o B R R (P<0.01) , 22 7 H
AEIERE S SEAN =g R A R, BN =
Wi (V) e 2H RS S =3 v 790 4 1) e o e P
W (P<0.05) , 25 HAGI¥E X (R 2),

T2 JEAN=WAX N BSR4 4T B A (x5, =6)

Table 2 Effect of Houpu Sanwu decoction on the weight of

tumor tissue in mice

25 /N ERUIIR 2 2R A g
Groups Weight of tumor tissue in mice
00 4 L
PuL e 0.770.27
Model control group
BN = A T 4
3 ) .
HPSWD low dose group
JEAR =137 TR 3R 4
b= il ) a0 e
HPSWD medium dose group
= AN = Tf'-‘iq w4
JEEAR Aw{ﬁl_lnjﬂ H 0.52+0. 23"
HPSWD high dose group
S-SR ELH .
5-FU group 0.30+0. 14
A .
) 0. 090. 05

Combination group

T B IR AL LB, " P<0. 015 5 AN =17 P 4L LB, P
<0.05,

Note. Compared with the model control group,“P<0.01. Compared with
HPSWD medium dose group,”P<0. 05.

2.3 HPSWD X/\[R ih9EE 4B LR IR T L A =2 M

SR Xof R 2 v R 240 L R A S A8 AR B L v
BAZ AR, a] WLAZ 53 S 52 5 A8 UL I igd 4 A R 3, i
W GR R Ge FR2Eals fIE O o JEEAD = W37 45 7
2 A ZEL A b geE 24 0 AN [ R B R IR BE, 3R B
5 5-FU MR W BTEER ., LR MR 44 HE 45
VLR =437 AT LIAR 0 i i A= TRFE , 37 o
1o IR SR AL AR B o SR AN =% 5 5-FU B
(BE4) 2 EER (K 2) .
2.4 INEMEARKEMIMNMEEE

2o it — RGN VR A 20 21 rh R B AR
T 3 37 5 LR e AN R T TR Sk R B 1 18
R, A5 G SR SN IMARFAE (18] 3) o R FH Western
blot J5 55 5E CRC 7= A4E Y AMIMA , I8 7R T HM b A
PSP bR Y CD63  ALIX Fil TSG101 £ iA, R
FHYAKIBORLER 5 53 Hr H R (NTA) 438 1 48 i 1 41
WA RN A FgscE (B 4)
2.5 EiN=43% % Rab27a 054 B AR E
# CD63 . ALIX 1 TSG101 ZE A/ 220

R T HEEAN =03 WA S IR Rab27a F14M
PRI B 3BT T /N MR 41 20 Rab27a ISR
WA R SRR S CD63 | ALIX Il TSG101 Y &
HEAE (5 B 6), 455H & B, A T8 X} g
4, JEFN =137 A 2 R 4H Y RERS AR 4

2 /N BRI

Figure 2 Histopathological picture of mouse tumors
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Figure 3 Electron microscopic identification picture of exosomes

B4 SMNBADR Western blot 1 NTA %78 & F

Figure 4 Western blot and NTA identification pictures of exosomes
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B 5 Rab27a MSNEARF AR Y CD63 |
ALIX 1 TSG101 25 1447
Figure 5 Protein bands of Rab27a and exosome-specific
markers CD63, ALIX, and TSG101

il Rab27a FHMBA R PR R CD63 ALIX Al
TSG101 Hy 23k (P<0.05), Rab27a 5EAN=¥11%
Y30 B B G R (BAE SR AN =W & W
FE 2 DA 3R o 4 0 A5CR B A (P<0.05) , AT
FE A2 0 70 2 P 25 0 S O AR N RIS, /D B
JEE A T BERIE R, IR SRS 1 /N B M fe
PEWOR BT, BT R ST RO N T A O
M, J5 Lo it — L i aaR
2.6 Ei=41i7%f Rab27a s ik SRR
# CD63,ALIX #1 TSG101 mRNA A &0

AHAS TR B | A =437 vh 3] 2 2H Ak
AP RENSAR G A ] Rab27a AN A Fp R S 1
Fra&i¥) CD63  ALIX il TSG101 A ik (P<0.05),
LI, Rab27a 58N =417 0 7 & 22— 2 19 7
HRR BTEEA =7 45 W 4, Db
NIRRT 4 (P<0. 05,1 7)

T SRR B L, 7 P<0.0001 5 5 EAN =40 il 4l L4, * P<0. 05, % P<0. 01, " P<0. 001, "** P<0. 0001 .
6 Rab27a FIAMBAFEFMERREY CD63 ALIX Fil TSG101 113515
Note. Compared with the model control group, “** P <0.0001. Compared with the HPSWD medium dose group,” P<0.05," P<0.01,™ P<

0. 001, ** p<0. 0001.

Figure 6 Protein expression of Rab27a and exosome-specific markers CD63, ALIX, and TSG101
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T SRR RAAR G, " P<0. 0001 ; 5JEAN =1 il 4 ez, * P<0. 05, %% P<0. 001, % P<0. 0001 |
B 7 Rab27a FISMBAKRR ST HFR &4 CD63 ALIX F1 TSG101 mRNA ik
Note. Compared with the model control group, ™** P<0. 0001. Compared with the HPSWD medium dose group,*P<0. 05,** P<0. 001, ** P<0. 0001.
Figure 7 mRNA expression of Rab27a and exosome-specific markers CD63, ALIX, and TSG101

3 it

BEFR Ry I W64 1) 55 760y 22 b il 3L 3 40 40 e
T, AN AR Sy — T 78 1 s % A A4, W A 2
JEgmAsS RNA |2 i 8 5T R R 55 400 5, DT 6E
ipacty/Ean ) oI IR = R = I = VG =3 Ry A RS
SN 5 R A, LA % A A 1 4 L 00 3L 1)
e S AR 2 W AA T N v 70 H 2545 20T
HCAE g v B 4R FH 3 4 R 32 B A 53 sl RN AR ) IR
ATz P BFST R, AN AT LA
SRy A kR ke A B T B R B RS 1Y) 4 B 1) 3 TR
AR I A BT, 5% W 0 B ) A K R T R R R ZE A
BITHRYL, 25 Z 0B R i & A4 &k e 2

TE R T 2 9002 F W Rab BRI & K 6,
Rab27 S AN F BN A TE AT AH L A 357 3] o e
BHIIE B 32 i P RS % 22 T RE RN OGB4 AL B A
Rab27 V.7 Rab27a.Rab27b 7E i A 4 4L rp #R A %
ik {H Rab27a BAER N FIA M F 2 A L HE &

WA E s AT AR AN R Z BT R
Rab27a TV 22 Al 987 F I 98 i Jre 1) £ i 57
Rab27a 1 CRC Faik B, Biif i A5 CRC &
JEREE " Rab27a AEMEAE HE 11 1 IR 20 it g
B A s ,Eﬂj)ﬁﬁ%ﬁﬂ\@%] s Rab27a i o A5
A2 28 S WA AR 32 P 0, 3 00 A B 2R NG A T
Rab27a BT 18 A LA 155 1o o 200 R 44 5 AT % 1 22
A1 I Bz 18] J5i % 4 ( epithelial-mesenchymal transition
EMT) , 40 il 5 088 bl g A Y Bl i 98
FW Rab27a 7] DL 5 25 Fft 248 B 19 S A 44 53 06, 3
TSR AN ML | 235 i R B S50 A i L R R 4
i REZR A A, Rab27a T B R il
S AN A AR J3 5 7 98 240 L 1) 3 58 RN 4R 28 vh R 5
AR, SN 53 DA 8 7 i J68 G 455 1 98 40 i 1Y)
THRE , DT A 2 95 i a2 R | 39 ik S R S FRR T B 45 1Y
FERE O BRI, EATTAE CRC A4 1 R AT s 4L
il ARz, B, U AESE CRC & AT A
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Bffi 2 AT REFTR YT T P e LA G R AE TR YT

S5 M R B b A L 0 R > —
T2 KR EZ, CRC KRR MIET: R IE7E R
BT AR P R T s R
R CNEEET CBIALRET AR, 45 ) E
SRAILA IE HE ML TR 2 R, < 1E R 2 b g & 1)
HRARJE IR, 45 B M e 2 7 D O Sl e, (R
WX - IKIKY = < B E A dne w0 . FERK T sb
HTSME, SR, HAR, MmN E, B
Jr PR, B AE L, KU ER----- o Fg R4
EL AR S 2 () BRARAE < RMLFH R R TR 2
S5 H T U FEAR B R (K ) - HEE)
=z NI E AR ALY AN, S TR BE L,
HIZS IR DIRE LIS o 7SI 2 SURGE AN B, Wi
DU , ORI ZE AN 38, TR 2 ARG | il | v A
RRIE R85 RIS A5 RS, AT 7= A 98 8
AR E R, REUET RS Z K, #t—22
INEAMLIB T A, e S B8 B &,

HHT, A B2 25 © il S 0 45 H e BoA R
TEIVE R 0] S P RS A i Y JBAN=
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A R A SE A B, e AN LR S, AR SR
THAR, R I it A =R A AL 2 47 A AU R
2R AN A LT B, Rk
AT R BB AR, IR T RN 5
RN NE K IS 0, LD RLAT A 45 1 R 8 1 7 R
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[ Abstract)
by intratracheal instillation of different doses of bleomycin (BLM). Methods
were divided randomly into control, low-dose BLM 3 mg/kg ( BL-L), and high-dose BLM 5 mg/kg ( BL-H) groups.

General status, mortality, and weight changes were observed, and the lung inspiratory capacity (IC), vital capacity

Objective To compare the success rate and stability of rat pulmonary fibrosis (PF) models induced

One hundred and fifty Sprague Dawley rats

(VC), chord compliance ( Cchord), and dynamic compliance ( Cdyn) were detected on days 28, 42, 56, and 84. Lung
coefficients were recorded and pathological changes in lung tissue were observed by hematoxylin and eosin and Masson
staining. The lung hydroxyproline ( HYP) content was detected and collagen type III ( COL IIT) was detected by
immunohistochemistry. Results The mortality rates in the BL-L and BL-H groups were 20% and 28% , respectively. Body
weight was significantly lower in the BL-L group compared with the control group on days 0~56, and weight recovery after
day 56. Body weight was significantly lower in the BL-H group compared with the control and BL-L groups from days 0~56
(P<0.01). Regarding lung function, IC, VC, Cchord, and Cdyn were significantly lower in the BL-L group compared
with the control group on day 28 (P<0.01, P<0.05), and IC and Cdyn were significantly lower in the BL-H group ( P<
0.01). IC, VC, and Cchord were significantly decreased in the BL-L group on day 42 ( P<0.01, P<0.05), while IC,
VC, Cchord, and Cdyn were significantly decreased in the BL-H group ( P<0.01, P<0.05), and IC, VC, and Cchord
were significantly lower compared with in the BL-L group (P<0.01). Cchord was significantly lower in the BL-H group
compared with the control and BL-L groups on day 56 ( P<0.01). The lung coefficients on day 28 were significantly higher
in the BL-L and BL-H groups compared with the control group ( P<0.01), and were significantly higher in the BL-H group
from days 42 ~ 56 compared with the BL-L and control groups ( P <0.01). Regarding lung histopathology and
immunohistochemistry, inflammatory infiltration, fibrotic streaks, and COL III expression were observed in the BL-L group
from days 28~56, and almost complete disappearance of the fibrotic lesions on day 84. In contrast, fibrotic lesions could
be observed from days 28 ~84 in the BL-H group, with significantly elevated COL III expression compared with the control
group (P<0.01). The HYP content was significantly higher in the BL-L group compared with the control group from days
28~42 (P<0.05, P<0.01), and then gradually decreased, and the HYP content was significantly higher in the BL-H
group than in the control group from days 28 ~84 (P<0.01). Conclusions Both 3 and 5 mg/kg BLM can successfully
induce PF rat models. Rats treated with 3 mg/kg BLM developed fibrosis on day 28, which lasted until day 42 and then
gradually recovered. Rats treated with 5 mg/kg BLM developed fibrosis on day 28, and the degree of fibrosis was more
severe with the higher compared with the lower dose, with stable fibrotic lesions up to day 56 and moderate-to-severe
fibrosis still present in half of the rats until day 84.

[ Keywords] pulmonary fibrosis; bleomycin; model comparison
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Figure 1 28-day survival curve of each group

H. 52 EHIE,“P<0.01; 5 BLM {5 & 41 b %, " P
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B2 FHAKBAEEL(n=8)

Note. Compared with control group,*P<0. 01. Compared with BL-
L group,” P<0.01.
Figure 2 Changes in body weight of rats
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T 5 AL, *P<0. 05, % P<0. 01; 5 BLM 541 42, " P<0. 01,
B3 £ KFIHEIAE IC.VC Cehord Fl Cdyn 284k (n=6~10)
Note. Compared with control group,*P<0. 05, P<0.01. Compared with BL-L group, " P<0.01.

Figure 3 Changes in IC, VC, Cchord and Cdyn of rat lung function

525 4 I#,  P<0. 01 ;5 BLM {540 L4, P P<0. 05,
4 FHKRBMREE(n=8~12)

Note. Compared with control group, “P<0.01. Compared with
BL-L group,”P<0. 05.

Figure 4 Changes in rat lung coefficient
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ALK EUIZZ HE Y6, B K EUMIZHZY Szapiel #1743 ; C: K BUMIZH 2L MASSON % ff; D K BT ZL 2169 Asheroft W43, S5 A4

B ,"P<0. 05, P<0. 01,5 BLM {&# 41 L4, " P<0. 05,

B 5 KBS EAE L S o)

Note. A, HE staining of rat lung tissue. B, Szapiel score of rat lung tissue. C, MASSON staining of rat lung tissue. D, Ashcroft score of rat

lung tissue. Compared with control group,®P<0. 05, P<0. 01. Compared with BL-L group,”P<0. 05.

Figure 5 Histopathologic changes and scores of rat lungs

FE 2 HA L, P<0.05,P<0.01, 5 BLM {3 &4 Lt
#,°P<0. 05, P<0. 01,

B 6 AAKFIMMAL HYP & & (n=6)
Note. Compared with control group,*P<0. 05, P<0.01. Compared
with BL-L group,”P<0. 05, P<0. 01.

Figure 6 HYP content in lung tissue of rats
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0 55 U, " P<0. 05, P<0. 01,

7 N4HZ COL I & ik (n=8~12)

Note. Compared with control group,*P<0. 05,* P<0. 01.

Figure 7 COL III protein expression in lung tissue
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Figure 8 Ashcroft score statistics of different groups of rats at different times
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Fuling Xingren Gancao granules regulate macrophage polarization and
inhibit the progression of atherosclerosis
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(1. the Second Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450002, China.

2. Institute of Cardiovascular Disease, Henan University of Chinese Medicine, Zhengzhou 450002 )

[ Abstract ] Objective  To investigate the regulatory effect of Fuling Xingren Gancao granules ( FXG) on
macrophage polarization in atherosclerosis ( AS) model mice. Methods ApoE™" mice were used to construct an AS model
and RAW264. 7 macrophages were used to construct a polarized cell model. The total area of aortic plaques and the degree
of aortic stenosis were detected by Oil red O and hematoxylin and eosin staining, respectively. Expression levels of the M1

polarization factors inducible nitric oxide synthase (iNOS) and chemokine ligand 2 (CCL2) , as well as the M2 macrophage
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factors Arg-1, YM1, and CD206, and the phosphorylation levels of signal transducer and activator of transcription

(STAT3) in vitro and in vivo were detected by polymerase chain reaction and Western blot. Results

FXG significantly

reduced the total area of aortic plaques in ApoE ™™ mice, decreased the expression levels of the M1 macrophage polarization

factors iNOS and CCL2, and increased the expression levels of the M2 macrophage polarization factors Arg-1 and YM1 (P

<0.05). STAT phosphorylation levels were decreased in the model mice and M1 macrophages, but were upregulated after
FXG intervention (P<0.05). The STAT3 inhibitor Stattic partially eliminated the regulatory effect of FXG on iNOS and

Arg-1 (P<0.05). Conclusions FXG has an inhibitory effect on the progression of AS, via targeting STAT3 to regulate

macrophage polarization.
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Table 1 Fluorescence quantitative PCR primer sequence

HEH 4 P FIMFHI(5"-3) S/ bp
Gene name Primer sequence(5’ =3") Primer length
—E AR ATl F:GTTCTCAGCCCAACAATACAAGA 23
iNOS R:GTGGACGGGTCGATGTCAC 19
BRI 1 F:GAGATGCCTTCAGCAGAGTGAAGA 24
CCL2 R:AGGCTTGGCAACCCAGGTAAC 21
KA R -1 F.CTCCAAGCCAAAGTCCTTAGAG 22
Arg-1 R:AGGAGCTGTCATTAGGGACATC 22
KILT RBGREE A F:AGAAGGGAGTTTCAAACCTGGT 22
YM1 R:GTCTTGCTCATGTGTGTAAGTGA 23
eSS F:AGAAGCTGTGCTATGTTGCTCTA 23
B-actin R:AAGGCTGGAAAAGAGCCTCAG 21
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B 1 A4 ESKALSUR AL (HE, n=3)

Note. A, Mouse aortic Oil red O staining and plaque area statistics. B, HE staining of mouse aortic root plaques. Compared with the Model

group, * P<0. 05.

Figure 1 Pathological changes in aortic tissue of mice in each group (HE, n=3)
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AS /NEFT M1 70 I 40 RS SR 20 1Y STAT3 #ifefk 2.5 FXG Xt STAT3 BiEe Lk E iRk B F
A B AL (P<0.05), 1 2 FXG T Hl)5  INOS.Arg-1 HIRIEEM M
STAT3 BEFR AL AKEAEIR N AN A BT Ial 7 (P<0.05) WE 5 Fros , dE—FF STAT3 #0315 Stattic

U 57 AL, T P<0. 055 SHUBALILEL, "P<0. 05,
B2 4/ FS KLU E A A 79 mRNA Fik7KF(n=3)
Note. Compared with the Control group,*P<0. 05. Compared with the Model group, * P<0. 05.

Figure 2 mRNA expression levels of macrophage polarization factor in the aortic tissues of mice in each group

TE: 578 AL HEE, *P<0. 055 SHEAIA UL, ™ P<0. 05,
3 AP ESIKAL N E AR TR N RE KT (n=3)
Note. Compared with the Control group,“P<O. 05; Compared with the Model group, * P<0. 05.

Figure 3 Protein expression levels of macrophage polarization factor in the aortic tissue of mice in each group
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A Western blot 45l /NR E SIKA1ZUN P-STAT3/STAT3 8 [13357KF 3 B: Western blot Kl RAW264. 7 5 MEAH AN P-STAT3/STAT3 & 1%
B, o HA R, P<0. 05; S 4, * P<0. 05,
B4 F4/DNRESPKBEEEF RAW264. 7 FEVELNI P iINOS  Arg-1 £ P-STAT3/STAT3 & A&k /K (n=3)
Note. A, Western blot detection of P-STAT3/STAT3 protein expression levels in mouse aortic tissue. B, Western blot detection of P-STAT3/STAT3
protein expression levels in RAW264. 7 macrophages. Compared with the Control group,*P<0. 05. Compared with the Model group, * P<0. 05.
Figure 4 Expression levels of iNOS, Arg-1, and P-STAT3/STAT3 proteins in aortic plaques and RAW264. 7 macrophages

of mice in each group

1.5 LPS+IFN-y 4 L4, * P<0. 05; 55 FXG 41 [L#¢, * P<0. 05,
Bl 5 4541 RAW264. 7 B WEANME N iNOS . Arg-1 Al P-STAT3/STAT3 2 1 # KK F(n=3)
Note. Compared with the LPS+IFN-y group, *P<0. 05. Compared with the FXG group, * P<0. 05.
Figure 5 Expression levels of iNOS, Arg-1, and P-STAT3/STAT3 proteins in RAW264. 7 macrophages of each group
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Mechanism of mechanical stress in knee osteoarthritis synovial fibrosis
mediated via the Piezol/ERK1/2 axis

YU Likai'”*, TIAN Di'*, SU Zishan"?, JIE Lishi'*, GUO Shaobo'?*, WANG Peimin', ZHANG Nongshan'*
(1. Affiliated Hospital of Nanjing University of Chinese Medicine, Jiangsu Province Hospital of Chinese Medicine, Nanjing
210029, China. 2. the First Clinical Medical College, Nanjing University of Chinese Medicine, Nanjing 210023)

[ Abstract]  Objective To investigate the effect of Piezol activated by mechanical stress on knee osteoarthritis
synovial fibrosis via the extracellular signal-regulated kinase (ERK) 1/2 signaling pathway. Methods Twenty-five Sprague
Dawley rats were divided into blank, exercise, exercise+GsMTx4, exercise+PD98059, and exercise+GsMTx4+PD98059
groups (n=35 per group). After modeling, serum and synovial tissue were extracted and collagen deposition was evaluated
by Sirius red and Masson staining. Expression levels of Piezol , ERK1/2, phospho (p)-ERK1/2, a-smooth muscle actin
(SMA), transforming growth factor ( TGF)-B, Collagen I, and tissue inhibitor of metalloproteinase ( TIMP)-1 were
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detected by Western blot and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) , and the interleukin
(IL)-1B, IL-6, and tumor necrosis factor ( TNF)-a contents were detected by enzyme-linked immunosorbent assay. For
cell experiments, synovial cells were divided into blank, pull, pull + GsMTx4, pull + PD98059, and pull + GsMTx4 +
PD98059 groups and the above indices were detected in the model cells by Western blot, RT-qPCR,, and other techniques.
Results Mechanical stress increased collagen deposition in synovial tissues in the rats, and increased the protein and
mRNA expression levels of the pathway-related and fibrosis-specific indicators Piezol, p-ERK/ERK, a-SMA, TGF-(,
Collagen I, and TIMP-1 ( P<0.05). Piezol expression was significantly down-regulated by both inhibitors (P<0.05) , but
the ERK inhibitor (PD98059) had no significant effect on Piezol gene expression. Levels of serum inflammatory factors
were significantly higher in the exercise group compared with the blank group (P<0.05), and levels were significantly

reduced by the inhibitors ( P<0.05). The in vitro experiments showed the same trends as the animal experiments.

Conclusions
synovial fibrosis.

[ Keywords)

The Piezol ion channel can sense mechanical stress and activate the ERK1/2 pathway to mediate knee

Piezol; ERK1/2; mechanical stress; KOA synovial fibrosis
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(AF7018) , TGF-B ( AF1027) . Collagen I( AF7001) .
TIMP-1( AF7007) ) H Affinity Biosciences, XR-PT-
10B B4/ 4 B 20 B (10 s B R A R A
F)) s FX-5000T 7Y 4 Jifd 22 5K H A W ) m#8 R 48 (55
Flex cell A7), RT-qPCR L5 il i JE K5 | 4 1)
A L sEsEY AR R 1,
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Table 1 Primer sequences and lengths for gene amplification

B SIFHI(5°-3") KJE/bp
Gene Primer sequence(5’ =3") Length
F. CTATCGGCAATGAGCGGTTCC
B-actin 150
R: GCACTGTGTTGGCATAGAGGTC
Picaol F: CAGCCGAGAGACAGAGAAGAAATAC 102
e R: GCAATGAGGAAGAGGATGATGAGAC
F. GATTGCCTGCTGCTGTTCCTC
ERK1/2 139
R: CATCGTAGCCACTGACTTCTTCC
F: CCACTGCTGCTTCCTCTTCTTC
a-SMA 138
R: TGCCCGCCGACTCCATTC
F. TAGCAACAATTCCTGGCGTTACC
TGF-B 125
R: CCTGTATTCCGTCTCCTTGGTTC
F: GTGCGATGGCGTGCTATGC
Collagen 1 116
R: CTATGACTTCTGCGTCTGGTGATAC
F. TCCTGGTTCCCTGGCATAATCTG
TIMP-1 139
R: CACAAGCAATGACTGTCACTCTCC

1.3 IWHE
1.3.1 sh¥inrdl

25 2 SD REBENL R 5 A .25 1 B8
4 15 ) + GsMTx4 41, iz 3l + PD98059 4 | iz 5l +
GsMTx4+PD98059 41, FF2H 45 5 W, 1 i 1 i %
1JA,
1.3.2 sh¥isi

SHAIEH AR EL RS, B i )
Y 5 F S ST R, 3 N PR IR SRS R i
R 3 d A R PRI 2R, B 5 S 505 E N E 10
m/min, f K 2 WK, F R 15 min, & B PE 4558 1%
J& , HEATIE RN R, B 5 S 805 N 25 m/min
PERE 100, BK 1 h, BER 1R, AJH S d, Fr4e 8
JATY 3B Bh+GsMTx4 41 1R)38 sh 2l — 3k, 17 s ik
B 7E E SN b AR A g R L AT I
5t Piezol 17 GsMTx4, 4 H T 515 1 mg/kg!'® .
12 1+PD98059 4[R]3z sh ] — 2, 47 i S A B /e
TELCYN R 25 R J&, B R % 1 A7 B2 i Bk v S
ERK #1477 PD98059, 4 H 7 4 & 0.3 mg/kg'"”’ .
12 f]+GsMTx4+PD98059 41 [Fliz s 2 — 5, 1 7 i
Ab PR FEE I SR 48 R PR A R RO LR AT
ST 1 mg/kg GsMTx4, [A] B 32E 47 8 bk 72 55 0. 3
mg/kg PD98059
1.3.3  hYiiig K is A 2

Sl 3 A 5 B, R T G L G - PR
WA TR 2B I K Bk, 2R 85 8 =Sk, AR i g, fif
MR A 2SR5, i eI ), B0 4 B8 B B
HT-80 CUKFMRAT . RIMSERUS , XTI & 1, F

AR TTOIFE IO 1 Rz ik, it 2 e 1 20 SR i
B L GATIF T, S 8 JE B LI S s, A1 4t 4y
B EAL BHE T 4% 2 B W5 IR AR A7 504
T80 C UK TRAE
1.3.4  REUFACH IRE4H 42 H

ABFE R, 76T B PR T $i UM G 1 3 i 4 41
BT PBS 1 UE U 3 Wk, S A ST R CE T
H 0.15% 1 BB ) DMEM [l 3t 78 37
CIHETFIHAL 4 hy WHALTERBUSHH 70 wm 7 B 52
[T NS S S T ) 211 A E = L e 1 /BB 1S
L, 24 h J54u3, FEA MR 2 80% AT 15 48,3 UG
HEAT AN S5
1.3.5 4o sdps

W U RS R R D T 6 FLARTR Aol 5 4.2
20 H7 J1 4+ 77+ GsMTx4 41 7 77 +PD98059 4H
FIHL /7 +GsMTx4+PD98059 41 .,

DHAMEE TGS, AT T, P E T
TIIME RS, SHE N R BRR 6 1K, IR 20%,
S 50 Hz, A AR BE 24 h, $7J7+GsMTx4 £ v /)
g E A — 3, B FRMH G A 5 pmol GsMTx4
Hy5E4 33k . $7 )1 +PD98059 4H I 7 hin#k [Rl 4 1y
H—5, B & A 50 wmol PD980S9 1) 5¢ 4= 5%
Fid . 1 J7+GsMTx4+PD98059 £H 17 1 4% [w) 4 )
H—3, B RS 5 wmol GsMTx4 & 50 wmol
PDI98059 I 54 Frdik
1.3.6 ISy e RN 22 75 (ELISA )

il K LY , s R AT A v 1 28 e IR ELISA
TR B UL BH A3 78 A AR, A A6 0 45 21
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A IL-1B IL-6 & TNF-a B &4,
1.3.7 RIREL g

VB2 U A K A S 3 T A
ZARBAK IR IIAR R Y ARG 5~ 10 min T
A RIIRL Y R e 1 h K ik KB I
HPERT B [, SIS
1.3.8 Masson 444

AL R e 22 K | Weigert S5 AKE TR UL A% 5 ~
10 min 7K ¥k Masson M EZLERIER 21 S ~ 10 min .,
2% VK BETR K VA TRIR Ve 1% W AR R K VA TR 204k 3~ 5
min M WS Y 5 min 0. 2% VK R 7K 8 IR Bk
95% LW Ta/K LB, W IR E W | Hp v e e
JEBEMEE
1.3.9 ZEH%EEN ( Western blot)

W AR ) T I 2 2 A e P A R R
H I F R A SDS-PAGE A FREZ iR
S)AWE,-80 CUKAADRAF . B . BAE LUk FEIEE
L Ve 4 °C B B-actin, Piezol , ERK1/2 ., p-
ERK1/2 .a-SMA , TGF-B , Collagen I, TIMP-1 — 473t
T UERE I N b PR L
1.3.10 SEAF9ERE it PCR(RT-qPCR)

W L A 1 Vi OB A 2 s A0 i TRIzol 75 32 B
RNA {4 OGRS & AE A RNA WREE R4
Wil AR ) 20K AR 1S B9 RNA 335 %%5 55 ¢DNA,
WA RT-qPCR 50 & 375 19 cDNA #4793
FRAG AR 45 LA B-actin A N S 47 M 2K €
AbEE,

1.4 FitEHZE
SCU B B R SPSS 26. 0 HE AT B 4 b

Graphpad Prism 8  Adobe Illustrator 2022 54317
B2l , 25 R YR bR 25 (xxs) FoR, 24
[] LR L 307 225081 (ANOVA) ) ZH
B LSD K905k, Bdla L P<0. 05 Sy 225+ BA
T =

2 #HR

2.1 RREBILBURKRBETEN

RARIELT G0t 7 iz 3 21 KRR B 4 4 e
DURRERZS P4 S 2 38 0, 45 00 1 57) 4. 38 fig a2 iz B
T B0 L U S OB, LI 1,
2.2 Masson Bk RIiBELF4L

Masson Y&, i 7~ iz sl 40 K BRI I 240 2R 5 6 iR
JREF AR S 20 S 2 BG40 3R 2 24 e e D iz
BIFT A T L S A R 2 A LR 2
2.3 GsMTx4 #1 PD98059 F 7% Piezol/ERK1/2
BEEREARIEMNZM

KERIE L2 Western blot 25 s iz shdl 5
25 L0 L, e Piezol . p-ERK/ERK FY 2K 11 ik %
BERE (P<0.05), i&51+GsMTx4 4H 5iz 3+
GsMTx4+PD98059 4 Y Piezol .p-ERK/ERK )3 ik
BB A BT TR (P<0.05) . T35 8)+PD98059 4H
Hizshd M, H Piezol MEH RIS R EMEZER
(P>0.05),1H p-ERK/ERK iy #ikH ff TR (P<
0.05), WK 3A, KM BN Western blot 455 i
7N, 4% 2H 241 i [R) 38 2% AH OCHE AR Piezol | p-ERK/ERK
RO R IA A K BRI IR ZH 21 Western blot 2531
—2, WK 3B,

B 1 SHREEEASRBL G O R

Figure 1 Sirius red stained sections of synovial tissue from different rat groups
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2.4 GsMTx4 71 PD98059 FiX} Piezol/ERK1/2 25 (P<0.05) ., iz51+GsMTx4 4 51z 5+GsMTx4+
EEERE R PD98059 ZH F¥) Piezol ,ERK1/2 ) mRNA #ik# iz

KEBBEAHL RT-qPCR 5 R 0K, B34 5% WA TRE(P<0.05) , 1Miz3+PD98059 4 5iz
FAIAALL , H Piezol \ERK1/2 B mRNA EKiAH W S, H Piezol 1) mRNA FKIATC #2555 (P

2 UK R 2 Masson e @]

Figure 2 Masson’ s trichrome stained sections of synovial tissue from different groups of rats

TE AL UR (3555 B IRATIE A M 385k . 5 AL, ™ P<0.01, ™ P<0.001, ™ P<0.0001; 532 341 (fi S 41) teie, " P
<0.05,%P<0. 01, P<0. 001, P<0. 0001,

B3 24 R S AN s AR DGR Rk
Note. A, Synovial tissue protein expression. B, Synovial cell protein expression. Compared with blank group, ** P<0. 01,

<0.0001. Compared with exercise group (pull group) ,*P<0.05,"P<0.01,**P<0. 001, P<0. 0001.

ok

P<0.001, ™™ P

Figure 3 Changes in expression of pathway related proteins in synovial tissues and cells of each
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>0.05) ,{H ERK1/2 i) mRNA £ 5 H ff TR (P<
0.05), WLIEl 4A, KB B2 il RT-qPCR 45 2R i
7N, AL AR TE] Piezol \ERK1/2 £ mRNA ik
[ A L IR ZH 2 RT-qPCR 455, WLIK 4B,
2.5 GsMTx4 1 PD98059 Tzt A 4L HHXEH
RIEHIR M

KM IR 2T Western blot 25 3R 7R | iash4l 5

2 HAM L, H L 4B AR CHR AR A1 a-SMA [ TGF-B
Collagen I, TIMP-1 MM RIAY B ERS (P<
0.05) , iIZ8+GsMTx4 41 iz 8)j+PD98059 41 V) Je iz
Zj+GsMTx4+PD98059 ZH £T A AL AR SC 6 br i & 1 &
IRV A B R B (P<0.05) , WL 5A, KRR
T A0 Western blot 455 78 ,%?ﬂﬁﬂﬂ@ﬂﬂgfgﬁﬂﬁ
AHICTEAR B 1 2K H R R B 41 21 Western

WA W EZHZ mRNA 2635 ;B I 40 mRNA ik, 525 A HLES, ™ P<0.01, ™ P<0.0001; 515 3h4 (L 1 4) e, * P<0.05,% P<

0. 01, p<0. 0001,

B4 2200 I 20 A0 i P A9 B A ¢ mRNA Rk A8k

Note. A, Synovial tissue protein expression. B, Synovial cell protein expression. Compared with blank group, ™ P<0. 01, *™ P<0.0001. Compared

with exercise group ( pull group) ,*P<0. 05, P<0. 01, P<0.0001.

Figure 4 Changes in mRNA expression related to pathways in synovial tissues and cells of each group

WA IRALUEARR B IR E A LR, SAAILE, * P<0.05, ™ P<0.01, ™ P<0.001, ™ P<0.0001; 5ia 34 (Hi h4) I

%, #P<0. 05, P<0. 01, P<0. 001,

B 5 AN RS A b R LR AR DGR Rk A Al

Note. A, Synovial tissue protein expression. B, Synovial cell protein expression. Compared with blank group, ™ P<0.05, ™ P<0.01, ™ P<

0.001, ™ P<0.0001. Compared with exercise group (pull group) ,*P<0.05,"P<0.01," P<0.001.

Figure 5 Changes in fibrosis related protein expression in synovial tissues and cells of each group
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blot 455 —%, W& 5B, Z+GsMTx4+PD98059 £ £F 4k 4k #H - 45 5 ) mRNA
2.6 GsMTx4 1 PD98059 FFixtF 4L EXEEH FRBHL ST A BT TR (P<0.05) , WWE 6A, K
e 3vy: oA S 2 RT-qPCR 455 87 | 45 4 40 M [ T 44k

KEIH L RT-qPCR 45 R B/R i aidl 525 MSCEE 1 mRNA 23K 346 K B B4 40 RT-
LA E, 2P 4E b A S HE AR U «-SMA | TGF-B,  qPCR 455, W%l 6B,
Collagen I, TIMP-1 ) mRNA k¥ W Z & (P< 2.7 ELISA #&JllX R I E X EE FRiL
0.05) . iB8h+GsMTx4 41 iz 3+PD98059 £ L iz K EUALYE ELISA 25 7 s, is shias (A

T AL ZY mRNA 235 B W BEARA mRNA 35, 545 (4L ILEe, ™ P<0.001, ™ P<0.0001; 5iZ sh4l (FiJi4l) LL#e, " P<0. 01, " p
<0. 0001,

6 AZH IR IR 2 20 M I SR 4E AL AR DGR AR mRNA RIA7EfL
Note. A, Synovial tissue protein expression. B, Synovial cell protein expression. Compared with blank group, ™** P<0. 001, *** P<0. 0001. Compared
with exercise group ( pull group) , ™ P<0. 01, P<0. 0001.

Figure 6 Changes in mRNA expression of fibrosis related indicators in synovial tissues and cells of each group

. Ha A, 7 P<0. 0001 ; 538 341 He, *# P<0. 001, % P<0. 0001,
7 KL TNF-o IL-18 IL-6 & 8 1 i
Note. Compared with blank group, “** P<0.0001. Compared with exercise group, ™ P<0. 001 ,** P<0. 0001.
Figure 7 Comparison of serum TNF-o,IL-1B3,1L-6 density among different groups
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2 TNF-o IL-1B . IL-6 ¥ & i 1= (P<0.05) 5 f#
FAIHIFN G | 45 RAE 7 7K1 B B FEAIK (P<0. 05)

3 it

KOA S PR I fe 5 UL B A8 PR Ty s 2 — , He
RIRHUEIE 2%, B SHUR e 5 0 I Al G
T RIE HMEEREME" WRAF4S
KOA o175 1 Ji i FEAH G , 5 | 6 R 3 1) O f bl S5 9%
JRREIR , T B 8l 2 BRI fe & 3 BUBR ST T R 3
I U RSSET A Ak R i 2 Vi B 1) B A0 g TR | I o
EARIE N | 4 AE 20 M 12 e B S P S I I AN A 2T 2
b, 2B R AR T L 2 0 e 38 3 9 DA B D A
WA EACI Z R AR 00 FE LR R feges
TGF-B .a-SMA | Collagen 1, TIMP-1 SEEEE S
&R, TGF-B 18 17 T I 8 1A BUR {2 i#F ECM ]
2 A WS BT TCF-B W/ T B 55 4 15 %
TR R g b JEE 12 TIMP-1 3635 T 18 15 25 b £ 4
PR AR BIHIE S | 3 &35 1 TGF-B 55 TIMP-1,
FaE i E MMP {2 b g 52 A o aE i
55 P B0 5328 SR KOA K FUSERY g B2 JE 25 4
R, 5% A4, 38 gh ] R RO B R DT L
RN AR A W R A8
K2 (A48 TGF-B . a-SMA | Collagen I, TIMP-1
G AEAR AR R Y R 1 S mRNA K3k B3 F
T, (A 70005 B R B 150 BH R e ATLAR N )
gy feft R BRI G 1 T AR R A A AR Ak s i 4 ol
Piezol 5 ERK 7 AZEff£F 4Rk IR, I oo e g
HRARAS

KRG R Piezol 2 A1 HLILT difb it B
Wk 15 25 OB AR H, ERKIL/2 2 A BE % 2 it
MAPK {75538 8 0G5 2 11 22 24018 | I 20 2 U R 1Y)
BEER ALK, T SE BRI 4 i3 g b T % 2
P 2ETIEE S A IR B, Piezol 2 YK
I AT DU SE PR A 42 28 (8 FHAM 55 GsMTx4
REAIR Piezol &3k 5 ml LAS /D TR 88 40 L 184 5 | BHL 1
{’%jz%[m o lﬂﬁ, AW 5T I F ML S , 1] Piezol
S ERK1/2 7E KOA Ja e i i B AF 4 Ak i 7 H
BUE 2 B —F Z R R, AR A,
MU 1 0] LI Piezol/ERK1/2 15 5%l , 2 #F i
JRUT AR, H {#i H GsMTx4 1 ] Piezol HJ & ik,
PD98059 #Miiil ERK [ 3k A K P 2 B A5 H 34 T
T LT 4Efb e . Horh GsMTx4 (9 AT LA
il Piezol } p-EKR/ERK £ [ & #H5& mRNA ik,

{0 PD98059 H s AN T LATI ] p-EKR/ERK ik,
X} Piezol JC & 5200, 45 3478 ERK1/2 7] BB T
Piezol WY Tl AE ] LIAZ i 01715 5, SEBH Piezol
HIAE D) F DR

KOA BHE MRS RN T RB AR
HEVIB R, BOR T 5 0E VA A T 2B R,
B SE A 23 B0% TGF-B i/ MR K T 2 4
YA K TS5 5,  ECM 7EM A2 4 2 7 fR
ER 5 W0 13 e w4 AT 2201 31 AR N ) S s B |
PSR, ia A K R ZS V4L, I TNF-a IL-
18 1L-6 7 B @ T &, Al 4 ol 70 J5 R Pk B %
i PRI, RS R R B MILAR ) B 2 4 v KRR
PR R B 5 i, 1R GsMTx4 il Piezol LA
KA PD98059 4| ERK1/2 J& , K BRAA PN 48 5 1
A I WE, X 5 AR ST R I Piezol I
% MAPK/ERK1/2 15538 % , /-5 s AL g
PR AR AT R T, AR DT P IR i AR R
A H R AEN S5 E R —8

AR AETE— S 1 Sy BRAE , B e TR T
MUBBUNE 7 5% TR 5647 T S 1 B3 s i), W AR A 5 3
IR MU, F1 2 R AR A | & BRI O 4L 4L B AT
YAV, TGF-B AL A N Bz AR K PR b e 31
B e AR SCh A3 T ZSE , BRI
TRAMFFE AL 738 3 5% i A BHE At AR 28 ) g %
5 T R A Y ) 4224 . Warburton 4570 ifF 5
R F LIS Z 3k NARPIBR B B 45 B R
PIR R ZE JUBFH S A K, Gerche 25! BIFSE
1%l Az Bl B A TR A R B, K R 2042 B 5 800
JIE 2% A AR AR SE R AR A o I T A A A 2R T i 2k
B KBS0, A P A2 3 i R b A A AR Ak
SO LR b 0 C RIBFF T 20, HeAh,
ARHFFEBRIUE T Piezol 5 ERK1/2 {5 514 FHI/EH
KFH 3 2 8] B A A At 8 45 AL ) 5 B =
5, B, Piezol B2 N RIS , A S 485 8 FiE A
AN, (SRS S A, 4 S 38 v 4t e
IF AT O A 7 2B ERK {5 538 i
B, A SCR FH o i B 5 11 v T S 1 0 477
LSNP RS IR AAR b SN S S v E A
HISZ I, R HoAl 25 8 KOA Y7 v | AN 22 L)
R TR S TR)RE 2 X R DG T L 407 A 57 g )
R, B80T 5 B A 3 7 AR AL R I, EL AR B 5 4
R RELE KOA BRI rh Ak | DL I AhGE 311 2558
JEE A S0 R B A A R i, AT 7 JE B2 IR A
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28 L ARSCH R R BF I FUR X R 3R EE AL
BT AT 4 — R )P g, A B
TEARN AT ATR AR M AL, 2E— 2 eI 5E 45
SR RN AR AV 5

gk B RTIR AR SR BRMURONE 3 87 £ ] E S8 4 9

1% Piezol & I ERK1/2 3 B%- S5 30K G5 W I
LR AEAL S R R R, LR A A AR At 3 (A
XA R R, MR 2R, A BESE
S PRAF AT
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Study of the mechanism of Honokiol in protecting pulmonary microvascular
endothelial barrier in lipopolysaccharide-induced acute lung injury

LIU Jinxing' , SU Xu', CHENG Ping’, HUANG Anliang', YANG Fan'*
(1. Department of Pathology, Chengdu Fifth People’ s Hospital, Chengdu 611130, China.
2. State Key Laboratory of Biotherapy, Sichuan University, Chengdu 610041)

[ Abstract]  Objective To study the effect of Honokiol ( HKL) on pulmonary microvascular endothelial cells in
lipopolysaccharide ( LPS)-induced acute respiratory distress syndrome ( ARDS) and its potential mechanism. Methods
Mouse lung microvascular endothelial cells (PMVECs) were cultured with DMEM+10%FBS in a six-well plate and divided
into control (Con) group 1, Honokiol (HKL) group 1, LPS treated (LPS) group 1, and LPS+HKL treatment ( HKL+
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LPS) group 1. The levels of malondialdehyde (MDA) and reactive oxygen species ( ROS) in cell lysates were determined

by lipid peroxidation assay kit and H2DCF-DA , respectively. TUNEL/DAPI double staining was used to detect apoptosis.

Cell junctions were visualized via VE-cadherin/DAPI and Claudin-5/DAPI double staining. Western blot was used to

detect caspase-3, cleaved caspase-3, Sirt3, SOD2, and acetylated SOD2 ( Ac-SOD2) expression. Thirty-two mice were
randomly divided into control ( Con) group 2, Honokiol (HKL) group 2, LPS treated ( LPS) group 2, and LPS+HKL
treatment ( HKL+LPS) group 2. Hematoxylin and eosin (HE) staining was used to observe pathological changes to the

lung tissue. Results

HKL pretreatment significantly reversed the LPS-induced increase in ROS and MDA levels ( P<

0.05), SOD2 acetylation and Sirt3 down-regulation( P<0.05). TUNEL and caspase analysis showed that HKL protected

against the apoptosis of PMVECs induced by LPS. VE-cadherin fluorescence staining demonstrated that HKL pretreatment

prevented LPS from disrupting cell adhesion junctions. Claudin-5 fluorescence staining showed that HKI. pretreatment

prevented LPS from disrupting the tight junctions between cells. In the animal experiments, HE staining showed that HKL

significantly inhibited the typical pathological changes of ARDS in the lung tissue of mice in the LPS group. Conclusions

HKL can significantly inhibit the LPS-induced oxidative stress, apoptosis, and cell-connection breakdown of PMVECs,

thereby alleviating ARDS symptoms.
[ Keywords)

acute respiratory distress syndrome; lipopolysaccharide; Honokiol; cell junction
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2.2 HKL &% LPS 58 PMVECs 4 faE T
#41 PMVECs 240 # J5 , TUNEL (R 45 5 2 1,
5 Con #H 1 H#5,LPS 4H 1 PMVECs f£1 % i Z %
K (P<0.05, & 2A) , [A i}, Western blot 437 i 7%,
caspase-3 BE TG (&1 2B) . 5 LPS 41 1 K%, HKL

1 MMAETE B E = (P<0.05) , H caspase-3

B BH L3

2.3 HKL 3f PMVECs # VE-cadherin £
Wi 3 frs, Con 41 1 F PBS AbH ) PMVECs

BE 47 VE -cadherin 5 DAPI X 4t , 37 4[] Al 6 %

T :A:ROS P hEIAS 1K B SOD2 ZBEAL/K 224k €. MDA 7254k, 55 Con 41 1 AfilL, * P<0.05; 5 LPS 41 1 ALk, " P<0.05,
1 HKL %/ U GO P B2 AR MDA 25022 K ROS A= 1 A4 52 1)
Note. A, Changes in ROS production. B, Changes in SOD2 acetylation level. C, Changes in MDA. Compared with the Con group 1, * P<0. 05.

Compared with the LPS group 1,*P<0. 05.

Figure 1 Effects of Honokiol on MDA changes and ROS production in mouse lung microvascular endothelial cells

A4 TUNEL 55 DAPT BURZ5 SR HL L, B 4541 caspase-3 Western blot 2558507,
2 HKL {4 LPS i 5:1) PMVECs 41
Note. A, Comparison of TUNEL and DAPI double staining results among groups. B, Analysis of Western blot results of caspase-3 in each group.
Figure 2 HKL protects PMVECs cells from LPS-induced apoptosis
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FIH S 8 98 W Claudin-5 5 DAPT 6
B EE A Claudin-5 ENL, WE 4 FR, Con

T H OSSR o A0 M F BT 2RAL
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HKL f7 A0 80U BH 1 7 LPS X 41 i 55 % 5% 2 1)
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WK 5 HE Y44 7R, Con 2H 2 5 HKL 44 2 1,

3 HKL J#& %% LPS %f PMVECs VE-cadherin B35 0H
Note. White arrow points to the site where cell connections are broken.

Figure 3 HKL alleviates the effects of LPS on PMVECs VE-cadherin

T« K T 45 O A0 MO R4

4 HKL 4% LPS %} PMVECs 1 Claudin-5 (#5321
Note. White arrow points to the site where cell connections are broken.

Figure 4 HKL alleviates the effects of LPS on PMVECs Claudin-5



62 Hh AR PR 22 2 7 2024 4F 10 H45 34 %55 10 1 Chin J Comp Med, October 2024, Vol. 34,No. 10

B 5 HKL W LPS SBli#i15
Figure 5 Honokiol alleviates LPS-induced lung injury
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Optimal method for preparing frozen skeletal muscle tissue sections

ZHANG Jieyun, LU Xingyu, LIU Jinfang, CAO Ximei, LI Na, SUN Junhong” , LIANG Xinhua"
(Department of Forensic Medicine, Shanxi Medical University, Jinzhong 030600, China)

[ Abstract]  Objective To explore the optimal method for preparing fresh and fixed skeletal muscle tissues, and to
lay an experimental foundation for the rapid diagnosis of and research into the pathogenesis of skeletal muscle diseases.
Methods The tibialis anterior muscle was extracted from C57BL/6] mice. Fresh tissue was treated by direct rapid freezing
in liquid nitrogen, embedding combined with liquid nitrogen freezing, and foreign body alkane treatment combined with
liquid nitrogen freezing. Fixed tissues were pre-treated by direct embedding with embedding agent combined with rapid
liquid nitrogen freezing. The frozen sections were stained with hematoxylin and eosin. The cross-sectional areas of ice
crystals and muscle fibers were calculated to evaluate the effects of the different pre-treatment method. Results The
morphology of the muscle fiber bundles was disrupted and numerous ice crystal vacuoles were observed in fresh tissues after
direct liquid nitrogen freezing and foreign body alkane treatment combined with liquid nitrogen freezing. In contrast, the
muscle fiber bundles were intact and dense and there were no ice crystals in tissues treated with embedding agent combined
with rapid liquid nitrogen freezing, indicating that this pre-treatment method was suitable for preparing fresh skeletal muscle
tissue. Fixed tissue treated with embedding agent and liquid nitrogen freezing also showed complete muscle fiber bundles

and no ice crystals. Conclusions Treatment of fresh and fixed skeletal muscle tissues with embedding agent combined
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with rapid liquid nitrogen freezing preserves muscle fiber bundles, with no ice crystals. Tissues prepared by this method are

thus suitable for further examinations, such as immunohistochemistry and immunofluorescence. This method will therefore

aid the accurate and rapid diagnosis of and research into the pathogenesis of skeletal muscle diseases.

[ Keywords] frozen section; skeletal muscle; OCT combined with liquid nitrogen quick freezing; C57BL/6] mice
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Figure 1 Experimental animal grouping and tissue pre-processing
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Note. A, Directly freezing at =80 °C. B, Direct liquid nitrogen quick freezing 3 s. C, Direct liquid nitrogen quick freezing 5 s. D, Direct liquid

nitrogen quick freezing 10 s. E, Direct liquid nitrogen quick freezing 15 s.

Figure 2 Comparison of skeletal muscle structure changes at different time of direct liquid nitrogen quick freezing

Tl HHEBROEGRA R )R LA oK S T AR HE 3 (=100, x+s )

Table 1 Comparison of ice crystal area of skeletal muscle tissue at different time of direct liquid quick freezing

AR IRA R[]

Liquid nitrogen quick-freezing at different time

VKRB Y m?

Ice crystal cross-sectional area

HE-80 T
Directly freezing at =80 C

HHRAE G 3 s

Direct liquid nitrogen quick freezing 3 s
EHRAE RS s

Direct liquid nitrogen quick freezing 5 s
AT 10 s

Direct liquid nitrogen quick freezing 10 s
HIRRAED 15 s

Direct liquid nitrogen quick freezing 15 s

136. 84+50. 73

23.92+7.80

49.65+18. 89 44

12.39+5, 59 *** ##

31.44x12. 14 7 #4

T 5 E 80 TR, ™ P<0.001; 5 AR AUER 3 s 4UMIEL, 4 P<0. 01; 5 T BER AR 5 s 4UHIEE, " P<0. 05,7 P<0. 001; 5 P 4%

WA 10 s 41H L, 2 P<0. 05,

Note. Compared with directly freezing at —80 C group, ™ P<0. 001. Compared with direct liquid nitrogen quick freezing 3 s group,**P<0. 01.

Compared with direct liquid nitrogen quick freezing 5 s group,*P<0. 05, P<0. 001. Compared with direct liquid nitrogen quick freezing 10 s group,

4p<0.05.
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Note. A, Liquid nitrogen rapid freezing after OCT embedding ( the surface of the embedding agent comes into contact with liquid nitrogen). B,
Liquid nitrogen rapid freezing after OCT embedding ( the surface of the embedding agent does not come into contact with liquid nitrogen). C,
Liquid nitrogen combined with foreign body alkanes direct quick freezing. D, Liquid nitrogen combined with foreign body alkane quick freezing
after OCT embedding. E, Comprehensive comparison of ice crystal areas generated by different methods. Compared with liquid nitrogen combined
with foreign body alkane after OCT embedding group, ** P<0. 01, ** P<0. 001.

Figure 3 Comparison of changes in skeletal muscle structure under different media

F2 AFENBUTEHIEZOK BT (n=100,x+5)

Table 2 Cross sectional area of ice crystals in skeletal muscle tissue under different media

NGB VKO
Different treatments Ice crystal cross-sectional area
T 3 i
OCT ERMEMAEE 4. 040+1. 37
Upper surface of OCT contacts with liquid nitrogen
OCT L 2T A B firh i 0
Upper surface of OCT does not contact with liquid nitrogen
WARIAE ke
o RS TTEI . 175. 15466 53 7"
Liquid nitrogen combined with foreign body alkanes quick-frozen
LSRRI A e

w5 #HHAAA
Liquid nitrogen combined with foreign body alkane after OCT embedding 34.61222. 60

.5 OCT REEABAHMIL, ™ P<0.01, ™ P<0.001;5 OCT L3R HEALAE AL L, " P<0. 01,7 P<0. 001; 5 ABA Wb HH

1,244 p<0. 001,

Note. Compared with upper surface of OCT contacts with liquid nitrogen group, ** P<0. 01, ™ P<0. 001. Compared with upper surface of OCT does not

contact with liquid nitrogen group, ™P<0. 01, P<0. 001. Compared with liquid nitrogen combined with foreign body alkanes quick-frozen group, A4 P, 001.
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Note. A, Liquid nitrogen rapid freezing after fixed tissue embedding. B, Liquid nitrogen rapid freezing after embedding fresh tissue. C, Quantitative

comparison of cross-sectional area of fresh and fixed tissue muscle fibers.

Figure 4 Comparison of changes in skeletal muscle structure between fresh and fixed tissues
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Establishment and optimization of a method for transferring golden hamster
embryos using true pregnancy recipients

LAI Yana, ZENG Wentao
(Animal Core Facility of Nanjing Medical University, Nanjing 211166, China)

[ Abstract]  Objective To optimize the technical parameters used for embryo transfer in golden hamsters, and
explore the optimal number and developmental period of transplanted embryos for golden hamster pregnancy recipients.
Methods We established a population of true pregnant albino golden hamster embryo transfer recipients and compared the
effects of different embryonic developmental stages, recipient embryo reduction, and secondary transfer recipients on litter
yield, donor embryo yield, and offspring survival rate. Results Compared with wild-type golden hamster transplant
recipients, true pregnancy albino recipients allowed the origin of the offspring to be determined quickly, and were suitable
for various reproductive experimental programs based on embryo transfer. The use of fertilized eggs or two-cell embryos had
no significant impact on the transfer effect (P>0.05) ; however, the rate of donor embryos was significantly increased in
the recipient embryo-reduction group (22%, P <0.05). The second transfer recipient’ s non-pregnancy rate was
significantly increased (42% , P<0.01). The highest embryo yield rate (27% , P<0.01) and normal survival rate (89% )
occurred with the transfer of 6~10 embryos. Conclusions The transfer of 6~ 10 donor embryos may improve the yield and

survival rate of donor embryos. Here, we successfully established an embryo transfer method using pregnant albino golden

[(BE€WBE ] L4 583 Y 2R 8F 5T H (DWXH202303 ) ; VL 75 44 T %% B2 4 B 0F 35 B (22023003 ) 5 [ 5 £ #F % 1 &1
(2021YFF0702500) ,,

[1EH BN BT 1979—) , L, SEE U, B+ BF 5T 1) o 6 DR e sh A R g 2t E-mail ; laiyana@ njmu. edu. cn

[EfEMEE 1% SUF (1987—) 3 RS BF 98 7 - £ 98 R 2 538 f% . E-mail ; wentaozeng@ njmu. edu. cn



o ] He A PR 2 235 2024 4F 10 45 34 555 10 ] Chin J Comp Med, October 2024, Vol. 34,No. 10 73

hamsters as recipients, thus providing technical support for the application and development of gene modification models in

golden hamsters.

[ Keywords)

golden hamster; fertilized egg; two-cell embryos; embryo transfer
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Note. A, Vaginal secretions were taken on day 1 of estrus and after mating. B, Smear of vaginal secretions for microscopic examination of

sperm. C, Location of the opening of the skin and muscle layer of the recipient at the time of embryo transfer. D, Donor embryo

developmental litter was determined by eye pigment on the first day of delivery. E, Offspring developed from donor embryos were identified

by hair color after one week.

Figure 1 Embryo transfer method and offspring identification
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Table 1 Effect of different developmental periods of embryos on the litter size of the transfer

BEIRFHFE O ZARTAAFE I
B2 A - Delivery of embryos and offspring Receptor farrowing status
i e BTG
- s kwze PR c
Groups Total number of Unplfegnant Total number of PUTEE(B/A) PR 1595 1% PAERE R
transplant recipient Total number Average (C/A) Total litter Average
o transferred
reciplents of offspring litter size Survival size litter size
embryos
obtained( B/A) number( C/A)
ZAG IR A
Zygotic embryo 29 4 456 51(11%) 2 47(92%) 176 6
transfer group
it og 2 e
Two-cell embryo 120 13 1926 263(14%) 2 219(83%) 715 6

transfer group

R 2 ATE 2 A SR ORI IR B A AR 52

Table 2 Effect of different status of the oviducts of recipient on embryo transfer litter size

BEIRFHFE I FZARAF B
A *@B:z. i C Delivery of embryos and offspring Receptor farrowing status
o BZkGs T 0T BRI D E
Gops Tl mumberof 5 ol amber {EEB(D/C) (ARSI MSCIRE PIEREC BRI
transplant recipient of transferred  Total number of (E/D) Average Total litter Average
recipients (B/A) embryos offspring Survival litter size size litter size
obtained(D/C) number(E/D)
Xf HRZH
) 120 13(11%) 1926 263(14%) 219(83%) 2 715 6
Control group
ARV
Receptor embryo 5 1(20%) 74 16(22%) * 9(56%) ** 3 6 ]
reduction group
R AR B
Recipient second 12 5(42%) ™ 174 17(10%) 16(94% ) 1 21 2

transplantation group

T S AR L, T P<0.05, ™ P<0. 01,
Note. Compared with control group, * P<0.05, ™ P<0.0l.
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Table 3 Effect of number of donor embryo segments on the litter size of two-cell stage embryos transferred

BUIRAHAF B ZRAFIE I
A Delivery of embryos and offspring Receptor farrowing status
FOAEZ TR S ) -
, = R 2B B c
e Total number of Total | PRy TS T By
oo e ol mmber  EGH(B/A) BEHIEEC AR L MR
.. of transferred Total number Average (C/B) . . Average
recipients . . ‘ N Total litter size . .
embryos of offspring litter size Survival litter size
obtained( B/A) number( C/B)
6~10 1
o #

6~10 pes 8 67 18(27%) 2 16(89%) 52 7
11~15

s 60 816 116(14%) 2 101(87%) 358 6
11~15 pes
16~20

s 31 528 56(11%) 2 51(91%) 197 6
16~20 pes
21~25 %

e 12 261 36(14%) 3 33(92%) 34 3
21~25 pes
26~30

3 , w

26~30 pes 8 219 5(16%) 4 16(46% ) 62 8

TE S A Z A L, ™ P<0. 01,

Note. Compared between different groups, *P<0.01.
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Current situation and suggestions for research on laboratory animal
welfare and ethics in China

LI Huiping, YANG Jinchun, WEN Jinyin, ZHAO Weibo "
( Guangdong Laboratory Animals Monitoring Institute, Guangzhou 510663, China)

[ Abstract]  Objective Exploring the current research status, research context, evolution, and future research
directions of laboratory animal welfare and ethics in China. Methods Literature related to laboratory animal welfare and
ethics was collected from journals in the China National Knowledge Infrastructure ( CNKI) database from 2001 to 2023. A
combination of a qualitative description based on a literature review and CiteSpace visual bibliometric analysis was used to
summarize the achievements, hot topics, and directions of laboratory animal welfare and ethics research. Results The
literature shows that the overall popularity of research into laboratory animal welfare and ethics is on the rise in China. The
hot research topics in this field include basic theories of laboratory animal welfare and ethics, the legislation of laboratory
animal welfare and ethics, technologies for improving laboratory animal welfare and ethics, reviews of laboratory animal
welfare and ethics, and laboratory animal welfare and ethics education. In response to the ethical issues arising from
emerging interdisciplinary fields, continuous innovation is being made via research into this topic. Conclusions
Suggestions are put forward regarding changes to the legal system, review mechanisms, education and training, and
innovative research using laboratory animals welfare and ethics to provide a reference and guidance on the welfare and ethics

of laboratory animals.
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Figure 1 Annual publication volume of research on the welfare and ethics of laboratory animals in China from 2001 to 2023
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Table 1 Distribution of journal sources for research on laboratory animal welfare and ethics from 2001 to 2023
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Table 2 Statistics on the number of publications by research institutions on laboratory animal welfare and ethics from 2001 to 2023

Frs B 24 5
Number Institution name

KL /n

Number of articles

B B 5 B S AT B

! Institute of Laboratory Animal Science, CAMS & PUMC 10
) AU DX R A B 8
Nanjing General Hospital of Nanjing Military Command
. O £ R BSEE ,
National Institutes for Food and Drug Control
) PR ,
Guangdong Medical University
s A B L .
Chinese Center for Disease Control and Prevention
6 5 DA A R 2 BB S 6
National Research Institute for Health and Family Planning
7 FR LA T Bl I 2 4
College of Veterinary Medicine China Agricultural University
8 BT EER R 4
Southern Medical University
9 TREA LRI 2 3
Fujian Laboratory Animal Management Committee
10 iSRRI 3

Shanghai Laboratory Animal Research Center




82 Hh R PR 22 2 7 2024 4F 10 H45 34 %55 10 1 Chin J Comp Med, October 2024, Vol. 34,No. 10

3 KEIMBEFCIEMRER KK

3.1 XHEIRHIEE S

A 3 X 4 5k S B O] ) o M A — AR ]
DL ez B ) A T FA R . 7E CiteSpace H1iz -
12 W 24 55325 ( pathfinder ) , #4555 2 15 B Ry G g
), BT ) 5 4% R 2001 ~ 20237 15 3 52 36 3 W)
SR G HE i) S B R 3 R 2 s, Bt
H 185 19 1,439 SRIELR, Ml 0. 0258, 3%
HH S 36 31 40 A R A B 5 o i A5 2 ) A — o BBk
EN St b ) S 1 O 35 S T RN @S . )
Y e A s SEE S e B R A R
P HEA SEBG B B RAEAE D IR, R S R ) 3R]
HFURI TG BE 2D BT o BT, A5 L S 5 B ) A R AR
PRSI OCHE TR 2, D3R 3, S IR) 1Y F 2 RIS e
FIRE I FL O BE R, 7ER 3 v, DG I i)
W e e ) LR B UG “ Sh AR R sh )
SEYGT  BCHL AR BRI AE 20 L E
A3 L 10T 5 4 1R) 78 22 A F 95 A B A2 G TE FE 3
AU SR E, < SEBG S« sh W Aw R < sl sk
B “AS P A By ORI AE 0.1 DL SRIAEA]
FEIZ T I ) 4% 45 ) v 1 A% O b 57 R 5 i A
SR A SCHR] 8 3R A5 e PR SRR BLIE LY i
AP ] A 2 P i e ) BT

B2 2001 4F ~2023 4 [ P 5L 56 sh 9 A6 RIS BRI 97 &b TR S0 B R

32001 4F ~2023 475 H ) AR A 4G B G Bk i)
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Figure 2 Co-occurrence map of keywords in domestic laboratory animal welfare and ethics research from 2001 to 2023
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Figure 3 Keyword clustering map of domestic laboratory animal welfare and ethics research from 2001 to 2023
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Figure 4 Timeline map of keywords in research on laboratory animal welfare and ethics in China from 2001 to 2023
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Design and application of energy monitoring system
for laboratory animal facilities

XU Xiao, XIONG Wenjing, MA Xixiang, MU Dandan, ZHOU Shunchang *
(Laboratory Animal Center, Huazhong University of Science and Technology, Wuhan 430030, China)

[ Abstract ) Objective  Experimental animal facilities account for a significant proportion of the energy
consumption by scientific research institutions; however, the energy consumption characteristics of these facilities differ
from those of ordinary buildings, and thus require specialized monitoring and management. Methods A set of energy
consumption monitoring systems was designed for experimental animal facilities and deployed in the specific pathogen-free-
level experimental animal facility of Huazhong University of Science and Technology. Results The system achieved real-
time collection and recording of the facility” s electricity consumption data, and proposed energy-saving measures for three
application scenarios. Conclusions This energy consumption monitoring system designed for experimental animal facilities
is reliable, efficient, and user-friendly, and has the potential to guide and promote energy management programs at
experimental animal facilities.

[ Keywords] energy consumption monitoring system; laboratory animal facilities; energy saving management
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Figure 2  Architecture of system
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Figure 3 Actual operating interface of the system
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B4 RGELPrEiTHRE-WE T (2024 45 1 H ~2024 453 )

Figure 4 Actual operating interface of the system-itemized electricity counting ( January 2024 ~ March 2024)
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Figure 5 Equipment electricity consumption ranking ( January 2024 ~ March 2024 )
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B6 HBshRE
Figure 6 Ventilation rate dynamic adjustment
F2 SRR T RIS 77 280 1ok b L
Table 2 Comparison of electricity consumption under different operating modes in various climate conditions during transitional seasons

gt H 0l Bz C I/ C 1R BE/ % MR/ % 2322/ % FiIHL /K Wh
0 L‘ G - d D‘/t Average Average Average Average Humidity Electricity
peraiing mode ate temperature temperature humidity of humidity of difference consumption
of fresh air of return air fresh air return air
Y I 371130
Cooling and heating source ~ March 13" 16.4 20.3 47.4 36.9 10.5 605. 83
HL A 3H20H
Electric reheating March 20™ 17.0 20. 4 41.5 3L.5 10.0 540.79
R 3H27H
Cooling and heating source  March 27" 14.3 20. 1 80.0 53.3 26.7 748. 26
HL A 47 4H
Electric reheating April 4 14.3 20.2 77.2 52.7 24.5 780. 8
12 IR 3H24H
Cooling and heating source  March 24" 16. 6 20. 1 88.9 59.3 29.6 647.71
B PR 3H17H
Flectric reheating March 17" 16.7 20. 1 89.3 61.8 27.5 723.19

R 3 OAFEIE T AR b R

Table 3 Comparison of effect and electricity consumption of different humidification methods

m] RS- IVC ZEE MY IR RS FEH f/kWh T & 5 i 5 H/ %

2= N ; B = . o
n {sz:?fﬁ H 1 R/ % TBE/ % Electricity consumption H &1 EE'E/kWh Proportion of electricity
Humidification - 1 e Total electricity
Date Average humidity ~ Average humidity of humidification . consumed by
method . consumption Sl
of return air of IVC system humidification system
12 H 22
A ,,‘(EI 29.8 35.4 1631. 99 5031. 31 32.44
Dec 22
12H2
DH 2;,‘3 29.3 35.5 1454. 41 4421. 81 32.89
N ec
gt %0
Centralized Dec 24 30.9 37.4 1315. 19 3981. 56 33.03
humidification 12 }PEJC 25 |
h 29.4 36.4 1043. 20 3643. 63 28.63
Dec 25
12 H 26
A mEl 29.4 36.7 969. 61 3453.01 28.08
Dec 26
Yt 12 H 27
m ﬂ}md&% 1 ”‘El 27.7 34.6 408. 00 3049. 55 13.38
Transition period  Dec 27
12 H 28
/] u.El 26.3 38.4 147.20 2631.20 5.59
Dec 28
12A29H
Dec 29 30.5 42.6 147.19 2658. 51 5.54
12
G 2m DH, gglhEl 39.8 53.4 147.19 2474. 02 5.95
Distributed Y S
humidification w 27.3 39.7 147. 19 2348. 80 6.27
Dec 31°
1H1
A E 25.2 36.5 145. 60 2627.47 5.54
Jan 1
1A2H 30.9 45.4 145. 61 2943. 46 4.95

Jan 2™
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Figure 7 Energy saving effects of humidification mode switching
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Current status and countermeasures in laboratory animal license management
in Hubei Province

LIU Conglin'* , QTAO Chuhua®, LI Yanmei®*, CHEN Xiaoli', ZHANG Jinming®*, CHEN Rui', LIU Dan'
(1. Hubei Academy of Science and Technological Information, Wuhan 430071, China. 2. Department of
Science and Technology of Hubei Province, Wuhan 430071. 3. Hubei Association for Laboratory Animal,
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[ Abstract]  This review introduces the daily management practices related to laboratory animal licensing in Hubei
Province and the supervision processes during and after licensing. We consider the current status of laboratory animal
license management, achievements, problems, and countermeasures in Hubei Province, with a focus on analyzing the
legislative situation for laboratory animals, the issuance and distribution of permits, the scale of facilities, and the
composition of employees. The number of laboratory animal licenses issued in Hubei Province has recently been increasing
year by year, and the numbers of animals produced and used by licensed units have also continued to rise. Although the
related industries are flourishing however, there are some regulatory deficiencies. This paper considers the perspective of
biosafety, combined with the problems encountered in license management, and proposes relevant safety supervision
countermeasures and suggestions to promote the development of the laboratory animal industry in Hubei Province.
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B2 e E v IR
Figure 2 Number of permits in six provinces in
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Figure 3 Industry distribution and geographical distribution of licenses
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Table 1  Production of laboratory animals in Hubei
Province from 2020 to 2022
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Table 2 Use of laboratory animals in Hubei Province in 2022
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Note. A, Composition of personnel for production facilities. B, Composition of personnel for use facilities. C, Distribution of professional titles of

laboratory animal practitioners. D, Educational background distribution of laboratory animal practitioners.

Figure 4 Composition of personnel for production facilities

PSR BRAE  ANREIS I A PR A, AR TR S
S RIARRS TAE XUEHL ,— A I8 S5 M R 55 T
VEAEIP- 5 AN BEIE B T 5%, 5230 3h ) ¢ i
A TARRAR PSR AR BRI N T 580 7 ik
7o KRB 5 R B3 Al 8o 0 b TAE
EER, PIAFIE s B 5T IR sk = TR ik S
AL, A8 BT ) B DR AR I R 558
3.2 BARAANUZERE, EREAAAEIG
=

TR ST AL BAR MOk — 2t Z AR R R
BLHE FRHIFREF7 , XA U A BRI F 57 2% R
AR, K2 BOE RS EAT I N IR B AR, 8
1M, 7EF FE B AT B B Ak 4 AU R A v 25
S BHEHUE — R E TS AR ], Ot iz 17 4k

LELIONACTES S RN EN- R Ve TR N R T
FAF MO 32 BR T MEIS ST MENE | MEBRBR | M2y
3 PRSI ) TP A v, FLHRPRITE B E A
R Ry 18 AN, S BUB ATl Bk 2 XA B 5
T1o MTX LS AA BIR L IR ISiE B
TR BRBAFENRIR, LFAATFRE B
B H AL BN, ARREAE, nTRETE L R ik
L5 AT E N5
3.3 MAHRENARSHESL TESHER, B
EAEE R ARY

S B A S AR HE O S 5 B ) R B 4%
TR R4 WL E | 2 A DN AL ) H Al o 0 B 2
WA AT K I R B A AR S HE, H
BT, 3 B 52 50 s W A b B S b o i /b i BB



102 Hh R PR 22 2 7k 2024 4F 10 H45 34 %55 10 1 Chin J Comp Med, October 2024, Vol. 34,No. 10

7R o BEXT SR B TR A M 2R
ik WIS A L sl R € 0 5 3 7 2R 0 B 277
FAVERC A b7 bR AR TN

#okHAT, PESRSYE SRR 2FECA
T AT )y ) Ml D5 b o A S, e b s 52
T TR 22 T, = F 15 T W R 12 W R e T 11
T DU 10 35T, T AR 1 AR A S 56 3 ) T A
VARt 65, M5 s o o A B i TS 4, BRI
Al e SRR AF A R

4 IBEHYENREEBENDESEY

AT DL EE B 2 T LA A S sh
Wil B i MR S | ARS8 SR 8y | 7 b S A R 55
S5 TR T AR R, SE R S A Do o A
I3 AR A WIS A SR Al 2 B 24 R 7 Y
Hofr, ST ZMMRATAL PR R TR 7E
Y B PIVE AUEE BT AR R A — LN BT
XFIALAS SR S K R SEPR B DL
4.1 KURHREFEEAMF, MBELEHMESS
1 A B0 0 IR 1

LA, B E B5s B S AR B A R T, —
7 1 S S ATl AR SRR R BBk 2, B A5 A
TFESRBOR B BV, 5 —TJr i, A LR sh
Prrelh e e, e AR 2 e B A B P i B T
W, A 6 e A5 B AL 7 R A7 AH R
AR LU BT S 0K

VO G MG H AR ERE, 583 S5 3h )
J B AR I b Bt FHUE B T HE . DB
PRF, UL K O S 1), I R Bl i 0 25 g
HERIBOR T F ot 4 45 52 56 3 1 i it A B 52
YA | S S P A A | S0 s A
PRBE BORSEIS E F BE A7 207 (i SE 5 B
PIATALAE IR 55 MR A o WAk R IR T
W SLE ST T IR B  ESh S s Yy v IRt = 1y
FRARAE T M s W AR A R | B R T AR 5
R B I IR R R, B S SL
SYIE B R R R B, D BT P SR
PESTHE, S sh 4y e 7 fok P oo B (1 901 5 £ 360 gk
o, BERA L R s e bz A A K RRE
A BRI R T
4.2 B2 ANAWEENE, FFITETUL AT KFEDN
e UN

IS AIC R A TAE W R, %

TR 2 K AR R A B, 8355 3% [ K 6%
W A AL O T AR RHE A b SRl R R
AABRKRE MEMm0 FEREAA LR Y
Tl ANA B BN B & A 06 1 R 1 77 0% BT, 2 4
) ) U K | 3 S e S A

FEFRE, LI sh AR OBl i IR TR 2% S R 2 7
2R B, B2 H A T 1A AR RN
NA B & R R R 72 %, MR IRAE 5L
s MOl B i 47 e WAL & BT AR R &
UG 4, ZATSE R s Molk N B3 15 1 3 b FF Jie & 75t
BRI K A5 REVEM IS o, 5 LRI, Bl & X A A RS 37
TR A, L 75 2 TN B K #5 FARPE T, 5T
AT A KRNI FRIR R, s
HENA ZSINEHF TAEZS Ti2E 2, 38 i > e BH
AA A s | 38 2t 538 A 2T, v] LAIF R
PREF 38 3 1 A G B2 1 TR T A 2 R
WS 53, R, 38 R 7 57 b A0 52 B 4B
BORFM A, @ HEEESERETEL
FIMZ T RE e 1, BERAT L R M 53T,
TE AR SR S AT A A & K, I s A
T, AR KR A N A BA A TR A S
AT FAA A N LR R JE
4.3 PR’ ABE, MESREFEREREM
Rt 75 BRI 32 5 o E AR

FERHE EEE TR SRR T, RE TR
TR bR ENE R T AR, Wdk4 i T a5
M7 FREA 3 T, BHE AT TR LS T 30 J7 R B
TR CHE, V)L e T 43 55 55 sl W i/F vl ik &
IE R ST O bR R R, (8 A TR SR R 2 S
GO SCEG S SCIR SRS | S0 A SC I B W A o
SERCRAS

HAT, S0t KA s A% 25 25 A FE e R
Bkl A A A T N, BT Ak A S
B Sl I A O T BOUE TS B S B R A A DA
Wit P ESL R Y E B MRS, K E
O N8 T R T SE 50 0 A 7V AT sl fil
VFRT Wb A R T R K A S 58 B W A 1)
XZ— A& F &R a5, anrh E R B KA
FFHIA [ By BLA AR A Bk = K BE 2 £ W% R 2
— TR R Y BE D A0 2R O W R K TS A
PRI RN ki 2, BHB SR ) i SL W AR 3
ERE AN, IFH S 5% T GB/T 39649-2020¢ 5L 4
S S TR AR ) S 2 TR H e d



o ] H A PR 2 235 2024 4F 10 45 34 555 10 ] Chin J Comp Med, October 2024, Vol. 34,No. 10 103

S

=N

[l GRS PR 2 b 5 B o, o — 25 R X

TR R A SIS ARG A B, AR 3 A K A 5
K SR O SR = A E T A S AT

SE 30k :

[1]

[3]

RFWL. CNAS LRSI AT #ERE [J]. S 51k
BB, 2021, 41(5) ; 384-391.

WU X H. Progress on the accreditation for laboratory animal
institutions of CNAS [J]. Lab Anim Comp Med, 2021, 41(5) :
384-391.

XUHEAK, B, Z26E. #1108 SO s A BRI iR R
% [J]. BHEEDEH I, 2021, 34(1): 97-99.

LIU C L, CHEN R, JIANG K. Current situation, problems and
countermeasures of laboratory animal management in Hubei
Province [ J]. J Entrepreneurship Sci and Technol, 2021, 34
(1):97-99.

BRGG  ZEME ) IRF, A GIEC SRS WA A ) KA
= RAE (1] SR, 2018, 35(4) : 1-13.
HE Z M, LI G P, XU P, et al. Written on the 30th anniversary
of the promulgation and implementation of the regulations for the
administration of laboratory animals [ J]. Lab Anim Sci, 2018,
35(4); 1-13.

EBIR, Jak, B4 S oo E R X SR S AL N
DURBGEBLR 7 [T]. TR siRl, 2017, 34(3): 66

[5]

(6]

[7]

=70.

WANG X L, GONG W, HE Z M, et al. Analysis on the current
situation of laboratory animal institutions, personnel and facilities
in chinese mainland [J]. Lab Anim Sci, 2017, 34 (3): 66
-70.

g, TEER, 7B, % BRITESLE Y IR
SRBEXH [1]. L8 SR ES, 2021, 41(3) ; 181~
189.

LIB L, WANG Y E, SI C D, et al. Current situation and
development countermeasures of laboratory animal management in
Heilongjiang Province [ J]. Lab Anim Comp Med, 2021, 41
(3): 181-189.

VI, XIS, AR U PR 9 3 5 R 7R
[J]. PEBHAA, 2022, 9(3) : 40-49.

RUI S W, LIU Q L. National comparison and enlightenment of
the growth environment for young scientific and technological
talents [ J]. Sci Technol Talents China, 2022, 9(3) . 40-49.
WhEN T, KRB, B, SLE6H  AR RBE 5T SR A
[J]. L5 5 B, 2023, 43(5) : 524-530.

FENG L P, ZHU Q, LIN J X. Current status and reflections on
welfare research of experimental fish [ J]. Lab Anim Comp Med,

2023, 43 (5): 524-530.

(Y75 HHA)2024-05-04



2024 4F 10 H HE R E R LR October, 2024
H34 % 10 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 10

ARENE, BT VP, A5 DR RUREE S I e AL B L] A AT SRR [T ] PR PR R 2 R AR, 2024, 34(10) : 104~
110, 117.

Zhu ZY, Jin ML, Xu XY, et al. Research progress on the mechanism of D-galactose-induced brain aging model; a review [J]. Chin
J Comp Med, 2024, 34(10) : 104-110, 117.

doi; 10. 3969/].issn.1671-7856. 2024. 10. 013

D= FLUH S 5 W 2 A A B AL i ) AT 52 o e
AN EEA FHALK W ART HAELE OECLK T

(LB VTP E 2R IR E 22 5% WA /R 15004052 85 5 P E 2 K2 B MR EE B, VT.9% T8 214071,
3BT R R BRI 150040)
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AR TR E AT DR S S AR . D= FURE S A 1) I e A SRR I AR A SR 8, (HLHG AL
il 52 2 22 A HILI T OC R i A BB, B0 H BRZBE R A9 Sz FAFE R BRYE . AR SOt D—2FSLBE RO 7R A AR I
VI B AR S FHHLE] , LL AR R A — 20k | B 7 iR iz F & R R 28 E IR AT RIS

[X8R]  MEil; D-FFU0E SR HLH]

(FESES] R-33  [XEIRAEB] A [XEHS] 1671-7856 (2024) 10-0104-07

Research progress on the mechanism of D-galactose-induced
brain aging model

ZHU Ziyue', JIN Meiling', XU Xiangyue®, LIU Qing®, ZHU Jiaxue', FU Mingjun', LEI Xia®* , ZHANG Ning®*
(1. College of Basical Medical Science, Heilongjiang University of Chinese Medicine, Harbin 150040, China.
2. Wuxi Affiliated Hospital of Nanjing University of Traditional Chinese Medicine, Wuxi 214071.

3. Heilongjiang University of Chinese Medicine, Harbin 150040)

[ Abstract]  As a normal physiological substance, D-galactose can induce a process similar to natural brain aging in
vivo and in vitro when administered excessively, and thus it is widely used to induce brain aging models in China and
abroad. The model of brain failure induced by D-galactose has the advantages of a short modeling time, low cost, and
significant effect. However, the induction mechanisms are complex and diverse, and the relationships between the
mechanisms are unclear, which limit the practical applications of the model. This article reviews the in vivo metabolism of
D-galactose and the various mechanisms involved in the induction of brain aging, as well as the links between the
mechanisms, to provide a reference for the application and development of this model and the in-depth study of brain aging.

[ Keywords] brain aging; D-galactose; model mechanism
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Research progress in the role of the medial prefrontal cortex layered
structure in general anesthesia

LI Jia"?*, YU Shouyang®, LUO Tianyuan'?", YU Tian®"
(1. Department of Anesthesiology, Affiliated Hospital of Zunyi Medical University, Zunyi 563000, China.
2. Key Laboratory of Anesthesia and Organ Protection of Guizhou Province, Zunyi 563000)

[ Abstract] The medial prefrontal cortex engages in various higher brain functions, including attention, transition of
consciousness, and information integration, and is the central structure for the action of general anesthetics. In addition, it
is considered both the end point for the bottom-up model of the layer-by-layer transmission of information and the starting
point for the top-down modulation and integration of information. Classically, the medial prefrontal cortex can be divided
into six layers of different functions in the vertical direction, and there are rich neural connections among the layers. In this
review, we describe the laminar flow structures found in the medial prefrontal cortex, then discuss how general anesthetics
change consciousness via the cortical laminar flow structures. To this aim, the article reviews the available evidence from
current studies using rodents, primates, and human subjects that highlight the role of the medial prefrontal cortex in

anesthesia.
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Figure 1 Layers of mPFC
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Research advances in the pathogenesis of abnormal copper
metabolism in Parkinson’ s disease

YANG Huijie', LAN Rui**, WANG Manman', WANG Weiwei', LI Hongyu', TANG Chen', LIU Shuang',
YANG Jieli', SHEN Xiaoming’
(1. Encephalopathy Center, the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000, China.
2. the First Clinical College of Medicine, Henan University of Chinese Medicine, Zhengzhou 450000)

[ Abstract] Parkinson’s disease is a neurodegenerative disease associated with abnormal copper metabolism in the
brain, which leads to misfolding and aggregation of a-synuclein-copper complexes, which is an important pathological sign
of Parkinson’ s disease. Copper metabolism, i.e. , cellular metabolic processes involving copper ions, is closely related to
the pathogenesis of o-synuclein aggregation, dopamine metabolism, mitochondrial dysfunction, oxidative stress, and
ferroptosis in Parkinson’ s disease. In this review, we summarize the molecular metabolic mechanism of copper toxicity by
studying the pathological role of copper metabolism in Parkinson’ s disease, to support our further understanding of the
mechanism of action and drug development.

[ Keywords] Parkinson’s disease; copper metabolism; oxidative stress; a-synuclein; ceruloplasmin; mitochondrial

dysfunction
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A4 595 ( Parkinson” s disease , PD) J& 1 #4FE A
2 WM 2B AT , o PR AR 2 v il PR 5 2
CLHE A 2 TCIHEA TR AR PR 5 2% 3R AE 1Y 22 T R A 22 0T
B oS Ml AR R B /MA I R DA LR
T LR R A A Ry AR, R
AT H SR AR A MR DR M ) b 2 T g 2R L
SEAR iz gh e R, 7 REAR P S AR R R AR TR
=2 BT PD AL R G, 0T REV & Ak
IR Gk NG Uiy (i AR TP S PGP Y =]
MINRE R CHE M E Y &8 , 5 S BT IR 1Y)
TREAVEIA G, 1R PD 5 B A 5 A A I
N =5 i 26 1 B R AL RN B S R T i 56 K
TR R, 7E PD B 0y R B R R T e
] R e R A AT R e A R R ) 3, R
A I R R T R I VA v Ak SR TR T PR R

1 SAEERBHRE

A AR A A T BB B IR R R R T Cu”
I Cu® S A 25 22 18] Y A A I A ok i 4% HC A PR
YERT B A0 S A3 JEOIR 25 1 2 8 2 5 BUI R S 2Kk
i, T 250 PDFIH A AT 465 A R 0 19 4
JEHGAE o R Sl e B RIS R L
(copper transporter 1,CTR1) #E AW I {7 4 g 38 1
s F iz ATP [ o K (Cu® transporting alpha
polypeptide , ATP7A ) 7E |1t Ik 41 24 v i i, I v 4
Kiorimid CTR1 FANF, Co” fE I £ 2B A A
3 %, —#4riE it SCO1,SCO2 b FI L ALk, 75—
#i e o e R A B A Tt A P 5 B F (recombinant

superoxide dismutase copper chaperone, CCS) 455 i

HRREAO M SR AL W) B AL I ( Cu/Zn-SOD) , ol 4x—
¥4 Cu™ 4@ i ATP7B 25 (1 HE 2 A 3 i i
3 S A AR HEAR M 1 G U W5 2R 1 (ceruloplasmin,
Cp) ,Cp LI HAGER I AMLR A ILABLALRT K
HHE B VR B ORI, L AR A AR S i i i
MR FEREZE i CTR1 5 ATP7A & F1%% 35 2 A 6] ik
DX, AT — A5 i e o 4 ) B 7 40 9 A
A — o R b R RS e 240 i 1 4 Ak A R
R, TR AR A R R B R TR
YERFIM A 1 52, L R RS T A A 7 A A e
ZoRB A 2RI T R | 4 I AR T ST T %% VI A
K AR R TE PD AL A A
DIVEF i AR 9k o 4 I B R JLAR A 9E 3R B, 4 &
HAR Y 7 A o BA AR K 1 R I R 32 Wi bk i

W RIB e BT IR #L A
2 PD HRATRES KA

2.1 ATE

i 2 T A AR e AN AT D B Bl PR G R
W AL BT 4E 5 0 B, Bt BA Y
WY IR b i AR RV 2 AR T Th R
ok, UL S PD ORI ER #09% ( Wilson” s disease,
WD), WD J& — i 4 o R B e st 1% 9, & 02 i
ATP7B 785 Y , FURFIE 2 4 75 B R 25 A BB A7 ik
U, EELEF AR P . WD B 4 R GO
AR T EIE NI B 1 B 2 B w5 R Y,
HApZBAT IR A A5 SO A4S sk, LS DB
TG J2 B T AIVERAZ I L ORI TP
HACEIRIEMERT N 10 £, a9 M SRR R |
AR 38 AT RS A8 45 L DA 3 156 A0 il 97 o] 252 22 Fof
AL o A 5 ) L T I I 40 e /b
2R 52 5 240 S S WSO % vl 1L 4% 2 5 0L ik 5 e
JI58 A 4 A B R, DA T A A B 55 R IE U o-Syn
AL, A 5 51 & PD . A, il 75 ik RE 52 i Bk
JIEHR 2R I K2 75 % PD REREAR AR 8RB
Wl — Bt AR IR AL Tk BOIRE, B i S
DNA $5i45 %01 i 88 9% 1R AL 85 1 53 ( recombinant tumor
protein p53,P53) 31k, P53 K A B R 1k -1 457 1) 41
R AZ Hr LAAZS S 4l 08 7= 98 75 IR 7~ (bel -2 associated x
protein, BAX ) F1 P53 I o ¥ 17 & 1 +
(recombinant p53 upregulated modulator of apoptosis,
PUMA ) , Fifi i 45 40 M €5, 28 ¢ 88 730 380 L o e v LA RS
SAMIH T Chakraborty 251" 1 i1 iz AN [A] 51
A Cu AEHEA M2 B A1 ILR SH-SYSY i, & 2L
Cu 549375 2 1) 200 L I8 PT RE 23 J sh A 5 8 1 (e
SR LT 6 ER LR RO A 5T I SR R P J5E 1Y)
BAE S5 E al) AR, b s /9 i 5T %
FURREN al ik X &6 E -1 Wi Jf
TE Cu FEAE AN BT SE— D300 IR & T 12 195R
K, BRI ATl R SV 5 S, AL, TE A
] AT AN S A T IR, BN
R R DT & RO A SRR R S S R R
PO Jfc ik A1 SR A, DA T A — 3 75 5 A PN I oz 33
HHEMR IR, 1L — Sl Bel-2 AU, ot al
WL, Cu il Y BT L, Bl T — RS R &
H1E 5 ¥ 5 W (unfolded protein response, UPR) .
UPR 93 BEIOE 7T 530 PD RRSER , 26 W 3 23 P AT
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PR ERAN K] UPR B9 R B A BAE N PDIRIT A
MTBL AT R, TEM SRR Z AR,
LR E (B 1 NgDI-1 9 2% 35 Bl A 4 Wk B i iy
M3 N, 7F HAN3Z ROS R B iS4 AT i v
TERFEE ", NgDJ-1 J& T DJ-1/Thi)/Plpl H %
TR [R] P52 1 BT, 3k A B R 1Y A TE TN
IEIPNE SN AL /L NG SRS A PPN T
U DI-1, E AR AN By o 31 Sk 1A F 20 i
¥, IEOR AP 4 i 5 52 S A0 N O S B0 LA T, OF
TE B Gl (0 R B P a8t 2 5 P A 4 R o R G
PERIN iR A R S 7T 19 DI-1 [V
AN AR B, LA PD AR oG 40 A A 545
2.2 fARZ

HBIRR ZHAT TN B T = 5 PD XU 34 i
R B S b Rl (5T S8 T B
it 5B X R EIE A C, A Im RIFSER B, PD
A AR AR A B AR L, PD AR IR
] R AR TR I e LA B R A AR A Y
e B AT, I LR B R B P A 1 R BRI T
FEAH R Z KA SR AL YRS KM 5 R R
Ry, R IR R B R R e e B R i ae B
MARG, 2 ML BRI RS, U HE T
AT 4 #7951 . Cendrowska-Pinkosz 2512 B 5%
KRB, FH AR 1 4 9 K ORL A 4 TEAILIE 211 4
BN 58 4R <5 5 S O I R s i A2 4, T
A OR o FALBER B G A A B A G
A5 I IR S Ay M v T, 3 1 R B R iy 4
B J2 X 30 S R g i i B e — A% 1 1R ( Nicotinamide
adenine dinucleotide , NADH ) %) 75 >R 34 T, 52 i) T &
KLIAH) ROS F1 ATP & i, TIXT PD 77 A A7 3 H3
Wi o O B 22 R A 2 B ik = 7R SR AR KL
P ZRAT I AS PR BRI, A, AL
Yyisz AL 1 ( superoxide dimutase 1,SOD1) 3 P37 &
()5 5k = BN 2 AE T PD RO e L&
SOD1 J& =22 18 E Ak 1 B2 Ak g, 17 53 i Ak R 481k
YA FALE R T4 B R AR R A I A i
JERRAS I T A AL A I 3L A A AR
HOE PD BT TEMEAL LS FEX R B LT, &R k=
AN 75 S0 SOD1 B T e 5 PD A HL I
M AR, FE PD AR Hh 2 5 R B
I Sy VK FN 8% oy i 8 9 v R 1) SODT 1Y 4 928 I
P BB B AT SODT 945 HL i & 42 T 1E 1) A8
(AT I 9 7 s RO B e i i = )

SODI /0 A 5%, K SOD1 TG E K B EMR AL 5
PD Bt &K MAh, B 05T E W], CuATSM i
SOD1 2 UL, iIX A4 52 & WA B T 2 RR 2 b
MY IE F A0, O B CuATSM ZE 4 F A N PD
ANRASERL R SR B A R PE Y LB R,
SOD1 FY) 5% 4 J8 AL AR SE7E PD e 81— & M 1E
FH ke B B T AT s A3, v o PD (3R
IR TR R

3 ESE5MERFEEIERE

3.1 25 - RUMZEARERE

a—Z fil#% 8 H (alpha-synuclein , «-Syn ) f&—Ff
ANHYAM A R AR R S R E AL T R 2 T Y il 5 R
Uity , FLAT S TV L 7E PD A 28 A% 2 1105 14
RIFHLHI R O AR B ORI a-
Syn— il 2% & W) (4 B I AT BEAE PD & P R R
(reactive oxygen species, ROS) [ 7= 4 e S AE
Li 257 % P o-Syn 7EFRHE 3-11 ,48-53 F1 115-123
AbXT Cu® HAT SRRy Horp sk ik 4853 SR fe iy
BY5E FI 7 H S 55 HE S 3% (electrospray  ionization
mass spectrometry , ESI-MS) FlH L2 ESE T Cu™ 5
a-Syn Al a-Syn BL G IE B, & BF9E 2 B, W]
M ol 1 -Co®™ AW HA £ D E AL
W, IFE A W30 J5GR A 7E T il Cu™ /Cu A4k
EIFAG AL ROS 7= AN, o-Syn -4 45
H VIR A I P R BE 23 5 4 i AeU Ak R, X
] RE- B 2R S 1 AN 28 358 o 2 L i i A4k, T
Z UM 2Tt ( FEAFAE T R/ BUH) 78 PD X242
P/ BET 1 5y BV ey, e a2 W A3 4 2K 18 5 2
o-Syn—Hi 25 & Wy I LA fin2 PD Ry B 2% BLAR
A LB I R A JE A T
REINGH oS fil A% AR 1 BT 24 1) o 27 4 B0, DT
15 PD WY K AL b & # T AR L, e Ah, i 3
Lothian 257 & H 7 —Fh AT GEE, B4R 7T DL & —
IINERIY a-Syn 3l & UG R T S BUSE SR AL,
W52 U AR 4 OF HOUA i A = AL s oL T
A RUGIRIFA A RE, FE PD LR E, X
BB A rhC i AR S SO AR HE o-Syn B AL F
A IHTE PD WA EAFEM, £ ERTig,
BS A a-Syn £ SRR Ak BE AR R 7 AR R i o
P TSR a-Syn I SERIKIEATIRYT T I 2
P, Cu WA T BE B A I A I 1) BT 2R 48 B I X PD
BB BA B RIE T,
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3.2 &5z BRAH

Z B % ( dopamine , DA ) S #5851 J LR Re pf 42
BIRZ— N ESS T ANEPWRHERGENITFZ
TIRE AL GV AT AR ARG B RS 5 0 i 505 s
22 L7 A A SR 5 174 1 AN % 55 IX. (ventral tegmental
area, VTA) ,FRJ& 76 T Fo i A% A0 b i, 5 oAt 5.
JEAR L, 22 EL )3z o0 A T ek | P BB 5, R
B VTA R AR 5K A8 J BRI (8 X8, 2
JeARH S 2kt A wEFEiT R AL SR L, 210
JHE BE P28 T 114 2K ) B3 B RE I 05 15 1 22 1 0 g
A G, 19 U0 4 AR . P RE RS A Y
Pl , PD BB G E I o-Syn 1954 8 R AR
1L 5 toll #£5Z 1K (toll-like receptors, TLR) A AH H.
Y FRBCHE /NI S 2 M ) NLRP3 R AE/IMA , I fe 2838
1 ¥ F-kB ( nuclear factor-kB , NF-kB) ) 5 {3 BE il
PEARAMBIR -, I BRI 52 5, T4 3 22 12
A 2T ™ L 2 T I A A 2 11 3 O R 22 1 e Bk
Z ISR B R AL 38 2 N RRAE (Y12 Bl E
Ko AR, o AT B, AR (Cu) | FF
(Zn) Bk (Fe) 2325k ifi o B Bk AR OF 82 12
FEREMIZETCAR M L AT R I R R ARSI
NS TS AR D O3 I A 7 ), R B 2 L M RE M 28 T AR
7,35 C57BL/6] /IRl T 4ilJi H ROS/NF-kB
3 I 14 SRS RS b 1 s A A O
AR, 140 5 6-F3E 2 UL AR SUIR AR N L[]
RGN I 2 W RE AR M, X — PR WA B
T O R 5 A 3G, o S A S I M Y R
1, DA A I TG P g 35 7 e m] AL 4 T
B o 22 L AR s S AL N T 22 5 PD 1 &
R HILH
3.3 ES5&REINEERRS

AR T AT 0 D0 8 40 v 25 A T R
W AL A | AR A Ty e IR ™ 5 ) 40 i )k
IR, Hoh LG 2 Fh sl 2R A7 M I /R
DRIERRI | F IR L2 46 O 28 A ALAE A5 JE R
PDPY | IR, PD SEAR 2 K & Rl 2ok 1A A 56
BUBTTANEE , 140 ROS 7= 4: [ Ca™ G2 vl ZRi{K 3] )
P (AR RS RS ZORA ) YRt
YIfeRE % | 28 k0K B H, {37 ( mitochondrial membrane
potential , MMP ) il 38 | &5 H Ji R 4 R EZE: 5 | BN
GRS GAR R AR LR AR S 5 P 4R
A AR 22 R G, B ORI LAY DA
ZICEBE RGN FHE PD | AR EN, mK

P Cu 25 RAE | 48 AL G 46 3 ( nitrosation
stress , NS) I V. B9 {5 5 38 % 09 3005 , B 45 NF-«B Al
PG R =1, 33X B B 1 10 A P A7 25 40 35 AN (] il
e SV iGN et d S RN EAT I R R f i)
i 5 A A R R IR Uk R Rl
IRFTVEAR , DL K B R R AR T B, T #E = B IR IR 1
5T ROS 1977 4E I BUEMEE A3 30 PD L AD #
MS PR ZERATHEAE T AR E R, Cu Ab 2R
1) AS3T /NSRRI BE P2 RGEK T (5 fil2h
RN G005 S R A RS | X S AR AE 5 2ok 1A 4y 2R
(SIS Y TR N R - NS R TR N BN g S R
W2 BN 28 TTRIB AN a-Syn FRIBIE N S AE
PRl F R ORI/ IS R A0 M 8T A DG o Al ] DL A1
FIE AR MR T2 5% 0k W& kT MR
SN DG EER BT, 520 1 ORA Y ROS Al ATP
Frig KT TR PD B R AR A 8 OCH 2L JF AT e
R TR FIIGYT 52 5 e 1) A SR AL AT R AR A
3.4 ESE5EURH

AL (oxidative stress,0S) #% 5 XA iE M4
1477 A 5 P TR B A B B 2R G =2 ) A R P2
— LR BT, PD AR R NIRRT AR (A
IO BRFNAGTE Q.0 ) KB, Ak 22 0 e Ak 25
W, RANIEAE PD R HLE i o6
FEEMMEH S R R PD R R Y G i
PR, YA M bR LB T B IR, A RS S
o 22 T 20 e ™ A2 N AE T, AR Ak
IR, VEZ AL Y SR 27 A8 ROS, f4f NADPH %
AT O (R D) RS A S AL & (H,0,) 43
fige " VEZBIE R, 2R AL AR, W)
75 Pl L Y 7 A I AT R B b iy e 481k R K
] Ll i S AT AR A S, B R Y
A E I AL IR TR AR 2 5 R SR AR
Maina 2 BF 58 2 B, (A Cu™ A1 H,0, 1Y 4 ) i
AL RS RTS8 AB T o-Syn T 5E
X, 435055 BT SR g R A PD MG, Behl 257 A
FERBL, Cu TE B 22 85 i, Al LAE i 2 i i e
( blood-brain barrier, BBB) Ff-7F KX fii N # 3l , M\ 1fij 5%
ZFE0S T (GE b 16 PR A MO 1R AR ) |2 2
Y a-Syn SEAE A Bt 1k, AT 52 30 DA i 28
AR BIN T AL i PD 1R AE, b, I F SR
WY, 30 7% 5% 23 U2 G5 B D RE , I LA 2 4R
HRBE RO LT R BIE R 4 i =
iE RN/ NS B 4 38 A4 DA% o-Syn B AR RN SR 4 4



122 Hh AR PR 22 2 7k 2024 4F 10 H45 34 %55 10 1 Chin J Comp Med, October 2024, Vol. 34,No. 10

M RERS LAVR B A M Ui S WA Y R
SRAACI A AR P AL AT 5 2 — AL B, B
AN A PD GV E A AR B R4 89
[jlipze
3.5 SASHET

H 2012 AEBIEZ AR LR PRI T AT 58 U
FERE LA R AR RONK BRI TR —Fh ik
WA st T A, 2 b s I A W RO FR R A
R BE IR IR Y BRAE T S 2 A 2
AR, AR i T A S IO T A P e i
We TR H BR BRI A BEH KA B Q10 BYAE W)
WO X — i B S PD O E RO OB
( sunstantianigrapars compacta, SNe ) #1225 EL i BE# £2
JURIBET AT 5, L3R 5 28 F 2 o0 I i R B A
FST, 78 AR B9 4 25 20 A ALz i b 47 T8 O B A
{0, JEAE 4 R B T RS D R AR YL
Hh, Cp ibJe—Fh L2k AL, 25 AR BE 710
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Analysis of hepatic encephalopathy modeling methods and clinical match

LI Yaqing', WANG Can', MIAO Mingsan'>*
(1. College of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. Collaborative Innovation Center of Research and Development on the Whole Industry Chain of

Yu-Yao, Henan Province, Henan University of Chinese Medicine, Zhengzhou 450046)

[ Abstract]  To analyze the existing method for obtaining animal models of hepatic encephalopathy and their clinical
characteristics with a view to providing ideas for the establishment of animal models that are more in line with the clinical
characteristics of Chinese and Western medicine. To search the Chinese Knowledge Network and Wanfang database, the

2

keywords “hepatic encephalopathy”, “hepatic coma”, “animal”, and “animal model” were used. For the Pubmed
database, “hepatic encephalopathy”, “hepatic coma”, “animal model”, and “animal” were used as search keywords.
The literature on effective method of specific animal model preparation was collated and classified according to different
modeling factors and method. The modeling method and characteristics were summarized, and the degree to which the
animal models shared the clinical characteristics and symptoms of hepatic encephalopathy according to Chinese and Western
medicine was assessed. The clinical match of the animal model was assigned and analyzed according to the clinical
symptoms of hepatic encephalopathy in Chinese and Western medicine. There were 128 valid literature articles featuring 11

animal models obtained using 15 different modeling method. The highest degree of agreement with Western medicine was

the CCl, oil solution intraperitoneal injection+gavage+ammonium chloride intraperitoneal injection model (92% ), and the
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highest degree of agreement with traditional Chinese medicine was the CCl, oil solution intraperitoneal injection+ethanol

aqueous solution self-drinking model (65% ), but both lacked a combination of Chinese and Western medicine clinical

characteristics. At present, animal models of hepatic encephalopathy that combine the characteristics of Chinese and

Western medicine are lacking. Improving and refining the models to encompass the characteristics of both Chinese and

Western medicine are expected to provide ideas for mechanism research and advance the clinical diagnosis and treatment of

hepatic encephalopathy.
[ Keywords ]

hepatic encephalopathy; hepatic coma; animal model; disease characteristics; clinical match

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

B PE R % ( hepatic encephalopathy , HE ) J& 48
T ) R R A A BT S T, IR S IR
A )R 2T 5 AL TG R TER N 2 RS 20
L4 B A28 L A B Al 1 Th X R 28 R e D R R A
CEAIENTY R 2 WU 2 45 AR
FRECH LABET R D HE B HA: 25 & gk HL
I 2% , 1€ 4 2R 58 4 T B 8 I 80 A IR o 25 10 i
5 BN R HE (4 Fh i ZoRE ARtk ) an i okt
X HE AP BRI . H AT HE BAL
Tl VRS Y F 57 340 75 A B R 5 3 52 50, T
FAAE TG RPN S BRI R AN AR T AR K
AL, Bl v B IE A AR R A7 A 224> 3 TE f6 A
[ 18y ey , PRI 0 5 T HE TP P B2 DR i 4 23 A
BUA Y HE Sh#E5, S il & i 45 5 1) HE S
RRERUHE (It 50 35 F0 O R %, X HE Mg L 9 #4658
Al PR LT | e A R 7 R

1 HE g% E L

1.1 HREZERER

HE MME& 3R, R BN T IZ 1 #i  slOKS
P G R AR 21 ek B S o s
R 242 (ISHEN) 51 ] T AASLD/EASL 3 45
BT HE e Y BCEE 2 HE 95 PR HL )
R AR b 7E 2 B 2R U S0E N B L
B UL T R R G T B 2 AL A R K A 2 G
FMBPE b 28388 o 7 3645 TA R HE S8 UL 5 R 2
JERY LA 45 PR B IR G | iE | I A R
JUIE LI s Bk e i hy E 2L RO T AL TE | H
fiff BN BR BT A7 25 L . R YT AR AR R U K A
PR EE EVRCR DA RO R A 2 2 ) R T
RS
1.2 HEZHFERI

R 2R B SRR B 4, (HAR B =
Bl PR BEAATE B A I S < TR < B <
B IR SR (R - ARR) Id 8k

“HEHE M, IR b S 44 P A
R WA AL B RN I By
USCEEHTES S NN TN (RPN 72 L
Soo EEYCH AR BRI B 00
155 HEAFLEL SO, ST O it RS O e
PO MY 785D T LB S5 2 R
BRSO HE 151 5 DR BLER A AR ) 1 o
AR5 4 25 i, AL JL AR o 2 6 1 44 52 5
F SAERUAE N EF TR E I DA 90
BEE

2 HE BRI S5 47

2.1 HREZZH

S (PRI 1297 6 e ) (2018 4F) 1
(2022 AEIRYN 95 27 23 Wi PR 56 B 48 1 - 14 i s
FIEFEY ™ HE 2 W7 32 B o LR 2
SRR ARG S ISR MOR S o RLE ok
it B2 S G FINERLA: 5 0 S A 258 S U RE SR R
AR ATREAAAE A BACEE 2 EZN HE I
IRFIIT RS2 = o Ay |l Bk A O &0 L
AT HE 2 W7, b DU PR32 3043 9 1 208
SRS E R AE A HE 2 Bibr i, I R
PEBE R B ik B SRR 32 b
B ADTEAR (1) FIARSETE AR (D), Bk, T .
(DHE I RFRI(BIRE 5T ) s QI T 5 ; @t 4
Rtk ; @ d 232 gh e 1. O FF 2 684 BH
PE; QW BB AL A B ; @B MAL A @ CT, MRI
K 5 SR B 5 D i, PRIAG: A 4 SR B TR ik
He 1 T ORI E—T 9 20%, 1 @M
53 20%, 1 Q@4 10% , 33t 60%; T . TORB@D
ORI 8% , Bit 40% ., M4y 100% ., o,
S EYINRE PR E X s W R BE AT HE IR
IRFI R (LR 1 ~4 R AT R —5E
AR, BIFT 2 HE) , BARIZ WIS A e 3R 93 L
#1,



rp [ AR BE 2 A A 2024 4F 10 A S5 34 245 10 ] Chin J Comp Med, October 2024, Vol. 34, No. 10 127

R 1 HE BCEEZHT
Table 1 HE modern medical diagnosis
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(@Elevation of blood ammonia
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(® Electroencephalography; abnormalities such as slow wave activity, spiking wave activity and
intermittent high-amplitude delta wave activity
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YIRS FEFEARE RE 1A IR AE Sh P & b Il R $8 b
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PEAFITEANY
3.1 HE sh¥EEIFM ISR

A 1) HE SRR K 222k FH B A6 U P41 48 A
BLFGE Y — OIRZS  HE 6 IR 7 B 53 (ki 2 RE 43
) AT REERIN 200 S REFE AR v 2
SURH AN S ARSI, BE A1, AR B AF 58 75 2, A4 il
SCHRIA I T sh W ip il pH #0208 il e
A mRNA A 2011 PR 3,

WAH HE Zh¥iEs

FERSHL 1Y) 128 F A SOk, 3 RS 3 I &
AN] RESH 11 Fl HE iR A3 15 FAS R
RO, BIET 2.1.2.2 S Wibnik, 454 3.1 #%
RUPEA 8 48 A, 4 45 50 A0 HL A 55 vk e o I
Il RV A 15 DL HEAT B0 25 , W & B S AR AR i Sy -
WA =70%,50% < W& B <70% , IKW) & B <
50%'  PIA Y HE ShPRslsE i3 4,

3.2

&2 HE hEHHIED

Table 2 HE Chinese medicine diagnostic types

rf EIE R I PRI Ik

TCM certificate Clinical manifestations Tongue and pulse
PR BE W5 S BRI T A e

i T O BRI TR . T I
Syndrome of the liver Dizziness, headache, numbness and tremor of limbs or . R .

T . Red tongue with thin moss and stringy pulse

and wind convulsions of hands and feet
AR PURIIE

Syndrome of excessive heat

and toxicity

EL B 5 231

Syndrome of internal organs
of the Yangming bowels
RIS L

Syndrome of which phlegm

and heat obscure the orifices

S BB e
Syndrome  of equilibrium

between yin and yang

S BRBNANL R BB B I

Heat, estlessness, delirium, skin rash or epistaxis

KAEANG B A1 WA T8 510k AT TR S R

Unruly or dry stools, abdominal distension, thirst, hot

flashes and sweating, short and reddish urine
BRENANZ T A KRR AT IR R
Delirium, bitter taste in the mouth, sticky stools, short and

reddish urine

PRI B ek RS DU RS L/ IMEASF] KA 1 35
Lethargy or coma, weak breath, cold extremities, dysuria,

spontaneous stools

AL e KRN

Red tongue, yellow or scanty moss, slippery pulse

T AL, & B R A, KL
Red tongue, yellowish or dry moss, slippery pulse

EAN= Y1 Wi iE
Red tongue with vyellowish greasy coating and

smooth pulse

TR WK 55 B K B R e

Tongue impotence, weak pulse or weak pulse

&3 HE SRR H A5 br

Table 3 Commonly used evaluation indexes for HE animal models

K 2 4 £zt
Types of test Indicators
— RO R R Ed) B O RS

General status

S By v Bl e 2
Grading of cerebral kinetic
energy of experimental

animals

13 R%
Behavior

Diet, spirit, locomotion, coat color, body mass, etc.

0¢(11 53) AT HIEH
Grade 0 (11 points) : normal behavior

190(>10 H<11 4y) VIR, R ZE AT R shisk >, S e

Grade 1 (>10 and <11 points) : lethargy, slow response, reduced behavioral activities, normal reflexes

290 (=9 H<1047) 2B B ST IE#

Grade 2 (=9 and <10 points) : ataxia, but reflexes still normal

390(>0 H<9 5 : AT B HTH K
Grade 3 (>0 and <9 points) : gradual loss of reflexes

4900 9)) SRR, 34 Bk

Grade 4 (0 points) ; corneal reflexes disappeared, animal comatose

LU= S e e

Mental status: elevated cross test

BB B RE T 3 L

Spontaneous locomotor activity: open field test

23 (6] 2 2L AL AR T : Morris 7K 5256

Spatial learning and memory ability : Morris water maze test

1z Bl RE JIAS I <38 B 5 Bl e A% S

Motor coordination ability test; motor fatigue or rotation experiment

WA S DR AE
Light and dark box test, gait test, etc.
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Liver function indicators

AP S all

Brain tissue related tests

HoAth
Others

&R3
2 2 EL2)
Types of test Indicators
&= 5E . s - )
Bloodft:mnll\:nia 4 H A AT AR R BRI &K F- I3 R
Fully automatic biochemical analyzer to measure blood ammonia level and plasma endotoxin in rats
measurement
ML ALT AST | 2 (ARSI R R A
Serum ALT, AST, albumin and total bilirubin, urea nitrogen and other tests
e bz IR P44 HE i3 (4, NADPH-d {8 Je e 0%

Liver tissue biopsy, HE pathology staining of liver tissue, NADPH-d staining, Ni-staining, etc.

P G 414k . TLR4 NF-kB p65 .NLRP3 Caspasel & H & w55
Liver tissue immunohistochemistry; TLR4, NF-kB p65, NLRP3, Caspasel protein content, etc.

i A e B 375 LA BB Y EB A iR

Blood-brain barrier permeability and EB content in the brain

i 5 K G A T 2L ke = (R - T ) /R F X 100%
Brain water content: brain tissue water content = ( wet weight —

RT-qPCR KA ZH 2L TNF-o | IL-1 B IL-6 mRNA £ik

Detection of TNF-a, IL-1 B, IL-6 mRNA expression in brain tissue by RT-qPCR
Western blot {46 NF-kB p65 . PI3K . p-AKT K HBEFR L5 5 H Rk
Detection of NF-kB p65,
ELISA VEA6 I ik & &\ TNF-o . IL-1B . IL-6  LPS %5 /K -
ELISA for brain ammonia, TNF-a, IL-18, 1L-6, LPS, etc.

dry weight) /wet weight X 100%

PI3K, p-AKT and its phosphorylation and other protein expression by Western blot method

i L PRl S P R A e 7 AR LA D) 45

Electroencephalography, magnetic resonance imaging of the brain, esophageal mucosal pathology testing, etc.

F4 AW HE Shprisd
Table 4 Existing animal models of HE

BERIF2E (11 i)

AR A

Model categorization EBOTIR (15 #) BUREHY) Model i PRI £ 15 0L
g Modeling methods (15 types) Model animals . Clinical match
(11 types) characteristics
BAR TG (TAA) B T 52 i Bl ik Py DU I 1] 5] &)

TAA HE $57
TAA HE model

TAA 35 600 mg/kg(200 mg/kg, B:K 1 WK, 3%
223 d; 8% 300 mg/kg, R 1R, #ELE 2 d; 8
300 mg/kg, TR 2 d, # L2 3 K ); B TAA ¥
H5.20 mg/mL, &R 1k, #ELE 4 d

( TAA )
injection : to make the total amount of TAA in
the animal reach 600 mg/kg (200 mg/kg,1 time/d
for 3 d; or 300 mg/kg, 1 time/d for 2 d; or 300 mg/
kg, 2 d/time for 3 times) ; or TAA gavage[ls] : 20
mg/mL, 1 time/d for 4 d

Thioacetamide intraperitoneal

[23-25]

i H 20% CCl, AW S mL/kg,
BRI, ES2 d )5, BT,
ARUR S FLIF 3556 A2 mir v e oo

CCly, 9 +  DIBRUEPIM MR BT A

AL Ik e AR
3 i Gavage of 20% CCl, oil solution 5

CCly gavage +  ml/kg, 1 time/d, 2 consecutive
the

ligation of the left anterior lobe of

ligation,, days, exposure of liver,
resection of 2/
3 of the

liver method

the hepatic tip and the middle
lobe,
and then ligation of the right lobe
of the

without resection*

resection of these two lobes,

liver
26]

exposed

HEYE SD  Wistar K
f, C57BL/6, KM
/N
Male
rats, C57BL/6,
KM mice

T Wistar K,

Male Wistar rats

SD, Wistar

5,55 R, 2t
FRAL; Bl S AT
JE 7K MR
Advantages :
controllable time and
dose, high induction
lethality ;
Disadvantages

rate, low
may
cause ascites,

spleen enlargement

Mo TS R
SRR B B

YRS 2% A I it it
TEVERO Y 7T A
Advantages :
repeatable , high
stability ;
Disadvantages
complexity  of  the
operation, there are

possibility of hepatic
ischemia/
reperfusion injury

FE. 1TOQ0@I®
O@, W4 JE 84%; T
E.1OQRGI®
®, W5 50%
Western medicine: [ D
QBDIRBD, 84%
match; TCM: [ @ ®@
@ 6 1 & 6,
50% match

fiE. 1 O@@@ 1O
Q@, W4 JE 84%;
. 1000 I10@
&®, A 60%
Western medicine: [ @D
QDN D@, 84%
match; TCM: T D@
GOIDO®G®,
60% match
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EE
SR (11 v g —_— LR 51 .,
(ORI ED L (15 ) o Pt & s e 4

Model categorization . . Model ..

Modeling methods (15 types) Model animals L Clinical match
(11 types) characteristics

CCl, MM¥% W HE
i)

CCl, oil solution
HE model

CCl, +5 fb 82
N2 i 5+
ccl, #EH
CCl, +
ammonium
chloride
intraperitoneal
injection +

CCl, gavage

CCl, + TAA
w4
cal, +

TAA injection

CCl, ¥ 5 +
IRV R
H 1R

CCl, injection
+ ethanol
aqueous
solution

self-drinking

CCl, 4 +
EE R G
CCl, injection
+

endotoxin

injection

0.4% CCl, W% W (10 mL/kg)
N TE ST R 5 AR T
0.5 mL/10 g KOS AL ST

0.4% CCly oil solution (10 mL/
kg )
combined with gavage, and then
of 0.5

ammonium

intraperitoneal  injection
intraperitoneal injection
mL/10 g of
chloride soluble!?"}

40% CCl, ME BTS2 )/
JalL #E5E 9 Jil/6 /12
B RERRE S 5 mL/ke, 5 B
ST 3 mlv/kg, IS TAA T8 i
WG, B ES 300 mg/ke, B K
LIR,EZE3 d

Subcutaneous injection of 40%
CCl, oil solution 2 times/week for

9 weeks/6 weeks/ 12 weeks! 2! .5
ml/kg per injection in the first
week, 3 mL/kg per injection
thereafter, followed by
intraperitoneal injection of TAA,
300 mg/kg per injection, 1 time/d
for 3 d

JE T EEST 409% CCL, B,
5% LT E AR E E R
HIRG 25 HER 0.5 mL/100 g,
PURHEH 0.3 mL/100 g, 4% 1 i/
20 RS 9 Ji/12

Abdominal subcutaneous injection
of 40% CCl, oil solution, 5%
ethanol tap water solution self-
(el First
administration 0.5 mL/100 g per
rat, then 0.3 mL/100 g per rat,
total 9

drinking

every 1 week/2 times,
weeks/12 weeks

Fe TS 50% CCl, IR, 2
W/, T2 AR 0.3 mL/
kg, 5 8 JEI 4 0. 4 mL/kg, FL73 5
10 J4, 55 11 A H-G#RIKTES 10
pg/mL Y P 7E 3R AR R KA IR
1 75—»\[35]

Subcutaneous injection of 50%
CCly oil solution, 2 times/week,
the dose of 0. 3 mL/kg for the first
2 weeks, 0.4 mL/kg for the last 8
total of 10 weeks
injections, the 1lth
margin intravenous injection of 10

weeks, a
week ear

pwg/mL endotoxin saline solution

1 time'®

N
Mice

TN Wistar K ﬂ,
e e SD KRR

Male Wistar
male and female

SD rats

rals;

SD  Wistar K fi,
SD, Wistar rats

HIE
New
Zealand rabbits

DR SRR B
A A R W
CCl, 5y %) 34y 1 A
EPN T
Advantages : fast,
simple , repeatable
modeling ;
Disadvantages ;

double CCl, is easy to
cause more damage to
the animal

D R T A
R BRI Y
JR PR
Advantages :
controllable  dosage ;
Disadvantages ;

manipulation

Vs TR B, AR 5
B A PG

) A By e il

Advantages: simple,
low cost;
Disadvantages: self-

drinking dosage and
time are not easy

to control

DR B S S
HE 1 & i 72 ; 5t
SR, T AE 2
FEEYRIGET
Advantages ; more
realistically reflecting
the process of the
development of HE;
Disadvantages: a long
period of time, which
may cause the early
death of animals

i, 1 O@@@ 1O
QB@, W A 92%;
hEE, TO@G® IO
@O, W& 60%
Western medicine; I (D
OISION NOISISION
92% match; TCM: @
OIGIOR NOIOIHION
60% match

FE. 1 OQ®@ 1 D@
W, W+ B 82%; h
E. 10000123
@, W5 1 55%
Western medicine: [ @
QOIDOBD, 82%
match; TCM: 1 @®
® ol ®,
55% match

7. 1OQ@ IO
OB, W5 JE 84%; T
E:10OQ0@@® 1D
@O, W5 65%
Western medicine: 1 D
QRANIDB®, 84%
match; TCM: T O ®@
SIONON | HOXON6S
65% match

7iEE. 1O 1 O®
@, WA T4%; T EE
[O@®®® 1 ©WY)
HEE 55%

Western medicine: 1 @D
QI DO2®, 74%
match; TCM: T O ®
® 6 ©® I ®,
55% match
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SR (11 e ey —_ LRSI .,
(ORI ED L (15 ) By Pt ]
Model categorization . . Model ..
Modeling methods (15 types) Model animals L Clinical match
(11 types) characteristics
L B A A R
5 AT B
BB TR e 0 1006
P, H R AERLILLE D EJE 729 PEE
bl Hp D-BUIEEIURE(D-Gal) MK 2.5 gk BYESD KR T AR IEBE 12%; T
a ;DA R ; L e 1066,mh
e [36-37] SR K 0. 27 o/kg i3 Advantages:  simple
A . L . JE 35%
D-Galactosamine ( D-Gal ) is injected Male SD rats and and fast; .
D-Gal . i . . Western medicine: [ @D
[36-37] intraperitoneally at 2.5 g/kg or intravenously at  cynomolgus Disadvantages: lack DIDOO®. 12%
HE model 0.27 g/kg into the forearm monkeys of controllability and ’ ?

APAP HE #5#
APAP HE model

AT D) + R A
¥ HE FiA!
Hepatic lobectomy
+ ammonium
chloride

HE model

170 e I ] —
43 HE $8

Portal vein side-
to-side shunt

HE model

R & 25 #L HE
s

Bile duct ligation
HE model

Wi Wd% HE $8
Ammonium
acetate HE model

X ST S HE 1B (APAP) B U IE P9 3 4T, 1000
mg/kgL 7]
Single intraperitoneal injection of Acetaminophen

(APAP), 1000 mg/kg'”

JEH SRS UIER 08 5 min 0]+ 48 AR
A 2. 5% 5 BAHAW S mL™

Most of the hepatic lobes are resected, and 5 mL of
2.5% compound ammonium chloride is injected into

the duodenal cannula every 5 min?*

JRRI:, N 22 5% 1T K, T2 AR B Z0ofs T Ik %
H— A0 3G A AL 4, TR ol — 0l 2
v

Anesthesia, dissect the abdomen to expose the portal
vein, and connect the portal vein and one of its
branches to other parts of the body with surgical

sutures to form a side-to-side shunt pathwayw)]

JPRERE TR, AR BIIAL HEEAT A5 4L, DU 2000 1
fl 15U e

Anesthesia, open the abdomen, locate the bile duct
and ligate it to the extent that it does not damage

. (39
other tissues' >’

25% MR R IR B Se S 4 1)
25% ammonium acetate diet continuously fed for

4 weeks'*!

BALB/c /M,
BALB/¢ mice

BTt
New
Zealand rabbits

W SD KB

Male and female

SD rats

Tk Wistar K,

Male Wistar rats

T Wistar KB
Male Wistar rats

can only simulate the
stages of
disease development

early

Pori T, AR 5
B < A T/ 2
L)
Advantages :
fast

Disadvantages :

simple ,
modeling;
only
for small animals

DL s AR A7 015 ik
JERPUEZIE 7L AN

Advantages:  simple
operation ;
Disadvantages: more
traumatic to
the animal

e s c B ) 6, AR
P B B ECR,
CE R

short
time, fast modeling;

Advantages :
Disadvantages: more
traumatic, prone to

bleeding and infection

D : 48 A A 4 sk
T E AT,
Advantages: easy to
operate ;

Disadvantages:  low
reproducibility,

shorter duration of the

disease

Do s 1A 5, Al 2y
5 B B 3 )

WIPLAEI =
Advantage: simple,
high success rate;

Disadvantage : easy to
cause  damage to

animal functions

match; TCM: I @ ®
H@@@, 35% match

i, 1OB® 1O
@, W& B 64% ;s
[O@® I D®,w &
J§ 45%

Western medicine: [ @
OWIDOO®D, 64%
match; TCM: T O ®
®NT@®, 45% match

7iE. 1OQ®@ I O®
O@, w5 JE 82%;
E.1Q0@I1®,Y
B 35%

Western medicine: [ @
QWIDOB@, 82%
match; TCM: 1 @®
©I®, 35% match

FiE. 10010
@, WIETE 54% ; FEE .
[OQ@® 1 D®,v)
HEE 50%

Western medicine: 1 D
@I OO, 54%
match; TCM: T Q@
@@ o I O ®,
50% match

FiE. 10@@ 1O
@,M/J%F{ 66%;*@:
[EOIBIGION OOl
©, V)5 60%
Western medicine: [ @
Q@1 OO, 66%
match; TCM: [ @6
el o6 o,
60% match

P, 1OQ®@ 1 O@
O, W& 14% 5 T
OISO} ROIO6)
@, W13 60%
Western medicine: [ D
QDI OB, 74%
match; TCM: T Q@
GOID®G®,
60% match
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ey
SR (11 TN - LRSI .,
PURIEE (1R RO (15 §) B PR Wik 4522
Model categorization . . Model ..
Modeling methods (15 types) Model animals L Clinical match
(11 types) characteristics

JHLTZ HE B8 Sk S IHLT 2,150 mg/kg
Bilirubin Single intraperitoneal injection of bilirubin, 150 mg/
HE model kg“”

BN L B HE

1O P e 2]
Knockout Knockout of liver-specific GS, Albumin gene,
HE model [42]

Ugtlal gene, etc.

B BT 4 5 % GS., Albumin 3 | Ugtlal 3

7 Hilr SD K4
BUCHE 11~ 17
2)
7-day-old SD rat
pups ( body weight
11~17 g)

KO /M,
KO mice

D B A i L Bk
W HR D SRR

TR
Advantage: easy to
operate;

Disadvantage : the

results  are  easily
affected by the diet,

environment, etc.

(U0 R VPN S
o BLRAS 5 Be  2
MU e M LLE
T I IR
Advantages : high
simulation of human
pathology ;
Disadvantages :
difficult to convert the
results, difficult to be

E, 1 O@ITO®
@,%%E 64%;':':'@:
[ EOIBIGION ROIOI6);
©, A 60%
Western medicine: 1 @
QI OB®@D, 64%
match; TCM; 1 OI©)
GO ID® G ®,
60% match

FE. 1O 103
@, W15 B 14% 5 s
[0 1DE®, )
A TE 45%

Western medicine; I (D

QBT OB®, 74%

match; TCM: 1T D@
© I © ® ©,
45% match

used in the clinic

T AR ER, WA MES HE S B R 7
KA Y FA FEH 3 AT, £ PCBT, A
&, VBRI R W) A B 8 5 A s, h BRI R W) &
AN, b PR WA B B Y2 CCL, TV W
s T S+ N s T SR A (W) B 92% )
H I W B it s 140 CCL, TRVAS TR Jis 1 S + Z Bk
SR EVRBEB (M)A T 65%) Bk = P PG EE W) 4 i
Y] Aot A e 1) HE AR

4 Wi

4.1 HE 3h¥iRB4F =

AT HE SRl rh | CCL, i WO s v 4
(i) ) 34 5 3K M M 0 S SR A B S AU VY R W) B A
i, Hod BR R CCL, nl s S P REAS 4, &
AR B RO I P BEAS 41 51 & HE ; CCl, JMiE
s T S B A 20 T T R KV T B AR R o R W
Vi fpe iy, HE LRI CCl, 51 20 it 461 405 A T &7
ek, K A AN SN 5 |k i 452 003,
THEBETRMAE RS YREEFLGI & HE, CCl, 2
B L T A ML ), 2 AR N G 28 A A
BERY [ PR3 X A0 M A B AR Y M s
TS CCL, i, w] DA TG i A, 51
B A T840, 25 CCL, A R |, 38 T JiF X
CCl, B8, hn = 4 47 , Sk B RE 7E M AR RE
JHCHE TR P 2, S A e s S R P
MK PR R B HE B H S &N, ZkE

il HE 3 Y808 )4 2 30 A R0 B 1 it 22 T
T R R IR | R 280 Bl B A T Zh BE BH 1 A
HE B L, R I Z 2 8 A A DU Re B, 1R
J B R S BRI R B, CCL, TR
HE I S e 5 R T A S PR A 05, I i e v 5 EROAT
ANBEA U T, ML A0 T R ) R OC  B0 BR | R
AR AR IR 1L | % W 25 il N BE PR o, TP 22
128 T I A% 33 R i AR F) O R 2 BE DA T S 2K
HE 9% A4 R Bk il | 30e MK S5 T D fE
TR HR, CREKIR TR A K RE S AL
R P S B0 SRR A2 1 2T 4 AL L
LTI T, #E— T TP e s, AT A
BEUERY RIS 250, R B BX 2 D ARTS DU
R VB K IR A B /M R AR B R A
SER , CCL, VA B I TE SIS L F R KRR A
TRIEBHR 5 A RE D) DR A i 72 DA
X P AR T 95 P I | R R I PR ) 5 BE 3 S A
{E 25 I JCE IE A BRI BR AR A B9 2 K I, 75 30t
SOBURTE ML A 2 00T DR 7 A S 0, 5 B0 22
S REIR Y B, PRI 0H , 3o O i A ) e
PP ) 47 ) AN 4 5 F 3l 0y e ol B R A0 5, Lk A 7o i
ETT LI PRI B v P B Il R 2 247 [a) i A
WA R AR RN 5 35 | SR A2 R e JEE AT 45 1 B
TSRO TP IR R R HE SR
FAt i HE B3, S 25 id 2 TR, il
B W HAT S0 IR . PR A B HE 5P 4
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VEIY ™ 55 G i AN/ BIR FEAE I 5 B0 Sk I 3 8
FHOC, B B HE 788 A 52 00 I8 00 F Hh 17 s
koriis e, C B HE fEA 18 VI i . 4% I HE
Il R 4374, CCL, T WM Js 3 5 + TAA T s 332 55
CCL, VM RE A8 K2 R T 4+ S A R KW E K
CCl, THEWR K T 3+ R bk vk 3 N 8 2R B R
Bk ISR C B HE, |7 kO -
oA S & B A HE, s KZ 0 A A HE, HAj
ATk 2 % 0 FR SRS | s B RN AR TORE 1 R P e
(18 PR AT e UL s R ) 15 5 19 C B HE Sh it
YT AR R A AE AR 45 F I B S D
TAA 15510 HE B8 5T B dE 5 PGy Ipra] | 5]
AT A R, BRI, 2 H T E A
X BRI FH A sh 4 HE AR (H 0o K
O S804 B PEREME OB RBE T, HL R AT RE 25
EEHE K B A5 B2 s DD R D
A 533 MR 25 4L 5 TR 4 HE BB TR
PR IR, T B b B AR e 56, 45+ A bI bk
o A g R — s R P T A, sh T R
o B Y 2 R 0 RO RO BD-Gal
POV SR T B PR Az T IR R
REASFUL s & A ) R B B B, BRI T LA W5 HE
BLHIRETT A B R @7 A LT 2 ik sl
BB IR A0 A LB B 1 A9 45405 Fn HE,
HE5 BT 2R SR

HT HE BRI A eSS A DUT 4 5. Q% H
AR 28 1 R B /N B A 55 2 ) A BRRRAGE A
JZNEASTR] 33 foff A5 A5 R %) T B AR 75 TR, FLAS )
WIFAERF S5 T e b AFfE— B 22 5, X T g5
ES LY/ RS PN/ T S W N/ S (B
FRITIRE T 42 30 N2 0 2h W o | B I Ak | R IR i
BRAFSR A R s QF AR HE s Al & &
PEA R, Bt Z 58— VR bR FI L, S BOR TR
SR 2 [ S 2 SR 25 S K BB R vt Ay ik
(1) ASE IS (]G P A% G — , R F HE (9 25 sl 24 F
98 ; @R SRR BRI HE (3P0 & R B BE
%, I EEAEARRRFFSE 4 2 HE g BRIl IR
S R A o
4.2 HEZWERGAERKMAEEERBERMN
ERA

HETH) HE 255 R0 35 RR 1 12 7Y 2= 5 5 4 1
PRI HE %595 2 8125 & i sh P A L, v 2= )
A A 3 AT, JH T2 R R e/ o B R R Z

W, TR O EEENZAE S, & &k
SRPEIE SN EERNE, MY S LA S
A A5 B P AT v B A3 R B A @b I
BOGUE HE K BT A A1 -5 B0 0 it 5 i A
JULPRIRER,, 177 78 2 ) 5 A D R S R B IA
HURZ B ; () Hh 22 5 I8 I SRR 45 5 B0 RS ph 57
FORHE AL R GORER , PG B ) A e S 5
AL )P 200G 1 5 R D BE 5 8 3R ; WHE 38 %
R AR A S PR sl S I I ol 1Y) JR 3 v RRAE
RNTIREZ 0, & — A RS M 2R B A, BARIE R
ISl e 38 R0 1 7 1 A 22 (R /DA b 28
ZoAT PR E B RRAE, 10 FLIA I ) R B AT, 15 2 PEA%
MU EFEG R R, fE S WA B b 1R
GV I SUZI ISP R/ NSl ISPV
2 (HARAG I 25 SRS RE 4 %ot R, ) 40, Sh AT o
5T R, TAA M5 8 57 (%) HE A RUAE 3 52
g, g Sl A % A 4 G B s R T
JEF K AR S () HE Sh B R 7 i 28 1+ 7 50 56
ARV Sl 1 R | DA i R B TR S R G
B 22 57000 G b E HEIE B AR LA, T B A
BB PR R e = A T, HE B Ak 2 28 3 R 1R 151
AL N SRAE RV LA B b 2838 I S S 2 TP AN T
ML RIVE R 25 5L 1 5 H 0K 2 sh i B 7
SURBTHDEL A — R AL, i DA 4 17 b S5 e HE (14 52 7%
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Research progress on Wnt/3-catenin signaling pathway in programmed
cell death after ischemic stroke

PAN Rui', ZHANG Ming** , ZHENG Xinyue', WANG Chunxiao', REN Qiongdi'
(1. Rehabilitation Medicine College, Henan University of Chinese Medicine, Zhengzhou 450046, China. 2. Department of
Rehabilitation, the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000)

[ Abstract]  Ischemic stroke is a neurological disease that damages brain tissue as a result of an insufficient blood
supply to the brain, due to blockage or stenosis of the brain vessels. Increasing evidence has indicated that the Wnt/3-
catenin signaling pathway plays an important role in the pathophysiological response to the occurrence and development of
ischemic stroke. Programmed cell death includes many forms, such as apoptosis, necrotic apoptosis, pyroptosis,
autophagy, PANoptosis, and ferroptosis. In this review, we elucidate the characteristics of these different modes of cell
death and their cross-talk relationships with each other, and systematically outline the role of Wnt/B-catenin signaling
pathways in the intervention of different cell death modes in ischemic stroke, with the aim of providing references for future
clinical and basic research studies.
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i 7 o NS 30t | BOak i e A
B N S T ) 0 3ni T A i A ) A B e 36
I i A v g i 1 A R B AR R A Ky . s
o1t , Bl % A5 b (ischemic stroke, IS) 8 #4 24 Y
SR A E Y T0% " B KA R AT 2
SHEMZITIET: | AAE S | 1ML AK 5t B ( blood-brain
barrier, BBB) #1173 , 28 b7 4 ) G B A5 1 2% A5 P 7 1
G —ZRIE A TN, TR A B IGR IT I (R
W HE VP22 B JOIRTE S AR I 18] N 3R A5 20hR
I7 G iR R A AR TR I

MRRFET AR I 2 A B AT IR AR W o R Y
P40 Bl 58 7= ( programmed cell death, PCD) A& JE
PCD, HHr,PCD FZ AL 4R AN 1=, A Wit IRFETE
AT AR T BRAE TRz JH T4, dE PCD B 4
JRIIRAE , i h T 40 52 3] 1k 2 55 B0 B0 7 1 1Y)
MR BNIET:, ILAFENFE R I, PCD il it A F i 22
TCHFA: B A AL R 0 S AL 7R 1S 1Y
KRR e R AEE EEAEM, Wnt/B-catenin 155
PR SR B ARG S R B TE PP 2 R G
IR Z WG 2 KB R AR &It
K RS iR G EEAE Y EHE, Woy
B-catenin {555 18 1 1T LAVE 1T 1S 515E 19 i N 15 248
A, G4 ol 28~ 200 L 1) 3 (6L RN 43 Ak AR T AR 32
PR 1 i ot s DA B di e AR AR Sk, AR
SN IR FE T J7 21 & AR AL AL 40 G JR R A7 1
BMER , IF273A8 T Wnt/B-catenin {5538 B4 7E 1S /5
AR AL T PR T, B AR IR 1S SR AEH A
SRS

1  Wnt/B-catenin {5 5 i# i%

1.1 EEERN

Wnt/ B-catenin 15 51 2 Wnt 75 5@ T AIZ
BHSE %, 200 [ T S LS o W AR T Wt R
Frizzled 2 K& 2 % | % 45 1 BB 1 ( casein kinase 1,
CK1) \LRP5/6 324k ANHELE I 1(dishevelled 1,
Dvl) 22 Z R/ I3 A R W ( GSK-3B) Al 2 1 (axis
inhibition protein, Axin) , APC & H . B-catenin DA JZ
TCF/LEF #5752 Wnt & (40 Wntl , Wnt3a
Wnt5a 55 ) o — &S0 PEREE 11, 18 5 455 210 R
B2 KR ah {5 58 M, Frizzled 2K & F G FHHM
B2k, 5 Wat 3 A 45 A R R E 5 516 .
LRP5/6 A2 KA 5 Frizdled Z AL A ME AW,
5 Wt {55 . Dvl 2R FUR Wt {5 5183 1K 4L

TSTRHE 5 WAL B ML N . GSK-3B ,CK1, Axin
HAPC A58 1 o 2H I i 52 & ), RE g W IR 1L B-
catenin , 3 T 145 40 0 PR 45 5388 3% 640 96 A2 Ao 1oz 6
B-catenin J&— 451452 2% H LA ZE & & A,
J& Wnt/B-catenin 5518 % 1 ) SCEEARUN 731
1.2 BEKEE

Wnt/B-catenin {75 5 1 F 45 0T A9 A A A2 40 i
W B-catenin (Y 7KF- T, Wnt 25 5 40 %
I fY Frizzled Z KDL LRPS/6 ILZAREE A B L2
WEGY ., Z2hEGWIV G &SRB IR RE
FRG G2 254k, 3 F A2 A AR (8 240 L P9 19 Dvl 2R L 8
SR ZIKG EY), T2 Dl & A i — A w1k It
% . GSK-3B 1E Wnt/B-catenin {5551 1% 1Y 5 4
i, Dvl 25 1 BEUE 1 i) GSK-3B X} B-catenin FJ
Ak, R I, B-catenin AN -8 [ A I & 2 76 20 i Jo
o AL R AL N IR TEAZ N AR . 75 20 A%
1, B-catenin 5 TCF/LEF %5 5% [N T 45 &, 3 i
Wnt FHOCHY H SR 1) %RI8

2 Wnt/B-catenin [ESEIE7E IS FEREFHHMATE
THRER

2.1 ZERET

AR T A2k R ) A R T F R A
PERYSE T3 B, #4515 BR AL A 9 52 453 40 1 v £
F X A A AR IE 7 A MIAERS RS E B
2.1 1 AR TR B

2006 00 T R AR pR PN D R AR 3 AR AR I
PEFET S ARIRAL BT fih K, WO 25 e 4 0800 — R 90K
N % H W ( cysteinyl aspartate specific proteinases,
caspases) , FEMI A RGENEMIAFIFET, DNA i
PRI 38 Sk A A o 2R A 3R I 3 s g R R T
TS R Bl BORLUAR S B 7 PR 2 P R A T
IR OGP IR X — it By B R L A A9 -2 A
(B-cell lymphoma-2, Bel-2) Z & (A5 2441
JATEE 1 Bel-2 76 20 M 2T #0s i, 5 B iy
{62 c(cytochrome ¢, Cyt ¢) M 1A [a] J57 R il 21 21
J S5 R 3 5 08 T i 0TS L - 1 (apoptotic protease
activating factor-1, Apaf-1) I it & B 7 = #% 08
( deoxyadenosine triphosphate , dATP ) 25 &, JE s 08 1=
AN TR 2 55 AR O AR E e R & i 9
(caspase-9) , ¥ — 25 WIE T U RON Bl F e K A< Tl 3
(caspase-3) WER AN 7 ( caspase-7) , X EERL I i
TTTRAT AN A T, 38 5 070 350 200 D 1N G B 45 g A 4
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fRDIRERE I, A SR,

HMBPESE T 57 iR A2 30 2 AR T AR A =
E@,ﬁ%@ﬂ%@*ﬁﬂ*@ﬂ:% F ( tnmor necrosis
factor, TNF) \Fas BofA b J&d RFE IR F #H 5 O 08 1275
HCAA (transitioning to responsible adult independent
living, TRAIL) %*) | 1 |- i b AT 5540 97 996 1% 1
RTENEEY , X — G AT TGS
A W ( death-inducing signaling complex, DISC )
DISC WIE G , 2 e KA il 8 (caspase-8) FI'
i caspase-3 caspase-7 BV , FEMIE MR T,
2.1.2  Wnt/B-catenin {5518 IS5 i A T

I ZH AUk I, 25 RS IR N ATP FIRE fEHE R Y
SRR X 2 RN N KR 2 R I RE RS, £
75 200 L) 25 S0 PR BR3P Ca™ 7S48
LRARINREZ 55, A B MM T &4, i
Ok, MOR B Z WF S R, 3l T M GSK-3B 1y &
ik, 30l B-catenin Y s iR 1k , HE 1% P4 G Wnt/B-
catenin {5 53 % , T 20 Bel-2 ) 35 LA & 44 3T
P8 T-4E ., Zhang A g S7 K N H Bl Bk B €
( middle cerebral artery occlusion, MCAO) /N AR Y %
B 38 b 158 B-catenin YR IA LATIG Wnt/ B-catenin
ERER i i 2 15 R e N DR A R a2
T T, — A SIS A B, i 3 4 o] 40
%5 W 3 35/ 2 A 2 M (oxygen-glucose deprivation/
reoxygenation , OGD/R) BiHl b GSK-3B HIiE 1k, i
Wnt/B-catenin {5 5 18 %, NLGEHS [ Bel-2 3%
ik, B D caspase-3 85 A K -, DT & #5900 il
ANMLE T IR LS A0 ARAR A VR T
DL 8L S Wt/ B-catenin {57 18 % ] 2 40 i 04
HIAR G 3835, AT A R 1S KA S AL THI AR,
I M 5403
2.2 YHRREET

AR T R R — e R R i R
NLRP3 RIE/NMA 5 caspase-1 15515 F i i 19,
FEIX— i AR b 20 5 e T A7 M P 4 5 R A
Uik, [RS8 402 28 A= W) 40 Joit, e 22 o i ki 4 21
HUETEGIS
2.2.1 AT RILE]

YRR AR T 4T HIL I B B PR 1T N Caspase ZE 05
XF Gasdermin Z3E A 1 B e REVE VI E], AT 20 2 i
KA 1 (caspase-1) 411 28 LA T3 48 71 2 B
KANfF 4/5/11( caspase-4/5/11) - FRYAE L M AT
WA, NOD FEEZ AR 45 A )G 2 H 3 (NOD-

like receptor protein 3, NLRP3) & /M 5, 42
ifi caspase-1 FIAFL AR ATEATE Y caspase-1, 161k
Y caspase-1 YJ#| GSDMD f9 N ity B N diig i B
IJE % i N-GSDMD''"' , N-GSDMD - B4 A 4l fifd
T A L], 5 550 200 i P55 % 1 486 o, e i R 2R
i P 5 DA T 3 S50 e T R AR R R 2
HLIRAE N JE TG IL Y caspase-4/5/11 ZLf# GSDMD JE
J& N-GSDMD , 52 5 S 20 it e o7 1 3 o, 51k
AR-1B(IL-1B) (ISR -18 (IL-18) MR fih K 4
SiE S
2.2.2 Wnt/B-catenin {5518 B 5 AT

IS A i, Jiki 2H 23 P e i ke 4 ) B 05 AT USROG
NLRP3 R4E/IMA , caspase-1 #E— L9 G 1k, I &1
— RIS EA AT R A, HERE, wR
GSDMSD AJ 45 % BT G TL-18 1 TL-18 B REHL , i
BB BT A, TR 1S 19 & A R e Wis
Luo 45" f£ MCAO/R #5221 /N B J 3, 40 )
caspase-1,GSDMD 4525 [ 1Y 3R Ik | BEAS U6l 2 e 1 [X
B ZE TR T, /NI AN B = AR R 2 R Gk
WOE R AN, AT o AR A M1 BIAIT R M2 B
5T A& B, Wt/ B-catenin 18 1 A4 075 7 BEAZ JH 15 1S
J5 /INBE S5 A0 L P i 2R BT S8 R AL, 3 R 45 T L)
I 2 RE PR R R T, 2 T A Bl T e A A A
=10 YEARIE, R B-catenin 3 72 35 BE W% 410 i
OGD/R 551 NLRP3 JAE/MAS T BT, I
caspase-1 IL-18  IL-18 &5 | #1719 54 Bk 1 S5
2 RAE I AT FETE AL
2.3 SEMET

DRFEAE I T 2 i 2o 8 T2 32 1 5 FoAR 45 5 54t
AU W) R TR B TS B A B B TR B R R AR H
T AR Ay 200 A RHE o 200 L 359 B 2 O
o J 368 325 1 R 400 D N 2 DR
2.3.1 WHEHER TR HLH

RFEPEIA T AT AR T LA OG0 7, %
45 5 PR AH 5 AE 8 H - 1/3 (receptor-interacting
protein kinase 1/3,RIPK1/3) JiE MR &% 2 MG FE
5 1 ( mixed lineage kinase domin-like protein, MLKL)
AEHT S RIPKD ZESRFEPEIR T R4 T, 2 0L
PICTSZARB0E 5 T ALY RIPK 7R 6L & FET- 454
i 25 1 ( Fas-associating protein with a novel death
domain, FADD ) . caspase-8 F1 2 Bt K & [ 10
(caspase-10) MISE R E G W h i #H 55, EH =
caspase-8 [ 1F Ot T, RIPK1 #E— 5 559 R 1k
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RIPK3, & 1k J5 9 RIPK3 A] UL A 5 MLKL 9 7%
e MLKL FE R AT 5 T 5 SO B2 i, 23R 58
PEPR TR ZORIAT A, W5 9 MLKL 2378 40 a3 |
T AL, 30 9 25 ikl , 51 & 4R AE ™
2.3.2  Wnt/B-catenin {5 518 - 5 FEIE T T

WEFE R RPEPE R T2 5 1S 1 & A KR VIA
5%, RIPK1 #l5] NEC-1 REAS > MCAO /) BRUAY fili
FEBEARAR, DT Bl i B 405 r It 4052 . o) —
THURE 5T % B, RIPK1 41044 550 AT AR R BT A T2 AH 5C
HE AL A FT Wit/ B-catenin {55 518 [ B-catenin
AR IR Ak , e 28 U0 22 i 9 3 O ol 3 P 22 T B ok
112, Xuan 552 E— 25 KB, RIPK 3041 557 AS AL
RERE I/ RIPK1 RIPK3 Fil MLKL & [ (93 3k , ik A]
i Wnt/B-catenin/GSK-3B 155518 #1942 5, i
/0 40 IR BB M R T B 3 PR 4R (reactive oxygen
species, ROS) W2 HAT IS 5 IRFEME I T2 4H 3¢
BT TR TS IRFE I U8 T i AL, AT RE>
1RYT 1S S 2RI THE A
2.4 B

I A2 2 A A 7 T e L SR B % A o7 K
ANFEREEI 382 W e 9B 400400 B0AS 2 1) 40 L 2%
AR R 415 AN B AR S RN A A7 Y —Fh AL
2.4.1  HWERYHLE]

AN A R 2L B ) R A R R
H ( mammalian target of rapamycin, mTOR) | EREE
KFE I 14 (polyclonal antibody, ATG14) | LC3 345 &
90 EH BTG A (protein kinase A,PKA)  AMP EAk
T M P4 B4 ( AMP-activated protein kinase, AMPK) LA
KO FL B ) B IH 5 R #UE H C1 ( mechanistic target
of rapamycin complex 1, mTORC1) #5585, A W
EAETT LB AMPK {55306 ™ {HI8 % # mTOR i
il b R E 1 S NG T GNP 2 N A R (1
RGN R B IROT 4, B e I W e O A0 22 4
JHL P B8 0 A 2 R A3 1, R 2T I A /IR
TR AR R OGHE Y AWM DG (A0 LC3-11) 2 5
TRABSEREAR A . RIS, AWM S R
A T E Wi B A, TR A WM AR
WA /NG 1o WA ) T A AR R R
SNCIRDE: &1 R R DA IS S e W < s s S PR L e
b AR ML 53, T S R340 A 4 A R A7 TG
2.4.2 AMEMER

FI AR R 200 i o AL, AL MR &
/oMb BV, S 5 M P a RE%

o KU i I A 90 55 22 Tl B 1) R AR LR i, BIFSE
J B, 8 3 i PR AR 58 Tk RE S BELIET mTORCT AH G
A /NBUIR A M 2/ J5 40 1 i P 38 1
M2 %I mRNA (3325 8 2 W0, el g T I S
TR E WA DG B A T DL R BT R T I R
A T REIREE 1S 19 R AE ST S bt A AR B

2.4.3 Wnt/B-catenin {5 538 f&-5 [ W

TE 1S KA, i v AR 7 v T ik 240 1 G v
ARWOR G AIRERFIE FR o, N, 40 2505 3 A
W ATL ], 300 3 e 200 L P ) 2 1 B R 200 i 85 R SR
AES, DLW S I Y BB B AR R B = AR, TR
SRS SEAFTE, 40 M A W] B8 23 i BE O, =
HARE O R L RO T — ARSI A A BE, 411
il B-catenin FIFEIK T, LC3-IT B 7K Th 5, 33 4d W)
B-catenin AEML T A1 JH 5 H W/ MERIIE R, 51k
C 4B 1 321K (receptor for activated C kinase 1,
RACK1) fE2 WD 52 ¥ %) 5 5 1 ) %, RE 6 4ie iF
Wnt/B-catenin {558 M T, W58 & B, RACK1
5 LC3 AEARHIIF 338 1LC3 5 DvI2 K454, A
T3 3 1 S Dyl 2R R
2.5 HRET

BRAE T & LAk 30 4% D6 H IR ( glutathione,
GSH) #E ¥ | 4 bt H Bk i Ak ) 1§ 4 ( glutathione
peroxidase 4, GPX4) 23 [ROS GEAE T LRRIAR S5 R PR
R RHE R A AL T A
2.5.1 BRICT-HIBILH]

BRIE T 2 ph 20 PN Bk T R B R A it
AAbG1R, TiFB Bk B R (Fe ) R (Fe™ ) FH
A, it i (1 Fe™ 23 i@ id Fenton I ™A H 5,
IR A AL R R IE T B 1 AR HA
TREEE P, T DAL 40 Fe™ & Fe™ | IRR I XA 17,
M7 1k ROS M A, GPX4 38 k3 5 i i i:t 42 Ak
YBij Ik FE T, I REHOE T GSH, MR/ & &
PR I W) 32 A4 ( System Xe—) il 11 5 35 2 It 2 PR 4 7
GSH 7K-F Mz R Gt 2 F BRI,

2.5.2 Wnt/B-catenin {55518 #5850 T

R Bk 22 BIF 5 2 B 3 ok Wl s T UL P 3 — B
( phosphatidylino-sitol 3-kinase, PI3K) /% [ # i B
(protein kinase B,PKB, tL#% AKt) %515 5 1% i 1%
A FRRIET, JE T B3 MCAO R RURE 7Y (1) #ih 22 R
=R AR QST R AR A SR C1F = 27 2
5 Wnt/B-catenin {5 51l B AF7E A DI RIK R,
BFSE K B A0 GSK-3B Y ik 4 F 3L B-
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catenin AN AL R | OB GPX4 'S % %
PR (ZO-1 I Claudin-5) /9335, 3 1 390 5 Bk 1l
E R BR ZE T I A B Zh R R B IR . 4 i A
KF IS B R A A BRE 70 5 (3 B ETS T8k
LT 5 Wnt/B-catenin B HLTE 1S A 5T D,
HBEARNE T KA FABLHIATS 8 R B f
2.6 ZEAT

1Z T (PANoptosis ) J& R AE A0 MIAE T 1) —FhIE
X, BA YR T AR T AR P T R R AR Y
HRIBET- 3, PANoptosis il % Hi 1% ZZ-DNA 25 &
M 1(Z-DNA binding protein 1, ZBP1)  NLRP3,
ASC . FADD #1 RIPK1 . RIPK3 . caspase-1. caspase-8
Y BRI R R, KRR MACO 1 caspase-
1 ,caspase-3 ,caspase-8 17 JH T HE H Rk, fiE
HE /NS BT A L 1] M2 AL (R 4 | W] DA A% 2% fid
I /R SRz ocse T (HZ e 1S Oy
T 370 | 4 Ja I 5 R Dk — 20 4R X —
MHLHS Wit/ B-catenin {5 538 FEFE IS IR,

3 FAEXBEFEETZEPEMLR

3.1 BATESHREEEAT

AT RIRPEME T T R A A T A E R, B
IFEA i v % 45 AR W 9 T RE, (H A — 5 B Bk
%, Caspase ZZ TG /& 75 B0 il L &2 RIPK1 Al
RIPK3 Z[H] B AH A IS 5 243005 A T 2 SR A
PT- EZFE Y Naito 5 £ MCAO £ 84 rh
S PR, E S T A e ot 84, PR AR A 3R
FEMEYR TS LA S A 1 47 , R 28 o ) R
P IRFEIE T 1 F 0, Bl S TAKL 7K 7228 8T
R, S AN A T, Bl iF o8 & 8L, RIPK /E 3R
FEMEPA T R DG HR AR 1, HoAy ) AR fL R i 4l RIPK3 44
%% RIPK1 . FADD Hil caspase-8 I &2 &4 , Mt f2 12
AT
3.2 BREMATSET

P T , caspase-8 J& AR AR ML IR FE M 0 T ) ke
YR e KAl , JE A B RIPK1 Al MLKL 45/ 40
MufET-, FADD i@ad ¥ MLKL 35 5 IR 5B 08 7
i caspase-8-GSDMD {8 P4 - Kz 240 i £5 T >k 931 By
ZBP1 A TNFR1 N i A S AE KR 55 — T 5%
KB, RIPK1 B 905 1 ZBP1 A A RFEE R T,
PRI 7N B 9 iE B 1o 7
3.3 £T58%

W33 3o B e S RE /MR NLRP3 sl il L0

NI/ 98 S b FEE T B AR, — 2855 T A
PREAE A MET- BN E MG, filn,
AMPK A LI 398 55 mTOR 15538 8% 52w [ | )
B2 5 SRE N I IR, IR B, 1 s o) 741
RERS BEAR A W 2 KPR M T X E A
NLRP3 . GSDM-N FI1%4f# ) caspase-1 B9 33k, AT
JIEE TG /R 4550
3.4 BE5AET

Xing 2R FHHLET IR 97 MCAO K EUA L, ¥
Thrffy LC3-11 2Rk /K -1 =, NI S00E A Wi % T
HLEFPTRT MR . O3 — TR 5% 2 B, i 45 423 )i 6
220 1.C3 Al Beclinl B9 7K B AR, 11X — 4%
WA TAF S caspase-3 WG , T2 241 Y
e
3.5 SRETEHMEFEET

BIET-SHAMSET R — PR, O
PAT : erastin /A —FPERFET-30G 7, [RIREREAS 15
SaEET- @5 AN RIERFERT, A
FRFET-Z B A EAER X — il F2 il BB J& i ROS
IR RIR BN @S IIAET . ERAETIE T
Jd A AN B S , GPX4 TE it 5 AN R 1Y) W A2 AR H
VR RAfe , T fish & kBB T

4 BESREE

FURIT, anfar i 1S i R e il 1S 380 2
A R0 A2 42 3R OC 10 O i 5 g D 1) o M S TR R,
S EAN TR LR Wnt/B-catenin {5 538 T 75 S
205 il 9 PR SRR O S i A5 4, kS B A
SR ER AR st T 5 7R 1S i s A
[ F 00, DR R R AE (R 1) (H =35 Z 5]
FR R OC 2R o S W, TS A AE — i 1Y R BR 1 D&
FIET ) AL TR BE A A7, Horh e T Fiz
PATTE 1S WFSE RN AL IR AL T 45 8 Al
AR FE T B WA B 5T T AR RATI AR AT 5
ANE A FE T 7 2, A B T R BRIT 1S 1B
M. @HHT, Wnt/B-catenin 15 5 18 F7E 1S [HFFE
ARXT FE 5 (HAR A 20 AR e PR BT T 9 AR B
WHoei /b, QUM 5 2 LU RL 5256 2 3, el 1
FHENIG PRI A 5 B 58 1Y 8 5 0 A, Ak, 76 SR Al
ST R AT A M SE T 0y 25 HA(F 5 58
PRI IZHEE 20007 1S ),
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&1 PCD THUARYT IS BIASCAEHIBLH

Table 1 Mechanism of PCD intervention in the treatment of IS

HMFET =
Cell death mode

T

Intervention

g5k

Outcome

2 fifp AP L ST Sk A 4 0 o L R B O R B 52 R

23] TWS119140]

L/ AT S B

Alleviates oxidative stress, increases cerebral microvascular density, and

Drug inhibitor TWS119

protects the blood-brain barrier from ischemia/hypoxia induced damage in

cerebral ischemia rats.

ML plent T BBB (5SS s I AR SE T AR L K9 i s
Apoptosis Li Increased BBB integrity, reduced infarct size and reduced brain injury.
7 AR T RIS AERG N, WIRIE T OGD/R fil & iy SH-SYSY 4Hiffa 54 .
miR-641[4 Apoptosis and inflammation were increased, while OGD/R-triggered SH-SY5Y
cell damage was exacerbated.
907 200 L T N BT AR AR A, D B AT T A, 48 i 3 1) 27 > R AL
ga T ek e,
Pyroptosis PBM Inhibit pyrodeath and microglia polarization, reduce infarct size, improve
spatial learning and memory ability.
N T BBB A, MIF 150 7T LAE i RIPK S AROBE iA4 , 0l I
FwEan M T R I BUOE 0 A B A SE TR T RE B
A2 By exacerbating BBB destruction, MIF inhibitors can reduce endothelial cell
SR BB T MIF death and neural dysfunction after brain injury through RIPK1 kinase-
. dependent pathways.
Necroptosis
CHIP 3 33X W FEAK RIPK1  RIPK3 Al MLKL (9235, Ji4% MCAO /M RU%
Hsp70 AHEAERE A ST,
CHIP CHIP overexpression can reduce the expression of RIPK1, RIPK3 and MLKL,
and alleviate the necrotic apoptosis induced by MCAO mice.
BAG3 i Fih i 90 A s, B GE T MCAO /NI M2 D g, i 1
A1 Bel-2 SCIR AR SR 3051 AR PIAAEARRL I B T AN R
Autophagy BAG3 Overexpression of BAG3 significantly improved neural function, reduced infarct
volume and increased cell survival in MCAO mice by activating autophagy.
BRIET B— i 5 BCP 18/>T OGD/R 551 ROS A= iURIEAR R
Ferroptosis BCP BCP reduces OGD/R-induced ROS production and iron accumulation.
[5] JIY B, WANG T X, GAO Q, et al. Normalization of non-
b .
S5 3k canonical Wnt signalings does not compromise blood-brain barrier
[ 1] JA4, HEE. WA BE IR S st e (1], protection conferred by upregulating endothelial Wnt/B-catenin
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Research progress into the regulation of rheumatoid arthritis-related pathways
by external treatment with traditional Chinese medicines

ZHAO Ziying' , WANG Guangyi'**
(1. Clinical Medical College, Guizhou Medical University, Guiyang 550004, China. 2. Affiliated Hospital of
Guizhou Medical University, Guiyang 550004 )

[ Abstract]  Rheumatoid arthritis (RA) is an autoimmune disease with an early clinical manifestation of symmetric
small joint pain, which gradually worsens and often involves multiple joints, ultimately result ing in arthritic deformities and
loss of labor capacity. Molecular signaling pathways have been a focus of research regarding the prevention and treatment of
RA, and the progression of RA has been shown to be closely related to various signaling pathways, including the Janus
kinase-signal transducer and activator of transcription, mitogen-activated protein kinase, NOD-like receptor protein 3, Toll-
like receptor, Wnt, Notch, hypoxia-inducible factor 1-a and vascular endothelial growth factor, programmed death factor 1
and ligand 1, and phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin signaling pathways.
Increasing recent studies have investigated the external treatment of RA using traditional Chinese medicines based on the
above signaling pathways. In this paper, we review the relevant data and reports to explain the relationship between the

above pathways and the pathogenesis and prevention of RA. We also summarize the research result regarding the modulation
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of these signaling pathways by external treatment with traditional Chinese medicines aimed at preventing and treating

rheumatoid joints, with a view to providing a scientific basis for the clinical selection of these treatments.

[ Keywords)

rheumatoid arthritis; external treatment of traditional Chinese medicines; molecular signaling pathway
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KRR FTT 4 (rtheumatoid arthritis, RA ) f&—Fh
1M B S se PR, LAY T RS 28 E B 1
IR FER BRI, A /NG XS B R AE
R IR LD P IR AR, e R YR
TP 2 B e AR IR AT S A5 1] OG5, gL A2 IR L
FRATH AT FE RA BRI FER RS IR S
T B A0 114 8 T 5 A [) R B2 OC Y D RE R i, G
Wi 15 , ™ o 2R Ko il 258 JUEE 45 1 50 5 58 2 2 R 95 3
AEJT . A4 MR B E SE TR MR T— A
it RA BYEEREHRLAN 0.5% ~ 1. 0%, HIEBLA
A 500 TN K P EEEE A 2 X — 4o
PAZEREIN > PEBEIAYT LAAR S RS0 R 25 4 B i
R PR F AR A T8 SO o R
EREANR MR BRED . P EINAE R R4
MR TE SRAT I, M 20 AT A R
YU AE 2 T 07 R X TR Y 2R KU G T A A B Y
SPR, R At TE W] AR T N A e
AN R NRESF AL, iz 2 B B H I Bk

RA W% & HE K i A vh | B 1) g 32 Ak
TN S A0 35 108 T M U A Il B R A
A= e R 7 NS RS R L NS R R S WS N
KBS H BYUR A SR RV A R AR
AT 2 6 (interleukin-6,T1-6) | [ fift 2H 2118 1
WK oK R RE O BT & 8 H ( matrix
metalloproteinases , MMPs) | 75 5 ¥ ‘- 2l jfd A= pli 4%
F kB Z K i 4k A F g /K ( receptor activator of
nuclear factor-«kB ligand , RANKL) | &4 Ifil 3 PN fZ 41
M K iE B M N R A K A F ((vascular
endothelial growth factor, VEGF ) &5 f#) % 53 & ik AR AK
T 200 55 S  BAR RA HARE
AL H A, (2 E 8RB Z M1
550 PETE RA A0 i B b i s B4R, i 2 4F
R A KA T BEAMEZRYT RA BB BT HZ
Wiz, Horb Janus S/ 15 5 e S R SR 1
( Janus kinase/signal transducer and activator of
transcription, JAK/STAT ) {551 #% | 22 24503 A 2 A1
P41 ( mitogen-activated protein kinases, MAPKs) {55
i AT kB (nuclear factor-kB, NF-«kB) {5 5 i
% NOD FESZARTAGE 45 M U G 1 3 /Mg

(NLRP3) \Notch {5538 | Z8 8L Wnv/ B-ZE A E
( Wnt/B-catenin ) 15 = i f§, B2 ¥ PEFE T2 K+ 1
( programmed cell death-1, PD-1) 5 H i {& 1
(programmed cell death-ligand 1,PD-L1) g i L
P 3 — e i phosphatidylinositol 3-kinase , PI3K) /EH
P4 B (protein kinase B/ Akt) /L 2l 5 IH 2 2 40
5 1 (mammalian target of rapamycin, mTOR) {5 5 i
PEAETEIAE RA MR TP IR R M, A LRR T
FHICAR I8 B TE RA i & A2 & e AR A S5 P 2
HMA L PP OG0 75 5 1 B A RA RO AL
e,

1 JAK-STAT £ Si@2%

JAK % &R 2 I8 1 I SRR UG , 3 4
B 51 (JAKL  JAK2  JAK3 #1 TYK2), STAT &b F
JAK FUiF, AR B 4 ML 5T 2R 1, JAK i STAT W2
TOIG , BE MTTTE B SR A, 15 ALY STAT AT ik A
YAAZ S A FSE AT A2 0E 22 A 2% 40 if P 7 3¢ 58
Z 5 RA MG R, W IL-6, A 4N K -1
(interleukin-1,1L-1) | B985 3R L A F (tumor necrosis
factor-alpha, TNF-a) ol SIGSIESE RA R F R MW
JELH 21 JAK STAT1 STAT3 & %357 A Wi 2
STAT1 7E RA H {2 ik 4R AE P 1 2 35 19 [R] sf, i3, 7T LA
R A ) ST 0 T, 2 0 — b U 9 1
AY, EwEL T, K FHES 06y
(suppressors of cytokine signaling, SOCS) 2 #F STAT
WG RS OL T FeA BN, il i 5 STAT 24 M 4s &
773 i JAK 1 SR BE IR A, Ikl L RS 5
Gy TG E I R . SOCS FKIGA 8 A
B4,S0CS1~7 F CIS, 1fii JAK/STAT {55 53 % fix 35
M R 72 SOCST F1 SOCS3, #RIMTE RA H
H1,S0CS i S 5t 98 BB O M OR 2 , 45 JAK/
STAT {5518 LR g

HAE 2007 A sl ZE S A & A
BRI K B, LR IATT X RA R A i
JAK/STAT 3l 56 57 1 0% A 0 W I kA 1, A9 &
PLAR RA R EAUN“ B & (BL23) " 7T, AT AR i K
LG W ZH 21 rh STAT1 il SOCS mRNA ik, [
RAR MR F IL-1 B335, $&R L RITIRIRYT RA A
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fiE 5 M JAK/STAT 38 % G S i i 35 A 6 1
FRTRI S50 45 18 8 3 RIB7 B 0 M B IR 7 AT LA
IRFN AL Y 25 S EG 97 5 K B I STAT1 Al
SOCS mRNA ik BEARIG Z AW BAR T3 R, X
B AT, 36 F T 48 3 Jok 1) Dy A5 e o2 5 6 XL 9
MRARIAEE T “FR R4S & 1 3 A5 7 1 B AF & HHIE 1R
TR FEA TN P RE RS ARl B A L
2R 22 FUEE T 22 R T R 1§ L [A] ( protein tyrosine
phosphatase , non-receptor type 22, PTPN22) & 1 )
BRI JAK/STAT 3 () 2L R R A
FTLARHWT JAKs 12K TE M. BF9E Kk BE, 180 B 5%
P4 PTPN22 1) RA KB R4 X RIGYT, H
T IELH 2R JAKL STAT4 mRNA FY A% 3 4 20 4
U PR A T RE T G PTPN22 S A B 8 42
RA KE ARt A 214 JAK/STAT {5538 4 14 5
HOOE oK 5 e B AT LR I R
(92 KR K B3O T TNF-o STAT3 JAK3 #3k, Ui
B AN AT T, EL T A P TR YT RO
PEF P e sl i, STl ko Tk s ik
LT TR A B AT 5 3 RA KR 2 =
HL(ST36) " 7, AT LA fib 35 R AR K B A Bk b T 5 95
FREE B 4] 2Lk SOCS1 ,S0CS3 2635 7K - M1
—EFREEINH JAK/STAT 3@ #%1 ,

2 MAPK 5@

20 A B R MAPK 76 RA B9 B 2
R SCHME R, 25 RAE | 1 B 20 M3 26 B i IR
G, MAPK {5576 5 2 — 241 o — s
4 N 8 BR 40 5E MAPK 38 5 34 B ( mitogen-
activated protein kinase kinase kinase , MKKK) \MAPK
P4 ( mitogen-activated protein kinase kinase, MKK)
FIMAPK'' | MAP3K J652 45 22 43 54 5 0] 30w ik Ak
T , SR 5 MAP3K 5% 17 i 2 Ak 300G MAP2K, 5
J& MAP2K B5% 1L 3015 MAPK , 52 MAPK 1% fk i
T AAZ DI 2E A I 56 PRI ) e 3k, 0 H % fB A
ZRARIEN T U1 TNF-a  IL-1 . 1L-6 25 48 A -2
(cyclooxygenase-2, COX-2) , I E RA [ R AE M,
o BEVOE Y MAPKs 3L it MMPs 1 2 MMPs fg
8 63 ik 2 R I v ) S DI R 1 R 11 2B, AT 3
JHR R 2 2 B IR MAPK KR AL 4 ERK
JNK .p38 MAPK Al ERKS DU/~ E 2k, X265
JGXS N 4 i 433238 [ 53 ))& Ras/Raf/MEK/ERK i
B% INK/SAP 3l %  p38 il f#% Al ERKS 38 i .

Ras J& MAPK i # [ 74> F, o DL {% Raf
(MKKK ZJ5E R b1 Z— ) #ET S MAPK i %, 2k
SIS RIS B AT« R = B T L RA
B LI I b Ras  Raf \ERK1/2 Fl p-ERK1/2 3%
Ko WRIAE R B R S AR5 T 1 RA A
KBS I BT 2 /X ((Ashi points ) , AT L FEAR
I 21 JNK | p38 2 1 DL K i i b Rk
TNF-a | IL-18 BRIK . 9RE45 G 25T 5 ik
PR, T3z W T O B . PR R I, Ik
H 88 25 O 20 T LU AR S RA R
KB H INK1, ERK1/2, p38 & 1 L M IfiL 35
TNF-o FIZERE R T (RF) B35, D2 57 i Ik F2
JE $R R H 88 2578 JOM s 5 25 AT ] RA B
IR B MAPK 3@ 202

3 NF-«B 558K

NF-kB {55 HE7E RA () kA L i 5 &
B TE RA I NF-xB 23500 W TIEH
NP, NF-kB Z % i 2 A1 45 RelA (p65) , NF-kB1
(p50) NF-kB2(p52) .RelB J% c-Rel TLF, 1E# 1%
BT 4 [ PR S U8 NF-kB — A 5 Hom i &
M IkB 256 B = SRR AL T ARIGARAE . M4z
FFL R R (T YL AN R 45 ) AT, NF-
B I 2 O (TKK) 15 IxB B R AL J5 A, Rk
NF-kB 3R A 3F A 200 M A% P9 o] 428 AH OC B 1 R 3k
NF-«kB {5 538 #% AT LA Ak K i A 5E B - 40 TNF-ac |
IL-18, 1M TNF-o, IL-18 3 7] DL IE K58 I 15 NF-kB
R PEE A 4 NF-kB (5 5l
BRI LA 1 T 4 A 1 MMP-3 MMP-9 i2 Ifil
B A AR RA Hp IR A A R R S
R,

TFF L RA A GG R AR S5 U« B
A R =B R Al SP kYL I 1 M B4
Z4Urh NF-xB p65 FRik kb, ELISA A W i b
IL-6 TNF-a \VEGF M # Ik, CXCL12 &2 —FiE
B F 1 CXCR4 J& H AR S M2k, CXCLI2 3%
IR AT IR G NF-B 455157, CXCR4 ik Az 5|
NF-«B U875, MRG0 MiFs8 &3 & nl FE RA
FA W B4 41 NF-kB p65 mRNA . IkB mRNA |
CXCL12 mRNA ,CXCR4 mRNA 3£k, [FmfF £
ST G PRI SE K B A = L B il
JEC BRAH LV 25 HEATIR YT I R I NF-
kB VEGF IL-1B ¥ 55 V4 24 %F B2 B 5 R AIK
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FEE ST I g i R R PG 24k 2 B e
SARE I FR AN 2 | B R PR 2E R X RA &
RIATIRYT , BB = Fh R 34 ml LI AR RA Rl
[ NF-kB p65 NF-kB p50 IKK Y281k,

SRR A e B ET 2 T D4R T IR R S 1Y
RA KB 3 B p SIRT1 /) 3234, Il /b NF-«B
ik, SIRT1 & NF-«B &3k /9 400 i B, i 3 ot
SIRT1 #4771 J& s BE i i RA KRG RIBIT
Jii ,NF-xkB 350 S5 T SIRT1 A4 il A0 IR 4 4
41, DL LR R AT R B S HL B A o B b
(GB39) " /CREMEZ M 17 SIRT1/NF-kB 15 53 g Hi 2k
KR, MrJd 3856 I - o %% 46 i ( transcatheter
arterial chemoembolization, TACE ) & —Fh 24 & 1) 4
JR I, 7] LIOJEDK IR TNF-o DLATEHIE
B, TNF-o 3T 55 NF-xB il B 0% 1610, 2544
SEUU R PR AT R RA R R R L < B h RN
“CEAT GHATIRYT T TACE 5 NF-kB Rik#g
BREFRYZH R AR 7L 4 A SR 3T T S A A A L
BT I 22 5, PR T4 0 B BT YR YT RA 1T RE S5 0
il TACE/NF-kB {5 53 i < & ¥00& A 06 i #E I
PRAFFSE 7 T, X 4545 2 IS SIS KR G T B 2/
FHBeA B 2 BT G, U ST NF-kB p65 .
TNF-o IL-1p 1 1L-6 235 B B 53 Y7 0 T K, HLAH
Xof Fe ki I WA T AR Al O R P S g R L ]
WA BRSSP 25 7R 97 I, W] LS NF-xB {5
S R B A AT AR BRI AR S
JURLHE = L < B i E R T R R
BUBE T R 1 IR NF-kB p65 Hll p-p65 LAZEfR 3

4 NLRP3 {55i@%

NLRP3 J T M 3% BB 32 146, & NOD A
ZARFIEL, Je—F RS H B RIELEAE
1 GBS Y A8 1 BT, LA A 5 — > N S bk BE 2544
38 (pyrin domain, PYD) (i3 55 5 ) v S A% R 45
BHERGEA — C Ko E &R AR ERT
41, 34 NLRP3 S I3t 2 5 94 T A OC BEmi i
H A
containing a CARD ,ASC) i PYD A HEAEFH M4 &,
Z JG ASC il i 5£ 4E pro-caspase-1 # 1M 2 £E W
NLRP3 2 4E/MA i NLRP3 JE A /A
AR AL E AN AP IR, TR R 3h A0 BR i, Toll A 32 K
( Toll-like receptors, TLRs) %5 PRRs 155145 & 51 15 41

(' apoptosis-associated  speck-like  protein

Ko F 1 (DAMPs ) 5 J5 A 2R ) AH OC 73+ B =X
(PAMPs) , 7% NF-xB {55, B8 AR FTik
Pro-IL-1B . Pro-IL-18 I NLRP3 f ik, 7E M I% 4
BRrfr NLRP3 W i 22 FOR, 4niis 7548 (ROS) (K Fh
T ATP V55 il A 24 A 4 7 ol BB, il 5 PYD 2544
W 5N ASC 454, JF i H CARD 45 #454H
ZLHT Caspase-1, it 2 il NLRP3 4 JiE /MK
NLRP3 RAE/MA B 5, Caspase-1 B V] #] Pro-1L-
18 . Pro-1L-18 y= £ HA A Wi Y IL-18 IL-18, 3F
Z4f#% GSDMD LAE SFAIMAET N E RA RIEDY . A
SR NLRP3 2 M /IMA 19 16 A3 166 A F T RA
BEL U7 T B A 5405

TARET R R A R = B AR S
YT R IER, AT LA o 98 /0 ¥ JBE Hh NLRP3 |, ASC
Caspase-1 TNF-a | IL-1B (31K, 5% iy 41 2140 4 A
J& X B ¥ 4 X NLRP3/Caspase-1/1L-18 {5 5 1
HeA — A R TR S 2 R A T
ROS kAR {4 751355 T 1 56 1 8 R B, KR
BROC T ROS #H G H (106 ME A A 1 W+ 1
(ROSMO1) \NLRP3 P K Il 3 H 1L-18 ik o B 3%
TR, N ZE KL AT LU il ROS-NLRP3-IL-18 %Pk
TP AT A AP R BURAE] . HEUE RS B & —
RS 3 WA P () 2 1 , & NLRP3 R/ IMA T
175 Caspase-1 PTG 1 A2 tp b R AT D 9 7
BRSO W R B R S LRI SR e T &
T, KIRSEFT LI 508 il 9 5 N 98 2 J O 19
Rk, H B NLRP3 mRNA (ZHZUE B mRNA
(IR ROS %% G B 247 B I FAIG , TIE BH 3 F2 ml 3
i XF NLRP3 %M /IMA TS 2R AT I, 142 RA
MR R, LR FEIRIT RA BIAERA ., IL-1B . IL-18
YE NLRP3 2P /MA B 04 S0 X )[Rl B
AT LATG JAK2-STAT3 {5 53 i, s Ak 55 & 9t
W RA LI RA KB B NLRP3 mRNA (JAK2
mRNA STAT3 mRNA FIiEZE i RAE , 120 85/
) NLRP3 i Rk i K BB b LR VE R B s 55 , 2
73 H T RETE 0] NLRP3 48 P /)M sk 20 48 i [
TRk, M I JAK2-STAT3 58 3807 | 28 fint
RA RAE, FETHF A EF R 22 B8, AY WA 57451 4 )
RA K NLRP3 {5538 B AHOC 70+ T BEAFEE—E 19
P, W R IG9T RA KB, NLRP3 Caspase-1 |
GSDMD mRNA ZRik 7K1 PRI B 3 K, SR B
P A A FH AT B i 4 ) NLRP3 {5 Sl A %, 41
JH [ W T DL SRR [ A ASC S /AL B 2 S
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il JAE MR LE R BTE B XS AR & B A
AL R RA FEGRALAY 52 G i 15 1 W5 AH 5C 25
Atg5 ULK1 .LC3 1 /LC3 I . Beclin-1 2531k, fE i 5T
£ R & A2 NI R TL-1 NLRP3, 4] 4 5E 1Y &
A R AEN ) R B AR T AT DL O i
P2X7Y/NLRP3/ Caspase-1 {5 = i [t Jak 52 9 i T ¥iff
PRAE PR W e T i A

5 TLRs {5Si&EK

TLRs 7653 S A 4EH5 RA Jig Bt B b4y i 5
B A, TLRs 2 — i B A1 1R 1) 32 44, w3
DAMPs Fl5 JE A YA 5G40 T4 (PAMPs ) |, anfig
W BREERR KR IR T A0 T 35405 20 it B #APR
TOAR [ A RS R AR RS P TLRs 2
— A EORSERY T RS IR OB R, A —
AE5 PAMPs 3 DAMP #H H.AE FH 1Y 2 Z IR 2 )7 5
MISNER S, LA R — 2 5 T HE 5 5 S 5 k4%
$iE SN B 4 BT Toll/ 1 40 M A 3 1 SZ AR 45 44
B M TLR LRSS AR, TLR 205 17 — %1k
o R Ak, SR RERE L T 88 ((myeloid
differentiation primary response gene 88, MyD88) | Toll
FEZ AR/ TP 2 001 7 MRz Sk B 1, MyD88 43
FEHNFE -1 Z AR B 1 (interleukin 1 receptor
associated kinase 1,IRAK-1) 5 IRAK-6, ffi IRAK-1
BRI AL AIEIG . I 1Y IRAK-1 72 254k TNF 24K AH
KK F 6 (TNF receptor associated factor 6, TRAF6) ,
WO KR T B ARG 1 AL E KT B
WAL 1 A EAEAYY . ZE AW
IKK 259, 530 kB (185 R 1L FIRE A, DT IS 1k
NF-kB {5 538 i, 906 b A K W B isfk
P 1 2 MAP3K S0 5 28 i B, AT TS MAPK
5538 1%, P R T G 98 JR 3 1T W
AN AP E A RZ A0 M T TLR2  TLR3  TLR4 , TLR7 ¥
PeRBR SR, RS RA | TLRs W30S A
BT B f# RA,

70RO & B G nT DLk b O R
TLR4 ,MyD88 , TRAF6 K NF-kB p65 % ik, ik 1% 3
SOV AR P IERE b % B R 0 NF-xB {5538 % -
e A 8 1, 38 2 4 ] TLR4/MyD88 {5 3 [ 1)
A DG G Mk R 30l R YT R AE , ARHE S5 &
MR E TLR4 F5PUR 0] LI RA K B B rp
miR-155 ' TLR4 J H T i AH G 8 1 1Y 3R 38, Ik 1
miR-155 7£ RA H i94E 5 TLR4/NF-kB i [ % V]

A, R ATHNE] miR-155 35 M0 TLR4/NF-
B 55 B PO, 0 RA R BUEAR, 42 %
28 B BE T TS, RA RS AR K LT I 4 41
TLR4 MyD88 Fl TRAF6 [} mRNA M 3 () %53
B SRR, T AR 40 Ao R A 5 A A B
(PCNA) ik K F-BEAK, FEHIRYT IR 2 005 5 30
TLR4 {5 5 38 #% 1) RA KB, ¥ 41 41 TLR4
MyD88 HI TRAF6 \PCNA Rk T}, 18 B0 77 B
AP T HE R ERT, 2P UE W] T R AT LA
W TLR4 15 %5 il % 2% fif RA KW 15, Dong
AU E R R = L < B2 (BL60) " T
TR 75 T 1 G R B AT DL BH I BRI R LB ¢
5 TLR4 . MyD88 . NF-kB 3¢ 35 il 52 Wi, 7 i £
) e PN R T 4 Lh R, RN BT 3R X TAK-242
(TLR4 #HI50)) TS, 52590 5 S i IR 40 48 TLRs |
MyD88 , ERK1/2 # H % i5 /K *F- S mTOR | p70S6K
mRNA FRIBTKFIHREAR, 5 Z A0 S i 24 10 #orb
R PR SIS K S 1 iR bR /K AR TR R4
H i T gl AR AN VA A, T IE S AR 5 1T DL SE
1] TLRs/MyD88/ERK1/2 {5538 & & H T e i)
mTOR ,p70S6K mRNA K3k, DA 52 56 52 e i B 4
M3 A=

6 Wnt {5Si@EE

Wnt/B-catenin {558 B 7E RA H9% 55 I,
FE RA 1Y T8 AR A R0 A3 8 5 v & 5 G B AR
AP fH5 @B W ZIEENA REEREAZ
EAHXE A 5/6 (LRPS/6) &AL A Dsh BHIEA AL
MR i — 3B ( GSK-3B) | 45 1. i Mg 83 Pk B I 2 1
(APC) B-BEFEE A I 1 (Axin) F1 T ZA LN 5/
W ELRE RS 3 P 1 ( TCF/LEF) 418, Y4 Wnt #I41%
J5 52K Dsh AHE AR, i Axin \APC  GSK-388
254G W AW B-catenin [ f# , & i B-catenin
BHTHERE A 404, 5 TCF/LEF A E AR F 4
FHWEARNRRD

DKK-1 /& Wnt {5 5 i I 0 il & [, @ 4 5
LRP5/6 5o 445 4 it 7 A il 28 M Wne {5 538 1
KB BELE S ) DKK-1 41 RA K BUE S5 DKK-1 #17]
Wnt/B-catenin 15 58 B, WAL K BT LARATBCS
RIBIT , KR MWL K B4 Wnt-3a F1 B-catenin £
F15% mRNA 2 A 3045 0 41 A BB AIG, HL G 4
VB A £ B0 T R A IR DO ) A A AR 4
PR AN SR Tl L T E Wnt-3 1 B-
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catenin £t [ ) KI5, W Wnt {5 5 8 B8 0 B
B, AR IRESE I R0 b & B, 1R 20 3 4% 7 Tk
GILRIBITIT R A D C RO AR L R
WRR I F 7K EBGR T HTT R, A RCE 94. 64% , 8
FMIEH Wnt-3a B-catenin 2 FIFS 5 lE L #E1
HIER KA BN -2 BT R, A 0058 i 135 I RAE
AR, FAEAR S 1R P 25 3 mh DR A R & A
HRIGIT RA B, RIMEA BRI & | B4 2 T h />
Wnt/B-catenin {55 i B P P £ 94 55 25 11 SOST
JAEE B-catenin K F FIHI R PEH F TNF-a =4, %%
fife RA FEF G190 AR TS B

7 Notch 5Si@

Notch 15 5 18 B2 H& Notch 3Z & ( Notch1-4) |
Notch Fit {4 ( DII1 , DII3 , DII4 , Jaggedl Fl Jagged2) .
CSL( CBF-1 Suppressor of Hairless 1 Lagl A& #K) .
DNA 25486 11 AR 4 F1 Noteh 1845 4071
Notch SZARVE N EE I (1, 7T 434 M AN BE | it I BE AN
HfL PN B (Notch intra cellular domain, NICD) , i ##4
TG, A Notch 52 &5 Notch FCAR 45 4, NICD
YER Notch 155 19 32 222500 T 9 BE i, NICD 5
CSL 454 M 41 i I e B 2 40 B 4%, fisk % T 37 Notch
AL IN B SR 40 HES  HEY A1 HERP %57 Notch
FERIR TP M Gz 4 rf, 76 RA thn] 3%
IRTESS A R AT AN G T 40 B . B 40 B sE 4 T
VB ) W B A B rp, 5 Thl Th2 Th17 43
b BEFE A G 1k 1 8% Noteh {553 %8
Al gl T Foxp3 25 NF-kB Fib 4 KN T4:15 5
W PRI R, RO A & B L KR AME Dy
ANECR R OCY, AT LA 3 A /0 R OETT H Noteh |
Jagged1 F1 Hesl Fik, [AAF 0 F o T H A RIEH
(4 Th1 BIAAMIR £ TR ZR -y Fik, FIHRAMRAE
FHEY Th2 BIZH AR 71 IL-4 235, $2 75 10 XUE A1
YA AT BEIE A ] Notch1/Jagged1 {5 53 [
T Th1/Th2 VA, RENAIFRCR . BS54 S
FATRIAG TG 7 75 32, % B AT LA R ARG BB R o6 1 A et
Notch2 \DLL1 F1 NF-kB p65 mRNA FI#E [ i F2 k7K
-, BB LIS o M A i 7 TNF-o (116 11-17 FlI
TALE -y K TR TS 28U WL B 5 A5 2
07, L% AST  ALT .BUN FI Cr 7K 1F %, w] UL XL
MEANA TR B 0 3] Noteh2/DLL1 {5 538 [,
HXTIFBUife CfEmIfE 22 d 4R S0 86 & Bl
BEFHe R =L B 7 GRTT RA KR, KR IE

i Notchl , Hesl . bFGF | % b A= K K 3 3k B i
1%, TUNEL 76 0 575 438 A= 110 9 15 200 6 1) 9 1~ B
W Z LA A4 R A A ] Notchl 38 %, 2 37 1
YAEIE T,

8 HIF-1/ VEGF 5@

RA FEE 1 5 At i 4 74 S B8R 5 R R
B, DTS SO RS2 205 ) B R s R, K AR
AR HIF-1a 235500, HIF-1 % (4 i HIF-
lo F HIF-18 PRSI FELH A, HIF-1o 547 T 1L
BN A B T 324K VEGFR-2 AHELAE T, A2 7k 1l
BN B AR BE T | IS, A BUR R
M7= A i A B A B A B T A 40 A
R a5 PCE RN, [FE HIF-1a 635
BeTRT DA <5 R A A2 FLIR A N 9 AE 20
MR L & 9k — 4% F IL-18 . IL-6  IL-17 .\ TNF-«
SERAME TRk N ST RAE

REFHE T YEAL G 04 245967 LRI _L I L RIATT,
5 ali PG 253597 T O B, &R A 1R T I B R
R N, HLER S VR T 4 AR A L O HIF-
la \VEGF & i Bl AR T4l pg 257R 7 4, 2 LR
Al LAY B VG 245 B AIC R I3 P HIF-1a . VEGF 235 |
G RAE SR, REET YRR &
B/ Ll = B T P YA W DN R TR
AR T (A 1T R R M BRI A 1l A A 7= A, DA
M HIF-1a, VEGF 28 35 M08 5C 19 b ik 5 R E
ZR[0) 757 B HIF-1ac I 5 2-Methoxyestradiol
FFAMEHETRYT RA BB K, $40T LR AIR HIF-1a
HIWE W% fi% A 5 B ( PKM2, LDHA . NADPH | HK2 |
PFKFB3) LK FLIR 1 2 35 , NI HIF-1o 98 /0 B
PREAAR IR AR RE  BEDRE T FAkb Db TNF-oc IL-18 \IL-6
1L-17 S5 9 40 M P23 D& 15 9 RE ABLA .

9 PD-1/PD-L1{ES@K

T A S0 TG A RA & A J 1 o 05 2
FEJFEH, PD-1 &—Fh il sy, FERIE TG
RS T 40 B A 1, FERCAA R 5 PR A i e T
HH 1 BUA 1(PD-L1) AI(PD-12) ., PD-1/PD-L1 7]
A3 N AT R (sPD-1/sPD-L1) 5 2 it i %Y ( mPD-1/
mPD-L1) , 3Z R BL AR 25 A J5 o] LA T 20 Jfd () 3
P WFIT R B RA B BN P PD-1 Rk
Z (A A77E PD-1 fR4E T 1M RE 1 24 . PD-1/
PD-L1 55 M B H i M4, X vl g 5 sPD-1 5§
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mPD-L1 FLiRse gt A 77

RAEO R & B SR A L, 3R IATT S
Pk RA i mPD-1 .mPD-L1 (975 135350 W+
T LT A R sPD-1 19 2 R A%, sPD-L1 119
Bt BT Bl BE TC S8 7 S, I AT AE RN
sPD-1 F3K5 TR HAL A sPD-L1 3552 %) FH,H
P BE S mPD-1 45 47 21 Bl By 38 5 410 1l 5 5 04 F
R A B 25 M 0 F B, SRR YT vl gl ik
B RA Z AN mPD-L1 8 3£ 35, BRI IS X
JEYR sPD-1 & Bk 35 PD-1/PD-L1 {5 5l & X T
MAIS AR DRIVE R . AE B IERE b AR i
PR AR A 5 T4 PD-1 ik, WA L&A
T RA FRMFEM , & BIRYT SR AN B 3L R xR
R AR ST PD-1 FIA MK RIIAYIT,
S AR LAREAR RA ZE i v n] fd T 20 i )
T RN B (8 Fyn (963K (HYE T30 PD-1 ik
Ji , R Fyn FIRAIRE T NI, X TAE T 4HEIS
R v B B AR A M B T CD69 L D71,
CD25 Al VE A SRR A, b Tl 27 Sl ot
REAAL TG F B oE 38 7 W &k L RA Z AR IE M
mPD-L1 FIE IR, 25 L, 3R] DLdE M
¥ PD-1/PD-L1 {5538 i , #5564k T 4, ik
FNEITRCR . IR IR SE I 52 (4088 Z % 52 0X40
JE—Fl T RIS OB 1, £ ERIAETG 1LY CD4T I
CD8'T 4Hfifl, 5 PD-1 Mz, ©RILAIEfL T 400, B
AIEHERAEE L R R /R T, PD-1 F1 OX40 2%
fiyrl el RA 1% Y 3 &, 1 0X40 T DL 5% [
PD-1 15530 % B 75 5| ik 9 40 N 1 Rk 217
WA T )1 8 50 3 ek 2 i o 2 R % B RA K BRI VR
Hi ik OX40 FYANME & =K, Wi ik PD-1 400 & &
B I O LR O = B AT IR T R

F2ik OX40 PO & B39, MR8 PD-1 41 & &
FEAR , Hi2 7R /3R ] L)% PD-1/0X40 1553 4%
AR RAEFR S

10 PI3K/Akt/mTOR {5 =18 %

PI3K, J&H —> p110 AL 557 Fl—> p8S ]
TR AL B SR R AR, PIBK A A
Ty 3, — i B AR G A T B R 5 —
JEi8 7 Ras Ml p110 EL #2455 5 3 PI3K M5 1k,
PI3K i PIP2 BifR k™ PIP3, AKT J& PI3K 1Y
TS, AKT B PH 2589 50] L1 5 PIP3 45 G111
1k, TEAGIY AKT #8512 1k 2 Fh 2 11 40 mTOR, 3F 1 97
P A A S0 T PIBK/AKT {5 53 % B
TR AR R N ) 2 AR AE K F- TNF-o  IL-1B
FIL-6, Ho [L-21 IL-22 1L-17 3G W5 E T, P
A B S = B ] LB B R AR RA KRR
MR PI3K , Akt . mTOR | L& H 1L-23 . 1L-17 £ H
(235, H AP/ I BH 5 R 08 A AR A U038 4
RN A AR, XSRS A SO ) B = B
ZE(SP6) " “BHB SR (SP9) " AL AT LAFEAR RA KR
B PI3K Akt . mTOR . p-Akt . p-mTOR ik, i 7]
DARAR I35 v 2 5 P 7 IL-6 IL-17 & &k, b [ W
AHRKZE 1 Beclin-1 F1 LC3-T1 3235, AH R A9 K B A4
) T A L R B 22 1 A TR 3K % W B T
Phsi a3 PI3K/ Akt/mTOR 1553 B 412 v 1 15 44
JL F WK P IR S E S 4 o

Bl B AR s S FLAB R T A T R AMA TR
JEE RA RH DG B A /R AL B85 nsk 1. 3% 2 Jir
N, AT LOULEE 2 B2 A0y vk 1) SE ik SE 30 98 AH AR T
I RIS 2 B0 5 3 R A58 FE &, il
IRWFGE 22 DL B AR I 5 2 R oAb IR YT T ik A

R IR ERINATT LR RA AR B 452

Table 1 Modulation of RA-related pathways by external therapeutic methods of Chinese medicine alone

RN YERIER AL/ 5
SN T P s '
Part/ IR R fR YEFIRL
Types of external . Lo . .
acupuncture Subject Signaling pathway Mechanism of action
treatments . .
point of action
. JAK-STAT {5 % i@
s _ CIA KR fi S .
Bt A=H Collagen-Tnduced % I B SOCS1,S0CS3 FKik
Acupuncture ST36 ,g, JAK-STAT signaling  Increased the expression of SOCS1 and SOCS3 in synovium
arthritis rats
pathway
e e s P 1L-1 NLRP3, T & H W5 4H > Atg5 \ULKI | LC3
" o JEEAABURF S NLRPY fimps P3, TR REMAER Mg
g &= H Cold J AA  NLRP3 conali I /LC3 I .Beclin-1
syndrome signalin
Acupuncture ST36 © Y K © gnaing Reduced the expression of 1L-1, NLRP3, ULK1, LC311/
model rabbits pathway

LC3 I, Beclin-1
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&Rl
ey VA
ﬂ\(ﬁﬁ{f 'ﬂzﬁﬁﬁg{ / 1 . L A
Part/ JHXT fR YL
Types of external . . .
acupuncture Subject Signaling pathway Mechanism of action
treatments . .
point of action
s I N, 17 P2X7Y \NLRP3  Caspase-lmRNA | IL-1B IL-6
s _ JEIE AA BUBE S NLRP3 (Smpy il aspase=tm B
EFR E=H Cold syndrome AA NLRP3 signalin, TNF-a &H
Acupuncture ST36 & . S8 & Reduced the expression of P2X7Y, NLRP3, IL-1B, IL-6,
model rabbits pathway N .
TNF-a in synovium
R gl S il ¥ B TLRs ., MyD88 ., ERK1/2 ik, iR
551 B JEE AA B ZE % TLR4 (5 0 3 IBE TLRs . MyD8S A Kk, W
o> JE=H o mTOR ,p70S6K mRNA Fik
. Cold syndrome AA  TLR4 signaling .
Acupuncture ST36 del rabbit h Reduced the expression of TLRs, MyD88, ERK1/2,
odel rabbits batiway mTOR, p70S6K mRNA in synovium
. T AW HIF-1a ,\PKM2 . LDHA | TNF- IL-1B IL-6 ., IL-
. I HIF-1o/VEGF {55 o g s e N N g
S]] e ek AA BTG e “ 075 17 SUmsesk, FIMLILIE NADPH HK2 PFKFB3 %K
A %TSé Cold syndrome AA HIF-lo/ VEGF Reduced the expression of HIF-1ae, PKM2, LDHA, TNF-
cupuncture : model rabbits o _OL > o, IL-18, IL-6, IL-17 in synovium, and the expression of
signaling pathway I
NADPH, HK2, PFKFB3 in serum
AK-STAT 15 7 il N [ N
14 PON CIA KL éﬁ f5 5 & TPRBE TR TNF- STAT3 JAK3 #ik
=} N .
Collagen-Induced Reduced th f TNF-a, STAT3 and JAK3
Electroacupuncture ~ LI4, LR3 © égén nauee JAK-STAT signaling ¢ unel l'e oxp 1e5510T1 © @, and ]
arthritis rats expression in ankle cartilage
pathway
A= H A T e v .
e i CTA KR NF-kB fi5 it TN B TACE 5 NF-«B ik
MHJ Collagen-Induced NF-«B signaling  Reduced the expression of TACE and NF-«kB expression in
Electroacupuncture ~ ST36,  GB39, ° )
arthritis rats pathway synovium
BL.23
jﬂ"ﬁ RTINS
Kop & KT H NF-kB p65, TNF-o IL-18 #l IL-6 | 3
e & '%‘nu fadr  RA B NF-«B {558 % TGF-BIL-10 3k
fl GV14, LIl Rheumatoid ~ arthritis ~ NF-«kB signaling  Reduced the expression of NF-kB p65, TNF-a, IL-1B and
ectroacupuneture  gpag s LR3, patient pathway IL-6 in synovial fluid, increased the expression of TGF-f,
L4, BL23 IL-10 expression
BL17
IR 4 2% TLR4 , MyD88 11 TRAF6 mRNA J% #&
6 T A% CIA KR TLR4 {553l H, FISETT TNF-o | IL-1B J i PCNC ik
£l IHM \IR3 Collagen-Induced TLR4 signaling  Reduced the expression of TLR4, MyD88 and TRAF6
ectroacupuncture o arthritis rats pathway mRNA and protein in synovial tissue. , Reduced the
expression of TNF-a, IL-1B, PCNC in synovial fluid
. Notchl {554 JE T B Notch1 Hesl \bFGF \ TGF- ik
e B, B AAKR szzhl : iliﬁriﬁin ;ii%ﬁi e:t;s%ionei)f l\;r)t(’hl Heﬁ %%thTCF TGF-B
Electroacupuncture  ST36, GB39 Adjuvant arthritis rats ’ signaling  fleduoed the expres: b, Hest, BELE, I
pathway in synovium
1 o RV IR ZH 21 K W TNF-a  IL-1
Skt o A MAPK {5 4 Tﬂ%ﬁﬂ 1 JNK  p38 & 1 K ML ' TNF-oc IL-18
) L1-L5 £ # 5 AA KR o RPN
Fire-needle . . » MAPK signaling . .. L
Jiaji( EX-B2) Adjuvant arthritis rats athwe Reduced expression of JNK, p38 protein in synovial tissue
patinway and TNF-., TL-1B in serum
NN TN - VAN SIRTT 2 T3 NF-«B p65 I
S E’W T oo NFb {55 rhiﬁgﬁm 6 ILE;;;%; BN s L
. - Collagen-Induced NF-kB  signali ke
Wdr'mb . needle ST36, GB39, (:hdfen It] Hee ‘thK‘ S Increased expression of SIRT1 and reduced NF-kB p65 in
moxibustion BL23 Artriis rats patinway synovium, and IL-13, IL-6, IL-8 in serum
- - T E ¥ B NF-kB p65 , TGF-B1, 3 I # o 1L-6 , TNF-
! _ AA R NF-«B {5 5] . ) ’ ’
g g g ANPRER NS vae s
an hriti - signaling
Moxibustion ST36, BL23 (l;;,:a arthris 0 SENANE  Reduced NF-kB p65 and TGF-Bl in synovial and
rabbi :
abbits bathway expression of IL-6, TNF-a and VEG in synovial fluid
.- SO T 8 W B NF-kB p65 mRNA | IkB mRNA, CXCL12
AA BIRIR NF-«B {5 51 ) )
Y2 R B Ad.*’% t%ﬁ bt NF :B {”WE%I, mRNA CXCR4 mRNA f93&5k
uvanl arthritis - signalin
Moxibustion ST36, BL23 " EMMNE  Reduced expression of NF-kB p65 mRNA, IkB mRNA,
rabbits pathway

CXCLI2 mRNA, CXCR4 mRNA in synovium
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it YETER AL/ 7 XE -
Tvbes of external LAY TR R 5= i i YEHIRLE
. ypl . acupuncture Subject Signaling pathway Mechanism of action
reatmen
caments point of action
e AK-STAT 15 5 il v
P e AN BRI G é% 7530 g JAK2 JAK3 STAT3 STATS 3EIH
Mof:ibustion BL;; Adju.vant arthritis JAK-STAT signaling Reducfed expre'ssi()n of JAK2, JAK3, STAT3 and STAT5
rabbits genes in synovium
pathway
RIEZE A7 AA ae oy N N N
jﬁ ne K jakestar 558  LEWMIh STATI Al SOCS mRNA | IfiL 7 IL-2 ik, T
Y ¥ i 2 Disens oy L 1L-1 Fik
Moxibustion BL23 . sease . ,(, JAK-STAT signaling  Increased STAT1 and SOCS mRNA in synovium, serum
evidence combined X A
pathway IL-2 expression, decreased serum IL-1 expression
AA rats
. ] JAK1 mRNA % STAT4 mRNA ik, i PTPN22
N JAK-STAT {3 = i T mR )52 mRNA %3k, L
1yl R RA Z% e mRNA S R
M k’l . QT;G ]?:L23 Adjuvant arthritis JAK-STAT sienali Reduce the expression of JAKI mRNA and STAT4 mRNA
S o - signalin.
oxtbustion ’ Rabbits & ®  and increase the expression of PTPN22 mRNA and
pathway .
protein.
) EX=R SE Y 45 R: 91 1o ke
signalin. educed expression o as a -,
Moxibustion ST36, BL.23 Adjuvant arthritis rats 8 J . . P ’ ’ P
pathway in synovium
: EReR! V&V spase- - - YRk
o R Ea AA KR NLRP3 1.15155%_ TN NLRP.?)\ASC\Caqpase 1. TNF-« | IL 1sr1§"37*1‘%1_
T . . NLRP3 signaling  Reduced expression of NLRP3, ASC, Caspase-1, TNF-a,
Moxibustion ST36, BL23 Adjuvant arthritis rats K .
pathway IL-1B in synovium
s BRIETT ROSMOT \NLRP3 2R 1 ML IL-18 , iL¥% ROSMO1
. N i, NLRP3 {5 5 # o HIL-18.ILm
LR E=E.H@  AAKR NLRP3  signaling "N
Moxibustion ST36, BL23 Adjuvant arthritis rats athwe © 8 Reduced expression of ROSMO1, NLRP3 in inflammatory
patinway tissue, and ROSMO1 mRNA in serum
1y g0 T RA % NLRP3 {558 Fi# B NLRP3 mRNA Cathepsin-B mRNA \ROS ik
MK’b . %TSé ];LZ?J Adjuvant arthritis ~ NLRP3 signaling  Reduced synovial NLRP3 mRNA, Cathepsin-B mRNA,
oxibustion : ’ rabbits pathway ROS expression
. TSR IL-18  IL-18 ¥ ' NLRP3 mRNA | JAK2
] _ AA i NLRP3 {551 \ ’ '
g4 REWE %ﬁt e NLRDS 1”5@%_ mRNA STAT3 mRNA
n rtnrita 4. signalin
Moxibustion ST36, BL23 ‘(b’;:a artmns " SIENAUNE g educed 1L-1B, IL-18 in joint fluid, and NLRP3 mRNA,
rabbiis patinway JAK2 mRNA, STAT3 mRNA in synovium
[ Clock .Bmall mRNA , 14 NLRP3 . Caspase-1 RN
: . NLRP3 {551 Z D mRNA £ik
Ll REMBG A KR RP3fDIMES A D mRNA 20K .
Moxibusti ST36. BL23 Adi ¢ arthritis rat NLRP3 signaling  Increased Clock, Bmall mRNA expression, decreased
S uvant ai rias rats
oxtbustion ’ ! pathway NLRP3, Caspase-1, abasic dermatophyte D mRNA
expression
GRIEZE A7 AA - P8 ML % TNF-o, IL-1, ¥ B% TLR4 mRNA. MyD88
PRUEATET ARy paynpac g "L NP L R o Y
50] N FR, . mRNA  TRAF-6 mRNA & NF-xkB p65 ik
B'E 3 PN ) . 18 % o
Moribusti ST36. BL23 Disease and TLRA/NF-xB Reduced TNF-a, IL-1 expression in serum and TLR4
oxibustion ’ evidence combined” . mRNA, MyD88 mRNA, TRAF-6 mRNA, NF-kB p65
signaling pathway Lo .
AA rats expression in synovium
GRIELE A7 AA - N
Eﬂﬁﬁ nH x TLR4/NF-kB {5 5  TRHMK IkKa,IkBB . TLR4 MyD88 NF-«kB p65 M
j{&[-“i e = ‘L“ Disease and i &
se ;
Moxibustion ST36, BL23 R . ,  TLR4/NF-kB Reduced expression of synovial IkKa, IkBB, TLR4,
evidence combined . . .
signaling pathway MyD88, NF-kB p65
AA rats
W ST g A T B miR-155 J2 TLR4 , NF-xB, MyD88 ., IRAK1 .
JEIE4E &7 AA K N b N
) i TLR4/NF-kB 5 5 TRAF-6.IL-18 TNF-a IL-6 ) mRNA FIZE [ 363k
Y4 152 E=H Far . Diseas and I Reduced mRNA and protein expression of synovial miR-
Moxibustion ST36, BL23 1sease M TLR4/NF-xB 155 and TLR4, NF-«B, MyD88, IRAK1, TRAF-6, IL-

evidence combined ”

AA rats

signaling pathway

1B, TNF-a, IL-6
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&Rl
ey VA
Shif PEyast et L A
Part/ JHXT fR YERIBLAE
Types of external . . . .
acupuncture Subject Signaling pathway Mechanism of action
treatments . .
point of action
2y SV = SEEL S e N
1) R AA Hh  NFB 15 El nﬁ_ﬁ% LRGeS NF-B p65 .NF-«B p50.IKK ik
T Adjuvant arthritis  NF-«kB signaling  Reduced synovial NF-kB p65, NF-kB p50, and IKK
Moxibustion ST36, BL23 . )
rabbits pathway expression
(3] ey JAILTE TL-6 F1 IL-8 ¥ /i NF-kB p65 Fl p-p65
pz [ N A NF-B 1 557 1 Tﬂ T F 5 NF-kB p65 Fll p-p65 HFE
Acupoi LR AL KR NEkB signaling o
cupom.l catgut ST36, BL23 Adjuvant arthritis rats SE ®  Reduction of serum TL-6 and IL-8, synovial NF-kB p635
embedding Therapy pathway . .
and p-p65 protein expression
LA OX40 4k, T KI5 CD4,CD28 ., PD-1
2 [80] _ PD-1 {554 RN AR, T IR 1L-6,11-8 &4
L . B A AA KB Che2 '% . lﬂﬂﬁﬁl;ﬁ?,?)}] 1 GE
Acupoint catgut . .. PD-1 signaling  Increase in the number of cells expressing 0X40, decrease
ST36, BL23 Adjuvant arthritis rats . .
embedding Therapy pathway in the number of cells expressing CD4, CD28, PD-1,
down-regulation of serum IL-6, IL-8 levels
. ] MAPK 15518 NN ; N
253 KR A KR B e g e A B INKI 5
. . - MAPK signaling . -
Herbal bath therapy ~ Not mentioned Adjuvant arthritis rats athwa Reduced RF levels in serum and synovial JNK1
pathway
_ EF MAPK {225 TSR T TNF-o 97K 3 p38 \ERK1/2 YR IX,
25521 L” bak | AA K VAPK e i INKLp38 ERKI JE[ 3k
ower ac signalin
Herbal Bath Therapy . Adjuvant arthritis rats & € Reduced serum TNF-a levels, synovial p38, ERK1/2
limbs pathway

expression, JNK1, p38 and ERKI1 gene expression

F2 HMIBITHA P EAMNABXS RA A GH B85
Table 2 Modulation of RA-related pathways by other treatments in combination with external manipulations
IMATT FHFRAL 7L N
i EtL A4 e (EFIHL
Types of external Part/acupuncture . . R . .
. . Subject Signaling pathway Mechanism of action
treatments point of action
o F ¥4 ¥ ESR. CRP, RF, NIK, NF-«B
Lo At 25 1271 B RA i NF-xB 555 \ . RF | NIK, N
ﬁj{lj?é i " bined FIRTC R =B/ i Rh %: id NF EB ”ﬁﬁ’%‘ li VEGF IL-18 %k
m: 1 - 1gnalin
oxibustion combned o ints, ST36/BL23 eumatold SIBNAMNE  Reduced serum ESR, CRP, RF, NIK, NF-
with western medicine arthritis patient pathway

I A 725
Acupuncture combined

with western medicine

KRBT
Moxibustion combined

with western medicine

KRBT
Moxibustion combined

with western medicine

MBS 4 T
Electroacupuncture
combined with
moxibustion

IRZE L A A iR
% [59]

Wenjing Tongluo
decoction combined

with acupuncture

KME, i, 2 =K
A EaT IRAT
GV14, LI11, ST36, LR3,
L4, BL23, BL17

B AR = L
Ashi points, ST36/BL23

=BT BRI
ST36, BL23, Ashi points

B4 E=H K& iz
BL60, ST36, KI3, LRS

BB SR =B R =
AT Mt

SP9, SP6, ST36, RN6,
RN4, LI11

RA &5 NF-B {55538 %
Rheumatoid NF-«kB signaling
arthritis patient pathway

RA ¥ ey

Rheumatoid Wt {5 i

.. . Wnt signaling pathwa
arthritis patient gnating p Y

. o fae L
RA % HIF-1a/ VEGF {5 5 18

i
Rheumatoid
crmaiont HIF-1a/ VEGF signaling
arthritis patient
pathway
CIA KR
Collagen- Wnt {5518 %

induced arthritis ~ Wnt signaling pathway

rats

RA ¥

4 Wt 5538
Rheumatoid . .

.. . Wnt signaling pathway
arthritis patient

kB, VEGF, IL-1B expression

TEXT W P NF-kB p65 , TNF-a | IL-1B ,
IL-6, F &K TGF-B 1L-10 7K
Decreased NF-kB p65, TNF-a, IL-1B, IL-
6, and increased TGF-B, IL-10 levels in
joint fluid

T I SOST . B-catenin ,TNF-a 7K
Reduced serum SOST, B-catenin, TNF-a

expression

T TGF-B1 HIF-1a \VEGF
Reduced serum TGF-B1, HIF-la, VEGF

expression

T L7 Wnt-3 1 B-catenin 25 11 K&
mRNA
Reduced protein expression of serum Wnt-3

and B-catenin and mRNA expression

TR Wnt-3a, B-catenin 2 BMP-2 7K
hia

Reduced
BMP-2 expression

serum  Wnt-3ac, B-catenin and
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PD-L1 15 538 % . PI3K/Akt/mTOR 1 53 %% , 2
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[ Abstract]

neuroinflammation and neurodegeneration. The pathogenesis of the disease is complex, and involves various central nervous

Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system characterized by

system and peripheral cells. Single-cell sequencing has recently been increasingly applied in the study of neurological
disorders, leading to important advances in our understanding of intercellular heterogeneity, disease development
mechanisms, and treatment strategies. This review summarizes research progress in single-cell sequencing and its
applications in MS.

[ Keywords] multiple sclerosis; single-cell sequencing; central nervous system; review
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TorapEEtt

PR HIEH 2% (single-cell omics) B Ak #5 78 BLA
MM N RNA B Sy s e A 52 2R 1, LA K g 7 40
U/ 4B /R A AN [R) 20 i 28 B A ) 8 2H B A B
QLRSI A 2009 4F Tang %0 GO B4
GRS BRAN G RE AN Y e S H AT T BRI )
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YT A AE IR 20 sk 2 AR A, LA SR T 20 21
HAAS [R] 200 0 288 B A ks IR 45 1) 2 kA =X ) 4% ) B 5
2 ¥ ( spatial transcriptomics sequencing ) aelel
248 BN P A AN AT S 40 L KOS B4R R T e 4
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T ZHML AN B 40 AR i B v e e S
B ERB eEA  SeE h Y R R Z AR, AR
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PR FH 326 T 240 25 5 16 i 57 B D8 ] NS Fr)
B HORERZ MG IEE R U] B AN g B AR T S R
R 3 3 22 R AR 0 MS B9 &% 27, Beltran
FEPUXE 6 & R R A R R A BE )
( cerebrospinal fluid, CSF) # 17 #.40 fif RNA | J¥
(single-cell RNA sequencing ,scRNA-seq) , X 224 A
& MS B R B AUR AR, A BL CD8™T 4 Al B 4
Jf S RN 4, 2 BRSBTS N G O X ST
iR A 3 18 B A 75 23 B 728 i R MIS AT A5 755 i
FE A FE 45 R R B scRNA-seq HA 0% - 0%
PR AR (3 F7, Ban 25 FFH scRNA-seq XF MS #l
Hifth ¥ 28 2R 45 %5 9 (other neurological diseases
ONDs) 4 CSF 437, &K B MS 3 il 244 I
PR 5L CD8T T A0 A G, I ik — A 2
ZC3HAV1 FITFITM P75 SR AH G 2
Ingelfinger 252" | FH J5 33 i =X 240 0 R ( cytometry by
time-of-flight , CyTOF ) | .20 Jfd % 53% 2H 11 5 1 £ 110
J¥ ( cellular indexing of transcriptomes and epitopes by
sequencing ,CITE-seq) S Z 4 2EH AR 5 T 61 X
MS JE AN — S5 [7] 1 XU i 4 A1 Jil 4 5 Ak, LA
Prist (% By A MR I R 52, 2 B8 MS TUKL Ji
R BAAZ A R H B T SRR A, W] B T IL-2
e B, )3 R PR A HE R B T A0 MR 3k 26 RT 4R MS
HHIERY TPE L 2 58 8 7 22 R PR RSB AR 25 0 1
TEGREEHLE] . Kendirli 457 78 MS K BUBEAL
177 —TR N2 FEH 4 CRISPR FfiE, i E T T
A CNS LA 5 A SCEEM il X 50 18 4> SC B
et F, JEE5 A X MS BE T 4 S AT
scRNA-seq 737, i — 25U 52 15 7 6 B 73 7 od
-BERMBIHE T2k CXCR3 YKL S CD4'T
AMiffLIe) CNS B 7% B PEAH G, B4 s 1
5 MS i A5 (1 OC 8 1 T, Ramesh %57 X
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REBREE I % ( chromatin immunoprecipitation single-
cell sequencing ,sclg-Seq) 74T, 45 HF 0, 1A [&] B
FIRZ 5 «B(NF-kB) A4 iR A2 B , CSF ic
12 B 20 P RR G 1Y 20 i PR R B A 32 AR B
P, BLAh, SMAD/TGF-B1 {5575 CSF K 41 i/ J 41
MirbRIE, B2, CSF H B4 AL 4 3K Bl 2 40 Fl v
WEPEY” R 1T 1L AN RE A M/ 3% A e A Shi 451
X RRMS 8 3 Fl SPMS B # 1 1l ¥ FF A HE AT
scRNA-seq 7307, 25 5 /s SPMS B35 BR#I4R CD8' T
AN, TE AL CDSTT 20 B T, TR, X
TS % P 38 B 48 ) CD8™ T 41 Ji AN A 36 B 1Y 636
GzmB Ky & K 43 4k %L B ( terminal  differentiated
effector, EMRA ) 22 AY 1 H ELAG B & 1) 5 B 9 14 5
i, JFH GzmB 7E CD8™T A P YRI5 MS fY¥5
Pk S IEAI G, L, GzmB*® CD8'-TEMRA 4 g
ATLLAE R IX 4> SPMS Al RRMS #9491 45 i 9.
Teschner %50 X5} 52 337 Jii 2 ( cladribine ) 3697 Rij J5 )
MS B# 4T CDA™T 4l .CD8™ T 4 fifd 1 CD19* B
Y 4T bulk-RNA-seq LA K2 A1 JE Il 4 scRNA-seq
AN PR RN IRYT AR IC B A RE B B A
SLY/0 0T 248 B A 0] LA T 34 57 4 =X A Dk
b, IAEH] cladribine X #E#EMEICAZ B 40 M 1Y
PR E TT LATNA Y7 KL, Schafflick 55 i H]
scRNA-seq $ RN MS A & P 5N 55 1 58 2 1 g
T CSF 5 M i 4 1 1%, & B MS J 4% CSF 4 fiE
H I AEPERG N, 314858 3] CSF PR M BERE R 58
RN ( myeloid dendritic cells ,mDC) &%, LI
A LA & R 7 BT (cell set enrichment analysis
CSEA) 7 7 ik, W2 5 B 40 ffa , U8 1 4 Bh T 40 fg
(follicular helper T cell, Tth) B3 , 7£ P A A [\ 19
MS R JIE S Tth 40 AT {2 3#F CNS [ &
SRERRTE B AIMLIR I, 255G DL ERESE, OF 50 & A
FHEA AR PR E— 2P € T T 40 #1 B 40/l
S B MS KR AR, IESEE G A0 A
RAEVEAR 7 56 T30 B% R IB 1S 22 5+ 1, EB J5 5
( Epstein-Barr virus, EBV ) &%t —FH 5 MS SEA >, H
DRGNS 3 MS 9 i AR TE 2 R B
D FF AT T AT B 40 Mgy 3k — 2550 b, e
JRER YL A BE S MS MR %, Lanz 5517 5@ X}
MS HE IR RN EC X 4 CSF R %) B 41 28 0, 2%
J5 TR BT ARSI B X MS A DG B 119 E1 4
FIB CSF RIEMIPUIAR, 9120 %€ Hh —Fh 28 R0
P CSF SRR T IEV] EBV %5 1§ EBNAL 5

CNS 1 Glial CAM Z [ i 6 ) 43 FHUEs 3R
FLAHDCPERR ML T A R 45+ A4 N D RE TR 3R | T 40 4
W T XA IASTE MS 55 LA P2 b i P 7E 3 50, A
1M MS H1 EBV Z (8] (1) St T — 4~ 1 AL il
BEAR 0] H T35 S A MS ST &, Gottlieb
ZEDUAMHT T RRMS H# 19 CSF RN Y T 41 i
ZAR(T cell receptor , TCR) 31, LI K X EBV Jikx
) B 20 AR (9K ERE 20 L R 51 LCL ) RH 4 ™= A=
NERY T 40HE, KB MS BORAEIREE CSF Ry T
XYL EBV B AR B IR 40 i H A k| X
U6 LCL RSk T 4 vl e 1R 5 EBV s AR M
JBEAE X ) CNS HT R, X 26 1 2 1) Kk B0 I R
EBV JEYLIE MS LIS HLEI IR 3l [ %=, X EBV
o H CNS 38 U B B R 44t T e AR

2 HERRAEME

CNS i 28 Jisg Jo 4 i 32 28 R0 e Joa 400 i
DGR AN N TR AN A A /N T A A
SRR B 11 B 5 AN B, 4 A 28 8 RE T R K AR
P, T 3o 89 1 A 5 | B CAR 5, L R
B, FFAEAAE J5 BT Bk R AE R 1 MM 52 52 43 i 21
2, AR K I/ BT AR, 72 MS B2 58 vh & 4%
FEEAEMT Masuda 555V XF MS A L5 ME
AR RN P Rk B B8 R B W) B D (experimental
autoimmune encephalomyelitis , EAE) % K i 20 214
BIFEAT scRNA-seq 3 M7, K I T 455 MRS 1Y /e
AN . Schirmer 57 X 12 L F A MS H19
HTC MS 1Yl 21 LVREAS SR FH B A0 A e i 2L D I
(single nuclei RNA sequencing ,snRNA-seq) 45 & i
BLA TR, K I 22 Tl 7 3 B 16 AR 285 /N I o 44
AL T MS BEHe I 2 | 2 8] e s 4 $ 7R e £ B Jo
PR TTA A3 R 28 I IR AR G 1 35 28 A DXl R
S e S 4l Ak, ol LA BI MS . Esaulova
A2 44 RRMS BUBFHI 1 A4 MOG FRefit 845
A9 CSF FIMEFEAHETT scRNA-seq 38T, & BLIEH
Xf BR CSF YIAETE/NIE BT 40 i, B 5 9 26 AL
Ko VL BRI —DUET/NE BT AN M2 MS 55w
PP GBS 5, 1 5 4 (0] 5 5% 20 2 % /N IR
AT ENL

EIE B AE CNS i M (4, 2 5K
T AEREF BB SOV X SE AR A MS H R
DIRES BAME ™ Absinta 438 i 1] snRNA-
seq AL B 1 42 B A% 0 | 320 % A BRE B S F LA
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JARERR P B B il BESE B T AU AE
TR T 2l 120 G i 40 L RE, MS Hb 9 /0N i J5 4 i
(microglia inflamed in MS, MIMS) A1 MS ' #9 &I K
FEA MY (astrocytes inflamed in MS, AIMS) 4 A8 I
NGRS ITEAMA R T Clq 72 MIMS 3Rk
. Wheeler 251 5@ 352 % EAE /N BUEFT scRNA-
seq 73T RN e 2 0 ) B PR R gk R B ORI I
20 L 1) 0 A A 22 b A [) 1 2 SRR S SR AE . CNS
R LA NRF2 IR FRAIR  MAFG RiATHH,
A 3t R Al e AR AT BIR A 66 DR R 3k il 470 5 A
TR SR R . RE A — Wk 0 e v SR IR PA) - BIK
5] MAFG \MAT2a L e 48 5 iE N 5 O e 53 (2 ik 1
XA 2 RS0 EAE B IRVE R RS i TARSEN T
MS JEFEIG AT YT T AT RE AT £, Lee %1% 58
I X 200 i R] SR SRR B 2R A R B9 B6 /N BT R Y
BB RAMEIETT T scRNA-seq F1Y 4 5% 8 il ]
JE F (assay for transposase-accessible chromatin
with high throughput sequencing, ATAC-Seq) 73 #7.
S YRR I o 40 L IV 33K 6 20 i 7 o 2 R G
I AL AZ A i 03, AR o B AR 3 T X i
12 ATP -7 15 iR 24 i 1§ ( ATP-citrate lyase, ACLY )
P, 5 WP SR rh S RE N, Clark %51 5 5t
AT R I R R X 40 Y i3E AT SR AR R 9 (focused
interrogation of cells by nucleic acid detection and
sequencing , FIND-seq) fil scRNA-seq X} EAE /N Al
MS BEREARGEAT M7, KB T — 4> RLRT R A A%
32K NR3C2 KA 38 7 NCOR2 J 4 ML,
BAESE A B IE AR, AR MS X fl
ZRGERIFHLE . DL W5 R B 40 D B R
Xof BT I S5 44 S B P A 43 R AR B IR T )
REYY T, T 1 HA R ity B RS A A

3 Hi

BBEE N E R A, W A T 20
% B B X G e A B, X S B A R S 2E 1
A ROVER ., Shi 2597 3 XF MS BB S E A

MEHEAT scRNA-seq 70HT LA KX MS /)y BUBE YB3 22
ST A AR, R MS R B I R 4
U7 A A I T2 B2 ( hematopoietic stem cell , HSC) & A=
T Ak, T 1] B8 2% i foy , 36 B80T I P A2 400 i R v 4
L2 0 B S, o e e A B AR G I CCLS-
CCRS BHIFHG N CNS S5 A G | ixX 6k IR
HBE SR BE R AR IR S MS E R P 20 A e
KA B gL B T CNS JE YL 5 R 8l 51 i 3=
B KA PEANMIZE A, Skinner %5 76 /N B R 9%
BRI/ B o F T scRNA-seq ¢ AR 437 1T
/B RE R SR A, A2 30 CNS ¥4 rh PRk 40 A
—AMURRY mRNA IR X HE305K 5 rh Mok 2 i
SNB IS AR T REH AT 5C . X SE k)
7R T R HORL AN AT RE 2 5 I 1 5B A A 1 2
AR, IF s B RE A R AL TR AR T RE AL, Kang
ST B AT MS /N BRI CSF I YRR AR HE A T
scRNA-seq 7 #r, 45 £ 1 /K, AXL' Siglec6” DCs
(ASDCs) \ACY3"'DCs il LAMP3*DCs = F 2k 21
M AAE CSF Ay Rk i T, Hrf ASDCs 2%
B Z2 BB AURSCRRAE , 2% 5 T 40 M %% D) il
LA L2 Hr W] ASDCs MTRES 5 T CNS A B e il
KIFEHLE . Miller-Miny 255 #] il scRNA-seq % 2
AAE I 5 CD52 HiAR BT B4 ( alemtuzumab ) 1
RRMS {1 CSF FAMNA ML, 45258 s 1E i it
alemtuzumab [ FRE CSF H4ERF T 28 40 I A A4 28 1R
20 ( plasmacytoid dendritic cells, pDCs) , {5 M Ifil &
HHZR T o Fe kD7, alemtuzumab JRYT R, 5T
AHOCHY HE AR CSF T, PRI S 7 RV X6 o
W A RS W IR YT, W L REFR 22 A CNS,

L5 BT, B 5T YA B A e I e BR
BT MS B85 25 S 20 10 R e B HE X 508 114532 i
W 1 FF /R, Masuda Z50%  Schirmer 2557 HiI
Esaulova 581 #F 58 28 1 T /N I 5 40 i 1) %2 B8
Schirmer %[39] . Wheeler %[44] . Absinta %[43] . Lee
AEUIR Clark 551 R 308 TV 6 S5 240 L 1) S [i) S0 7
MR, Beltran 252 Hl Ingelfinger 252 3 1

R ZRVEBL AL =05

Table 1 Summary of researches on single-cell omics involving MS

Ny 4 g N 3 5
i ALK AVRREEA EE LA
. . Single-cell sequencing e
Literature Tissue source Main findings
technology
asuda 2505 MS 2 F AL S (1 H S b
oG 45 8 /I Bl ik 2. 24 4 : =1 g3 I T e B R A A N RS T A i A
(2019 4F) Brain tissue from MS oatients and mice BAL e s ZEL R R ERAS /N B A%
Masuda et al. 3] with i patie experimental scRNA-seq Specific microglial clusters were identified.
(2019)

autoimmune encephalomyelitis
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&R
. L0 300 P 5 AR N .
ik LRI Sij;ffﬁf ! ’f jfijng FEg
Literature Tlssue source Main findings

technology

Schirmer %1%)
(2019 4F)

Schirmer et al. 1]

(2019)

Beltran %:24]
(2019 4F)
Beltran et al. 12

(2019)

Esaulova 25140
(2020 4F)

Esaulova et al. (%

(2020)

Ramesh 2528
(2020 4F)
Ramesh et al. [?*)
(2020)

Schafflick %03
(2020 4F)
Schafflick

et al. B

(2020)

Wheeler %‘3“4]
(2020 4F)
Wheeler et al. [+
(2020)

Absinta %;[43]
(2021 4F)
Absinta et al. [

(2021)

]

Skinner %[48]
(2022 4F)
Skinner et al. [/

(2022)

Ingelfinger %7261
(2022 4F)
Ingelfinger

et al. %]
(2022)

Lanz %[33]
(2022 4F)
Lanz et al. 3!

(2022)

Shi 2047
(2022 4F)
Shi et al. 47!
(2022)

MS J55 1 R X R K i 2 21
Brain tissue from MS patients and

healthy controls

MS A B 38 XA 7 F0% BZH B9 CSF
B

CSF samples from MS-discordant twin
pairs and controls

RRMS & # . #1 MOG £ # CSF #
PBMC #EA4

CSF and PBMC samples from RRMS
patients and anti-MOG patients

IEH XS I RRMS BB SR A LA CSF
Peripheral blood and CSF from healthy
controls and RRMS patients

MS B CSF ASNH ML, S H 5 5

LM B8 /)N BRURE AL i 2H 2 R0 B
CSF and peripheral blood from MS
patients, brain and spinal cord from mice
with
encephalomyelitis

experimental autoimmune

MS BE L, SLH i B B e v
/N BRI 20

Brain tissue from MS patients and mice
with

autoimmune encephalomyelitis

experimental

MS HE L2

Brain tissue from MS patients

JHMV ARG S 560 P B B S 38 P o
RN R i

Spinal cord from the experimental
autoimmune  encephalomyelitis

model infected with JHMV

mouse

IRl ISR MS 3 PBMC
PBMC
MS patients

from monozygotic twin

RRMS B 518 ifi. 1 CSF
Peripheral ~ blood  and
RRMS patients

CSF

from

MS 35 Ik FRE T AR ) B 200 A
Bone marrow cells from MS patients and
healthy controls

BN M I
snRNA-seq

BN e SR
scRNA-seq

BAZ e s ZEL
scRNA-seq

BN e 2 P
LR G R AR
scRNA-seq, sclg-Seq

BN e SR 2
scRNA-seq

B e SR 2L
(B B A g 3 UL VE D

J e €0 e e it T %
My
scRNA-seq,
ATAC-seq

ChIP-seq,

BN A LI
snRNA-seq

B A% e S 2H D
scRNA-seq

i s S CH AR | 20 %
SR RN H 1
CyTOF, CITE-seq

B M B S (B
20 Z A
scRNA-seq, BCR-seq

BN MR A I P
scRNA-seq

S B2 b LT PR A /B
ESUE

Various stressed and activated microglial cells were

T B A LA F MS BE

found at the edges of MS plaques.

KH CD8™T 4 FI B 40 v B 48 | e ]
3E N G
Clonal expansion of CD8*T cells and B cells

indicated early adaptive immune activation.

TEH XA MS B35 CSF BIAF7E/NE B
Microglial cells were present in the CSF of both
normal controls and MS patients.

CSF 1 B 20 ffd1m) S M A0 M Bm 40 R BE/ 3 40
BT

B cells in the CSF differentiated into inflammatory
cells, and

cells, Bm plasma/plasmablast

phenotypes.

Y5 3] CSF RN B SR AT (mDC) B
S A E B A1 A B T 40HE (Th) 1)
P

Unknown myeloid dendritic cells ( mDC ) were
enriched in the CSF, along with expanded B cells
and follicular helper T cells (Tth).

S YRI5 A0 L 1) T A A 22 AR [R) 1 5 S
ARSI LA KOS HERL S T NRF2,

Various subpopulations of astrocytes with distinct
transcriptional states and the key regulatory factor

NRF2 were identified.

N A S TR MIMS AT B A AIMS
Microglial subtypes, MIMS; astrocyte subtypes,

AIMS.

CNS = v Pk 40 M A — > 057 19 mRNA
ki,
CNS-infiltrating neutrophils displayed a unique

mRNA expression profile.

MS XU -5 A% 20 MR 8 B T AR E M e A | R
B BT IL-2 13 S5 N ) i B P 4 HE S B T 40 i
e, DT VR MS FHOG I S BUE

Monocyte from MS
inflammatory changes, along with a transition to IL-2
T cell populations,
indicative of MS-related immune alterations.

populations twins  showed

high-reactive naive helper

Y e HAZ O MM CSF AR bifa
Cross-reactive antibodies derived from CSF were

identified.

MS B B A L T 200 R R 40 A O 1 R
R, T AR Y,

In MS patients, bone marrow hematopoietic stem and
progenitor cells skewed toward the myeloid lineage,
with abnormal T cell expansion.
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. L4 0 4 AR s o
SCHik HYURIE . A ?&*. FEER
. Single-cell sequencing .
Literature Tlssue source Main findings
technology

Ban %> ik HAVCR2 Il TIGIT 952 CD8™ T 21 fl ¥ 119
(2024 4F) MS 3% Fl ONDs fE# CSF LA A e L3
Ban et al. [*] CSF from MS patients and ONDs patients ~ scRNA-seq Upregulation of a rare CD8'T cell population
(2024) expressing HAVCR2 and TIGIT.

Kendirli 2?7
(2023 4F)
Kendirli et al. 1>
(2023)

Shi 2]
(2023 4F)
Shi et al. [%]
(2023)

Teschner %DU]
(2023 4F)

Teschner et al. 3!

(2023)

Clark 25146
(2023 4F)
Clark et al. 4
(2023)

Kang 2149

(2023 4F)

Kang et al. (4]

(2023)

Miiller-Miny %[50]

(2023 4F)
Miiller-Miny
et al. %

(2023)

Gottlieb %534
(2024 4F)
Gottlieb et al. 3!
(2024)

Lee %[45]
(2024 4F)
Lee et al. [
(2024)

MS B SME 1L CSF

Peripheral  blood and CSF  from

MS patients

RRMS 3 F1 SPMS H8 3 (19 41 J& 1fi.

Peripheral blood from RRMS and
SPMS patients
TR TR cladribine ) J& J7 R G ) MS

,%45 LGN
Peripheral blood from MS patients before
and after cladribine treatment

SERGME B G B P R R /)N RS A
FIMS HEREA

Samples from mice with experimental

autoimmune  encephalomyelitis  and
MS patients

SEHE B G P A A
HUIDD B SME I CSF

Peripheral ~ blood and CSF  from
experimental autoimmune
encephalomyelitis model and patients
with IDD

i 3 H CD52 Bt 4k BT ¢ Bf i
(‘alemtuzumab ) RRMS £ CSF FlIMLIK
CSF and blood from RRMS patients

treated with the anti-CD52
antibody alemtuzumab

RRMS i#51H ifiLA CSF

Peripheral  blood and CSF  from
RRMS patients

LI H B G P A /N B AR TR
2R

Brain tissue from experimental

autoimmune encephalomyelitis mice

BN A LI
scRNA-seq

B A LI
scRNA-seq

ik RNA 7 | 5020 i
I s 2L T
bulk-RNA-seq,

scRNA-seq

3 Ao A T A N0 ) Y %
HRRHEAT SR AR IR T A
JA% e s AL
FIND-seq,

scRNA-seq

BN A LI
scRNA-seq

LN MR S
scRNA-seq

T 4RI
TCR-seq

PN A SR |
U R Al T R
scRNA-seq, ATAC-seq

e MS iR&# CNS R A T 40AHE 15 1
THMTT ad-EHXMEAH T ZMA CXCR3
BRI,

T cell populations with a tendency to migrate to the
CNS in MS patients showed significant expression of
regulatory factors: adhesion molecule o4-integrin
and chemokine receptor CXCR3.

SPMS [ 1% 1k CD8* T 4i Jfl S #F T 75, Jf %3k
GzmB*EMRA FA#,

Activated CD8" T cell subpopulations were elevated
in SPMS patients, expressing the GzmB* EMRA
phenotype.

IRITIRICIZ B ALY 35 HLRr b
Memory B cell subpopulations significantly and

persistently decreased after treatment.

Bz NR3C2 Je HoAZ 0 JE 38 [H 7 NCOR2 £E R
il XBP1 9K 3 () B 28 A0 Bz P AR

A novel role of the nuclear receptor NR3C2 and its
NCOR2 in

pathogenic astrocyte responses was identified.

corepressor restricting  XBP1-driven

AXL" Siglec6™ B 2R 40 U 7€ CSF PR ik T
M, FTRES 5 T CNS F B Sl i AL

AXL"Siglec6™ dendritic cells are expressed at higher
levels in the CSF than in the blood,
involved in the pathogenesis of CNS autoimmunity.

and may be

SRR SR (pDCs ) (U B FH 3o
LAY CSF R 4ef, e HIH 2k
( pDCs )
maintained only in the CSF of patients who had

o ¢ B

Plasmacytoid ~ dendritic  cells were

received alemtuzumab ,

the blood.

while they disappeared from

MS HB 3 R B () CSF £ 76 K Bt EBV H7 57
PEI T 4

A large number of EBV-specific T cells were found
in the early stages of CSF from MS patients.

5 T ACLY " p300™ S JE I B AN A — 25 IE
B XL RFTE EAE A MS S8

A unique subpopulation of ACLY* p300" astrocytes
was identified, which was expanded in EAE and MS

lesions.
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XUMRGI7 12 A BC A (s Fe AT TRE S 73 Bt MS AHSC
(1 SR RRAE (38 £ AR D (O FRAE . Lanz 450
Shi %7Vl Gottlieb 45" B MS %5 L il () 397 4K
SIS ES , Teschner %[30] g Miiller-Miny %[50] ot E
IR B CSF I A (] Y 248 fit 26 Y
AT T VAL

4 NEERE

AR I B AR A 2 R G RN, BT
PASE 7 5 9500 R DR S B R R S 7R 2% S B T
I 5 18 e, () A5 o A B T B89 0 3 9 228 1 225 A
P G AR Y. R R R B A T 32 4 R 812 B Y
BHLRAEEAREY) . 28 BT R BLIZBARAE MS
RN 1 s 4a7R8 T A mad #e b T 40 (B
AR /D IS T 40 R 1 I 40 45 A K ik e v
240 6 VAR A2 A R i S AR ] 1 22 S 2 IR R A ik
T RO B R S IR B D R A R L, B
23 [V SR 2 o DL I 25 B 22 0 P BOR B K g
LB AR B 227 6 (L D (3 AT T fiE
TR € MS 5955 AH 5 4H i Y B 52 =5 B | 25 (8] 43
A FIERE AP 1o e 1) &40 i T AR EL A, 4T
VEORIRTT B AT . UK, BB I PRATE S 030 1) AS e
AR B AZ AT LU O PPN S e YT i R v AR
& CSF R IR AN TR] A &40 288 78 % L ol g L A 22
St A BT TR S BRI PLRD, i E RS
WERIBRIEIR T J7 58, R U PRAl B TR 7 A ik
MA N THZ —, B2, BE B2 45 07
TN FH B A B | R 18 22 1) 0 e 530 A R A
IS B —A T A TF U5 ] B R e b 4545 Ho A
RIUEEE A8 T H 88 73 B A ] (LA £ 4 32t
— LY IR EAR BB HIFE L, R MS 1840 Bl
il AT T IR B DT TSR AR Y R
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Research progress on the evaluation and intervention of social interaction
behaviors in animal models of autism

KONG Minghui', LU Liming' , XIANG Leiying', CHEN Xiaoyi'* , ZHU Zhiru**
(1. School of Educational Science, Chongqing Normal University, Chongqing 401331, China.
2. Department of Military Cognitive Psychology, College of Medical Psychology, Army Medical University, Chongqing 400038)

[ Abstract] Autism spectrum disorder (ASD) is a highly heterogeneous neurodevelopmental disorder with a complex
underlying genetic structure. Current preclinical trials, however, mainly rely on rodent models to test the effects of non-
pharmacological and pharmacological interventions on the core and related symptoms of ASD. This paper considers the brain
regions that affect social interaction behaviors from the perspective of cognitive neural mechanisms, and reviews behavioral
testing experiments, such as the three-chamber social interaction test, visible burrow system, and eco-HAB system. We
also summarize effective non-pharmacological and pharmacological interventions, such as baclofen, oxytocin, and
metformin, in the core and related symptom areas of ASD. This review aims to provide reference directions to promote the
development of preclinical trials using rodent models.

[ Keywords] autism spectrum disorder; three-compartment social interaction test; behavioral experiment; oxytocin
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SETE R FEf (autism spectrum disorder, ASD) |, fij FX H
PAE B A A | S — e 48 K T A, LIl PR
ZWHEIRE TS H 3 4t =5 2T
W DA B BB A RS, 26 A E R A
P RIRFA N 1% 1L EH KA 36 4108 £ )L
HHEA 1 & HEA ASDY TR E ASD KKk
0.7% ,ASD 5 ARE#E L 1000 J7, Hrp,0~14 ¥
JLE L4 300 ~500 J7 A Bk T IJLE LIS, BLA
ASD B R R o€ Y, Bty LB G RO T 192 1
B ASD BE H N 18.9% 7 ASD MARE
FIT ekt A s 1) A & R O . AR Ak (HAL & H B AT
RS Rl A A A HE AT R BUAE S 2 e | B
B0 I O B 1= e 5 M A G i RN 2 B ) e 4
FIFXF ASD MAFEAT R G T IR SE AL S H )
SBAAS LIRS

HHTET ASD 191 PR 3% B R Fn o I 2B A7 %2
FEPERIE 24 M, 128 72 [5) B SUI G i ASD 12 Wt
) —FME R I8 90% , SR, RAT 5% ~30% 1% ASD Ji%
T LAFH B35 PR (1 28 70 w3 PR 4] FE R R
T 2% 38 B — 28 78 (1 38t % A58 8 1 9 A B o8 A 40
ASD W rE R BRI, H FE B i A7 k2 5
P T LR/ B &R, B T RE A8 s b b A
LASD BIAZOER . EEAFE LN LA, (1)
SRR, SR FH IR 4 B R %o 50 g B 5 TR
Z B HEAT Y R S A BB 0 Shank3 R 5
RN (2) H M ASD BERY SE A AT N A SR
PEEH A /N BRUSD &R, 40 BTBR T+ Iipr3tf/)
(BTBR) /MRS, (3) IRIEREERI 82T
AR TR e TR R ke o9 A PR B R Z T 5
ASD, AN R (valproic acid, VPA) Z& #& AR

BTBR /Nl H BT AN EA ASD B AEAR 1Y
SRR A S e R 2 B AT A 4 R AR e R
HA R A —2oh: , 2t T BTBR /NRAEZ W)
e el O A 5 R < VA N B 20 e Ll e )
AL 355 ] — B b ) 22 PSR 1 1 3, /DN B 33
PEA R SEARTT A N S B BT R el
KIS B B . 1 BRI B S8 R B, FE B AR B
/N [ R 26 [R) 28 AR T RS 2 T 2B A i A
Rt 2t ar . /s B 1) 48 2% B A= A4 AS S
PR, Bt R skt 21242, J& /N U™ A A
SH BT REIFER ) IR, AR
FE2 PR Bl 8 o ASD BT B ARG,

ARSCLL BTBR /N U Sk 32 ] s b 458 HE Al iy

BRI B A A 0 52 96 ) R B e+ 19
PLHRIBFSE . TR 3 52 i 422 H. S AT 0 AT 22 4L
il K TR/ At 2 Bl A7 O, FE N AR 2y
Yyt 15 245 49 - PO k38 /N SRR 22 1B A7 D i

1 #HLEHTAHRAMBEYE

e AR 36 UE 3% 2 I, 1 S ik 2 St &g iet
GRS TR VAV Y Rala ch TUN VA % 3 eI <9 R = S AN 11 2y
FLEoCAZ T RE R0 A A AR 43 P 2 K5 A 2 g v B
B, L35 P AE 3 AR B 05 ORS H J0 R0 1 R D
iR, HETFE BTBR /s BURY W 5 44 v & UE 55 3 RE
Za RS TRL VK G EZ I (R e s DO = S 2 D K )
AR ZE LA AT A A i, 2T AIF ST 32 4R
TN B D A AR I 2 2 DA R AR B A A R 5 /)N
WIS E AT N, ASCESS TR, %0 ASD
/N BB A 25 BBl AT Ay B AH 5C Hil DX Y — 26 fi 5
FHEE(WE D),

1.1 BEE&MEESEINZMN

KTl E R XAt 2 B I 52 ) O B W B
PRI 58 4518, AR SC 32 2l 1 1 B KA CAL, CA2,
CA3 J DG 4 LD 4k 23 B A7 Ry 9 52wl A7 4
B HESH AL e e AR 2 U TR B A
FOAN [ ot 22 1] % v O 4 36 AN [ AR BE AR . WF SR
BB — 2D A B A4 0 O 42 B 3 T
SRR, JHG A AR A0 X S

75 CAL W58 K I Shank3 KO /)N A1)
CAl(ventral CA1,vCA1) #h2xiciZM s/ | i 5
B ( sharp-wave ripples, SPW-Rs) H 1 28 ST 4R
BRI Z W/, FBAL & H T R, 5
4,38 33 i Shank3 KO /)N B CA2-vCAT 1 28
B, AR R E TR RS PR CA2
IR AT PEA 2200, BOE CA2-vCAT M 22 1a] i
Ja ,/INEUR AL 23 U e 45 B i S FE CA3 A
i, N- B 3% - D - KA & R 52 /& ( N-methyl-D-
aspartate, NMDA ) Z &1 () NMDA 32 & W 807 1 %
(NMDA receptor subunit 1 gene, NR1) f I A IR
TR S BUNR AL S U B Y BFSE
F IR B, BEINEERL T )2 (subgranular zone , SGZ) B4
2R AR DG P BT A UKL 28 7T RE A8 205 /)N
BUAAE IR RIS ) 28 ik ¥ S A i 45 1
X REAE A ST A 2 PR 7 AR S W) AL RE 8 38 5 AN [
WX Z 6] (4 i 2 45 S a2 B AT R, A vCAL
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1 vCA3 3| LS B9 A R BE # 8 52 m #k & H 3 17
Jgtl D WEFEIN CAL 423238 1 CA3 £ 5Ty ah ¢

HI,

il 4% ( Schaffer collateral, SC) 1 5 # £ i 12 4% %

R 1 ASD SR 22 5 ST O A OGN X A5

Table 1 Brain regions associated with social interaction behavior in an animal model of ASD

L7 BRI it ] i o H BB T
Model Strain Neural circuits Social and circuit deficits Rescue
i vCAL-LS M2 85T, AN S M 4t 2 fi
' b ABBLE 2R
Ef‘ 131 bl ~ ~ N
Ezzgig‘i /J\.H‘k AAV vCA1-LS Inhibition of vCA1-LS neural projections /
] mice does not affect social preferences but impairs
social recognition
YK CA2 PNs b Ef3b 135, B A #:
FBR dCA2 PNs ' Efi3b (3835 FHUNR ¥ CA2 PNs, 1T LB /N R+ 22 U5
Ef 1/1/ gl[lﬂ AN /7 EE
3b’ B Ef3h KO dCA2 bl o w o
Efr3b"" mice Knockdown of Efr3b expression in dCA2  Restoration of Efr3b expression in CA2 PNs,
PNs results in social deficits or direct activation of CA2 PNs, ameliorates
social recognition deficits
I LEC-dCA2 M B BUE A S H D ) A
. gy Sl S R 2R A 2R BT
CSTBL/6 /MR AAV LEC-dCA2 i Activating its neural projections restores
C57BL/6 mice Inhibition of LEC-dCA2 neural circuitry K 8 . 'p 4
. R L . . social recognition behaviors
impairs social interaction behavior
dCAZCMNIS ] dCA3CYN e FHUN U BUL  BGE dCA3CYNI Mzt B /D LI 2
C57BL/6J /MR AAV dLSEABAT SRR WTT R
C57BL/6] mice PN+ Inhibition of dCA3“™ ™" heurons leads to  Activation of dCA3“MN®* heyrons improves
IPAG social recognition deficits in mice social recognition behavior in mice
o , P SuM-DG [7l 2 DG-CA3 Zfih
(6 DG TSR Aus2 FEONRULS o SuM-DC FIEFAIIE 1 DC-CA3 Sefikfe
A /A Emxl-Cre ]\ g5 [ 19] S s i8R T /N RS R T R
uts2 PR 2 Ko saMpg-caz VAR Activation of this circuit corrects DG-CA3
Auts2VsEmxd-Creioo Specific knockout of Auts2 in DG leads to . o
. . . . synaptic transmission and restores
impaired social recognition X .
social recognition
1E DG X3, VPA 5287 1 R BUF ACIY 42>
Wistar il H W] 24
Wi [20] VPA PP-DG In the DG region, social interaction was /
istar rat significantly impaired in the offspring of rat
exposed to VPA
BE mPRC A P& T, B mPFC JR)
TE mPFC BS Ay VR 28 0 R S VR BB R4 A AMPAR HiR 700 T DLkt LAY L
R Eef2 SEH 2 T BT LA
© % Eef2 KO mPFC Specific knockdown of Eef2 in excitatory  Amelioration of social recognition deficits in

Eef2 KO mice

16p11.2 KO /MR
16p11.2 KO mice

16p11.2 KO mPFC

neurons of the mPFC leads to impaired social

interaction

16p11. 2 B PR/ BUI AL 2 U0 R
ZHt, PFC IX B LFP DR AL B %5 T
WT /N,

Social recognition is impaired in 16pl11.2-
deficient female mice, and LFP power
changes in the PFC region are significantly
higher than in WT mice

mice by chemogenetic activation of excitatory
neurons in the mPFC or by local input of
AMPAR enhancers to the mPFC

40 Hz [INDGIAYT, PFC (1 LFP [ i 5244
FIH BB, Widi 5% T PFC PNs (195 B %
ar b Ao R B e

Power of the LFP of the PFC was effectively
reduced by 40 Hz flash treatment, which also
reversed the hyperexcitability
neurotransmission of the PFC PNs, and

social recognition was improved

HAAV RAH R T LS AMUBEAZ ; PP . 25 FLIESAS ; PNs  SEIRIRZ2 0 ; LEC . /MU N MR B2 JZ 5 SuM : 286 A% AUTS2 . H FE 5 S HF 25 CaMKllax
+ B R R I 1 PEN /% 5 dLS - EF M BRAZ 5 IPAG - M r i 5 7K 48 8 B 51X 5 OXTR ;4 7™ A2 44 ; Bef2 . HLAZAE A F 2, LFP . R 37 L

fir; WT, B,

Note. AAV, Adeno-associated virus. LS, Lateral septal nucleus. PP, Perforant pathway. PNs, Pyramidal neurons. LEC, Lateral entorhinal cortical.

SuM, Supramammillary nucleus. AUTS2, Autism susceptibility 2. CaMKIIa+, Ca**/calmodulin-dependent protein kinase II a. PFN, Parvafox nucleus.

dLS, Dorsal lateral septum. 1PAG, Lateral periaqueductal gray. OXTR, Oxytocin receptor. Eef2, Eukaryotic elongation factor 2. LFP, Local field
potential. WT: Wild type.
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1.2 HiEn B B3ttt & B3RN0

/NI RTAT B2 JZ (prefrontal cortex , PFC) 71
SN K B A A A B4 A AE R 2 T R T A
M F7 AR B )2 (medial prefrontal cortex, mPFC) J2& 45
il #E 23 BB AT A ) — A SCHE Y DR X I8, FE AL 2547
AR EZOERN

Wi R YA BT, BTBR /N B4 & H 3
11 Rl P& PRC FIAY {24 ( Amygdala) X 35 (1)
v HE T R (y-aminobutyric acid, GABA ) ¥ Ji&F [#AI%
BRARWEETH =, W] BTBR /MRt & H 30170
5 PFC ML R, mPFC R4 G5 NAc,
AN JE % 55 X (ventral tegmental area, VTA) I
rh48 4 (dorsal raphe nucleus, DRN) 25 A [E 1Y )2 T
DXCHOE W 22 W 2%, JF 8 dt s B et o, BT
PFC B X AL 23 FNE 4547 O b R 35 6 AR
PRz 2 e T AR v 4 B S S
1 #% (basolateral amygdala, BLA) i3 %% T 2 )2
(infralimbic cortex, IL) #ifl £2 70 1 1 2l Lb ¢ 45 2] BLA
HIRT %% B2 JZ (prelimbic cortex, PL) #1805
JI] IL-BLA 38 % S0M0E PL-BLA 38 %3 5 804t 2
BT RRERE  ASD /)N BRUBE AR ] B SR B 1
N AT %7 i K2 )2 ((dorsal medial prefrontal cortex,
dmPFC) 1 28 70 1 3l A1 J& 78 3 W L (local field
potential , LFP) (437 $i )i, 7E Shank3 KO /N H?,
TEAE 2 B g 92 5 vh R B 25 [l ke dmPFC 1Y 4 ~
7 Hz BB DR B3 o T AL ol i €57 /N
A7 IR AR X B AN [ A X 2 [R] 1
332 B2 H A AT R AR [l Jy T A B e 0 gl 4
FF mPFC X4 P 2 AR A A T3 =2 AR T /Y

2 HELEHITAHARITFMETE

AN SR S, B R R A s e R I
FMNE WS AR S ST,
ASCE I BB R BB AT, AR A SR R
HAR A HR 3 DI AT 2R R Ik, F8AD
=AM S s A W R SE L AR HAB R4
HEMERGEA [FA T A 2% 5250 1 PPl B2 SE 3R
2.1 =R

= %4 #t 32 5Z B ( three-compartment social
interaction test) , 42 FH /N A 2 M09 5 FH 5256
AT, B8 iz s TR D B AT o Y
JUAD T, 46+ 2 B3l 4k 23 i 4 Aat 25 1R

DR A L 438 PR A /N A 19 i 2 R — 4> o g s
=, 1 I R AR B R O, S 3L A
3ANBB, A B B N BURCE AR R, A
HERER 5 min( W 1A) o #h2 T b B Bt . 76—l B
(5 — 28 B 4 D 6, T g — 0 B 10 s e — e
AR5/ W48 28, K /s BV O
thEl R [ AR 10 min( JLE 1B) o #H2 R BIH
B s SR EMAE /MR (1 5/ &R EN
AL AL (2 /N Bk e 2 4 e 8 BL
/MR A A E =, A3 AR 10 min(WLE 1C)
R AE IS BRI T /NP Je KAt zg Bk 3 77,
XA SR B A E MR R ADY ) DE
() FHISLER R BRSP4 48 A, 76 D 4 i B, 003K/
BRI 5 /0N BRUEC 8, 4 2 T B0 i 4 A0 7
FEPUAIB B, W30 B ) T 5 B Az /N BRUEL 3y, T
ARG B, 2 WIS RO GRS BRUE K
PR ) FHRR R AN

bR T = Htsc SE i, i — R oE o R G S
SRR S H S, A A 2 S S — Fh ]
P H 25 M/ B A 4 )R 58 5 R0 N B AT
FE2H Bl REAE I /I ORI /N BR A 32 g
MR, At 23 B ) S8 & —Fh 4 B s 5L,

TE:AGE N BOR B B AL 2 i dF B BUR B C 4
PUNBTBoR B
B AR A
Note. A, Schematic diagram of the adaptation trial. B,
Schematic diagram of the social preference trial. C, Schematic
diagram of the social recognition trial.
Figure 1 Schematic diagram of three-compartment

social interaction test
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/INEUE HE S U BT A i A 2 H S
25 LR, =R A SR H BT S At 584 T o A
TR HRE R, B & VG T AT e
RS A R (HE AR — R AR A SRR TR 3R
o R 2 PR A BB, 52 30 IR PR O B A
Ji SRR A B AR R A e
2.2 WARRSE

R T D R A S S X S 45 SR 3 Y R
Wiy, 0 58 45 51 A — T8 i #E 2 B 3 47 9 A58 E
= a] B3R 9¢ &R 45 (the visible burrow system,
VBS) . VBS SERRE A F A RES R 2AT
Ju (UL 2) o VBS SEE AT IO/ INEREEA T A )
W SRR AT R S A R R, A2 S
GOV AL 2 Fe fih A2 1k, VBS SEEGAR 4/ B~
BALIRE TE AT 7R G, B AR/ A2 BT N
HEAT A SV FIEOR BRER | AT 3R A5 58 8 4 1
FROTE S . SEER TR AT — J& , 76/ B O A ek
h R SR R LR A R 18 DL/ NBURT DL A H i
Bl B FIK IR /S BURT LA BE & 3 A0 TT 8037 1
1o TEFERI TR A W40 LED AT FIZLARE H T 18
BH (7 FH R PG T 25 ok 2 el A S MR 4
SYIB B 23 kAT IE ER AT S
BTBR /N5 C57 /N BRS04, 47 0] WLl
A I s M e B S N AR A M
SR A RS —AE AL A 25 v FE AR AL, RE A% I A 1Y
BTBR /] B 4 58 BB R ZI A AT . 59 A7 ik o
oA Tl BTBR /N R A #E 254223577 o0 R 23 ]k
FrR3fEAT VBS 28, KB C57 il BTBR /) 4 S 5

LR E 25, 5 C5T /N EE, BTBR /LY
C R R R A S 1) 1 R B

£i LTI, BTBR /N BUAE VBS Se ih R Bl 24
h BRI A 2 BB . S = AR S SRR T 5T
RS2, VBS SER Al T —Fh A sh A7 ¥ &
48, BERSIESE 7 d 1RSSR BT A BT Hh i BTBR
1 C57 /INRAYTE B, AN 2 30— 7 Y IS ] 7y
S ST EHET VBS SE A G\ ) Wy 3 AR B
R FEAS AL AR OGS TR M, 380 75 29— 20 4 SR 5T
B/ AT A E0E VIS g o
2.3 £ HAB RS

SRR N BT TR R B g PR R D
ISR, FTE A Wl 55— Fh S X — 3
HAB Z %t ( Eco-HAB system, Eco-HAB)—— Tl
NS EETT A, Eco-HAB 3145 & — A4
HARIA R B .2 B sl B9 & T 505000 R 88 (radio
frequency identification system, RFID) A4 A7 ( L
& 3) , B B0 SR s /N UG 3 By ZR 42, 3
NEAHAR A KA EH ST, Bl 4 BT A
B, H R A Y RUK, BT A S,
b R B K A JE T A IE, BFSEE UL VPA B EE
C57 #1 BALB /NEUCAHBFFE XTG4, X Eco-HAB SE5 il
SRR SR T LR, VPA B ER I/ RR B A
SYH AN BET | T = A A 58 50 AR A5 TE 5L X —
AW RIS B8 VPA TIERESIE /N BT
e S T A i Eco-HAB LI AEUF 30X —
i U Eeo-HAB SR (LRERE 1 17
S L BB A FR BT T BRI S 7 ) TR T

2 TR SRR R IR
Figure 2 Schematic diagram of Visible Burrow System( VBS)
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B3 /A& HAB S8R A
Figure 3 Schematic diagram of the Eco-HAB

H it Eco-HAB S256 %k /N #E4T 8 10 d A9 W
2 S5 B6 /N R BEIE R UL S S5 F 9,
ifii BTBR /INREIAREIE A A A 137

2 PRl R EL Eco-HAB LIS BEAE R R
WAL F /N BRI B 1Y 25 0 25 k) RV S, FE AR S
RGN F & IR R A B T4 & BTBR (W4t
Zhe

3 i4¥7 ASD £ EFERFHW R IR

TEXT ASD /N R RIBFGE A B AT T
Bt IRV WE |SP2TE /R BE UKL E2TE /B8 RS U PNE | P28 7/ B
TSR AT IR M 3 A5 AN B
HATY T, & — A8 T I, 2T B4R
AT ZR 25 T 2 QAR T SR R A ] O
PERIEG )5 R R 25 B T B /N A & B3 AT
Y5
3.1 YT

(1) B+, i & 5% 5 (environmental
enrichment , EE ) 197 X% BTBR /)N BRGHEAT T4E B 5%
PEH 3, 2L BTBR /)N B REHL > BC 2 b v 20 55
( standard environment, SE) 8% EE £ 55 &4, 3437
I 1T FARAT VRS . =R AR AL SR A R AR
Wl BTBR /N [LAE EE o, 800 7 4k w3740
HAR R, EE REAE /N B AL 2 i 4, (HA
SN AL SR, 541, Shank32Y 4 /NELZE EE
A IR B 2 T Bh AT R s

()BT, 5T 30 TR el AR 5l SR b

e T ASD SEAR 38 3 A B 2K (ketogenic
diets ,KD) , 7 =F#1 2L 3% T BTBR /MY
AU IF LRI RIS ot R 34 23 3
REAI I , — R 04l 5 7R , 2 — 44 JLEE 432 KD
TRIT AT I, ASD AEIRAT 3 ok [IRE,
= BRI E (high-fat diet, HFD) il 7E — 46 #1232 5L 56
Tl in T BTBR M4t H BT R . XARTTRESE
AT VR A S MR R, DT 2 5 v A o 2 2R
GRS

(3)issh T, WIS T K BERE Shank3
KO /N o7 2] FAE 21042 i B 48 5 25 D7 T
i S 1) fHE e A2 B 9 O 2k BTBR /) itk
119, 45 R R Wiz 2 31 A & 55 BTBR /)il
AL S HL G X R 32 SR Y HE R
SIS BT T BUSCR . TTE — 2811 R
I B T iz 3 T W% ASD A BRI i Sb,
H A B A 6Tz sh T B AR g
3.2 YT

et /AN HIME (E/T) B2 4% 3 2R i A PE
FEFT A — A RSB E-1 P2 i A4S 2R
REA AR MDA 1R 3 T R GE R LA y— 2 AL T IR AES
AR A 1368 o 22 9 1) 0 () 1 D, 4 2 [ i )
f g oh R P OC B AR I, B 5T R
(electroencephalogram , EEG ) Kl 2] ASD £ 35 Jixi N
V2 W 26RO AFAE B-1 2R A 5 T 2l ) S 4
B JRy o e AT ol P PR 2R 0 5 R Y B-1 K Al s
SEASD MRAL S H AR YT EE
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i 1 3 A 2 AL 8 Y E-T SR T T ASD B9AE 2
H BRI

(1) BB 5025 ( Arbaclofen) | FR STX209, ¢
HXF BTBR /Nl 5647 21 1.0.3.0 #1 5.0 mg/
kg PR B GOS0, 3 = 8 4 28 S50 45 5 {5 s Bl
ELAUE IR T BTBR /NR M4 5 shiT mY
F—IF RS R, 20 1.5 mg/kg BTEVESF T
WA R BTBR /NRAOFE 2 BB BLE ™, X nl g
ZE| W E M R, B A, e IS
EAESEAT 1 3 AR5 ), 150 44 5~21 % 1 ASD
S 5 FH 2 S T3, 7532 E N AT MR
(vineland adaptive behavior scales 11, VASB-II) [¥) 4%
et & H ST AR BIREr R ekE Y

(2)fi#7= 3 (oxytocin, OXT) , OXT 5= 3K 52
& (oxytocin receptor, OXTR ) Z [8] {4 E.AE H , GEW%
eSS T BT R B # KT Shank3 ™" /N FR i
B2 OXT B N4 2y, Ref i/ NR It & |
TR B H K R E B9 OXT + 1 S 7F Hifth ASD
/IR f) 335 FH PR AT T — 2B 30 A I R
RIAFAE AU EA BRI T OXT T Hi24 )L ASD
FAIT MBS e JE 0 A AR YT P, A ASD
BEHREIR A LA Y (B 7E KR 13RI
HALLThaew A 45 88 ol Xt ASD JLE R
OXT + Wi B 5% & 7, 4t 25 FIA 60 2 BE IR 3% A K
Y OXT B—AIF ARBAHZE SR UG T g% &
BARIT A ROE . R4 OXT AR KM HT =,
e 7E ASD B &t H AT ie A & £ EIR Y
Jratte,

(3) KJBE 1 ( cannabidiol ,CBD) , CBD &4
Sl T BTBR /N AL S H 34T R, 1 = F 45
SCHS HR N T % BE A2 N BRI B R B RN CBD F
FIFE I PRI Hh s BRSBTS, — I3 Bt AL %o A 4t
4% ( randomized controlled trials, RCT) W %5 T JLZE
4RI NHY ASD Hi# LR CBD i3, 45 5 W78 CBD
TR T A AL 2 5 A B s

(4) ZHIXUIN( Metformin) , 0Pk = H Ui
R T BTBR /NG B Az /N BRUA A 25 i 4, 7 3 2ot
ML 250K 28 d, =22 LI 45 L R, FOXT
BTBR /)AL 2 il A R, R 5 €57 /NI &,
MO HA AL VPA B8 1/ BRI R BLE
i T XURR A T AR RE L 2R B A 4 HO B AT ok ek
190 ASD JLE L R IAE [ PALAE L 28 B4 M 3R K
AR, SRR AS 1 3 S A 3R, X 6~ 17

Z W LE T DA ASD 2538 Wik Kl s,
e T FROSUNIT 5 94 75 20 41 5 Al OB 0K v 25
Yy I AE oG By 4R E A B A RLRE AR, B A2 M
RAF

AN, WA R £ ( sodium selenite, Se) H AR E B
28 d J, #EAT = A AL IR A5 R R, BTBR +Se 2H
FE2H T MBS T BTBR 41, X 4518 M T 7l ASD
A T R

4 BHERRE

SRR it BT ey
M ASD [l AR 3 4 5 B B I R0 . 25 B 5T
55 2W b A I R B 5 SRS RO R A B T 4
HEIG PRI i 0 R e Bt it — 2t R
TR S YA 25 R T S (1) 2T
IR RE . F B T T, — 2 S Rl
5 ASD WA R R . — R = , Sh gl 5 B
P4 BB 22 X ASD (14 T 2050 SR A - A% 0o i AR
RS P IR T 25 PE Al A AR s, —
SESYIEIAL Y ASD WA AN IR R, RIBC B (Y 24
P BN S AR 28 B A7 -5 Wi R TR I7 26 0 AH 1
JE, BeRg A T WA IO (2) R
K PRBIIE I, H FGX S P Y Gk B 32 AR
T AR EVE /N, AR /N BRI TR | R AR
RERHIE; 51 b, W8 R WK SRR SR AL B & J 1y
FEos BAAT AT I R AT IR G 3 o IS
FAVESRBERTSE S (3) B mIAT 5T 5 Al B 50 AR 45
o SAEFEAZ S XS /N R 2 B A AT R AT R )
B IELHORE , T 25 B 5 Y\ m XA 25 5, © A &R 53
FEH ] VBS 5% Eco-HAB 15 = #4128 LI 125 &
15 Y BERE A AR ]S s B4 T M AR AL AN
Jefa, [mmy, o ny LUR] ] BUARRE B T B, an SE g
/NEIREE 4% (live mouse tracker, LMT) , —F 5 F A
TTARE ALaR 2= > AT I i 07 2 R AR R Y BE
BT 17 55 e | 5 I MR D S5 Ji il 7. 55 5 4 5
PENT b M R 22, (4) kT 58T
WAL & . WISERI, — RN T B T =458
Sy HSCROR 2 2k R Y, N IR 25T
SUIUES /N € N T - e e o BT Y R R C PR 7/
FURSS & 977 =2, T T AT B AR e k. H RN
29T I B SE FEE LA A A S W] R
PR PE T, 5 X5 25 ) i T 32 Mk &2 A IR A
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